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Abstract

When looking at the penetration of energy efficiency into the built environment and progress in the
decrease in reliance on fossil fuel sources for energy generation, there is a definite challenge in obtaining
the priority it requires to arrest the exponential increase in carbon emissions. Energy being key to
economic development and improvement of the human way of life, developing countries face unique
challenges to secure and sustain low carbon energy sources and effectively inculcate energy efficiency.
This study aimed to present a solution in the form of an engineering approach entrenched in the three
dimensions of business sustainability, i.e., environmental, social, and economic, to ensure that efforts
towards energy efficiency and energy security in developing countries are effective and sustained in
reducing carbon emissions. This solution was implemented in a live environment for nine airports in
South Africa, and the results are presented in the form of case studies. The thesis investigated the global
context of the climate change challenge and the global trends regarding carbon emissions from energy
generation. The barriers that developing countries face with respect to achieving energy efficiency and
energy security are presented together with the focuses required to overcome the barriers. Energy
efficiency is investigated from the point of resource extraction to the point of energy end use,
investigating energy conversion efficiencies, showing its best-matched end-use, resulting in the
determination of principles for energy efficiency from component to system to infrastructure ecosystem.
The principles developed were used to write an energy efficiency policy for all new infrastructure
adopted at Airport Company South Africa’s (ACSA’s) nine airports in South Africa. An approach to
interpreting onsite low carbon energy sources and their generation potential using available commercial
technologies is proposed. Principles are created to determine an optimum low carbon energy mix that
is suitable to available resources, business focus, operating environment and efficiently matching the
site energy demand. The resulting energy mix based on these principles is presented as a case study for
ACSA’s airports. The technologies identified for implementation to reduce energy consumption of the
airports as well as their carbon footprint through the energy mix are tested for their financial viability
using an economic model run via Microsoft Excel. These initiatives are SMART (specific, measurable,
achievable, relevant, timed) in that they are specifically chosen for an organisation in a developing
country, measurable in economic return and environmental benefit, achievable for the business, relevant
to the airports’ geographical location and timed to map a pathway to carbon neutrality in electricity
consumption for the airports by 2030. To ensure that the principles defined are sustained through the
necessary changes in legislation, personnel and technologies, a set of key factors that underpin energy
efficiency and energy security were determined and are presented. A case study of the implementation
of these factors for airports in South Africa are presented. The thesis concludes with leveraging the
fourth industrial revolution for innovative engineering solutions, presenting smart solutions to close the

large development time gaps required for building human capacity, engineering capability and costly
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storage technologies to mature due to inherent intermittency of renewable energies. The results of the
study and its implementation show that the solutions presented for energy efficiency and a low carbon
energy mix are realistic and successful, while being grounded in sound scientific and engineering
principles and sustained through inevitable changes. This is evident in the various strategies, company
policies, technical guidelines and other programmes being approved and implemented by the senior
management of the organisation that owns and operates the nine South African airports presented in
this case study. The findings of the implementation show that a low carbon energy mix makes business
sense, provides energy security and that achieving carbon neutrality is possible through the adoption of
carbon offsetting. The “acid test” showing the solution presented in this thesis is being implemented for
the nine airports in South Africa is that it still remains as a valid and a business focus even in the

financial crisis faced by the aviation industry since the COVID-19 pandemic.
Keywords: Sustainable Energy Efficiency, Sustainable Energy Security, South African Airports low-

carbon Energy Mix, Leveraging Fourth Industrial Revolution for reducing carbon emissions, green

airport buildings, renewable energy for airports
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CHAPTER 1. INTRODUCTION

1.1 Introduction

Climate change due to the increased concentration of carbon-dioxide emissions in the earth’s
atmosphere from human activity is a major concern globally. Over the last two decades, considerable
effort has been made by most countries around the world to reduce carbon-dioxide and other greenhouse
gas emissions that accelerate global warming. Technology advancements towards greater efficiency
and conservation of resources in energy generation and energy usage in all sectors including industrial,
domestic, commercial, transportation and travel have contributed towards reducing carbon dioxide
emissions. Governments of many countries have pledged to reduce carbon emissions and have issued
and implemented various policies and legislation to promote reduced carbon emissions. Governments
of wealthier countries, primarily those classified as having developed economies, have gone a step
further by providing incentives and subsidies to promote the adoption of less carbon intensive energy
sources, technologies and fuels. State owned entities have begun including environmental
considerations in their strategies and developments in an effort to influence the private sectors to include
environmental considerations in urban, commercial and industrial sectors. Despite these efforts, carbon-

dioxide emissions have been steadily increasing (Fig. 1).

Annual CO2 emissions Our World
Carbon () emissions from the burning of fossil fuels for energy and cement production. Land use
chan ncluded.
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Figure 1: Global annual CO2 emissions (1800-2019) [1]

The four industrial revolutions that made the human way of life convenient together with the
advancement in medicine has contributed to the explosion of the human population (Fig. 2). By

superimposing the growth of the human population (Fig. 3) and marking the start of the industrial
16



revolutions (Fig. 4), the correlation of the industrial revolutions with the accelerated growth of the

human population can be observed.
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Figure 2: World population growth [2]
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Figure 4: Timeline showing the four industrial revolutions [3]

Energy has played a key role as a catalyst in the industrial revolutions with steam energy in the first
industrial revolution, electricity in the second industrial revolution and semiconductor material in
electronics (light current), controllers and computing in the third industrial revolution, which enabled
the fourth industrial revolution based on artificial intelligence. The energy consumption profile of the

world has been increasing since the first industrial revolution (Fig. 5).

Global P rim dary energy consum ]Jli()]‘l I}_\' source

Primary energy is calculated based on the "substitution method’ which takes account of the inefficiencies in
fossil fuel production by converting non-fossil energy into the energy inputs required if they had the same
conversion losses as fossil fuels.
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Figure 5: Energy consumption of the world (1800-2019) [4]

Energy is a key ingredient in economic growth and development. Access to energy thus plays a role in

developing the financial economy of countries in the world. A comparison of the GDP of countries in
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the world in 1950 to 2016 shows that most of the countries in the world are richer in 2016 compared to
1950 (Fig. 6) and a closer view shows that the global average indicates that the world was 4.4 times
richer in 2016 compared to 1950 (Fig. 7). Fig. 8, which is a zoom in of Fig. 7, shows that most
developing countries have increased in wealth way beyond the global average. Most of the developed

countries are around the global average.

Energy consumption around the world contributes to 73.2 % of the global greenhouse gas emissions.
(Fig. 8) This accounts for the majority of the greenhouse gas emissions and thus focussing efforts on
reducing greenhouse gas emissions from energy consumption will be most significant in our fight
against climate change. Energy use in industry contributes 24.2 %, in buildings 17.5 %, and in transport
16.2 %. Focusing efforts on reducing emissions in buildings will thus prove significant in reducing

greenhouse gas emissions and the principles adopted can be shared with the industrial sector.
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Figure 6: Comparing the economies of the countries of the world in 1950 vs 2016 [5]
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Figure 7: A closer view of Fig. 6 showing countries’ economic growth in relation to global average economic growth [5]
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Reduction in greenhouse gas emissions have been gaining global attention over the last three decades.
Much effort has been put into global cooperation in reducing carbon emissions. For the first time in
June 1988 at the World Conference on the Changing Atmosphere in Toronto, politicians and scientists
concluded that “humanity is conducting an unintended, uncontrolled, globally pervasive experiment
whose ultimate consequences could be second only to a global nuclear war.” The conference
recommended reducing carbon dioxide emissions by 20 % by 2005. In the same year, the
Intergovernmental Panel on Climate Change (IPCC) published its First Assessment Report, which
highlighted the increasing accumulation of human-made greenhouse gases in the atmosphere. The first
Conference of the Parties (COP) in Canada in 1995 recognized that there is a need for binding
commitments by industrialized countries to reduce emissions. In December 1997 around 150 countries
signed the Kyoto Protocol, which binds 38 industrialized countries (called Annex 1 countries) to reduce
greenhouse gas emissions by an average of 5.2 % below 1990 levels in the period of 2008 to 2012. The
Kyoto Protocol became international law on 16 February 2005. [7]

In December 2007 the United Nations (UN) Climate Change Conference in Bali, Indonesia, which was
attended by representatives from over 180 countries, together with observers from intergovernmental
and nongovernmental organisations, agreed on a “Bali roadmap”. This document provided guidelines
to reach a treaty by the end of 2009 to replace the Kyoto Protocol. That year in April during the UN
Climate Talks in Bangkok — the first meeting after the Bali conference — an ambitious timetable was
developed to complete the complex negotiations on a new climate deal in time for the UN Climate

Conference in Copenhagen in December 2009. [7]

Another significant agreement was the Paris Agreement which is a legally binding international treaty
on climate change adopted by 196 parties at COP 21 in Paris, on 12 December 2015, and which entered
into force on 4 November 2016. Its goal is to limit global warming to below 2 °C, preferably to 1.5 °C,
compared to pre-industrial levels, by 2100. To achieve this long-term temperature goal, countries aim
to reach global peaking of greenhouse gas emissions as soon as possible to achieve a climate neutral
world by mid-century. The Paris Agreement is a landmark in the multilateral climate change process
because, for the first time, a binding agreement brings all nations into a common cause to undertake

ambitious efforts to combat climate change and adapt to its effects. [§]

The countries that are committed to the Paris Agreement are from different socio-economic
backgrounds with varying political and governmental dynamics thus the climate change challenge is
not equal nor is it ranked the same in terms of a country’s priorities. Basic human needs that must be
met as well as other human rights issues in many developing countries take priority and this

prioritization can be seen in the United Nations sustainable development goals (SDG) (Fig. 9).
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Figure 9: United Nations Sustainable Development Goals (SDGs)

Energy is key in the economic development that is needed to address poverty and provide for basic
human needs, which is a challenge for developing countries. Mature energy technologies
characteristically are at peak efficiency and these technologies are primarily fossil fuel based. They
have reached economies of scale and thus can be secured at competitive rates which is key in access to
cheap energy for much needed economic growth. Transitioning developing countries towards reducing
carbon emissions to reach the goal to limit global warming to well below 2 °C, preferably to 1.5 °C,
compared to pre-industrial levels by 2100, necessitates a drastic change that threatens their ability to
meet basic human needs, as outlined by the first 12 SDGs in Fig. 9, within the near future. This challenge
varies from country to country and the result 80 years from now could go one of three ways, as depicted

in Fig. 10.
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Figure 10: Climate-resilient development pathways (CRDPs) describe trajectories that pursue the dual goals of limiting
warming to 1.5 °C while strengthening sustainable development [10]

When looking at the consequences of climate change and the priority of meeting the basic needs of
citizens from developing countries, developing countries are placed in an awkward position such that

if they do not innovatively address these issues now, the result could be the business-as-usual scenario

22



(Fig. 10) and not the climate-resilient world that secures the future of citizens without compromising

their ability to meet immediate needs.

1.2 Problem Statement

With the challenges facing the countries of the world, the attempts to reduce carbon emissions to keep
the global temperature rise to below 2 °C (Fig. 11) or below 1.5 °C (Fig. 12) will require consistency of
efforts and the capacity to sustain the impact of efforts made to ensure this transition to a low carbon
economy. The peaking of the global CO, emissions between 2020 and 2030 for the 2 °C pathways and
between 2020 and 2025 for the 1.5 °C pathways before the steep drop in global CO; emissions, implies
that our CO; emissions should be capped off now within this decade and so as to result in the required
steep drop in CO, emissions within the next two decades. The various curves in the scenarios contained
in Fig. 11 and Fig. 12 show the impact of a delay in the peaking of CO, emissions. Delays in peaking
of CO; emissions show that a quicker dropping off of CO, emissions is then required to to ensure that
global CO, emissions start dropping off by mid-century and complete the desired drop off by the end
of the century.

CO2 reductions needed to keep global temperature rise Our World
helow 2°C
Annual emissions of carbon dicxide under various mitigation scenarios to keep global average temperature
rise below 2°C. Scenarios are based on the CO: reductions necessary if mitigation had started - with

global emissions peaking and quickly reducing - in the given yvear.
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Figure 11: COz reductions needed to keep global temperature rise below 2 °C [11]
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Figure 12: COz reductions needed to keep global temperature rise below 1.5 °C [12]

Developing countries need to find a solution that allows them to transition to a low carbon economy
without compromising their ability to address their immediate priorities. The challenge lies in how to
transition developing countries to a low carbon economy that is sustained, effective and within their

SOCI0-economic means.

1.3 Research Motivation

Reducing carbon emissions to prevent climate change is a global aim with many countries around the
world uniting in doing their bit to achieve this goal. The goal may be the same, however, the effort
required to achieve the goal differs. Coal and oil resources are well established in all sectors of energy
usage with related technologies being well established and mature in the market, making them cheaper
and easier to operate and maintain compared to newer technologies that use renewable energy. There is
therefore more opportunity and motivation for developing countries to transform their economies using

traditional technologies and energy sources.

This dynamic has many implications that can be seen in the scenarios presented in Fig. 13 which
provides a graphic picture of the content of the Paris Agreement. Pledges and targets of various
countries in the world show a 2.5 °C to 2.8 °C change by 2100 in the global warming scenario compared

to the present day global temperature. Lagging behind this scenario is the warming scenario that shows
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the current policies in place to achieve the reduction in carbon emissions indicating a global warming
change of 2.8 °C to 3.2 °C by 2100. This means that the policies we have today which are meant to
bring about a change in climate that is lower than the “no climate policies” scenario indicating a 4.1 °C
to 4.8 °C in 2100 are not quite adequate to meet the “pledges and targets” scenario. Furthermore, our
pledges and targets together do not meet the desired scenarios of 2 °C pathways or 1.5 °C pathways

which indicates warming relative to the pre-industrial base period 1850 to 1900.
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Figure 13: Global greenhouse gas emissions and warming scenarios [9]

There are definite challenges in relation to making commitments to reducing greenhouse gas emissions.
This is a serious and global challenge that affects the existence of life as we know it. Consequences of
climate change are already visible, for instance, temperatures are rising, polar caps are melting, sea
level is rising, desertification is increasing and the winters in Europe are becoming wetter. Mount
Kilimanjaro through the years contains less and less snow. The number of natural disasters are
increasing, and tsunamis, floods and extreme drought are occurring more frequently than in times past.
In the period 1950 to 1960 worldwide, 13 natural disasters were registered compared to 72 in the period
1990 to 1998. [7]

Changes in global climate will have enormous consequences for nature as well as the economy. A small
rise in mean annual temperature can have a major impact on a region’s ecology and biological diversity.
[13] Biodiversity is of crucial importance for the stability of ecosystems as well as for human health.
[14] Some researchers estimate that these costs are set to rise to between 5% and 20% of global income.

[15]
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The human health effects of climate change will vary in complexity, scale and directness and will have
different timing. Impacts will vary geographically as a function both of environment and topography
and of the vulnerability of the local population. Impacts will be both positive and negative (although
expert scientific reviews anticipate predominantly negative) as climatic change will disrupt or otherwise
alter a large range of natural ecological and physical systems that are an integral part of Earth’s life

support system. [7] Human health effects are pictorially represented in Fig. 14.
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Figure 14: Pathways by which climate change affects human health including local modulating influences and the feedback
influence of adaptation measures [7]

Mitigating the effects of climate change requires a global effort regardless of the social, economic and
political dynamics, therefore finding inventive and innovative ways to overcome challenges will be key
to being successful in reducing carbon emissions. Developing countries do not have the economic
strength or the required social and political standing to easily transition towards a low carbon economy
through energy efficiency and energy security and thus their challenge will be unique. This study aimed
to contribute to the ease and success of developing countries’ in achieving and sustaining energy

efficiency and energy security.

14 Aims and Objectives

The purpose of this thesis was to develop a solution, implement the solution and present the work
executed to achieve sustained energy efficiency and energy security in developing countries. To realise

this purpose the following objectives were formulated:

26



1. Define sustainability and the challenges faced in the context of achieving sustained energy
efficiency and energy security in developing countries.

2. Identify and present global trends in the achievement of energy efficiency and energy security
in developing countries and outline the lack of sustainable progress in reducing carbon
emissions.

3. Identify and investigate the barriers faced by developing countries in achieving energy
efficiency and energy security.

4. Develop principles for achieving energy efficiency in developing countries.

5. Develop principles to achieve energy security in developing countries.

6. Develop principles for the purpose of sustaining energy efficiency and energy security in
developing countries.

7. Develop innovative ways to overcome barriers faced by developing countries in the quest for

achieving and sustaining energy efficiency and energy security.

The solution to achieve sustained energy efficiency and energy security in developing countries was
implemented at nine airports in South Africa which are owned and operated by Airports Company South
Africa (ACSA) SOC Limited. Airports in South Africa owned and operated by ACSA have diverse
climates and resource availabilities due to their geographical locations, very different passenger
throughput, size of facilities and operational compliment, thus making an ideal setting for implementing
the same goal, overcoming the unique consequences, ensuring energy security and energy efficiency
are sustained. Airports also have facilities that are similar to mini-cities, especially larger airports, e.g.
O R Tambo International Airport, Cape Town International Airport, King Shaka International Airport
in the case studies and this makes the implementation from a facilities perspective similar for country
wide adoption. The state-owned financially autonomous organisation (ACSA) also provided a unique
setting of political- and profit-based platforms on which to derive, gain support for and implement a

sustainable solution for energy efficiency and energy security.

To realising this implementation the following objectives were formulated, in relation to ACSA airports
in South Africa:

1. Investigate energy consumption and energy performance.

2. Develop standards and guidelines for achieving energy efficiency.

3. Entrench energy efficiency.

4. Investigate technologies that can reduce electricity consumption by performing a

technoeconomic assessment of relevant technologies.

e

Investigate energy needs and conceptualise a low carbon energy mix.

6. Investigate the uptake of wind energy by performing a relevant technoeconomic assessment.
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10.

1.
12.
13.

1.5

Investigate the application of anaerobic digestion by performing a relevant technoeconomic
assessment.

Investigate the use of natural gas for energy generation by performing a relevant
technoeconomic assessment.

Investigate the use of geothermal heat sinks for air conditioning systems by performing a
relevant technoeconomic assessment.

Review the lessons learnt from existing solar photovoltaic installations at airports in South
Africa and establishing standards and guidelines for further installations.

Develop and confirm a low carbon energy mix.

Develop and present a solution to sustain energy efficiency and energy security.

Develop guidelines for the adoption of green buildings in new infrastructure and for existing

terminal buildings to sustain energy efficiency and energy security.

Methodology

To achieve the aims and objectives, it was necessary to establish an engineering solution which upon

implementation suited the operating environment and supported the business imperatives with the

current staff complement and commercially available technologies. The following approach was used

to achieve the aims and objectives:

L.

Understand the context of the environmental challenge of global warming and establish the
reason for increasing carbon emissions as well as the urgent need to abate the acceleration of
climate change through carbon emissions.

Investigate the global challenge of carbon emissions reduction, the progress and ways adopted
to reduce emissions.

Investigate the barriers faced by developing countries to achieve reduced carbon emissions.
Derive principles to sustaining reduced carbon emissions in developing countries by
considering ways to entrench globally and locally relevant initiatives that are implementable
via a strategy, supporting business imperatives in all three spheres of business sustainability,
i.e. environmental, social and economic.

Draft a strategy for the nine ACSA-owned and operated airports in South Africa to reduce
carbon emissions incorporating elimination of unnecessary carbon emissions, transitioning
necessary energy requirements to reduced carbon emissions, offsetting unavoidable carbon
emissions and creating an organisational culture to sustain reduced carbon emissions, ensuring
that it supports the business sustainability organisational goals.

Gain organisational support for the strategy and executive approval for its implementation.
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10.

1.

12.

13.

14.

15.

16.

17.

Communicate the approved strategy and the plans for its implementation at each airport,
forming supporting teams for its implementation.

Capacitate teams for implementation of various aspects of the strategy through formal training,
sharing of learnings via platforms like workshops and forums.

Begin implementation of the approved strategy by deriving principles to achieve energy
efficiency in developing countries through the fundamental concept of energy efficiency in
practice penetrating every level of the facility and ensuring that it is sustained going forward.
Apply the derived principles to achieve energy efficiency in developing countries to the nine
airports owned and operated by ACSA including development of a standard and guideline
document for achieving energy efficiency in accordance with the approved strategy for
implementation.

Identify key technologies for energy conservation and energy efficiency at the nine airports,
perform financial analysis using economic models used by the business for determining
viability of capital investments.

Continue implementation of the approved strategy by deriving principles to achieving energy
security in developing countries through considering the site’s available low carbon energy
sources, the site’s energy needs, present and future and satisfying the site’s energy needs by
efficiently matching the available energy source to the need.

Identify alternative low-carbon energy generation technologies for implementation at the nine
airports, perform financial analysis using economic models used by the business for
determining viability of capital investments.

Apply the principles to achieving energy security in developing countries to the nine airports
owned and operated by ACSA, developing roadmaps to reduced carbon emissions according
to the targets and timelines committed to in the approved strategy supporting the business
financial goals.

In accordance with the approved strategy, prepare for implementation of requirements to meet
nationally and internationally recognized environmental standards at existing airport
infrastructure at the nine airports and prepare project requirements for future infrastructure
compliance.

Translate all implementation plans of the objectives of the approved strategy into annual targets,
incorporate into all levels of the business, track progress and ensure continuous improvement
is incorporated.

Upon successful implementation of alternative low-carbon energy generation power plants at
one airport, establish standards and guidelines for project implementation of future

installations.
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18. As part of continuous improvement, identify ways in which barriers to organisational
implementation of the approved strategy can be overcome, especially using instruments of the

fourth industrial revolution.

1.6 Research Significance

Reducing carbon emissions especially in the quest for energy in developing countries is a unique
challenge. Any efforts achieved are not necessarily sustainable due to the challenges faced by
developing countries. The increase in global temperature and ever-increasing carbon emissions from
energy generation, despite the pledges of countries to reduce carbon emissions and advocacy for climate
change, necessitates a solution that works and is consistent in reducing carbon emissions especially in
the developing economies of the world where the majority of the increase in carbon emissions over the

next few decades is most likely to come from.

The significance of this research is found in the establishment of principles to achieve energy efficiency
and energy security in the context of developing countries in South Africa, the implementation of these
principles across nine airports in South Africa, and the entrenchment of energy efficiency and energy
security within an organisation such that it is sustained successfully through inevitable changes in
technologies, personnel, legislation, etc. The process of implementation of these principles at airports
in South Africa demonstrates the practicality and workability of these principles. The research
demonstrates how to sustain energy efficiency and energy security in developing countries and provides
a case study of this implementation for airports in South Africa owned and operated by ACSA. The
research also proposes solutions for overcoming barriers faced typically by organisations in developing

countries using fourth industrial revolution technologies.

1.7 Thesis Outline

The thesis contains twenty-three chapters. The layout of the thesis is as follows:

Chapter 1 presents the introduction, research motivation, problem statement, research motivation, aims

and objectives, research significance, thesis outline, scope of the study and references for the chapter.
Chapter 2 presents the impact of greenhouse gas emissions together with its role in climate change and

highlights the key factors to sustain the change in direction towards energy efficiency and minimization

of the use of fossil fuel-based energy sources in relation to energy security.
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Chapter 3 presents a review of the trends in global energy sources and their evolution and its carbon
footprint; the cost-effective modern fuel of energy efficiency together with the approaches and
initiatives adopted to achieve energy efficiency and alternative less carbon intensive energy sources in
focus. It also reviews South Africa’s unique challenges in energy supply and demand, and the role of

energy efficiency and an alternative energy mix.

Chapter 4 presents an investigation into the barriers to energy efficiency and energy security in
developing countries, contextualising their origins and outlining the required focus to overcome the

barriers.

Chapter 5 presents a set of principles to achieve energy efficiency throughout the energy value chain,

maximizing financial benefit and reducing carbon emissions.

Chapter 6 presents an investigation of the site energy consumption of the nine ACSA airports, analysing
the typical facilities installed at the airports to establish the drivers of the energy consumption, quantify
the base load energy consumption, and identify significant energy users constituting more than 70 % of

the site’s total energy consumption.

Chapter 7 presents the groundwork completed in the process of transitioning the ACSA airports to being

energy efficient.

Chapter 8 presents the work done to inculcate the practice of energy efficiency within ACSA with the

aim for this to become company culture for the airports in South Africa.

Chapter 9 presents an investigation into the adoption of a solar thermal heat deflective innovative
technology to reduce air conditioning in airport terminal buildings in South Africa, providing a technical

and economic assessment (or technoeconomic assessment).

Chapter 10 presents an investigation into the technologies that will reduce energy consumption at

airports in South Africa, estimating the energy reduction impact, investment and return on investment.
Chapter 11 presents the principles for achieving energy security in developing countries through an

approach to defining a developing country’s energy mix that overcomes the financial and technological

challenges while being suited to its operating environment.
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Chapter 12 presents the journey related to conceptualising of a low-carbon energy mix for the nine

ACSA airports.

Chapter 13 presents the investigation of establishing a suitable wind energy technology including its
technical and economic assessment (technoeconomic assessment) to ensure a reliable and feasible

transition for nine ACSA airports.

Chapter 14 presents the technical and financial evaluation (pre-feasibility) or technoeconomic
assessment of using waste from the ACSA airports in an anaerobic digestion process producing methane

gas to be used as fuel for energy.

Chapter 15 presents the investigation into natural gas as an energy source for the ACSA, providing the

technical and financial evaluation (or technoeconomic assessment) of its adoption at airports.

Chapter 16 presents an investigation into the adoption of geothermal heat sinks to serve as a
replacements of cooling towers in an airport environment in South Africa, providing a technical and
economic assessment (technoeconomic assessment) based on the geothermal heat sink installation at

Hotel Verde in the Western Cape of South Africa.

Chapter 17 presents the standards and guidelines relating to technical aspects of the current solar
photovoltaic installations at the ACSA airports, and the proposed and supported plan for transitioning

the maintenance of all plants to be performed inhouse.

Chapter 18 presents the establishment of a range of energy generation technologies forming a low
carbon energy mix that is economically feasible and technically suited to the operating environment to

ensure a reliable and feasible transition for nine ACSA airports to realise energy security.

Chapter 19 presents principles that provide an approach to ensuring that climate change mitigation
efforts are sustained through implementing relevant technologies, legislation, personnel and markets

and shows the application of these principles in an airport environment.

Chapter 20 presents the guidelines for development of green star rated infrastructure at airports in South
Africa sustaining energy efficiency and energy security for new terminal, office and commercial
buildings, in compliance with the green star rating system of the Green Building Council of South

Africa.
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Chapter 21 presents the guidelines for transitioning existing airport terminal buildings towards the

adoption of a green star rating as per the green star rating system of the Green Building Council of
South Africa.

Chapter 22 presents an approach to leveraging the instruments of the fourth industrial revolution to

overcome the challenges faced by developing countries in adopting energy efficiency and making

provision for their energy security.

Chapter 23 presents the conclusion to this study with recommendations for future work.

1.8

Scope

The scope of this thesis covers the main themes represented in Figure 15. The principles for energy

efficiency and energy security presented in this thesis can be applied to any organisation in an industry,

country-wide, domestic or commercial setting. The application of the principles for energy efficiency

and energy security in the case studies presented in this thesis is in the context of a commercial setting

within the aviation industry, more specifically, nine ACSA airports in South Africa.
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Figure 15: Scope of the themes covered in this thesis

The energy efficiency initiatives presented in the case study cover the energy intensive technologies at

airports, particularly the energy conservation technologies related to reducing air conditioning load. The
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renewable energy sources and technologies investigated for the airports in the case studies cover solar
photovoltaic technology, geothermal heat sinks, and wind energy (vertical axis wind turbines). The low
carbon alternative energy sources investigated in the case studies are anaerobic digestion and natural
gas. The case studies cover the strategies and frameworks that underpin sustainable energy efficiency
and energy security and investigate the adoption of green buildings for existing and new infrastructure

in an airport setting.
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This chapter presents the impact of greenhouse gas emissions together with its role in climate change
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Abstract

Reducing greenhouse gas emissions, especially carbon-dioxide
emissions. has been an agenda adopted by organizations.
governments, businesses and citizens alike all over the world
over the last few decades. Energy efficiency. energy
conservation and renewable or alternative energy sources to
lower in greenhouse gas emissions has been the most popular
approach taken by various organizations. governments and
individuals to reduce their carbon footprint. Being energy
efficient and reducing energy consumption has not only started
making business sense but increases reliability and availability
of infrastructure. Introducing an environmentally friendly
energy source provides a certain level of energy security by
reducing dependence on depleting fossil fuel energy sources
and purely by diversifying the approach of diversity in the
utilization of energy sources (energy mix). However. when
looking at the penetration of energy efficiency into the world’s
built environment and the much needed decrease in reliance on
fossil fuel sources for driving energy. there is a definite
challenge in that it does not seem to get the priority that it
requires to arrest the exponential increase in carbon emissions
causing climate change. This paper presents the impact of
greenhouse gas emissions together with its role in climate
change and highlights the key factors to sustain the change in
direction towards energy efficiency and minimization of the
use of fossil fuel-based energy sources towards energy
security. The result of application of the approach presented
will be a reduction in carbon emissions through changing
technologies. markets, legislation. personnel and resource
availability

Kevwords: Energy efficiency. energy security. developing
countries. sustainability

I. INTRODUCTION

The challenge of climate change needs to be contextualized for
it to be given the priority it requires to ensure that its potential
effects do not become a reality in the near future. Climate
change threatens the delicate balance in the earth’s biosphere to
sustain biological life and thus the survival of the human
species as we know 1t.

The conditions required for the viability of are summarized by
[1] as follows: “Liquid water is the common ecological
requirement for earth life. Temperature on an exoplanet is the
first parameter to consider both because of its influence on
liquid water and because it can be directly estimated from

Freddie L. Inambao*
Department of Mechanical Engineering
University of Kwazulu-Natal, Durban, South Afiica.
ORCID: 0000-0001-9922-5434

orbital and climate models of exoplanetary systems. Life needs
some water, but deserts show that even a little can be enough.
Only a small amount of light from the central star is required to
provide for photosynthesis. Some nitrogen must be present for
life and the presence of oxygen would be a good indicator of
photosynthesis and possibly complex life” [1]. An essential
component to life as we know it is temperature. The term
“climate change” is used in reference to the upsetting of this
delicate temperature balance which is the main reason for the
focus on reducing our impact on climate change.

The earth’s average temperature has been experiencing
anomalies threatening the sustamability of life as we know it.
Fig. 1 shows that since 1980 we have been experiencing an
increase in temperature without any signs of a recovery. The
earth’s temperature is regulated by the presence of greenhouse
gases In its atmospheric layer. The increase in the earth’s
temperature can be accounted for by an increase in
concentration of greenhouse gases in the earth’s atmosphere
earlier in earth’s history. Fig. 2 shows the comresponding
increase in carbon dioxide (CO3) emissions.

On earth. an atmosphere containing naturally occurring
amounts of greenhouse gases causes air temperature near the
surface to be warmer by about 33 °C (59 °F) than it would be in
their absence [2]. Without the earth's atmosphere. the earth's
average temperature would be well below the freezing
temperature of water [3]. The major greenhouse gases are water
vapor. which causes about 36 % to 70 % of the greenhouse
effect: CO.. which causes 9 % to 26 %: methane (CH4). which
causes 4 % to 9 %: and ozone (O3), which causes 3 % to 7 %

(4105](6)-

“Carbon dioxide (CO>) is known as a greenhouse gas (GHG)—
a gas that absorbs and emits thermal radiation. creating the
‘greenhouse effect’. Along with other greenhouse gases. such as
nitrous oxide and methane. CO:z 1s important in sustaining a
habitable temperature for the planet: if there were absolutely no
GHGs. our planet would simply be too cold. It has been
estimated that without these gases. the average surface
temperature of the Earth would be about -18 degrees Celsius.”
[12]

“Since the Industrial Revolution. however. energy-driven
consumption of fossil fuels has led to a rapid increase in CO»
emissions. disrupting the global carbon cycle and leading to a
planetary warming impact. Global warming and a changing
climate have a range of potential ecological. physical and
health impacts, including extreme weather events (such as
floods. droughts. storms. and heatwaves): sea-level rise: altered
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crop growth: and disrupted water systems.” [12]

To ensure that we are addressing the cause of climate change. it
is essential that we are aware of which of the greenhouses gas
or gases are responsible for this and then look for which
activities are contributing to the unnatural increase in
concentration. Fig. 3 shows the history of concentrations of
greenhouse gas emissions in the atmosphere. Fig. 4 shows the

global warming potential (GWP) of each greenhouse gas
relative to carbon-dioxide. From these figures one can see that
CO; has increased at a rate exceeding those of the other
greenhouse gases, indicating the likelihood of gas being the
cause of the increase in global temperature. Now that we have
established that the release of CO, is responsible for the
temperature increase through global warming. it is the next step
to investigate the cause of the increase in CO,.

Temperature anomaly from 1961-1990 average, Global
3 3 ane land-sea 3 slv redatve 1o the 1961-1990 ave e r
0.8 %
067%
04%
0%
04 %
1850 1860 1880 1900 1920 1940 1960 1980 2017

Fig. 1. Earth’s temperature anomaly over time [12]

Atmospheric COz concentration (ppm)
Siobal average long-lerm eric concentration of carbon dioxide (COz), measured in parts per million (ppm
400 ppm rid
380 ppm
360 ppm
340 ppm
320 ppm
300 ppm
280 pp:n/______/““-\_“-’__/--\_,_._-..ﬂ/-
260 ppm
1 500 1000 1500 2016

Fig. 2. Increase in concentration of COz in the atmosphere [12]
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Fig. 3. Global greenhouse gas emissions by gas source [12]
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Fig. 4. Global warming potential of greenhouse gases relative to carbon-dioxide [12]

Human activity since the industrial revolution has increased the
amount of greenhouse gases in the atmosphere, leading to
increased radiative forcing from CO,, methane, tropospheric
ozone, CFCs, and nitrous oxide. According to work published
in 2007, the concentrations of CO; and methane have increased
by 36 % and 148 % respectively since 1750 [7]. These levels
are much higher than at any time during the last 800 000 years,
the period for which reliable data has been extracted from ice
cores [8][9][10][11]. Less direct geological evidence indicates
that CO; values higher than this were last seen about 20 million
years ago. From Fig. 3. one observes the change in CO; levels

and methane levels from 1971 to 2014.

The industrial revolutions experienced in our known history of
civilization can be pictorially seen in Fig. 5. In the pre-
industrial era natural power (wind, water, draft). animal and
human muscle power were used for the manufacturing of goods
for human consumption. The need for convenience coupled
with key discoveries of energy sources and technologies started
the industrial revolution. Over time this “created energy™
became more intense and created greater efficiencies in that
more human activity was possible per unit of energy available.
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This journey, however. has led to the disruption of the natural
balance of the fundamental parameters for earth life to
sustainably sustain itself.

With the birth of the industrial revolution competitiveness in
survival moved from physical conquering (or overpowering
through physical force) and colonization to trading and

negotiations of relative worth of goods and services. Figure 6
shows the description of the constituent parts of business
sustainability. “Business sustainability is often defined as
managing the triple bottom line - a process by which
companies manage their financial, social and environmental
risks, obligations and opportunities. These three impacts are
sometimes referred to as profits, people and planet.” [14].

Industry
10
0

1800s: Machinery
manufacturing era

1900s: Electrification
and automation era

Industry

Now: Smart
manufacturing era

Industry

40

Industry

20 3.0

1970s: Electronic
information era

Fig. 5. Four stages of the industrial revolution [13]

Bearable

Environment

Viable

Economic

Fig. 6. Venn diagram — elements of business sustainability [15]

IL. DEFINING SUSTAINABILITY

The heart of sustainable development and business
sustainability requires the sustainability in each dimension of
economic. social and environmental factors to merge on
common ground and operate in the “sustainable™ zone as can
be seen in Figure 6. Currently. the majority of the world’s
countries, policies, strategies and legislation favor trade and
investment to enable their citizens and inhabitants to have a
competitive advantage without much consideration for the
constraints of the natural resources that make trade and
investment possible.

The current business sustainability mesh works such that the
economic wheel is designed to serve the social dimension of
human needs and desires while environmental considerations
have a low priority. Recently there has been an increasing
awareness of the sustainability of human society hinging on the
precise balance of the ecological environment.

The distribution of the earth’s natural resources to the human
species for their survival, convenience and competitive
advantage is regulated by the created human financial economy
where trading power is at the heart of the economy. Prior to
civilization, colonization and physical force on existing
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inhabitants were used to secure resource abundant land which
would enable goods and services and consequently competitive
advantage as can be seen with the first and second world wars.
With the scientific discoveries that led to the birth of
technology. ftrading power became the new competitive
advantage as war that resulted in physical death of the
opposition was not an effective way to gain economic
advantage. This adaptation of the human species was a shift in
their method of sustaining their social and economic status. The

following three sections will investigate the key factors at play
in the environmental. social and economic dimensions.

A. Environmental factors

Environmental science is the study of the interaction between
natural and human systems. Humans use the land. water
elements and energy for their needs, survival and convenience,
in the process causing pollution and resulting in the
acceleration of climate change (Fig. 7).

@\’imnmental Scicn_cE[

(Life) ==t (Populations)

{

.,

[Land] [Energy]

[Climate Change)

[Pollution)

Fig. 7. Environmental Science: the interaction between Natural and Human Systems

Humans. purely by their presence. leave an environmental
footprint on this planet. and industrialization increases this
environmental impact as they manipulate the environment to
suit their needs. Scientists over the years have developed what
we call “planetary boundaries™ that allow us to benchmark the

impact of our existence and activities on a scale that compares
the key planetary parameters that regulate life as we know it to
before the significant impact of human existence and how far
away we are from significantly altering the current planetary
life (Fig. 8).

Genetic
fpiosphere integrity 4%

Functional
diversity
?
nd-system
hange
Freshwater use
Phosphorus

Nitrogen
Biochemical flows -

Climate change

Il Beyond zone of uncertainty (high risk)
In zone of uncertainty (increasing risk)

Novel entities

Stratospheric ozone d

Atmospheric aerosol loading

Ocean acidification

B Below boundary (safe)
Boundary not yet quantified

Fig. 8. Current status of the control variables for seven of the planetary boundaries [16]
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The planetary boundaries framework defines a safe operating
space for humanity based on the intrinsic biophysical processes
that regulate the stability of the earth system [16]. As can be
seen in Fig. 8. there are nine planetary boundaries which. if
altered for a period of time. will cause our planet to change
compared to how we know it now. These nine boundaries.
climate change. novel entities, stratospheric ozone depletion.
atmospheric aerosol loading. ocean acidification. biochemical
flows, freshwater use. land system change. biosphere integrity
have close interactions with each other in that a change in one
planetary boundary will automatically mean changes in another
planetary boundary. Fig. 9 shows the interactions between the
biosphere and the nine planetary boundaries.

An analysis of the many interactions among the boundaries

suggests that the parameters of climate change and biosphere
integrity are highly integrated, emergent system-level
phenomena that are connected to all the other planetary
boundaries. They operate at the level of the whole earth system
and have co-evolved for nearly 4 billion years. They are
regulated by the other boundaries and. on the other hand.
provide the planetary-level overarching systems within which
the other boundary processes operate. Furthermore. large
changes in the climate or in biosphere integrity would likely, on
their own. push the earth system out of the holocene state. The
Holocene state refers to the current geological state that the
earth finds itself in. Transitions between time periods in earth
history have often been delineated by substantial shifts in
climate, the biosphere. or both [16].

Land system

change \

aerosol loading

Climate change

Biogeochemical flows

/. (N and P cycles)
T

e — B-losph_ere S
integrity Freshwater use
acidification -
» H_\
Atmospheric ¢ \

Novel entities

Stratospheric ozone depletion

——3 As this factor moves away from its safe space, the safe space for the affected factor shrinks a little

=== As this factor moves away from its safe space, the safe space for the affected factor shrinks a lot

»  Weak effect reducing the safe space of the affected factor, or complex effect with large uncertainties

Fig. 9. The interaction between the biosphere integrity planetary boundary and other planetary boundaries [16]

One can see from Fig. 9 that the interaction with the planetary
boundary of the biosphere integrity is linked directly with six
other planetary boundaries the strongest of which is climate
change, in both directions, i.e. climate change causes biosphere
change and biosphere change causes climate change.

The key variable influencing climate change is generally
expressed as a maximum concentration of CO; in the
atmosphere of 350 ppm. a value that would likely preserve the
climate in a Holocene-like state. Atmospheric CO»

concentrations currently exceed 400 ppm. As an alternative
boundary to 350 ppm. one can use the 2 °C temperature
stabilisation goal emphasised in the Paris Agreement. [17] The
Paris Agreement proposed to keep the increase in global
average temperature to below 2 °C above pre-industrial levels
and to pursue efforts to limit the temperature increase to 1.5 °C
above pre-industrial levels.

The other variable causing climate change is the increase in
top-of-atmosphere radiative forcing of +1.0 W/m? relative to
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preindustrial levels. Radiative forcing or climate forcing is the
difference between insolation (sunlight) absorbed by the earth
and energy radiated back to space. There are other greenhouse
gases that have global warming potential. however. the one
most prevalent in terms of human activity and increase over the
past century is CO, Fig. 2 and Fig. 3). The increase in CO,
emissions in earth’s atmosphere is due to the combustion of
fuels from which the human species derive energy to drive their

B. Social Factors

The dictionary definition relates the term ‘social factors® is
“human society, the interaction of the individual and the group,
or the welfare of human beings as members of society™ [18]. A
social construction is built around serving human needs and
wants and these are characterized in Maslow’s hierarchy of
needs as depicted in Figure 10.

machinery, produce goods and commute across the planet.

Self-Actualization’
Needs or Self-
Realization Needs
Need for development
of inbom talents,
potential, resources,

accomphishment.

Esteem and Prestige Needs or Ego Needs
. Need for self worth, respect, status,
recogmition, reputation, admiration, strong
confidence.

Love and Belonging Needs or Social Needs
Need for love and 1o be part of a group -family

group, peer group, fnendship group

/ Safety Needs or Security Needs \
Safety from dangerous physical and social situations

Physiological Needs
Need for food, water, shelter, clothing, comfort, rest or sleep, reproduction or procreation

Figure 10: Abraham Maslow’s hierarchy of needs [19]

There are several descriptive definitions of what social
sustainability entails. Social sustainability can be described as
equity in resource distribution. which, from a livelihood
perspective, is regarded as the capacity of the human species
not only to get access to but also to maintain an adequate and
decent livelihood. There are two dimensions of the definition of
social sustainability. namely the proactive approach that
indicates the capabilities of adapting to. exploiting and creating
change and ensuring continuity (positive dimension). The
reactive dimension highlights the coping ability to deal with
shocks and stresses (negative dimension) [20].

Social sustainability can be visualized as the improvement of
living conditions for people and future generations and the
quality of governance of the development process. The social
pillar of sustainable development can thus be seen as including
both procedural aspects and substantive aspects. The
procedural aspects include the role of democratic

representation, participation. and deliberation and the
substantive aspects focus on “what” is to be done (i.e.. the
social goals of sustainable development). The procedural
aspects include the “how™ or the means to achieve these goals.
Procedures cannot be static but should always include a
temporal dimension. Aspects overlap, and it is also not always
easy to distinguish between substantive and procedural issues
as they may reinforce one another. For example, by achieving
certain social sustainability goals such as providing
opportunities for learning or improving the participatory
capacities of local civil societies, one is simultaneously
improving opportunities for actors to take part in sustainability
projects and planning [21]. Social sustainability is all about
human welfare including quality of life. social justice. social
cohesion, cultural diversity, democratic rights, gender issues,
human rights, participation, social capital development and
human capability [22]. Fig. 11 shows the factors that are
mvolved with social sustainability as described above.
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dimension
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Substantive/

s L
positive/proactive .:mm

*Resources
+Land, water, trees and livestock
+Farm equipment, tools and domestic utensils
Stores

*Stores of value such as gold, j llery and
+ Cash savings in banks of thrift and credit schemes

Intangible Assets —
Procedural/negative/reactive
dimension

*Access
* Opportunity in p tousear , store or
service or to obtain information, material,

PR D | 1

gy, employment, food or

*Claims
* Demands and appeals which can be made for
material, moral or other practical support or access

Social Sustainability

(effective mesh with tangible and
intangible assets)

*Maintains and enhances the assets
(global and local) on which livelihoods
depend and has net beneficial effects
on other livelihoods of the living

sLivelihoods are able to cope and
recover from shocks and provide for
future generations

Fig. 11. Social factors and their sustainability. adapted from understanding of [20-22]

Out of these tangible and intangible assets people construct and
contrive a living, using physical labor, skills, knowledge, and
creativity. Capabilities, equity and sustainability combine in the
concept of sustainable livelihoods. A livelihood fundamentally
is a means of gaining a living. Capabilities are both an end and
means of livelihood: a livelihood provides the support for the
enhancement and exercise of capabilities (an end): and
capabilities (a means) enable a livelihood to be acquired.
Equity is both an end and a means: the minimum definition of
equity must include adequate and decent livelihoods for all (an
end): and equity in assets and access are preconditions (means)
for gaining adequate and decent livelihoods. Sustainability, too.
is both end and means: sustainable stewardship of resources is
a value (or end) in itself and provides conditions (a means) for
livelihoods to be sustained for future generations [20].

C. Economic Factors

“Economics is the study of how societies use scarce resources
to produce valuable commodities and distribute them among
different people™ [23]. Each country can be seen as having
natural resources and skilled personnel which can be used to
build their economy. The economic factors in a country include
accessibility of natural resources, power and energy resources,
capital accumulation, technological resources, available labor
force, transportation and communications, education and
training. Natural resources may be trees, soil, water, minerals,

coal. oil and anything else naturally occurring within a country.
Natural resources have the potential to develop countries
through creation of jobs and increasing wealth through sales or
trading. The value of the natural resources depends on the
international interest in the natural resources. The process of
converting economic inputs — capital. labor. and various forms
of energy such as oil. coal etc. — into economic outputs such as
manufactured goods and services can be expressed using an
equation called production function.

Production is the heart of the economy which is the
manufacture of goods and enabling of services. There are four
factors that make production possible. i.e. capital. land. labor
and entrepreneurship. These factors give the ability to satisfy
needs and start the circulation of income (enable trade).
Microeconomics is the study of basic elements in the market
(microeconomy) that includes households. firms, buyers and
sellers. The dynamics of demand and supply. optimal
production, finance and the stock market and strategies that are
involved with competition for customers and resources is called
game theory. Macroeconomics is the study of the entire
economy (macroeconomy) that includes the aggregation of
production. consumption, saving and investment and the issues
affecting it which includes the resources (labor, capital. land).
inflation, exchange rates, economic growth and the public
policies that address these issues. Fig. 12 is a pictorial
representation of the micro and macroeconomy.
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Fig. 12. Schematic of aspects in the economic dimension (the flow of money)

Production being at the heart of the economy involves the
conversion and hence manipulation of natural resources. To
manipulate natural resources. one requires energy. hence
energy and its resources are key to production. The
combination of technology and innovation provides the design
basis upon which resources are manipulated into something
useful and fit for purpose.

III. THE IMBALANCE IN THE
INTENDED SUSTAINABILITY MESH

CURRENT

There is clearly an imbalance in the business sustainability
mesh. The imbalance in the environmental dimension can be
seen by the results in the previous sections regarding the
environmental. social and economic dimensions. The

environmental dimension imbalance can also be seen in section
ITA. The inequality across the world that can be seen in Fig. 13.
Fig. 14 and Fig. 15 and is an indication of the imbalance in the
economic dimension which also implies inequitable
distribution in resources such as food. shelter due to the trading
power being which is able to distribute these resources being
imbalanced. The imbalance compromises  business
sustainability and if it wants to achieve sustainability again. the
three dimensions need to be contextualized to the prevailing
conditions. Inequality which gives rise to poverty and other
social challenges are characteristic of developing countries who
have yet to effectively manipulate their natural capital to
achieve adequate economic growth and distribution of wealth.
Access to a secure supply of energy is key in manipulation of
resources for production and creation of wealth as well as for
livelihoods to improve.
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Fig. 13. Top 10 % national income share [24]

Share of total (%)

Share (%) v

Share (%) v

Share of 1otal (%)

30

1920 1940 1960 1680 2000

Wussa @ BFrance @ W Germary @ M china @ B south Arrica €@ B United Kingdom €3
B world ©

Fig. 14. Middle 40 % national income share [24]
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There are various reasons for the imbalance in the business
sustainability mesh. The World Wars I and II which involved
military force used for subjugating countries and their citizens
for reasons of racism. owning resources that a country
possesses. fraud and corruption. ete. played a role in creating
inequitable conditions amongst humans. based on race.
gender. ethnic groups, religious sects. or wealth hierarchy. The
subsequent post-World Wars economies were built with
various strategies and underlying themes in mind which
differed from country to country over the years. resulting in
the inequality we see today with the differences of trading
power (or inequality gap) between the most wealthy to the
least wealthy being significantly large. One can observe that
these are topics in focus of government policies today and
other mechanisms adopted to bring about equality. economic
freedom. in countries that are most affected. The topic of this
paper is the sustainable reduction of carbon emissions through
energy efficiency and energy security such that the planetary
boundaries are kept within limits for now and future
generations. The journey of sustaining energy efficiency and
energy security has the potential as per its pivotal role in all
three dimensions of economic, environmental and social to
allow the achievement of a common ground for existence in
the sustainable zone as depicted in Fig. 6. Successfully
integrating energy efficiency and energy security within the
existing framework of social. economic and environmental
factors will result in the creation of new markets with the
potential of positively impacting economic growth. which has

the potential for decreasing the economic inequality gap and
meeting the human needs in the social dimension.

IV. ACHIEVING SUSTAINABILITY

The definition of sustainability is captured in the 1987
Brundtland Report and has been the basis upon which many
sustainable development plans have been built. “Humanity has
the ability to make development sustainable to ensure that it
meets the needs of the present without compromising the
ability of future generations to meet their own needs™ [25]. In
the United Nations publication entitled. “Transforming our
world: 2030 Agenda for Sustainable Development”, 17 goals
(Sustainable Development Goals or SDGs) were highlighted in
order of priority and focus. The first six goals focused on
eradicating poverty, hunger. and focus on education. health and
well-being. achieving gender equality and providing clean
water and sanitation. The remaining goals focus on
environmental sustainability and the growing of the financial
economy. The order of priority of the goals tells the story of the
imbalance we currently see in the sustainability mesh and what
1s the focus of governments and businesses from a fundamental
perspective, The priorities of these goals show where effort.
financial support, education and funding. will be allocated from
a strategic point of view.

If humanity at the outset designed and implemented an
economic system around environmentally sustainable
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parameters, our social tastes and needs would have evolved
around these factors and the three dimensions of social,
economic and environmental would have been sustainable.
Carbon emissions and its effect on climate change would not be
an issue at this point in the existence of the human species. In
order to implement such a designed system. there is a need to
have a fundamental understanding of how all three dimensions
work together. Knowledge of our planet. its environment and
ecosystems have increased significantly over time. When
industrialization began. the knowledge of the environment was
limited. the planet’s resources was seemingly inexhaustible by
the human species. As knowledge of the planet’s ecosystems
delicate balance increased. coupled with the awareness of the
exponential increase in human population numbers, the
perception that the planet and its resources are inexhaustible by
the human species changed and this awareness gave birth to
sustainability and the definitions of the famous 1987
Brundtland report.

Today there are new challenges being faced by the human
species and the Brundtland definition of sustainability and its
application must be interpreted and applied to meet these
challenges should humanity want to achieve sustainability of
our planet and of the human species as we know it. The
economic dimension was designed to extract and convert an
infinite amount of resources to stimulate trade and investment
as well as create wealth for humans. With this. human
population grew exponentially and demand for resources and
hence on the environment increased to a tipping point where
planetary boundaries are being threatened. This being the new
challenge. the environmental dimension can no longer be
perceived as limitless. There are still many things to be
uncovered about owr environment and its delicate balance,
hence the achievement of a sustainable mesh between social.
environmental and economic is progressive. Unfortunately, the
results of the evolution of the three dimensions over the years
(when the earth was seen as inexhaustible). has created a very
rigid and delicate financial economy that has allowed the
human species to thrive in terms of population numbers due to
the conveniences that came with industrialization. These two
factors have created a time lag between when we have
knowledge of our adverse impact on our planet to seeing the
necessary change required. even though we may have resolved
to do this at a policy level.

The business sustainability mesh should be progressive and
agile due to our knowledge of the planet being progressive. The
characteristics of a progressive business sustainability mesh
(Fig. 5) 1s that it should respond to imbalances as they arise.
However. our current response is that when results of the
imbalance materializes in all dimensions. there is a tendency to
prioritize short term wellness of the human species. ie.
prioritize needs in the social dimension (Fig. 10, level 1 of the
pyramid) and those elements in the economic dimension that
support the needs in the social dimension. Prioritizing a single
dimension further perpetuates the imbalance as there must be a
sacrificial dimension. In this case. our planet’s natural
ecosystems in the environmental dimension is the sacrificial

dimension. Fig. 16 depicts this mindset.

There is a need to evolve the human business sustainability
mesh as seen in Fig. 6 so as to reach sustainability. The
following objectives towards achieving sustainability. unbiased
to any one of the three dimensions (social. economic and
environmental) need to be incorporated in the human species
way of life:

¢ Maintain the delicate balance of planetary boundaries
within restricted limits

¢ Ensure that human needs and requirements are met within
planetary boundaries

e Ensure that the economic models that thrive on the current
environmental resources are transitioned to maintain limits
within planetary boundaries

The fourth industrial revolution coupled with the various new
market entrants from energy efficiency and clean energy
sources have converged and have the potential to address the
imbalance in the business sustainability mesh. particularly in
developing countries. while fulfilling its purpose of reducing
carbon emissions. In fact. by fulfilling its purpose in addressing
climate change within the existing business sustainability mesh.
the potential of bringing about fulfilment in other dimensions
will result in significant progress towards a balanced business
sustainability mesh. Fig. 17 shows the culmination of the key
factors in each dimension being met in the solution of energy
efficiency and energy security, to meet living in what Kate
Raworth calls the “Safe and Just Space™ for humanity.

This leveraging of energy efficiency and clean energy for
creating new market entrants in developing countries will
address the following biases currently prevalent in the business
sustainability mesh:

e Considering just the social and economic dimensions in
the quest for being equitable. where resources are
distributed equally to humans. eradicating poverty. social
inequality and raise the standard of living.

e Considering just the social and environmental dimensions
in the quest for making human life bearable by humans
adjusting their lifestyle such that they consider the
environment. contributing to a healthier environment and
well-being.

e Considering just the economic and environmental
dimensions in the quest for being viable by striving to
meet economic growth and development with
consideration for the environmental effects

The achievement of the above highlighted objectives and
addressing of biases will achieve the mindset shift from the
mindset depicted in Fig. 16 to the desired mindset captured in
Fig. 18. We will no longer be serving our needs first and then
considering the environment but will consider first what our
environment can sustain within planetary boundaries and then
use it innovatively such that our needs are met.
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Fig. 16. “As 1s” mindset of our current “sustainability” development focus
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Fig. 17. A safe and just space for humanity to thrive in [26]
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Environmental
dimension

Fig. 18. The desired mindset (“To be™ mindset)

To create the “to be™ mindset as shown in Fig. 17 would have
been easier if we had the knowledge we have now about our
planet before industrialization and applied it then, however, we
find ourselves in an existing economic system with established
product markets and flow of money, satisfying the existing host
of human needs and wants that we have become accustomed to.
The challenge to achieve sustained energy efficiency and
energy security requires a deep knowledge of how to motivate
targeted objectives within the financial economy and
organizations such that energy efficiency and energy security
shifts offer a better solution as well as how to innovate in a way
that will lead to new ways of satisfying the desires currently
being satisfied by the industry.

Motivating the targeted objectives highlighted for sustained
energy efficiency and energy security will require action via the
social and economic levers of technology and innovation which
will have the effect of transforming the market. opening the
circulation of money to developing economies. This solution
sustains the environmental planetary boundaries and has a
“knock-on™ effect in terms of potential to turn the dial of social
imbalances through the stimulation of the economy by new
entrants in the market. New entrants are market participants
that have recently entered a market or industry sector [27].

New entrants in the market come via innovation and
technological break throughs. New entrants have the effect of
creating potential for “resetting the dial™ to allow those in the
bottom 50 % national income share (Fig. 15) to have access to
a greater share of the national income. thus in a position to
satisfy the needs as in Abraham Maslow’s hierarchy of needs
(Fig. 10). Technology is the application of knowledge to the
world that allows people to affect their environment by
controlling or changing it. Technological change is
improvement in the art of making products or developing
processes. Technological products are something that human
create using the application of knowledge to improve a
person’s life. environment or society. A technological process
is a means to make and improve products and services.

The rapid pace of technological developments played a key role
i previous industrial revolutions [28]. Every industrial

revolution brought with it benefits and challenges to the
socioeconomic status of the countries that have engaged in such
transformation. For instance, Great Britain led the first
industrial revolution with the invention of the commercial
steam engine, which revolutionized communication and
transportation and led to many other industrial developments.
In the second industrial revolution, the United States was
primarily in the lead, with the telephone revolutionizing
communication. In the third industrial revolution, the internet
was the key factor and succeeded because it was conceived as a
public infrastructure technology rather than a proprietary
technology [29]. The industrial revolution history and synopsis
is depicted in Fig. 5.

Industry 4.0 is not an exception to the previous eras of
industries and is expected to bring immense benefits and many
challenges. Social challenges are mainly the risk of cybercrime
due to increased connectivity, and job losses due to the
automation of large segments of operations in many industries.
Technological and business-driven innovative solutions are not
going to be enough. Innovation in its broadest sense is the key
solution. in particular social innovation. The same drive to
innovate technologies to increase productivity can also be
utilized to improve the welfare and social needs of the world
population [28].

Many innovations tackle social problems or meet social needs,
but only for social innovation is the distribution of financial
and social value tilted toward society as a whole. A social
innovation is a novel solution to a social problem that is more
effective, efficient, sustainable. or just than existing solutions
and for which the value created accrues primarily to society as
a whole rather than private individuals. A social innovation can
be a product, production process, or technology (much like
innovation in general). but it can also be a principle, an idea, a
piece of legislation. a social movement. an intervention. or
some combination of all of them. Indeed. many of the best
recognized social innovations., such as microfinance. are
combinations of a number of these elements [30]
Technological and social innovation are key drivers in
providing sustainable solutions that meet the three key criteria
of sustainability and can act as an assessment mechanism to
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any related developments
in Fig. 19 [28].

of Industry 4.0, as shown

Technological Innovation

Environmental

0t Aasnpu

Economic

Social

il

Social Innovation

Figure 19: A framework to safeguard the potential of a sustainable Industry 4.0 [28]

Energy is a fuel source enabling the economy. The earth’s
natural capital is the available material for production.
Technology and innovation are the transforming tools. Funds
are the bargaining mechanism and people are the designers.
The real challenge to sustainability is in achieving the paradigm
shifts required in an existing economy with established drivers,
existing societal expectations and requirements that humans
have become accustomed to with the earth supplying the
seemingly unending demand for materials. As can be seen with
SDGs, sustainability of the earth’s natural resources is not a

priority focus. neither are the SDGs structured to eliminate the
biases that may occur in the sustainability mesh highlighted
earlier. Human needs are unending and the more that they are
satisfied. the more the human species thrive in population
growth and the greater the demand on earth’s resources. One
can see how the industrial revolutions timeline, the timeline of
the planet’s increase in temperature (and CO; levels) and the
timeline of the population growth corroborates. Compare Fig.
1, Fig. 2 and Fig. 5 with Fig. 20.

Im The size of the world population over the last 12.0

00 years

Fig. 20. Population growth over the last 12 000 years [31]
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There are countries in the world where inequality. poverty and
unemployment are not as bad as others. These countries have
more developed economies than others and there is a
distinction between countries that are ‘developed’ and countries
that are ‘developing’. The Human Development Index (HDI) is
an index that measures key dimensions of human development
considering three main factors. life expectancy. access to
education and standard of living as measured by the gross
national income per capita adjusted for the price level of that
country [32]. Countries that are classified as developing have a
poor Human Development Index (HDI) and thus will have
opportunity for development of their economy and other related
factors such as infrastructure. health care systems. etc.

Energy plays a key role in enabling development. Leveraging
on developing countries’ need for achieving a better livelihood
and the need for access to a secure supply of energy to enable a
better livelihood will be pivotal in shifting the paradigm
towards development that meets in the sustainable zone of the
social. economic and environmental spheres of the business
sustainability mesh. It is imperative that this opportunity be
used. Failing to use this opportunity will result in accelerating
climate change in order to meet the developing world’s needs.

Given their extensive experience with older technologies,
leading nations may have no incentive to adopt new ideas,
especially those new ideas that do not initially seem to produce
an improvement. Developing nations. however. have less
experience: the new techniques offer them an opportunity to
use their lower wages to break into the market. If the new
techniques eventually prove to be more productive than the old.
there is a reversal of leadership [33]. Using technological
breakthroughs of the fourth industrial revolution. the
developing world should engineer a built environment that is in
harmony with nature, mitigating the effects of climate change
while securing access to sustainable sources that are renewable.
This will produce new market entrants: these new market
entrants must be economically competitive to be sustained and
also be fit for purpose competing with the products that they
are trying to replace because of their contribution to the
acceleration of climate change.

Energy efficiency and the need for energy security in
developing countries need to be viewed differently from just
being an environmentally sustainable initiative in order to be
sustained as a focus of the human species. This is evident in the
focus of the Sustainable Development Goals (SDGs) being on
serving humans immediate needs first. The first five SDGs are
eradicating poverty. hunger. focus on education. health and
well-being. achieving gender equality. These need to be viewed
in context of the opportunity that energy efficiency and energy
security offer to fulfil these goals. New market entrants can
potentially be created in the form of innovative market
solutions and products to enable energy efficiency and energy
security. and job opportunities for those specializing in energy
efficiency and alternative energy technologies. These market
entrants will find a place in the less developed countries and
will serve to better their HDIs.

As organizations see the business case in energy efficiency and
as alternative energy grid parity is met. the demand for reliable
alternative solutions for energy supply based on sound
engineering and science principles arise. This will feed the
demand for new and revised educational programmes, creating
more jobs and giving developing countries an opportunity to
get a market share in energy supply. The realized profits of
energy efficiency and business security offered by alternative
energy supply. together with the positive public image of an
environmentally responsible organization. will put pressure on
all organizations to follow suite in order to remain relevant and
competitive. From this point. the flow of money will gain
momentum as per the depiction in Fig. 12. Pressure will be on
the ruling or governing body of the country to be seen as
promoting environmental sustainability and the knowledge
gained on planetary boundaries will take the form of
government policies. This will lead to maintaining the
planetary boundaries as outlined in Fig. 9.

The solution that will ensure that sustainable energy efficiency
and energy security will be established in the business
sustainability mesh is as follows:

Step 1: Technologically innovate for energy efficiency and
security of energy supply in a way that:

e Is designed to save costs and be a better commercial
alternative

e Creates new opportunities for jobs

® Gradually creates a market for new products and solutions
that support local participation

e Appeals to the convictions of the population at large.
creating a campaign for itself

Step 2: Ensure that energy efficiency and energy security (a
mix of alternative energy solutions) are focused on eradicating
poverty. hunger and other priority focuses of most countries in
the developing world as per the SDGs

Step 3: Ensure that energy efficiency and energy security
create new markets that support local economic growth

Step 4: Being now established as an operational cost saving.
energy efficient practices and energy security approaches be
entrenched into organizational strategies and way of conducting
business

Step 5: Being now established as a tool to improve the HDIs of
developing countries. they form part of government policies

The above five steps show the creation of the affinity that
energy efficiency and energy security will have to fit into the
business sustainability mesh (Fig. 22).
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Within planetary boundanes

Energy Efficiency
and Energy

Security Solutions

Fig. 21. Natural affinity of energy efficiency and energy security to the business sustainability mesh

Many countries and businesses tend to approach energy
efficiency and energy security from Step 5 and expect to get to
Step 1. This is the key reason that energy efficiency and energy
security have a shallow penetration and slow-moving pace into
and sometimes stagnate in developing countries. They are
punted as “the right thing to do” instead of showing value that
addresses the fundamental needs of society.

There is an interdependency of developing countries economic
growth and improvement of HDIs and the role of energy
efficiency and energy security. Energy efficiency and energy
security is key to enabling economic growth and improvement
of HDIs. Similarly, in order for energy efficiency and energy
security to be sustained. it must be established as a tool of
economic growth and improvement of HDIs.

N CONCLUSION

For the sustainability of our planet to be realized. we need to
give much consideration to keeping within the planetary
boundary of climate change. focusing our effort on the carbon
footprint of the sources we derive our energy from. For
sustainability of human livelihoods. the manipulation of
resources for human use and its access must be evolved such
that it allows our survival and supports our way of life without
hindering the planetary boundaries that maintain the biosphere
integrity. The manipulation of resources for human use is
achieved with the use of energy sources, whether these be in
the form of heat. electricity or others. These energy sources
must be carefully chosen, and the methods chosen to derive
energy from the energy source for meeting our needs must be
designed to reduce impacts on planetary boundaries. Energy
efficiency and energy security must be woven into the fabric of

social factors for it to be sustained. Access to energy is key to
production and thus economic growth. Energy combined with
technology and innovation makes production possible. The
requirement that energy is used efficiently. and CO; emissions
are reduced from energy sources must be integrated into the
economic framework already established to ensure that there is
a sustained reduction in carbon emissions. This means energy
efficiency and clean energy sources must make business sense
and offer competitive advantage for it to be chosen over
traditional and established energy sources and energy
consumption methodologies.

If the developing world seeks to make good their HDI through
the old and long-established technologies and ways. there is
lack of acknowledgment of the climate change dilemma and
the perpetuation of the economic imbalances and this will result
in a worsening of their HDIs. The motivation for reduction in
carbon emissions through energy efficiency and secure. clean
energy sources must be through established means of the built
environment, i.e. the social and economic factors, and must
have adequate penetration into the engineering of the built
environment. into organizations’ ways of working. be
economically competitive and meet fit for purpose
requirements with added advantages over its competitors.

The sustainable solution for ensuring that energy efficiency and
energy security has lasting and established penetration in
developing countries is the solution that can achieve
sustainability in all three spheres of the environmental.
economic and social constructs. By addressing the priority
social concerns and make for an attractive economic
alternative. it will be sustained through changing markets.
technologies. legislation. personnel and resource availability.
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CHAPTER 3. TRENDS: ENERGY EFFICIENCY AND ENERGY SECURITY

This chapter presents a review of the trends in global energy sources and their evolution and its carbon
footprint; the cost-effective modern fuel of energy efficiency together with the approaches and
initiatives adopted to achieve energy efficiency and alternative less carbon intensive energy sources in
focus. It also reviews South Africa’s unique challenges in energy supply and demand, and the role of

energy efficiency and an alternative energy mix.
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Abstract

As awareness is growing that the carbon emissions on our
planet are excessive, there are ongoing efforts to arrest the
increase. The nature of the initiatives and methodologies used
to curb emissions vary due to the dynamics present in each
country. Replacing incandescent and fluorescent lighting
technologies with light emitting diode (LED) technology is
one of the most popular energy efficiency initiative
implemented by businesses, organisations and citizens.
Insulating pipelines and furnaces, fixing leaks on compressed
air lines and implementing controls on energy consuming
equipment and systems are some of the initiatives employed
by industry. There are organisations in the commercial sector
such as hotels. airports, hospitals. banks and businesses that
go a step further to employ renewable energy sources as a
matter of corporate responsibility and for marketing purposes.
Increasingly. such strategies make business sense as well.
Governments have committed themselves to various climate
change agreements and policies, as well as legislation
regarding "green buildings". This paper reviews the trends in
global energy sources, its carbon footprint and evolution, the
cost-effective modern fuel of energy efficiency together with
the approaches adopted and the alternative “less carbon
intensive” energy sources in focus. This paper reviews South
Africa’s unique challenges in energy supply and demand. and
the role of energy efficiency and an alternative energy mix.
Trends are highlighted and motivations for specific trends are
explored and investigated, distinguishing between the world’s
developed and developing economies. The shallowness of the
penetration of energy efficiency and the adoption of
environmentally sustainable energy sources, despite the
efforts and resolutions of many countries, highlights the
fundamental challenge of the need for a solution that will
entrench a culture of energy efficiency and sustainable energy
in our way of life.

Keywords: Energy efficiency. energy security. carbon
emissions. renewable energy, green buildings. sustainability.
climate change

L INTRODUCTION

Energy is a basic human need and is required to power our
technologies and drive our economies. Energy is needed to
grow, process and prepare food. in manufacturing processes,
for health purposes, in transportation and communication as
well as in our homes for daily conveniences. Energy is used to
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drive machinery that manufactures goods for human
consumption and the construction of infrastructure that drives
the financial economy. Transportation and our buildings use a
significant amount of energy to keep us mobile and sheltered
from the elements of the weather (such as wind. temperature,
humidity, solar radiation, precipitation).

Globally. energy used can be categorised into four main
sectors mnamely transport, industry, buildings and non-
combustion uses such as lubricants, bitumen, plastics and
feedstocks for petrochemicals. as shown in Fig. 1. The
industrial sector is the most energy intensive of the four sectors
for the time period 1970 to 2020. This is indicative of the
industrial revolution starting in the 1800s with the machinery
era. contimiing in the 1900s the electrification era, the 1970s
with the electronic information era to the present with the
smart manufacturing era. By the 1970s much of the world had
caught on to industrialisation with developed economies
maturing energy hungry technologies and developing
economies adopting the least-cost industrial revolution
technologies for economic development. resulting in an
exponential increase in carbon emissions.

Primary energy consumption by end-use sector

Fig. 1.Energy source breakdown of four main
end-use sectors [1]

Fig. 2 shows that coal. oil and natural gas were popular choices
in the industrial sector throughout the 1990s and at the turn of
the 21st century, however, it seems that gas is becoming the
energy source of choice from 2020 and beyond. with coal and
oil stagnating in terms of growth. Fig. 2 also shows that oil is
most commonly used for transport due to crude oil being the
basis of fuels such as petroleum, diesel and aviation fuel. Oil is
also used as an input for manufacturing products in plastics,

57



International Journal of Engineering Research and Technology. ISSN 0974-3154, Volume 13, Number 12 (2020). pp. 4084-4117
© International Research Publication House. http://www.irphouse.com

lubricants, etc. Electricity is the most popular energy source in
buildings according to Fig. 2.

Final ensrgy corsumption
tion i industry in buildings by fus

Fig. 2.Energy source breakdown of four
main end-use sectors [1]

Fig. 3 shows the growth in primary energy alongside the inputs
to power. Almost all growth in power demand stems from
developing economies, led by China and India. Demand
growth in the Organisation for Economic Co-operation and
Development (OECD) is much smaller. reflecting both slower
economic growth and a weaker responsiveness of power
demand to economic growth in more mature. developed
economies.

Fig. 3.Growth in primary energy and inputs to power [1]

The mix of fuels in global power generation has shifted

significantly, with renewables gaining share at the expense of

coal, nuclear and hydro. The share of natural gas is broadly flat

at around 20 % [1]. The economy of the United States of
America (USA). one of the largest if not the largest economy
in the world, is powered by a mix of petroleum, natural gas,
coal, renewable energy and nuclear electric power. Petroleum
makes up 37 % of energy demand in the USA and serves the
largest end-use sector of energy. i.e. transportation (37 %).
Natural gas powers the industrial. residential and commercial
sectors (Fig. 4).

U.S. energy consumption by source and sector, 2019
(Quailion Btu)

- sector

Fig. 4.US Energy Consumption by source and sector, 2019 [2]

South Africa is a developing economy. As per 2016 data. its
energy supply is dominated by coal with 69 % of the primary
energy supply followed by crude oil with 14 %, renewables
and waste with 11 %, and natural gas and nuclear with 3 %
each. Eskom is South Africa’s national electricity provider
whose main energy source is coal. The energy mix to produce
electricity can be seen in Fig. 5.
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Fig. 5. South African primary energy supply by source (A)
and electricity energy mix by source (B) [3]
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The largest energy end-use sector is industry at 52 % followed
by the transport sector at 19%, the commercial and public
sectors at 14 %, residential sector at 8 % and agricultural sector
at 6 %. The industrial sector is a heavy user of coal, using it in

Commerce
services sector

Transport sector

its natural form and in the form of electricity. Coal is also
dominant in the residential sector. Petroleum is naturally

dominant in the transport and agricultural sector (Fig. 6).

Agricultural sector Industrial sector

Residential sector

Fig. 6. Energy use by end-use sector and energy mix for each energy end-use sector [3]

Energy consumption will differ from country to country based
on various factors such as stage of industrial development, size
and type of industry. penetration of urbanisation, etc. Energy
sources employed will have similarities (such as petroleum
being popular for the transport sector) and differences (such as
natural gas being a popular energy choice for America and coal
for South Africa). There is a strong correlation between energy
consumption and the development of countries” economies.
Developed economies are highly carbonised while developing
economies have a less intense carbon footprint. This is not due
to developing countries being more environmentally
conscious, but due to less economic and industrialised
activities. Fig. 7 shows that CO, emissions per capita are
generally higher for countries with more developed economies
like the US. Canada. Germany. and Japan. while countries like
India, Brazil. Mexico. and South Africa with
transitional/developing economies have lower CO; emissions
per capita .

COz emissions per capita

Anerage carbon

180
2271

| TS s 154 n— 2017

Fig. 7. CO; emissions per capita [4]
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Energy available across the planet varies due to the energy
sources available in each country and the ease of extraction
and processing for usable energy. The costs that the extraction
and processing of energy sources comes with includes the risks
to human health and cost of mitigation. The following sections
will review the world’s energy consumption and the associated
carbon footprint. and examine the shifts in energy sources
following climate change imperatives. This includes the
world’s renewable energy uptake. renewable energy potential
and various initiatives employed by countries to reduce their
carbon footprint. The review focuses on the unique challenges
faced by South Africa. a country with a developing economy.
showcasing the dynamics of securing energy supply for
economic development while satisfying the requirement to
decarbonise. The paper concludes by highlighting the three
scenarios of our continued economic activity and their impacts
as well as two scenarios for desired pathways that the energy
landscape of our globe can take to amrest climate change.
ultimately showing the need for a lasting approach which is
embedded in our way of life as opposed to the current
approach as revealed in this literature review.

IL ENERGY TRENDS

Understanding what has lead up to the current global warming
crisis 1s key to moving towards a solution that will make a
difference. This section outlines the history of the use of the
traditional energy sources of coal. oil and natural gas which are
not only the primary energy sources of the majority of the
countries of the world fueling the first three industrial
revolutions. but also are responsible for the resulting carbon
footprint.

A. The World’s Carbon-Intensive Energy History

The world’s first oil wells were drilled in China around the 4th
century AD. The Chinese used simple bamboo poles to drill
these wells. The material they extracted was then used
primarily as a source of fuel. In later centuries. oil was found
across Asia and Europe. The modem oil industry began in the
mid-19th century. On August 27, 1859, Colonel Edwin Drake
discovered the first underground oil reservoir near Titusville,
Pennsylvania (USA) after drilling a well just 21 metres deep.
Drake worked for the Pennsylvania Rock Oil Company which
wanted to use the oil to light streetlamps. Drake’s well initially
produced 30 barrels of oil per day (b/d) (one barrel is equal to
159 litres or 42 US gallons). Its success marked the beginning
of the modern oil industry. Oil soon began to receive more
attention from the scientific community. After some research. a
variety of products were eventually developed from crude oil.
For example. kerosene for heating was one of the first products

[5].

In 1870, John D. Rockefeller incorporated Standard Oil Co. in
Ohio. The company quickly emerged as the dominant player.
driving prices down and buying up competition. Standard Oil
expanded across the country and began exporting to overseas
markets including China. It was so successful that by 1890 it
controlled nearly 90 % of refined oil in the US [6]. Soon other
products like gasoline and diesel to run engines were also on
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the market. In 1890. the mass production of automobiles began
creating a huge demand for gasoline and pushing companies to
find more oil fields [5].

Many of the major petroleum companies that are recognisable
today can trace their origins to events that occwrred over the
next decade:

e Gulf Oil and Texaco were established in 1901.

following the discovery of oil at Spindletop. Texas.

Royal Dutch and Shell merged in 1907 to form Royal
Dutch/Shell. with the aim of remaining competitive in
the face of increased price competition from US firms.

e The Anglo-Persian Oil Company (now BP) was formed
in 1908. following the discovery of oil in the south-west
of modern-day Iran.

Chevron. Exxon and Mobil (now Exxon Mobil) were
formed in 1911 when Standard Oil was split up by the
Supreme Court of the United States as a result of
antitrust violations.

These international oil companies (IOCs) (BP. Chevron.
Exxon. Gulf Oil. Mobil. Royal Dutch/Shell and Texaco)
became known as the 'seven sisters' and went on to control
85 % of the world’s oil reserves at their peak in the early 1970s

[6].

Officials from Kuwait. Iran. Iraq. Saudi Arabia and Venezuela
met in Baghdad in 1960 to discuss how to handle the price cuts
imposed by the I0Cs. They agreed to form the Organization of
Petroleum Exporting Countries (OPEC). with the aim of
reducing competition between their nations and controlling
prices. Over the next two decades OPEC expanded to include
Qatar. Indonesia, Libya. United Arab Emurates. Algeria.
Nigeria. Ecuador and Gabon. Many of these nations also took
control of their oil reserves between 1960 and 1976. by buying
out or forcibly taking shares from the IOCs [6].

From 30 b/d of oil produced in the mid-19% century, the rate of
extraction rose to close to 100 million b/d (Fig. 8). The total
world average annual growth of oil production over the last
decade (2008-2018) was around 1.4 %. with 2019 seeing an
overall decline of about 0.1 % to about 95 million b/d. It can be
observed from Fig. 8 that the Middle East is the largest
producer of oil contributing 32 % of the global share followed
by North America (US. Canada and Mexico) at 25,9 % and the
Commonwealth of Independent States (CIS) made up of
Armenia. Azerbaijan. Belarus. Kazakhstan. Russian Federation
and other states at 15.4 %. The CIS and the Middle East were
among the lowest oil consumers at 43 % and 9.6 %
respectively in 2019. The largest oil consumer in 2019 was the
Asia Pacific at 36 million b/d or 36.8 % of global
consumption. followed by North America at 23.5 million b/d
(239 9%). South Africa consumed 569 thousand b/d
constituting 0.6 % of the global share. The total world average
growth rate of oil consumption over the last decade (2008-
2018) was 1.3 % and in 2019 was 0.9 % which is below the
average annual growth rate of the last decade.
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Fig. 8. World oil production and consumption by region fro

m 1994 to 2019 [7)

Since primitive humans first began to use fire, energy has been
an essential resource for human survival. Easily accessible
timber satisfied heating. cooking and other basic needs for the
survival of primitive humans. With technological advances in
coal mining. coal, which had higher energy density, was
widely used. In 1769, Watt invented the steam engine. In 1875,
the French built the first coal-fired power plant in the world.
The progress of human civilisation accelerated the
development of the coal industry. and coal accounted for the
largest share in primary energy mix in the 1780s, surpassing
wood for the first time. This was the first transformation —
from wood to coal. [8]

In 2019 China. Indonesia. Australia and India made up the
majority of the Asia Pacific’s 74.4 % (124,72 EJ) contribution
to the global total production of 167.58 EJ (Fig. 9). South
Africa’s 6 EJ energy production in 2019 contributed to 3.6 %
of the world’s coal energy production. The average annual
growth rate of coal energy production over 2008-2018 was
1.4 % and in 2019 the growth rate was 1.5 %. higher than the
decade average [7]. World coal energy consumption was
157.86 EJ in 2019 which represented a decrease in the annual
growth rate by 0.6 % as opposed to an average annual growth
rate of 0.8 % over 2008-2018. The Asia Pacific coal energy
consumption of 122,22 EJ makes up 77.4 % total world energy
consumption and South Africa consumed 3,81 EJ making up
2.4 %. The figures indicate that there is a slower growth rate
and notable decline in the use of coal as an energy source.

Cand Paousion by reglon Cost Eommempiinn by mmgan

Fig. 9. World coal production and consumption by region fr
om 1994 to 2019 [7]

Naturally occurring natural gas was discovered and identified
in America as early as 1626, when French explorers discovered
natives igniting gases that were seeping into and around Lake
Erie. The American natural gas industry got its beginnings in
this area. In 1859, Colonel Edwin Drake (a former railroad
conductor who adopted the title 'Colonel' to impress the
townspeople) dug the first well. Drake hit oil and natural gas at
69 feet below the surface of the earth [9].

The world produced 3989.3 billion cubic metres of natural gas
which is around 143,62 EJ in 2019 (Fig. 10). 28.9 % came
from North America (23 % by the US) followed by the CIS
producing about 21.1 %. and the Middle East and Asia Pacific
17.4 % and 16,8 % respectively. The growth rate of natural gas
production per annum over the last decade (2008-2018) has
been 2.4 % with a significant increase in 2019 to 3.4 %. The
world consumption of natural gas has been 39292 billion
cubic metres (141.45 EJ) in 2019 (growth rate of 2 % versus an
average annual growth rate of 2.5 % over 2008-2018). The
North American region used 26.9 % of this followed by the
Asia Pacific at 22,9 % and three regions around 14 % each. i.e.
CIS (14.6 %). Middle East (14.2 %) and Europe (14.1 %).
South Africa consumed 4.3 billion cubic metres of natural gas
in 2019, representing 0.1 % of the total world consumption.

Katoral gas Production by regios Natural gas Consumptan by region
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macbeds o a rowam Bbom

Fig. 10. World Natural Gas production by region from 1994 t
02019 [7]

From the trends of oil, coal and natural gas production and
consumption, one can see that the highest production and
consumption growth rate over the period 2008-2018 is natural
gas and the lowest production and consumption rate is coal.
The world’s energy mix used to be dominated by oil in the
1970s and has evolved to an almost balanced amount of coal.
oil and natural gas as can be seen in Fig. 11.

Other trends that can be observed are that most of the
countries with developed economies in the world consume a
lot of energy (whether it be in the form of coal. oil or natural
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gas) and produce a significant amount of energy as well. The
sources of primary energy consumption per region can be seen
in Fig. 12. Oil is the dominant primary energy consumption
source for all of America, the Europe and Africa, coal is the
dominant primary energy consumption source for the Asia
Pacific region, notably in China. India and Indonesia. and
natural gas is the dominant primary energy consumption
source for the Middle East and CIS. It can also be observed
from the trends that even though the Middle East produces a
significant amount of oil, they have a small oil consumption
footprint; this implies that oil exports are significant and vice
versa for South and Central America where much less oil is
produced and yet their oil footprint is larger in relation, thus
oil imports are significant.

Total Energy Supply by Fuel 1971 and 2017

100.00%
50.00%
0.00%
1971 2017
= Coal = Oil ®Natural gas
® Nuclear s Hydro u Biofuels

Fig. 11. Total Energy Supply by fuel. 1971 and 2017 [10]
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Fig. 12. Primary energy consumption sources per region [7]
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The production and consumption of coal. oil and natural gas
has shaped the carbon footprint for the world over the
industrial revolution era as is described in the following
section.

B. World’sCarbon Footprint

In 2017. thirty-six billion tonnes of CO; were emitted, reaching
a concentration of over 400 ppm. This number has increased
exponentially from the 2 billion tonnes of emissions in 1900,
just 117 years ago. The growth of CO; emissions since the
1750s to the present can be seen in Fig. 13. The energy
intensity varies across continents according to dynamics at
play such as the economy and economic activity, the geo-
politics and history, natural environmental endowments and
types of control over the resources through governments.
monarchies and other regimes, etc. Fig. 14 shows the share of
the world’s global carbon emissions over half-century periods
(1750 to present) and tells the story of industrialisation via
coal, oil and natural gas across the world as the various
countries’ economies began developing.

In 2017 China. an emerging economy. was the world’s largest
CO; emitter accounting for more than 25 % of the global
emissions, followed by the USA (a developed economy)
accounting for about 15 %, the European Union (EU) about
10 %, India (an emerging economy) about 6 %, and Russia (a
developed economy) about 5 %. South Africa. a developing
economy. contributed 1,26 % of the carbon emissions (Fig.
15).

Annual total COz emissions, by world region
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Fig. 13. Annual CO2 emissions [12]
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Annual share of global CO2 emissions n

Each country’s share of global carbon dioxide (CO:) emissions. This is measured as each country’s emi
divided by the sumof all cou emissions in a given year plus international aviation and shipping
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Fig. 15. 2017 Carbon-dioxide emissions of the world [12]
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The International Monetary Fund (IMF) and the United
Nations (UN) classify the world’s countries into developed.
developing and least developed categories based on their
industrial base development and their human development
index (HDI) in relation to other countries. It is not a
universally accepted definition though: in 2015, the World
Bank declared that the "developing/developed world
categorization" is becoming less relevant and that they will
phase out the use of that descriptor. The term "developing"
describes a cwrently observed situation and not a changing
dynamic or expected direction of progress. Since the late
1990s. developing countries tended to demonstrate higher
growth rates than developed countries. Developing countries
include. in decreasing order of economic growth or size of the
capital market: newly industrialised countries, emerging
markets, frontier markets, "least developed countries".
Therefore. the least developed countries are the poorest of the
developing countries [11] (Fig. 16). It is not a hard and fast
rule that countries with high HDIs are developed countries. As
can be seen from Fig. 17, Russia is indicated to have a high
HDI but is classified as a developing country according
to Fig. 16.

What is clear from Fig. 14 is that in the 18® 19 and 20®
centuries (during the industrial revolution), the developed
countries of the world dominated the emission of carbon. The
United Kingdom (UK), a developed country was the highest
contributor of carbon emissions recorded in 1751 through to
the 1800s with USA and Canada then appearing and growing
to around 10 % of the world’s carbon emissions by 1850. By
the 1900s, the EU (the UK is captured in this number) share
dropped to just over 50 % and the USA rose to just over 30 %.
Emerging countries such as Canada, Japan. India. Australia,
South Africa started appearing with the spread of
industrialisation. The USA took over as the largest contributor
in 1950 with almost half of world carbon emissions in the
years leading up to the turn of the millennium, but now its
contribution is proportionately less largely due to China. In
2017, China became the world’s largest carbon emissions
contributor in the world. Reduced proportion of carbon
emissions does not imply a decrease in carbon emissions, but
rather an indication of carbon emissions in relation to other
countries of the world. Fig. 7 shows that the USA is still the
largest carbon emissions contributor if one looks at the per
capita amount. Fig. 7 is an indication of the carbon intensity of
some of the countries of the world. The common trend here is
that developed countries have high carbon intensities. The
further implication that can be drawn is that if developing
countries continue to grow their industrial bases and improve
their HDIs through the methods and sources of energy adopted
by the developed world. the situation will be a lot worse as
industrialisation expands to all parts of the globe. with the
added characteristic of developing countries being densely
populated.
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Fig. 16. Classification of the world’s countries into
developed. developing and least developed [11]

Fig. 17. World Human Development Index [11]

The world’s governments and ruling entities have now agreed
that these numbers are not sustainable and have joined efforts
in the form of various task forces to bring about sustainable
development. The sustainable development goals of the United
Nations as well as the Intergovernmental Panel for Climate
Change (IPCC) are a product of these efforts. The sustainable
development goals (SDGs), adopted by the United Nations
General Assembly (UNGA) in 2015 provide a powerful
framework for international cooperation to achieve a
sustainable future for the planet. The 17 SDGs and their 169
targets are at the heart of Agenda 2030, and define a path to
end extreme poverty, fight inequality and injustice, and protect
the planets environment. Sustainable energy is necessary for
the success of Agenda 2030. The global goal on energy — SDG
7 — encompasses three key targets: ensure affordable, reliable
and universal access to modern energy services: increase
substantially the share of renewable energy in the global
energy mix: and double the global rate of improvement in
energy efficiency [13]. The IPCC. made up of hundreds of
countries both from the developed and developing economies
of the world. released a report in 2011 that will guide policy
makers on renewable energy to arrest the CO> concentrations
in the earth’s atmosphere. "There are multiple options for
lowering GHG emissions from the energy system while still
satisfying the global demand for energy services. Some of
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these possible options, such as energy conservation and
efficiency. fossil fuel switching. renewable energy. nuclear and
carbon capture and storage (CCS) were assessed. A
comprehensive evaluation of any portfolio of mitigation
options would involve an evaluation of their respective
mitigation potential as well as their contribution to sustainable
development and all associated risks and costs." [14].

The challenge of amresting the CO: concentration in the
atmosphere can be anything but equal among the continents of
the planet as the various continents have made unequal
contributions to the CO; concentration and have benefited
economically from this unequally as well.

Even though the total energy supply has grown 2.5 times its
size over the last four decades or so, there has been a shift in
the sources of energy as a result of various dynamics. Fig. 11
shows that there has been a negligible increase in the use of
coal. biofuels and hydro. and there has been a significant
decline in the adoption of oil. a gradual increase in the
adoption of natural gas and an exponential increase in the

uptake of nuclear energy (0.5 % in 1971 to 4.9 % in 2017) and
renewable energy (0.1 % in 1971 to 2 % in 2017). Fig. 11 also
shows a shift from the traditional fuels of coal and oil being in
the majority in 1971 to natural gas. and a stagnation of the use
of coal.

The shift away from oil could be related to the geopolitical
dynamics of the Middle East and the USA and the effect this
has on the cost of doing economic activity which is not
sustainable for the world. Fig. 18 shows a history of crude oil
prices and the various dynamics at play. The shift from coal
has a lot to do with its decreasing popularity due to its CO;
emissions coupled with the knock-on effect of the cheaper. less
carbon intensive alternative of natural gas becoming available
and the evolution of nuclear technology becoming less
controversial. The emerging pattern among countries (both
developing and developing economies) is the consideration of
investment in either natural gas or nuclear power for their
baseloads and adoption of renewable energy plants instead of
renewing old coal powered plants or adoption of new coal
powered plants for supplying energy demand.
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History of crude oil prices
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Fig. 18. History of crude oil prices [15]
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Energy efficiency and introduction of alternative energy
sources that are less carbon intensive have been the two main
vehicles in arresting the exponential increase in CO; emissions.
There have been many government incentives, economic
packages and programmes driven by various reasons. not just
environmental and climate change. but also energy demand
and supply mismatches. energy baseload grid parities being
met and exceeded. international markets for various products.
international investors and international aid. and more. The
following sections will review the various climate change
imperatives of energy efficiency. renewable energy. green
buildings and the policies surrounding some of these.

II. CLIMATE CHANGE IMPERATIVES

Countries with developed economies usually make the
transition to alternative energy from traditional sources of coal.
oil and natural gas sooner not only because it allows for

transition to a lower carbon footprint, but also because this
brings additional benefits of energy security through reduced
dependency on energy sources not found locally. breaking
dependence on imported energy sources and thus reliance on
other countries for its energy supply. They also had the
finances to pay the additional premium that renewable energy
came with when this movement started a few decades ago.

Renewable energy technology has gained momentum over
time, bringing greater efficiency and benefits such as energy
sources being freely available and abundant, not being logistics
or process intensive like coal, oil and natural gas which must
be transported and processed for the energy to be extracted.
For these reasons renewable energy technology has come to be
regarded as a viable alternative especially for developing
countries who do not particularly have well developed and all-
encompassing national  electricity grids  (Fig. 19).
Decentralized power is now being viewed as a way to
stimulate economic development outside urban areas.
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Fig. 19. Illustrative system for energy production and use illustrating the role of renewable energy along with other options [16]
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For urban areas whose growth has been exponential causing
electrical demand to exceed electrical supply. energy
efficiency has become the most popular "fuel" as it not only
saves costs, but also makes operations more efficient, having a
ripple effect of benefits. For example. changing to LED
technology saves on electricity costs and has the benefit of
increased lifespan. thus lowering maintenance costs and
disposal cost if the LED technology replaces compact
fluorescent lighting (CFLs). Similarly. fine tuning of HVAC
systems and keeping filters and heat exchangers clean results
not only in decreased electricity costs, but also decreased load
on chillers, increase in longevity of equipment, etc. Awareness
of fresh-water shortage as well as the growing issue of waste
disposal for about 8 billion people on our planet among other
environmental issues prompted the development and
popularity of sustainable or "green" buildings in the built
environment. Building infrastructure is constantly under
scrutiny as it is a water intensive, electricity demanding and
waste producing activity yet it is necessary for economic
development.

The following sections review the renewable (and alternative)
energy uptake of the world. their energy efficiency activities
and the adoption of green buildings in construction of
infrastructure which all collectively play a role in addressing
the reduction of greenhouse gas emissions through energy
efficiency and energy security.

A. The World’s Renewable Energy Uptake

The world’s renewable energy uptake has increased
significantly since 1965, from 1000 TWhs to over 6000 TWhs.
Exponential increase can be observed from the turn of the
century (Fig. 20). The main renewable energy source has been
hydropower. Solar energy began gaining popularity around
2010 and wind energy around 2000.

tenewable energy generation, World, 1965 to 2018

A000TWH

5,000 TWh

4000 TWh

2000 TWh

2000 TWH

1000 TWh

Fig. 20. Renewable energy generation 1965 to 2018 [17]

Today, hydropower is most popular in China and parts of
Korea. Other countries where hydropower is installed are
India, Russia, Canada, the USA and Brazil (Fig. 21). The USA,
Canada, Germany, France, Sweden, Finland, Norway, Japan
had major hydroelectric installations in 1965, followed by
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Brazil in 1978, Russia in 1985, China in 1987 and India in
1995.

Hydropower generation by region, 063 to 2018

Hydropower generation, 2018

Fig. 21. Hydropower generation by region [17]

The hydropower potential of the world has not yet been tapped
in Africa. Australia and parts of South America as can be seen
in the world map of hydropower potential of the world
in Fig. 22.

U

N,

Hydropower Poteetal per Capita (Whiyear)
o [0 000 4 [ o0 00 [ om0

Fig. 22. World Hydropower Potential [18]
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Wind energy is most popular in China and parts of Korea.
Parts of Europe including the UK, parts of Asia, India, the
USA. Brazil. Canada and Australia have wind installations
(Fig. 23). Wind energy generation started becoming popular in
2000 with the USA, Germany. Spain and ten years later.
China. India, Brazil and Australia.

Wind energy consumption by region, terawatt-hours

Installed wind energy capacity, 208

Fig. 23. Wind energy generation [17]

The wind energy potential of the world can be seen in Fig. 24.
When one compares the wind energy potential of both onshore
and offshore wind energy installations, there is clearly a
significant potential still to be tapped into. Russia and parts of
South America have not yet tapped into their abundantly
available wind energy sources. Similarly. with solar energy
which is abundantly available throughout the world. if one
compares the solar energy installations around the world (Fig.
25) with the global solar insolation (Fig. 26). South America.
Africa and Australia, which account for almost 50 % of the
world's landmass. are not using this solar energy. It is clear that
in the early years (before 2000) when renewable energy did not
reach economies of scale, it was popular only in the developed
economies of the world. but since 2000 the uptake of
renewable energy is increasing rapidly in the developing
economies of China, India, Brazil and South Africa. Fig. 27
shows the renewable energy investment as a percentage of
GDP in 2015. South Africa. South America and China have
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been making significant investments in renewable energy.
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Fig. 24. Annual wind energy potential country by country,
restricted to installations with capacity factors >20% with
siting limited. (A) Onshore. (B) Offshore [19]

Sciar PV energy consumption by region, terawatt-hours m
installed solar photovoltaic (PV) capacity, gigawatts, 2016 m
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Fig. 25. Solar energy installations by region [17]

68



The promotion of renewable energy in developed economies
are supported by tax arrangements, incentives and promotion

International Journal of Engineering Research and Technology. ISSN 0974-3154, Volume 13, Number 12 (2020). pp. 4084-4117
© International Research Publication House. http://www.irphouse.com

SOLAR RESOURCE MAP

GLOBAL HORIZONTAL IRRADIATION

T T}_

Long term average of global horzontal radiation (GHI)

Daily totals 22 26 30 34 38 &2 a6 50 54 58 62 66 70 T4

. sa— -
Yearly totals 803 99 095 24 1387 153 1680 126 MW7 M8 2264 240 2556 2702

Fig. 26. Global horizontal solar irradiance [20]
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Fig. 27. 2015 Renewable energy investment as a percentage of GDP [17]

countries” governments. Table 1 lists the laws, regulations.
promotion programmes, tax arrangements and environmental

programmes. and its uptake is ensured by laws, regulations and policies in place in developed countries.
environmental policies promulgated by the developed
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TABLE I. DEVELOPED COUNTRIES' INSTRUMENTS FOR PROMOTION OF RENEWABLE ENERGY [21]
Laws/Regulations Promotion Programmes Tax Arrangements/Incentives Environmental Policies
European Union (EU) European Union (EU) European Union (EU) European Union (EU)

* Directive 2001/77/EC on the
promotion of electricity produced
from renewable energy sources
22.1 % of electricity from REN
sources in 2010

+ Directive on Energy Savings in
Buildings (proposal) COM (2001)
226

United Kingdom (EU Member)
* Renewable Obligation (RO)
obliges licensed electricity
supplies to supply specified
proportion of their electricity
from renewable sources

o Target: 5 % of electricity by
renewables in 2003: 10 % in 2010

* Renewable Obligation
Certificates (ROCs) (current
value over £40 MWh)

Denmark (EU Member)

o Electricity Act (1999) subsidies
for wind energy are to be
replaced by Green Certificates

France (EU Member)
* None noted
Germany (EU Member)

* Renewable Energy Sources Act
(2000)

* Purchase obligation

* Premium guaranteed prices
* Co-Generation Act (2000)
Australia (OECD Country)

o Australian Renewable Energy
(Electricity) Act

* Mandated Renewable Energy
Target (MRET)

* The Office of the Renewable
Energy Regulator (ORER) sets up
mandated portions of renewable
energy sources utilization for
electricity suppliers and issues
RECs (Renewable Energy

* White Paper for a Community
Strategy and Action Plan [COM (97)
599 final (29/11/1997)]

# Green Paper: Towards a Europe
Strategy for the Security of Energy
Supply [COM (2001) 769 final
(29/11/2000)]

» “Intelligent Energy — Europe™ EIE
program (2003-2006)

United Kingdom (EU Member)
None noted
Denmark (EU Member)

» Target for renewables — 20 % of
primary energy sources by 2020 should
be renewable

* Obligation to buy electricity produced
from renewables

« Until 1999 production subsidy for
wind (€0.03/kWh) was paid

France (EU Member)

* Obligation to buy electricity produced
from renewables

* National Programme for Energy
Efficiency Improvement (2000): feed-in
tariffs for renewable energy electrical
production

* Wind energy promotion

* “Eole 2005" — competitive tendering
# Solar Heat — “Helios 2006™
Germany (EU Member)

* “100 000 Roof” program for PV
promotion (1999)

« Loans at low interest rates target 300
MWp in 2003

* State funded programmes for
bioenergy (subsidies)

Australia (OECD Country)

* Prime Minister's Measures for a
Better Environment (1999)

# The Renewable Remote Power

* Indicative financial framework

for EIE €200m (69.8m for SAVE.

80m for ALTENER. 32.6m for
STEER and 17.6m for
COOPER).

* Contributions from expected
EU enlargement is expected
~€50m

United Kingdom (EU Member)

* Capital grants for offshore
wind and energy crops projects

* Landfill tax credit scheme
(Landfill Regulations 2002)

Denmark (EU Member)
+ None noted
France (EU Member)

» Tax credit for renewables
installation

* Grants for off-grid renewables
(up to 95 % in rmural zones and 60
% urban zones.

* Reduced VAT and income tax
credit (15 % in 2002) for
household expenses

* Loan guarantees of up to 70 %
of the amounts of loans

o Germany (EU Member)

* Low interest loans for small
renewable projects

* Feed-in tariffs for wind energy
(€91 MWh), biomass (€87
/MWh to 102 MWh), geothermal
energy (€71.6 MWh to 89.5
/MWh), small hydro, up to SMW
(€76 ZMWh) and solar (€506
/MNMWh)

* Soft loans from KfW for small
(up to 500 kW) hydro plants and
small CHP biomass plants

Australia (OECD Country)

= None noted

* European Climate Change
Program (ECCP)

+ European strategy to
implement the Kyoto
Protocol

o To cut emissions by some
122 to 178 million tons of
COz equivalent

o Renewable certificates
trade support

United Kingdom (EU
Member)

* Climate Change Levy
(CCL) defines various
“taxable commodities” and
applies different tax rates
(LPG - 0.07 p/kWh: natural
gas, coal — 0.15 p/KWh.
electricity 0.43 p/kWh).
Those meeting reduction
targets will receive 80 %
levy discount

« Emissions Trading Scheme
(ETS) — launched in April
2002

o For emissions trading
Denmark (EU Member)

* Emissions trading program

2002) — to comply with a 21
% GHG reduction target
from 1990 levels

* Total caps for power
company emissions (quota
system)

* Every ton of excess
emission is fined with non-
compliance tax ($5)

France (EU Member)

* None noted

Germany (EU Meinber)

* None noted

Australia (OECD Country)

* Renewable Energy
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Certificates) to demonstrate
compliance with the
requirements.

* Penalty for non-compliance
$40 MWh

USA (OECD Country)

* Energy Policy Act (1992)
EPACT

s Clean Air Act and amendments
(tradeable permits for SOz
allowance)

* Renewable Portfolio Standards
(RPS) — expected on the federal
level in 2005. Target: by 2019/20
— 10 % of electricity from
renewable sources

Korea (OECD Country)

* Promotion Act of New and
Renewable Energy Development,
Utilization and Dissemination
Canada (OECD Country)

* None noted

Generation Program (RRPGP) funded
from excise paid on diesel. Support up to
50 % of the capital cost

* Photovoltaic Rebate Program (PVRP)
— rebates for households

USA (OECD Country)

« Export Promotion. Special Advisory
conunittee at US ExIm Bank to promote
renewable industry exports

* “Wind Powering America™ — US DOE
program. Goal — 5 % of US electricity
powered by wind

* Strategic Plan for Geothermal Energy
(June 1998) prepared by the US DOE
Office of Geothermal Technologies
(OGT)

* GeoPowering the West goal: 10 % of
electricity in 8 states in US west
powered by geothermal sources: 7
million homes

* US Geothermal Resource Exploration
Definition (GRED) program — joint
program of US DOE and geothermal
industry. DOE funds portion of initial
risks

* “Million Solar Roofs”, PV promotion
program of the US DOE Office of Solar
Energy Technology

* Zero Net Energy Buildings (ZEB)
Korea (OECD Country)

* Target for renewables — 2 % of total
primary energy supply by 2003
Canada (OECD Country)

* Action Plan on Climate Change and
Wind (feed-in tanffs for wind)

* Wind Energy Research and
Development Program (WERD)
coordinated by Natural Resources
Canada (including financial incentives)

* Small hydro promotion accelerated
tax write-off for equipment of hydro-
electric installations not exceeding 15
MW

USA (OECD Country)

* Section 45 Production Tax
Credit (PTC) for renewable
energies (biomass, wind,
geothermal. solar)

* Investment Tax Credits (ITC)

* Sales Tax Reductions Property
Tax Reductions (on state level
different incentives exist, for
example investment grants,
production incentives. loan
subsidy Progranunes, grants for
demonstration projects)

o Net metering in several states
Korea (OECD Country)

* Low interest loans for
renewable projects

o Tax credit for renewables
installation

» Feed-in tariffs
Canada (OECD Country)

* Tax incentives for business
investments in energy
conservation and renewable
energy (Canadian Renewable and
Conservation Expenses [CRCE])

® At least 50 % of the capital cost
eligible for income tax write-offs

* Support for renewables —
foreign enfities get 20 %
investment credit against fumre
tax payments

Certificates (RECs)

« Australian Greenhouse
Office (AGO) looks after
GHG matters/muns
certification program
“greenhouse friendly”

USA (OECD Country)

s Green certificates
(tradeable in several states)

¢ SO: allowances trade

« Renewable Energy
Certificate System (RECs)
pilot scheme

* More than third of
consumers have option to
purchase green power GHG
trading — voluntary

e trading scheme — US
Chicago Climate Exchange
(cCX)

Korea (OECD Country)
* None noted
Canada (OECD Country)

* None noted

The trend within developed countries is that they are driven by
clear strategies. For example. the EU provides guidance for all
its member states. Each member state has a programme.
backed up by environmental policy and legislation. some even
to the point of making it an obligation for citizens to purchase
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electricity from renewables (Denmark) to ensure the uptake of
renewable energy happens as well as providing the financial
backing through incentives and financial aid. There are clear
targets for reduction in carbon emissions as well as emissions
trading programmes to promote this target. The OECD
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countries make use of laws and legislation with the financial
backing of incentives and other programmes such as feed-in
tariffs to make renewable energy a viable business investment.
A point to note is that most programumes were established in
the first decade of the 21st century/last decade of the 20th
cenfury.

The prime reason for the need for policies and legislation
combined with incentives is that new technologies are bound
to be more expensive than their competitors (coal. oil and
natural gas) which are established in the market and have
economies of scale to make them affordable and competitive.

Comparing these initiatives to encourage renewable energy
uptake with programmes run by developing countries. referring

to Table 2. it can be observed that programmes are still in the
development phase. There are few to no policies from the
countries included in the table that are reliant on foreign
mvestment (as can be seen with India). Chile. Morocco.
Argentina. Vietnam have a rural electrification focus which is
characteristic of developing countries. Two barriers for
establishing renewable energy in developing countries can be
seen here, ie. financial bamiers and the bamrier of lack of
policies and legislation to drive the establishment of renewable
energy.

In this respect. foreign aid is available for developing
economies, some for specific countries and others applicable to
a wider category. Table 3 shows the financial instruments
available especially for developing countries.

TABLE II. PROMOTION OF RENEWABLES IN DEVELOPING COUNTRIES [22

Laws/ Regulations Promotion Programines Tax Arrangements’ Incentives | Environmental
Policies

Chile Chile Chile

e Project GEF: Barrier | » Goal — 90 % coverage for households at a | » Subsidies to investments Chile, Brazil,

removal for rural | national and regional level by 2006 PO China, India,

electrification with renewable | pl.ooi NMorocco South Africa,

energies > Brazil Argentina, Bolivia,
* None noted Pe— . - Morocco, Vietna

Brazil, South  Africa, « Fitcial Cincesiives o m,

Bolivia, Vietnam China owners and/or developers of | None noted

+ None noted

chd 1996-2010 China
na

* "Sunlight programme” to promote solar | ¢ Wind development
* Renewable energy plan energy incentives halving the current
¢ Government iS | India 17% VAT duty
considering o  Tax reductions. interest rate

o "Mandated market share”
for renewable energy

India ks
e Renewable energy | * — Solar building program
program issued by Ministry | e

* = Solar thermal program
— Solar PV program

* Program on New Renewable Energy from

* Solar Energy Center of MNES initiates:

Center for Wind Energy Technology of

small hydro schemes

* Subsidies
* Demonstration project
* Development
India

Incentive

of Non-Conventional Energy
Sources (MNES)

Argentina

* Regimen Nacional de
Energia Eolica y Solar — law
from end of 1999 to transfer
resources for development of
wind and solar projects
Morocco

+ Global Rural
Electrification Program
(PERG) by Office National
d’Electricité (ONE) to boost
rural electrification from 20%
in 1995 to 80 % in 2008

MNES coordinating foreign funding for wind | »

projects
South Africa

o Implementation Strategy for Renewable
Energy in South Africa (consultative draft
document published by Department of Minerals
and Energy). Target — solar energy promotion
including off-grid electrification by PV (PV in
1.5 million homes in 10 years)

Argentina
* PRenewable Energy and Rural Markets
program (PERMER) rural electrification:

concessions and funding of rural electrification
(wind. PV, etc.)
Bolivia

* National
(PRONER)

Vietnam

mral  electrification

program

* National rmral electrification program to
electrify 90% of rural households by 2005 10% is
likely to be by renewable energy

package to
accelerate commercialization of
renewable energy technologies

* — soft loans, funding,
subsidies

* —  encouraging BOO
projects

* — 100% foreign direct

investment possible (by IREDA
— Indian Renewable Energy
Development Agency)

* PV purchase and subsidy

South Africa, Bolivia,
Morocco, Vietnam

+  None noted
Argentina
e Tax relief
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TABLE III. SCHEMES BY INTERNATIONAL ORGANIZATIONS TO PROMOTE RENEWABLE ENERGY IN DEVELOPING COUNTRIES [23]

Organisation Continent of | Renewables Programme Remarks
Operation Category
Global Energy Facility General General  |Of-grid renewable energy|US$200m in grants and over USS1bn
(GEF) support co-financing
GEF/ United Nations General General  |Sustainable Alternatives Net|Sustainable technologies in emerging
Environmental Program (SANet) markets (including information and
(UNEP) guidance on project finance. co-
funding. pre-investment and feasibility
studies
World Bank/GEF General General  |Strategic  Partnership for|Target-financing $150m  annually:
Renewable Energy simplified approval process
US Government Africa General  |African Growth and |Goal: to expand US exports to Africa
Opportunity Act (AGOA)
European Commission Asia General Promotion of Renewable|Renewable energy network. Gathering
(EC) Energy Systems in South-|and disseminating information to
East Asia (PRESSEA) attract investments
Inter-American Latin America General  |Sustainable markets for|Hemisphere Sustainable Energy and
Development Bank Sustainable Energy (SMSE) |Transportation (HSET) Funds for
(IDB) support of renewable energy and
energy efficiency projects

From all the programmes shown in Table 1. Table 2 and Table

3. it is evident tha

time has been fluctuating. and hydroelectric sources have been

dwindling. This co

as well as an increase in energy consumption from traditional
fossil fuel energy. However, remewable energy sources
excluding hydroelectric sources. have been steadily increasing
since the turn of the century (Fig. 28).

t the penetration of renewable energy over

uld be due to the lifecycle of existing stock

Share of electricity production from renewable sources, World

Share of renewable produchaon in the electncty mix, measured as a percentage of tolal electncity production
Hydroelecinc producton is shown separalely from other renewable sources. Other renewable sources includes solar
pholovoltaic (PV) wind (off: & onshore), and biomass electricity production

%
20% Other renewsbie
SOUNCes

Hydroadectnc
SOUNCES

0%
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Fig. 28. World share of electricity production from renewable sources [17]
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Whichever way the picture is interpreted. the penetration of
renewables is not yet at the point of making a significant
difference in addressing climate change, even though there has
been a notable increase in adoption of renewables over the past
two decades. There has been a pattern of moving towards a
less carbon intensive energy mix through the use of natural
gas.

B. Making way for Natural Gas as the new Baseload Energy
Source

Natural gas is one of the mainstays of global energy.
Worldwide consumption is rising rapidly and in 2018 gas
accounted for almost half of the growth in total global energy
demand. Gas plays many different roles in the energy sector
and. where it replaces more polluting fuels, it also reduces air
pollution and limits emissions of carbon dioxide [24]. Coal to
gas switching in the world since 2010 has helped prevent faster
growth in carbon dioxide emissions by around 525Mt CO»
between 2010 and 2018, using 2010 as a baseline (Fig. 29)
[25]. These emissions would have been closer to 40 Gt without
changes in the global economic and energy system since 2010.
These include reductions in the energy intensity of the world
economy. in part due to greater efficiency. as well as
reductions in the carbon intensity of the energy sector related
to the rise of renewables and switching to less carbon-intensive
fuels. Fig. 30 shows the CO; emissions of coal, oil, gas, biofuel
and non-combustible sources. Gas has the lowest fossil fuel
impact in CO; emissions when combusted to release energy
and is much cleaner in terms of particulate matter than
any other fuel.

€0y savings from coal4o-gas switching by region compased with 2010

LT E nda whit of w

Fig. 29. CO; savings from coal to gas switching between
2010 and 2018 (2010 baseline) [25]
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Share of gas in totsl eneigy-relatad emissions of selected air pollutants (2015) and CO; [2018)

Fig. 30. Share of gas in environmental impact including CO;
emissions of gas [25]

Coal-to-gas switching avoided more than 500 million tonnes of
CO; emissions over this period. The majority of the coal to gas
switching can be noted in USA and China. The largest
emissions savings from coal-to-gas switching occurred in the
USA. The remarkable rise of shale gas has pushed down
natural gas prices and underpinned large-scale switching from
coal to gas in the power sector, where emissions have dropped
by a fifth since 2010. In China, gas demand has risen very
quickly in recent years because of a major policy push to
improve air quality. Gas has substituted for coal-fired
industrial and residential boilers in many urban areas: however.
switching is much less evident in the power sector [25].

With the notable exception of the UK, coal-to-gas switching
has not been a major factor in Europe in recent years, but
today’s configuration of low gas prices and higher CO; prices
in the EU is now giving this process renewed momentum (Fig.
31). In India. gas currently has a small share of the energy mix.
Large-scale switching has been held back by supply constraints
and affordability issues. as well as a lack of infrastructure [25].
In mature markets like the USA and the EU, coal-to-gas
switching is a compelling near-term option for reducing
emissions, given existing infrastructure and spare capacity
(Fig. 32). The cost of coal-to-gas switching has not only to do
with the availability of gas, but also the availability of
infrastructure, the agility of available infrastructure and the
cost of competitor energy sources. The ageing coal powered
infrastructure of the USA (more than 80 % being over 30 years
old) means that large amounts of coal-to-gas switching can be
done at much lower gas prices. More than 50 % of Europe’s
coal powered infrastructure is over 30 years of age. but the
price of coal is very competitive which makes the transition to
gas more highly priced.

Gas plays a more prolonged role in emerging economies that
are very carbon-intensive today. helping to push more
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polluting fuels out of the system. notably in China and India’s
industrial sectors. [25] One can see from Fig. 31 that the
transition to gas for Asia’s young coal powered fleet (almost
50 % of China's fleet and over 50 % of India’s fleet is under
10 years — Fig. 32) is more limited.

Potential CO;savings from coaltz-gas switching in the power sector ot different gas prices, 2019

Fig. 31. Potential CO; savings from coal-to-gas switching in
the power sector at different gas prices. 2019 [25]

Share of coakfrad plants insslecied countnesfregors by ape
Age tyvard

_ .‘ e
sl
i”..- -

Fig. 32. Share of coal fired plants in selected regions. classifi
cation by age [25]
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Given the need for decarbonisation efforts to intensify. a role
for unabated gas in the energy mix becomes increasingly
challenging beyond 2030 [25]. Some countries can use policy
instruments and even CO; taxes to promote the switch from
coal to gas, while other countries may need infrastructure
support as well as human capability of building in order to
successfully facilitate the transition, especially in developing
countries.

Other efforts to decarbonise are occwrring in the built
environment (construction of infrastructure) where building
sustainably reduces overall environmental impact.

C. Green Star Rated Buildings

Green buildings incorporate design. construction and
operational practices that significantly reduce or eliminate the
negative impact of development on the environment and
people. Green buildings are:

o Energy efficient;

* Resource efficient:

e Environmentally responsible: and

e Healthy and productive environments for people.

In short, a green building approach ensures that whatever the
development is. whether office, public building. commercial
building, etc. it 1s built to reduce demand and impact on the
environment and health of humans. This means rainwater
harvesting, onsite processing of waste into useful products,
generation of energy, reducing energy and water consumption,
using recycled building materials and materials low in
greenhouse gas emissions, better air quality, etc. Fig. 33 is a
pictorial representation of a typical green building.

There are over 98 individual and recognised green building
councils worldwide whose mission is to abate climate change
through green building. The World Green Building Council is
an umbrella organisation that gives guidance to the different
green building councils, of which the Green Building Council
South Africa (GBCSA) is a member, alongside Australia, the
USA and the UK among others. Green buildings or
environmentally sustainable buildings are already widely
adopted globally, with strong growth expected in most
countries. Fig. 34 shows the increase in green building activity
from findings in a report entitled World Green Building Trends
2018 which reveals that more than 47 % of respondents plan to
build more than 60 % of their projects green by 2021. The
results in this report are drawn from over 2000 survey
respondents in 87 countries spanning 5 continents, with
statistically significant results on 19 countries.
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Fig. 33. Typical green building features [26]
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Fig. 34. Anticipated growth in green buildings [27]

South Africa. a developing country, expects to do a significant
amount of certification of infrastructure projects, i.e. 48 % of
respondents plan to have more than 60 % of their buildings
green by 2021. The GBCSA has adopted. adapted. and
contextualised the Green Star rating system. Originally
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developed by the Green Building Council of Australia, this
rating system has been used as a base and has been
significantly modified to fit the local market and
environmental context. The GBCSA is an independent, non-
profit member-based company that was formed in 2007 to lead
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the greening of South Africa’s commercial property sector.
GBCSA provides the tools, training, knowledge. connections
and networks, to promote green building practices across the
country and build a national movement that aims to change the
way the world is built.

The GBCSA started off with the Green Star rating tools for
residential, office. public and education buildings. retail
developments and existing buildings as well as Green Star
rating of interiors of developments. Their tools have extended
to rating sustainable precincts, net zero (carbon, water. waste,
ecology) rating tools, energy and water performance tools and
many more that meet the South African market demand. There
have been over 400 green star certifications between 2007 and
2018 in South Africa. As can be seen in Fig. 35, the conceptual
market diffusion for net zero energy targets will reach 100 %
market saturation by 2030 for new construction.

abe Mgty

Fig. 35. Conceptual Market diffusion for Zero Net Energy
Targets [28]

Fig. 36 shows that the top triggers for green buildings in South
Africa are reduced operating costs. healthier buildings and "the
right thing to do" which exceeded the global average triggers.
whereas the triggers of legislation and client demand seems to
be lagging behind the global average triggers. Fig. 37 shows
that the payback period for new green buildings is 7 years and
for retrofitted green buildings is 5 years (in 2018). The
corresponding savings in operational cost in 2018 is 23 % (new
buildings) and 22 % (retrofitted buildings) over a five-year
period. The top reasons that South Africans selected for going
green is reduction in energy consumption and reduction in
water consumption, the third reason being protection of natural
resources.

The main challenges reported by South Africans with going
green is the perceived high initial costs associated with going
green which originates from the second challenge of the
perception that going green is for high-end projects only and
the third challenge is making a business case due to capital and
operating expenses being split and the lack of political support
and incentives [27].

Top Triggers Driving Future
Green Building Activity in
South Africa

Dodge Dats & Analybcs, 2018

M South Africa

W Global Average

Lower Operating Costs

23%
Healthier Buildings

Client Demands
29%
34%

Right Thing to Do

29%
25%

Environmental Regulations
26%

33%

Levels of Green Building
Activity for Respondents in
South Africa (2018 and 2021

Expected)

Dodge Dats & Analytics, 2018

W 1% to 15% I More Than 60%
Green Projects  Green Projects
Exploring W 31% to 60%
(No Green Green Projects
Invoivement) g 16% to 20%

Green Projects

A%
i
12021

12018

Fig. 36. Green building activity and top triggers for green building activity in South Africa [27]
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South Africa

Decreased Operating Costs Over One Year
Decreased Operating Costs Over Five Years
Payback Time for Green Investments (Years)

Expected Business Benefits of Green Building in

2015 2018 2015 2018

18% 8% 9% 8%

19% 23% 29% 22%
8 7 6 5

Fig. 37. Benefits of Green Buildings in South Africa [27]

The GBCSA has trained more than 7 000 professionals:
however, the growing green building industry is also
experiencing challenges. Locally and internationally. research
has indicated that there is a widespread perception that green
building attracts a cost premium as high as 15 % to 25 %
compared to conventional construction. These perceptions
hamper the progress of green building.

The GBCSA Cost and Trends report 2019 includes a sample of
91 office buildings owned by 52 companies that were certified
from 2015 to 2018. The profile of the combined smdy
population size of 146 projects provides context for the study
results which follow. The study population size is made up of
54 projects (37.0 %) certified from 2009 to 2014 and 92
projects (63,0 %) certified from 2015 to 2018. A total of 99
projects (67.8 %) have a 4 Star Green Star certification. 38
projects (26.0 %) have a 5 Star Green Star certification and 9
projects (6.2 %) have a 6 Star Green Star certification. Fig. 38
shows the cost premium of green buildings in the period 2009
to 2018 [2].

Fig. 38 is representative of costs two years ago. A recent study
(2020) of going green for am actual project in Airports
Company South Afiica has been conducted and is included in
Table 4. From Table 4, the cost of going for a 4-star green star
rating of Terminal 2 in Cape Town International airport
(approximately 46 000 m? gross construction area to be
completed in November 2023) is 0.3 % at R7.2m of the total
project budget of R2.4bn and for a 5-star rating 0.61 % at
R14.7m. These cost indications are way below the GBCSA
study indicated in Fig. 38. These figures include GBCSA
certification costs, management and consulting fees, capital
and specialist modelling costs for the additional technologies
and design features for the green star ratings.

The analysis of the operational cost savings is given together
with the additional operational expenditure (OPEX)
requirements for the Terminal 2 Development project in Cape
Town International Airport (CTIA). Using a simple payback
for the 4-star green rating. payback can be achieved within two
years, considering the 5-star green rating. simple payback can
be achieved in just within four years.

[ GREEN COST PREMIUM — CONSTRUCTION AREA

Construction area -
Green cost premium (%)
TOTAL
<5000m N 3A% 5,1%

< 10,000 m2 1,7% 4,0% 14,2%

< 25,000 m2 2,7% 5,2% 12,0%

< 50,000 m2 1,1% 3,2% 5,0%

> 50,000 m? 2,0% 24% 3,9%

Fig. 38. The South African cost perspective
from GBCSA [29]
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TABLE IV. COSTS AND SAVINGS BETWEEN 4-AND 5-STAR GREEN RATING FOR TERMINAL 2 DEVELOPMENT (CTIA)

4-star green rating

S-star green rating

Salient points

Electricity savings per | R4 105 550 R4 935 585 Difference between 4 and 5-star is a Solar PV plant of
annum 500 kWp producing 810 kWh/annum to 185 kWh/annum
Water savings per | R 251972 R 251972 Air conditioning condensate recovery., rainwater
annum harvesting. low flow toilets and urinals

Sewerage  handling | R 96 795 R 96795 Volume of water for flushing of toilets reduced

savings per annum

Total OPEX savings | R4 454 317 R5 284 352 Difference in savings is R 830 035 per annum between a

Per annuim

4-star and 5-star (owing to Solar PV plant)

Capital outlay | R 7 228 920 R14 728 920 Approximately double the amount capital outlay between
required a 4-star and 5-star owing to Solar PV plant
Additional OPEX | RO ~R 400 000 Calculated using R800 /KW installed of solar PV per

required per annum
(From conventional
building to 4-star
building)

star building)

(From 4-star to 5-

anmun

Note: no additional OPEX required for 4-star green
rating

Both options make financial sense and both options can be considered when it comes to green buildings. the advantages points are

as follows:

S-star green rating supports the organizational goal of ACI carbon accreditation and Carbon Neutrality Roadmap stronger than

the 4-star green rating for Cape Town International Airport (CTIA).

rating.

S-star green rating gives a larger operational cost saving overall, even if payback takes a little longer than the 4-star green

The 4-star green rating model electricity savings involves
energy conservation and energy efficiency which is the first
"fuel" of developed economies who leverage low hanging fruit
with best available technologies and well mn engineering
building infrastructure as opposed to projects requiring vast
amounts of capital outlay, human capability as well as
infrastructure capacity to transition energy generation to low
carbon (renewable energy). so this makes business sense.

D. The Fuel of Energy Efficiency

Energy is commonly used to produce heat that is needed for
transformation of raw materials into usable goods. The
industrial sector accounts for approximately 31 % of all energy
consumption in the USA (consuming just over 21 000 trillion
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Btu annually) and much of this energy is used for
manufacturing processes, On average, manufacturing facilities
use 95.1 kWh of electricity and 536 500 Btu of natural gas per
square foot annually. though actual consumption varies widely
depending on the subsector.

Fig. 39 shows a breakdown of energy use for the five
manufacturing subsectors that consume the most overall
energy in the USA. The petroleum and coal subsectors are the
largest consumers of energy. accounting for 25 % of the entire
manufacturing sector’s energy use. The chemicals subsector is
second. consuming about 20 % of the sector’s energy. The
paper subsector accounts for about 10 % of sector energy use.
followed by primary metals and food. each of which represent
about 5 % of consumption [3].
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A. Petroleum and coal

[Gther,

| cHPicogeneration, 1%

=

B. Chemicals

D. Primary metals

Conveational boikers, 36% |

Notes: CHP = Combined Heat and Power. Sectors shown are in order of total energy use. The “Other” category combines all end uses that
consume less than 5% of the overall energy for this sector. including lighting.

Fig. 39. Breakdown of energy use for 5 manufacturing subsectors consuming the most overall energy in the USA [30]

In South Africa. the industrial sector accounted for 52 % of
energy consumption in 2016 (Fig. 6). The domestic or
residential sector share was 8 %. The typical energy sources
for the industrial sector and their industrial sub-sectors can be
seen in Fig. 6. The industrial sector is mainly powered by coal
(electricity is also primarily from coal sources) and the
industrial subsectors of iron and steel. mining and quarrying
and the petrochemical industry make up almost half of the
energy demand in the industrial sector as seen in Fig. 40 and
Fig. 6. The energy use breakdown for the residential sector can
be seen in Fig. 41. The rural residential sector primarily uses
energy for cooking. water heating and space heating, whereas
the middle income-high income residential sector uses energy
for a range of different purposes such as pool pump. cool

storage. etc. as captured in Fig, 42.

Conatruction
"

Pager Pup and Meeras
Prirt.

1%

Fig. 40. Energy Demand in the industrial sector, including
their subsectors (2016) [31]
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Bural Low intome, learified  Rural Low Inteme; nen-Blecrified

Winkler (2004]

Source

Fig. 41. Rural Residential sector energy use breakdown. 2006
[32]

Electricity Usage (%); Residentiol Sector (High/Middle Income)
Line Losses 15%
Cool Storoge %
Spoce Heater 14%
Lawndry %
Other Cooking %
Stove and Oven B%
Incondescent 12%
Fluorescent %
CFL %
Uncontrolled Water Heating 8%
Controlled Water Heating &%
Pool Pump (1
Other B%
Source: Eskom

Fig. 42. High/Middle Income Residential Sector energy use
breakdown, 2006 [32]

Eskom is South Africa’s primary electricity supplier,
generating more than 90 % of the electricity in South Africa,
and about 40 % of that in Africa [33]. Owned by the South
African government. Eskom has been facing demand and
supply challenges and investing in energy efficiency to reduce
demand has been the focus over the last decade or so. There
are many projects funded to reduce electrical energy demand.
One of such programmes is the Industrial Energy Efficiency
(IEE) Project co-ordinated by the United Nations, funded by
various international institutions. The Industrial Energy
Efficiency (IEE) Project was established in South Africa in
2010 in response to the need to improve energy efficiency. The
United Nations Industrial Development Organizatio (UNIDO).
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along with the Swiss Secretariat for Economic Affairs. the UK
Department of International Development and partnered by the
Department of Trade and Industry (the DTI) and the
Department of Energy (DoE) of South Africa, embarked on a
program to address the need for greater energy efficiency.

The UNIDO programme on energy management system
implementation (EnMS) combines capacity-building and pilot
implementation. It builds understanding. expertise and skills of
consultants and enterprises for implementing EnMS in line
with ISO 50001 and provides the expert advisory services
needed to ensure implementation [34]. Providing three
elements, the EnMS uses an awareness seminar targeted at
executive management, user training tailor-made for engineers
and operators of energy intensive equipment and systems. as
well as an advanced expert level training aimed at the technical
specialist or implementer of an ISO 50 001 aligned EnMS
within an organisation. This UNIDO programme has an active
portfolio across the world and its footprint can be seen in Fig.
43. Since Fig. 43, Durban in South Africa has been an active
participant in the UNIDO EnMS programme.

Figure V. Overview of UNIDO"s current global EniS portfolio Adtive UNDO EnllS programees
Colombea Repuiblic of
boaader Weldond
Egmt Rusidan Federase
Ina Sout My
ledassia T land
s (iank The farmer Yopashay

. Repubic of) Republic 4!
" [T Mascwdons
My Tabey
oo Ukisise
J' i Viet b
A \é
h Planned activitios
K
= wmens Kb
Arerbagan Seuth Mgy
| .
e Usited At
t Ohima Frrates
i Geogls

Fig. 43. Overview of UNIDO's EnMS footprint [34]

The programme has since produced results of which five case
studies can be seen in Table 5. The first case study is from a
hot-rolled coil steel products producer in South Africa
(ArcelorMittal Saldanha Works Plant), the second from a milk
processing and dairy producing company in Moldova (S.A.
Lactis). the third from a petrochemicals company in Egypt
(SIDPEC). the fourth from a food processing company using
wheat products in Vietnam (Colusa Miliket Foodstuff) and the
fifth from an automotive parts producer in Ecuador (INDIMA
S.A).
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TABLE V. CASE STUDIES OF ENERGY EFFICIENCY FROM THE UNIDO ENMS PROGRAMME [34]

ArcelorMittal Saldanha | S.A. Lactis achievements | SIDPEC achievements | Colusa Miliket Foodstuff INDIMA S. A,
Works Plant (Energy through the through the achievements through the | achievements through the
Efficiency Achievements, | implementation of an implementation of an implementation of an implementation of an
2011-2012) EnMS, 2011-2012 EnMS in 2014 EnMS in 2012 EnMS in 2014
(South Africa) (Moldova) (Egypt) (Vietnam) (Ecuador)
Total number of EnMS Total number of projects: | Total number of projects: | Total number of projects: 5| Total number of projects:
measures: 12 11 6+ 3+
Total investment (US$): 50 | Total investment (US$): 6 | Total investment (US$): |Total investment (US$): No| Total investment (US$): 66
000 900 367 000 data 500
Gross financial savings in Gross financial savings Gross financial savings Gross financial savings Gross financial savings
2011 (USS): 9 000 000 (USS): (US$): (Uss): (Uss):
22 000 1171 000 46 805 82213
Overall payback period (in | Overall payback period (in | Overall payback period (in | Overall payback period (in | Overall payback period (in
years): years): years): years): years):
0.01 0.32 0.3 <1 0.8
Energy savings for 2011 Energy savings for 2011 Energy savings in 2014 Energy savings compared | Energy savings for 2014
(GWh): (MWh): (MWh): to 2011 (%): 12 (MWh): 394
80 328 40 000
GHG emission reduction | GHG emission reduction | GHG emission reduction | GHG emission reduction | GHG emission reduction

(tons COa: 77 222

(tons CO2: 160

(tons CO2: 53 000

(tons CO2: 1 700

(tons CO2: TBD

Eskom also ran a few programmes when South Africa’s energy
demand exceeded their generation capacity leading to rolling
blackouts in the country in 2008. Their Integrated Demand
Management (IDM) programmes typically involved
incentivizing geyser improvements, solar geysers, heat pumps
and replacing incandescent light bulbs with CFLs. According
to Eskom, a total of 3,707 MW has been saved since the
implementation of their IDM programmes. Fig. 44 shows the
breakdown of performed savings per funding model until the
end of 2012. The largest savings come from the first mass roll
out programme which consisted of distribution of CFL in
exchange of incandescent bulbs. A total of 2.137 MW has been
saved by replacing over 53 million incandescent bulbs with
efficient CFL bulbs. Savings from this programme have
contributed to 70 % of all savings claimed by the Eskom IDM
unit [35].

Lignoebere ‘
%

Fig. 44. Energy savings per consumer sector (left) and per tec
hnology category (right) [35]
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Energy efficiency since 2008 has been the focus of the South
African electricity sector due to the demand and supply
dilemma that Eskom has faced which has resulted in rolling
blackouts even today. South Africa’s power station fleet has
aged with most of them reaching the end of their lifespan or
requiring major upgrades. Output of the power plants can dip
to as low as 70 % due to inefficiencies and aged infrastructure.

IV. SOUTHAFRICA’S UNIQUE CHALLENGE

South Africa has a unique challenge in that demand has
increased and the materialisation of required power plants in
time for the uptake of new demand as well as to serve as a
replacement for the demand served by ageing coal powered
plants that have reached the end of their lifespan. has failed.
South Africa has the added complication of legislation that
protects the monopoly of its energy supplier. Eskom. for both
political as well as economic advantage reasons. which
prevents the markets. organisations and investors from
naturally solving this challenge.

In 1998. just four years after the apartheid regime which
practised racial discrimination ended, and the first democratic
government was sworn in. the Department of Minerals and
Energy released its much awaited White Paper on Energy
Policy which contained a broad set of policy objectives.
organised under five main themes: increased access to
affordable energy services, improving energy governance.
stimulating economic development, managing energy related
environmental impact, and securing energy supply through
diversity. One of the factors that led to the demand and supply
gap was the mass electrification of around 3.4 million homes
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between 1994 and 2002 that added demand without a
responsive energy generation programme that did not just cater
for additional demand but also for the declining efficiency of
aging power plants and their decommissioning [36]. The
current gap in energy supply and demand can be seen in Fig.
45. The supply gap has two scenarios that were analysed by the
Council for Scientific and Industrial Research (CSIR). The
"business as usual" scenario looks at converting the coal
baseload power stations to nuclear energy as per the Integrated
Resource Plan (IRP) 2010 with a small component of
renewable energy and new coal developments. The second
scenario looks at an optimised electricity mix that utilises the
sources of coal. nuclear, gas and renewable energy based on
the least cost option as per the demand being catered for [37].

Fig. 46 shows how the two scenarios fill the demand gap and
one can see that the primary difference between the scenarios
is the significant adoption of renewable energy in the second
scenario as opposed to coal and nuclear energy in the first
scenario. If renewable energy is considered from a cost basis
against nuclear and coal. it makes for a competitive business
sense. At 2016 values cost savings would be R330 billion
between the two scenarios as can be seen in Fig. 47. Fig. 48
provides the R’kWh generated between the two scenarios if a
CO; tax was legislated as per the draft legislations being
circulated. There is an 18 % cost savings between the scenarios
and 21 % if CO; tax is legislated.

[Electricity
in TWh/yr

366"

188

2020 2025 2030 2035

2040

© sconario
* Generally aligned with IRP
2010, but demand shifted
= Nuclear a3 per briefing to
Portiolic Committes on
Energy (11 October 2016)
* New coal, nuclear, some RE

Solar ’:‘ * New capacities fiued as per
IRP 2010 (no optimisation)
B csp
I wind o Seenario:
Il other me » Coal, nuclear, gas, RE are all
Peaking available a3 supply options

Supply candwdates chosen
by beast cost optimuation
to mest anergy and
CAPACITy requirement

CSIR

I Other (incl. cogen) *
Gas (CCGT)

W Hydro (incl. PS)

W vociear
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Fig. 45. : Eskom’s electricity supply and demand gap and two scenarios for closing this gap [37]
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Fig. 46. The two scenarios expanded for meeting the Eskom electricity demand gap [37]
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Fig. 47. Cost difference between Scenario 1 and 2 for filling Eskom’s electricity supply gap [37]
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Fig. 48. Cost savings in R/KWh between the two scenarios to satisfy Eskom’s electricity supply gap [37]

The production of electricity being mandated to Eskom in
South Africa prevents private development and sale of power
generation. The South African government expedited the plan
for Eskom to purchase power at competitive rates from the
private market for resale to the country, this phase was termed
the "Bid Window" where wind power and solar energy (solar
PV) were purchased from independent power producers and
resold to the country. Fig. 49 shows the impact this bid
window made in the context of both scenarios of filling

Eskom’s supply gap. Fig. 50 shows the generation impact in
the context of South Afiica’s existing electricity generation
and Fig. 51 shows the geographical locations of the renewable
energy plants and this includes hydropower, biomass, landfill
gas and concentrated solar thermal plants (CSP). The
geographical location of South Africa gives it an advantage of
access to a wide range of renewable energy forms available for
electricity generation.

o Business-as-Usual

2030- 3040

Wind 0.4 GW/w
1010 2030

Wind 0.4 GW/y

Soler PV 0.4 GW/yr

Solar PV 04 GW /'y

//’;a
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- ! u
018 020 2030 2040
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Fig. 49. Eskom’s progress with adopting renewable energy in the context of the two scenarios [37]
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Fig. 50. South Africa’s renewable energy installed [37]
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Fig. 51. Geographical location of South Africa’s renewable energy plants[38]

The challenge that must be addressed with renewable energy is mainly serves the fluctuating load and new load in the South
the capacity factor and the way this plays into the electricity African electricity demand profile (Fig. 52).
demand profile. At present remewable energy generation
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Fig. 52. The installed renewable energy serving the electricity demand within a 24-hour day [37]

Due to the limitation of intermittency due to the nature of
renewable energy. the electricity mix is currently designed to
incorporate nuclear. coal and natural gas energy sources. In
order for Scenario 2 to be realised in South Africa, lots of work
remains to be done regarding legislation evolution related to
generation entities, the market for energy sources, barriers in
relation to the manufacturing sector and capability, and
financial barriers.

V. CONCLUSION

The rise of natural gas has been accompanied by a strong
increase in renewable energy over the past two decades as a
solution to lower overall carbon emissions, particularly in the
power sector, where renewables accounted for 45 % of the
growth in power generation in 2018. Renewables now account
for around one-quarter of total power generation worldwide,
second only to coal (at 38 %). Expanding the use of low-
carbon electricity is a major vector for energy transitions.
There have been noticeable shifts in individual sectors and
countries, but the growth in renewables and gas — alongside
steady improvements in energy efficiency — has not yet pushed
the consumption of other fuels into decline. Global coal use
did fall over 2015 to 2016 but has since bounced back. Oil
demand has been robust, rising at an annual rate of well above
1 million barrels per day. In 2011, a World Energy Outlook
special report asked whether the world might be poised to enter
a "golden age of gas" (Fig. 53). This upside scenario for gas
was based on supportive assumptions about gas availability
and price, as well as policies on the demand side that could
promote its use in certain countries. notably China [25].
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G derriand for 2018 compared with promctions from the A report. Golden Age of G (2011

Fig. 53. The golden age of gas reached as per the prediction
in 2011 [25]

After three flat years. global energy-related CO; emissions
resumed growth in 2017 and 2018: annual emissions of more
than 33 Gt represent a dangerous disconnect with global
climate goals (Fig. 54). This is not good news in in the context
of climate change. If one observes the energy reserves of fossil
fuels throughout the world (Fig. 55, Fig. 56 and Fig. 57). there
is enough proved reserves to keep us going for the next two
decades only.

Change in glcbal energy-related CO,) ermssons by year

Fig. 54. Change in global energy related CO, emissions [25]
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Fig. 55. World distribution of proved crude oil reserves over
a 20-year period [39]

Fig. 56. Distribution of proved natural gas reserves over a 20-
year period [39]

Fig. 57. World distribution of proven coal reserves over a 20-
year period [39]

‘Without restraint or the intervention of clumate change policies,
a scenario of 4.1 °C to 4.8 °C warming by 2100 relative to
preindustrial temperatures is likely (Fig. 58). Should current
climate change policies be applied. the projected warming will
be 3.1 °C to 3.7 °C and if all countries achieve their current
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targets and pledges set within the Paris climate agreement. the
average warming will be in the region of 2.6 °Cto 3.2 °C by
2100. The impact of global warming above 2 °C can be seen in
Fig. 59. The impact will include falls in crop yields: rising sea
levels: reduced availability of water: damage to coral reefs:
intensified weather patterns and phenomena such as drought,
fires, flooding, heat waves: irmreversible melting of the
Greenland ice sheets; destruction of Amazon forests and many
more.

There is a need to consider two scenarios as depicted in Fig.
58, i.e. a consistent 2 °C warming by 2100 and a 1.5 °C
consistent warming by 2100.

scenarios

Global greenhouse gas

Fig. 58. Global Greenhouse Gas emissions scenarios [12]

The 2 °C consistent warming by way of indication will require
a significant increase in ambition of the pledges within the
Paris Agreement. To achieve the 1.5 °C consistent warming
pathway. there is an urgent need to aggressively and
consistently reduce global greenhouse gas emissions. The
behaviour highlighted in Fig. 54, where an increase in
greenhouse gas emissions (2017 and 2018) after a period of
no or little increase in greenhouse gas emissions (2015 and
2016) is observed, cannot be tolerated in the scenarios of the 2
°Cand 1.5 °C consistent warming pathways. There is clearly a
lack of support for sustaining a reduced carbon emissions
design and the need for grounding carbon reduction emissions
initiatives within the existing business sustainability mesh of
economic. social and environmental constructs such that
carbon reduction is consistent and naturally achieved. The 2 °C
and 1.5 °C consistent warming pathway scenarios will both
require energy efficiency strategies to reduce wastage in
energy consumption as well as decarbonising the energy mix
generating energy. however, it will need to be achieved
naturally. i.e. in the way we do business building and grow
our economies.
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Figure 2 Stabilisation levels and probability ranges for temperature increases

The figure below illustrates the types of impacts that

could be experienced as the world comes into

equilibrium with more greenhouse gases. The top panel shows the range of temperatures projected at
stabilisation levels between 400ppm and 750ppm COze at equilibrium. The solid horizontal lines indicate
the 5 - 95% range based on climate sensitivity estimates from the IPCC 20012 and a recent Hadley

Centre ensemble study”. The vertical line indicates th

e mean of the 50" percentile point. The dashed

lines show the 5 - 95% range based on eleven recent studies®. The bottom panel illustrates the range of
impacts expected at different levels of warming. The relationship between global average temperature
changes and regional climate changes is very uncertain, especially with regard to changes in
precipitation (see Box 4.2). This figure shows potential changes based on current scientific literature.

59, 4(:0 ppm COe 952,
+ @ t *
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e | ®
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‘- | @
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.- ' ]
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® & : -

Eventual Temperature change (relative to pre-industrial)

Fig. 59. Adverse effects at various global warming temperature stages [40]

The sustainable solution for ensuring that energy efficiency
and energy security has lasting and established penetration in
developing countries is the solution that can achieve
sustainability in all three spheres of environmental, economic
and social constructs. By addressing the priority social
concerns and providing an attractive economic alternative, it
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will be sustained through changing markets. technologies.
legislation. personnel and resowrce availability [41]. This
approach to a sustained reduction in carbon emissions must be
investigated so as to develop a design that ensures carbon
reduction regardless of the dynamics at play in each country
across the globe.
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1. INTRODUCTION

As climate change adaptation moves from theory to practice., barriers may make it difficult for individuals.
businesses and governments to plan and implement adaptation actions. Addressing these barriers is critical to
advancing climate compatible development. Adaptation refers to actions to prepare for. or reduce the harm from.
the effects of climate change. It involves a wide range of measures undertaken by multiple actors and at differential
spatial levels. including subnational. national and regional levels. Planned adaptation is important for future
economic development, especially for developing countries. where adaptation strategies need to be built into

emerging development paths. given the current momentum of rapid growth. investment and urbanisation [1].

Energy management is widely recognised as a primary means to overcome barriers to energy efficiency.
Research shows that the adoption of energy management practices in industries may save up to 40 % of the total
energy used. half being derived from energy management practices and half from investments in energy-efficient
technologies. Energy services is a relatively new term that refers to contractual arrangements that aim to
measurably improve energy efficiency. Apart from energy audits. an energy service company (ESCO) can offer
financial support in the investments in new technology, as well as additional services, e.g., support in managing the
intervention within the plant and providing information about existing opportunities. Energy performance
contracting (EPC) and third-party financing (TPF). as well as energy audits. are key means. according to the
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European Commission. to improve energy efficiency in the economy. Energy services have been mentioned both in
academic literature and i political directives as a tool to overcome many of the barriers to energy efficiency in
organisations whose core business is not related to energy. Consulting an ESCO is a way for organisations to out-source

energy management [2].

ESCOs help in overcoming mformational and financial barriers since an ESCO’s core business is energy
management. and their services require them to stay well informed about technical and economic energy management
solutions. Since ESCOs are specialised in energy savings they have the advantage of economies of scale and making use of
their knowledge multiple times. thus reducing the costs for knowledge assimilation per kWh of improved energy
efficiency. TPF helps to overcome capital shortages. Energy services are provided in performance-based contracts. which
also reduces the risk since the ESCO shares the project risk. However. consulting an external party to manage something as
complex as an industrial energy system also implies transaction costs. What an ESCO gains in scale advantage and reduced
risk must be compensated for by the extra costs generated from transferring some or all of the responsibility for energy
management to an external party. Since transaction costs are not necessarily related to the size of the contract. this results

in complex energy services being more profitable in large contracts [2].

A case study on driving forces for improved energy efficiency in the foundry industries in Finland, France.
Germany. Italy. Poland. Spain. and Sweden found that in at least 50 out of the 65 investigated foundries. the primary
drivers were rising energy prices, cost reductions resulting from lowered energy use. commitment from top management.

energy and emission taxes. people with real ambition. a long-term energy strategy. and international [2].

The services that ESCOs offer in most developed countries are not easy to find in developing countries. Even
rarer to find is expertise in alternative energy such as natural gas power plants which have about 50 % of the carbon
footprint of traditional coal-fired power plants and renewable energy such as solar PV, solar thermal energy. geothermal
energy. wind energy. ocean energy. hydro energy. etc. The lack of expertise and familiarity with these technologies form
barriers to their adoption. Developing countries face another barrier in the financial dimension in that the necessary capital
required to transition towards energy efficient technologies. alternate and renewable energy technologies is not available.
The capital funds that most developing countries have are locked in social development such as health mfrastructure,
education and its platforms, food and the agricultural industry and government efforts are locked into the lowest first cost
initiatives.

Traditional fossil fuel energy and its technologies are established market technologies that are mature and thus can
be secured at competitive prices. The technology maturity has also allowed the operations and maintenance skills to
proliferate, with experience of operating and maintaining the technologies being preserved. This provides a platform that is
affordable. reliable and familiar with fossil fuel intensive energy sources, making the transition to cleaner energy sources
more difficult. The following sections describe the origin of the barriers that developing countries face in the journey of
transitioning towards energy efficiency and energy security. followed by a focus on the specific barriers in the political,

technological and financial dimensions and the focus required to overcome these barriers.

2. THE ORIGIN OF ALL BARRIERS TO ENERGY EFFICIENCY AND ENERGY SECURITY IN
DEVELOPING COUNTRIES

“The heart of sustainable development and business sustainability requires sustainability in each dimension of economic,

Impact Factor (JCC): 9.6246 NAAS Rating: 3.11
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social and environmental factors to merge on common ground and operate in the ‘sustainable’ zone.” [3]. These three
dimensions of sustainability work with each other to satisfy human needs (Fig. 1). The social dimension encapsulates the
way in which humans relate to each other. the natural environment and the various interactions required for the fulfilment
of their needs and wants in the created financial economy. “A social construction is built around serving human needs and
wants and these are characterised in Maslow’s hierarchy of needs.” [3]. This social construction is the origin of the
regulations. policies, legislation and political frameworks. “Social sustainability can be described as equity in resource
distribution. which. from a livelihood perspective. is regarded as the capacity of the human species not only to get access to
but also to mamtain an adequate and decent livelithood.™ [3]. Resource distribution and access is regulated through the
economy. “Production is the heart of the economy which is the manufacture of goods and enabling of services. There are
four factors that make production possible. i.e. capital. land. labour and entrepreneurship. These factors give the ability to
satisfy needs and start the circulation of income (enable trade).” [3]. With time, the created economy. in turn, has an impact
on the social dimension as well as the natural environment. making the dimensions represented by Fig. 1 intrinsically
dependant on each other. The use of natural environmental resources (environmental dimension) requires building human

capability (social dimension) as well as capital accumulation (economic dimension) for the fulfilment of human needs.

“Each country can be seen as having natural resources and skilled personnel which can be used to build their
economy. The economic factors in a country include accessibility of natural resources. energy and energy resources.
capital accumulation. technological resources. available labour force. transportation and communications, education and
training.” [3] Each country is endowed differently in terms of its natural resources and this characteristic has led to the
history of colonisation and the use of forced rule over certain countries to get control over their natural endowments and
geographical location for trade routes and enabling markets. The political framework that each country in the world finds

itself in has been shaped through times of war largely due to the battle for economic security.

Sustainable

Figure 1: Business Sustainability Mesh [4].

The governments or ruling entities of a country play a key role in shaping the economy. including making choices for trade
and investment markets and having in place agreements with other countries for imports and exports which have a knock-
on effect resulting in financial investment being made for education and training programmes. manufacturing and other
infrastructure. etc. in the line of technologies they wish to promote and proliferate. The government or ruling entities
regulate these through various strategies. legislation. policies and frameworks. The barriers that climate change face are
based on and related to the economic competition posed by current matured solutions in the commercial market. The

overcoming of these barriers to allow for climate change considerations in technology take time depending on the nature of
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the existing market as well as the dynamics of the factors supporting it such as the technology lifespan. labour market,
price. reliability. etc. Some changes fail in penetrating the market to the intended level or taking over competition as
legislation, policies. government strategies and foreign investment protect and support the existing markets and may even
directly stop any developments that support climate change mitigation. This is evident in the long reign of Eskom. South
Africa’s energy service provider which is a monopoly: their investment in renewable energy is largely through invitation to
private companies and investors and this limited in installed capacity. When Eskom failed to bring in more capacity to
support the country’s growing electricity demand. the government adjusted policies to allow certain businesses and
domestic households to produce their own renewable energy. only up to a specific installed capacity. limiting the

proliferation of renewable energy throughout the country.

This implies that technological changes necessary to mitigate climate change and preserve human life need
assistance to overcome market and other dynamics. In the context of technologies and changes necessary for energy
efficiency and energy security in the face of climate change. there are unique barriers in developing economies of the
world. In developed economies, the need for energy access. the benefits of energy efficiency and in many cases energy
security have already been satisfied prior to the dilemma of climate change becoming urgent, thus the change to reduction
in carbon emissions will mean taking one step according to Fig. 2. For developing economies where most of the country is
vet to be electrified. this means making a leap from a focus on energy access to a focus on reduction in carbon emissions

(Fig. 2).

Energy access s Energy efficiency mmmmpEnergy security mmmjReduction in carbon emissions

Figure 2: Energy Efficiency and Energy Security Value Chain in the Context of Climate Change.

It may be argued that developed countries will have a harder journey transitioning to reduction in carbon
emissions due to their energy generation technology base being already in place and developing countries who largely do
not have their energy generation in place will have the opportunity to “leapfrog™ into a reduced carbon emissions energy
generation base. This may be true from the perspective of infrastructure establishment where existing carbon-intensive
energy generators will have to “run their course™ to be replaced in developed countries and developing countries will not
have to face this problem giving them an advantage to realise low carbon energy generation sooner. What developed
economies have gained through the journey of energy efficiency and energy security places them in a better financial and
political position having developed human resource capacity to realise the transition to low-carbon energy generation.
Developing energy security before the climate change dilemma emerged meant diversification of the energy generation
base. which developed countries have managed to do effectively. meaning that they have gained the experience required

for incorporating multiple energy sources.

The uniqueness of barriers faced by developing countries are due to the journey that they must take to achieve
both energy efficiency and energy security in reducing carbon emissions while satisfying energy access. The barriers
associated with achieving energy efficiency and energy security in developing countries are presented in this paper and

classified according to the three main categories of barriers (Fig. 3).
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Figure 3: Categories of Barriers to Energy Efficiency and Energy Security.

Most of the barriers originate from the role of the government to ensure safe and good living conditions for
citizens using regulation where “Policy and Regulatory Barriers™ will be faced, stimulation of technology changes where

“Technical Barriers™ are faced, and circulation of money where “Financial Barriers™ are faced.
3. POLICY AND REGULATORY BARRIERS

Consistent and accessible information and the capacity to apply it is essential for effective adaptation [5]. Information
barriers are associated with the development, useability of and access to information. data and knowledge [6]. Access to
reliable and usable information is key to its integration into policy and regulations. Governance and policy barriers are
associated with policy, processes and their level of integration and collaboration on cross-cutting and multi-scaled
adaptation planning [6]. Organisational and institutional barriers are within the structures, processes and behaviours of
society and organisations that limit the agility and viability of adaptation plans and implementation success [6].
Psychological factors influence our ability to act on information about climate change. including our perception of how
urgent adaptation is [5]. Psychological and social barriers are associated with cognitive ability, denial. cultural and
behaviour norms of individuals and collective organisations that limit awareness or willingness to act on adaptation

measures [6].

Our knowledge of human impacts and their effects on the climate of our planet is progressive which can serve to
undermine the information already uncovered. Many times in the history of scientific research. the understanding
seemingly established by certain information could be changed by uncovering new information. Added to this is the effects
of climate change being gradual relative to the everyday poverty, hunger, economic challenges and crime we experience on
a daily basis, therefore the challenge of climate change is not perceived as urgent enough for governments to expend effort
and investment into climate change mitigation. Even though the number of papers published on climate change have been
increasing since the turn of the century (Fig. 4). awareness of these issues still needs to penetrate into the social, economic
and built environment (Fig. 5). Only 5 % of these papers relate to energy, with most relating to environmental science (25
%) followed by earth and planetary science (22 %). agricultural and biological sciences (16 %). social science (8 %),

engineering (5 %), and economics (2 %).
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Figure 4: Total Number of Climate Change Papers Published, by Year [7].
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Figure 5: Subject of Climate Change Papers, by Topic Area [7].

When there is an urgency about the threat of climate change. like the urgency that changed the lives of all people
of the world when the COVID-19 pandemic hit the world towards the end of 2019, then sustained efforts are seen. Only
when people in government are convinced that climate change 1s a real threat will policies and action be implemented for
its mitigation. Government policies and regulations usually protect a country’s interests and are meant to influence and

control economic activity in a specific way. and influence social perceptions and behaviour in a way that protects people
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adaptation. Adaptation is associated with an additional challenge since people generally find it difficult to make trade-offs
across time and between options with uncertain benefits. This includes ‘time inconsistency” between the short-and long-
term decisions. It 1s also clear that when people make choices. their current reference point matters: notably. people dislike
losing goods more than they like gaining them (this is termed ‘loss aversion”). At the organisational level. this also makes
it difficult to implement reforms and policy changes that transfer resources from one interested group to another, even if it

will lead to overall societal gains™ [1].

Two of the institutional barriers faced by the United Nations Industrial Development Organization’s (UNIDO's)
Industrial Energy Efficiency (IEE) project is the mindset of managers whose thinking is that a focus on energy efficiency
costs money and time, and the mindset of plant managers who. even though agreeing with energy efficiency. will not give
effect to plant adjustments for more efficient running for fear of losing their jobs because of the many years they have run
the plant inefficiently. Some managers who initially agree on climate change mitigation may turn their efforts to fight it
purely because it does not bring the desired acknowledgement or advantage to themselves or their allies. These are
complex psychological barriers that play out in institutional environments at all levels which suffocate efforts towards

climate change mitigation.

Resource barriers relate to implementing adaptation due to the development or deployment of financial.
technological. human or informational resources [6]. If South Africa has to change all its policies tomorrow, with all the
finances and nfrastructure in place to implement renewable and alternative energy. it still does not have the technical
capacity in terms of human skills and expertise in the magnitude needed to design, operate and maintain alternative and

renewable energy technologies.
4. TECHNICAL BARRIERS

Technical barriers to realising energy efficiency and energy security in developing countries start with settling for a few
selected matured technologies (Fig. 6) and benefitting from their competitively low cost. While this is important for mass
development. it can be a limiting factor for exploiting the market for developing technologies that are important for
progress. It makes for a rigid structure of sticking to well-known commercially available technologies mostly with
manufacturing and designs being owned by parties in foreign countries and or funded by foreign investment. This forms a
‘safe zone' m established and matured markets and any new technologies create anxiety that comes with unfamiliarity.
This practice has also created a culture of separation and disconnect between the academic and research institutions and

technology development.

Education and training are usually aligned to support the endeavours of a country and its commercial market
demand. Educational programmes and training are usually based on a market pull. In most cases where the cost of
technologies means everything to an investment that looks for lowest first costs. the market pull will always win over any
attempt to establish different technologies. However. when looking at climate change mitigation and renewable energy
technologies. most commonly this needs to be done through a technology push. aided with policies and legislation to
support it. The “technology push™ approach attempts to interest the market in new products based on new solutions. The

technology cycle can be seen in Fig. 7.
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Figure 6: Technology Development Description [9].
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Figure 7: The Mutually Reinforcing Cycles of Technology Development and
Market Deployment Drive down Technology costs [10].

Cycles of technology development. industry development and market development usually occur in developed
countries first. This means that the learnings and skills associated with the cycles are also mainly in developed countries.
Thus. market exploitation of the technologies. manufacturing plants and equipment. their operations and maintenance
markets are located in developed countries. The developing countries buy technologies and services from developed
countries. and it could be decades until a plant is established in a developing country. and even then. the designs and
patents will be held within the developed countries. Therefore. developing countries will always lag developed countries in

the technology cycle.

It takes even longer for skills and expertise to transfer to the local communities in developing countries. Most
educational programmes and training revolve around the learnings and unique experiences of developed countries where
the technologies were established. Thus many technologies when introduced into another country have to live for a few life
cycles before their designs capture local design modifications for suitability to the operating environment. This knowledge
is also vested in the developed countries research and development experience such that they know more about the
operating conditions of a developing country than the developing country knows about its own surroundings. Research and
development. tertiary education institutions and the commercial markets are closely linked and have a relationship

allowing them to grow their technology and plant base. while this is notably absent in many developing countries.
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The disconnect in developing countries between the tertiary education sector and commercial markets undervalues
research and development. An mvestor (including local investors) would choose to mvest in something developed by or in
development in a developed country rather than to build from scratch their own technology in their own country. This
undermining of local talent and regard for tertiary education is deep. to the extent that, for simple things like energy
efficiency practices of established technologies, it often takes foreign programmes with foreign consultants to kick-start an
industrial energy efficiency programme (UNIDO’s Industrial Energy Efficiency Project). while these could have easily

been identified with current established engineering programmes and degrees which South African graduates possess.

The lack of capturing institutional knowledge and learnings on existing engineering systems also contributes to
the technology barrier to achieving energy efficiency and energy security in developing countries. When electricity is
needed. efforts to investigate various energy sources available and energy generation technologies and performing a
technical assessment to decide which technology option is best for the site. is a rare occurrence in developing countries.

The practice is to have a default energy source and energy generation technology for supplying energy needs.

It is very important to note that every technology type is based on basic engineering and scientific principles
which. if applied. can lead to locally designed technologies suited to the operating environment where skills are locally
grown. For new technologies to emerge. sound investigations need to be conducted. and for local people to be committed
to all phases of the project to ensure that skills and knowledge transfer is facilitated. This may require capital outlay for

mnvestment into small scale test projects and pilot plants, field investigations and design cost for scale up projects.
5. FINANCIAL BARRIERS

Certain developing countries do not have the finance or resources to spend whether it is for food security or for climate
change mitigation. However. there are developing countries that have finances. but these are tied up in other commitments
and priorities. The financial barriers faced by developing countries are two-fold. in that there is a limitation of funds and
there 1s an inefficient allocation of funds which neglects facilitation of innovation, proper investigation and consideration

of the bigger picture.

A notable pattern is that developing countries tend to “follow™ developed countries when it comes to policy.
legislation. commercial markets and technology. This is good in the context of avoiding “reinvention of the wheel”,
avoiding risk and costly development mvestment. but also means that developing countries lose out on mobilising profits
associated with new technologies. This thinking has led to and widens the gap between the wealth of developed countries
and developing countries. Many raw materials exported to developed countries (from developing countries) find financial

returns in processed goods from sales to developing countries.

Economic activity is founded upon demand for goods or services. Developing countries find themselves in
challenging positions where satisfying their countries’ demand for goods and services relies heavily on developed

countries. Figure 8 shows the imported and local content for various technologies. materials and labour.
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Technology Imported Local Materials (Local) Labor (Local)
PC 35% 65% 50% 50%
Integrated Gasification Combined Cycle 35% 65% 60% 40%
FBC 35% 65% 50% 50%
Nuclear 35% 65% 60% 40%
CCGT 35% 65% 60% 40%
0OCGT 35% 65% 85% 15%
Wind 70% 30% 75% 25%
Solar Thermal 50% 50% 45% 55%
Solar PV 70% 30% 60% 40%
Biomass 35% 65% 50% 50%

Figure 8: Local and Imported Content for Technologies in South Africa [9].

Renewable energy is still significantly reliant on imported content. yet it is needed not just for climate change
mitigation. but for additional capacity to satisfy South Africa’s growing energy demand. It is key that investment is made
in renewable and alternative clean energy education. training. manufacturing. research and development. Also important is
that the true cost of coal fired power station electricity generation which includes the mining of coal and its logistics should

be used when comparing it to renewable and alternative energy sources electricity generation.

There 1s a culture in developing countries, especially in state-owned and controlled entities where sound economic
analysis that includes quantifiable expenses and benefits over the economic lifespan of the targeted technology is not

considered nor are they traded off against a variety of options.

Ensuring that economic models are attempted for each investment is crucial to making the most efficient and
effective investment decision. Many times. perceptions and opinions are followed rather than sound scientific investigation

and financial modelling providing the best solution.
6. THE FOCUS REQUIRED TO OVERCOME THE BARRIERS

The focus to overcome barriers to energy efficiency and energy security in developing countries may be different based on
specific challenges experienced by the country and its institutions. Fig. 9 shows the key characteristics of the five shared
socio-economic pathways for climate change adaptation and mitigation. From the characteristics given, many countries can
be associated with these scenarios. The developing countries are usually in the bottom right hand corner (SSP4) while the
developed economies (SSP5) are in the top left hand comer with transitioning economies (SSP2) in the middle. The

desired pathway is to be in is SSP1, at the bottom left hand corner.
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Socio-Economic Socio-Economic Challenges to Adaptation
Challenges to
Mitigation Low Medium High
S5P5: Fossil-fuelled development S5P3: Regional rivalry
* low population # high population
* very high economsc growth per capita * low eConOmIC growth per capita
» hugh human development * low human development
",‘ « hugh technoiogical progress * low technological progress.
* ample fossll fued resources * resource-mtensve ldesyles
® wery resource interiive lifestyles * resource-constramned energy and food demand
» hugh energy and food demand per capita jper capita
* economic convesgence and global cooperation » focus on regional food and enengy security
» reguonalizaton and lack of global cooperation
S5P2: Middle of the road
* medum popul ation
* medium and uneven economec growth
*» medium and uneven human development
Medium * medium and uneven technological progress
* resource- intendive Idestyles
* medaum and uneven energy and food demand
per capita
* limited ghobal cooperatan and econom: convengence
SSP1: Sustainable development SSP4: Inequality
* low papulation * Mediam 1o high population
» high economic growth per capita * Unequal low 10 medium economic
* high human development (growth per capita
* high technalogical progress * Unequal low to medium human development
Low . ily orented tech and * unequal technolog high in globaled
behavioural change Thigh-tech sectors, slow in domestic secton
» resource-efficent idestyles = unequal lifestyles and energy food consumpbion
» low energy and lood demand per capita resource mtensity depending on mcome
* economic convergence and global cooperation » Globally connected elte, disconnected domestic
work forces

Figure 9: Key Characteristics of the Five Shared Socio-Economic Pathways [11].

The desired pathway (SSP1) for sustainable development highlights technological progress. economic growth and

human development as key characteristics. and low energy demand and resource-efficient lifestyles are included as

mgredients. This implies a complete shift of lifestyle. thinking. and creation of wealth that 1s in harmony with the natural

environment. If one looks at the current renewable energy policies and barriers (Table 1), it can be seen that much work

has been identified and done to remove barriers to renewable energy adoption. Nonetheless, this does not give an

mdication of the creation of an economy that is in harmony with the natural environment.

Table 1: Summary of Renewable Energy Policies and Barriers [12]

Mandates prices to be paid for ;
; ; 2 x High costs. unfavourable
Price-setting and quantity | renewable energy. or requires a fixed 3 P .
5 S ; power pricing rules, perceived
forcing policies amount or share of generation to be ik
renewable
Reduces investment costs through
Cost reduction policies subsidies, rebates. tax relief. loans, High costs, perceived risks
Renewable
— and grants
= s Vi i i s g
promotion Public investments and Pro i S a——— Transaction costs. perceived
s investments or for guarantees. i g
policies market facilitation > : R - risks, lack of access to credit.
S i information. training, etc. to facilitate | . 7 " :
activities . information, and skills
mvestments
. Independent power producer
; Gives renewable energy equal or P b
Power grid access frameworks. transmission
prs s favourable treatment for access to i ;
policies : sy access. mter-connection
power grids and transmission systems ;
requirements
g . Mandates specific shares of transport | Lack of fuel production or
T,l - Biofuels mandates ol : P : i
biofuels fuel consumption from biofuels delivery infrastructure
policies Biofuel tax policies Provides tax relief for biofuels High costs
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Renewable energy set-
asides

Allocates, or sets aside. a percentage
of mandated environmental emissions
reductions to be met by renewable
energy

Environmental externalities

emissions reduction

Emiss'.o . . Allows renewables to receive

reduction Emissions cap and trade : : - "
L i monetary credit for local pollutant Environmental externalities

policies policies

Greenhouse gas
mitigation policies

Allows renewables to receive
monetary credit for greenhouse-gas
emissions reduction

Environmental externalities

Power sector

Competitive wholesale
power markets

Allows competition in supplying
wholesale generation to the utility
network and eliminates wholesale
pricing restrictions

May heighten barriers of high
costs, lack of fuel price risk
assessment. unfavourable
power pricing rules

Self-generation by end-
users

Allows end-users to generate their
own electricity and either sell surplus
power back to the grid or partly offset
purchased power

May reduce barrier of
mterconnection requirements,
but heighten barriers of high
costs, lack of fuel price risk
assessment

microcredit

consumer credit for purchases

restructurin S May reduce barrier of
. € | Privatised and/or Changes government-owned and y : i L
policies SR } A ; ) subsidies. but heighten barriers
comumnercialisation Of opelated utilities into pn\"ate or of hlﬂ.l il eeatsEmd
utilities commercial entities e p ;o
perceived risks
Unbundling of Eliminates monopolies so that May provide greater incentives
generation, fransmission | separate entities provide generation. to self-generate, including with
and distribution transmission. and distribution renewable energy
Competitive retail power Provides competition at the retail May reduce barriers of high
111a1‘klt)3ts P level for power sales. including costs, lack of information.
“green power” sales transaction costs
Values renewable energy production
P at the point of end-use and allow Unfavourable power pricing
Net metering = s g
= utility networks to provide “energy rules
storage” for small users
Values renewable energy production
2 v at the actual cost of avoided fossil Unfavourable power pricing
Distributed Real-time pricing : o POWer pricing
fuel generation at any given time of rules
generation
olicies e Cay
P Provides credit for the value of i
o e . Unfavourable power pricing
Capacity credit standing renewable energy capacity. ailes
not just energy production
z Creates consistent and transparent : ;
Interconnection ; ; 3 : Interconnection requirements.
) : rules. norms. and standards for :
1egulat10ns . . transaction costs
mterconnection
Riifil Sectiificatio Makes renewable energy part of riral | Subsidies for competing fuels.
S S—————" electrification policy and planning lack of skills and information,
i and creates regulated businesses to high costs, lack of access to
concessions o ) .
serve rural customers credit
Rural I Supports private entrepreneurs to
Rural business : g ) . . i
electrification provide renewable energy products Lack of skills, lack of access to
development and : 3 ) ;
policies and services to end-users and offer credit

Comparative line
extension analyses

Analyses the relative costs of
renewable energy with conventional
fuels and power delivery

Subsidies for competing fuels.
lack of information

The focus required to overcome the barriers starts with the acknowledgement of the need to consider climate

change mitigation in all commercial activities. Following this, it is necessary to identify the benefits that climate change
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mitigation can offer to developing countries who need to exploit the market benefits of new technologies, designs.

manufacturing and commercialisation.

Following this. a clear strategy that will allow proliferation of climate change mitigation into the country must be
formulated, workshopped and supported by all stakeholders affected and involved. Input should be captured and taken into
consideration before a final strategy is approved and concluded for mplementation. The strategy must be reasonable.

support the needs of the people. and its achievability must be measured.

Policies and regulations should be well structured and coordinated to ensure that they do not conflict with each
other. Neglecting to promulgate policies and regulations that support climate change is as much of a barrier as 1s leaving in
place policies that restrict the technology proliferation that support renewable energy. Ensuring that policies and
regulations are put in place as a result of a clear. strong and supported strategy for climate change mitigation is key to
sustaining energy efficiency and energy security in developing countries. The economy. education. social aspects and
political aspects are deeply linked (Figure 10). Making climate change adaptation a source of wealth generation will gain
momentum and has the potential to solve many inequality challenges. poverty and other socio-economic challenges faced
by a developing country. This will also serve to change the thinking and behaviour of the citizens when they see the

potential that climate change mitigation offers.

. J L 5 ¥ 1 Culture
Neods Opportunities Bedie! system Abilities
Refations, developr Availabdity, ad Values Financial, temporal,
*| comfort, plassure, work, PrCeS, MATketing strategies, wabal, cognitive,

heskh, privacy, money, $00al noms phyical
status, safely, nature,
froodom, letsure, justice

A - A A
Motivation | Behavioural control

A A
Intention, expectation of conversence

|

i!, Mabits, Consumption practioes

Figure 10: Main Factors Influencing Consumer Behaviour and
Emergence of Consumption Practices [13].

Designing the future economy to exploit the market and financial value while capacitating the local workforce
will go a long way to closing the inequality gap faced by many developing countries. Planned adaptation can consider
future climate risks in locating and designing infrastructure. urban and rural land-use planning. and in managing ecosystem
resources such as water and natural systems [1]. In all these cases. investment decisions made today have long lifetimes (5
to 40 years) and will be exposed to climate change in the future, thus the absence of early action may lock in future risks
[1]. There is therefore an opportunity to make these early investment decisions ‘climate-smart” by considering future risks

now and looking at early adaptation options [1].

The focus of overcoming the barriers to energy efficiency and energy security in developing countries should be

(figure 11):
e To formulate a strategy that will mitigate climate change with continuous updates as per the progress and context
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of the implementation

e To integrate energy efficiency and alternative energy sources into social, economic and political agendas and

facilitate implementation

e To create policies, regulations, incentives and restrictions appropriately as well as align existing regulations and

policies such that they support and facilitate energy efficiency and energy security into the country at all levels

e To use sound economic principles for evaluations and investigations that inform real costing of energy from the
different power generation sources and allocate raw materials, land, finances and other resources accordingly to

realise a new energy mix that is economically and environmentally sustainable

e To capacitate the citizens for the design, manufacturing. installation, operation and maintenance of new energy

generation technologies and sound energy management principles

hn:w:vﬂiﬂ:ﬁmﬂh

gy mix

Figure 11: Focus Required to Overcome Barriers Related to Energy Efficiency
and Energy Security in Developing Countries.

Constant evaluation of progress as well as consideration of the social and economic context of the strategy
implementation, including re-alignment when needed. will ensure that climate change adaptation is relevant to the
challenges faced by developing countries. Using climate change adaptation as a means and vehicle to alleviate poverty.
create wealth through new markets and capacitate the citizens for increased local labour and monetisation. will serve to

overcome barriers to energy efficiency and energy security while meeting socio-economic and political goals.
7. CONCLUSIONS

This paper presented the origin of barriers to energy efficiency and energy security faced by developing countries as well
as analysed the political, technological and financial barriers faced. The focus required to overcome these barriers is to
have a strategy to mitigate climate change and achieve implementation through integration of the strategy in social.
economic and political agendas as a vehicle to achieve the developing country's focus on socio-economic and political

interests. In this way, climate change mitigation will be sustained due to the benefits they provide which fulfil a developing
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country’s key focus areas.
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CHAPTER 5. PRINCIPLES FOR ACHIEVING ENERGY EFFICIENCY IN
DEVELOPING COUNTRIES

This chapter presents a set of principles to achieve energy efficiency throughout the energy value chain,

maximizing financial benefit and reducing carbon emissions.

The article was published in the International Journal of Mechanical and Production Engineering

Research and Development (IJMPERD).
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INTRODUCTION

The potential for energy efficiency to simultaneously address economic development, energy security, and
environmental protection in countries around the world is well known. Energy efficiency can have even more
pronounced impacts in developing countries, where citizens need increased access to energy. utilities might struggle
to keep up with demand. and public and private capital to expand availability of energy and improve quality of
service is scarce. [1] Energy efficiency policies in Turkey increase energy security to benefit from growing
economy and reduce greenhouse gas emissions. Turkey has established a comprehensive. strategic. and legal
framework to promote energy efficiency. The energy efficiency law in Turkey has a wide coverage area. including
related regulations. These areas include increasing and supporting energy efficiency. setting up energy efficiency
consulting companies, establishing energy management systems. promoting energy efficiency investments,
increasing energy efficiency in transport and buildings. preventing the sale of inefficient devices and raising
awareness. Luxembourg implemented energy performance regulations in 2008 for residential buildings and in 2011
for non-residential buildings. These regulations establish a methodology to calculate energy performance of
buildings. to determine minimum energy requirements for new buildings, extensions and renewed elements of

existing buildings. Luxembourg is promoting the energy efficiency of buildings with the introduction of energy
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performance certificates. New Zealand’s “Smart Warming Program™ aims to increase the number of hot. dry. and energy-
efficient homes to protect patient health and prevent loss of productivity. The first “New Zealand Energy Strategy™ and the
second S-year “New Zealand Energy Efficiency and Conservation Strategy™ were published in October 2007. However,
after the National Party government was elected in 2008. both of these documents were audited. The purpose of doing this
is to present a clearer link between energy policies and economic growth. The program of energy saving targets for energy
suppliers is a central component of Ireland’s energy efficiency policy. The first “National Energy Efficiency Action Plan™

identified potential energy saving programs targeting energy suppliers in 2009. [2]

Typical initiatives in energy management to achieve energy efficiency include lighting changes to LED (light
emitting diode) technologies. lighting demand control. air-conditioning demand control. eliminating energy wastage in
engineering process plants from compressed air and steam leaks, pump and motor operations and other mechanical
equipment. Figure 1 shows the approach used by low-income residents in developed countries from a study undertaken by

the National Renewable Energy Laboratory.

# Supply-chain improvements
#» Addressing illegal connections

# Building codes and standards
#  Weatherization
» Demand-side management

# Standards and labeling

» Bulk purchasing
# On-bill financing

Figure 1: Increasing Levels of Energy-efficiency Intervention [1]

Usually energy efficiency is addressed from the point of the end user. i.e. where the energy is used for lighting.
space conditioning. refrigeration. heating needs. engineering process plants and on the efficiency of the respective
technologies. this i1s where efficiency of components such as heat exchangers. motors. pumps. etc. are the most common
choice for energy efficiency and energy conservation. Figure 2 shows a snapshot of the typical energy efficiency
improvements contained in the Energy Efficiency Baseline Report of the Department of Minerals and Energy (South
Africa). Figure 3. Figure 4 and Figure 5 are some of the energy efficiency potential identified for energy savings in the Iron
and Steel Industry. Pulp and Paper Industry and the Mining Industry. The same report also contains energy efficiency
potentials identified for the Chemical and Petrochemical Sector. the non-Metallic Minerals Sector. non-Ferrous Metals
Sector and the Textile and Textile Products Sector. It is observed that the common ground between all the energy

efficiency potentials is the “components™ identification to be energy efficient.

Energy efficiency. however. does not rely solely on the energy at point of supply to the component requiring the
energy. There are drivers that influence energy demand. This is very evident in the case of air conditioning demand. Refer
to Figure 6 and Figure 7. Energy consumption per square meter varies across geographical locations. and based on the type

of space conditioning system. Figure 7.
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Fraction of Jobs-years over a ten year period: ||
total for that Assumed note this is indicative only.
Fuel Fuel Saving | fuel payback are stated in Appendix: D,
IMeasure affected potential (industry) | economic™®? period | 1O model for industry
80% local 20% local
3% (<1%) 20002010 | 4year 700 1500
5% 1% (2%) | 20062010 | Syear 7600 -1300
2% immediately | 1year | 7500 (100% locai
8% 2%(1%) | 2002-2006 | 3year 200 200
25% | 05%(0.1%) | 20022010 | 3year 270 80
W% 01(2%) | Immediately
4% ~1%%)" | Immediatel™®
15% % ly
™ Immediately
10% Immediately
1% Immediately
13% 5% Immediatety
% Immediately
05% | Immedately
1% % Immediately
10% 1% 6-0month 4400 3200
—s, B Immediately |
efficiency Immediately
©1% system
efficency 2006-2012
INot economic
65% 1% (6%) | 20022010
0% 1% (8%) | immediately
<1% (7%) | Immediately
0% system
efficency. Immediately
5% <1% (3%) | 2002-2010%
5% <1%(1%) | 2002-2010"
15-40%
(15%)% | <1% (1%) | immediaten™
Figure 2: Summary of Easily Implemented Energy Efficiency Improvements [3]
PJ 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
Lighting 0 0 02 |03 |04 |06 |07 |07 | 08|08 )| 08| 08) 09| 09]|09
Motors 0 0 0.1 02 03 04 0.6 0.6 06 06 06 07 0.7 07 0.7
VSD 0 0 0 01|01 |02 |03]|]03|03)03)|03]03|03)]03]03
Compressed
air 0 0 02 |04 | 05 |07 | 09 | 09 | 09 1 1 1 11 14 L
Thermal
measures 0 0 54 | 111|169 | 229 | 291 | 299 | 30.7 | 317 | 326 | 335 | 343 | 352 | 36.7
Total 0 0 59 | 121|182 | 248 | 31.6 | 324 | 33.3 | 344 | 353 | 363 | 373 | 38.2 | 39.7
Figure 3: Potential Energy Savings in the Iron and Steel Industry (PJ) [3]
PJ 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
Lighting 0 0| 01| 02| 03| 04| 04| 04| 04| 04| 04| 04| 04| 04| 04
Motors 0 0| 01| 02| 03| 03| 04| 04| 04| 04| 04| 04| 04| 04| 04
vsD 0 0 0| 01| 01} 01 02| 02| 02| 02| 02| 02| 02| 02| 02
Compressed air 0 0 0| 01| 01} 01| 01 01| 01| 01| 01| 02| 02| 02| 02
Thermal measures 0 0| 16| 31| 45 6| 74| 74| 74| 75| 75| 75| 75| 76| 76
Total 0 0| 18| 37| 53| 69| 85| 85| 85 86| 86| B7| 87| 88| 88
Figure 4: Potential Energy Savings in the pulp and Paper Industry (PJ) [3]
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PJ 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
lighting gold mining 0 0| 01| 03| 04| 05| 06| 06| 06| 06| 06| 06| 06| 06| 05
lighting other mining 0 0| 01| 02| 03| 04| 05| 05| 05| 05| 05| 06| 06| 06| 06
VSD gold 0 0| 04| 01| 02| 02| 02| 02| 02| 02| 02| 02| 02| 02| 02
VSD other 0 0 of 01| 01| 02| 02| 02| 02| 02| 02| 02| 02| 02| 03
Compressed air gold 0 0| 06| 12| 17| 22| 26| 26| 26| 26| 26| 25| 25| 25| 25
Compressed air other 0 0| 05 1| 14| 19| 23| 23| 24| 24| 25| 25| 26| 26| 27
Thermal measures gold 0 o o1 01| 02| 02| 02| 02| 02| 02| 02| 02| 02| 02| 02
Thermal measures other 1] 0| 03| 06 1] 13| 17| 17| 18| 18| 19| 19 2 2] 21
motors gold mining 0 0| 03| 07 1| 14| 17| 1.7| 17| 17| 16| 16| 16| 16| 16
motors other mining 0 0| 03| 06| 09| 12| 15| 15| 15| 16| 16| 16| 1.7| 17| 17
Total 00| 00| 24| 49| 7.2| 95| 11.5| 11.5| 11.7| 11.8| 11.9| 11.9| 12.2| 12.2| 124
Figure 5: Potential Energy Savings in the Mining Sector (PJ) [3]
MJ/m?
USA.

Northeast 989.1335

Midwest 1186.733

South 917.5888

West 1069.763

South Africa 1082

Figure 6: Energy Consumption in commercial buildings in the USA [3]

Naturally Naturally ventilated AIC Standard AJC Prestige
ventilated cellular open plan
Typical Good Typical Good Typical Good Typical Good
practice practice practice practice
738 403 849 478 1454 810 2045 1253

Figure 7: Energy Consumption in Commenrcial Buildings in the UK [3]

One of the more rigorous approaches known in the South African industry over the last decade is practiced and
taught by the Industrial Energy Efficiency (IEE) Project of South Africa whose energy efficiency programme culminates in
an energy management system aligned to the Energy Management Standard (ISO 50001). This programme also
concentrates on Energy Systems Optimization (ESO) for pumps. compressors. motors. boilers and other energy intensive
plant equipment. Significant energy savings can be realized, especially if consideration for using energy effectively has not
been made before. Some of these energy savings are contained in Table V: Case Studies of Energy Efficiency from the
UNIDO EnMS Programme of the “Trends: Energy Efficiency and Energy Security” written by J Joseph and F.L Inambao.

These savings are focused on component efficiency and in some cases go into plant level energy efficiency.

To thoroughly achieve energy efficiency and capitalize on the benefits that eliminating energy wastage can bring.
one must understand both the scientific principles involved with deriving and using energy in its different forms as well as
understanding how this energy supply serves the energy demand. This value chain must be reviewed from the point of the
activities and logistics required to harvest the energy source or the supply side to how it is transformed to derive energy
and how this energy is used in the demand side of the value chain. This paper investigates energy efficiencies involved
with forms of energy of traditional fossil fuel energy sources in their conversions to serve the energy demand for various

end uses. This paper also examines satisfyving energy demand efficiently in existing energy intensive sites and proposes a
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sustainable way to transform an operational/live site towards full compliance with energy efficiency and maintaining this

energy efficiency. From these investigations. principles to promote energy efficiency are derived.

1. Deriving the three key principles for energy efficiency in Developing Countries

a. Forms of Energy

Energy exists all around us in various forms which we release through combustion or harness through carefully designed
technology using the laws of physics and chemistry. One of the most common forms of energy is chemical energy stored in
coal, oil. gas which we combust to release energy. This stored energy together with nuclear energy. elastic energy and
gravitational energy is referred to as potential energy. When the chemical energy is released through combustion. they take
the form of heat energy which through designed technology is used to turn the shafis of electrical generators. producing
electricity. This process releases thermal energy. through mechanical energy and magnetic energy. electrical energy is
released. These are forms of kinetic energy. Sound energy and light energy are also experienced in these energy

conversions. Refer to Figure 8.

Forms of Energy

<an be

energy of movement
'WWM energy is stored to
w
@I (Sound Enerp] e Energy]

energy of cbjects in metion form of energy we can hear energy stored in objects that are stretched

@@:

energy of particles moving through
e energy stored in centre of particies

Pepeictreg] T Gravatond Enerp]

- energy stored in an object when it s
enargy cuaing push or pel sbove the earth’s surface

Figure 8: Forms of Energy [4]

Coal. oil and natural gas are forms of stored energy (Chemical energy) that is then released in the form of thermal
energy in combustion of these fuels for the production of mechanical energy (the turning of a shaft within an electrical
generator from which electricity is then produced. being stepped up. transmitted over long distances. stepped down and
used for running of motors that drive pumps. lighting technologies. heat exchangers in chillers and much more. Figure 9
shows the pathways of primary energy to electricity (the most common end use today). Coal. oil and natural gas must be
extracted. processed. transported and released to produce electricity. The efficiency of the stages shown in Figure § for
China. a developing country is shown in Figure 10 for coal extraction. processing and transportation. Figure 11 for crude
oil extraction and transportation. Figure 12 for oil refinery processes and Figure 13 for natural gas extraction and

processing.
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Table 2 The unified sorocture of fuel pathways
t {primary energy ) J {zecondary ewergy (3E)) m (stage)
1 Crude coal Raw caal Feeduock production
Crude NG Raw NG Fredatock Transportation
3 Crude oil Raw ol Fue] production
1 Final coal Fuel tansportation
5 Final NG
o Dhezel
7 Gazoline
L Rezidual il
9 Electnicity

n (electneaty pathways)
Coal
NG
Ol
Wined

Hydro

Figure 9: The Unified Structure of Fuel Pathways [5]

Table 3 Efficiency of coal extraction, processing, and tx tation’
Process Efficiency (1)
Coal extraction 297%
Coal processing 297%
Coal transportation (percentage Railway: 49% (642 km)
and distance)

Barge: 26% (650 km)

Long-distance road: 30% (310 km)
Short-distance road: 100% (50 km)

Coal: 81%
Secondary energy for extraction  Electricity: 15%
and processing Diesel: 3%
NG: 1%
* The shares of portation can add up to more than 100% because

two modes of transportation can be used in senies.

Figure 10: Efficiency of Coal Extraction, processing and Transportation [5]

Table 4 Efficiency of crude oil extraction and transportation

Process

Efficiency (7)

Crude ail extraction

Crude oil transpartation

Secondary energy for
crude o1l processing

03%

Sea tanker: 50% (11000 km)
Railway: 30% (942 km)
Pipeline: 78% (440 km)
Barge: 10% (250 km)

Short-distance road: 10% (50 km)

NG: 44%
Crude oil 28%
Electricity 14%
Diesel 1%

Coal 3%
Residual oil 1%
Gasoline 1%

Figure 11: Efficiency of Crude oil Extraction and Transportation [5]
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Table 5 Efficiency of il refinery processes

Process Efficiency (1)
Gasoline refining 89.1%
Diesel refining 89.7%
Residual oil refimng 0%

Secondary energy mux for refinery  Crude ail: 69%
Refinery still gas: 10%
Coal: 9%
NG 4%
Rendual aal: 1%

Residual o1l transportation Sea tanker: 52% (7000 km)
Ralway: 50% (900 km)
Pipeline: 15% (160 km)
Barge: 10% (1200 km)

Gasoline and diesel transportation  Sea tanker: 25% (7000 km)
Railway: 50% (900 km)
Barge: 15% (1200 km)
Short-distance road: 10% (50 km)

Figure 12: Efficiency of oil Refinery Processes [5]

Table 6 Efficiency of NG extraction and processing

Process Efficiency (7)

NG extraction 06%

Secondary energy mix for NG extraction NG: 4%
Crude oil: 23%
Electricity: 14%
Diesel 1%
Coal 3%
Residual oil 1%
Gasoline 1%

NG processing 94%
Secondary energy mix for NG processing NG: 99%
Electricity: 1%

Figure 13: Efficiency of Natural Gas Extraction and Processing [5]

From these figures. it can be clearly seen that due to process inefficiencies and logistics, a fair amount of energy
cannot be recovered in the process. In the real world. certain inefficiencies are unavoidable and inevitable due to the laws
of the conservation of energy and the process of energy conversions. Within our control. however, is the how the energy is
transformed for use in the value chain. this includes the energy spent on logistics. Electricity being the preferred form of
energy since the 20 century. has revolutionized power generation. Global warming not vet acknowledged as a concern
when electricity began becoming popular. Wherever electricity was available. a device or plant was “plugged " without
consideration of limitations that this might have in the future. When Eskom. South Africa’s national electricity provider
began with its coal fired power plants. to run the plants at 100% load factor. the citizens were encouraged to “plug in”. A
few decades later. the desperate request to citizens is to now switch off as Eskom’s demand exceeded its capacity to supply
resulting in the first rolling blackouts in South Africa in 2008. To get temporal relief while a longer-term solution was
being put in place, Eskom went on energy efficiency drive to eliminate wastage within its demand. Figure 44: Energy

savings per consumer sector (left) and per technology (right) in “Trends: Energy Efficiency and Energy Security” written

www.tipre.org editor@tjpre.org

115



272 Jerusha Joseph & Freddie Inambao

by J Joseph and F.L Inambao shows the energy saving initiatives done by Eskom. Today. we find ourselves having to
relook at the way we derive energy for use and the way it is used. not just for demand and supply challenges in developing
countries like South Africa. but for the urgent need to reduce carbon emissions against the every growing need for energy

due to the effect it has on climate change.
a. The Implications of the laws of energy to derive Energy for various end uses

Since the discovery of electricity and the science behind direct and alternating current in the 20% century. humans have
largely moved away from piping natural gas and oil as fuel for light. heating and other household uses. Appliances and
industrial machines use electrical energy which is produced traditionally in a centralized power plant and distributed
throughout cities, used in households, manufacturing. We use electrical energy for almost everything in our daily lives,
whether it is for lighting. cooling. heating. motion as we find in pumps. motors. etc. The law of conservation of energy
states that energy cannot be created nor destroyed but converted from one form to another. The second law of
thermodynamics states that the entropy of an isolated system always increases. This implies that as energy is converted
from one form to another. we lose some of the energy with each conversion. leaving the amount of usable energy much

smaller in quantity.

Energy in its usable form is limited and costly to produce. thus reducing the demand for it will be the first point of
interest when it comes to ensuring energy efficiency. Reducing energy wastage in homes. engineering plants. offices.
commercial and industrial facilities saves costs and reduces carbon footprint. Understanding the energy need and then
matching the energy need with an energy source that ensures the shortest path to energy conversion is the first step in the

value chain to ensure energy efficiency.

Examining energy use from energy source to end use for coal. oil and natural gas. it can be seen that from
resource extraction from its natural state, there is a significant amount of work that must be done on the natural resource
before it is used in power plants or electrical generator to produce usable electricity. Figure 14 shows the process from

extraction of coal to its use in electricity.

MINING

£ o s E k4

Figure 14: Schematic showing the coal fuel cycle in United States, illustrating the Flow Paths and relative quantities
of coal as it moves from reserves through the various operations—inining to processing (if applicable) to transport
to utilization [6]

At each stage energy is used. i.e. energy is used by mechanical machines and vehicles to mine the raw coal

resources. energy is used for various coal preparation purposes. energy is used to transport the coal to various geographical
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locations to be used and in this case to produce electricity. This very simplified process in Figure 14 shows that before the
coal is used to produce electricity for end users. already at this stage energy has been used. Figure 15 shows the journey of
electricity generated at power stations before it reaches the end user. The electricity generated must go through

transmission (voltage step up) for travel over long distances before it is stepped down for distribution to the end user.

Electricity generation, transmission, and distribution

fransmission lines saery
powor plant .

slcincty long distancos

penerates Becroty ty distribiution §nes carry

'7"“ slecindity 10 houses
P~

N ./ \./Iiﬂ.

tranafomers on poles
3830 Cown eloctnaty
[E T — neighborhood betars R enlers
up vekiage for wransfomer sleps
ransmission dSown vatiga

Sausrn Azashed bars Matord Frws gy Febraton Doveopesart iyt (pebie drmang

Figure 15: The Journey of Generated Electricity to the End user [7]

The end user then utilizes electricity for various household. commercial and industrial uses. The electricity is used
to energize electrically powered devices such as computers, electronic, lighting and many other devices that producing heat

for cooking. water heating also powering the refrigeration and space air-conditioning processes.

From the description of the journey that raw coal takes to reach its end use. we can see the many energy
conversions in Figure 16. Figure 16 depicts some of the end uses of energy mainly found in commercial and domestic end
users. If we simplify the coal journey to focus just on the energy resource conversion into the various forms of energy
before it is finally reached its intended state for use by the end user. we get Figure 17 (heating purposes). Figure 18 (air-

conditioning). Figure 19 (Motor Driven Pumps). Figure 20 (lighting). Figure 21 (computers and control circuitry).

energy to
€ resource Lighting

. electricity used to make semiconductor
G combustion: chemical material glow! flourescent gases
potential energy to heat glowiresistance filaments glow
Raw Coal ——_"—=== Heal ——= Electricity ——"—== Heatin
b ki " electricity used to heat the elements
eat to = netic of gevsers and electrical resistance
energy in the hoatets
rotation of the ir ioni
Al | b diond shaft of an Alx F.'l.)lldil'l.olll.lg
ased to transport ? electricity used in vapour
: electrical compression chiller
prepare ||resource generator
resource

Motor Driven Pumps
electricity used to drive a motor which
im turn drives a mechanical pump

Computers & electronics
electricity used in cirenitry to power

sigmals and communication
commands

Figure 16: Coal to Energy Pathways from Natural Resource to End Use
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Energy dervied from coal for heating purposes

Coal Combustion Turbines Electrical Generator Water heating,
cooking, space

he
@emic al Potential Enerﬁ—>ﬁh ermal ‘Energ,)}-b[slet hanical Enerﬂ—{ﬂlectm‘al Energ,)}—hﬁ hermal Energyl

ks ]

v
two energy conversions between the
same energy form

Figure 18: Forms of Energy for: Energy derived from coal for air conditioning purposes

Figure 17: Forms of Energy for: Energy derived from coal for Heating Purposes

Energy dervied from coal for air conditioning purposes (vapour compression chillers)

Coal Combustion Turbines Electrical Generator Compression of refrigerant
@emﬂ Potential Ene@oﬁhemi Enorg\j--)ﬁlerhulul Energy}->{Electrical Elerﬂ--:ﬁ!e(hmul Elerg}j
L 14
b
three energy conversions between the Heal Exchange

same energy form
{3

C

Energy dervied from coal for Motor Driven Pumps

Coal Combustion Turbines Electrical Generator Pumps in process plants

@!mkal Potential Ene@—)tﬂwnﬂzl Energ_)j—-){\_lel:lnnlcil Energ--a{ﬂel:lr]cil Ener&\]—)[sh(hlllkul Em.-lg_"]

one energy conversion between the
same energy form

Figure 19: Forms of energy for: Energy derived from coal for Motor Driven Pumps
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Energy dervied from coal for Lighting Purposes

Coal Combustion Turbines Electrical Generator fluorescent,
incandescant,
LED lamps

(through gas vapour
excitation for
fluorescent lamps)
(through heating of
tungsten filament
for incandescant
lamps)
(recombination of
electrons with
electron holes in
semiconductor
material releasing
energy in the form of
photons for LED

lamps)

Figure 20: Forms of Energy for: Energy derived from coal for Lighting Purposes

NAAS Rating: 3.11

118



Principles for Achieving Energy Efficiency in Developing Countries 27,

Energy dervied from coal for powering computers and control circuitry

Coal Combustion Turbines Electrical Generator Computers and
controls circuitry

E‘lem.lnl Potential Eler@--)ﬁhemll Eler!a--:-ﬁletluiul Enerﬁ-a@lumnl Ener@--:@lutroﬂk signals)

Figure 21: Forms of Energy for: Energy derived from Coal for Powering Computers and Control Circuitry

It can be seen that for heating purposes (Figure 17) there are two energy conversions between the same energy
forms. i.e. thermal energy. In other words. coal being combusted to release thermal energy for electricity generation (via
mechanical energy) is then used to generate thermal energy via traditional geyser elements and electrical resistance heaters

which are common technologies used today.

Recall the law of conservation of energy and the second law of thermodynamics implies that there is less usable
energy for the next stage with each energy conversion. Figure 18 shows three energy conversions between the same energy
form. i.e. thermal energy for air conditioning purposes and Figure 19 shows an energy conversion between the same
energy form, i.e. mechanical energy for Motor Driven Pumps. For the technologies currently being used for lighting and
computers &control circuitry (Figure 20 and Figure 21 respectively). there are no energy conversion between the same
energy form. In this context this may be energy efficient. Using energy efficiently. i.e. getting maximum output for a given
input requires that the shortest energy conversion route. preferably with no repeats within the form of energy from its

source to the intended use.

In the current global challenge of climate change, reconsidering the source of fuel for energy is important to
reduce carbon emissions that is a significant contributor to global warming. Considering the suitable energy source (or
fuel) for deriving energy wherein it is key that energy sources available at the point of demand is considered with the least
carbon footprint and any synergies identified solves not just the global climate change challenge from carbon emissions. it
also within this process introduces energy efficiency. Recall that energy efficiency is getting the maximum energy output

for a given energy input. From these aspects, the first principle of energy efficiency is derived as follows:

Principle One: Efficiently matching the energy source and the energy need such that it is the shortest route from the
energy source to the energy end use and that its energy source is the best choice for cost effectiveness, suitably

satisfying the need and closest to zero carbon emissions.
b. Taking a wholistic approach for Efficiently Satisfving Energy demand

Now that we have dealt with the supply side of the energy value chain. we examine the demand side of the value chain. As
highlighted. much emphasis is put on the component energy efficiency. however. there are various factors before we get to

the component using the energy that significantly contribute to the magnitude of energy demand.

In providing air conditioning or HVAC (Heating. Ventilation and Air Conditioning). the energy consumption the
chiller (compressor and evaporator), cooling tower. air handling unit, associated pumps and motors (Figure 22) are the

focus of energy efficiency.
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Figure 22: HVAC System Basic components [8]

While the components in an air condition system are quite important in terms of their technology type. and the
way in which they were designed and manufactured. etc.. equally is the system wherein they serve to provide the air
conditioning cycle important. Ensuring that proper controls are in place between components and that they are working

effectively is not only important for serving the air conditioning load. but it is paramount for energy efficiency.

Taking a wider view than the system. we look at the drivers of the demand for air conditioning. The weather is an
obvious driving factor for the need of air conditioning. i.e. the need for HVAC is driven by the seasons and daily weather
which fluctuates. For humans to be comfortable. a specific air temperature and humidity is preferable at places of activity
or homes. Certain equipment such as computers, preservation of food and other processes also require a specific air
temperature and humidity control. It is true that the weather is a factor not within our control. however. the demand for air

conditioning can be reduced is one looks at the factors of building design and operations.

Examples of building design factors that affects air-conditioning design are the building orientation and
architecture. the materials of construction. insulation and other convective boundaries. the sizing of doors and windows
(fenestration). etc. Examples of building operation factors that affect air conditioning load is the operation of entrances and
exits of the air conditioning facility. ventilation demand of the facility and how this is determined and controlled. Another
factor affecting air conditioning demand is lighting load. To satisfy lighting needs. adopting LED lighting is popular and
their heat sinks are usually contained in ceiling voids. this added heat can contaminate the feedback control if the feedback
control sensor is placed such that the reading is contaminated by the heat load within the ceiling void. This causes the air
conditioning system to respond to an incorrect input of the air-conditioned space and this causes overcooling resulting in
increased energy demand. When one introduces increased skylights and other features to introduce daylight into a building.

the air conditioning load usually increases due to the conductance of glass. If all the factors listed here are considered. one
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can see that the component energy efficiency is just one aspect in the bigger picture.

If one considers energy demand for lighting, the usual inclination is to ensure that LED is the technology of
choice over fluorescent, halogen or incandescent lighting technologies. However, there are other factors involved to ensure
that lighting demand is truly efficient. In microchip manufacturing for LED lighting. there are superior designs and
materials and sub-standard types. Ensuring that the efficacy of the light. its distribution. colour temperature. colour
rendition index. LED driver efficiency. the coefficient of utilization of the lighting fixture is also examined to serve the

lighting function efficiently is critical. Some of these factors are depicted in Figure 23.

ABCDEFGH

n an Environment

Figure 23: Left [9]: Typical components of LED Technology, Right [10] LED Lighting withi

When these are overlooked. it can be that more lighting is installed due to lux levels not being met or the lighting
need not being met. Other factors that drive the need for lighting is the interior design. such as colour of wall and ceiling
paint and furnishings. height at which light is installed and whether there is a conducive space for effective heat exchange
from the heat sinks of LED lighting. Factors such as daylight and control of lighting according to demand through
occupancy sensor and variation in lighting intensity (day and night lighting demands differ).

These are just two examples (lighting and air conditioning) of energy demand where when considering energy
efficiency from a wholistic perspective, one must consider the component efficiency. the system efficiency. the factors
affecting the system and component and the factors affected by the system and component. This is depicted in Figure 24.

This then gives birth to the second principle in achieving energy efficiency.

Internal and external environmental factors affecting the
system/component and affected by the system/component

System Efficiency

Figure 24: Wholistic Approach to achieving Energy Efficiency
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Principle Two: Take a system approach when it comes to energy efficiency, this means considering the energy
consuming device or technology, the system that the device or technology is a part of as well as factors affecting the

system and factors affected by the system.
¢. Timing that supports successful and Effective Implementation of energy efficiency for an operational site

When achieving energy efficiency in an established site that is operational and thus changing over time and with multiple
stakeholders such as tenants that use or influence the site’s energy consumption, an approach that serves the need of the

energy users while achieving energy efficiency is paramount to success.

In a typical business setting, existing installed technologies that are not the best available technologies (BAT) on
the commercial market. needs to be changed and where the capacity of the site is being expanded with the adoption of new
buildings and facilities. there arises a need for an approach that will ensure that the new capacity is aligned to energy
efficient practices in best available technologies and designs while ensuring that existing technologies are either being
retrofitted (typically where it makes business sense) or with replacement cycles (when these technologies have reached the

end of their lifespan) where they must be replaced.

It is the tendency of management. statf. consultants and design engineers of employing the same technologies and
designs across a site and thus to ensure that preferred energy efficient technologies and designs are adopted when replacing
old technologies and installing new capacity. a “Standards and Guidelines for Energy Efficiency™ document must be
drafted. approved and adopted as a company policy. This “Standards and Guidelines for Energy Efficiency” document
must cover preferred technologies for all significant energy using device types. system types and preferred designs that will
apply when new buildings and facilities are constructed. Where tenants occupy. fit out and maintain a space onsite. energy
efficiency obligations must be included in tenant lease agreements and these obligations must be audited for compliance. It
may be difficult to include energy efficiency obligations in an existing lease that has not been agreed upon when the lease
was signed. In cases like this. the landlord can attempt to get buy-in for energy efficiency and upon renewal of the lease or

when a new tenant occupies the space, energy efficiency obligations can be enforced.

This approach ensures that in an expected space of time, typically when the end of the replacement cycle of
infrastructure has expired. and when the current round of all tenant lease agreements have expired. all components and
systems will be transformed to be energy efficient. Figure 25 captures this approach to transitioning an established and

operational site towards compliance with energy efficiency.
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Site’s New Energy (kWh) loads
being added to the existing site

Derive the
site’s
Roadmaps to
"_i'_ achieving
Energy
Efficiency

Site’s Existing Energy (kWh) consumption

Figure 25: Approach to Transitioning an established and operational site towards Energy Efficiency

To secure the execution of all the initiatives identified over the time required to transition the site towards energy
efficiency. derive a roadmap to energy efficiency for the site that can be tracked and used for auditing the compliance

towards energy efficiency. The third principle to achieve energy efficiency is as follows.

Principle Three: Ensure that the approach to implementation of energy efficiency meets business
imperatives and supports operations, deriving “Standards and Guidelines for Energy Efficiency”, including energy
efficiency obligations in tenant lease agreements as well as embedding energy efficient culture in operations and
business functions, transforming the existing stock to best available technology, including all these initiatives in the

site’s roadmap to energy efficiency.

To achieve these three principles to achieve energy efficiency. there are factors that must be investigated and

established for the site concerned.
2. Key Factors to Successfully applyving the principles of Energy Efficiency for an existing site

To apply the principles of energy efficiency successfully as outlined here. one must have knowledge of the site’s energy
consumption. It is imperative to know the quantity of energy demand and identify drivers for the energy consumption. This
will allow determination of whether energy consumption is controlled or out of order. so that action can be taken
accordingly to restore order or bring clarity around the energy consumption of the site such that it is predictable. Knowing
the technologies that make up the energy demand including their contribution to the total energy demand is imperative to
allow focus of effort. investment. and policy to achieve energy efficiency. It is also key to understand and consider the
organization that owns the site. their culture, financial imperatives. business focus. technical acumen of operational and

engineering staff.

In summary. the following key factors are vital in preparation for applying the principles of energy efficiency:
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31 Know the energy consumption of the site:
(a) Identify drivers of energy consumption of the site
(b) Identify the baseload energy demand of the site
(c) Identify the significant energy users of the site (technical) making up over 70% of the site

This can be particularly challenging where large sites that lack sub-metering are concerned. Rendering a site even

more complex is when there are multiple stakeholders utilizing energy in the case of landlord and tenants are concerned
3.2 Know the significant energy using technologies installed at the site together with the installation context

(a) Lighting technologies (CFLs, halogens)

(b) HVAC (heating or no heating) — put in emails of the visits from each airport in the next paper
(c) Steel and glass structures with three “triple volume™
3.3 Know the site’s management/organization’s appetite for the implementation of energy efficiency
(a) Company culture and business focus
(b) Financial aspects such as return on investment. feasibility. internal rate of return
(c) Technical aspects such as maintenance support for the technology and the ability of internal staff to

operate the technology
3. CONCLUSIONS

Addressing energy efficiency in developing countries goes beyond component optimization or optimization of the system
that the component forms a part of. it involves looking at the entire value chain from where energy is derived. including
reviewing the energy source itself especially in the context of global warming due to increasing carbon emissions from
traditional fossil fuel energy sources. The approach to energy efficiency when addressing the demand side. must be from a

component, to system that the component operates within and the drivers of the system’s energy consumption.

To ensure that energy efficiency is achieved for a living site. it is vital to chart a roadmap to energy efficiency that

ensures:
* 1o mefficient energy loads are added to the site’s energy grid.
® tenants occupying space on site comply with energy efficiency obligations
e  existing technologies consuming energy are migrated towards best available technology and
e energy efficient culture is embedded in the business and its processes.

To apply these principles to achieve energy efficiency. it is important that the quantity of energy consumed at the
respective site. the significant energy using technologies as well as their contribution to the total energy consumption is
known. This will allow focus for efforts, policies, development of “Standards and Guidelines for Energy Efficiency”™ and
which tenants will need audits towards compliance with energy efficiency. Understanding what motivates the business and

the culture of the owners of the site will guide the nature of interventions to be motivated for successfully applying energy
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efficiency. Investigating these factors will allow the application of the principles for achieving energy efficiency resulting

i an energy efficient site within a defined duration of time.
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CHAPTER 6. ENERGY CONSUMPTION AND ENERGY EFFICIENCY OF
AIRPORTS: A CASE STUDY OF AIRPORTS IN SOUTH AFRICA

The chapter presents an investigation of the site energy consumption of the nine ACSA airports,
analysing the typical facilities installed at the airports to establish the drivers of the energy consumption,
quantify the base load energy consumption, and identify significant energy users constituting more than

70 % of the site’s total energy consumption.
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1. INTRODUCTION

During the 20th century. the age when electricity became the preferred and popular choice for a source of energy for
commercial, domestic and even industrial uses. whether derived from coal. oil or natural gas. not much consideration was
given to energy efficiency. Energy efficiency is universally defined as getting the maximum output or benefit for a given
energy input. Reducing energy wastage is often coupled with energy efficiency. Reducing energy wastage is not just about
cost saving: in the bigger picture it allows for decreasing the rate of growth of energy demand considering the ever-

growing human population and increase in urbanization in developing countries.

Three key factors point towards the potential for energy efficiency projects in the context of the Clean
Development Mechanism:

* High growth mn energy demand is forecast for developing countries. with electricity use expected to increase
significantly in the future.

e The most cost-effective energy efficiency projects tend to be those implemented as part ofnew construction or
major facility modification efforts and these types of projects are projected to be significant in developing

countries.

*  Most developing countries did not participate in the wave of energy efficiency investment that occurred (mostly in
OECD countries) after the oil price shocks of the 1970s and 1980s. Consequently. there are still numerous

opportunities to increase energy efficiency in developing countries (as well as in countries with economies in
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transition) [1]

Only a few developing countries have undergone the end-use profiling of energy demand that allows for the
successful planning of energy efficiency projects. Independent of the value this information might have for establishing
baselines. national end-use energy analyses will be critical to the identification of cost effective. high-impact energy

efficiency projects that might be implemented in developing countries[1].

Nearly all OECD countries have seen substantial improvements in the efficiency of their energy using equipment
in the past two decades. As a result. they have established markets for energy-efficient products and services with
personnel trained in the installation and maintenance of high-efficiency equipment [1].The oil price shocks of the 1970s
highlighted the economic benefits of energy efficiency and developed countries had the capital resources required to make
energy efficiency investments. In contrast. the energy efficiency wave of the 1970s largely bypassed developing countries.
where national governments lacked the institutional capabilities to implement and promote energy efficiency policies [1].
Today (and in the foreseeable future). new market drivers are expanding the energy efficiency sector in developing

countries. Some key trends in the energy efficiency sector include:

¢  Subsidy removal. In recent years, many developing countries have begun to decrease or remove energy subsidies.

This makes the true cost of energy more apparent to end-users and increases the incentives for efficiency.

e Restructuring and privatisation. Restructuring of the electricity sector is typically undertaken to open the power
sector to competition and encourage outside investment. In the course of restructuring. many countries are
privatising their state-owned utilities and major industries, which generally increases the pressure on companies to

cut costs and increase efficiency.

¢ Demand-side management (DSM). Governments struggling with power supply problems. brown outs. black outs
and increasing electricity demand. often encourage energy efficiency through DSM. DSM is viewed as a means of

implementing load management and energy conservation initiatives to mitigate these problems.

¢ Construction boom. Economic growth in developing countries has led to a construction boom. expanding the
demand for greenfield energy efficiency projects. specifically those related to building envelope and control

technologies.

e Environmental concerns. A growing interest in energy efficiency is coming from the threat local and global

environmental problems, including global climate change and concemns for resource scarcity [1].

Increased energy efficiency is one of the highlighted objectives in the European strategy for smart. sustamnable. and
inclusive growth. Improving energy efficiency in energy-intensive industry is thus becoming increasingly important. From
an industrial perspective. improved energy efficiency is recognized as providing several direct economic benefits. apart
from indirect benefits such as increased competitiveness and higher productivity. Energy costs for European energy-
intensive foundry industries represent about 5 % to 15% of the added value. Two main means of reducing energy costs can
be identified. First, enterprises can apply supply side management. e.g. through investments in new electricity production
or negotiating lower prices with their energy suppliers. Second. enterprises can apply demand side management. e.g. adopt
energy management practices at plant level within four principal areas: energy-efficient technologies. load management.

energy conversion. and encouraging more energy-efficient behaviour (energy conservation). Energy management has

Impact Factor (JCC): 9.6246 NAAS Rating: 3.11
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received increased attention in regard to policy formulation. both in the form of Long-Term Agreements (LTA) and
Voluntary Agreements (VA). Moreover. standards for energy management have been set internationally. e.g. the ISO
50001. Recent research shows that when adoption of energy saving technology goes hand-in-hand with energy

management practices the energy efficiency potential is higher [2].

To establish the focus of technologies for energy efficiency initiatives and energy management programmes, it is
important to know the site’s energy consumption in terms of its drivers, its base load and the significant energy users of the
site up to at least 70%. These key factors were investigated and established for nine airports in South Africa. namely. OR
Tambo International Airport in Gauteng. Cape Town International Airport in the Western Cape. King Shaka International
Airport in Durban, Port Elizabeth International Airport. East London Airport, Bram Fischer International Airport in
Bloemfontein. George Airport, Upington Intemational Airport. Kimberley Airport. These nine airports are owned and
operated by Airports Company South Africa.

2. INVESTIGATING THE ENERGY CONSUMPTION OF NINE AIRPORTS IN SOUTH AFRICA

2.1 Describing the nine air portsin the case study

Airports Company South Africa (ACSA) was formed in 1993 as a public company under the Awrports Act (No. 44 of
1993) and. although majority owned (74.6%) by the South African Government. is legally and financially autonomous and
operates under commercial law. Over the years. the company has transformed a fragmented infrastructural parastatal into a
focused. customer driven. efficient and commercially successful business. whose airports have become critical success
factors in the Brand South Africa campaign. The company has the South African Government through the Department of
Transport as a major shareholder and is thus regarded as a state-owned company (SOC) in terms of the Public Finance
Management Act (PFMA). The company owns and manages a network of nine airports in South Africa. including the three
main international gateways of O.R. Tambo International. Cape Town International and King Shaka International Airports.
Other airports in the Airports Company South Africa network are Port Elizabeth International Airport. East London
Airport. Bram Fischer International Airport in Bloemfontein, George Airport, Upington International Airport and
Kimberley Airport. These nine airports operated and owned by ACSA facilitated the movement of 42 million passengers
and about 380,208 tonnes of cargo between 1 April 2018 and 31 March 2019.

While the airports’ passenger numbers pre-COVID-19 pandemic (and global lockdown). have been steadily
increasing. their energy consumption has been steadily decreasing. Even with construction activities over the years
depicted in Figure 1. the electricity consumption of the airports has been decreasing. Figure 1 depicts actual electricity
consumption numbers from the national electricity grid as well as the yield of solar photovoltaic (PV) plants as per their

beneficial operation dates as outlined in Table 1. The reduction in grid electricity consumption can be seen in Figure 2.

W ipre.org editor@itjpre.org

129



208

Jerusha Joseph® & Freddie L. Inambao

ACSA Group of Airports Total Electricity Consumption
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Figure 1: 6-year view of ACSA’s Nine Airports Total Electricity Consumption
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Figure 2: 6-Year View of ACSA’s Nine Airports Electricity Consumption from the National Electricity Grid
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Table 1: Airports” Solar Photovoltaic Plant Installations
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George Airport 750kWp October 2015
Kimberley Airport 500kWp May 2016
Upington Intemnational Airport 500kWp May 2016
Bram Fischer International Airport 750kWp December 2018
Port Elizabeth International Airport 1IMWp July 2019

The percentage contribution of each airport to the total energy consumption for the period 1 April 2019 to 31

March 2020 (FY2019/20) can be seen in Fig.3, the ratio of solar PV yield to electricity consumption from the grid is in

Figure 4.
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Figure 3: Airport split in Electricity Consumption
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Figure 4: Solar PV and National Electricity Grid Split

The energy reduction of the airports differs annually, this is due to project execution timing and organizational

dynamics involved in the execution. Making a business case is key to ensuring that a project is approved for funding. To

determine where energy efficiency efforts should be focussed. it is imperative to understand where most of the energy is

consumed. Table 2 shows the typical facilities at the airports.
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O R Tambo
International

Airport

Table 2: Airports facilities

Passenger Termunal Buildings and passenger boarding
bridges that include commercial and retail stores,
restaurants. baggage handling facilities, waste sorting areas.
sewage sumps. water storage tanks, HVAC plants. Aprons
(parking bays for aircraft). air traffic control tower. radar
towers. cargo terminal building, aircraft hangers with
maintenance and repairs, fire fighting facilities, Jet Al fuel
storage and hydrant network. runways. taxiways. Three
hotels. car rental facilities and wash bays, car parking lots,
office  buildings. warchouses. cold storage rooms.
maintenance storage and stock rooms, bus staging areas,
vehicle fuelling stations.

Jerusha Joseph® & Freddie L. Inambao

16 MVA

Cape Town
International

Aurport

Passenger terminal buildings and passenger boarding
bridges that mclude commercial and retail stores.
restaurants. baggage handling facilities, waste sorting areas,
sewage sumps. water storage tanks, HVAC plants. Aprons
(parking bays for aircraft), air traffic control tower, radar
towers, cargo terminal building. aircraft hangers with
maintenance and repairs, fire fighting facilities, Jet Al fuel
storage and hydrant network. runways, taxiways.One hotel,
car rental facilities and wash bays. car parking lots. office
buildings. warchouses. cold storage rooms. maintenance
storage and stock rooms. bus staging areas. vehicle fuelling
stations.

10.5 MVA

King Shaka
International
Airport

Passenger termunal buwldings and passenger boarding
bridges that include commercial and retail stores.
restaurants. baggage handling facilities, waste sorting areas.
sewage sumps. water storage tanks, HVAC plants. Aprons
(parking bays for aircraft). air traffic control tower, radar
towers, cargo terminal building. aircraft hangers with
maintenance and repairs, fire fighting facilities. Jet Al fuel
storage and hydrant network. runways. taxiways. Car rental
facilities and wash bays. car parking lots. office buildings.
cold storage rooms, maintenance storage rooms. bus staging
areas, vehicle fuelling stations.

5.7TMVA

Port
Elizabeth

International

Airport

Passenger terminal building that includes retail stores,
restaurants. luggage conveyor belts, waste sorting area.
water storage tanks, HVAC plant. Aprons (parking bays for
aircraft), air traffic control tower. radar tower. fire fighting
facilities, Jet Al fuel storage and hydrant network. runways.
taxiways. car rental facilities and wash bays, car parking
lots. office buildings.

1.24 MVA

East London
Airport

Passenger terminal building that includes restaurants,
baggage conveyor belts, waste sorting area. office areas,
HVAC plant. Aprons (parking bays for aircraft). air traffic
control tower, radar tower, fire fighting facilities, Jet Al fuel
storage tank, runways, taxiways. Car rental facilities and
wash bays. car parking lots. office building.

0.8 MVA

Bram
Fischer
International
Airport

Passenger terminal buildings that include restaurants,
baggage conveyor belts, waste sorting area, water storage
tanks, HVAC plant. Aprons (parking bays for aircraft). air
traffic control tower. radar tower. fire fighting facilities. Jet
Al fuel storage and hydrant network. runways, taxiways.
Hospital. car rental facilities and wash bays. car parking lot,
office building.

0.66 MVA

Impact Factor (JCC): 9.6246

NAAS Rating: 3.11
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George
Airport

Passenger terminal building that includes restaurants,
baggage conveyor belts, waste sorting area, HVAC plant.
Aprons (parking bays for aircraft). air traffic control tower,
radar tower, fire fighting facilities, Jet Al fuel storage tank,
runway. taxiways. Car rental facilities and wash bays. car
parking lots. office building.

0.7 MVA

Upington
International

Airport

Passenger terminal building that includes restaurants,
baggage conveyor belt and carousel, water storage tank,
HVAC packaged plant. Aprons (parking bays for aircraft),
air traffic control tower, radar tower, fire fighting facilities,
Jet Al fuel storage tank, runways. taxiways. Car rental
facilities and wash bays. car parking lot, office building.

0.33 MVA

Kimberley
Airport

Passenger terminal building that includes a cafe, baggage
conveyor belt and carousel. HVAC decentralized units.
Aprons (parking bays for aircraft). air traffic control tower,
radar tower, fire fighting facilities, Jet Al fuel storage tank,
runways, taxiways. Car rental facilities and wash bays, car
parking lot, office building.

0.3 MVA

2.2 Determining Drivers of Energy Consumption at the Nine Airports in the Case Study

The common misconception is that passenger numbers at airports drive the airports’ energy consumption. This can be

easily tested using the airports’ passenger throughput and energy consumption data. Figure 5 to Figure 13 shows the

airports’ regression analysis of energy consumption against their passenger numbers for a period of 12 months from 1

April 2019 to 31 March 2020.

www.lipre.org
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Figure 5: OR Tambo International Airport’s (ORTIA) Energy Consumption
Regression Analysis for Passenger Numbers
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CTIA total passengers Line Fit Plot
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Figure 6: Cape Town International Airport’s (CTIA) Energy Consumption Regression

Analysis for Passenger Numbers

Figure 5 shows that the correlation of OR Tambo International Airport’s (ORTIA s)energy consumption with passenger
numbers is not strong. The R? value is 0.4066 which means that 40% of the time there is a correlation between energy
consumption and passenger numbers. The slope shows energy consumption increases when passenger number increase, but
due to the weak correlation, passenger numbers are not a driver for the airport’s energy consumption. Figure 6 shows that
there is a weak correlation between Cape Town International Airport’s (CTIA’s) energy consumption and passenger
numbers (43.39%. R? = 0.4339).and for these instances. At these times there is an increase in energy consumption with

passenger numbers increase, but due to the weak correlation, passenger numbers are not a driver for the airport’s energy

consumption.
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Figure 7: KingShaka International Airport’s (KSIA) Energy Consumption
Regression Analysis for Passenger Numbers
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Figure 8: Port Elizabeth International Airport’s (PEIA) Energy Consumption

Regression Analysis for Passenger Numbers
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Figure 7 shows that for King Shaka International Airport (KSIA), there is almost no correlation (3.19%, R? = 0.319)

between its energy consumption and passenger numbers, in fact the slope is negative, i.e. there is an energy consumption

decrease with passenger number increase. Thus, passenger numbers are not a driver for the airport’s energy consumption.

Figure 8 shows that for Port Elizabeth International Airport (PEIA) there is 0.3% (R? = 0.003) correlation between energy

consumption and passenger numbers. The slope 1s almost a vertical line, 1.¢. there 1s no increase in energy consumption

with passenger numbers. Thus, passenger numbers are not a driver for the airport’s energy consumption.
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Figure 9: East London Airport’s (EL Airport)Energy Consumption Regression Analysis for Passenger Numbers
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BFIA total passengers Line Fit Plot
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Figure 10: Bram Fischer International Airport’s(BFIA) Energy Consumption

Regression Analysis for Passenger Number

Figure 9 shows a weak correlation of 12.3% (R2 = 0.123) between East London (EL)Airport’s energy consumption and

passenger numbers. The graph shows a negative slope meaning that energy consumption decreases when passenger

numbers increase. Due to this weak correlation, passenger numbers are not a driver for the airport’s energy consumption.

Figure 10 shows that Bram Fischer International Airport’s (BFIA’s) energy consumption has almost no correlation (0.02%.

R? = 0.0002) with its passenger numbers. From the slope of the graph. energy consumption decreases when passenger

numbers increase. Due to the weak correlation, passenger numbers are not a driver for the airport’s energy consumption.
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Impact Factor (JCC): 9.6246

Figure 11: George Airport’s (GG Airport) Energy Consumption
Regression Analysis for Passenger Numbers
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UPIA total passengers Line Fit Plot
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Figure 12: Upington International Airport’s (UPIA) Energy Consumption
Regression Analysis for Passenger Numbers

George (GG) Airport’s energy consumption correlation with passenger numbers shown in Fig. 11 shows almost
no correlation (0.08%. R? = 0.0008). The slope is also close to zero. showing that there is no real increase or decrease of
energy consumption with passenger numbers increase. The very weak correlation shows that passenger numbers is not a
driver of the airport’s energy consumption. Figure 12 shows that Upington International Airport’s (UPIA’s) energy
consumption has 11.54% (R? = 0.1154) correlation with passenger numbers. The slope of the graph indicates that energy
consumption decreases when passenger numbers increase. Due to the weak correlation passenger numbers are not a driver

of energy consumption.
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Figure 13: Kimberley Airport’s (KIM airport) Energy Consumption Regression Analysis for Passenger Numbers
Figure 13 shows that KIM airport’s energy consumption does not have much correlation (0.63%, R? = 0.0063)

with passenger numbers. The negative slope indicates that the energy consumption decreases with passenger number

increase. Due to the low correlation. passenger numbers are not a driver for the airport’s energy consumption.

It can be seen from these graphs that there is no correlation of passenger numbers with energy consumption. The
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R? values of the regression analysis for all these airports are significantly below 1. This also implies that an increase in
passenger numbers does not mean an increase in energy consumption and the converse is true, i.e.. if passenger numbers
decrease. this does not mean that energy consumption will linearly decrease. This means that greater occupancy does not

have a significant effect on energy consumption.

The regression-based approach is the most rigorous approach and can provide the most accurate results when
applied effectively. This approach utilizes regression analysis to provide normalized facility-level energy consumption and
annual and total changes in energy intensities that account for the effects of variables such as changes in production and
weather. This provides facility and corporate energy managers with a better window into how they use energy at the

facility, and whether their energy management efforts are succeeding [3].

Due to the large capacity of centralized HVAC systems at airports, the weather is another possible driver that can be
tested for correlation. KSIA and CTIA only have cooling functions in their centralized HVAC systems. therefore their
regression analyses will only be using cooling degree days (CDD) while the rest of the airports will have a summation of
cooling and heating degree daysor degree days (CDD + HDD or DD). Refer to Figures 14 to 22.
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Figure 14: OR Tambo International Airport’s(ORTIA) Energy Consumption Regression Analysis for the weather
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Figure 15: Cape Town International Airport’s
(CTIA) Energy Consumption Regression Analysis for the Weather
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Figure 14 shows that ORTIA’s energy consumption has 15.62% (R? = 0.1562) correlation with the need for space
heating and cooling as provided by its HVAC system. This is a weak correlation and its slope being positive indicates that
energy consumption increases with the need for HVAC. The weather, however, is not a driver of ORTIA energy
consumption. Figure 15 shows that there is a 32.17% (R? = 0.3217) correlation between CTIA’s energy consumption and
need for space cooling. The slope of the graph indicates that the energy consumption increases with the need for space

cooling. The weather is not a driver for CTIA’s energy consumption as the R2value is low.

KSIA Cooling Degree Days Line Fit
4,000,000 Plot
3,000,000 - M‘
£ 2,000,000 -
g A y=3757.3x+2E+06
1,000,000 - R2=0.8272
0 50 100 150 200
Cooling Degree Days

Figure 16: King Shaka International Airport’s (KSIA) Energy Consumption
Regression Analysisfor the weather
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Figure 17: Port Elizabeth International Airport’s (PEIA) Energy Consumption Regression

Analysis for the weather

Figure 16 shows a definite and strong correlation (82.72%. R2 = 0.8272) between KSIA's energy consumption

with the need for space cooling. There is a direct relationship. 1.e. energy consumption increases with the need for space
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cooling. Due to the high R? value. the need for space cooling (weather) is a driver of KSIA’s energy consumption. PEIA’s
energy consumption has a 32.94%, R? = 0.3294) correlation with the need for space cooling and heating, and the slope of
the graph (Figure 17) shows that energy consumption increases with the demand for HVAC. The low R? value. however.

shows that the need for space cooling and heating is not a driver of the airport’s energy consumption.
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Figure 18: East London (EL) Airport’s Energy Consumption
Regression Analysis for the Weather
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Figure 19: Bram Fischer International Airport’s (BFIA) Energy Consumption
Regression Analysis for the weather

Figure 18 shows that there is a weak correlation (33.93%. R? = 0.3393) of EL Airport’s energy consumption with
the need for space cooling and heating. The positive slope indicates that energy consumption increases with the need for
space cooling and heating. Space cooling and heating is not a driver of the airport’s energy consumption due to the low R?
value, Figure 19 shows that there is a 0.33%(R2 = 0.0033) correlation between BFIA’s energy consumption and the need
for space heating and cooling. The slope of the graph is positive indicating that energy consumption increases with the
need for space heating and cooling. However, space heating and cooling is not a driver of the airport’s energy consumption

due to the very weak R? value.
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Figure 20: George Airport’s (GG Airport’s) Energy Consumption
Regression Analysis for the Weather
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Figure 21: Upington International Airport’s (UPIA)Energy Consumption Regression Analysis for theWeather

Figure 20 shows GG airport’s energy consumption has a weak correlation (1.53%. R? = 0.0153) with the need for

space heating and cooling. The positive slope indicates that energy consumption increases with the need for space heating

and cooling. The need for space heating and cooling is not a driver of the airport’s energy consumption due to the low R2

value. Figure 21 shows UPIA’s energy consumption has a 25.42 % (R? = 0.2542) correlation with the need for space

heating and cooling. The positive slope indicates that energy consumption increases with the need for space heating and

cooling. However. space heating and cooling is not a driver for the airport’s energy consumption due to the low R? value.
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Figure 22: Kimberley Airport’s (KIM Airport’s)Energy Consumption Regression Analysis for the weather

Figure 22 shows that KIM airport’s energy consumption has a weak correlation with the need for space heating
and cooling (21.52 %. R? = 0.2152). The positive slope indicates that energy consumption increases with the need for
space heating and cooling. The need for space heating and cooling is not a driver of the airport’s energy consumption due

to the low R? value.

When reviewing the regression analysis of the weather. one can see that KSIA has the most significant correlation
to cooling degree days (R? = 0.8) compared to the rest of the airports in the group. King Shaka International Airport has the
newest technology and control systems for their HVAC system.

The general conclusion in energy management when there are no identifiable, clear drivers for energy
consumption, is that the energy consumption is not predictable and in some cases is interpreted to be ‘out of control’.
Being an operational site where many tenants and other stakeholders use energy on the site and join and leave the site
without any conscious monitoring of this process from an energy perspective, it is difficult to predict future monthly
energy consumption. so one can say the situation is ‘out of control’ in this regard. When activity and routine is fairly
constant or changes are negligible in the context of the total load, it may seem that the energy consumption is predictable
and when energy saving projects are undertaken. one can see the difference in the total figures as can be seen in Figurel in
the energy savings for the airports over the last 5 years. For example, if a Measurement and Verification (M&V) exercise
for an energy saving project were to be executed, one will realize that the impact of the energy savings could be
significantly reduced in the total energy context caused by unaccounted for increases in electrical loads. The converse is
also true in that it could be that no concerted effort has been made to save energy. however, the airports in general reflect
energy saving. For the ACSA group of airports, both cases were observed, however, the reduction in energy consumption

is largely due to energy saving projects being undertaken over the years.

Figure 23, Figure 24, Figure 25 and Figure 26 show 30-minute interval electricity demand profiles for 4 days of
the year in different seasons for OR Tambo International Airport and Figure 27, Figure 28, Figure 29 and Figure. 30 for
Cape Town International Airport.
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Figure 23: ORTIA 24-hour demand in 30-minute Intervals for the 2° July 2019
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Figure 24: ORTIA 24-hour demand in 30-minute Intervals for the 17% April 2019
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Figure 25: ORTIA 24-hour demand in 30-minute Intervals for the 7% October 2019
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Figure 26: ORTIA 24-hour demand in 30-minute intervals for the 6 January 2020

In Figure 23, for ORTIA for the 2™ July 2019, the maximum electrical demand is 15.5MVA. the minimum

electrical demand and base load is 11.5MVA, which is 74% of the total electrical load. The green bars show the off-peak
electricity tariff period, the red bars show the peak electricity tariff period and the yellow bars show the standard electricity
tariff period. In Figure 24. the maximum electrical demand is 15MVA. the minimum electrical demand and base load is
11.5MVA, which is around 76% of the total electrical load. Similarly, for the 7% October 2019 (Figure). the maximum
electrical demand is 14.1IMVA, the minimum electrical demand and baseload is 10.3MVA, 73% of the total electrical
demand and for the 6% January 2020 (Figure 26). the maximum electrical demand is 15MVA, the electrical demand and

baseload 1s 11IMVA. 73% of the total electrical load. A similar pattern can be observed for CTIAin the following figures.
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CTIA Electrical Demand for the 17th April 2019 in 30-minute intervals
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Figure 27: CTIA 24-hour demand in 30-minute intervals for the 17% April 2019
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Figure 28: CTIA 24-hour demand in 30-minute intervals for the 2 July 2019

CTIA Electrical Demand for the 7th October 2019 in 30-minute

intervals
7000
< 6000
-
= 5000
2 4000
5
2 3000
2 2000
k=
3 1000
T
EEEREEEEEREEEEERRERgERERERgEEE
ST dAFidrdeg _deITusexesaqn
— e rm e om o o o oem om0 NN
Time of day

Figure 29: CTIA 24-hour demand in 30-minute intervals for the 7 October 2019
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CTIA Electrical Demand for the 6th January 2020 in 30-minute
intervals
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Figure 30: CTIA 24-hour demand in 30-minute intervals for the 6™ January 2020

In Figure 27, for CTIA on the 17" April 2019, the maximum electrical demand is 7MVA, the minimum electrical
demand and baseload is 4.2MVA, which is 60% of the total electrical load. In Figure 28, for CTIA on the 2* July 2019, the
maximum electrical demand is 6. 3MVA, the minimum electrical demand and baseload is 3.5MVA, which is around 55%
of the total electrical load. Similarly. for the 7® October 2019 (Figure 29). the maximum electrical demand is 6.4MVA. the
minimum electrical demand and baseload is 3.5MVA, 54% of the total electrical demand and for the 6® January 2020
(Figure 30), the maximum electrical demand is 7TMVA, the electrical demand and baseload is 4.3MVA, 61% of the total

electrical load.

The maximum demand and baseload for each airport varies everyday, what was presented here is just a sample of
the results and was not meant to show the highest or lowest electrical demands, but to demonstrate the baseload percentage
of the total electrical load. Daily electrical demand profiles for the other airports are not available, however, due to the
similarity in design. facilities installed and operations of the airports, the electrical energy consumption profile patterns can

be inferred to be similar. These electrical demand profiles tell us that airports have a large baseload, at least 50%.
2.3 Determining and quantifying significant energy users for airports

From an investigation conducted at King Shaka International Airport in 2013 to determine the airport’s significant energy
users, the lighting energy consumption was measured at the electrical distribution boards during the day and at night. From
the readings. it can be seen that lighting is the most significant energy user, taking up around 61% of the total airport load

during the day and around 69% during the night as shown in Figure 31 and Figure 32 respectively.
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Daytime lighting electrical loads of various facilities versus the proportion of daytime non-lighting electrical load
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Figure 31: King Shaka International Airport daytime lighting load versus non-lighting load [4]
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Figure 32: King Shaka International Airport night llghlmg load versus non-lighting load [4)]

A similar study was conducted for KSIA's air-conditioning load and it was shown that the primary air
conditioning plant electrical load makes up at least 19% of KSIA’s total load. as shown in Figure 33. Figure 34 shows the
split in energy consumption of the chillers. cooling towers, and the various sets of pumps. Chillers take up 41% of the
energy requirement. followed by cooling towers (21%) and the rest are split between the pumps. This means that chiller

load is around 8% of the total airport electricity load.
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Figure 33: King Shaka International Airport’s HVAC Electricity Load and the Total Electricity Load [5]

KING SHAKA INTERNATIONAL AIRPORT
SUMMARY OF PRIMARY CHILLER PLANT ENERGY USAGE
® PRIMARY CONDENSOM TERTIARY CHILLED WATER

WATER PUMPS PUMPS
W SECONDARY CONDENSOR 7% 1%
WATER PUMPS .
8%

J PRIMARY CHILLED WATER
PUMPS
8%

Figure 34: KSIA Chiller Plant Energy Usage Split [5]

Due to the facilities being very similar for the airports as can be seen in Table 2. it is estimated that lighting makes

up at least 50% of an airport’s total load for the international airports (ORTIA. CTIA. KSIA) and at least 60% for regional
airports (PEIA. EL. BFIA. GG, UPIA. KIM) due to their lack of full baggage handling systems and large onsite HVAC

plants. Air conditioning can make up around 20% to 30% of an airport’s electricity consumption depending on whether the

airport provides heating as well as cooling. The airports also incorporate a significant motor and pump load due to the

various systems such as wastewater systems, Jet Al fuel systems, baggage handling systems. fire-fighting systems. potable
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water systems. irrigation systems. etc. Motors also drive large fans for fire compliance extraction systems and compliance

with building ventilation.

In summary. the significant energy users are lighting (around 50%). HVAC (around 30%). and there are also a
significant number of pumps. motors and fans within the airport facilities. Achieving energy efficiency requires a focus on
the significant energy users. i.e. lighting. HVAC. pumps. motors and fans. It will be beneficial too to address the
architecture of new buildings. their envelope and determining the energy sources that will serve their energy demand as

these factors also drive the energy demand of the significant energy users.
3. CONCLUSIONS

This study has established that passenger numbers are not drivers for energy consumption for any airport. KSIA's
energy consumption showed an 82% correlation with the cooling degree days (CDD). KSIA has the newest air

conditioning system (11 years old) in the group and is the best maintained when compared to the other airports.

As seen with the daily electricity demand profiles for ORTIA and CTIA. baseload energy consumption is at least
50% of the total energy consumption. With the services being very similar from airport to airport. it can be inferred that the
baseload energy consumption is at least over 50% for each airport. Airports generally by design have high baseloads due to
the lighting load of runways and the requirement that they be on at all times during operational hours and due to the
general design of the terminal buildings and other facilities which are leased to various external tenants. This makes it
extremely difficult to control and standardize lighting technologies and control. Due to the double and triple (“triple
volume™) glass and steel structure design of terminal buildings. the aiwr conditioning load is significant and demand is
driven by weather conditions and not as a result of the number of people within the building. It is evident from the energy
consumption of KSIA that lighting is a significant energy user taking up at least 61% of the airport’s energy consumption

in the day and 69% at night. while air conditioning takes up 19% of the total energy consumption.

Due to facilities across the airports being similar. including designs and operations. it can be concluded that the
significant energy consuming items are related to lighting which takes up at least 50% of an airports’ energy consumption.
and air conditioning which can take up to between 20 % and 30% of an airport’s energy consumption. depending on
whether the airport’s air conditioning system also provides heating. Pumps. motors and fans are also significant energy
using technologies as they are used in vast quantities to pump water. fuel. sewerage and storm water and for ventilation
(fans).

To achieve energy efficiency across the airports. the focus of energy efficiency initiatives should be on lighting.
air-conditioning. pumps. motors, and fans which have been established to be significant energy using technologies. The
best available technologies (BAT) should be adopted for lighting. including lighting control technologies. For air-
conditioning systems, reducing air-conditioning demand as well as controlling the air conditioning supply to respond to
demand should be the focus of energy efficiency initiatives. Pumps. motors. and fans should be sized correctly for the
application and be energy efficient technologies. Focussed technology and control of demand will ensure that energy

efficiency reduces total energy consumption significantly and effectively.
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1. INTRODUCTION

One of the most attractive benefits to improvement in energy efficiency in buildings is lower energy costs. Other

benefits likely to be realized from energy efficiency investments in buildings are:
* Reducing energy use for space heating and or cooling and water heating:
e Reduced electricity use for lighting, office machinery and domestic type appliances:
* Reduced maintenance requirements:
e Improved comfort:
* Enhanced property value.

The importance of energy efficiency in the building sector is especially significant in developing countries

owing to the increase in new construction with opportunities to employ efficient materials and best practices.[1]

The first principle of energy efficiency as outlined by [2] requires the efficient matching of energy source
to energy need resulting in the shortest energy conversion route from the energy source to the energy need and that
the energy source is the best choice for cost effectiveness. satisfaction of the need. and closeness to zero carbon
emissions. The second principle of energy efficiency as outlined by [2] requires that a holistic approach be taken

when it comes to energy efficiency. which means considering the energy consuming device or technology. the
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system that the device or technology is a part of. as well as factors affecting the system and factors affected by the system.
The third principle states that one must ensure that implementation of energy efficiency meets business imperatives and
supports operations. culminating in a “Standards and Guidelines for Energy Efficiency™ document that can be adopted as a
policy by the site/organization. These standards and guidelines must include device types. system types and preferred
designs that will apply when new buildings and facilities are constructed. and replacement cycles for existing buildings and

facilities are executed.

This paper presents the application of these principles for the airports in South Africa owned and operated by
Airports Company South Africa to begin the transformation of the airports to be energy efficient over the course of a
specific period of time. The paper presents the implemented approach to energy efficiency to ensure that airports are
transitioned to energy efficient operations and infrastructure reducing energy wastage. The matching of low carbon energy
sources to the energy need 1s presented with consideration of the operating environments, commercial markets. staff
technical acumen and business imperatives. The “Standards and Guidelines for Energy Efficiency”document to be adopted
as a policy for airports to transition towards energy efficiency is presented together with the principles from which they

were derived.
2. APPLYING THE PRINCIPLES OF ENERGY EFFICIENCY FOR AIRPORTS

The energy consumption of airports in South Africa, specifically the O R Tambo International Airport, Cape Town
International Airport, King Shaka International Airport. Port Elizabeth International Airport. East London Airport, Bram
Fischer International Airport. George Airport. Upington International Airport and Kimberley Airport. have a
characteristically high base load (at least 50%). Their significant energy users are lighting (about 50% to 60%) and air

conditioning (20% to 30%) and a significant number of pumps motors and fans. [3]

The airports’ energy needs for their buildings and infrastructure are primarily satisfied by electricity supplied by
South Africa’s national electricity provider. Eskom. Eskom derives most of its power from coal-fired power plants. The
airports’ mechanical road vehicles are fuelled with diesel and petroleum. Some of the airport sites use LPG for cooking at
the various commercial restaurants. The focus of the application of energy efficiency is on the significant energy users that
are carbon intensive, i.e., electricity consumption from the grid and specifically on significant energy users of the

electricity.
2.1 Finding the Most Suitable Energy Source to Match the Energy Need

The first principle to achieving energy efficiency as per [2] is to ensure that the most suited energy source is selected to

serve the energy need.

Principle One: Match energy source and energy need using the shortest energy conversion route from the
energy source to the energy end use and ensure that the energy source is the best choice for cost effectiveness and is

as close to zero carbon emissions as possible.

The airports’ significant energy users are lighting and air conditioning. This principle is applied for these

significant energy users.
(a) Lighting

The airport’s most significant energy user is lighting. Lighting is used not just for terminal buildings. office buildings.
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commercial facilities such as hotels and transportation systems, car parks, streets, roads, and walkways. but also for the
crucial purpose of lighting runways to assist aircraft to land and take-off safely. The lighting load being typically at least
50% of the airport’s total load. the focus on ensuring that the lighting load is as efficient as possible is the key to reducing
capital cost. carbon emissions and operational costs (including maintenance). Lighting is required during the day and at

night for the terminal office and multi-storey parkades as well as the airfield including runways.

The best available technology for lighting that satisfies energy efficiency criteria is currently LED lighting. LED
lighting technology consists of the same semiconductor materials that are used in solar photovoltaic technologies with
different material treatments for performance according to its application (lighting or power generation). It will therefore
be ideal to use solar energy to power the LED lighting that 1s needed during the daytime. It is the most efficient energy
source for the energy need as it is the shortest route from the energy source to the energy end use and ensures that the

energy source is the best choice for cost effectiveness and is as close to zero carbon emissions as possible (figure 1).

electricity electricity is maed o
produced in solar excite clectrens ina
FV cells are semiconductor material
sered causing It 1o glow
Sunlight E=>Flectricity —4{= Potential Energy "> Electricity o=y = Lighting
zolar ensrgr
excliation of elecirans stored encrgy is
i a semiconductor then converted
material thus into electrieiry

producing electricity

Figure 1: Solar Energy as an Energy Source for Lighting.

Figure 1 shows the typical commercially available solar powered LED lighting. It can be seen from the figure that
there 1s one energy conversion between the same energy type. 1.¢.. electricity 1s stored and then released. Energy storage is
key for renewable energy sources such as solar energy and wind energy due to their availability being intermittent. At this
stage, commercial storage options usually involve a battery pack and in commercial solar PV plants, the solar PV plant
design includes energy storage or a grid-tie connection arrangement to overcome the intermittency related to solar energy.
Technology development and lamp designs are yet to evolve to take advantage of direct conversion from solar energy to
LED lighting.

(b) Space Conditioning (Heating, Ventilation and Air Conditioning - HVAC)
The second significant energy user at airports is for space conditioning. The demand for air conditioning is typically driven
by the weather conditions: the higher the ambient temperature and thermal discomfort (high humidity). the greater the

demand for space conditioning. Air conditioning involves two major energy users on the chilled water side, namely. the

chillers and the cooling towers.
(i) Chillers

To produce chilled water. a refrigerant is compressed in a vapour compression cycle using a mechanical compressor which
runs on electricity and is cooled by water (via cooling towers) or air (must be installed in an area where sufficient air intake
is facilitated). The cooling output to electricity input (coefficient of performance or COP) of the commercial vapour
compression chiller is usually between 3.0 and 3.8. Maintenance is the key to ensure that the COP of the chillers remains

consistent during its useful life.

www tjpre.org editor@tjpre.org

154



386 Jerusha Joseph & Freddie Inambao™

Due to the demand for cooling being proportional to the ambient temperature. this presents an opportunity to use
the solar energy causing the demand for cooling to create the cooling effect. This is possible with absorption chiller
technology available on the commercial market which uses heat to produce chilled water through the adoption of an
absorbent such as lithium bromide and preferably water as a refrigerant for environmental sustainability (although
ammonia is another option). The heat needed to drive the absorption cooling cycle can be harnessed from solar energy via
solar thermal collectors. Alternately, if waste heat is available from another process on site, this can be harvested to power
the absorption cooling cycle. This will be the most efficient energy process as it is the shortest route from the energy
source to the energy need and significantly reduces carbon emissions to almost zero in running the chiller, with only a
minimal amount of electricity being required to run a small pump that circulates the working fluids (Fig. 2). The absorption
chiller adopting water as a refrigerant means that there is no global warming potential associated with the technology as

there is with conventional vapour compression chillers.

Hot water is used to power the
absoiption cycle, producing chilled
water for cooling or hot water is used
directly for heating purposes

Sunlight $ Heat [ ——— Cooling Demand or Heating Domand

sunlight is harvested
through solar
callectors 1o produce
hot water

Figure 2: Solar Energy as an Energy source for Chillers in Air Conditioning Systems

A switch over valve within the absorption chiller allows for the solar heat harvested to be used for heating
purposes. The technology for the solar thermal collector which harvests the solar heat should be chosen such that minimal
heat is lost to the environment. Vacuum tube solar thermal collectors are most efficient in this respect. For larger
commercial installations. utilizing solar energy may become a hurdle from a spatial point of view. Utilizing waste heat
from a process plant (co-generation or trigeneration) may be a better arrangement to power absorption chillers in larger

installations.
(ii) Cooling Towers

Cooling towers which are an integral part of ensuring that chilled water production is efficient by cooling the compressor
through circulation of condenser water are another significant energy user in the air-conditioning system. Water-cooled
chillers are intensive in energy and water consumption. Water loss due to evaporation in evaporative cooling towers in
commercial size HVAC systems can make them expensive to operate. The energy consumption can also become
increasingly expensive as the demand for cooling the condenser water increases. The energy is used for pumps circulating
the water to the top of the cooling tower and the operation of fans for forced air induction when the demand for cooling
mereases. An environmentally sustamable method to achieve heat exchange is to use the stable ground temperature as a
heat sink. This is ideal in South Africa where ground temperatures are stable below a certain ground depth. The
configuration of the geothermal heat sink loop requires minimal energy to keep the condenser water moving and there is no

water loss due to evaporation. Figure 3.
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freely available,
zero carbon

cissions source|

Geothermal £=——""== Heat Sink C—— == Cooling Condenser Water of HVAC chiller

Geothermal The ground iz usedas a
harizontal or rertical heat sink for cooling the
heat exchange loop condenser water

Figure 3: Geothermal Heat Sink used as an Energy Source to Cool the Condenser
Water of Air Conditioning Systems.

Using solar heat as an energy source for HVAC absorption chillers with water as refrigerant and geothermal heat
sinks in the place of cooling towers saves significantly on electricity and water and eliminates greenhouse gas emissions
associated with conventional refrigerants. This type of system could be the most environmentally sustainable HVAC
system that can be built with existing commerecial technology and materials. It will also be most energy efficient in that

when cooling is required. the energy to bring about that cooling is abundantly available.
2.2 Taking a Holistic Approach to Achieve Energy Efficiency

Taking a holistic approach to achieving energy efficiency and ensuring that the energy efficiency principles identified are
captured in a “Standards and Guidelines for Energy Efficiency” document according to [2] is the next step in ensuring a

site’s energy efficiency. These steps are captured across principle two and principle three as follows:

“Principle Two: Take a holistic/systems approach when it comes to energy efficiency: this means
considering the energy consuming device or technology, the system that the device or technology is a part of as well

as factors affecting the system and factors affected by the system.

Principle Three: Ensure that the approach to implementation of energy efficiency meets business
imperatives and supports operations based on “Standards and Guidelines for Energy Efficiency”. These standards
and guidelines must include device types, system types and preferred designs that will apply when new buildings

and facilities are constructed, and replacement cycles for existing buildings and facilities...”

The following sections take a holistic approach to the significant energy users of airports. i.e.. lighting,. HVAC.
pumps. motors. fans and “building architecture and envelope™ The “building architecture and envelope™ impacts the
demand for lighting and HVAC. The following sections will take a holistic/systems approach defining energy efficiency
guiding statements that must be adopted by all users of the site. These guiding statements were derived for the airports and
are clauses contained in their “Standards and Guidelines for Energy Efficiency”which are being implemented as a

company policy for all new infrastructure, refurbishments and replacement projects.
(c)Lighting Systems

Lighting requirements within buildings are regulated by South African National Standards and the Occupational Health
and Safety Act 85 of 1993. Minimum lighting levels are specific and are legally binding in South Africa. It is a common
practice for emphasis to be placed on the lighting technology being chosen. and other design factors of the lamp and its
swroundings are usually neglected. Factors that affect the light output such as the luminaire. control gear and factors that
affect the amount of light required such as the colour of paint. furnishings and swrroundings are not always considered

(figure 4).
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Lighting System Design Factors

& Lighting Control
3, Cu of fixture 5. Colour of paint
and surrounding

furnishngs

2. Control Gear 1. Lamp
Fificacy
- Colour temp o Light Heat Load
4. Height and - R
sl - Lamp 10. Hours of use

Lamp life
Maintenance

8. Uniform
Glare Rating

(uGR) Life Cycle

Costs

7. Erwironmental
Toxing

Condition

Figure 4: Lighting System Design Factors.

The following energy efficiency guiding statements referred to as “clauses” due to the “Standards and Guidelines
for Energy Efficiency” being drafted according to the ISO format supports the organization’s financial, technological. and
other business imperatives considering the risks, operational and maintenance requirements including practicality of its
implementation. These clauses are derived from the lighting design factors presented in figure 4. The clauses guide new
capacity projects, i.e., new office developments, expansions to terminal buildings and other commercial buildings being
constructed at the airports to incorporate energy efficiency. The clauses are indicated m italics and the supporting

information is not in italics.
e LED lighting technology shall be used for all applications with respect to lighting and illumination.

e LED lighting having a Correlated Colour Temperature above 4000 Kelvin shall only be utilized in areas of transit
and is limited to 5600K. Operational areas are recommended to have LED lighting with a Correlated Colour
Temperature of 4000K.

e Lamps with a colour rendition index (CRI) of less than 65 shall not be used.
Colour Rendering Indices (CRI) categories are as follows:

e 75 t0 100 CRI - excellent colour rendition

s 65to 75 CRI - good colour rendition

* under 65 CRI - poor colour rendition

(a) Lamp Efficacy shall be Greater than 80 Lumens per Watt

Efficacy Comparison of Lamps

0O 20 40 GO SO 100 120 140 160 180 200 220 240 260 280 300
LPs

HPS

Motal Halide

Compact Metal Haelde
ury Ve

Linear ¥ huorescent

CFL (27 -33W)
CFL(S-25W)
LED

nfrared i

Figure 5: Efficacy Comparison of Lamps [4].

Figure 5 shows a comparison of lighting technologies and their efficacy ranges and that LED lighting has one of
the best efficacies of the lighting technologies. The Low Pressure Sodium (LPS) lighting technology which is indicated to
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have an efficacy that outperforms LED lighting has a poor CRI and is a popular choice for street lighting. Figure 6 shows
the LED lamp key criteria and how these compare with other lighting technologies.

LED white 1320m/W  1390m  105W  6500K 75 50k hours
package (cool)

LED white 78 Im/W B74 Im 1.12wW 3150K 80 50k hours
package (warm)

LED lamp (warm)} 62 Im/W 650 Im 105W 3000K 92 50k hours
OLED panel 23 Im/W 15 Im 065w 2B00K 75 5k hours
HIDA® (high watt)

. ﬁ‘,’m 37800im 35V 3000K 90 20K hours
ey " 2890 Im  26W

prav il oTwW  s20m saw 410K 85 2Skhaus
H‘El’ﬁ'*aﬂl 104 TowW

srz:m gwﬂ" 300m 00 3000K 90 12k hours
oL 63Im/W 950Im  15W 2700K 82 12k hours
Halogen 20m/W  970Im  4BW 2750K N/A 4k hours

Incandescent 15Im/W 900 Im GOW 3300 K 100 1k hours

Figure 6: U.S. Department of Energy Comparison of Lumens
per Watt for Various Lamp Types [5]
Figure 6 shows that LEDs provide the most illumination. quality and have the longest lifespan for the least

amount of power input.
(b) LED

Lamps shall only be eligible to be purchased from suppliers offering a five (5) year warranty as a minimum. It is
recommended that LED lamps be replaced when their lumen depreciation is at 20%, which corresponds to 80% lumen
output, and fluorescent lamps be replaced when their lumen depreciation is at 20%. which corresponds to 80% lumen

output.

This clause is due to lamp life and lamp deterioration which depends on the type of microchip that is contained in
the LED. There are two classes of microchips contained in LED lamps, one is a substandard efficiency microchip
contained in lamps of suppliers who do not offer warranties and a premium efficiency microchip which usually carries a

warranty of five (5) years. Refer to figure7 for the Lumen Maintenance Curve for various light types.

@ Lumen Maintenance Curves For Various Commercial Light Types )
www.EconoLuxindustries com
100
95
bl
g 85
e 80
B
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<70
:
» "
Poge rEa, B Internal External .
i ! Inductor Lamps | Inductor Lamps

0 5000 10,000 20,000 40,000 60,000 80,000 100,000
Burning Hours

Figure 7: Lumen Maintenance Curves [6]
(c)Technologies that have Toxic Components shall be Avoided

Compact Fluorescent Lamps (CFLs) have mercury. phosphors, yttrium, etc. that harm the environment and therefore may
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have special disposal requirements which carry significant cost. CFLs exhibit at least 2.5-times and 1.3-times higher

human and eco-toxicity potentials than the LEDs. respectively.[7]

(d) Magnetic ballasts shall not be used. A ballast factor as close as possible to 1 shall be accepted with the lower

boundary being a ballast factor of 0.93.

Electronic ballast factors range from 0.7 to 1.2 and are categorized as follows:

L]

0.7 to 0.8 — Low ballast factor
0.85 to 1 — Normal ballast factor
1.13 to 1.2 — High ballast factor

For offices, boardrooms and ablution facilities, lighting shall be controlled according to human occupancy using
occupancy sensors that adoptpassive infrared and ultrasonic (dual) technology. For indoor passages and
walkways, lighting shall be controlled according to motion using occupancy sensors that use passive infrared
technology. For car park areas, lighting shall be controlled according to human occupancy, using sensors that
increase lighting levels to 100% in human presence and decrease lighting levels to 40% in human absence. Street
lighting shall be controlled by photocells according to the daylight levels available. All new projects and
infrastructure refurbishments must incorporate a Digital Addressable Lighting Interface (DALI) that controls

lighting according to demand. For lighting replacements during maintenance, this is a recommendation.
Uniform Glare Rating (UGR) for lighting systems shall comply with ISO 8995.

Interior furnishings shall have a ceiling reflectance (RC) of not less than 80% and wall reflectance (RW) of not

less than 70%

Figure 8 shows the coefficients of utilization in a room that has ceilings and walls in relationship to the room

cavity ratio (RCR).

Report 1LS1 1100 COEFFICIENTS
Lamp: 400 Wan Clear OF UTILIZATION
Lumens: S0,000 FLonal Cavity Method
Mounting Surface/Pendant Effective Floor Cavity
Reflectance 0.20
(118 H0 70 50 0
AW 70 S0 30 70 S0 30 S0 30 S0 30
1 04 0] B0 a1 KX Ry B3 Rl 78 77
2 88 B4 80 BO 81 78 77 74 73 7
1 83 77 72 80 75 70 T 67 67 65
- 4 78 71 65 75 69 64 66 61 63 59
5.-5 5 73 635 359 70 63 SR ol 56 S8 54
€ 68 S8 52 66 S8 52 55 51 53 a9
7 63 54 48 6l 53 a7 51 46 49 44
59 49 43 57 48 a1 46 41 45 40
9 55 45 39 53 4 a8 42 ar 41 a6
10 51 41 35 49 40 35 19 34 37 33
Figure 8: Photometric Table[4].
RCR 2.5 X h X room perimeter
room area
Where:
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RCR 1s the room cavity ratio

h is the room height

391

e In the case of lighting heat sinks for LED lamps being contained in the ceiling voids, retin air systems shall not

be taken from ceiling voids.

Lighting internal heat gains from non-industrial facilities are typically between 70% and 400 % that of internal heat gains

from people in a typical office space.[9]

e  The life of LED lighting shall be a minimum of 50 000 burning hours, except for the removable bulb type as in the

GU10, MR16, pin-tvpe and Edison screw type which shall be a minimum of 25 000 hours.

e For ease of maintenance and replacements, lighting installed in areas that are double volume and more shall

incorporate a winch or similar mechanism that drops the light fitting down to a height reachable at floor level

with a ladder for maintenance purposes, thus negating the need for other plant and machinery to reach up to the

light fitting.

e  Lighting for architectural and ambiance purposes shall follow the requirements in this document.

HVAC Systems

All advertising, illumination and signage shall follow the requirements set out in this document.

Ventilation requirements are regulated by the Occupational Health and Safety Act 85 of 1993 and SANS 10400 Part O is

used in designing of HVAC systems for commercial applications. Much effort 1s placed on ensuring that the HVAC

system’scoolingand heating delivery meets the demand. This is usually the starting point of HVAC system design. The

factors that affect the HVAC demand such as the orientation of the building and the envelope design. the windows and

doors (fenestration) are not always addressed to effectively reduce the demand. HVAC design should start when the

facility under construction is in planning stages. Figure 9 shows the HVAC system design factors.

Air Conditioning System Design
Factors

O

Outside factors atfecting and affected by HVAC
Cooling/Heating Load - Humidity, Solar Heat Gain, Internal Heat Gains

Envelope System Efficiency

Fanestration | Variable Speed Drives
Masimum Variable Alr Volume

Fhoctrical Sequential Operation of Chillers
Dermand At Economiting

Active Chitled Water
Setpaint control
fresh air demand

Component Efficlency

COP, Best Operating

control Point, I3 Motor
Detwsmidification Eich - Insulath
Losd Leveling/

Losd shifting

Figure 9: HVAC System Design Factors.

The following statements regarding the designing of HVAC systems are meant to guide projects for incorporation

of energy efficiency in HVAC systems.

o To reduce HVAC demand, the following passive cooling interventions must be incorporated for all new buildings
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and refurbishments:
e  Double glazing or low emissivity glass

e  Wind lobbies designed to reduce the amount of outside air entering the air-conditioned space through building

entrances/exits

e Use of heat deflective paint to reduce the amount of solar thermal heat gain through the roof and brick/masonry

walls.

e  Low building overhangs designed to deflect solar thermal gain and yet allow a certain amount of outdoor lighting

to reduce daytime lighting demand.

o All centralized HVAC systems shall incorporate fresh air demand control via Air Handling Units (AHUs) to

accurately satisfy oxygen requirements within the space.
e All centralized HVAC systems shall incorporate air economizing which is “free air cooling”.

e Retwrn air shall be ducted and taken directly from the space and not filtered through the ceiling void; return air

temperature shall be measured in the space.

o All centralized space cooling HVAC systems shall integrate Constant Air Volume (CAV) and Variable Air Volume
(VAV) for cooling and heating load profiles in the terminal building. CAVs should be used to satisfy the cooling
or heating base load whereas VAVs shall supply varving demand. This clause does not apply to air conditioning

systems supplying IT core rooms and wire centres.

Figure 10 shows the rationale behind constant air volume and variable air volumefeeds. The cooling baseload is
the load that is required to always be served and the variable cooling load is meant to be served on demand. Choosing
constant air volume and variable air volume in design allows for energy efficient design and technology selection of

motors and fans.

00:00 1z:00 2359

 —

Figure 10: Cooling Load Profile and Type of Air Supply.

o All offices, whether on decentralized or centralized HVAC systems, shall be VAV and all fan coil units and other

systems shall be variable refrigerant volume or variable chilled water flow.

e All decentralized systems shall incorporate inverter control for compressor-driven systems to ensure that varying
HVAC demand is efficiently satisfied, and the energy rating shall not be less than the “A rating” as per the
energy efficiency labelling system.
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e All double volume buildings or structures shall be served from centralized HVAC systems.

e For all new buildings / infrastructure, a centralized HVAC system shall reuse condensate at the cooling towers of

water-cooled HVAC systems.

e It is recommended that heat recovery from the condenser be considered for reuse according to a cost-benefit
analysis. This cost-benefit analysis must be performed, and its results must be discussed and proven not viable

with specific data in respect of the application.
e All cenvalized HVAC systems shall incorporate active chilled water set point control.
e  Constant flow chilled water systems shall not be used in any air conditioning system.
®  Variable speed drives shall be used to control chilled water flow as opposed to throttling.

There are various methods for controlling chilled water flow. The most common of these are depicted in Fig.11.
Throttling involves restricting the outlet flow of a pump and it is commonly achieved by partially closing a valve. this is
similar to controlling speed of a motor vehicle with a foot on the brake at constant accelerator position. Bypassing requires
installation of piping to divert part of the outlet which is commonly put back into the inlet. A variable speed drive controls

the pump to deliver according tothe need of the system.

Control methods for pumps
ﬂ

2 A
P J‘ /\-I .u d” /\'
<zl s
+ Bypassing
+ Throttling
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Figure 11: Illustration of Control Methods for Pumps [4].

The difference in these methods of control is the power consumption. Figure 12 illustrates the difference in power
consumption between throttling and using a variable speed drive. Figure 13 compares the power consumption of all four

methods of control for pumps.

ﬁ-lrottting vs VSD
Throttling

HP Method
25
20
15
10 |
8
s e o o R

40% 60% 80% 100% FLOW

Figure 12: Power Saving with using a Variable Speed
Drive Control Instead of Throttling [4].
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From figure 12 it 1s evident that there is significant energy saving using a variable speed drive to control flow as

opposed to the throttling method. with the largest saving being around the 40 % flow mark.

Comparing different control methods

Tt eI 28

8

Figure 13: Power Consumption for Various Control Methods for Pumps [4].

From figure 13, it can be seen that the energysaving between the use of VSDs and recirculation, throttling, and

cyclic control is significant.

s To satisfy additional cooling demand, the chiller loading methodology for centralized HVAC systems shall be to
start the next chiller only once the running chiller/s has exceeded 90% load and there is yet demand to be

satisfied.

e All feedback control sensors shall be strategically placed to measure the respective parameter correctly and

accurately.

» It is recommended that all HVAC systems performing dehumidification consider achieving this by using heat pipe
dehumidification. This recommendation must be considered by way of a study done for the application showing

the merits through a cost-benefit analysis.

Refer to Figure 14 for the depiction of the heat pipe dehumidification process. Heat pipes may be described as
having two sections: precool and reheat. The first section is located in the incoming air stream. When warm air passes over
the heat pipes. the refrigerant vaporizes. carrying heat to the second section of heat pipes. placed downstream. Because
some heat has been removed from the air before encountering the evaporator coil. the incoming air stream section is called
the precool heat pipe. Air passing through the evaporator coil is assisted to a lower temperature, resulting in greater
condensate removal. The “overcooled™ air is then reheated to a comfortable temperature by the reheat heat pipe section.
using the heat transferred from the precool heat pipe. This entire process of precool and reheat is accomplished with no
additional energy use. The result 1s an air conditioning system with the ability to remove 50 % to 100% more moisture than

regular systems.
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Figure 14: Heat Pipe Dehumidification Process[10].

If the Coefficient of Performance (COP) of the chiller is less than 2, replacing or reconditioning of the chiller to
achieve higher COPs shall be done based on the useful lifespan.

New buildings and developments shall consider incorporation of alternative energy sources for space cooling or
heating needs according to a cost-benefit analysis. This cost-benefit analysis is mandatory and the alternatives
that must be considered are heat-pump systems for smaller and decentralized systems, and solar-thermal powered
absorption cooling for larger systems (demand of 32kW and over).

Air-cooled and water-cooled HVAC systems shall be chosen on a cost-benefit analysis. The cost benefit-analysis
must be performed and discussed before a decision is made.

Chilled water piping systems and air ducting systems must be adequately insulated and maintained.
Provision for active measurement of duct air losses shall be made to monitor air leaks.

In air handling units (AHUs), variable speed drives (VSDs) shall be used as opposed to damping.

There are various ways to control electric motors for variable air flow. Four of these ways are illustrated in figure 15:

L]

Outlet damper control (location 1),
Inlet vane control (location 2),
Magnetic clutching (location 3) and
Variable frequency drives (location 4)

The typical power consumption of these various control systems can be seen in figure 16. The increase of fan

pressure or air flow can be achieved by the arrangement of fans in series or in parallel. A series arrangement will result in

an increase in fan pressure and a parallel arrangement will result in an increase in air flow. This can be seen in figure 17.
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Electric Motors Variable Volume Options Sketch]

Figure 15: Illustration of Variable Air Control Options[4].

ypical Fower Lonsumption o us Lon

Systems

Figure 16: Power Consumption of Variable Air Control Options [4].

Fans Connected in Series Fans Connected in Parallel

Fan Pressure p
Fan Pressure p

a a Q.=0,+Q.
Alrflow ©

Airflow @
Figure 17: Fans Connected in Series (left) and Parallel[4].

e AHUs shall incorporate filter pressure drop gauges that shall be locally monitored via BMS with alarm remotely.
Pumps

At airports, the selection of pumps for pumping potable water, sewerage. stormwater. fuel (Jet Al, diesel), fire-fighting
systems.and HVAC working fluids. are usually “unseen™ and selected at design stage of all facilities. Often in commercial
applications, a pump’s operation and selection are not re-assessed and modified for its operation. The following clause and
supporting information ensures that when pumps are selected for facilities and applications, they are correctly sized for
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operations, ensuring energy efficiency for all pumping applications.

e For pump selection, critical requirements such flow rate and/or pressure head must be established, and selection

of pump shall consider the energy consumption implications.

If a pump is producing more pressure than the application requires, it 1s also consuming more energy than
necessary. Elimination of excess energy consumption can be done by reducing the diameter of the pump impeller to the
minimum needed to satisfy the pressure or flow requirement. Trimming the impeller of a centrifugal pump reduces its
pressure output, rather than its flow capacity. In many applications. impeller trimming can be used to reduce excess flow as

well as excess pressure. Refer to Fig. 18.

For example. in designing a pumping system, it is calculated that the system needs a flow rate of 800GPM and
that the pump must produce a pressure of 60 feet of head at this flow rate. These pressure and flow rate requirements are
marked by Point “A™ in Fig.18. Based on this, a pump with a pump curve “B” is selected. When the system is in operation,
the actual system curve turns out to be “C™. so the pump actually operates at point “D™. At this point, the pump pressure is
approximately the same as originally estimated, however, the flow rate is much higher than the system requires. Pump
power is proportional to the third power of the flow rate. so a large amount of energy is wasted.[11] The centrifugal fan

and pump laws can be found below.
Power (kW) and Flow rate (LPS):

kWoew _ [LPSpo]?
KWy  [LPSy4)?

LPS: Litres per second
kW: Kilowatt
Power (kW) and pump impeller diameter (D):

kwmw _ ["‘-)mm-v]3
k woid [DnmP

Pressure or Head (P) and Speed (RPM):

Paow  [RPMy I
P, [RPM,4)?

RPM: Revolutions per minute
Flow (LPS) and Speed (RPM):

LPSuew RPMyp,
LPS,s RPM,q
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Figure 18: Graph of Pump Impeller Trimming[11].

To eliminate the energy waste, trim the pump impeller so that the pump operates at point “E”. This produces the
originally required flow rate of 800GPM., but the pump is able to operate at a lower pressure. The pump curves show that
the pumping power has been reduced from about 18 horsepower to about 8 horsepower, this amounts to a reduction of net
energy by half, taking some efficiency loss in the pump motor into account. Trimming the impeller usually reduces the
efficiency of a pump to an extent. Provided that the diameter reduction is not excessive, the efficiency loss is moderate and
the reduction in pump power consumption is substantial. In the example above, the pump efficiency was reduced from
82% to about 77%, but the overall energy consumption was reduced by half. Pump impeller trimming 1s worthwhile if the
application needs only a small reduction of impeller diameter. [11]

One can also increase either the flow rate or the pump head while keeping the other parameters constant by the

pump series and parallel arrangements seen in the figure 19.

Pumps Connected in Series Pumps Connected in Parallel

two pumps in series

1 two pumps In paraliel
? 3
single pump

system cu

single pump

o -poi|
i -pesaH

Flow Rate - g s &1 gine Flow Rate - g ey eranerid
Figure 19: Pumps Connected in Series and Parallel [4].

Motors

Motor selection is key to saving energy in pump and fan applications at airports. The following section contains the clauses

for optimum motor selection together with its supporting information.
e  Optimum motor efficiency shall be derived at design stage.
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e Ifmotor output is less than 1kW, motor with efficiency class of International Efficiency 1(IE1) shall not be used. If
motor output is greater than 10 kW for a system operating for under 2000 hours per year, motors with the
efficiency class of IE1 shall be used.In the case of operation hours exceeding 2000 hours per year, motors with
efficiency class of IE1 shall not be used.

The International Electro-technical Commission (IEC) has introduced standards relating to energy efficient
motors. IEC 60034-30-1 defines four IE (International Efficiency) classes for all electric motors that are rated for
sinusoidal voltage. Standard efficiency is IE1, High efficiency is IE2, Premium efficiency is IE3 and Super premium

efficiency is IE4. Figure 20 shows the correlation between efficiency and output for the four efficiency classes of motors.

To achieve the best return on investment, users of production equipment need to apply a life cycle approach when
considering investing in major equipment. The life cycle cost (LCC) is the total cost for purchasing, installing, operating,
maintaining and disposing of an item of machinery. Life cycle costing comparisons can be seen in Figure 21. Motor
selection at design stage shall be such that it operates at not less than 50% load, but not more than 100%. Active system
control shall be achieved by using a variable speed drive. The standard IEC 60034-30-1:2014 defines efficiency levels and
classes at 50 Hz and 60 Hz for single or three-phased line motors (regardless of the technology).

International Efficiency 1, 2, 3, 4

e  Number of poles: 2. 4, 6, 8
 Power range: 0.12 kW to 1.000 kW

e IEI - Standard Efficiency

e IE2 - High Efficiency

e IE3 - Premium Efficiency

e IE4 - Super Premium Efficiency

Efficiency %

Output kW

Figure 20: Motor IE Classes and their Efficiencies in Relation to the Power Output[12].
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Figure 21: Life Cycle Cost Comparisons for Motor Classes IE1, IE2 and IE3 [13].

At 1000 hours operation, IE2 and IE3 motors give about the same percent reduction in LCC compared to IE1.At 8000
hours operation, IE2 and IE3 percent reduction in LCC compared to IE1 increases to its maximum and thereafter flattens

out.
Building Architecture and Envelope

The building architecture and envelope is the key to reducing energy demand for lighting and air conditioning. Airport
terminal buildings in South Africa are at least double volume and this represents a significant lighting and HVAC demand.
In South Africa. the SANS 204 energy efficiency standard contains guidelines on building architecture and envelope
design. Airports can benefit immensely from the research that supports the clauses in the SANS 204 energy efficiency
standard. The following three clauses serve to guide new capacity building projects design of orientation. envelope.and

fenestration at airports.

e The orientation of new buildings shall comply with the optimal building orientation set out in SANS 204: 2011,

clauses 4.1 and 4.2.

e The envelope of new buildings shall comply with the building design set out in SANS 204: 2011, clauses 4.3.2,
4.3.3,4.3.5,4.3.6 and 4.4.

o The fenestration of new buildings shall comply with the requirements for fenestration set out in SANS 204: 2011,
clause 4.3.4.

Ensuring that the Approach to Implementation of Energy Efficiency Meets Business Imperatives

The successful implementation of energy efficiency within a business requires effective integration into existing business
processes. communication with executing stakeholders and decision makers. and ensuring 1ts adoption in projects. Airports
by nature have multiple stakeholders ncluding airlines. ground handlers. mamtenance service providers. operators.
concessionaires, government agencies, retailers. and others. The effective implementation and relevance of energy

efficiency 1s the final principle in energy efficiency according to [2].

Principle Three: Ensure that the approach to implementation of energy efficiency meets business
imperatives and supports operations based on *Standards and Guidelines for Energy Efficiency”. These standards
and guidelines must include device types, system types and preferred designs that will apply when new buildings

and facilities are constructed, and replacement cycles for existing buildings and facilities.
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The following sections contain the steps taken toward effective implementation of energy efficiency to ensure that

all airports transform to be energy efficient facilities over a defined period of time.
Implementation plan for Integrating the Standards and Guidelines for Energy Efficiency

Now that there is a “Standards and Guidelines for Energy Efficiency”™ that is adopted as a company policy with clauses that
guide the technology selection and design of the significant energy users at airports is the key that the policy is

implemented effectively.

Identifying the implementers of the policy and the area that it will be implemented in is key to the success of
integrating energy efficiency into the business. One must have a thorough understanding of how the business works and

the governance processes. Table 1 shows the key implementers and the area of implementation at ACSA.

Table 1: Identification of Implementers of the Standards and Guidelines for Energy Efficiency

Project Managers and User Clients Capital Projects

Operational expenditure budget owners Refurbishments Projects

Maintenance Engineering Contract Managers | Service Level Agreements

Tenant Contract Managers Tenant Lease Agreements

Airport Planners Airport Planning activities

Chief Engineers Technology Selection and Standards Development
Environmental Compliance Officers Auditsof environmental compliance

Supply Chain Management Life Cycle Costing Approach

Operations Staff Daily Operations Requirements

Operational Service Providers Service Level Agreements

Once the implementers and the area of implementation have been identified. a communication strategy must be
prepared for each stakeholder. It is advised that communication be arranged for one group of stakeholders at any time so
that communication can be contextualized for their area of implementation. Table 2 shows the communication plan that

was executed per stakeholder grouping for the nine airports owned and operated by ACSA in South Africa.

Table 2: Communication Plan with Various Stakeholder Groupings

Portfolio _Projcct Management in Technical Services 13 June to 31 August 2017 Jerusha Joseph
and solutions

:}:ﬂ:ﬁ:ﬁl;c‘ RERSOA eI s S 13 June to 31 August 2017 Jerusha Joseph
Spatial portfolio (Property. Commercial. Advertising) | 13 June to 31 August 2017 Jerusha Joseph
Supply Chain Management 13 June to 31 August 2017 Jerusha Joseph
Finance 13 June to 31 August 2017 Jerusha Joseph
Environmental Compliance 13 June to 31 August 2017 Jerusha Joseph
Operations in Airport Management 13 June to 31 August 2017 Jerusha Joseph
Airport Planning 13 June to 31 August 2017 Jerusha Joseph
Chief Engineers 13 June to 31 August 2017 Jerusha Joseph

Implementing Energy Efficiency in Projects

To effectively implement energy efficiency in projects. various energy efficiency actions must be introduced at each stage
in the project life cycle. Table 3 shows the various project actions that must be taken at general project stages for each
implementing function within ACSA. The red text within table 3 indicates the actions regarding energy efficiency that

must be taken. There are various forms of project life cycles when it comes to executing infrastructure projects. Table 4
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gives the energy efficiency actions at each project stage including the role players for five different project life cycles, i.e..
the South African National Treasury, the Engineering Council of South Africa (ECSA). the South African Councils for
Quantity Surveying. Project Management. Architectural professions, Construction and Industry Council, ISO 29481-1 and
Royal Institute of British Architects Plan of Work.

Table 3: Actions Required by Projects being Executed by Various Departments for Different Project Stages

Masterplan
Drafting
Action:
Submit
Electrical
Demand
. Planning
Passenger Airport
g Traﬂicg Fnrt:ﬁrc Requ?st_
Planning Forecast Capacity v
P future
electrical
loads and
consider
orientation of
future
infrastructure
Infrastructure,
Information
Techn.olog_\', Refer to Table 4 following
Security,
Refurbishment,
Projects
Measurement
and
Verification
(continuous
gusincss Project NECECC & evaluation of
ase Charter TSC (3-5 ) SLAs)
Action: Action: : Project Action:
Application | Applications Fectancracs . Execution and | Measurement
Maintenance based on Applications of : &
: of Standards | of Standards Service Level | and
Projects Demand Standards and s
and and e Guidelines f Agreements Verification
Guidelines | Guidelines o S (SLAs) exercise to
for Ener: for Ener Em:rgy determine
2y ey i
Efficiency Efficiency ERcemcy energy
savings and
effectiveness
of the
standard
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Spatial
Agreements

Commercial
Business
Case

Project
Charter
Action:
Application
of Standards
and
Guidelines
for Energy
Efficiency

Procurement
based on
Demand

Request

Tender
Document
Action: Review
of the Tenant’s
Energy
Management
Strategy and
submit Electrical
Load Request to
Electrical
Department

Contract
Negotiation
and Signing

Contract
Management
Action:
Measurement
and
Verification
exercise to
determine
energy
savings and
effectiveness
of the
standard

Table 4: Energy Efficiency Actions and Role Players at Each Stage Gate for the Various Project Life Cycles

wwpre.org

SA Councils for the
quantity surveying
profession [SACQSP),
Project and construction 150 29481-1 Royal Institute
National Treasury gl g Council ag I“'I ""'I 'm“ 'u. (2010), Buliding of British
(2015) South Africa [ECSA) (ACPCMP), landscape (2007) Information Architects Plan
and architectural Modelling | of Work (2013)
profession (SACLAP) and
architectural profession
(SACAP)
[] Project Inception
Portfolio
Requirements
1
2
Preparation and Inception Concept of need %
3 briefing or Inception Preparation a
prefeasibility Outline feasibility brief
Substantive
4 |Comeestandviabifty| Conceptandviabiity | o0 oo eabitiy Concept  [——teatlbilly
B sesign
Desig e Design Full conceptual
S |Destendevelopment | = o railed design) . development dign, | [P deiign
ICoordinated design|
and procurement
& and and
Production
Iinformation Technical design
Manufacture, Manufacture,
& fabrication and fabrication and
construction construction
information information
Contract administration
7 Works i Construction
o Construction
8 Handover
Post Practical Handover and
completion close-out
9 Close out Close-out Close-cut
In use
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Awareness must be created throughout the organization. including technical support and guidance for the

implementation of the standards and guidelines for energy efficiency.
CONCLUSIONS

The most energy efficient. low carbon energy sources for the airports in South Africa owned and operated by ACSA for
their identified significant energy users (lighting and space air conditioning) were presented. The most energy efficient.
low carbon energy source for lighting according to the best available technologies on market is solar energy through
photovoltaic technology with energy storage. For space air conditioning chillers solar thermal energy as a power source
energizing absorption chiller technology and for the cooling towers utilizing stable ground temperature as a heat sink

through geothermal heat sink. are the most energy efficient low carbon energy sources.

A holistic/systems approach in the form of a Standards and Guidelines for Energy Efficiency for new
infrastructure and refurbishments was presented in relation tothe airports’ significant energy users.ncluding energy
efficiency clauses addressing technology choices, specifications and design features for lighting. HVAC. pumps. motors.
building architecture and envelope. Implementing alternative energy sources requires an in-depth analysis that considers
the airports” electrical demand. their operations and organizational prerogatives. When alternative energy is considered for

the airports. the energy efficiency pathways established in this paper will be taken into consideration.
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CHAPTER 8. ENTRENCHING ENERGY EFFICIENCY AS A CULTURE AT
AIRPORTS: A CASE STUDY OF THE IMPLEMENTATION OF ENERGY
EFFICIENCY FOR AIRPORTS IN SOUTH AFRICA

This chapter presents the work done to inculcate the practice of energy efficiency within ACSA with

the aim for this to become company culture for the airports in South Africa.

The article was published in the International Journal of Mechanical and Production Engineering

Research and Development (IJMPERD).

Cite this article: Jerusha Joseph, Professor Freddie Inambao, Entrenching Energy Efficiency as a
Culture at Airports: A Case Study of the Implementation of Energy Efficiency for Airports in South
Africa. International Journal of Mechanical and Production Engineering Research and Development

11(3), 2021, pp. 405-420.

Link: http://www.tjprc.org/publishpapers/2-67-1621485316-341JMPERDJUN202134.pdf

http://www.tjprc.org/view-archives.php

175



International Journal of Mechanical and Production I R A N S

Engineering Research and Development (IJNMPERD)

ISSN (P): 2249-6890; ISSN (E): 2249-8001

il e N STELLAR
«Journal P «R h Consult

© TJPRC Pvt. Ltd.

ENTRENCHING ENERGY EFFICIENCY AS A CULTURE AT AIRPORTS: A CASE
STUDY OF THE IMPLEMENTATION OF ENERGY EFFICIENCY FOR AIRPORTS
IN SOUTH AFRICA

JERUSHA JOSEPH & FREDDIE INAMBAO
Department of Mechanical Engineering, University of KwaZulu-Natal, Durban, South Afiica

Received: Apr 20. 2021: Accepted: May 10. 2021: Published: May 20. 2021: Paper Id.: IIMPERDJUN202134
1. INTRODUCTION

Deciding on the most efficient energy source for the significant energy users as done in [1].and investigating energy
efficiency from device to system. and establishing the standards and guidelines for energy efficiency is important.
but equally important is ensuring that they are entrenched within the company as a culture. Actively involving all
key stakeholders in the process of achieving energy efficiency is the key to getting wider organizational support in
covering all bases and consolidating the energy efficiency vision [2]. A study conducted by [3] shows that the
studied enterprises valued behaviour-related measures as being as important as technical measures. Raising
awareness of energy efficiency and consumption within the organization. therefore. constitutes an essential
leadership task. but it is oftentimes perceived as challenging and frustrating in comparison to technical tasks. The
embedding of energy efficiency in corporate strategy. the use of a broad spectrum of different practices. and the
empowerment and mvolvement of employees as major drivers in establishing energy efficiency within SMEs are

paramount to success [3].

Airports Company South Africa (ACSA) owns and operates nine airports in South Africa, namely, OR
Tambo International Airport (ORTIA). Cape Town International Airport (CTIA). King Shaka International Airport
(KSIA). Port Elizabeth International Airport (PEIA). East London Airport (EL airport). Bram Fischer International
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Airport (BFIA). George Airport(GG airport). Upington International Airport (UPIA) and Kimberley Airport (KIM airport).
Standards and guidelines for energy efficiency as well as the principles that give birth to the clauses for achieving energy
efficiency were set for the airports [1]. These standards and guidelines for energy efficiency must also filter through the
tenants at the airports guiding the activities performed in the spaces they occupy to ensure energy efficiency and reduction
m energy consumption. Furthermore. the principles that have been outlined for the technology selection. design and
operation of HVAC systems contained in the ACSAStandards and Guidelines for Energy Efficiency must infiltrate daily
operations of HVAC systems at the airports. Due to the airports having outsourced HVAC operations and maintenance, it

1s key that principles of energy efficiency form part of their service level agreements (SLAs).

Due to awrports naturally having a large land footprint with many spatial areas. everyday operational issues such as
leaking taps. pipes, broken glass. non-operational sliding doors. lighting and HVAC units left on in unoccupied areas, etc.
are ievitable. There i1s an opportunity to start the creation of an energy-efficient culture by making the everyday

identification and resolution of these issues an effort of onsite users that extend beyond just the personnel of ACSA.

The three principles for energy efficiency contained in [4] should culminate in the energy efficiency approach
mitiatives contained in a roadmap to energy efficiency (third principle for energy efficiency). This ensures that the site is
transitioned towards energy efficiency in a defined period of time. eliminating energy wastage. increasing efficacy.
reducing carbon emissions. saving on operational expenditure. and increasing the operational efficiency of an infrastructure
intensive site like an airport. Ensuring that all the initiatives on the roadmap to energy efficiency are realized. it is
imperative to have a team that coordinates and facilitates the execution as well as providing feedback regarding the
adjustment of the mitiatives and approaches to meeting the principles of energy efficiency as outlined in [4]. This paper
presents the key initiatives being implemented at airports in South Africa for the realization of energy efficiency as a

culture on site at its nine airports in South Africa.
2. INCULCATING ENERGY EFFICIENCY AT AIRPORTS

A culture of energy efficiency must be embedded in operations and business functions for success in achieving energy

efficiency on site. The following sections present:

e The mcorporation of energy efficiency in tenant lease agreements based on the Standards and Guidelines for

Energy Efficiency established for airports in South Africa as found in [1].

s Daily HVAC operational cost savings that are focussed on energy efficiency in operations and maintenance of
HVAC systems based on the principles established in the Standards and Guidelines for Energy Efficiency for

airports in South Africa as found in [1].

e The Energy Efficiency Ambassador programme is meant to incorporate a general culture of energy efficiency

onsite as well as eliminate energy wastage from everyday operational issues.

e The roadmap to energy efficiency will transition the awport sites towards compliance with energy efficiency

within a defined period of time.

e The establishment of energy teams at the airports to facilitate the execution of all activities contained in the

roadmap to energy efficiency.

These steps were followed for the awports owned and operated by Airports Company South Africa as named
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earlier. The initiatives were adjusted from airport to airport and implemented based on many factors such as the size of

operation, staff complement. infrastructure designs. scale of operations and their impact on energy consumption.
2.1 Energy Efficiency for Inclusion in Tenant Lease Agreements

The following clauses are intended for inclusion in tenant lease agreements. The energy efficiency clauses are also
designed to be audited for compliance at the tenant’s spaces during defined intervals so that accountability and energy
performance tracking is facilitated. Tenants (occupants of spaces at the airports) such as restaurants. offices, warehouses.
workshops. etc. usually have the building or space ‘shell” handed over to them which they must fit out and customize
according to their operational needs. Certain buildings such as offices have lighting and air conditioning installed which
must be maintained with wear and tear items being the responsibility of the tenants to replace during their lease period.
Commercial use spaces are typically provided with electricity and air conditioning. with the lighting and other furnishings
being installed by the tenant. Tenant leases can extend to several years and in some instances be renewed and thus the
energy consumption becomes significant. To ensure that tenants are aligned to the energy efficiency imperatives of the
business. it 1s important that energy efficiency is binding according to their lease agreements. The following subsections
present the extracts that must be included in a tenant’s lease agreement. Theextractsmustbe explained and discussed with
the contract manager and the tenant to ensure that there is understanding and agreement in the case of existing tenants.For

new tenants, this extract will be a condition of them using the space.
2.1.1 Documents to be Produced by the Tenant Before Occupation of the Space

e  The tenant must submit their Energy Conservation and Efficiency strategy for all spaces occupied. This strategy
must adopt energy consumption control measures, smart and energy efficient technologies. timely maintenance
and good housekeeping. the latest energy efficient technology for lighting. water heating and flow control. space
conditioning, refrigeration and any other applications for business operations. This strategy must address all
energy consuming activities, devices and mfrastructure installed and or used by the tenant. This strategy must be

submitted to the ACSA Property Manager within 30 days of the signing of this lease agreement.

o A comprehensive report must be drawn up of the space(s) that are occupied by the tenant. detailing the

devices/equipment that are drawing energy in their environments.Table 1 is an example.

Table 1: Report on the Devices/Equipment Drawing Energy on a Particular Site

Space occupied (e.g. office. cold room. retail)

Location of occupied space. Location of occupied space. floor area (sqm) and volume (single/double/triple/more)

Equipment type occupying and supplying the space (e.g. computer, hydroboil. air conditioner. lamp)

Equipment Manufacturer Specifications
(manufacturer name & model)

Quantity of equipment type within the space

Location of Electrical Feed for the equipment (White/red Plug point. Distribution Board (DB) Space occupied (e.g. office.
cold room)

Electrical Nameplate Rating of equipment (include nameplate COP for air conditioning)

Operational timeframes/ durations & number of operational days of the equipment

Maintenance frequency of the equipment (where applicable)

e This report must be submitted to the ACSA Property Manager within 30 days of the signing of this lease
agreement. accompanying the Energy Conservation and Energy Efficiency Strategy. Any new equipment added.

upgrades or refurbishments need to be added to the list in Table 1 and submitted within 30 days of the addition.
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upgrade or refurbishment. These updates must be submitted to the ACSA Property Manager.

¢ A 6-monthly reporting of the Coefficient of Performance (COP) of refrigeration units/plants must be submitted to

the ACSA Property Manager. Refer to the section on refrigeration.
2.1.2 Lighting

e Make use of LED lighting as far as possible. with maximum correlated colour temperature (CCT) of 4000K for
indoor areas and consumption of not more than 50W per 25m? area of office space for office spaces. The only
case for an exception where LED lighting is not adopted is when the existing light fitting installed and expected to
be retained with the space on expiry of the lease is not compatible with LED lighting. Where the tenant is

performing their own lighting fit-out. LED lighting is compulsory.

e Ensure that lux levels are in accordance with the Occupational Health and Safety Act. 1993 Environmental
Regulations for Workplaces, 1987 Schedule - Minimum Average Values of Maintained Illuminance (Measured on

the Working Plain) and ensure that the lux levels do not exceed 25% of the minimum lux levels stated in this act.

e In all cases. where security is not a risk. lighting must be switched off when not needed for business operations.
The adoption of occupancy sensors. timers and other smart technologies must be considered to control the use of
lighting. This should be included in the tenant’s Energy Conservation and Efficiency Strategy for the occupied

space(s).

e Daylight harvesting is recommended where natural lighting can be utilized: this should be adopted in the Energy

Conservation and Efficiency Strategy of the tenant for the occupied space(s).
2.1.3 Space Conditioning

e For the common areas cooled via the central air conditioning system in the terminal building, the temperature is
usually maintained between 22°C and 24°C. If the tenant has control of air conditioning space temperature.

maintain space temperatures within 22°C and 24°C.

e Ensure that the space i1s enclosed when the air-conditioning is operational. i.e.. all windows and doors tightly

sealed.

¢  Use methods such as insulation for a space fitted out by the tenant to keep space heating demand as low as

possible.

e Potable bar and fan heaters are not to be used in the space unless permission is granted and this is declared in the

report containing the tenant’s Energy Conservation and Efficiency Strategy.

e Switch off air conditioners during times when the space is unoccupied. Occupancy sensors and timers are
recommended to be adopted. The methods for controlling air conditioning usage must be detailed in the tenant’s

Energy Conservation and Efficiency Strategy for the space.
2.1.4 Refrigeration

e  Where refrigeration is installed by the tenant. refrigeration units/plants should have variable speed control and

must be controlled according to a temperature setpoint, i.e.. the plant must have feedback control capabilities.
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Regular and timeous maintenance according to the OEMSs requirements must be done on the units/ plants to
ensure that the Coefficient of Performance (COP) is kept as close as possible to the design nameplate. The COP
must be calculated from measured readings and recorded. The results of the COP must be submitted to the ACSA
Property Manager every 6 months. Should the COP calculated from measured readings deviate by a difference of
0.7 or more from the manufacturer’s design for more than 6 months. action must be taken to restore the COP to

within 0.7 of the design nameplate.

The space that is refrigerated must be well insulated with the integrity of the insulation mamtamed and the space
must be tightly enclosed. except for open refrigerators in the retail space where glass enclosures are advised for

energy conservation.

All energy conservation and energy efficiency measures for the units/plant must be captured in the tenant’s

Energy Conservation and Efficiency Strategy.

2.1.5 Water and Water Heating

Ensure that geysers are switched “on™ a maximum of one hour before intended use and that hydroboils are
switched off when not in use for extended periods such as weekends. holidays. or days away. Timers are effective
in achieving this. The control of geysers and hydroboils within the occupied space must be detailed in the tenant’s

Energy Conservation and Efficiency Strategy.
For added efficiency. consider insulating the geyser and installing a timer for its operation.

Refrain from using set points higher than 60°C on the geyser. ensuring that the se tpoint is high enough to prevent

the growth of legionella.
Ensure that the geyser is mamtained and that there are always no leaks.

Where the tenant is responsible for installation and maintenance of faucets. showers and other facilities. ensure

that faucets and showerheads are low flow and water efficient. Adopt sensors for faucets in washbasins.

All energy saving measures are to be detailed in the tenant’s Energy Conservation and Efficiency Strategy.

2.2 Daily HVAC Operational Cost Savings

Due to the second largest energy user at airports being HVAC as established in [5]. the operators of central HVAC systems

are usually the operations and maintenance (O&M)service providers appointed by Airports Company South Africa. The

age of HVAC systems across the airports differ and so do their designs and thus capabilities. To ensure energy efficiency

in the operation of existing HVAC systems. the guidelines in the following subsections were introduced to the airports’

technical teams for implementation. The guidelines promote energy efficiency as an operational cost saving measure for

the organization. intending to achieve much-needed cost saving for the financial year especially during the peak summer

period when the cost of energy for air conditioning is at its highest.

2.2.1 Air Conditioning Maintenance

Electricity consumption of HVAC systems increases when heat exchange surfaces are not maintained Ensure that the

following maintenance is done each year before the summer period. i.e.. by 1 December:
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¢  Clean heat exchange surfaces

o Inspect ductwork for air leakages and seal all leaks by taping or caulking

e Inspect ductwork insulation — repair or replace as necessary

* Inspect damper blades and linkages — adjust on a regular basis and clean oil

e Clean or replace air filters

¢ Inspect and clean coils

e Inspect coils and casings for leakage — seal all leaks

e Inspect all room air outlets and inlet (diffusers. grilles) to be free of dirt and obstructions
e Lubricate motor and drive bearings

e  Check for over-voltage and low-voltage conditions on motors

®  Check excessive noise and vibration

* Keep fan blades clean

e Inspect piping for leaking at joints — repair as and when necessary

o Inspect strainers and cleaning regularly

¢ Inspect vents and remove all clogs — clogged vents retard efficient air elimination and reduce system efficiency
* Replace leaking dampers on ventilation systems

e Ensure condensing and evaporating devices are clean and well maintained — check that condensers are not

obstructed by equipment or vegetation
o  Ensure that insulation 1s installed on refrigerant pipework located outside a building
¢  Ensure that motors are operating at Best Efficiency Point as per manufacturer data

o  Where applicable. check motor and belt drives and ensure that they are operating as per OEM operating

conditions

Airports are expected to keep the dates of maintenance for checking and assessment purposes to ensure that the system is

performing optimally.
2.2.2 Air Conditioning Control

Ineffective air conditioning control can defeat the purpose of air conditioning altogether. Ensure that the following controls
are put in place before the peak summer period to ensure energy savings. Care should be exercised when implementing
these controls as their implementation will ensure energy savings without voiding equipment warranties or triggering

energy consumption in another part of the HVAC system.

e Lower temperature set-points do not cool abuilding down more quickly: temperature control should be around 23-

24 degrees Celsius. On those exceptionally hot and humid days. ensure that the delta T of temperature set-point
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and outdoor environmental temperature does not exceed 10 degrees Celsius. Care should be taken when applying
this parameter as central HVAC systems in. for example. ORTIA. may need some discretion with respect to
variable air volume and constant air volume systems. With Constant Air Volume Air Handlers. you may find that
the unit responds to a higher setpoint by heating the air as a fixed delta T across the coils which is the only
capability of the system. but this negates energy savings. With KSIA's HVAC system. this increase in setpoint can

be achieved efficiently by increasing the Chilled Water Leaving Temperature Setpoint (as it has this capability).

e Ifheating is available in your centralized air conditioning system. ensure that heating and cooling is not allowed at
the same time by setting controls to give a wide temperature gap within which heating and cooling systems turn
on — a gap of around 4-5 degrees Celsius between the heating and cooling thermostat set-point will create a
comfortable ‘dead band’. For ORTIA. a sure way of guaranteeing that heating and cooling is not activated at the
same time 1s to check that the contactor supplyving the heating elements 1s not activated at the same time when the

two/three valve supplying chilled water to the AHU is open.

o  Ensure that fresh air intake is compliant with building regulations. prevent fresh air intake dampers from being in
full open position unnecessarily. For constant air volume systems, fresh air intake dampers should be fully open to
avoid the motor pulling air against a closed damper. For ORTIA. CTIA and KSIA. carbon dioxide sensors are
mstalled that vary the damper position to allow sufficient fresh air while maximising efficiency through returned

air. These should be checked for correct functioning.

¢  Ensure that the feedback control sensors are correctly reading the temperature of the space. not the ceiling void or

the air duct temperature.

e If the system can tolerate a little increase in temperature at the evaporator. the opportunity exists to reduce
compressor power. This evaluation and adjustment must be done through a qualified air conditioning specialist.

bearing in mind equipment warranties.

e If the system can tolerate a decrease in condensing temperature. an opportunity exists to decrease compressor
power consumption. This evaluation and adjustment must be done through a qualified air conditioning specialist.

bearing in mind equipment warranties.

e For centralized air conditioning systems. chiller sequencing operations should be such that the next chiller is
brought online only when the current operational chiller has exceeded 95% loading. There should never be more

than one chiller part loading at any time.

e  Check the energy balance between primary and secondary circuits — check the flow rate through the bypass line.
The flow rate through the bypass line should never exceed the flow rate through one chiller. If it does there is
excess demand or excess supply of chilled water. If the flow rate is not known. it can easily be calculated knowing

the cooling capacity of the chiller.
2.2.3 Air Conditioning System Time Schedule

HVAC time schedules help air conditioning systems to cope better with outdoor environmental temperatures experienced
m summer which are outside their design as energy efficiently as possible when combined with proper maintenance and air

conditioning control.
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e For centralized air conditioning systems that have the capability of implementing time schedules, begin chiller
operation before airport operations (earlier than 6 am) to give the HVAC system a better chance ofresponding to
the internal heat gains and solar heat gains of the day.This will also lower the operational cost of energy as energy

at that time is on standard or off-peak tariffs.

e Ensure that all air conditioning units and systems are shut down when they are not required. i.e.. outside

operational hours.
2.2.4 Envelope, Fenestration and Equipment Care

The following must be performed to ensure that the air conditioning provided for the comfort of occupants is maximized
and not wasted through comprises in the facility's envelope. fenestration and improper maintenance of other engineering

systems that contribute to the heat loading of the facility.

e Report and ensure repair of all broken windows and openings that allow unintended environmental exposure,

mcluding sliding doors that are defective and stay in the open position.

e Report and ensure repair of all lighting containing ballasts that have fused as these fuses consume electricity and

produce heat without lighting up the environment. Either disconnect the fixture or replace the lamp.

¢ Report and ensure resolution of areas that are overcooled or areas that are in heating mode, when cooling is

intended.

During daily operations a water leak. overlooked or unseen broken windows. open sliding doors in air-
conditioned spaces, neglecting the switching off of lighting and air conditioning can all lead to energy wastage: thus.

resolving these issues and keeping daily energy wastage to a minimum is key.
2.3 Energy Efficiency in Daily Operations

Each of the international airports (ORTIA. CTIA. KSIA) has a dedicated Infrastructure Management Centre (IMC) which
coordinates all daily operations and maintenance tasks with respect to the airport infrastructure. At its core, the IMC is the
airports” infrastructure call centre/helpdesk. with their duties extending to ensuring the work needed to resolve the call is
executed by the respective party: measuring, recording and reporting turn-around times on resolved calls. The regional
airports have decentralized IMC functions in that they have shared responsibilities where the functions of the IMC are
undertaken by one or two persons who are part of the airports' maintenance team. In the course of their duties. the IMC
team also coordinates the work tasks of a host of service providers such as cleaning services. HVAC operations. recycling
and waste services operations and maintenance, Jet Al fuel farm operations and maintenance service providers. people
movers service providers, sewerage waste operations and maintenance service providers, thus ensuring that all operations
and maintenance requirement are met. These service providers and in-house maintenance personnel collectively have "eyes

and ears" on all infrastructure at every location of the airport every day.

To leverage the opportunity of the “eyes and ears™ of operations and maintenance personnel at every location of
the airport for the purposes of energy efficiency. it is key to establish an energy efficiency platform through which energy
efficiency issues can be reported to be resolved via the airports’ existing IMC. Certain behaviours such as switching off
lighting and air conditioning for offices and other occupied areas in buildings can be achieved through the various service

providers, especially the janitors of buildings as they naturally are “looking after” the buildings daily. Issues that cause a
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loss in energy efficiency such as dirty air filters. leaking air ducts. potable water pipe bursts to broken windows and leaking
faucets can be reported promptly to the IMC by various individuals working for service providers and this can be resolved

within a day or within the week depending on the complexity of the resolution of the issue.

The energy efficiency programme can be set up with the intention of creating a lasting energy efficiency culture,
or through behaviour expectations contained in SLAs. tenant obligations and even individuals’ Key Performance Indicators
(KPIs). Either way. in an organization as complex as an airport authority by virtue of the number of role players. it is best
that commitment and support from top management is gained for such a platform. It is key to have a programme that is
well defined. its outputs measured. assessed and programme adjusted to meet the intended goals within the airport sites’
operating culture and mfrastructure environment. The following section outlines the steps taken to establish an “Energy

Efficiency Ambassador Programme™ to promote energy efficiency in daily activities.
2.3.1 Steps to Rolling out an Operational Energy Efficiency Ambassador Programme

The following steps outline the process to establish and operate an Energy Efficiency Ambassador Programme aimed at

achieving energy savings through the elimination of energy wastage from daily operations. Figurel depicts these steps.
e  Step 1:Plan the Energy Efficiency Ambassador Programme to achieve daily energy efficiency at airport sites.
e  Step 2: Obtain permission and commitment from management team.

e Step 3: Call for voluntary Energy Efficiency Ambassadors who may be employees of Airports Company South
Africa or employees of its tenants and service providers. Include within the team mandatory participation of new
tenants, maintenance and other service providers who have service level agreements with the organization. Gain

buy-in for participation from existing tenants.
e Step 4: Communicate expectations of the programme to the Energy Efficiency Ambassadors.

e Step 5: Communicate plan to all parties involved in executing the various operational corrective actions that will

eliminate energy wastage. such as the IMC, decision-makers and executors of the tasks to be resolved.
e  Step 6: Operate the programme.
e Step 7: Evaluate energy savings and effectiveness of programme and report to top management.

e  Step 8: Adjust plan accordingly.
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Operate the programme

Figure 1: Process to Establish and Run the Energy Efficiency Ambassador Programme.

The actions to be performed by the energy efficiency ambassadors must be listed and the work tasks divided

amongst the ambassadors.
2.3.2 Tasks to be Performed by the Energy Efficiency Ambassadors
Identify specific instances where energy (and water) is wasted daily through usual activities and unavoidable occurrences.

(a) Report the following to be addressed by the IMC Helpdesk as and when they occur and when they are
identified on daily site walk abouts:

e Fused lamps
o Leaking taps and pipes
e Overcooled areas
e  Broken windows in an air-conditioned area
e Lighting schedules not working
(b) Perform the following actions onsite as needed and identifiedduring daily walkabouts:
e  Switch off lighting not needed and at the end of the workday
¢  Unplug devices not needed/in use
e  Switch off air conditioning when the space is unoccupied

o  Close taps
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2.3.3 Recruitment of Team Members for the Energy Efficiency Ambassador Programme
Guidelines for constituting the team of Energy Efficiency Ambassadors:
e (Call for Energy Efficiency Ambassadors on a voluntary basis. do not limit the call to internal staff. or

e (Call for Energy Efficiency Ambassadors by invitation to specific departments or job descriptions where the
operational issues causing energy wastage is more likely to occur within their job functions. under their control or
are identified by them. e.g.. cleaning staff. guarding services personnel. maintenance personnel, safety staff. etc..

or

e A hybrid approach of (a) and (b) that calls for volunteers but also makes targeted mvitation to specific

departments.

e  Start with a few energy ambassadors and scale the team and their duties such that it suits the goal of the energy

Efficiency Ambassador Programme.

By its nature. an airport as an organization does not have full influence over its energy consumption by virtue of
areas being occupied by tenants and energy mtensive infrastructure being mamtained and operated by service providers
(i.e.. outsourced). therefore it is essential that service providers and significant energy be included in the Energy Efficiency
Ambassador Programme. For this reason. the outcomes of the Energy Efficiency Ambassador Programme should be
incorporated into tenant lease agreements and Service Level Agreements (SLAs). Cleaning services and guarding
personnel are key in a programme such as this, so it would be most beneficial to get them onboard. At airports. safety
personnel perform daily walk abouts to identify hazards and reportable incidents. so ensuring their inclusion in the
programme will be beneficial. In summary. the following functions/categories of people should be mcluded in the

programime:

e Service providers having custodianship of maintenance and operations of energy intensive infrastructure or

mfrastructure that affect or influence the site’s energy consumption:
o Top ten significant energy using tenants that constitute over 50% of the share of tenant energy consumption:
¢ Janitorial/cleaning staff:
e  Security personnel: and
o Staff that perform mspections and walk abouts as per their usual work duties.
2.3.4 Communication

Communication is key to bringing about a sense of community and common motivation for the execution of tasks.
Keeping team members informed of the progress in meeting the goals of the Energy Efficiency Ambassador Programme as
well as bringing about awareness of energy wastage and its impact on the company. country and planet will be one of the
many ways to bring about motivation and gaimn momentum for the programme. Communication around awareness should
seek to build a culture of energy efficiency within the company. In this respect. topics and modes of communication with
the audience should be relevant to their daily life and work experience. Communication should be two-way in that team
members should be invited to provide feedback and be encouraged to co-create the next cycle of the programme towards

an improved solution. In summary. communication should be related to:
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e Progress on energy savings:

e  Awareness of energy and implications for the company. country. planet:

¢ Information sharing amongst team members around energy and how it affects the team members’ daily lives: and
e  Suggestions on how to improve the Energy Efficiency Ambassador Programme.

Methods and channels of communication should be varied based on what appeals to the wvarious

functions/categories of people on the programme. The following methods should be considered:
e  Periodic (monthly. weekly) meetings using both virtual and face-to-face interactions:
e  Group email or Microsoft Teams:
e  Social networking (social media such as WhatsApp groups. targeted team building):
¢ Logbooks and formal progress reporting: and
o Internal newsletters.

Care must be exercised to provide just the right amount of information at the right time. suitable to team members,
to avoid causing fatigue and loss of motivation for the Energy Efficiency Ambassador Programme. Encouraging team
members to be active in the administration of the programme will go a long way towards creating a lasting culture of

energy efficiency within the company.
2.3.5 Incentives to Motivate Team Members of the Energy Efficiency Ambassador Programime

Varying company cultures may pose various degrees of difficulty in getting a programme such as the Energy Efficiency
Ambassador Programme off the ground and keep it rumning successfully. Certain organizations may need to offer
centives to get volunteers and keep team members motivated. When approaching the launching of a programme such as
this. it will be beneficial to consult with personnel who have launched other types of awareness and other programmes such
as safety. security. environmental. and customer service programmes that seek to create culture and community in the
organization. The personnel running these programmes can provide useful input to the successful launching and running of
the Energy Efficiency Ambassador Programme. Whether the programme starts out as being incentive or voluntary. there
must be plans over time to get the tasks of the programme formalized as obligations of tenants. service providers and even

employees of the company. The following options can be considered so as to ensure that the programme is successful:
¢ Include in annual performance contracts as KPIs (Key Performance Indicators) for ACSA employees:
¢ Include in SLAs for service providers:
¢  Monthly recognition for “top achievers™ such as “Energy Efficiency Ambassador of the Month™: and
e Latch onto ACSA’s existing “rewards and recognition” programine or create a new programme.

It is important to not focus rewards on monetary gains unless the model of the company is designed for such
where energy savings can be quantified. and cost savings can be associated with a certain individual. Incentives must also

be fair and impartial so that team members do not become aggrieved. or competition becomes unfriendly.
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2.3.6 Process of the Energy Efficiency Ambassador Programme

Much of the success of the Energy Efficiency Ambassador Programme will depend on effective identification.
communication and successful resolution of daily operational issues that lead to energy wastage. The recruited Energy
Efficiency Ambassadors are the identifiers of the daily operational issues that waste energy. It is useful to channel all
issues to a central station from which the dissemination of the issues for resolution is undertaken and from which there is a
report back on the repair status of the tasks reported. If the organization has an existing helpdesk, it is advisable to make
use of this helpdesk. The process of the programme will then be as depicted in Figure 2.

Reporting of
identified operational
issues to central
helpdesk to be

disseminated for Resolution of
resolution Ml reportedoperational

Identification of
operational issues that |
waste energy

issues andupdate
central helpdesk of
progress

Figure 2: Process of the Energy Efficiency Ambassador Programme.

It is important to plan the ‘voluntary” nature of the Energy Efficiency Ambassador Programmefor a defined period
of time after which it becomes part of all business activities as a requirement, i.e. SLAs in tenant lease agreements, KPIs in

staff performance contracts, and reporting being part of top management focus and company dashboards.
2.4 Roadmaps to Energy Efficiency

An energy efficiency road map must be drafted for every site to ensure that all identified energy efficiency initiatives and
desired behavioural changes are realized. transforming sites towards energy efficiency over a defined space of time and
maintaining this trajectory. This roadmap must be revised annually. The roadmap should include all tasks that must be
executed, the dates that they should be executed by, and by whom. Table 2 contains all the type of activities that have been
included in plans so far for implementation at the airports. Individual airports develop their individual road maps based on
their infrastructure replacement and refurbishment cycles, age of infrastructure, impact of tenants on energy consumption

and other organizational factors.

Table 2: Types of Activities Included in Roadmaps to Energy Efficiency

Energy efficient lighting retrofits:
e LED lighting for all buildings’
Reduce facilities : Electrical
Energy ¢ LED lighting for all signage and é::“a?aﬁt;’ysztg?; Maintenance
Consumption advertising P Y Departments
n existing e LED for the airfield and outdoor
infrastructure applications
Lighting control projects: All airport systems Electrical
*  Occupancy sensors, compliant by 2025 Maintenance
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¢ Photocells and dimming functions to Departments
modulate according to lighting the
need
e  Timers
HVAC demand reduction projects:
e  Heat resistant coating on roof/ solar Mechanical
thermal roof/ green roof. 11 airport sv: Maintenance
e  Solar thermal walls OR heat ?011$1?$[‘€;S:§;12 and Facilities
deflection facades T Management
¢ Building envelope and fenestration Departments
projects
HVAC systems redesign with replacement
and refurbishment cycles to ensure a smooth
notified maximum demand curve (load
levelling techniques and load shifting
techniques):
e  Heat pipe dehumidification
* Re-use of condensate as make-up
water to aid in achieving temperature :
required for cool chillers All airport systems Mal{ltmlf_lpce
e  Re-use of condenser water in a heat compliant by 2027 Eng_uleﬂ mng
Projects

exchanger as a pre-heater to the
geysers or any other process
requiring a heated fluid

s Active chilled water set-point
control. variable speed drives, air
economizing. fresh air demand
control

e Ice storage or chilled water storage

Embedding
Energy
Efficiency
culture

Application of the Standards and Guidelines

Engineering and

for Energy Efficiency in all new projects. All g ﬁi{‘y project
) i ] compliant by 2018 execution
refurbishments and replacements P——
Application of energy efficiency in daily Facilitated by
activities: 3
s Energy Efficiency Ambassador All airports fully Energy and
" a);nme y compliant by 2023 Demand
Pros : ;s : Management
»  Energy efficiency in maintenance
Facilitated by
All awrports compliant by El;erg);;nd
Application of energy efficiency in tenant 2018 for new tenants and L-Ia.l:a:zemen i
leases upon lease renewals for — ¥
existing tenants (~2023) cmumercia}{
departments

The implementation of energy efficiency in relation to the sources of energy requires an in-depth analysis that

seeks the most suitable energy sources for the airports” electrical demand suiting its operations as well as fulfilling key

organizational prerogatives. In this analysis of alternative energy sources for the airports, energy efficiency implementation

as outlined in this paper will need to be taken into consideration.

2.5 Formation of Energy Teams at each Airport to Facilitate the Inculcation of Energy Efficiency

An Energy Team should be established onsite at each facility that coordinates and facilitates the execution of the initiatives

that transition the site towards energy efficiency as well as lead the creation and track the progress of establishing a culture
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of energy efficiency at each site. In essence. the roadmap to energy efficiency will be the guiding principle of the

constitution of the airports’ Energy Teams. Refer to Table 3 for the constitution of the Energy Teams at the airports.

Electrical Engineer/Electrical
Technician

Table 3: Constitution of Energy Team

Facilitate and execute LED lighting retrofits: lighting control mitiatives: lighting
conservation initiatives. This includes scoping and budgeting of project activities

L]

Mechanical
Engineer/Mechanical Technician

HVAC energy conservation in operations, design retrofits towards energy
efficiency

Project Manager/ Project

Incorporation of Standards and Guidelines for Energy Efficiency and ensuring

3 : 2 z .
Programme Manager that project budgets are aligned to achieve this
Commercial Key Accounts g 3 ;

4 Y Incorporation of energy efficiency in the tenant lease agreements
Manager

5 Environmental Compliance Checking compliance of all tenant lease agreements with their energy
Officer management strategies

Checking that all practices are compliant with safety requirements as per the

6 | Safety Compliance Officer Occupational Health and Safety Act 85 of 1993

Lead the energy team and the Energy Efficiency Ambassadors: coordinate and

7 | Energy Management Engineer T :
&y = = track success of realizing the roadmaps to energy efficiency

Infrastructure Management Collation of all calls resolved that affect energy consumption to quantify energy

8 :
Centre (IMC) Helpdesk Agent savings
g Introduce new and innovative ways to stimulate awareness and introduce
Information Technology (IT) : ; . e ks : .
9 = convenience to achieve energy efficiency monitoring. tracking and evaluation of

officer results to compare them with targets

10 | Procurement Manager Ensure that energy efficiency is considered in all project procurements.

; ; Ensure that for all infrastructure refurbishments and replacements, energy
Maintenance function heads of : : ; . : : : : 5
11 efficiency is considered in the new/refurbished designs and equipment

department ; : 5 i . = :
specifications. as well as alignment of respective budgets to perform this

The above airport-based Energy Teams will vary based on the airport structure, infrastructure onsite and the scale
of operations. For instance, project execution for regional airports (PEIA, EL airport. BFIA, GG airport, UPIA, KIM
airport) are centralized and based at corporate office. so most of the team members will be shared. The concept of the
Energy Teams will be consistent. but the energy team constitution will vary. Energy teams should decide on their methods
of communication. communication frequency and coordination. Meeting on a monthly basis in relation to the results of the
sites energy consumption is essential and the energy efficiency ambassadors should communicate at least weekly with the

Energy Team to accurately track progress on elimination of energy wastage.
3. CONCLUSIONS

Due to the airports having a significant number of tenants utilizing and influencing the use of energy at the airports. clauses
for energy efficiency were presented to be included as an extract in tenant lease agreements to ensure energy efficiency in
tenant spaces. To eliminate energy wastage in HVAC systems daily operations. a guideline for HVAC maintenance and
operations operational cost savings that largely address energy conservation and efficiency was introduced. To achieve
energy efficiency in daily airport operations. the Energy Efficiency Ambassador Programme should be implemented.
These initiatives are in accordance with [4] 1e.. fulfilling the principles of energy efficiency so as to achieve energy

efficiency sustainably for airports.

These energy efficiency initiatives are all included in each airports’ roadmap to energy efficiency for
implementation with the alternative energy sources requiring a further analysis prior to implementation. Now that there is a

plan in place to realize energy efficiency at all airport sites for existing infrastructure and new infrastructure, there is an
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expectation and standard set for the creation of an energy efficiency culture within the organization. In due course. further

carbon reduction activities can be explored that will ensure energy security in the current global warming crisis faced by

the world today.

REFERENCES

1

J. Joseph, F.L. Inambao, “Energy Efficiency for Airport Infrastructure: A Case Study ofthe Implementation of Energy
Efficiency for Airports in SouthAfiica”, International Journal of Mechanical and Production Engineering Research and
Development (IJMPERD), ISSN (P): 2249-6890; ISSN (E): 2249-8001, Vol. 11, Issue 2, Apr 2021, 383—406.

United Nations Economic and Social Commission for Asia and the Pacific Environment and Development Division,

“Guidelines for Strengthening Energy Efficiency Planning and Management in Asia and the Pacific” April 2011.

W. Konig, S. Lobbe, S. Biittner, C. Schneider, “Establishing Energy Efficiency—Drivers for Energy Efficiency in German
Manufacturing Small- and Medium-Sized Enterprises "Energies 2020, 13, 5144, doi:10.3390/en13195144.

Zikhali, Whitehead. "Putting the Last First: Using the Chamberian Lenses to Explore Poverty at Sivomo Village, Nkayi
District, Zimbabwe. " International Jowrnal of Humanities and Social Sciences (IJHSS) ISSN(P): 2319-393X; ISSN(E): 2319-
3948 55-66

KeerthivenkateshKumar, A., and E. Baburaj. "Analysis of Energy Efficiency in Sensor Nodes of Wsn Scada Systems Using
Cognitive Fuzzy Logic.” International Journal of Electronics and Communication Engineering (IJECE) ISSN(P): 2278-9901;
ISSN(E): 2278-991X, 17-28

Sherasiva, Tarigahmad, Hardik Upadhvay, and Hiren B. Patel. "A survev: Intrusion detection system for internet of
things. " International Journal of Computer Science and Engineering (IJCSE) 5.2 (2016): 91-98.

Mehta, P. A. L. L. A. V. I, and K. H U. S. H. B. U. Mehta. "Green HRM practices and organizational culture.”" International

Journal of Human Resources Management 6.1 (2017): 1-6.

J. Joseph, F. L. Inambao, “Principles for Achieving Energy Efficiency in Developing Countries”, International Journal of

Mechanical and Production Engineering R ch and Develop t (IJMPERD), ISSN (P): 2249-6890; ISSN (E): 2249-
8001, Vol. 11, Issue 2, Apr 2021, 265-282.

J. Joseph, F.L. Inambao, “Energy Consumption and Energy Efficiency of Airports: A Case Study of Airports in South Afiica”,
International Jowrnal of Mechanical and Production Engineering Research and Development (IJMPERD) ISSN (P): 2249~
6890; ISSN (E): 2249-8001, Vol. 11, Issue 2, Apr 2021, 205-228.

Impact Factor (JCC): 9.6246 NAAS Rating: 3.11

191
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This chapter presents an investigation into the adoption of a solar thermal heat deflective innovative
technology to reduce air conditioning in airport terminal buildings in South Africa, providing a technical

and economic assessment (or technoeconomic assessment).
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Abstract

Air conditioning is a significant energy user in buildings in South Africa. Airports have large,
centralized air conditioning systems for their terminal buildings which contributes around 20 % of the
airports’ energy consumption. Air conditioning systems are sized according to the cooling or heating
demand as appropriate. Air conditioning systems not only cost a lot in energy consumption, but also in
maintenance which over a 20 to 25-year lifespan can make a significant impact on the environment.
Designing air conditioning systems to be as efficient as possible in operations is one way of reducing
cost and environmental footprint of air conditioning systems. Another way is to reduce the cooling and
heating demand passively. Insulation is effective in resisting heat gain from the environment, but most
traditional materials of insulation require maintenance to ensure its effectiveness. Solar heat gain
through the roof of buildings is a major contributor to the cooling demand and finding a way to
significantly reduce this component will allow for a smaller air conditioning system to be adopted or
allow existing air conditioning systems to supply a larger area. This paper presents an investigation into
the adoption of a maintenance-free solar thermal heat deflective innovative technology that deflects 85
% to 95 % heat gain to reduce air conditioning energy consumption in airport terminal buildings in
South Africa and provides a technical and economic assessment (or technoeconomic assessment).

Keywords: Technoeconomic assessments, reducing energy consumption in air conditioning systems,
heat deflective coatings that save energy, passive cooling techniques for airport buildings

Introduction

The sizing of air conditioning systems satisfies cooling demand brought about by heat gains such as
solar heat gain, people, equipment, artificial lighting etc. (Fig. 1 and Table 1). There are various passive
cooling techniques available which reduce energy consumption of air conditioning systems. These
passive cooling techniques include low overhangs to shade large windows and glass facades, use of
double glazing or low emissivity glass, the adoption of insulation, etc.
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Figure 1: Various heat gains in a building [2]
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Table 1: Internal and external heat gains [2]

External heat gains Internal heat gains
Roofs/walls — conduction Artificial lighting
Roofs/walls — radiation Equipment and electronics
Skylights/windows — conduction People
Skylights/windows — radiation
Ventilation/infiltration
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Passive cooling techniques are very useful and are the first step of planning before the size of an air
conditioning system can be chosen as it serves to reduce the size of an air conditioning system. This
saves on capital costs and the cost of energy consumption, and, by implication, can reduce the related
carbon footprint. Reducing energy consumption in air conditioning systems is a key focus for airports
in South Africa as their contribution to electricity consumption is between 20 % to 30 % [1] of the total
electricity consumption.

Even more effective in reducing the size and energy consumption of an air conditioning system is the
elimination of components of heat gain such as solar heat gain through the roof of a building. The solar
thermal heat deflection innovative technology investigated in this paper can deflect between 85 % to
95 % of'the solar heat gain on the surface that it is applied to. Solar heat gain through the roof contributes
between 25 % to 35 % of the heat load of an air conditioning system based on the climate of the
geographical region, the architecture and material of construction of the roof, and insulation materials
if any.

Traditional insulation is cost effective for smaller spaces. However, as the roof area increases, the
installation and maintenance cost of insulation versus the overall benefit of reducing the air conditioning
load reaches a point where it is not feasible (Fig. 2). Traditional forms of insulation work by typically
slowing down the heat ingress into the space by absorbing and retaining the heat within itself over a
period of time. Thus, one can argue that the heat eventually reaches the space, however at a much slower
rate (Fig. 3).

total costs

costs of insulation

Costs

costs of heat loss

Insulation thi‘ckne\
conomic insulation thickness

Figure 2: Typical economics curves of traditional insulation materials [3]
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Figure 3: Traditional insulation thermal conductivity and heat resistance relationships [2]

When completing heat load calculations, the time lag factor is key. When the sun shines upon a wall
face early in the morning, although the wall does experience a heat load, the amount of heat load
experienced in the building at that time is minimal. This is due to the thermal mass of the wall. Thermal
mass is also known as heat capacity and is defined as the ability of a material to absorb heat. The
radiation from the sun onto the building and the time it takes for the heat to transmit through the
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materials must be considered. To calculate the total effect of the difference between the indoor and
outdoor temperature, the effect of the solar radiation onto the walls and roofs and the time factor due to
the heat storage of the roof/wall material, the engineer usually uses the Cooling Load Temperature
Difference or CLTD. [2] The CLTD method uses the following equation to calculate heat ingress into
the space:

Q = U XA X (Toutdoor — Tindoor) -«-««««cereeeeeemmmemntanaae et eeneieaeaanes Equation (1)

The solar thermal deflection innovative technology investigated in this paper is a ceramic based
insulation with two key innovations, namely, ceramic microspheres which are filled with inert gas. This
coating, when applied to the surface exposed to solar radiation, does not allow the surface to heat load
but rather deflects all the heat back to the surrounding environment. This means that there is no or
negligible heat gain through that surface because it forms a thermal barrier. This innovative coating
when applied to the roof surface also reduces the wear and tear on the roof due to expansion and
contraction from solar radiation, leading to longer lifespans of the roof material and a better return on
investment. This innovative coating was used initially by National Aeronautics and Space
Administration (NASA) to protect the front end of booster rockets. It deflected heat gain from wind
resistance and engine exhaust.

This ceramic based coating with inert gas filled microspheres has found use in the insulation of furnaces
in industry and is commercially available to be used on the roofs of buildings, on walls, and any other
surface that needs heat to be deflected. This insulation is investigated in this study for its use in
deflecting solar heat gain for terminal building roofs for nine airports in South Africa owned and
operated by Airports Company South Africa.

Airports Company South Africa is South Africa’s airport authority, owning and operating nine airports
in South Africa, namely, O R Tambo International Airport (ORTIA) (Kempton Park, Gauteng), Cape
Town International Airport (CTIA) (Western Cape), King Shaka International Airport (KSIA) (Durban,
KwaZulu-Natal), Port Elizabeth International Airport (PEIA) (Eastern Cape), East London Airport
(Eastern Cape), Bram Fischer International Airport (BFIA) (Bloemfontein, Free State), George Airport
(Eastern Cape), Upington International Airport (Northern Cape) and Kimberley Airport (Northern
Cape).

The key technology features that make ceramic based solar thermal deflection material effective are
microscopic, inert gas filled microspheres:

e Ceramic microspheres - the use of spheres increases the durability because a sphere is a very
stable shape that can take abuse without cracking. The same cannot be said of irregularly shaped
fillers that do not have strong internal structures. Once the ceramic microspheres link together
to form a bond with the resin they become even more durable against scratches, cracking, etc.
and can withstand regular contact with industrial chemicals without breaking down.

e Inert gas or creation of vacuum — this makes heat transfer via conduction almost impossible.

The key factors and parameters for the ceramic-based solar thermal deflection coating to be adopted at
airports are:
e Must be able to reduce the air conditioning load and thus electricity consumption and the
airport’s carbon footprint by at least 25 %
Needs to make financial sense to the business
There should be no adverse effect on airport operations in respect of glare
Class A fire rating and “0” flame and smoke
It should have a manufacturer’s performance guarantee of at least 10 years

It must be environmentally friendly, non-toxic and not contain any volatile organic compounds
(VOCs)
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1. Description of the technology

The ceramic-based coating referred to as “solar thermal deflective innovation technology™ deflects
about 95 % of the sun’s thermal energy contained in the infrared and ultraviolet rays. The ability of the
ceramic-based coating to achieve this is through two key innovations within the coating which is applied
as a paint. The coating contains ceramic microspheres wherein an inert gas or a vacuum exists.

Paint manufacturers blend the inert gas filled ceramic microspheres (usually in a powder form) into the
paints so that they form a heat resistant film not allowing heat to pass through, but rather reflecting it
back into the atmosphere. Fig. 4 shows a zoomed-in view of the shape and form of the microspheres.
Each single ceramic microsphere is small and appears as a single grain of flour (slightly thicker than a
human hair).

Fig. 5 shows the shape and form of each ceramic microsphere (left), the paint application and drying
process depiction of how the insulating layer is formed (right). In effect they are microscopic hollow
vacuum sphere that deflects heat and reduces the transfer of sound.

When mixed into paint, the painted surface dries to a tightly packed layer of the hard, hollow
"microspheres”, the tightly packed film reflects and dissipates heat by minimizing the path for the
transfer of heat. The ceramics are able to reflect, refract and block heat radiation (loss or gain) and
dissipate heat rapidly preventing heat transfer through the coating with as much as 90 % of solar infrared
rays and 85 % of ultraviolet rays being radiated back into the atmosphere.

ver s [We (e

Figure 2: Form of the tiny microsphere (left) Typical paint application and drying process (right) [5]

The technology is available as the white powder additive to be mixed with any type and colour of paint
to achieve the insulating effect. The paint itself together with the ceramic inert gas filled (or vacuumed)
microspheres can be bought from paint manufacturers.

2. Assessment of technology maturity

The ceramic inert gas filled microspheres were invented in the course of searching for an insulating
method for solid rocket boosters that experienced immense heat generated by wind resistance and
engine exhaust during the launch of a space shuttle. Initial attempts to a solution for this problem were
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costly or had very accurate chemical processes, that, if they went out of parameters, became ineffective.
To protect the solid rocket boosters, engineers at Marshall Space Flight Center in the 1980s developed
a spray-on insulating process that was applied to the boosters’ forward assembly, systems tunnel covers,
and aft skirt. The materials were costly, and if the application was interrupted or not completed within
the five-hour window, the batch was lost. In addition, the strength of the material was difficult to
regulate, so it often chipped off during flight and splashdown (when the reusable boosters were dropped
into the sea). Another disadvantage was that two of the nine ingredients were harmful to the
environment. [5][6]

Through a Space Act Agreement in 1993, Marshall partnered with the United Technologies subsidiary,
USBI, of Huntsville, Alabama, to develop an alternative to the old insulating spray. Using Marshall-
developed convergent spray technology, they atomized epoxy and different filler materials to create an
environmentally friendly ablative insulation material. The material, Marshall Convergent Coating-1
(MCC-1) consisted of 8 % hollow spherical glass, 9 % cork, and 83 % epoxy. The materials were mixed
at the time of application, at the point of release from a spray gun, which eliminated the problem of
batches being ruined from interruptions and delays. The insulating paint was first flight tested in 1996
on the STS-79 mission, and was successful. It has been employed on all subsequent shuttle flights, with
virtually no observed missing or chipped paint on the spent boosters during post-flight inspections.

[51[6]

David Page, founder of Tech Traders Inc., of Merritt Island, Florida, sought assistance developing
coatings and paints that create a useful thermal reflectance. NASA made available technical assistance
to small businesses. After a year of collaboration with NASA as well as additional testing with Dr.
Heinz Poppendiek of the San Diego-based Geoscience Ltd., the product was ready for market. The San
Diego-based Geoscience Ltd is a research and development firm specializing in heat transfer, fluid flow,
mass transfer, micro meteorology, biophysics, engineering design, system fabrication, product
evaluation, and the measurement of thermal, mechanical, and fluid properties. [5][6]

The insulating materials reduce heat transfer by reflecting heat away from the painted surface by
forming a heat-blocking radiant barrier on the surface. The secret behind the product they called
“Insuladd” is the unique propriety process that applies a coating to the microscopic inert gas-filled
ceramic microspheres that make up Insuladd. When the paint dries, these form the radiant heat barrier,
turning ordinary house paint into heat-reflecting thermal paint. The insulating materials reduce heat
transfer by reflecting heat away from the painted surface by forming a heat-blocking radiant barrier on
the surface that is painted. [5][6]

The product works with all types of paints and coatings and will not change the coverage rate,
application, or adhesion of the paint. It can be used on walls, roofs, ceilings, air-conditioning ducts,
steam pipes and fittings, and is particularly well-suited for use on metal buildings, cold storage facilities
such as walk-in coolers and freezers, and mobile or modular homes. [5][6]

Following this, many paint manufacturers have created their brands from the two main technology break
throughs, i.e., ceramic inert gas fill microspheres. According to some paint manufacturers, the
microspheres insulating ceramic additive have compressive strengths up to 41 MPa (6 000 psi), a
softening point of about 1800 °C, and they are fairly chemical resistant, with low thermal conductivity
of 0.1 W/m/°C. The addition of the ceramics to any material provides improved fire resistance,
protection of coated surfaces from harmful UV rays, repulsion of chewing insects and increased
durability of the coating due to the hard ceramic finish. Ceramic filled paint is easier to clean and lasts
far longer than conventional paint pigments. [5][6]

3. Cost-benefit analysis

This section summarizes the rationale for the technology selection and presents the feasibility study
should the ceramic based insulation be adopted by the airports.
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3.1 Rationale for the technology selection

Reducing energy consumption towards carbon neutrality in electricity consumption has two major
focuses. i.e., lighting energy consumptlon and air conditioning energy consumption reduction. [1] To
reduce energy consumption from air conditioning systems, many initiatives were considered for
implementation. An opportunity of energy conservation through the reduction of solar heat gain through
the terminal building roofs was highlighted.

3.2 Economic Analysis Results and Benefits

A case study was captured by the Tucson airport that adopted the Smartcoat SUPER THERM® brand
of ceramic based thermal deflection coating. Table 2 contains the parameters and air conditioning
energy savings. Fig. 3 shows the full surface area that constituted the project and the energy savings.
Fig. 4 shows a progress snapshot.

Table 2: Tucson airport summary of the cost of the ceramic based paint and the energy savings

Tucson Cost of the Conversion | Converted | price per square Total % Energy Savings
airport project per of sqft to sqm to meter in 2018 — | savings in on the HVAC
ceramic square foot (sqm) US$/sqm using USS per system
based in 2008 compounded month
painted roof (USS/sqft) escalation
area (sqft) (R/sqm)
374 804 2.1 34 820.41 22.604 $22 144 40 %
22% (A/C portion of the
reduction) | total utility being
584.94 55 %)

The total roof area of the terminal is 374 804 ft*> applied at US$2.10 /ft*> is US$787 088. With a cost
reduction of US$22 144 /month, this results in a return withing 35.54 months. With the total utility
savings of $22 144 (22 %) in August for the total facility and the air conditioning portion of the total
utility being 55 %, this relates to a 40 % savings in air conditioning operational cost. The savings are
beyond the air conditioning running cost; the units cycle more giving longer life, and require less
maintenance work and less tonnage to take care of the main terminal and wings. A key point is that the
22 % savings for the airport was on the total energy bill (lighting, elevators, food facilities, etc). This
simply means that the SUPER THERM® made a 40 % reduction in the air conditioning costs The air
conditioning portion of a total energy bill is 55 % which when calculated on the 22 % savings of the
total relates to a 40 % savings in pure air conditioning costs. [7]

Flgure 3: Areas pamtedwnth ceramic basedthermal deﬂectlve paint [7]
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Figure 4: Project in progress — Tucson Airport application of the ceramic based thermal deflection paint [7]

For the purposes of the ACSA airports’ economic analysis, a conservative 25 % energy reduction in
current HVAC energy consumption was used. Table 3 contains each airport’s HVAC energy
consumption estimation (at 25% of their total energy consumption) and the respective roof surface areas
to be coated with the ceramic based coating.

Table 3: ACSA airports HVAC Energy consumption and roof surface areas to be covered

Airport HVAC Annual Energy Consumption | Roof surface area (m?)
(kWhs)

OR Tambo International 7255943.21 100 000

Airport

Cape Town International 4294 822.38 40 000

Airport

King Shaka International 2116 495.00 32000

Airport

Port Elizabeth International 465 320.31 2000

Airport

East London Airport 264 268.75 3000

Bram Fischer International 202 713.25 3000

Airport

George Airport 123 577.56 4 000

Upington International 48 904.94 2500

Airport

Kimberley Airport 20227.38 1 800

The economic analysis presented in this study was performed during the period 1 April 2018 to 31
March 2019, by the economic modelling department of Airports Company South Africa.

The economic model yields the net present value (NPV), internal rate of return (IRR), the nominal
payback period and the profitability index (PI). The IRR is compared to ACSA’s 11.5 % weighted
average cost of capital (WACC) rate (2018) to determine economic feasibility. When the NPV is zero
or positive is it an investment that pays itself off during its economic lifespan. The NPV equation used
in the economic model is given below (Equation 2). The IRR is the return (7 in below equation) when
the NPV is zero. When the IRR is greater than the discount rate (or the WACC rate), then the investment
is feasible for the business. The payback period is the amount of time required for cash inflows
generated by a project to offset its initial cash outflow. The payback should be reasonably within the
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economic lifespan of the investment. The PI (given in Equation 3) shows the financial attractiveness of
the proposed project and is the ratio of the sum of the present value of the future expected cash flows
to the initial investment amount. A PI greater than 1.0 is deemed to be a good investment, with higher
values corresponding to more attractive projects.

NPV = 3T B Equation (2)

£=0 (1+i)t

Where: R; = net cash inflows — outflows during a single period ¢
i = discount rate or return that could be earned
¢ = number of time periods

__ PV of future cash flows
Initial Investment

Pl = e Equation (3)

The summarized economic analysis presented in the next section uses the above figures in economic
models.

(a) Summary

Table 4 to Table 12 presents the results of economic modelling for each airport considering their
adoption of ceramic based thermal deflection paint.

Table 4: OR Tambo International Airport summarized economic analysis

Inputs Output
Roof surface area (m?) 100 000 End of job cost ZAR 61.48m
Capital cost (2018 basis) ZAR 58.5m Net present value ZAR 17.99m
Electricity kWh saving 7 255 943.21 Internal rate of retum | 18.1 %
Annual electricity cost saving | ZAR 10.67m Nominal payback 4 years
(ZAR 1.47 kWh) period
Electricity escalation 5.1 %
Beneficial operation 2020
Construction period 1 year
Corporate tax 28 %
Economic lifespan 10 years

| Degradation 0.8 % per annum
Operations and maintenance ZAR O
cost

Table 5: Cape Town International Airport summarized economic analysis

Inputs Qutput

Roof surface area (m?) 40 000 End of job cost ZAR 24.59m
Capital cost (2018 basis) ZAR 23.4m Net present value ZAR 19.52m
Electricity kWh saving 4294 822.38 Internal rate of returm 27.8 %
Annual electricity cost ZAR 6.31m Nominal payback period 3 years
saving (ZAR 1.47 /kWh)

Electricity escalation 5.1%

Beneficial operation 2020

Construction period 1 year

Corporate tax 28 %

Economic lifespan 10 years

Degradation 0.8 % per annum

Operations and ZARO

maintenance cost
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Table 6: King Shaka International Airport summarized economic analysis

saving (ZAR 1.36 /kWh)

Inputs Output
Roof surface area (m?) 32000 End of job cost ZAR 19.67m
Capital cost (2018 basis) ZAR 18.72m Net present value ZAR 1.64m
Electricity kWh saving 2116 495.00 Internal rate of return 13.5%
Annual electricity cost ZAR 2.73m Nominal payback period 5 years
saving (ZAR 1.29 /kWh)
Electricity escalation 5.1 %
Beneficial operation 2020
Construction period 1 year
Corporate tax 28 %
Economic lifespan 10 years
Degradation 0.8 % per annum
Operations and ZAR O
maintenance cost

Table 7: Port Elizabeth International Airport summarized economic analysis
Inputs Qutput
Roof Surface area (m?) 2 000 End of job cost ZAR 1.23m
Capital cost (2018 basis) ZAR 1.17m Net present value ZAR 2.69m
Electricity kWh saving 465 320.31 Internal rate of returmn 50.7 %
Annual electricity cost ZAR 600 263 Nominal payback period 2 years
saving (ZAR 1.29 /kWh)
Electricity escalation 5.1%
Beneficial operation 2020
Construction period 1 year
Corporate tax 28 %
Economic lifespan 10 years
Degradation 0.8 % per annum
Operations and ZAR O
maintenance cost

Table 8: East London Airport summarized economic analysis
Inputs Qutput
Roof surface area (m?) 3000 End of job cost ZAR 1.84m
Capital cost (2018 basis) ZAR 1.75m Net Present Value -ZAR 0.43m
Electricity kWh saving 264 268.75 Internal rate of retumn 5.4 %
Annual electricity cost ZAR 158 561 Nominal payback period 7 years
saving (ZAR 0.60 /kWh)
Electricity escalation 5.1 %
Beneficial operation 2020
Construction period 1 year
Corporate tax 28 %
Economic lifespan 10 years
Degradation 0.8 % per annum
Operations and ZAR O
maintenance cost

Table 9: Bram Fischer International Airport summarized economic analysis
Inputs Output
Roof surface area (m?) 3 000 End of job cost ZAR 1.84m
Capital cost (2018 basis) ZAR 1.75m Net present value ZAR 0.27m
Electricity kWh saving 202 713.25 Internal rate of return 14.9 %
Annual electricity cost ZAR 275 690 Nominal payback period 5 years
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Electricity escalation 5.1 %

Beneficial operation 2020
Construction period 1 year

Corporate tax 28 %

Economic lifespan 10 years
Degradation 0.8 % per annum

Operations and
maintenance cost

ZARO

Table 10: George Airport summarized economic analysis

Operations and
maintenance cost

ZARO

Inputs Qutput
Roof surface area (m?) 4 000 End of job cost ZAR 2.46m
Capital cost (2018 basis) ZAR 2.34m Net present value -ZAR 1.5m
Electricity kWh saving 123 577.56 Internal rate of retumn N/A
Annual electricity cost ZAR 84 032 Nominal payback period No payback
saving (ZAR 0.68 /kWh)
Electricity escalation 5.1%
Beneficial operation 2020
Construction period 1 year
Corporate tax 28 %
Economic lifespan 10 years
Degradation 0.8 % per annum
Operations and ZAR O
maintenance cost
Table 11: Upington International Airport summarized economic analysis
Inputs Qutput
Roof surface area (m?) 2 500 End of job cost ZAR 1.54m
Capital cost (2018 basis) ZAR 1.46m Net present value -ZAR 0.93m
Electricity kWh saving 48 904.94 Internal rate of return N/A
Annual electricity cost ZAR 53 795 Nominal payback period No payback
saving (ZAR 1.10 /kWh)
Electricity escalation 5.1%
Beneficial operation 2020
Construction period 1 year
Corporate tax 28 %
Economic lifespan 10 years
Degradation 0.8 % per annum
Operations and ZARO
maintenance cost
Table 12: Kimberley Airport summarized economic analysis
Inputs Output
Roof surface area (m?) 1 800 End of job cost ZAR 1.11m
Capital cost (2018 basis) ZAR 1.05m Net present value -ZAR 0.46m
Electricity kWh saving 20227.38 Internal rate of return N/A
Annual electricity cost ZAR 31554 Nominal payback period No payback
saving (ZAR 1.56 /kWh)
Electricity escalation 5.1 %
Beneficial operation 2020
Construction period 1 year
Corporate tax 28 %
Economic lifespan 10 years
Degradation 0.8 % per annum
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From the economic analyses, one can see that for five airports implementation is currently feasible, i.e.,
ORTA, CTIA, KSIA, PEIA and BFIA. Implementation at the remaining airports is unfeasible based on
the parameters used.

(b) Sensitivity Analysis

For the sensitivity analysis, the airports that show feasibility need to be looked at for a change in the
parameters that made the business case for the airports. The parameters that made the airports
implementation feasible is the energy savings (kWh) together with the electricity tariff.

The effect of the electricity tariff in the economic analysis conducted for BFIA and East London Airport
can be clearly seen. Their implementation scale is exactly the same, and their energy savings similar,
but the significant difference is the electricity tariff (ZAR 1.36 /kWh versus ZAR 0.60 /kWh).

Looking at PEIA and Kimberley Airport, their electricity tariffs are ZAR 1.29 /kWh and ZAR 1.56
/kWh respectively, and their implementation scale almost the same, but the energy savings associated
with implementation is what made PEIA’s implementation feasible and Kimberley Airport’s
implementation not. PEIA’s energy savings are more than 20 times those of Kimberley Airport’s energy
savings. PEIA has a central air conditioning system producing chilled water for the airport’s cooling
needs, whereas Kimberley Airport has a distributed system of split units, wall mounted and cassette
units.

Another factor to consider is the climate at each of the sites, their roof material type (concrete or metal
based) and their type of air conditioning system meeting the air conditioning need. These factors directly
influence the energy consumption for air conditioning. If, by measurement of the air conditioning
electricity consumption, the expected energy savings are more for each airport, the economics may be
revised accordingly.

4. Technology Risk Assessment

The ceramic based thermal deflective coating is based on two revolutionary technological break-
throughs, namely, ceramic microspheres and the incorporation of an inert gas which together provides
structural rigidity, ensuring that the material is able to stand the abuse of impact, temperatures and
industrial chemicals and heat deflection by offering almost no medium for heat transfer.

Most of the paint industry is now incorporating these two technologies into their products with some
paint industries offering just these two technologies in a powder product to be added to any type of and
colour of paint. While using the powder product may seem more convenient and self-applying this could
save on costs, however, the risk is that should there arise an issue with the paint mixture once applied,
the coating flakes/breaks off, or if the desired insulation effect is not achieved, or the life of the product
is not reached within the economic life upon which the project was approved, there will be no way to
rectify this in order to ensure that the financial investment is not wasted.

For this reason, it is best that one ensures the following:

e The paint is purchased from a SABS approved manufacturer/supplier.

e The product is applied by the manufacturer or a manufacturer approved contractor that will
preserve the warranties and guarantees that come with the product.

e The product should be performance guaranteed (the minimum agreement is that the HVAC
system electricity consumption is reduced by at least 25 %) and the guarantee on the lifespan
should be at least 10 years (or as per the calculation parameters on feasible economic lifespan).

e As an added convenience to ensure that the investment is protected in terms of guaranteed
performance, the paint should contain both the microsphere and inert gas or vacuum
technological features.
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e The paint should ensure that there is no glare to pilots — a preferable colour is dove-grey rather
than white. The microsphere and inert gas technologies are not dependant on colour for their
thermal resistance function.

The ceramic coating must have a Class A fire rating and “0” flame and smoke.

o It must be environmentally friendly, non-toxic and not contain any volatile organic compounds

(VOCs).

5. Airport’s integration strategy

The airports should adopt this paint as a turnkey solution with guarantees and warranties in place as
described in the technology risk assessment section. The current airport’s terminal building roofs should
be painted with this paint (exposed metal surfaces are preferable to concrete roofs which already provide
enough thermal resistance). All new terminal buildings or terminal building roof refurbishment projects
should incorporate this coating within the project. This should also be considered for projects involving
refurbishing or resizing a central HVAC or air conditioning system for a facility as a passive cooling
technique. A measurement and verification exercise must be undertaken to ensure that the performance
guarantee given by the manufacturer is tested and tracked.

6. Strategic fit of the solar thermal deflection innovative technology

The solar thermal deflective innovation coating gives an annual cost saving of ZAR 20.6m and results
in 6.25 % saving in electricity consumption across five airports in South Africa (Table 13).

Table 13: Cost savings and impact of solar thermal deflection innovation on the carbon neutrality journey

Airport Annual cost savings in ZAR million | Impact of the solar thermal
(expressed in 2018 terms) deflection innovative technology

project to the airport’s carbon
neutrality goal

OR Tambo International 10.67 6.25 %

Cape Town International 6.31 6.25 %

King Shaka International 2.73 6.25 %

Port Elizabeth International 0.600 6.25 %

Bram Fischer International 0.275 6.25 %

Total savings (ZAR in 2018 terms) 20.6

Conclusion

The solar thermal heat deflection innovative technology investigated in this paper uses ceramic-based,
nert gas fill microspheres to form a heat barrier that deflects heat which does not allow the surface that
it is applied to, to heat load. The five airports that showed the solar thermal heat deflective innovation
technology feasible for implementation are ORTIA, CTIA., KSIA, PEIA and BFIA. The technology
could be implemented for ORTIA, CTIA and KSIA by the airports’ building maintenance departments
and for PETA and BFIA, this implementation could be executed by an external service provider. Should
this option be implemented, appropriate measurement and verification exercise should be conducted to
ensure that performance guarantees obtained from the manufacturer are tracked. Such a technology
would confribute to an average of 6.25 % reduction in electricity consumption and carbon emissions
across the selected airports, with a potential annual electricity consumption saving of ZAR 20.6m.
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CHAPTER 10. REDUCING ENERGY CONSUMPTION AT AIRPORTS IN SOUTH
AFRICA: INVESTIGATING TECHNOLOGIES THAT REDUCE ELECTRICITY
CONSUMPTION

This chapter presents an investigation into the technologies that will reduce energy consumption at

airports in South Africa, estimating the energy reduction impact, investment and return on investment.
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INTRODUCTION

In the journey towards reducing electricity consumption. it is necessary to ascertain the energy consumption and

corresponding carbon footprint and identify the drivers of energy consumption related to a particular site [1].This
exercise will highlight energy wastage. Airports’ most significant energy users are lighting and air conditioning [1].
It is thus important that all efforts to reduce carbon emissions through energy efficiency and energy conservation
focus on lighting and air conditioning and the systems that contribute or affect the demand for them. Technologies
for lighting and air conditioning at the airports must be kept up to date. Factors that contribute to increased energy

consumption must be addressed to ensure reduced energy consumption.

Building and mterior refurbishments are opporfunities to alter designs to complement the lighting and
space thermal requirements to promote efficiency and reduce demand. Replacement cycles of infrastructure such as
chillers. motors. fans. cooling towers. chilled water pipe runs, lighting, buildings management systems. buildings
msulation, building facades and envelope. interior designs. etc. should be regarded as an opportunity to incorporate
the best available technology and designs that promote reduction in energy consumption. monitoring. measuring

and control of energy consumption for continued improvement in performance.

This paper presents the interventions identified for reduction in electricity consumption for nine airports in
South Africa owned and operated by Airports Company South Africa (ACSA). namely. O R Tambo International
Airport (ORTIA) (Kempton Park. Gauteng). Cape Town International Airport (CTIA) (Western Cape). King Shaka
International Airport (KSIA) (Durban. KwaZulu-Natal). Port Elizabeth International Airport (PEIA) (Eastern
Cape). East London Awrport (EL) (Eastern Cape). Bram Fischer International Airport (BFIA) (Bloemfontein. Free
State). George Amrport (GG) (Eastern Cape). Upington International Airport (UPIA) (Northermm Cape) and
Kimberley Airport (KIM) (Northern Cape).
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The focus of this study is on the reduction in carbon emissions in lighting and air conditioning systems at ACS
airports and those factors that affect it. Lighting projects focus on changing lighting systems to LED (light emitting diode)
technology. and on controlling the lighting according to lighting demand. The adoption of geyser sleeve technology is to
control the supply of hot water according to demand. Air conditioning projects focus on reducing the demand by
investigating the adoption of low emissivity glass or double glazing for terminal building glass facades. and of solar
thermal-deflecting coating on terminal building roof surfaces [2].Air conditioning projects also investigate the
implementation of air conditioning system additions that will control the supply of air conditioning accurately and

efficiently to suit the need. Solar thermal energy to power air conditioning chillers is also investigated.

For each of the feasibility studies. an economic model was used, drafted by ACSA’s economic modelling
department. The economic model yields the net present value (NPV). internal rate of return (IRR). the nominal payback
period and the profitability index (PI). The IRR is compared to ACSA’s 11.5 % weighted average cost of capital (WACC)
rate (2018) to determine economic feasibility. When the NPV is zero or positive is it an investment that pays itself off
during its economic lifespan. The NPV equation used in the economic model is given below (Equation 1). The IRR is the
return (7 in the below equation) when the NPV is zero. When the IRR is greater than the discount rate (or the WACC rate).

then the investment is feasible for the business [2].

Ry
0 (1+i)t

NPV = 3T Equation (1)

Where:

R, = net cash inflows — outflows during a single period 7
i = discount rate or retwrn that could be earned

= number of time periods

Due to the number of economic models run for all the projects presented here, a summarized economic result is

presented giving the NPV and IRR for each investment.

The work presented here was undertaken in FY2018/19, ie.. from 1 April 2018 to 31 March 2019 using the
energy consumption of FY2017/18, i.e.. from 1 April 2017 to 31 March 2018 as a baseline for comparison. Table 1 gives
the energy consumption of the airports for the period 1 April 2017 to 31 March 2018 and was used to determine the impact
of the projects in percentage reduction of electricity consumption from the national electricity grid (which is also the %

reduction in carbon footprint).

Table 1: Airports’ Energy Consumption for the Period 1 April 2017 to 31 March 2018

1 | ©R Tambo International 116 095 091.39 119 577 944.13 ZAR 1.47 kWh
Anrport

» | Cape Town International 68 717 158.26 70 778 673.01 ZAR 1.47 kKWh
Airport

3 | King Shaka Intemational 33 863 920.76 34 879 838.38 ZAR 1.29 kWh
Airport

4 i‘i’l‘;i‘:”abﬂh International 7445 125.50 7 668 479.27 ZAR 1.29 kWh

5| East London Airport 4228 300,00 4355 149.00 ZAR 0.60 /KWh
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Bram Fischer International

6 | Airport 3243 412.98 3340 715.37 ZAR 1.36 /kWh
7 George Airport 1977 241.50 2 036 558.75 ZAR 0.68 /kWh
8 Hf;‘fi‘:’“ Inpeeidtional 782 479.00 805 953.37 ZAR 1.10 kWh
9 | Kimberley Airport 647 276.00 666 694.28 ZAR 1.56 /KWh

The electricity reduction projects given in the following sections provide a guide for airports to investigate the
onsite specific conditions and make adjustments as necessary to individual projects per airport. Most adjustments will
come from their light fitting count and corresponding energy savings. The results given here confirm the feasibility of the

mtervention. providing guidance to the airports on their focus areas to reduce electricity consumption.
1. Lighting

Lighting contributes at least 50 % of an airports’ electricity consumption [1].LED light is a mature technology and the best
available technology when it comes to reduced energy consumption. The fundamental component of LED technology
(Figure. 1) is the use of a semiconductor material that is engineered to glow when energy that induces a current passes

through it.

A Light-Emitting Diode (LED)
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Figure 1: Components of an LED Light [3].

Due to most of the airports” lighting not being LED technology. there is a significant opportunity to reduce energy
consumption of lighting. Some of the smaller airports in the group have implemented LED lighting and the opportunity to
reduce energy consumption is relatively smaller there. Due to the airports having thousands of light fittings and the lack of
accurate as-built drawings. the estimate of the number of light fittings to be replaced and the estimated energy savings and

other criteria were assumed. Assumptions for each airport are provided in Table 2.
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Table 2: Assumptions For Each Airport

Assuming: lighting burns 24 hours a day. 7 days a week: 50% of total electricity
consumption is due to lighting: that 40% of the lighting has been changed to LED
(20% of total electricity load is efficient). Therefore: 60% of the lighting needs to be
changed to LED. 1.e.. 30% of total electricity load can be reduced by half. i.e.. a saving
of 15% on total electricity consumption. assuming an average of SOW per fitting.
Assuming: lighting burns 24 hours a day. 7 days a week: 50% of total electricity
consumption is due to lighting: 20% of the lighting has been changed to LED (10% of
3 | KSIA total electricity load is efficient). Therefore: 80% of the lighting needs to be changed to 30926
LED. i.e.. 40% of total electricity load can be reduced by half. i.e.. a saving of 20% on
total electricity consumption. assuming an average of SOW per fitting

2. |'CTEA

47 067

; EELA Assuming: lighting burns 24 hours a day. 7 days a week: 50% of total electricity ; ggg
s | BEIA consumption 1s due_tq lighting: that in% of the lighting has been _chapged to LED 3373
= TGG (20% of total elec_tncuy load 1s eﬂic:ent}_f[_herefore: 60% of the lighting ne_eds to be 1354
s TUPIA changed to LED. i.e.. '3(_)% of total el_ectnmry Io_ad can be reduced by half. L.e. a saving 336
o TKIM of 15% on total electricity consumption. assuming an average of S0W per fitting. A5

Based on the assumptions provided in Table 2 and using an average cost of ZAR 1200 per average 50W supplied
and installed. the feasibility indicators and savings are given per airport in Table 3. The lifespan of the light fittings are five
vears with zero maintenance cost. The annual maintenance cost savings were not included in the economic modelling. The

execution of the lighting retrofit for the purposes of the feasibility study is taken to be complete by September 2021.

Table 3: Feasibility of LED retrofitting nine airports in South Africa

1 | ORTIA 95.42 12.740 16.80 17 414 263.71 25.60 Feasible
2| CTIA 56.48 7.51 16.70 10 307 573.70 15.15 Feasible
3| KSIA 37.11 0.94 12.50 6 772 784.00 8.74 Feasible
4| PEIA 6.12 0.14 12.40 1116 768.75 1.44 Feasible
5 EL 3.48 -1.42 -7.00 634 245.00 0.41 Unfeasible
6 | BFIA 2.67 0.18 14.20 486 511.80 0.66 Feasible
7 GG 1.63 -0.61 -5.20 296 586.15 0.20 Unfeasible
8| UPIA 0.64 -0.06 7.80 117 371.85 0.13 Unfeasible
9| KIM 0.53 0.10 18.80 97 091.40 0.15 Feasible

LED retrofits are feasible for ORTIA, CTIA, KSIA. PEIA. BFIA and KIM, however, these are not feasible for
EL. GG and UPIA. Further reduction in electricity consumption for lighting can be achieved by controlling the supply of
lighting according to the need for lighting.

2. Lighting Control

Lighting control to meet lighting demand involves the installation of smart electronics in occupancy sensors. building
management system programmes to control lighting supply according to operations. and varying light intensity (dimming

functions) to provide the lux levels needed for the space.
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Image courtesy of New Buildings Institute.

Figure 2: Typical Lighting Control [4].

Figure 2 shows typical lighting control. Figure. 3 shows that lighting control technologies can also be extended to
other building services such as air conditioning. Wireless means of building services control can also reduce cost and

mconvenience as opposed to physical wiring.
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Figure 3: Lighting Control [4].

To get an indication of the feasibility of installing lighting control. an approximation of total electricity savings
from lighting control is assumed to be 10 % of the total electricity consumption of the site. It is also assumed that the
average cost per 10 light fittings for lighting control is ZAR 1 800 with a lifespan of 15 years and zero maintenance cost.
The execution of the lighting control for the airports for the purposes of the feasibility study are to be completed by

September 2021. The feasibility results are given in Table 4.
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Table 4: Feasibility of Lighting Control for nine Airports in South Africa

1 | ORTIA 132 529 23.86 131.57 68.80 11 609 509.14 17.07 Feasible
2| CTIA 78 444 14.12 77.88 68.80 6871 715.80 10.10 Feasible
3| KSIA 38 657 6.96 32.98 61.60 3 386 392.08 4.37 Feasible
4| PEIA 8 499 1.53 7.25 61.60 744 512.50 0.96 Feasible
5 EL 4 827 0.87 1.68 34.80 422 830.00 0.27 Feasible
6 | BFIA 3703 0.67 3.36 64.40 324 341.20 0.44 Feasible
T GG 2257 0.41 0.86 36.40 197 724.10 0.13 Feasible
8 | UPIA 893 0.16 0.63 53.90 78 247.90 0.01 Feasible
9] KIM 739 0.13 0.52 53.90 64 727.60 0.10 Feasible

Lighting control technologies for all airports are feasible and a very attractive investment as the IRR for all

airports exceeds 30 %.
3. Geyser Sleeve

Another electricity user where electricity consumption is often used inefficiently resulting in wastage. is water heating at
airports. Some airports in ACSA use large geysers that heat in excess of 150 litres of water for a simple hand-wash at
ablution facilities (needing less than a litre per hand wash) and staff shower facilities which are not used often. but they can
heat in excess of 200 litres all day. every day. The geyser sleeve technology which is a technology that allows a smaller
amount of water to be heated and only when that amount is used up. more water 1s heated. It resembles a bladder or
silicone sleeve called the Hot Spot (Figure. 4)that is able to hold 50 litres or less that can be retrofitted into a geyser
effectively heating up a smaller amount of water each time which is more effective and suits the peak and off-peak

demands for hot water.

N~

Figure 4: SindiswaQayi and her Invention, the HotSpot Geyser Sleeve [5].

The geyser sleeve technology is a South African invention by a woman in the Eastern Cape (SandiswaQayi —
Figure. 4) and was tested and endorsed by the CSIR (Council for Scientific and Industrial Research).and is partnered with
the Department of Science and Innovation (DSI). The CSIR 1s South Africa's central and premier scientific research and
development organisation. It was established by an act of parliament in 1945 and is situated on its own campus in the city

of Pretoria i the province of Gauteng. South Africa.
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It is assumed that the energy consumption of an average 200 litre geyser is 10 kWhs per day and that the geysers
run for 365 days a year.The energy saving per retrofit is advertised to be proven to be 27% per geyser with a lifespan of 10
years and zero maintenance cost.The execution of the retrofitting of the airports’ geysers with the HotSpotfor the purposes

of the feasibility study 1s to be completed by September 2019. Table 5 gives the feasibility results.

Table 5: Feasibility of Retrofitting the Geyser sleeve (HotSpot) at Airports in South Africa

1 98 550.00 Feasible
2 CTIA 20 0.02 0.25 184.90 19 710.00 0.03 Feasible
3 KSIA 20 0.02 0.14 115.10 19 710.00 0.03 Feasible
4 PEIA 15 0.02 0.11 11520 14 782.50 0.02 Feasible
5 EL 15 0.02 0.04 58.50 14 782.50 0.01 Feasible
6 BFIA 10 0.01 0.08 121.20 9 855.00 0.01 Feasible
T GG 10 0.01 0.03 65.40 9 855.00 0.01 Feasible
8 UPIA 10 0.01 0.06 100.10 9 855.00 0.01 Feasible
9 KIM 10 0.01 0.09 137.40 9 855.00 0.02 Feasible

The geyser sleeve technology retrofit for all airports are feasible and very attractive investment as the IRR for
allairports exceeds 50 %.

3. Double Glazing or low Emissivity Glazing

The difference between indoor and outdoor temperature drives heat transfer. Introducing a thermal barrier prevents or
reduces the rate of heat ingress into a building in summer and insulates the building in winter. Traditional single glazing
without treatments to limit solar thermal energy make for poor temperature barriers.Introducing double glazing
sandwiching a space either filled with air (Fig. 5) or an inert gas or even a vacuum drastically reduces heat transfer by at
least 50 %.

COMPONENTS OF DOUBLE GLAZED WINDOWS

) Spacer Bar

——) Glass Pan
) Gas filling/Air

Primary seal
t) Secondary Seal

Figure 5: Components of Double Glazed Windows [6].
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Terminal buildings have at least one exposed side that is a glass facade facing either the rising or the setting sun.
The heat transfer coefficient (U-value) of traditional single glazing is 5.7 W/m’K and double glazing (air filled) or low
emissivity glass has a U-value of 2.8 W/m’K. This shows an estimated 50% more heat transference with single glazing
terminal building facades. The feasibility study shows the financial viability of replacing all sun-exposed glass facades at
terminal buildings with glazing of a U-value of 2.8 W/m’K versus a traditional single glazing of U-value 5.7 W/m’K
during replacement cycles in January 2029.

The CLTD(cooling load temperature difference) [7] method uses Equation (2) to calculate heat ingress mto the

space:

Q =UXAX (Toutdoor . Tindnor) Equation (2)

Equation (2) is used to calculate the energy savings. A lifespan of 20 years is used for the investment. Table 6

gives the data used for the calculations of the feasibility results contained in Table 7.

Table 6: Data used for the Feasibility Study of the Retrofitting of Single Glazing with 2.8 W/ M2KGLAZING for
Sun-Exposed Glass Facades at Airports in South Africa

Exposed glass facade has a length of

1 ORTIA 2400 800 m on the eastern side (airside), 148 1132 1280 | 259 413.12

drop of 3 m 1s assumed

Exposed glass facade has a length of

2 CTIA 1950 650 m on the eastern side (airside). 143 0 143 56 459.52

drop of 3 m is assumed

Exposed glass facade has a length of

3 KSIA 1000 500 m on the eastern side (airside). 232 0 232 35 148.00

drop of 2 m is assumed

Exposed glass facade has a length of

Bl PEIA 240 120 m on the eastern side (airside). 95 702 797 17 873.28

drop of 2 m is assumed

Used exact figures from actual

measurements

Exposed glass facade has a length of

6 BFIA 400 290 m on the eastern and western

sides which are exposed areas. drop of

2 m 1s assumed

Exposed glass facade has a length of
170 m on the eastern and western side

7 Ga 3 that are exposed. drop of 2 m 1s

assumed

Exposed glass facade has a length of

s | UPIA 450 10T e W 1081 | 867 | 1948 | 69561.72
sides that are exposed areas. drop of 3

m is assumed

Exposed glass facade has a length of

9 KIM 520 260 m on the eastern side (airside). 629 1120 1749 73 180.22

drop of 2 m is assumed

135 516 651 37 107.10

405 1528 1933 61 415.04

100 1019 1119 | 32940.29
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Table 7: Feasibility of Replacing Single Glazing at Airports in South Africa with a 2.8 W/m2K
Glazing

1 | ORTIA 14.80 January 2029 -0.58 9.90 0.38 Unfeasible
2| CTIA 11.44 January 2029 -2.70 0.30 0.08 Unfeasible
3 | KSIA 6.17 January 2029 -1.30 0.30 0.05 Unfeasible
4 | PEIA 1.48 January 2029 -0.19 5.50 0.02 Unfeasible
5 EL 3.56 January 2029 -0.80 -0.80 0.02 Unfeasible
6 | BFIA 2.35 January 2029 0.07 12.50 0.08 Feasible

7 GG 2.10 January 2029 -0.37 2.70 0.02 Unfeasible
8§ | UPIA 2.78 January 2029 -0.06 10.60 0.08 Unfeasible
9| KIM 3.21 January 2029 0.15 13.30 0.11 Feasible

It can be seen from Table 7 that replacing single glazing with low emissivity glass is generally not feasible for the
airports, except for BFIA and KIM.The extreme nature of temperatures there relative to the airports in the other
geographical locations. combined with their electricity tariffs. make their mstallations feasible. For the other airports. the
cost of low emissivity glazing needs to be reduced and or the electricity tariffs must be significantly higher in order to

make such a project feasible.
4. Electricity Savings with Air Conditioning

Air conditioning contributes between 20 % and 30 % of an airports’ total electricity consumption. depending on whether
the air conditioning system also provides space heating [1].Centralized air conditioning systems consists of many
components and parts whose functions are controlled electronically. One of the challenges of air conditioning control is to
ensure that the chiller produces enough chilled water at the correct temperature and that this is distributed at the right time
to air handling units that will adequately cool the air circulated from the space. mixing it with just the right amount of fresh

air as needed.

Centralized air conditioning systems usually have a fixed setpoint at which chilled water is produced in the
chiller, and air handling units usually introduce fresh air through a process that is not necessarily controlled. This fixed
setpoint of chilled water production most-times has the capacity to cool much more than is needed and this wastes energy.
The chilled water quantity and air flow rates need to be actively controlled to ensure that the correct amount of cooling is
achieved. By actively controlling the chilled water setpoint to meet the cooling demand. energy is saved. When the fresh
air rate 1s not controlled or restricted to ensure that the air properties are kept within specific limits. the air handling units
must work harder. increasing cooling demand. Controlling fresh air demand according to the needs of the conditioned

space saves energy. This presents two energy saving interventions for air conditioning systems:
®  Chilled water setpoint control: and

e  Fresh air demand control.
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Producing chilled water is one of the most energy intensive processes in air conditioning. consuming significant
amounts of electricity. To offset this electricity consumption. solar thermal energy can be harvested to power the
absorption chillers, which will reduce electricity consumption and the carbon footprint. The feasibility of adopting solar
thermal powered absorption chillers for PEIA. EL. BFIA and GG.based on these being smaller airports with centralized
HVAC systems. 1s presented. UPIA and KIM airports have decentralized HVAC systems. The feasibility of adopting
active chilled water setpoint control sand fresh air demand controls for the centralized air conditioning systems at ORTIA

and CTIA are considered. based on the implementation of such systems at KSIA.
4.1 Solar Thermal Powered Absorption Cooling

Using the costs of an absorption chiller system powered by solar thermal energy for the Pretoria Moot Hospital [8] (Fig. 6).

the cost per kW of the absorption cooling system is given in Table 8.
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Figure 6: U-Pipe Solar Thermal Collectors (left) and 35kW Absorption Chiller
(right) from the Pretoria Moot Hospital Installation [8].

Table 8: Cost of a Solar Thermal Absorption Cooling System Calculated per kW

35 kW Yazaki absorption chiller 1 | 31423403

Solar collectors (U-pipe evacuated tubes of 1.8 m?) 40 441 109.76
Hot water storage tank (6000 litres capacity) 1 187 200.00
controllers/sensors. hardware. software. electronics (PlantVisor Pro) 1 184000.00
Balance of plant (BOP) (piping. pumps, structural support, expansion tank, 1 288 000.00
etc.)
Total cost of syvstem in ZAR (2018 basis) 1414 543.79
Total cost of the system in ZAR per kW 40 415.54

The feasibility study uses 15 years as the economic lifespan of the installation. electricity consumption savings
from the grid for 12 hours of the day (where chilled water production is powered by the solar thermal energy plant).annual
maintenance cost of the solar thermal absorption HVAC plantestimated at5 % of the capital cost of the plant. with a 1 year

construction period. The feasibility study results are given in Table 9.
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Table 9: Feasibility of Adoption Solar Thermal Absorption Cooling for Selected Airports

1 PEIA 200 2024 10.37 122 14.40 | 876 000.00 1613 Feasible
2 EL 200 2023 10.37 -3.54 0.80 | 876 000.00 0.56 Unfeasible
3 BFIA 60 2021 2.82 0.36 14.00 | 262 800.00 0.36 Feasible
4 GG 60 2023 311 -0.88 2.90 | 262 800.00 0.18 Unfeasible

Table 9 shows that solar thermal powered absorption cooling is feasible for PEIA and BFIA and unfeasible for EL
and GG airports. The electricity tariffs for the mnstallations play a critical role in their financial viability.

4.2 Active Chilled Water Set Point Control and Fresh air Demand Control

KSIA has already implemented the active chilled water setpoint control and fresh air demand control (Figure. 7). and their

energy savings, as well as the cost. was used as a basis for its implementation at ORTIA and CTIA.

Demand-Controlled Ventilation (DCV)

.;.fbponncasr

Figure 7: Fresh Air Demand Control [9].

The energy savings from KSIA's implementation of the fresh air demand control and active chilled water setpoint
control projects are taken from [10] to estimate the energy savings and cost for ORTIA and CTIA which are given in Table

10.For the purposes of the feasibility study. a 20-year lifespan is assumed. The feasibility results are given in Table 11.

Table 10: Estimated Cost and Energy Savings of the Active Chilled Water set Point Control and
Fresh Air Demand Control Interventions for ORTIA and CTIA

134 400.00 2 199 828 3217 824.00 2 229 828 3 352 224.00
2| CTIA 20 000 89 600.00 1 466 552 2145 216.00 1486 552 2 234 816.00
www.ijpre.org editor@tjpre.org
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Table 11: Feasibility of Implementing Active Chilled Water Set Point Control and Fresh Air Demand Control

ORTIA

2020

333

31.39

92.20

for Selected Airports in South Africa

2 229828.00

3.28

Feasible

CTIA

2022

2.23

20.93

92.20

1 486 552.00

2:19

Feasible

Table 11 shows that implementing an active chilled water setpoint control and fresh air demand controlis feasible

for ORTIA and CTIA.

4.3 Implementation Notes for Airports

The projects given here were a guide for airports to begin performing onsite verifications, detailing project specification.

checking for feasibility and submissions to management for budget approval.Impact and feasibility indicators will be

adjusted as the results of the energy consumption of the sites, their electricity tariffs and light fitting count is analysed.

Should there be a shortfall in the expected electricity reduction figures, the carbon footprint reduction can be achieved

elsewhere through the renewable energy and alternate energy plants planned for the site.

CONCLUSIONS

This paper presented the interventions to reduce electricity consumption and their feasibility for nine airports in South
Africa. LED lighting retrofits are feasible for ORTIA. CTIA. KSIA. PEIA. BFIA. KIM airports.butare not feasible for EL.
GG and KIM. Implementing lighting control technologies are feasible for ORTIA, CTIA. KSIA. PEIA. EL. BFIA, GG.
UPIA. KIM. Geyser sleeve technology retrofits in geysers is feasible for ORTIA. CTIA. KSIA. PEIA. EL. BFIA. GG.
UPIA. KIM. Replacing terminal building glass facades with double glazing or low emissivity glass is feasible for BFIA
and UPIA but is not feasible for ORTIA. CTIA. KSIA. PEIA. EL. GG and KIM. Executing air conditioning interventions

to reduce electricity consumption from the grid is feasible for the following airports as follows:

e  Solar thermal powered absorption chillers — BFIA and PEIA: and

s  Active chilled water setpoint control and fresh air demand control — ORTIA and CTIA.

Ensuring that the interventions presented here are confirmed for each of the airports (including their feasibility) is

crucial to reduce electricity consumption in line with the overall plans for renewable and alternative energy for the airports,

thereby reducing carbon emissions and ensuring that investment to reduce carbon emissions is efficient.
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CHAPTER 11. PRINCIPLES FOR ACHIEVING ENERGY SECURITY IN
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1. INTRODUCTION

Developing countries face unique challenges regarding the road to achieving energy security in the context of the
global warming crisis. Most of these challenges are related to the lack of financial resources and the lack of the
necessary skills and expertise to embark on new technologies and strategies to achieve energy security. Typically,
developed countries have the skillsets, finance and established markets for technologies that are key in achieving
energy security. Developing countries usually have a single primary fuel source and dominating technology for
energy production and orientate their efforts and budgets to ensure that this energy production base is increased for
greater access to energy. Designs and technologies are targeted to be low-cost and simple so as to produce energy
quickly and conveniently in abundance for stimulation of economic growth. Developed countries, however. do not
have lack of energy access to the same degree that developing countries have. Typically. energy access has been
achieved a while back and with modifications to designs, energy efficiency and other techniques of cost efficiency.
developed counties ensure that they have well-developed and competitive energy sector with supporting

commercial markets. The oil crisis over the last century has also played a role in their quest for and establishment of
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alternative energy sources such as renewable energy [1]. It will be easier for developing countries to transition to energy
security from an infrastructure perspective as they do not need to replace or “tear down™ existing infrastructure and

technologies to shift to less-carbon intensive energy technologies and infrastructure [1].

The task of shifting away from tradition fossil fuel energy sources and power generation infrastructure can be
daunting for businesses and organizations in developing countries as they face business risks related to unfamiliar energy
sources and associated technologies. In a developing country. this could mean facing risks of businesses not being market
competitive, and ineffective in delivering services and producing products, all of which can result in declining profit

margins. This paper presents principles and approaches to ensuring that energy security is realized in developing countries.
2. PRINCIPLES FOR ENSURING ENERGY SECURITY IN DEVELOPING COUNTRIES

A typical developing country like South Africa is currently facing challenges with energy access in that energy demand has
exceeded the capacity of Eskom. the country’s state-owned electricity provider. This has resulted in periodic load shedding
since 2008. No plans have been finalized for new energy generation. This approach is not sustainable for the country, and
this is evident in the legislation being introduced to allow the market of energy generation via wind and solar PV to be
open to the private sector, as well as offering incentives for energy efficient lighting and water heating technologies in the

decade following the first rolling blackouts.

South Africa’s aging coal-fired power stations are being operated way beyond their useful lifespans with much
needed maintenance being overdue on power generation. transmission and distribution infrastructure, indicating that this is
only the beginning of the challenges faced by South Africa when it comes to energy generation. Climate change and the
global efforts to move away from coal. which is the primary energy source of the country. pamnts a foreboding picture of
developing countries’ energy security. Any institution or business in South Africa using energy generated by Eskom will
face challenges with energy security as all the issues faced by Eskom will be transferred to the institutions it serves. The
risk of energy security can be decoupled if a business or site reduces both demand for energy and dependence on Eskom.
In [2]. [3]. [4] and [5] reduction in energy demand through energy efficiency and energy conservation has been
systematically addressed. Using these sources as a basis for the energy security solution of decoupling from Eskom, the
following three principles are presented to achieving energy security in a developing country like South Africa with

characteristic reliance on fossil fuel sources for energy requirements.
2.1 Principle 1: Understand the Site's Available Resources

The four factors of production as outlined in [6] tell us that land, resources, labour and capital are key ingredients for
production. It is important that we view all land that is in control of and under ownership of an organization as a
commercial resource. The naturally occurring features of the land’s resources and the daily natural endowments must be

viewed from the point of its commercial value and its ability to provide for the needs of the site.
Principle 1: Ascertain the energy generation potential of the site, i.e., what is the:
e  Theoretical energy potential of the site:
*  Available energy potential by applying the commercially available technologies: and

* Real energy generation potential considering the spatial and other demands required for energy

generation.
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Figure 1 shows the flowchart of the process for Principle 1 and the following sections give the definitions of the

theoretical energy potential, the available energy potential and the real energy generation potential.

hppg}{th: consrands

-]

the ensagy Agcettuinthersal
Evalustethe barvestiog entigy goeriion Output Real sy
thecretioal enssgy s other sonpot
factorefor varpng ‘thupntual andother -
potentel of the ste energy yield 1o gel dem ardssequrediio of the site
the evadeble enorgy enngy gracrition
L potantal y

Figure 1: Process Flow for Ascertaining the Energy Generation Potential of a Site.

A. Theoretical Energy Potential

The energy generation potential of a site includes the renewable energy it experiences such as solar irradiation. wind
energy. ramnfall for the regeneration of hydro sources and basins. tidal energy for coastal areas. the geothermal energy
available due to the site’s location and landscape. The energy generation potential should also include the less-carbon
intensive energy sources which can be considered as an alterative energy source, such as natural gas networks, hydrogen
fuel availability, etc. as per the networks established within the geographical region. The energy generation potential also
includes the energy sources that occur from business activities such as sewerage and waste streams. Fig. 2 indicates the

typical theoretical energy potential energy sources for South Africa.

Solar irradiation over South Africa is abundant and can be used to generate electricity as well as thermal energy
for various processes. Wind energy is abundant in the coastal areas of South Africa and its energy can be used to generate
electricity and its motion can also be used directly. Tidal energy can be harvested to generate electricity and the
opportunity for tidal energy is abundant as the south, west and east sides of the country are coastal. Geothermal energy can
be used for heating and cooling requirements. Hydro energy can be used to generate electricity. The country has natural
gas networks in certain regions which could serve as an alternate fuel source (to the predominant coal resource) for energy.
As a product of most human activity, solid waste and sewerage that would usually cause a challenge could be used as a

fuel source. Thus total theoretical energy potential can be given as represented in Equation (1).

Total Theoretical Energy Potential = X Renewable energy potential +
Y. Energy potential from human and industrial activity -

Y Energy potential from alternative less carbon intensive energy sources Equation (1)

Where: energy potential is given in kWh/m? and in the case of waste to energy. it is given in kWh/m?,
Solar energy potential measured across South Africa is classified into two main types according to how it is
harvested and used. 1.e., global horizontal uradiation (GHI) and direct normal wradiation (DNI). When intending to

produce electricity from solar energy the GHI is considered, and when thermal energy is the intention. the DNI is

considered. Figure 3 and figure. 4 show the GHI and DNI potential of South Africa.
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Figure 2: Energy sources Figure 3: Global Horizontal Figure 4: Direct Normal Irradiation
available for South Africa [7]. Irradiation [8]

Figure 3 and figure 4 show that the country of South Africa is generally abundant in solar energy and more

abundant in its north westerly parts. The wind energy potential of South Africa can be seen in figure 5.
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Figure 5: Wind energy potential for South Africa [10]. Figure 6: Micro-hydro power potential [11].

Figure 7: Geothermal energy potential zones around South Africa [13].

South Africa has a strong wind energy potential in the coastal region of the country and a generally wind-rich
band between the coast and midland of the country which 1s about 7.7 m/s at 100 m above ground level with potential
mean energy generation of about 560 W/m?. The micro-hydro power potential for South Africa seen in Fig. 6 shows that
the country has a strong potential on its east coast (from the north to the south) and on the south-west coast. Detailed
assessment of the spatial distribution of wave power off the southwest coast has been recently conducted. It was found that
the average deep-sea resource range from 33 kW/m to 41 kW/m [12]. Geothermal energy potential in South Africa can be

seen in figure 7.

The inland area of South Africa shows an extremely low geothermal energy potential and the coastal areas
indicate a much higher geothermal energy potential. One of the well-known geothermal mnstallations in South Africa is the
Western Cape’s Hotel Verde geothermal heat sink serving the hotel’s HVAC system. saving on water and energy. This
nstallation does not utilize geothermal resources for heat. but rather. the opposite: it uses the ground as a heat exchange

medium to decrease the temperature of the condenser water of the HVAC systems. Traditionally. cooling towers using

Impact Factor (JCC): 9.6246 NAAS Rating: 3.11

224



Principles for Achieving Energy Security in Developing Countries 159

significant amounts of water and electricity are used to achieve this decrease in temperature.

A cleaner and greener altemative to coal-generated electricity and heat is the use of natural gas. Globally. this
source of energy has been adopted as a solution to reducing carbon emissions [14]. Figure 8 shows that gas 1s now going
head-to head with coal in power and in industry. South Africa has an established natural gas supply and infrastructure. as

illustrated in figure 9. South Africa’s gas supply is primarily from Mozambique, through the ROMPCO pipeline (figure 9).

= Garcl Gas Pipalnes

Figure 8: Coal Versus Natural Gas as per the Global Figure 9: Main gas Pipelines within South Africa [15].
Energy Balance in 2017 [14].

The major pipelines are the ROMPCO pipeline. Lilly pipeline and Sasol pipelines. The ROMPCO pipeline 1s 865
km long originating from Temane in Mozambique to Secunda in South Africa and is jointly owned by Sasol. the
Mozambique government and the South African government. The Lilly pipeline is owned by Transnet and 1s 600 km long
from Secunda to KwaZulu-Natal. Sasol owns several gas pipelines originating in Secunda and reaching destinations such

as Gauteng. Ekurhuleni, Pretoria. Sasolburg and Emalahlen: [15].

The energy potential of renewable energy. waste to energy and alternative fuel for energy must be harvested and
converted to usable energy. whether this is heat. electricity. kinetic energy or any other type of energy that can be used to

satisfy energy need.
B. Available Energy Potential

The available energy potential in this context is the amount of energy available to be used when one considers the
capability of the commercial energy conversion technologies. Solar energy. wind energy. tidal energy. geothermal energy.
hydro energy. natural gas and other sources of energy must be hamessed or converted into useful energy. Figure 10 shows

various energy sources and how we utilize them. The available energy potential 1s thus represented by Equation (2).
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Figure 10: The Different Energy Carriers Figure 11: Solar PV Energy Harvested from Solar PV
and how we Utilize them [16]. Module Technology and Inevitable Losses [17].
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Total Available Energy Potential = ¥.(Theoretical Energy Potential X Nenergy harvesting technology)

Equation(2)

Thus, the “Total Available Energy Potential” considering Equation 2 in the context of the Equation (1) can be

found in Equation (3).

Total Available Energy Potential = Z(Renewabie energy potential x n,,chm,k”) +
¥ (Energy potential from human and industrial activity x nm,,,,o,,”) +
Y. (Energy potential from alternative less carbon intensive energy sources X

Ttachnology )+ -+ +++ssete temsmts et ettt e Equation (3)
Where: available energy potential is given in kWh/m? and in the case of waste to energy. it is given in kWh/m?,

The chemical energy stored in fossil fuels is converted to usable forms of energy via heat by buming. with an
efficiency of about 90 %. Using heat engines. thermal energy can be converted into mechanical energy. Heat engines have
a conversion efficiency of up to 60 %. Their efficiency is ultimately limited by the Camot efficiency limit. Mechanical
energy can be converted into electricity using electric generators with an efficiency of up to 99 %. Most of the world’s
electricity is generated with a turbo generator that is connected to a steam turbine, where coal is the major energy source.
In the process of making electricity out of fossil fuels at least 50 % of the initial available chemical energy is lost in the
various conversion steps. In nuclear power plants. energy is released as heat during nuclear fission reactions. With the heat
steam is generated that drives a steam turbine and subsequently an electric generator. just as in most fossil fuel power
plants [16].

Although solar energy falling on South Africa may be abundant. the energy that is able to be converted to
electricity and heat 15 limited to the capacity that can be harvested with available commercial technologies. Energy losses.
although they can be minimized through mnovative design and smart materials, are inevitable. as illustrated mn Fig. 11. Fig.
11 shows a full solar PV module where the solar PV cells are contained within a housing and installed with the electrical
circuit that will carry away the electricity generated by the solar PV cells to the end user. Added to the losses represented
in Fig. 11 is the capability of solar PV material to convert solar irradiation into electricity. The absorbed energy is the
remainder of the incident energy after the transmitted and reflected energies are subtracted. The efficiency of the solar PV
cell varies. depending on the photovoltaic material and the electrical design. The most commonly adopted and best trade-
off for efficiency and cost solar PV technology is the multi-crystalline cell which is about 23 % efficient [18]. This
efficiency is quite low relative to traditional fossil fuel power generation which is upwards of 70 %. This 23 % is further
reduced when the cell is used in a power generation module which includes electrical cells. Solar PV technology is also
susceptible to high temperatures and soiling which further decreases its efficiency. and this may result in a final efficiency
of around 15 % to 17 %. on top of which which age plays a role with an annual decrease of about 0.5 % to 0.8 % over the
20-year useful lifespan of the solar PV technology. There is a theoretical limit for p-n single junction cell called the

“Shockley-Queiser” limit (Equation (4)) for maximum solar cell conversion efficiency. and this 1s 33.7 % [17].
n(t) = n,[1—exp [%]] Equation (4)

Where: n(t) 1s the time dependant efficiency: 1, 1s efficiency limit; ao 1s start year: a is calendar year: ¢ 1s the

development time
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Using solar thermal energy to produce hot water also comes with many losses and unavoidable efficiencies.
regardless of which solar thermal collector technology is adopted. Figure 12 shows the energy losses from a flat plate solar
thermal collector which is a series of pipes contained in a rectangular containment insulated on all sides and optimized to
attract and retain heat except for the top which is typically covered with glass to allow sunlight in. From figure 12 above
one can see that there are reflective. convection, and radiation losses, through the top glass cover. but the back and sides
are insulated to prevent significant heat losses from there. Various configurations of solar thermal collectors exist. Another
popular and more efficient solar thermal collector is the evacuated tube solar collector that consists of a heat pipe contained
within a vacuum to reduce the thermal losses that occur with flat plate collectors. Figure 13 shows the configuration of an
evacuated tube solar thermal collector with emphasis on the containment of much of the thermal losses compared to the

flat plate solar thermal collector.

efficiently heating it from any angle.
2. Haat reflaction: A clear glass or plastic
casing traps heat that would otherwise

/luummmm\ 1. Sunlight: Sunight bits a dark rylinder,

radiate out. This is similar to the way
greenhoute iraps heat nuce

3. Convection: A copper tube running through
each cylinder absorbs the cylinder’s stored
heat, causing Auid insice the tube to heat up
andrise (o the Lop of the cyfinder

4. Circulations Cold water circulates through
the tops of the cylinders, absorbing heal.

Figure 12: Depiction of Energy Flows for a Solar Figure 13: Evacuated Tube Solar Thermal Collectors [20].
Thermal Flat Plate Collector [19].
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Figure 14: Configuration and energy losses of the parabolic trough collector system [21].
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Although much of the heat 1s trapped inside the heat pipe contaned in the vacuum. there are optical losses such as
reflection and convective and radiative losses which are relatively negligible when compared to flat plate collectors. Most
of these collectors produce hot water and can be used for water heating purposes. as well as input for industrial and

engineering processes. Equation (5) expresses the energy harvested by the collector with losses.

Geon = Fr(Ta)G — FRU, AT Equation (5)
Where: q_,;; = the energy collected per unit area per unit time (W/m?)

e  Fp = collector’s heat removal factor

e 7= the transmittance of the cover

e @ = shortwave absorptivity of the absorber

e G = global incident solar radiation on the collector (W/m?)

e U, =overall heat loss coefficient for the collector (W/m’K)

e AT = temperature differential between the working fluid entering the collectors and outside (K)

Another way of using solar thermal energy is to produce steam via concentrated solar thermal collectors. The
intention is to use the DNI (shown in Figure 4) to concentrate solar uradiation. resulting in the very high temperatures
needed for the production of steam. Figure 14 shows the typical losses associated with the receiver of a parabolic trough
collector. Figure 15 shows the various concentrating power technologies. Soiling plays a significant role in the efficiency
of the CSP technologies.

The steam produced using concentrated solar power 1s usually coupled with a turbine and generator to produce
electricity. Solar energy can also be used for drying agricultural produce. In this technology. heated air is used directly to
dry agricultural produce.

In solar drying. solar energy is used as either the sole or a supplemental source of heat: air flow can be generated
by either forced or natural convection. The heating procedure could involve the passage of preheated air through the
product, by directly exposing the product to solar radiation or a combination of both. Figure 16 shows generic solar dyers.

Figure 17 shows energy losses (reflective and conductive) associated with indirect solar dryers.
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Figure 16: Configurations of Solar Dryers [23]. Figure 17: Energy Losses - Typical Indirect Solar Dryer [23].
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Wind turbines have limitations on the amount of wind that can be harvested for energy production. The wind
energy potential equation shows the maximum conversion efficiency of wind turbines. This maximum conversion

efficiency is called the Betz Limit. This is expressed in Equation (6).
Wind Energy Potential: P = é pAVst Equation (6)
e P =Power available
e p=airdensity = 1.23 kg/m?
e  V=wind speed
e  A=mnr?(r=length of blade)
e C,=0.59 (Betz Limit) which is the maximum conversion efficiency of a wind turbine

The Betz limit 1s not static. C,, changes with wind speed and blade tip speed. given by Equation (7).

C. = blade tip speed

P wind speed Equation (7)

(C, needs to be looked at based on wind speeds)

Turbines need to be designed for optimal performance and reliability in whatever weather conditions they may
face throughout their lifetimes. be it a gentle breeze on a low-lying plain or a raging offshore storm. Before deciding to
build a wind turbine at a particular site, there are a few critical questions a developer needs to answer, such as the average
annual wind speed in the intended location, what are the extreme gusts that can occur within a 50-year period. and how
turbulent is the wind at the intended site. The three dimensions of wind speed. extreme gusts, and turbulence encompass
the wind class of a wind turbine. The International Electrotechnical Commission (IEC) sets international standards for the

wind speeds each wind class must withstand, as seen in the Table 1 [24].

Table 1: IEC Wind Classes [24]

Reference Wind Speed 50m's 42.5m/s 37.5m/s 30m/'s
ual Average Wind Speed 10m/s 8.5m's 7.5m/'s 6m's

(Max)

50-year Retumn Gust 70m's 50.5m's 52.5m's 42 m/s

1-year Return Gust 52.5m/s 44.6 m's 39.4m's 31.5m's

These wind speeds occur at different heights above ground level and sea level. Wind potential changes and

generally increases for all areas across South Africa with height above the ground.

Geothermal energy, whether used as a heat sink or for heat extraction. depends on the temperature of the ground

and is governed by heat exchange principles and laws. as per Equation (8).
Q = mC,AT Equation (8)

For geothermal heat sinks or heat extraction. Equation (8) can be rewritten to show that the temperature of the

ground and the heat exchange working fluid is the efficiency at which the energy source operates. as per Equation (9). A

W Ifpre.org editor@tjpre.org

229



164 Jerusha Joseph & Professor Freddie Inambao

positive result shows that there is heat extraction and a negative result shows a heat sink.
Qgeothermal = mcp(Tground — Tworking fluui) Equation (9)

This implies that ground temperature is key to the geothermal loop’s heat extraction and this is reflected in
geothermal commercial market technologies (Fig. 18). Ground soil conditions are thus a key component that must be
mvestigated and characterized when designing geothermal heat sinks or heat extraction. Ground temperature also varies
with the weather up to 8 m to 9 m below the ground surface [25]. Another factor when designing geothermal heat exchange
loops is to take into account that the ground temperature profile will change during the operation of the geothermal energy
systenm. both in the long term and the short term. The short-term temperature profile will change in accordance with the
daily heat exchange loads. This will be reflected in the coefficient of performance (COP) as per Equation (10). The COP
equation for the heat pump graph in Fig. 19 is as follows:

__Qgeothermal Equation (10)

COPyeothermal heat -
geothermal Reat PUMP  peiectric of compressor

As Qgeothermal decreases, the COP of the geothermal heat pump decreases. In figure 19, t,, is the working fluid

temperature and t, is the temperature of the source which is the ground temperature in this case.

Length of collector probe (m) 10.5m

Extraction power (W)* 1,600 - 2,400

fing o thes Soil SIructure srd condition

Figure 18: Limitations of Geothermal Heat Extraction [25].
Figure 19: Efficiency Variation - Geothermal Heat Pumps [26].
Similarly. with other power generation technologies. the same can be established. Table 2 shows the efficiency of

gas turbine and spark ignition engine technologies. Performance is reduced at different altitudes above sea level and

ambient temperatures.

Table 2: Efficiency of Gas Spark Ignition Engine - Typical Performance Characteristics [27].

Baseload electric capacity (kW) 100 633 1121 | 3326 9341
Total installed cost i 2013 ($/'kW) 2900 | 2837 | 2366 1801 1433
Form of recovered heat H.0 H.0 H.0 H.0 H,0. steam
Total efficiency (%) 80.0 78.9 78.4 78.3 76.5
Thermal output/Fuel input (%) 53.0 44.4 41.6 37.9 35.0
Power/Heat Ratio 0.51 0.78 0.89 1.06 1.19

Hydroelectric power generation. whether via rivers or the ocean. rely on potential energy and kinetic energy to
generate electrical energy. Equation (11) and Equation (12) give the potential energy and kinetic energy equations,

respectively.
Potential energy in hydroelectric generators: Phyaroetectric (potential) = PGRQN Equation (11)

Where: P, hydroelectric (potential) = generated power (W)
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e p =density of the water (kg/m?)

e g =acceleration due to gravity (m/s?)

e h=head of water (m)

e Q= volume of water flowing per second (m’/s)

e 1) = efficiency of the turbine
Kinetic energy in hydroelectric generators: Prydrostectric (kinetic) = %quv’ Equation (12)
Where: Ppygroetectric (kinetic) = generated power (W)

e 1= efficiency of the turbine

e p=density of the water (kg/m’)

e A =swept area of the turbine blades (m?)

»  v=velocity of the water flow (m/s)

If we use Bernoulli’s equation: v = ,/2gh Equation (13)
Making “h” the subject, h = 5 Equation (14)

Substituting in Equation (11). we will get Equation (12). If the head or pressure drop is known but not the

velocity. use Equation (11). If the velocity 1s known neglect the head and use Equation (12).

There are three types of hydropower schemes. namely storage scheme. pumped storage hydropower (PSH) or

scheme. and run-of-the-river scheme. These can be seen in figure 20. A typical PSH facility layout is shown n figure 21.

Figure 20: Illustration of the Main Types of Hydropower

Figure 21: Typical Pumped Storage Hydropower Facility Schemes [28]. Layout [29].

The majority of technologies harnessing ocean energy work on the same principles. Harnessing the energy from
open-ocean currents requires the use of turbine-driven generators anchored in place in the current stream. Large turbine
blades are driven by the moving water. just as windmill blades are moved by the wind. These blades can be used to turn the

generators and to hamess the energy of the water flow.

Tidal barrages. undersea tidal turbines — like wind turbines but driven by the sea — and a variety of machines

harnessing undersea currents are under development. Unlike wind and waves, tidal currents are entirely predictable. Tidal
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energy can be exploited i two ways:

e By building semi-permeable barrages across estuaries with a high tidal range. similar to run-of-the-river scheme

and storage schemes (Figure. 20)
e By hamessing offshore tidal streams (Figure. 22

Barrages allow tidal waters to fill an estuary via sluices and to empty through turbines. Tidal streams can be

harnessed using offshore underwater devices similar to wind turbines.

Ocean thermal energy conversion (OTEC) uses temperature differences within the ocean to operate similar to the
evaporator and condenser of an air conditioning system. There are three potential types of OTEC power plants: closed
cycle (Figure. 23), open cycle (Figure. 24) and hybrid systems. Open-cycle OTEC systems exploit the fact that water boils
at temperatures below its normal boiling point when it is under lower than normal pressures. Open cycle systems convert
warm surface waters into steam in a partial vacuum. and then use this steam to drive a turbine connected to an electrical
generator. Cold water piped up from deep below the ocean’s surface condenses the steam. Unlike the initial ocean water.
the condensed steam is desalinated which may be used for drinking or irrigation. Closed cycle OTEC systems use warm
surface waters passed through a heat exchanger to boil a working fluid. such as ammonia or a chlorofluorocarbon. which
has a low boiling point. The vapour given off is passed through a turbine producing electricity. Cold deep ocean water 1s

then used to condense the working fluid and it is returned to the heat exchanger to repeat the cycle. [31]

Working fuad g

Figure 23: Closed cycle OTEC system [32]. Figure 24: Simplified open-cycle OTEC system [33].

The OTEC system relies on basic relationships between pressure (P). temperature (T) and volume (V) of an ideal
fluid. as per Equation (15) [33]

v .
E; = nR = constant Equation (15)
Where: R = the ideal gas constant
e 1= the amount of substance

In OTEC systems, the difference in liquid temperature can be used to make an increase in inlet pressure. A pump
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is used to move liquids from one place to another through a piping media. The work done by the pump (W) can be
formulated as per Equation (16) [33]

W=V(P,—-P) Equation (16)

Fluid enthalpy before pumping (h;) and after pumping (hy). where the pump efficiency (1) is 80 %, can be
expressed as per Equation (17) [33]

hs = hy —% Equation (17)
The temperature before entering the evaporator is given by Equation (18) [33]
T,=T.+W(Q —i),fc,,, Equation (18)

Where: T, = the temperature of the cold deep seawater (K)
e T, =the temperature of the warm surface (K)
e (C;, = the specific heat of seawater. as 4.186 kI’kgK
Calculation of the total power of cold and warm seawater pumps (P, ) can be formulated as seen in Equation (19)
(33]
L v? ;
P =2(9.8Qf =) Equation (19)
D2g
Where: Q = the water flow rate (m?)
e f=the friction factor
e L =the pipe length (m)
e D = the pipe diameter (m)
e v =the water velocity mn a pipe (m's)
e g =the earth’s gravitational acceleration (m/s?)

A standard temperature ladder 1s very important to get the values of Ty and T.. respectively. Figure 25 shows the

model of temperature ladder for calculation of electrical power.

Surface seawater tempoerature

T. 8 IATAH(1+y) | Surface scawater cooling in
CVapOTRLor

AT/1E Evaporator pinch point
3

Working Muid empoerature
AT AT/Z drop across the turbine

E

AT/ 16 Condenser pinch point
Diowp seawaler wiarming in

T. W IATARCI+¥)) condenser

Licep scawater temperature

Figure 25: Temperature Ladder Model During OTEC. Figure 26: Components of the Simple and Nonstop
Process as Proposed by Nihous (2007) [33]. Buoyant Arm Wave Energy Converter (SAN-BAWEC) [3].
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From figure. 25. the gross electrical power (Pg) in OTEC process can be written as seen in Equation (20) [33]

_ 3pCnQawAerp(AT)?

97 16(1+y)Te Equation (20)
Where: p is the density of seawater in kg/m?
e Q. = the flow rate of the cold water in m%/s
ey = the ratio between warm water and cold water
e &, = the turbine generator efficiency
e (= the specific heat of seawater (4.186 kT/kgK)
e AT = the temperature difference between warm water and cold water (K)
The efficiency of the process is the Camot efficiency as per Equation (21) [33]
n=1 —:—‘ Equation (21)

Harnessing wave energy uses Archimedes principle. the physical principle of buoyancy, as per Equation (22
Fy = —pgV Equation (22)
Where: F;, = the buoyant force

e p = the density of the fluid

e g =acceleration due to gravity (m/s?)

e V= the fluid volume

Figure. 26 shows one of many patented designs for harnessing wave energy. In simple terms, the buoyancy
principle states that the buoyant force on a body floating in a liquid or gas is equivalent in magnitude to the weight of the
floating object and is opposite in direction: the object neither rises nor sinks. From Fig. 26. the buoy converts the wave
energy of ocean into mechanical energy. connected to a lever. The lever converts the mechanical energy into electrical

energy. [34] The efficiency of the technology will be governed by the efficiency of the individual components.
2y y Yy Z y y P

All the technologies presented here have efficiency limitations, experience downtime when they need to be
maintained and with renewable energy have varying output and availabilities. In short. a 1 MW peak solar photovoltaic
plant will not give the full output at which it is rated. taking into account the efficiency of the solar cells. the downtime
experienced during the year. the cloudy days and nights when solar energy is unavailable. These factors are summed up in

the technology capacity factor. The capacity factor equation can be seen in Equation (23).

Average Capacity Factor (CF) = %5‘:;: Equation (23)
=1

Where P = energy production at full rated capacity in kWh
e E =energy production in kWh

* t=time period
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e 1 =number of time periods

From Equation (23). using the time period of a year which is most commonly used for comparisons of plant

performance and reliability. we get the following Equation (24):

kwh produced in a year by the plant

CF = kWh in a year at

Equation (24)

plant capacity

In some energy generation sources, especially renewable energy that is affected by the weather conditions (solar
energy. wind energy) the capacity factors vary from country to country than do the capacity factors from other energy
generation technologies such as nuclear, natural gas, etc. This means that for example solar PV in Europe will have a lower
capacity factor than solar PV in South Africa’s northem regions. The technology efficiency of the solar PV plant will also
affect the capacity factor ¢.g. mono-crystalline cell material has a greater output than multi-crystalline cells. Thus, the

capacity factor varies for different energy generation technologies based on the following factors:
e Geographical location
e  Site conditions
e  Technology efficiency and efficiency limitations
e  Plant efficiency and plant control philosophies
e  Operational efficiency and cleaning of materials
e Maintenance downtime

The capacity factor for various energy generation technologies in the United States (US) and South Africa (SA)

can be seen in Table 3. The average capacity factors for solar is lowest.

Table 3: Capacity Factors of Various Energy Sources for the US [35] and SA [36]

Nuclear

Natural Gas 56.8%

Coal 47.5%

Hydropower 39.1%

Wind 34.8% 19% 32% 32% 35% 36% 36%
Solar PV 24.5% 19% 26% 26% 26% 25% 25%
g;’f‘;@;xf 31% 32% 38%

Using the equation of the capacity factor of the energy harvesting technologies. which takes into account all the

factors affecting the installed technology. Equation (3) can be rewritten per Equation (25)

Total Available Energy Potential = ¥,(Renewable energy potential x CF) +
Y.(Energy potential from human and industrial activity x CF) +

X(Energy potential from alternative less carbon intensive energy sources x CF). Equation (25)

Where: available energy potential is given in kWh/m? and for the case of waste to energy. it is given in kWh/m’.
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C. Real Energy Generation Potential

The real energy generation potential of a site is the actual energy generation potential that considers the spatial constraints
of the site to accommodate the technologies that generate the energy. Table 4 shows the land use intensity of various

energy sources. Renewable energy has a notably significant land use intensity compared to fossil fuel energy.

Table 4: Land use Intensity from Various Energy Sources [Redrawn from [37])

Nuclear 0.1 0.1 1.0 0.1
Natural gas 1.0 0.3 0.1 0.2 0.2
Coal Underground 0.6 0.2 0.2 0.2
Surface (“open-cast™) 8.2 0.2 0.4 15.0 5.0
Heeniiity Wind 153 1.0 0.7 0.3 1.0
Geothermal 51 2.5 0.3 2.5
Hydropower (large dams 16.9 4.1 3.5 33 10
Renewables simogv . : 15.0 03 8.7 13.0 10
Solar CSP 19.3 7.8 14.0 15
Biomass (from crops) 810 13 450 500
Fossil oil 0.6 0.1 0.4
Corn (maize) 237 220 230
| Sugarcane (from juice) 274 239 250
i Sugarcane (residue) 0.1
Gl | cobets Efrbcan 296 479 400
C cllq]osc. short rotation 565 410 500
coppice
Cellulose, residue 0.1 0.1
[37] Note that data include land use for spacing and from upstream life cycles (e.g. mining). *Tramor et al. (2016):
Fthenakis and Kim (2009): TINAS (2017): “UNEP (2016): *Estimate for unspecified region (i.e. generic)

Equation (26) gives the total real energy generation potential of a site including renewable energy. energy sources

derived from onsite operational activities and alternative energy sources (less carbon intensive).

Total Real Energy Generation Potential = }.(Available Energy Potential x

total area available for energy generation) Equation (26)
Thus. the total real energy generation potential can be written as seen in Equation (27).

Total Real Energy Generation Potential = Y,(Total real renewable energy generation potential X
area available) + ¥(Total real energy generation potential from human and industrial activity x
area available) +
Y. (Total real energy generation potential from alternative less carbon intensive energy sources X

area available) Equation (27)
Where: available energy potential 1s given in kWh.
Note that waste to energy requires the volume (m*) and not the area (m?).

It may be worth noting that all the land on a site cannot be used for all sources. For example. if 100 m? is the total
area available for solar photovoltaic and solar photovoltaics is adopted. the same 100 m® will not be able to be adopted for

wind energy by installing wind turbines in this area. Deciding on what energy sources to adopt require further investigation
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to provide a comprehensive understanding of the present and future (short. medium and long term views) energy demands
of the site, as will be discussed in Principle 2.

2.2 Principle 2: Ascertain the Business’ Onsite Energy Needs

A crucial step that is often skipped when a site is planning to incorporate alternative energy sources is to comprehensively

understand the site’s energy needs. Principle 2 is given as follows: the process flow of Principle 2 can be seen in Figure 27.

Principle 2: Ascertain the site’s energy needs, both present and future in the short, medium and long term,

consider the following:

e Type of energy required and their quantities;

Baseload energy requirements;

*  Fluctuating load energy requirements and its timing; and

*  Strategies for energy reduction, conservation, load levelling and load shifting techniques and their timing.
i
- 5
Listthe wypesof Ascerteinthe Ascertamthe Detemeine and _n?:’mp:ir'l::‘luf
ensrgy withan the baseloed encigy fluctuatngloed apply tntegesfor the H-F:M e
ate erergyr dem and secprres ent from T TR e et snergy educton Wpes w,n;j'?'
and the quandity of | eachlistediypeof from cachlisted Uucugh snegy P “,2“ :
suchtype cfensrgy ihe ats snergy type of the dte roncsrntion und hetwesn basiond
tecpaxed by the site demand energy demnd energy efficiency mm“ﬂsh =)
-

Figure 27: Process Flow for Ascertaining a Site’s Energy Needs.

To be able to undertake the process flow in Fig. 27, it is necessary to ask crucial questions about the site’s present

energy demands such as:
* How much energy does the site use on an hourly or half-hourly basis?
e  What drives the energy demand of the site?
*  Considering the drivers of the energy demand. can the energy demand be reduced?
e How much of the site’s energy use is always required? (baseload)
*  How much is the maximum energy demand and what drives the fluctuating energy demand?
e  What type of energy demand contributes the baseload energy demand and what technologies drive this demand?
e  What type of energy demand contributes the fluctuating energy demand and what technologies drive this demand?

e Can the technologies driving the site’s energy demand be more efficient? Determine and apply strategies for

energy efficiency and quantify the impact of these strategies in relation to the total energy demand.

* Can the technologies driving the site’s energy demand be controlled to serve the need accurately, i.e., no idle time
or over-supply? Determine and apply strategies for energy conservation and quantify the impact of these strategies

in relation to the total energy demand.

Now that the site’s energy demand is optimized, understand the site’s future development plans and ascertain the

site’s future energy demand, if possible, to the stage of full development. Even though the energy demand may not be
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accurately quantifiable, if at all. one understands:
e  The energy types of the future energy demand. and the
»  Typical technologies that will be installed.
This is crucial in the next step of satisfying the energy demand with a low-carbon energy mix.
2.3 Principle 3: Satisfying Business needs Via the Site’s Available Resources

With the view of the site’s total real energy generation potential and the site’s optimized energy demand for both the
present and future, the site’s energy resources can be matched to satisfy its energy demand using Principle 3. The process

flow of Principle 3 can be seen in Fig. 28.
Principle 3: Match the energy sources available to the energy needs of the site considering:
* Energy efficiency and load dynamics:
* Commercial technologies available and their impact, risks and implications for the business: and
*  Feasibility to install, operate and maintain.

* Business imperatives and strategies (less carbon emissions. msource/outsource strategies. capacity building.

corporate social responsibility).

Start

Input: real energy gemeration potential
Tnput: sptimized site energy demsnd

Match patential to opt Xy demand
| consider cmergy efficiency and load dynamics, svailable commerrial

_| technalogien, feauibainy ts imstall. operate snd msistuin snd the

| srgantratien s bunimens imapecatives and s ategie

Figure 28: Process Flowchart of Determining a Site’s Low-Carbon Energy Mix.

Energy Efficiency and Load Dynamics

Using the principle in [2] for energy efficiency to determine the most energy efficient energy sources to match the energy

need, Table 5 lists some common energy needs in commercial and industrial sites energy efficient energy sources.

Table 5: Energy Efficient Sources for Energy need

e From combustion of fuel such as natural gas (from nearby sources or anaerobic digestion)
Electricity ¢  Solar photovoltaics
e  Wind turbines
Heat e  Solar thermal.
»  Waste heat from other process (such as natural gas. co-generation)
Cooling e  Solar thermal (chill_ers)
®  Geothermal (heat sinks)
Impact Factor (JCC): 9.6246 NAAS Rating: 3.11
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[Motion | o Wind turbines |

The energy source(s) supplying the baseload energy demand of the site should be available all the time and the
availability of the energy source(s) supplying the fluctuating energy demand should be on demand. Should there be a
mismatch between the availability of the energy sources to timeously supply the energy demand. there are two ways to get

around this:
e  Choose another energy source that fulfils the energy requirement or
e  Apply load levelling and load shifting techniques that adopt various energy storage media

It is advisable that another energy source be selected if the load shifting and/or load levelling techniques are
unfeasible or if their adoption goes against the strategy of reduced carbon emissions. Load shifting techniques act to store
energy for use during another time when energy is not available or is advised not to be used, usually due to cost of peak-
time energy. Load levelling techniques act to keep energy consumption constant and use methods such as energy storage to
cope with any peak energy demands. This technique is commonly used to maximize the use of the site’s notified maximum
demand (NMD) with an energy provider. Various energy storage technologies that make load shifting and load levelling

possible can be seen in Figure 29.
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Figure 29: Energy Storage Options (Redrawn from [38]). Figure 30: Life Cycle Analysis of a Technology [39].

Energy storage technologies are adopted to save surplus energy generated by renewable energy technologies and

to give a constant power supply of acceptable quality to the site due to the intermittency of renewable energy.

The deciding factors such as the commercial technologies available, their impact, risks and implications on the business

will serve to pomnt to the energy sources to be considered for adoption to serve the site’s energy demands.
Commercial Technologies Available and their Impact, Risks and Implications for the Business

It is key for developing countries to investigate the energy generation technologies available to their region. more

specifically:
e  Technology maturity:
e Local footprint of the technology:
e  Availability of local markets to supply the technology and spare parts: and

e  Availability of skills locally to support the operations and maintenance of the power generation plants.
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The aspects above are largely determined from the maturity of the technology in the world. Fig. 30 shows the
typical life cycle analysis of a technology. The ‘maturing’ and ‘late maturing’ stages indicate a moderate risk because in
these stages. technologies are already well established in the market which will have allowed the skills for their operation
and maintenance to penetrate the developing world geographical regions. Established technologies also have much better

service offerings in terms of manufacturer guarantees and warranties.

There will also be many market competitors which increases the possibility of securing the energy generation

technology at a competitive price.
Feasibility to Install, Operate and Maintain

It is key to establish the financial feasibility of any energy generation technology investment as well as the compatibility of
adoption onsite. The financial feasibility will include the cost to install. operate and maintain the energy generation
technology. Most trade-offs between the real energy generation potential of each energy generation technology established
in Principle 1 matching the site’s optimized energy demand. established in Principle 2 will take place at the feasibility
stage. An economic model is key in determining indicators of financial feasibility. A good economic model will typically
give the net present value (NPV), internal rate of return (IRR). the nominal payback period and the profitability index (PI).
Equation (28) gives the NPV calculation. Equation (29) gives the PI. The IRR 1s the return (1 m Equation 28) when the
NPV is zero. The payback period is the amount of time required for cash inflows generated by a project to offset its initial

cash outflow.

R :
NPV =31, {“:)r Equation (28)

Where: R, = net cash mflows minus outflows during a single period ¢
* i=discount rate or return that could be eared

* ¢=number of time periods

pr =¥ of_ f_u(’ure cash flows Equation (29)
Initial Investment

The IRR is compared to an organization’s weighted average cost of capital (WACC) rate to determine economic
feasibility. When the IRR is greater than the discount rate (or the WACC rate). then the investment 1s feasible for the
business. When the NPV is zero or positive. the investment will pay itself off during its economic lifespan. The payback
should be reasonably within the economic lifespan of the investment. The profitability index or PI (given in Equation 3)
shows the financial attractiveness of the proposed project and is the ratio of the sum of the present value of the future
expected cash flows to the mitial investment amount. A PI greater than 1.0 1s deemed to be a good investment, with higher
values corresponding to more attractive projects. Economic models will differ for each country based on the taxes,
penalties. levies, cost of acquiring capital (if not self-funded). incentives offered by the government (if any). ete. The
economic model must take into account all applicable factors for the energy generation investment. At this point most
energy sources show their financial competitiveness to be adopted by the site and evaluation of the technical compatibility
and integration into the site operations must be conducted. It may be that one technology is more financially feasible than

another. however, its adoption at the site may have hurdles and limitations.
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Business Imperatives and Strategies

It may be that the financial feasibility and technical compatibility to adopt a certain technology may not appear to
be as attractive as other energy generation technologies considered by the site. but the organization has a specific interest.
imperative, objective or strategy that requires the technology’s adoption. At this stage. the organization’s overall vision,
strategy and the individual departmental strategies must be considered before a final investment decision is made. Noting
that certain energy generation technologies will be phased in over a period of 5 to 10 years. the organization’s long terms
goals may be to adopt certain technologies that may not seem financially feasible or technically compatible for the present
but will be in the future with technology maturity and the execution of an organization’s long term strategy. At this point
the exercise to select a suite of energy generation technologies called a low carbon energy mix. in relation to the impact

they will have in serving the site’s energy demand. is concluded.

The application of these three principles for achieving energy security has significant implications on business

outlook in that:

e Commercial opportunities may be highlighted from looking at a site’s ability to generate and sell energy.

maximizing company assets, especially land use.

e Commercial opportunities may be highlighted to establish new markets for operations and maintenance of

renewable and alternate energy sources.

¢ Commercialization of knowledge on the establishment of energy generation technologies and a sustainable energy

mix especially in developing countries which can be a service offering.

The applications of these principles have the potential to contribute to the profitability of a business as well as
increase the human technical capacity and institutional knowledge within a country. creating employment and demand for

renewable energy that will ultimately drive the decrease in cost of adopting renewable energy.
3. CONCLUSIONS

This paper has presented three principles for achieving energy security in developing countries. The three principles for

achieving energy security provide direction to achieving a low-carbon energy mix by:

e Establishing the ‘theoretical energy potential’. ‘available energy potential’ and the ‘real energy generation

potential® of a site.
e  Establishing the optinuzed site energy demand to be satisfied.

e Efficiently matching the site’s energy generation potential to the site’s energy demand. considering energy

efficiency. load dynamics, available commercial technologies, feasibility and business imperatives.

These principles as the basis for a site to achieve energy security have the potential of making a significant impact
on the outlook of a business and brings to light commercial and business opportunities that may contribute to its

profitability and efficiency while achieving energy security and environmental sustainability.
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CHAPTER 12. ENERGY SECURITY: CONCEPTUALISING A LOW-CARBON
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INTRODUCTION

Airports are a key infrastructure in the economy of a country. At the heart of their proper functioning and security is
the availability of reliable sources of energy. The current energy supply challenges facing Eskom threaten the
present and future of airports and their proper functioning and security. Relying on Eskom alone for electricity to
run airports is not a sustainable solution. Coupled with this is the climate change mitigation imperative that is part
of the business’s environmental objective. Airports Company South Africa (ACSA) is South Africa’s airport
authority and owns and operates nine airports, namely, O R Tambo International Airport (ORTIA) (Kempton Park,
Gauteng). Cape Town International Airport (CTIA) (Western Cape). King Shaka International Airport (KSIA)
(Durban, KwaZulu-Natal), Port Elizabeth International Airport (Eastern Cape) (PEIA). East London Airport
(Eastern Cape) (EL). Bram Fischer International Airport (Bloemfontein, Free State) (BFIA). George Airport
(Eastern Cape) (GG), Upington International Airport (Northern Cape) (UPIA) and Kimberley Airport (Northern
Cape) (KIM). From [1]. the three principles for achieving energy security in developing countries are given as

follows:
Principle 1: Ascertain the energy generation potential of the site, i.e., what is the:
(a) Theoretical energy potential of the site as found in Equation (1):

Total Theoretical Energy Potential - ¥ Renewable energy potential +
¥ Energy potential from human and industrial activity +
Y Energy potential from alternative less carbon intensive energy sources  .cceeeeernneen

Equation (1)
(b) Available energy potential by applying the commercially available technologies as found in Equation (2):

Total Available Energy Potential = ¥(Renewable energy potential x CF) +
Y(Energy potential from human and industrial activity x CF) +
Y(Energy potential from alternative less carbon intensive energy sources x CF) Eq
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(€3]

(c) Real energy generation potential considering the spatial and other demands required for energy generation, as
found in Equation (3):
Total Real Energy Generation Potential = X.(Total real renewable energy generation potential x
area available) + L(Total real energy generation potential from human and industrial activity x

area available) +

Y(Total real energy generation potential from alternative less carbon intensive energy sources X
area available) Eq(3)

Principle 2: Ascertain the site’s energy needs in the present and the future (short, medium and long term) considering the

following:

(a) Type of energy required and their quantities,

(b) Baseload energy requirements,

(c) Fluctuating load energy requirements and their timing: and

(d) Strategies for energy reduction, conservation, load levelling and load shifting and their timing.
Principle 3: Match the energy sources available to the energy needs of the site considering:

(a) Energy efficiency and load dynamics,

(b) Commercial technologies available and their impact. risks and implications for the business,

(c) Feasibility to install, operate and maintain and

(d) Business imperatives and strategies (less carbon emissions, insource/outsource strategies, capacity building,

corporate social responsibility).

The principles for energy security enable one to be aware of the full energy generation potential of the site. This
approach is ideal for a strategy that wants to not only generate energy for own use, but for generating commercial revenue.
It is also the approach advised to sustainably reach and maintain energy security in developing countries. The strategy that
the energy mix for the airports sought to fulfil when it was formulated in FY 2018/2019 (1 April 2018 to 31 March 2019)
using data for the period 1 April 2017 to 31 March 2018 was to reach carbon neutrality in electricity consumption. This

paper uses these three principles to conceptualise the energy mix for nine airports in South Africa owned and operated by
ACSA.

Energy generation potential of airports in South Africa

The application of Principle 1 gives the theoretical energy potential considering the natural resources available in the
geographical region, the available energy potential considering the efficiency of the conversion technologies, and the real
energy generation potential considering the spatial and other constraints of the site. Table 1 gives the approximate land
footprint of the airports, their occupied land footprint and their occupied land footprint at full development which is at
around the year 2050.
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Table 1: Estimated land footprint of airports in South Africa
Passenger terminal buildings and passenger
boarding bridges including commercial and retail 19.84 km?
stores, restaurants. baggage handling facilities. ’ 19.84 km?
waste sorting areas, sewage sumps, water storage (Estimated 8.31 km’ '
tanks. HVAC plants. Aprons (parking bays for .
; : using ; (Assumed  full
O R Tambo aircraft), air traffic control tower, radar towers, Godule (Estimated development of
3 cargo terminal building, aircraft hangers with ; using  Google
International : : ; i 3 Maps. current land
; maintenance and repairs. firefighting facilities. jet | © ; Maps. i
Airport mcluding | : footprint: future
Al fuel storage and hydrant network. runways. —— including lhod Scoubitons
taxiways. three hotels. car rental facilities and taxiways. runways  and ot fccmme d
wash bays, car parking lots. office buildings, s \-'az:nt taxiways) for)
warehouses, cold storage rooms. maintenance
3 = ; land)
storage and stock rooms. bus staging areas.
vehicle fuelling stations.
Passenger terminal buildings and passenger
boarding bridges including commercial and retail 9.76 km?
stores, restaurants. baggage handling facilities. ’ 976 km?
waste sorting areas, sewage sumps, water storage (Estimated 5.90 km? ;
tanks, HVAC plants. Aprons (parking bays for 2
: ; i i using 5 (Assumed  full
Cape Town aircraft). air lrafﬁt_: cgntro! tower. radar tox\l ers, Goagle (E_stnnated development  of
: cargo terminal building. aircraft hangers with 7 using  Google
International ; : ; S Maps current land
: maintenance and repairs, firefighting facilities. jet | | = Maps. ;
Airport " . mcluding | . . footprint: future
Al fuel storage and hydrant network. runways. R including fhnl scanisbions
taxiways, three hotels, car rental facilities and taxjway& runways  and ik ::cmm il
wash bays. car parking lots. office buildings, s \-‘az:m taxiways) for)
warehouses, cold storage rooms, maintenance land)
storage and stock rooms. bus staging areas. o
vehicle fuelling stations.
Passenger terminal buildings and passenger
boarding bridges including commercial and retail 711 km?
stores. restaurants, baggage handling facilities. ’ 711 km?
waste sorting areas, sewage sumps. water storage (Estimated 3.26 km? ’ !
tanks. HVAC plants. Aprons (parking bays for ;
: : T i using g (Assumed  full
Kiie Shaki aircraft), air trat‘ﬁi_: cpntrol_ tower, radar towers, Gosite (E_stnnated development of
ol cargo terminal building, aircraft hangers with = using  Google
International ; 5 ; I Maps. current land
Wy maintenance and repairs, firefighting facilities, jet includin Maps, Bootogint: ‘Hiture
P Al fuel storage and hydrant network. runways. i g including i dp P -uisitions
taxiways, three hotels. car rental facilities and taxjways-‘ runways  and o ﬂqccmm{e d
wash bays. car parking lots. office buildings. and \-'az:m taxiways) for)
warehouses. cold storage rooms, maintenance it
storage and stock rooms. bus staging areas.
vehicle fuelling stations.
3.79 km’
Passenger terminal buildings, retail stores. (Estimated 1.26 km? 2.90 km’
restaurants, luggage conveyor belts, waste using (E; Gimated (Assumed
Port sortation area. water storage tanks. HVAC plant. Google L T development of
Elizabeth Aprons (parking bays for aircraft). air traffic Maps. Nags = current land
International | control tower. radar tower, firefighting facilities. | including inc]l: uiin footprint: future
Airport jet Al fuel storage and hydrant network. runways, | runways. Voo g i land acquisitions
taxiways, car rental facilities and wash bays, car taxiways tax.iways ) not  accounted
parking lots. office buildings. and vacant ¥ for)
land)
East London | Passenger terminal buildings including 1.69 km® | 0.84 km? 1.16 km®
Airport restaurants, baggage conveyor belts, waste (Estimated | (Estimated (Assumed
wwwtjpre.org editor@tjpre.org
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sortation area. office areas. HVAC plant. Aprons | using using  Google | development of
(parking bays for aircraft). air traffic control Google Maps. current land
tower, radar tower, firefighting facilities. jet Al Maps. including footprint: future
fuel storage tank. runways. taxiways, car rental including | runways  and | land acquisitions
facilities and wash bays, car parking lots. office runways. taxiways) not  accounted
building taxiways for)
and vacant
land)
7.71 km?
Passenger terminal buildings including (Estimated 5 2.97 km?®
i = 2 = g 1.87 km~ )
restaurants. baggage conveyor belts, waste using (Estimated (Assumed
Bram sortation areas. water storage tanks. HVAC plant. | Google : development of
: e -5 3 = using  Google
Fischer Aprons (parking bays for aircraft). air traffic Maps. Nhse = current land
International | control tower, radar tower. firefighting facilities. including incll:J (iinn. footprint: future
Airport jet Al fuel storage and hydrant network, runways, | runways. aaee:  iaad land acquisitions
taxiways. hospital. car rental facilities and wash taxiways t“iways) not  accounted
bays. car parking lot, office building and vacant | [oays for)
land)
2.64 km’
: 4 2
Passenger terminal buildings including (E§Im1ated 1.02 km? o 1_8 o
using 4 (Assumed
restaurants, baggage conveyor belts, waste 0 (Estimated )
S g 3 i Google S development of
sortation area. HVAC plant. Aprons (parking bays = using  Google )
George B o ) e ot | ey g current land
Airport for awrcraft). Air traffic control tower, radar tower, including Maps. footprint, future
firefighting facilities. jet Al fuel storage tank, mcluding gy
= : B runways. = land acquisitions
runways. taxiways, car rental facilities and wash . runways  and
bays. car parking lots. office buildings. SET taxiways) i€ Reccunng
= = and vacant for)
land)
8.07 km?
Passenger terminal buildings including (Estimated b 6.14 km?
N N 7 : 3.75 km*
restaurants, baggage conveyor belt and carousel. using : (Assumed
; IV = (Estimated -
; water storage tank. HVAC packaged plant. Google ; development of
Upington ) T e z using  Google )
§ Aprons (parking bays for aircraft). air traffic Maps. . current land
International ) ) o : P : ; Maps, 5
At control tower, radar tower. ﬁreﬁghtmg facilities, | including it i footprint: ‘ I:'ulmre
jet Al fuel storage tank. runways. taxiways. car runways. e ] land acquisitions
rental facilities and wash bays. car parking lot. taxiways ta\'jvmy ) not  accounted
office buildings. and vacant xiways for)
land)
5.17 km?
Passenger terminal buildings including a cafe. Eizi’énated 1.98 km? ifszlll{:::; d
baggage conveyor belt and carousel. HVAC = (Estimated
i : ; o : Google ; development of
: decentralised units. Aprons (parking bays for 5 using  Google
Kimberley x : : 250 Maps. current land
Abcnort aircraft). air traffic control tower. radar tower. L Iadine Maps. footprint, Thitare
el firefighting facilities. jet Al fuel storage tank, = | including Az
E T e o it 3 runways. : = land acquisitions
runways, taxiways. car renfal facilities and wash i runways  and
bays. car parking lot, office buildings. ———n taxiways) Be ocomin
= = and vacant for)
land)

Table 2 contains some of the indicators of the theoretical energy generation potential. the available energy generation
potential, and the real energy generation potential of the airport sites. Some energy sources will require further
investigation such as natural gas, waste to energy and geothermal heat sinks as the quantity of natural gas that is available
to be secured has to be confirmed. the quality of the waste and energy value must be tested in a lab. and the soil conditions

must be tested. Wind energy uses vertical axis wind turbines (VAWT) at a height of 12 m.
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Table 2: Theoretical energy generation potential. available energy generation potential and

real energy

eneration potential of the airport sites

Full site (FS):
10 475.52 GWh gﬂﬂl‘i‘f}f‘“l gas
5 528 kWh/m? Unoccupied land (UL): !
. fflﬁifﬁ ﬁ)]oo R (Capacity factor of 26.4 | 6 598.725 GWh Feﬂ_‘“{."s -
= L= %) Unoccupied land at full $’a;se lt%)ae::(lnelr.
Doﬂ development will require &
Soiro FS: 16 ST6 0 GWE | Secficlabtests 10
& 3 | 2250 kWh/m? 832.5 kWh/m? UL" 9 5-98 ;;,,5 GWh determine the
fiime [3] (Capacity factor of 37 %) : e calorific value.
energy i UL@FD: 0

. i -
Solarto | 1900 KWh/m? 501.6 kWh/m? EScAS05GI0CWE | ClUmatmal gus
electricity | [2] (Capacity factor 26.4 %) E;E@}P?liéi)”é T ?;3:3;:;[“}(

- 5 L
3:12:1:1) 2100 kWh/m? 777 kWh/m? ESL 7-,. 18939' 5,'; %ﬁ ?Qomi?:;lon
energy 3] {Onpactyficon 3724 UL&@:FD: 0_ 3 resources require in

= depth investigation
® into soil conditions
: ; for heat exchange.
gﬁ:y o | 112 kWh/m? 39.4 kWh/m? {3‘ 31854{717787%% i
,, : g ; 5 : 152, s
electricity (12 m height) (Capacity factor 35.2 %) UL@FD: 0 energy requires
specific lab tests to
determine calorific
value.
Solarto | 1500 kWh/m? 396 kWh/m? PSR A3 SR O ESIN anel ins
;i ; UL: 1 524.6 GWh availability
electricity | [2] (Capacity factor 26.4 %) UL@FD: 0 seuites
- investigation. and
7 . waste to energy
=< f]’::;:l;? 1500 kWh/m? 555 kWh/m? (Capacity Ei 329;3?2;%““’21 requires specific
[3] factor 37 %) UL' FD: 0 v lab tests to
energy @rD: determine calorific
value.
Solarto | 1750 kWh/m? 462 KWh/m?® SNl ASIe e WA TRy NS
electrici 2] (Capacity factor 26.4 %) UL: 1 168.86 GWh vertical axis wind
i i %) | UL@FD: 411.18 GWh | turbines takes into
) 1
[T T v [ T2 3ot o | scomtdeomecig
E energy (3] (St csor ) UL@FD: 559.81 GWh | maximum height of
12m.
; FS: 149.42 GWh The waste volumes
2
Wind 112 kWh/m? (334 kW;n tor 35.2 9%) UL: 99.74 GWh are not sufficient to
il apacity factor 35.2%) | UL@FD: 35.00 GWh | generate energy
from.
Solarto | 1650 kWh/m? 435.6 kWh/m? il by Winkd ssecuy wing
electricity | [2] (Capacity factor 26.4 %) UL: 370.26 GWh vertical axis wind
= ) UL@FD: 230.87 GWh | turbines takes into
- | Solar to g 5 2 FS: 1 000.48 GWh account the spacing
= | therma | 1600 kWh/m ki s UL: 503.2 GWh and allows for a
energy 3] (Capacity factor 37 %) UL@FD: 313.76 GWh | maximum height of
Wind 112 KkWh/m? 39.4 kWh/m* FS: 66.627 GWh 12m.
energy = (Capacity factor 35.2 %) | UL: 33.51 GWh The waste volumes
Wi tipre.org editor@ftjprc.org
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UL@FD: 20.89 GWh are not sufficient to
generate energy
from.

FS: 427442 GWh

Solarto | 2100 kWh/m? 554.4 kWh/m? UL: 3 237.7 GWh
electricity | [2] (Capacity factor 26.4 %) | UL@FD: 2 627.856 The waste volumes
= GWh are not sufficient to
= Sitkii 16 FS: 7417.02 GWh generate energy
thermal | 2600 kWh/m? 962 k“_’hfm: UL: 5 618.08 GWh from.
ensrgr [3] (Capacity factor 37 %) IF;?FD: 4 559.88
= GWh
Solarto | 1550 kWh/m? 409.2 kWh/m? te: ofo.z &8 G‘,’l‘”‘ Wind e]“e‘ gy ‘_‘F"gg
lectricity | [2] (Capacity factor 26.4 %) l'.L' S-S0 QWA \ef't!ca .ax.\:f. “m
i UL@FD: 188.23 GWh | turbines takes into
Solar to S s FS: 1660.56 GWh account the spacing
.. | thermal 1:00 K 639 meil,l 3704 UL:1018.98 GWh and allows for a
& [ energy (3] (o 2700 UL@FD: 289.34 GWh | maximum height of
12 m.
- 2 FS: 104.079 GWh The waste volumes
ol 112 kWh/m? i kW“‘ LT UL: 63.867 GWh are not sufficient to
b (Capacity factor 35.2%) | 1 GFD: 18.135 GWh | generate energy
from.
FS: 4900.104 GWh
Solarto | 2300 kWh/m’ 607.2 kWh/m’ UL: 2 623.104 GWh
electricity | [2] (Capacity factor 26.4 %) | UL@FD: 1 171.896 The waste volumes
; GWh are not sufficient to
=) Solarto ) . FS: 9 554.88 GWh generate energy
hesal 3200 kWh/m~ 1184 kthm* TUL: 5 114.88 GWh from.
enetgy [3] (Capacity factor 37 %) élﬁq@m 2285.12
N h
FS: 2 866.25 GWh
Solarto | 2100 kWh/m’ 554.4 kWh/m? UL: 1 768.536 GWh
electricity | [2] (Capacity factor 26.4 %) | UL@FD: 1 724.184 The waste volumes
= GWh are not sufficient to
< Sol FS: 5 547.41 GWh generate energy
o | 2900 kWh/m? 1073 kWh/m? UL: 3 422.87 GWh from.
[3] (Capacity factor 37 %) UL@FD: 3 337.03
energy GWh

The information contained in Table 2 is key in assessing the available resources whenever there is an energy
demand to satisfy. or if an organisation wants to commercialise the site’s energy resources. ACSA’s strategy when
undertaking an energy mix for its airports is to reach carbon neutrality in electricity consumption while ensuring that the

energy mix implemented is financially feasible and suitable to the airports’ operating environment.
Airports’ Energy Demand

The energy consumption of ACSA’s nine awrports vary significantly relative to each other. The energy consumption of
ACSA’s nine airports together with the resulting carbon footprint are given in Figure 1. Each airports” contribution to the

total carbon footprint resulting from energy consumption of all nine airports are given in Figure 2.
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Figure 1: Electrical energy consumption and resulting carbon emissions of ACSA’s airports for the

period 1 April 2017 to 31 March 2018
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Figure 2: ACSA airports’ carbon footprints share from electricity consumption

ORTIA accounts for about half of the electricity consumption and carbon footprint of the group of nine airports,

followed by CTIA at 29 % and KSIA at 14 %, together, these three airports account for 93 % of the energy consumption of

the group. The electricity consumption of the airports also varies according to their operational howrs and size of the

development. Fig. 3 gives the estimated electricity consumption profile of the nine airports. showing their baseload.

fluctuating load and critical load portions forming part of the baseload. GG, UPIA and KIM airports existing solar PV

plants are shown in their electricity consumption profile as the dotted portion of their peak loads.

An airport’s significant energy users are lighting and air conditioning [4]. so these are the main contributors to the

shaping of an airport’s electricity demand profile. The lighting load of an airport constitutes much of the baseload,

including the critical load as runways and taxiways which have to be lit according to legislation almost all the time. Air

conditioning i1s needed for the comfort of the buildings and for keeping electronic equipment at a specific operating

temperature. This causes the peak electricity load of airports. Lighting and air conditioning loads are supplied from the

national electricity grid. Peak loads at GG, UPIA and KIM airports are supplied with electricity from their solar PV plants.

as indicated in Fig. 3.

ORTIA Energy Demand Profile Over a 24 hour period CTIA Energy Demand Proflie Over a 24 hour period
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KSIA Energy Demand Profile Over a 24hour period PEIA Energy Demand Profile Over a 24hour period
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Figure 3: Load dynamics for ACSA’s airports in South Africa

Conceptual roadmaps for achieving a low carbon energy mix

Reducing and where possible eliminating energy wastage is crucial to cost effectiveness in the journey of reducing carbon

emissions. The energy reduction projects to reduce electricity demand through energy efficiency. energy conservation and

through supplying an energy demand from a different source are given in Table 3.

Impact Factor
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Table 3: Planning for Grid Electricity Reduction at Airports

Lighting share
being around 50
% to 60 % of

This can be reduced by at least 15 % (up to
30 %) through adoption of LED lighting

Investigate the adoption of
LED lighting for each airport
including feasibility

Lighting : : Lighting control can give a further 10 % Investigate the adoption of
each airport’s St S g
through the adoption of occupancy sensors. | lighting control for each area
total energy Pt i ; FE. 5
: timers. photocells and dimming functions where lighting demand varies
consumption 5
mstalled and programmed. throughout the day.
Air conditioning systems to be re-designed
with time by additions and refurbishments
to ensure a smooth notified maximum
demand curve through the application of
energy reduction. load levelling techniques
?Izllcc:}lilge:l shifting techniques. Projects Tivestigations ko flie
o . . feasibility and technical
- Heat pipe dehumidification = e ‘ty : :
) suitability of implementing
- Re-use of condensate as make-up water . £
i = ) these projects at ORTIA, CTIA.
and as an aid in achieving the temperature ESIA coubiiiic Sl
required to cool chillers S IR
S viability and technical
- Re-use of condenser water in a heat SHGRTS,
suitability.
exchanger as a pre-heater to the geysers or
any other process requiring a heated fluid
- Active chilled water set-point control,
Heati This share varies | variable speed drives, air economising,
. eaﬁln‘g., from 20 % to 30 | fresh air demand control
w':i AUOI 1 o6 of airport’s - Ice storage or chilled water storage
B total energy Reduction of cooling/heating demand
conditioning ; : :
consumption projects include:

- Heat resistant coating on roof/solar
thermal roof/green roof

- Solar thermal walls OR heat deflection
facades

- Building envelope and fenestration
projects

Investigations to be done for all
airports confirming financial
feasibility and application.

Greenest air conditioning system with
existing technology made up of:
-Absorption chillers providing space
heating and cooling

-Powered by solar thermal energy

-Using water as refrigerant. lithium bromide
as absorbent

-Cooling towers to be replaced by
geothermal heat sinks

Investigations to be done for
PEIA. EL. BFIA and GG.
confirming technical suitability
and financial viability.
Geothermal heat sinks instead
of evaporative cooling towers
should also be investigated for
ORTIA. CTIA and KSIA.

In the journey of investigating the above projects for implementation at the airports. some airports may not be
technically suited for certain projects, or a project may not apply to the airport. and thus financial feasibility will not need
to follow. Once energy reduction projects have been planned for. reducing carbon emissions further will require the
adoption of less carbon intensive energy sources for electricity generation. The adoption of a low carbon energy mix is not
common practice in South Africa and alternative energy sources such as renewable energy technologies and their methods

of operation are unfamiliar, even though they are proven to work in other countries.

W tjpre.org editor@tjpre.org
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To ensure that the airport sites and business operations adjust, become familiar and confident with alternative
energy technologies. a phased approach to achieve carbon neutrality in electricity consumption is proposed. Table 4 gives

the phased approach to carbon neutrality in electricity consumption at the nine airports in South Africa.

Table 4: Phases to Carbon Neutrality in electricity Consumption at the nine airports in South Africa

1. Changing of lighting technology to LED.

ap:;ih;:zi)agg 2. Lighting control to be achieved for all areas.
i 3. Implementation of initiatives to reduce HVAC chiller load such as convective

during the 5 : iz S e ) ; e b S5

; . oundaries, thermal resistant coatings on walls and roof. heat pipe dehumidification in air

implementation : : s : .

of the energy handling units and other passive cooling techn!que& .

mix 4. Refurbishment programmes to ensure adoption of energy efficient pumps. motors.
controls and processes.
1. The low carbon energy mix will be designed to supply the airports’ maximum electricity
demands (kVA or MVA) as of the vear 2018.
2. For ORTIA. CTIA and KSIA. the awrport’s critical load will be supplied (or backed up)
through the national electricity grid to ensure minimal interruptions to airport operations
during the initial stages of the operation of the natural gas trigeneration plants (electricity.

One thermal energy and cooling) which will be designed to have the capacity to support the

(From year airports’ 2018 electricity demand.

2018 to year 3. The existing solar PV plants at GG. UPIA and KIM airports will be provided with solar

2024) energy storage to ensure that all the electricity generated by the plant is being utilised by the
airports. This is also the approach with the planned solar PV plants for PEIA, EL and BFIA.
4. Increase in electricity consumption (kWhs) during this period in phase one will either be
offset by a decrease in 2018 electricity consumption (baseline) through energy reduction
projects or absorbed by the current energy mix as this is designed to supply the airports
maximum demand (KVA or MVA).
1. Focus of investigation for implementation will be the business risk to airport operations
of supplying the airports” critical electrical load and other new loads from the natural gas
trigeneration plants for ORTIA. CTIA and KSIA by either expanding these plants,
expanding the energy mix for these airports, or considering forms of energy storage to run

Tw the natural gas trigeneration plant in phase one at full capacity.

(F‘::m year 2. For additional loads from this point to ensure that the airports’ energy consumption is

energy efficient and as low in carbon emissions as possible. the adoption of green star rated
buildings will be required for new infrastructure with the emphasis being on designing
buildings to be carbon neutral in terms of energy consumption.

3. A smart electrical grid will be implemented to coordinate various energy supply sources
for uninterrupted service to airport operations and to ensure a constant energy demand
profile.

1. Focus of implementation will be on further reduction in carbon emissions from the
natural gas engines towards carbon neutrality by considering the following options and
combinations thereof:

- Change of fuel type of the operating natural gas trigeneration plants

2024 10 2027)

Three - Process mnnovation to capture and sequester the carbon emissions

(From vear - Technology change of combustion engines to ensure zero carbon emissions

2027 and 2. Unavoidable carbon emissions for the purposes of ensuring reliable service to airport
beyond) operations within financial feasibility will be offset by initiatives that allow for ACSA to

either purchase carbon credits or implement carbon offsetting solar PV and wind generation
plants either on their vacant land or for a community or school as a social development
project towards corporate social investment to reach carbon neutrality in electricity
consumption.

Figure 4 to Figure 12 with an accompanying table (Table 5 to Table 13) give the conceptual journey of each

airport to carbon neutrality in electricity consumption.

Impact Factor (JCC): 9.6246 NAAS Rating: 3.11
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ORTIA conceptual roadmap to carbon neutrality in electricity
consumption =
140 000 | Lighting change to LED: 15 % kWh carbon emissions reduction | s 2
-
2 120000 | Lighting control: 10 % kW carbon emsssions reduction |”‘ b
2 4 g
_:j 100 000 HVAC chiller load reduction: 5 % k'Wh carbon emissions redaction | LB
§ 30000 Natural gas trigeneration plant: 40 % to 50 % KWh carben. 10 i
§ ¢oo00 Phase 2 projects 8 ':’:
§ 10000 = o 2
U 20000 ; 8
o 8
2018 2019 2020 20I1 2022 2023 2014 2025 2026 2017 1028 2029 12030 S
Year
= Carbon intensive energy demand (MVA) mCarbon emissions (tons)
Figure 4: OR Tambo International Airport’s Conceptual Roadmap to Carbon Neutrality in Electricity
Consumption
Table 5: Projects for ORTIA’s energy mix conceptual roadmap towards carbon neutrality in electricity
consumption
1. Lighting change to LED.
Lighting control: occupancy
sensors. BMS (building
management system) control.
dimming functions. ‘Wind lobbies were not
3. HVAC chiller load reduction: . . I ideal for ORTIA's
R : Financial feasibility and p fiig
5 3 convective boundaries - double : terminal building layout,
Preliminary ; S s S technical assessment .
glazing or low emissivity glass, (technoeconomic studies) so this was not taken to
thermal deflection innovation the financial feasibility
(Heat deflective paint on stage.
roof/insulation). wind lobbies. etc.
4. Geyser sleeve technology
[Too small to count as a step change on
graph]
- Due to ORTIA's
commercial
: expansion plans.
1. Technoeconomic P P
: ; using solar energy for
assessment is required electricity
1. Natural gas trigeneration plants as well as a confirmed consumption is
producing electricity through the feasibility based on coatiall pnol
combustion of natural gas and the engineering design B
. > advisable and the
recovering the waste heat for before a financial ] :
< oo e high baseload will
thermal energy uses such as hot mvestment decision is ;
2 ; i make energy storage
One water and powering absorption made and security of a very costl
chillers. fuel gas supply. =y ¥
: : s ) endeavour.
2. Waste to energy via anaerobic 2.  Waste streams are to Tty
digestion producing a biogas that be tested for their ng
i B Pt e waste may not be
can be combusted for electricity calorific value and a :
: ; feasible as a fuel
generation. full technoeconomic 3
source due to its
assessment should G 5
; variability in calorific
follow
value and carbon
emissions.
- Using geothermal
wwwtjpre.org editor@tjpre.org
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energy as a heat sink
mvolves costly
preliminary
groundwork such as
soil testing. It would
be better to undertake
a pilot plant at a
better suited airport
prior to investment
for a feasibility
study.

Confirmation of
availability of
additional natural gas
to supply the amrport’s
critical electrical load.
space constraints for
plant operation.
suitability to support
aixpost critical Adoption of other
. . . electrical load.
1. Using the natural gas trigeneration p : energy sources such
S : 5 o mtegration 3 ;
plant or using the anaerobic sa skt as decentralised
digestion plant from phase one to q T packaged waste to
s economic feasibility. )
supply the critical load of the Consider the feasibility energy plants. or
airport and for additional electrical : . rooftop solar PV
of incorporating o
loads. plants, serving a
. renewable energy such . .
2. New infrastructure to adopt a green ity specific new
Two . S as solar PV and solar :
star rating targeting carbon mfrastructure must
T R G thermal for new B
neutrality in electricity i ) take mto account the
. mfrastructure. .
consumption. Asi in-dendh operational and
3. Smart electrical grid to be adopted 7 L maintenance cost of
; = : mvestigation into the
to coordinate energy sources o " these plants.
el i ) airport’s real time ” ;
ensuring an uninterrupted power : mcluding the
i energy consumption to g
supply. Astsenilie aacn environmental
1erey impact.
storage requirements.
load-levelling and load
shifting techniques for
implementation. as
well as load
curtailment to ensure a
feasible electrical
integration and smart
grid design.
Investigation into Technology change
. e : -
i o e e e possible alternative pnght not be possible
S a——— i fuels that are less if there are no
fuel with lower carbon footprint ;
e carbon mntense than technology
such as LPG or biogas. .
) ; . ) natural gas and improvements
2. Process innovation to sequester : g ;
i selecting the commercially
carbon emissions. = . i
Three 3. Technology change towards no i A i
; - ke technology that allows Carbon sequestration
carbon emissions. A ;
; multiple fuel type might rely on a range
4. Carbon offsetting plants or p i 5. i =
; : mtake is key for this to of factors. both
purchasing of carbon credits to v : i P
E o .. work cost effectively. environmental. site
reach carbon neutrality in electricity : E : )
pr———— Sequestering carbon and business related.
. will require imn-depth The better choice to
environmental and invest effort in

Impact Factor (JCC): 9.6246
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financial investigation.

3. Technology change
will be dependent on
the commercial market
evolution. and this
must be actively
monitored.

4. A feasibility study
must be undertaken on
carbon offsetting plants
versus purchasing
carbon credits. An
mtegrated view must
be considered.

mvestigation is a dual
fuel combustion
engine and carbon
offsetting plants on
vacant land at
regional airports as a
commercial venture
(independent power
producer) or
undertake a corporate
social investment
project installing a
solar PV or wind
plant at a facility and
claim the carbon
credits.

CTIA conceptual roadmap to carbon newrality in electricity

consumption

50 000

70 000

&0 000

S0 000

40 000

10 000

Carbon emissions (tons)

20 000

10 000

2018 2019 2020 2021 202! 2013 2024 2028

& Carbon mtensive energy demand (MVA)

I Lighting chaage to LELX. 13 % k'Wh carbon emissions reduction l

I Lighting control: 10% kWh carbon smissiossreduction l

HVAC chiller load reéuction: $ % k'Wh carbon emissions reduction l

40% 1o 50 % kWh

= | Phase 2 projects

2028 2029 2030

2026 2027

Year

& Carbon emiswions (fons)

Carbon mtensive energy demand (MVA)

Figure 5: Cape Town International Airport’s conceptual roadmap to carbon neutrality in electricity consumption

Table 6: Projects for CTIA"s energy mix conceptual roadmap towards carbon neutrality in electricity consumption

Preliminary

1. Lighting change to LED.

2. Lighting control:

occupancy sensors. BMS
(building management
system) control.
dimming fimctions.

3. HVAC chiller load

reduction: convective
boundaries - double
glazing or low emissivity
glass. thermal deflection
mnovation (heat
deflective paint on
roof/insulation). wind
lobbies. etc.

4. Geyser sleeve

technology
[Too small to count as a step
change on graph].

Financial feasibility and technical
assessment (technoeconomic
studies).

Wind lobbies were not ideal for
CTIA’s terminal building layout,
s0 was not taken to the financial
feasibility stage.

W, ﬂzﬂ:. org

editor@tjpre.org

258



42

Jerusha Joseph & Professor Freddie Inambao

1. Technoeconomic assessment
1s required as well as a
confirmed feasibility study
based on the engineering
1. Natural gas trigeneration (Ean hethora fmickil
' oo investment decision is made
P 2 2 = and security of fuel gas
electricity through supply.
combustion of natural - 5 -
o snd vecovering the 2. Waste streams are to be Due to CTIA s commercial
;'.'éste R tested for their calorific value expansion plans. using solar
e e et and a full technoeconomic energy for electricity
-~ te‘r}an Aot assessment should follow. consumption is spatially not
abs tionpchillersh 3. Securing of a suitable advisable and the high
Wagg 8 ekt \'i‘a installation site with the baseload will make energy
One —n dim;sytion necessary approvals from Air storage a very costly
rodacinga i)iozas st Traffic Navigational Services endeavour.
g 56 flo couBiaced Er (ATNS) and South African Incinerating dry waste may
S —— Civil Aviation Authority not be as feasible as a fuel
3. Wind energ - genera ti..llﬁ (SACAA). followed by a full source due to its variability in
= clecticity %‘i)ah\'ertical a technoeconomic assessment. calorific value and carbon
e p e o 4. Perform technoeconomic emissions.
,' assessment and install a test
4.  Geothermal heat sinks to geothermal heat sinik loop
replace evaporative ST :
cf)];linz 10\\!11'5 similar to the one installed at
= ’ Hotel Verde, just 2 km from
the CTIA terminal building to
become familiar with the
operational cycles for mass
roll out.
1. Confirmation of availability
of additional natural gas to
supply the awrport’s critical
1. Using the natural gas :zf;:::zi‘??:: ;IF; ;e
trigeneration plant or : it iy
“Sﬁl o the anatl:mbic operation, suitability to
disze;tion 1aist S support airport critical
L e electrical load. integration _ ? )
phase one to supply the S : j Adoption of other energy
g ; requirements, economic _ :
critical load of the airport foasibilit sources such as decentralised
and for additional TAE: o packaged waste to energy
- 2. Consider the feasibility of G ] r
electrical loads. : SR = plants or rooftop solar PV
il mcorporating renewable : . )
. New infrastructure to : = plants serving a specific new
Two ; _ : energy such as solar PV and o stk ]
adopt a green star rating mfrastructure must take into
g ; solar thermal for new e
targeting carbon i flastroctiee account the operational and
neutrality in electricity G s maintenance cost of these
; 3. In-depth investigation into ; ;
consumption. ; B ; plants including the
: e . the airport’s real time energy i :
3. Smart electrical grid to ; J environmental impact.
be adopted to coordinate consumption to determine
energy sources ensuring energy storage requirements,
it misiiieovsed oanrer load-levelling and load
supply pledp shifting techniques for
’ implementation as well as
load curtailment to ensure a
feasible electrical integration
and smart grid design.
1. Fuel change from natural |1. Investigation into possible Technology change might not
Three gas to a fuel with a lower alternative fuels that are less be possible if there is no

carbon footprint such as
LPG or biogas.

carbon intense than natural
gas and selecting the

technology improvements
commercially available.

Impact Factor (JCC): 9.6246

NAAS Rating: 3.11
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2. Process innovation to
sequester carbon
emissions.

3. Technology change
towards no carbon
€Missions.

4. Carbon offsetting plants
or purchasing of carbon
credits to reach carbon
neutrality in electricity
consumption.

combustion engine
technology that allows
multiple fuel type intake. is
key for this to work cost
effectively.

Sequestering carbon will
require in-depth
environmental and financial
mvestigation.

Technology change will be
dependent on the commercial
market evolution. and this
must be actively monitored.
A feasibility study must be
undertaken on carbon
offsetting plants versus
purchasing carbon credits. An
mtegrated view must be

considered.

- Carbon sequestration might

rely on a range of factors.
both environmental. site and
business related.

- The better choice to invest

effort in investigation is a
dual fuel combustion engine
and carbon offsetting plants
on vacant land at regional
airports as a commercial
venture (independent power
producer) or undertake a
corporate social investment
project installing a solar PV
or wind plant at a facility and
claim the carbon credits.

KSIA conceptual roadmap to carbon neutrality in electricity

| o

| L

consumpt ion

10 000 | Lighting chanpe to LED: 15 % kWh carbon emissions reduction
E 15 000 Liphting control: 1 0% kWh carbon emissions reduction
8 30 000 HVAC chiller load reduction: 5 % k'Wh carbon emissions reduction 1
,E 25 000 Matural pas tripenerarion plant: 40 % to 50 26 kWh carbon emissions ‘
£ 20000 ducti
% 15000 | Phase 2 projects I .
o 2
2 10000 -
=
o 5000

2018 2019 2020

B Carbon intensive energy demand (MVA)

2021

2022 2023 2024

Year

2025

2026

2027

2028 2029 2030

Carbon itensive energy demand (MVA)

B Carbon emissioms (fons)
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Figure 6: King Shaka International Airport’s conceptual roadmap to carbon neutrality in electricity consumption

Table 7: Projects for KSIA's energy mix conceptual roadmap towards carbon neutrality in electricity consumption

Preliminary

1. Lighting change to LED.
2. Lighting control: occupancy

sensors. BMS (building
management system)
control, dimming functions.

3. HVAC chiller load

reduction: convective
boundaries - double glazing
or low emissivity glass,
thermal deflection
mnovation (heat deflective
paint on roof/insulation).
wind lobbies, etc.

4. Geyser sleeve technology

[Too small to count as a step
change on graph].

Financial feasibility and
technical assessment
(technoeconomic studies)

Wind lobbies were not ideal for

KSIA’s terminal building layout,

so this was not taken to the
financial feasibility stage.

One

1. Natural gas trigeneration

plants producing electricity

1. Technoeconomic assessment
is required as well as a

F Due to KSIA's commercial

expansion plans. using solar

e, ueﬂ“ 22

editor@tjpre.org
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through combustion of
natural gas and recovering
the waste heat for thermal
energy uses such as hot
water and powering
absorption chillers.

confirmed feasibility based
on the engineering design
before a financial
investment decision is made
and security of fuel gas

supply.

energy for electricity
consumption is spatially not
advisable and the high baseload
will make energy storage a very
costly endeavour.

Incinerating dry waste may not be

2. Waste to energy via 2.  Waste streams are to be as feasible for a fuel source due
anaerobic digestion tested for their calorific to its variability in calorific value
producing a biogas that can value and a full and carbon emissions.
be combusted for electricity technoeconomic assessment | Using geothermal energy as a
generation should follow. heat sink has costly preliminary

groundwork such as soil testing.
It is better to undertake a pilot
plant at a better suited airport
prior to investment for a
feasibility study.
1. Confirmation of availability
of additional natural gas to
supply the airport’s critical
electrical load. space
constraints for plant
1. Using the natural gas operation, 5‘“"‘1"!‘?3’ ot
St % " support airport critical
trigeneration plant or using pi : :
% A : 5 electrical load. integration
the anaerobic digestion plant ; ;
A requirements, economic ;
from phase one to supply feasibility. - Adoption of other energy
the critical load of the = T sources such as decentralised
7 bz 2. Consider the feasibility of 8 : 5
atrport and for additional p iy : packaged waste to energy plants
; incorporating renewable - gt P
electrical loads. = or rooftop solar PV plants serving
3 5 Een ) energy such as solar PV and : Ry
Two |2. New infrastructure to adopt X a specific new infrastructure must
- i : solar thermal for new A ;
a green star rating targeting : take into account the operational
= P R - infrastructure. : _
carbon neutrality in : N and maintenance cost of these
iy _ 3 3. In-depth investigation into : :
electricity consumption. ; i : plants including the
3 : i the airport’s real time : 5
3. Smart electrical grid to be : environmental impact.
. energy consumption to
adopted to coordinate ;
is? determine energy storage
energy sources ensuring an 3 SR
uninterrupted power supply reqnuanen?s.‘load-le\ e_llmg
and load shifting techniques
for implementation as well
as load curtailment to ensure
a feasible electrical
integration and smart grid
design.
1. Investigation into possible - Technology change might not
alternative fuels that are less be possible if there are no

1. Fuel change from natural carbon intense than natural technology improvements
gas to a fuel with lower gas and selecting the commercially available.
carbon footprint such as combustion engine - Carbon sequestration might rely
LPG or biogas. technology that allows on a range of factors. both

2. Process innovation to multiple fuel type intake is environmental. site and

) sequester carbon emissions. key for this to work cost business related.
Three ; : .

3. Technology change towards effectively. - The better choice to invest
no carbon emissions. 2. Sequestering carbon will effort in investigation are dual

4. Carbon offsetting plants or require in-depth fuel combustion engine and
purchasing of carbon credits environmental and financial carbon offsetting plants on
to reach carbon neutrality in mvestigation. vacant land at regional airports
electricity consumption. 3. Technology change will be as a commercial venture

dependent on the (independent power producer)

commercial market

or undertake a corporate social

Impact Factor (JCC): 9.6246
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evolution. and this must be
actively monitored.

A feasibility study must be
conducted on carbon
offsetting plants versus
purchasing carbon credits.
An integrated view must be
considered.

investment project installing a
solar PV or wind plant at a
facility and claim the carbon
credits.

Figure 7: Port Elizabeth International Airport’s conceptual roadmap to carbon neutrality in electricity

PEIA conceptual roadmap to carbon neutrality in electricity

1400

1200

1000

consumption
9000 1 MWp solar PV plant: p Ity 50 % kWh carbon emissions reduction possible with
energy storage to come in 2023

8 000

2660 Lighting change to LED: 15 % kWh carbon emissions reduction |
7
g 6 000 Lighting control: 10% kWh carbon emissions reduction |
§ 5000 HVAC chiller tion: § % kWh carbon emissi i
g 4000 Solar thermal powered absorption cooling: 25 % kWh
g carbon emissions reduction
2 3000
L]
~ 2000

Battery storage possible without the need for
1000

2018 2019

® Carbon intensive energy demand (kVA)

2020 2021 20221 2023 2024 2025 2026 2027

800

ten |

600

plant expansion; carbon offsetting if required

400

200

Carbon intensive energy demand (kVA)

Year
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consumption

0

2028 2029 2030

Table 8: Projects for PEIA’s energy mix conceptual roadmap towards carbon neutrality in electricity consumption

Lighting change to LED.

1.

g 2. Lighting control: occupancy
‘g sensors, BMS (building

@ management system) control.
A dimming functions.

3. HVAC chiller load reduction: Wind lobbies were not
convective boundaries - ideal for PEIA's
double glazing or low Financial feasibility and technical terminal building layout
emissivity glass. thermal assessment (technoeconomic studies). so this was not taken to
deflection innovation (heat the financial feasibility
deflective paint on stage.
roof/insulation). wind lobbies.
etc.

4. Geyser sleeve technology

[Too small to count as a step
change on graph].

1. Solar PV plant for electricity |1. 1 MWp solar PV plant is being - There are
generation. mstalled. ensure that the solar PV msufficient

2. Solar thermal plant for yield is prioritised to be used first volumes of waste

One powering absorption chillers before grid electricity in the grid for energy
to satisfy air conditioning tied connection. generation.
requirements. 2. A financial viability study must be |-  Using geothermal

3. Wind energy generating undertaken for a solar thermal energy as a heat

wiww.ljpre.org editor@tjpre.org
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electricity via vertical axis powered absorption chilling plant. sink has costly
wind turbines. 3. Securing of a suitable installation preliminary
site with the necessary approvals groundwork such as
from Air Traffic Navigational soil testing. It is
Services (ATNS) and South better to undertake
African Civil Aviation Authority a pilot plant at a
(SACAA), followed by a full better suited airport
technoeconomic assessment. prior to investment
for a feasibility
study.
1. Battery storage must be

Adequate battery storage for

mvestigated and a technoeconomic
assessment undertaken to select the
best technology suited for the
stallation.

Adoption of other
energy sources such
as rooftop solar PV
plants or solar

to reach carbon neutrality in

credits. An integrated view must be

the airport’s use after sunset. | 2. Consider the feasibility of oot i
New infrastructure to adopt a mcorporating renewable energy I—-a f specific
green star rating targeting such as solar PV and solar thermal C iﬂ&astllj'uc i
carbon neutrality in electricity for new infrastructure. :

Two : T SN must take into
consumption. 3. In-depth investigation mto the account the
Smart electrical grid to be airport’s real time energy ;

2 : 5 operational and

adopted to coordinate energy consumption to determine energy :

: = ; =5 maintenance cost of
sources ensuring an storage requirements. load-levelling fheexn ol iave
uninterrupted power supply. and load shifting techniques for " P

: : including the
implementation. as well as load g
: ; environmental
curtailment. to ensure a feasible it
electrical integration and smart grid pact.
design.
. 1. A feasibility study must be - Itcould be best to
Carbon offsetting plants or g ; mcrease capacity on
; ; conducted on carbon offsetting B i
purchasing of carbon credits . existing solar PV or
Three = plants versus purchasing carbon =

wind plants and sell

electricity consumption. 3 excess kWhs
considered.
produced.
EL awrport conceptual roadmap to carbon neutrality in

clectnaity consumption =
<
T 650 KWp solar PV plart p Iy 50 3% kWh redaction =
energy storage 1o come in from 1023 800 g
4000 Lightizg change toLED: 153 kWk carbos emissiors reduction 200 =
. ]
g 3300 Lightiag control: 10% kWh carbon emissions reduction oo &
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Figure 8: East London Airport’s conceptual roadmap to carbon neutrality in electricity consumption
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Table 9: Projects for EL airport’s energy mix conceptual roadmap towards carbon neutrality in electricity

consumption

7 [1. Lighting change to LED.
g |2. Lighting control: occupancy
£ sensors. BMS (building
i) management system) control.
A dimming functions. Wind lobbies were not
3. HVAC -_:lnller load 1_educuon Financial feasibility and technical 1deal_ for EL_ airport’s
convective boundaries - double _ - terminal building layout.
: B—— assessment (technoeconomic 7. q
glazing or low emissivity glass. p 50 this was not taken to
G = studies). A o
thermal deflection innovation (heat the financial feasibility
deflective paint on roof/insulation). stage.
wind lobbies. etc.
4. Geyser sleeve technology
[Too small to count as a step change on
graph].
1. 650 kWp solar PV plant is
being installed. ensure that the |-  There are
solar PV yield is prioritised to insufficient volumes
be used first before grid of waste for energy
electricity in the grid tied generation.
a2y connection. - Using geothermal
1. Solar PV plant for electrici A /
a2 B 2. A financial viability study must energy as a heat sink
generation. e
= ] : be undertaken for a solar has costly
2. Solar thermal plant for powering 3 : e
: . ; i thermal powered absorption preliminary
One absorption chillers to satisfy air P
o e chilling plant. groundwork such as
conditioning requirements. 3 ; : .
; = , i 3. Securing of a suitable soil testing must be
3. Wind energy generating electricity : e S
v vertical xxiserit tadbines installation site with the _ undertaken. it is
: necessary approvals from Air better to undertake a
Traffic Navigational Services pilot plant at a better
(ATNS) and South African suited airport prior to
Civil Aviation Authority mvestment for a
(SACAA), followed by a full feasibility study.
technoeconomic assessment.
1. Battery storage must be
mvestigated and a
technoeconomic assessment :

- Adoption of other
undertaken to select the best enerp <ources such
technology suited for the &y el
: ] as rooftop solar PV

1. Adequate battery storage for the installation.
7 3 : - plants or solar
airport’s use after sunset. 2. Consider the feasibility of A
2. New infrastructure to adopt a green incorporating renewable energy e
; A £ £ & serving a specific
star rating targeting carbon such as solar PV and solar p
TR i new infrastructure
) neutrality in electricity thermal for new infrastructure. .
Two : : e must take into
consumption. 3. In-depth investigation into the
) ; ; . ; . : account the
3.  Smart electrical grid to be adopted airport’s real time energy i
to coordinate energy sources consumption to determine D
- 3 ) i ) maintenance cost of
ensuring an uninterrupted power energy storage requirements.
) T these plants
supply. load-levelling and load shifting ; g
; ; g including the
techniques for implementation g
; environmental
as well as load curtailment to impact
ensure a feasible electrical pacs.
integration and smart grid
design.
Three 1. Carbon offsetting plants or 1. A feasibility study must be - It could be best to
purchasing of carbon credits to conducted on carbon offsetting increase capacity on
www.fjpre.org editor@tjpre.org
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reach carbon neutrality in

plants versus purchasing carbon

existing solar PV or

Figure 9: Bram Fischer International Airport’s Conceptual roadmap to carbon neutrality in electricity
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Table 10: Projects for BFIA’s energy mix conceptual roadmap towards carbon neutrality in electricity consumption

= |1. Lighting change to LED.
E Lighting control: occupancy
E sensors. BMS (building
® management system) control,
A dimming fimctions Wind lobbies were not
3. HVAC chiller load reduction: Financial feasibility and ideal for BFIA's terminal
convective boundaries - double : building layout, so this
: s technical assessment :
glazing or low emissivity glass. (technoeconomic studies) was not taken to the
thermal deflection innovation (heat i financial feasibility
deflective paint on roof/insulation). stage.
wind lobbies, etc.
4. Geyser sleeve technology
[Too small to count as a step change on
the graph].
- There are insufficient
volumes of waste for
1. 750 kWp solar PV plant is energy generation.
being installed. ensure that |-  Using geothermal
1. Solar PV plant for electricity the solar PV yield is energy as a heat sink
generation. prioritised to be used first has costly
One 2. Solar thermal plant for powering before grid electricity in preliminary
absorption chillers to satisfy air the grid tied connection. groundwork such as
conditioning requirements. 2. A financial viability study soil testing. It is
must be undertaken for a better to undertake a
solar thermal powered pilot plant at a better
absorption chilling plant. suited airport prior to
nvestment for a
feasibility study.
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Battery storage must be
mnvestigated and a
technoeconomic
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sipply requirements, load- these plants
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techniques for environmental
implementation as well as impact.
load curtailment to ensure
a feasible electrical
integration and smart grid
design.
A feasibility study must be It could be best to
1. Carbon offsetting plants or conducted on carbon mcrease capacity on
Tl purchasing of carbon credits to offsetting plants versus existing solar PV or
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consumption. An integrated view must be excess kWhs
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Figure 10: George Airport’s conceptual roadmap to carbon neutrality in electricity consumption
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Figure 11: Upington Airport’s conceptual roadmap to carbon neutrality in electricity consumption
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Table 12: Projects for UPIA’s energy mix conceptual roadmap towards carbon neutrality in electricity consumption

z |l. Lighting change to LED.

g |2 Lighting control:

£ oCCupancy sensors.

s BMS (building

R management system)
control. dimming
functions.

3. HVAC chiller load Wind lobbies were not
reduction: convective ideal for UPIAs terminal
boundaries - double Financial feasibility and technical building layout. so this
glazing or low assessment (technoeconomic studies) was not taken to the
emissivity glass, thermal financial feasibility
deflection innovation stage.

(heat deflective paint on
roof/insulation). wind
lobbies. etc.

4.  Geyser sleeve
technology

[Too small to count as a
step change on graph].
It is possible that the

1. Solar PV plant for h '.500 A sl PV Pl s oea ; solaerV plant

One electricity generation. !.usta_.llef:l._ ensure that the solar PV yiel_d mstalled can provide
= is prioritised to be used first before grid for the 5§ s full
electricity in the grid tied connection. DE Ce R aet-s .M
energy requirements.

1. Adequate battery storage | 1. Battery storage must be investigated - Adoption of other
for the awrport’s use after and a technoeconomic assessment energy sources such
sunset. undertaken to select the best as rooftop solar PV

Two |2. New infrastructure to technology suited for the installation. plants or solar
adopt a green star rating | 2. Consider the feasibility of thermal plants
targeting carbon mcorporating renewable energy such serving a specific
neutrality in electricity as solar PV and solar thermal for new new infrastructure
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consumption.

3. Smart electrical grid to
be adopted to coordinate
energy sources ensuring
an uninterrupted power

infrastructure.

In-depth investigation into the airport’s
real time energy consumption to
determine energy storage
requirements. load-levelling and load

must take into
account the
operational and
maintenance cost of
these plants

or purchasing of carbon
credits to reach carbon
neutrality in electricity
consumption.

Three

supply. shifting techniques for including the
implementation. as well as load environmental
curtailment. to ensure a feasible impact.
electrical integration and smart grid
design.
1. Carbon offsetting plants It could be best to

A feasibility study must be conducted
on carbon offsetting plants versus
purchasing carbon credits. An
integrated view must be considered.

increase capacity on
existing solar PV
plant and sell excess
kWhs produced.
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Figure 12: Kimberley Airport’s conceptual roadmap to carbon neutrality in electricity consumption

Table 13: Projects for UPIA’s energy mix conceptual roadmap towards carbon neutrality in electricity consumption

> |1 Lighting change to LED.
2 |2. Lighting control:
E occupancy sensors, BMS
B (building management
A system) control, dimming
functions. ; e
3. HVAC chiller load hliiendy
:;educ;@l: cog\'el;lll\‘e Financial feasibility and technical terminal building
cnngaries - _01 S assessment (technoeconomic studies). layout: hence it was not
glazing or low emissivity Sakeery to the Sinsmct
glass. thermal deflection Sasbitity stame
mnovation (heat deflective ¥ stage.
paint on roof/insulation).
wind lobbies, etc.
4. Geyser sleeve technology
[Too small to count as a step
change on the graph].
1. 500 kWp solar PV plant has been ) iltléssl:) 1]::?111;){:3 ﬂ;:;u
U mstalled. ensure that the solar PV yield . P
1. Solar PV plant for e _ . installed can
o . : 1s prioritised to be used first before s
ne electricity generation. - S = provide for the
grid electricity in the grid tied airvort’s full
connection. enlrgrgy
requirements.
Tw 1. Adequate battery storage |1. Battery storage must be investigated - Adoption of other
wo for the airport’s use after and a technoeconomic assessment energy sources
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(]

sunset.
New infrastructure to

undertaken to select the best
technology suited for the installation.

such as rooftop
solar PV plants or

Three

adopt a green star rating 2. Consider the feasibility of solar thermal plants
targeting carbon neutrality incorporating renewable energy such serving a specific
in electricity consumption. as solar PV and solar thermal for new new infrastructure
3. Smart electrical grid to be infrastructure. must take into
adopted to coordinate 3. In-depth investigation into the airport’s account the
energy sources ensuring real time energy consumption to operational and
an uninterrupted power determine energy storage maintenance cost
supply. requirements. load-levelling and load of these plants
shifting techniques for including the
implementation, as well as load environmental
curtailment. to ensure a feasible impact.
electrical integration and smart grid
design
; It could be best to
1. Carbom offsctiing plants ar 1. A feasibility study must be conducted imcrease capacity

purchasing of carbon
credits to reach to carbon
neutrality in electricity
consumption

on carbon offsetting plants versus
purchasing carbon credits. An
integrated view must be considered.

on existing solar
PV plant and sell
excess kWhs
produced.
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The conceptual roadmaps to carbon neutrality are the fulfilment of the FEL 1 or front end loading Stage 1 that

follows an approved strategy. It can be seen that the conceptual plans to carbon neutrality by 2030 give approximations of

carbon emissions reduction for each intervention. however. this has to be confirmed through further investigation. Where

the specific intervention does not apply at an airport. or is not technically suitable upon initial enquiry, it will not follow

into the technoeconomic assessment route. Some technologies such as LED lighting and lighting control do not need a full

technical assessment as they are widely used and familiar technologies. However, where a certain technology is not very

well known or proven in South Africa. a full technoeconomic assessment must follow and. in some cases. a preliminary

design 1s required especially where there 1s high risk and high mvestment.

The following technologies will be investigated at FEL 2 level which is pre-feasibility for the confirmation of the

roadmaps to carbon neutrality:

e LED lighting

+ Lighting control

o  HVAC energy reduction techniques

e Geyser sleeve technology

¢  Solar thermal deflection innovation (or heat deflective coating)

¢ Convective boundaries (double glazing or low emissivity glass)

¢  Green buildings for new and existing infrastructure

s  Solar PV plants

¢  Solar thermal absorption cooling

e  Geothermal heat sinks

www. tipre.org
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¢  Wind energy with vertical axis wind turbines
e Natural gas trigeneration plants
*  Anaerobic digestion

Their applicability to the airports has been highlighted to satisfy the energy demand of the airports. The next step
will be to perform the technical and economic assessments. Feasible projects will be used i the confirmed roadmap to
carbon neutrality: however. the airports have a business prerogative to certify existing terminal buildings with a 4-. 5- or 6-
star green rating. regardless of feasibility as the related operational and public relations benefits far outweigh the capital

outlay.
CONCLUSIONS

This paper presented the conceptual roadmaps to carbon neutrality in electricity consumption for all nine airports in South
Africa according to the strategic environmental objective of the organisation to reduce its carbon footprint. It also followed
the principles of energy security while on the journey to conceptualisation of the roadmaps to carbon neutrality by 2030.
The work that follows to confirm these roadmaps to carbon neutrality by 2030 will be technical and economic assessments
with confirmed carbon footprint reduction impact for each of the identified technologies. namely LED lighting. LED
lighting control. HVAC energy reduction techniques. geyser sleeve technology. solar thermal deflection innovation (or
heat deflective coating). convective boundaries (or double glazing/low emissivity glass). green buildings. solar PV plants.
solar thermal absorption cooling. geothermal heat sinks. wind energy with vertical axis wind turbines. natural gas

trigeneration plants and anaerobic digestion.
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CHAPTER 13. ENERGY SECURITY: INVESTIGATING WIND ENERGY FOR
AIRPORTS IN SOUTH AFRICA — A TECHNOECONOMIC ASSESSMENT

This chapter presents the investigation of establishing a suitable wind energy technology including its
technical and economic assessment (technoeconomic assessment) to ensure a reliable and feasible

transition for nine ACSA airports.
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INTRODUCTION

Wind energy is a very old form of harvesting energy and has been around for centuries in the form of windmills.
The progress of science and engineering has led to more efficient. durable and reliable designs for various wind
speeds. Due to airport operations relying heavily on radar communications for the successful landing and take-off
of aircraft. it is not suitable to have horizontal axis wind turbines made of metal. generating energy through
spinning of their turbine blades, because this will deflect and corrupt radar communicate signals. It is for this reason
that the selection of the type of wind turbine. design. height. maximum speed and positioning at an airport is
critical. Wind technologies allow for output to be scalable at the design stage. however. its output varies throughout
the day because wind is variable, and this requires the integration of its output to be carefully designed and
intermittencies catered for to ensure that there is continuous energy supply for airport operations as intended.
Although wind energy is a renewable resource. the wind speeds vary across the planet. making some areas more
eligible than others to install wind turbines for wind energy harvesting. To maximise investment, it is logical to
construct wind farms where wind speeds are favourable.

Airports Company South Africa is committed to significantly reduce its carbon emissions in the next 10 to
15 years across the nine airports it owns and operates in South Africa so has embarked on investigating alternative
energy sources. Wind power is one of the energy sources being investigated to serve their airports’ varying energy
load. as an accompaniment to the airports’ main energy sources and as a carbon offsetting plant. This pre-feasibility
and technology assessment study. which is in second stage of the Front-End Loading or FEL 2 Technoeconomic
assessment, is typically done after a strategy is complete and a conceptual study (FEL 1) has been conducted to
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identify the technologies that will realize the strategy.

This study covers the technology description. identification of the technology type. typical components
constituting the technology. the dynamics around their co-existence with the airport environment. the assessment of
technology maturity. the cost-benefit analysis that looks at the investment required. the energy derived and the feasibility
indicators of the mvestment. together with a sensifivity analysis. The technoeconomic study also investigates the
technology risk assessment and presents design mitigations. The airport integration strategy is presented as well as the

proposed operational philosophy.

Airports Company South Africa is South Africa’s airport authority, owning and operating nine airports in South
Africa. namely. O R Tambo International Awrport (Kempton Park. Gauteng)., Cape Town International Airport (Western
Cape). King Shaka International Airport (Durban. KwaZulu-Natal). Port Elizabeth International Airport (Eastern Cape).
East London Airport (Eastern Cape). Bram Fischer International Airport (Bloemfontemn. Free State). George Airport

(Eastern Cape). Upington International Airport (Northern Cape) and Kimberley Airport (Northern Cape).

The key parameters for vertical axis wind turbines (VAWT) to produce electricity at an airport for airports owned

and operated by Airports Company South Africa are as follows [1]:

s A minimum operational speed of about 2 m/s (cut-in speed) most of the year (80 % of the hours in a
year).
® A wind speed of 45 m/s for at least 30 % of the year for wind turbines to reach their maximum rated

capacity. however, wind speeds should not exceed 50 m/s for more than 50 % of the year.

. Available space for a wind furbine installation that experiences the wind speeds described above
unhindered by structures. vet not in the flight path and preferably not within 500 metres of buildings or structures that have

a daily foot count of people or communications equipment.

The key parameters for the VAWT Technology to be adopted at airports owned and operated by Airports

Company South Africa are:

+ Must have the potential to reduce the airport’s carbon footprint.
i Must make financial sense to the business.
. Must meet all South African Civil Aviation requirements.
® Operational and Technical risks should be acceptable.
L. Description of the Technology

Wind is created from the difference in temperatures of atmospheric air caused by uneven heating of the earth’s atmosphere

and surface. This imbalance of warm and cool air creates wind (Figure 1).

Harnessing wind energy is through the conversion of the force of moving air molecules against, for example. an
object that can rotate (kinetic energy) which is typically then converted to shaft speed within an electrical generator via a

gearbox and this creates electricity for use on site.

Impact Factor (JCC): 9.6246 NAAS Rating: 3.11
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warm air cools

warm cool
air air
rises sinks

cool air warms

Figure 1: How Global Winds are formed [2]

Figure 2: Horizontal and Vertical Axis Wind Turbines Configuration [3]

The preferred technology for harnessing wind energy at airports 1s VAWT due to their rotational axis not being on
the same plane as the aircraft propeller or jet engine turbines and therefore interruptions and confused radar signals are
minimized and can be mitigated. Figure 2 shows the differences in configuration of vertical axis and horizontal axis wind
turbines (HAWT). This configuration is also preferable for safety reasons. When the generator of wind turbines catch fire.
due to the accessibility. it is quite difficult to address. The VAWT has its generator at the base of the wind turbine. located

on the ground.

Wind Turbines will typically be connected in series and their direct current (DC) output will be converted using
an inverter and this will be sent to a point of connection point where. depending on the design. the grid mtegration

requirements such as voltage step up may be achieved prior to connection to the grid (for grid-tied) systems. Where a site
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has multiple systems. the current may feed into a point of common coupling for take-off to multiple users. Figure 3 shows

a typical connection.

Wind
Existing HV gnd - turbi
HVMV | |
transformer g, N
substation Q (P
: " To other wind turbines via
» MV cable network
HV cable or
overhead line
Possible Point of Common  Possible Points of
Coupling (PCC) Connection (POC)

Figure 3: Wind Energy typical Single Line Diagram[4]

Hub

Figure 4: Typical components of a Wind Turbine [5]

The components of a typical wind turbine are seen in Fig 4. In principle. the turbine blades turn the shaft that it is

mounted on and this shaft rotation is gear ratioed in the gearbox to deliver a consistent shaft rotation in a generator. The

generator output is in direct current (DC) and then needs to be converted using inverters to alternating current (AC).

Typically. in a wind farm arrangement. many wind turbine generators are connected in strings (series or parallel
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depending on the electrical design of the voltages and currents). The output of each string will then be connected to a point
of connection (POC) where. typically, voltage will be stepped up to match that of the grid in a grid-tied connection. This
will then be joined to a point of common coupling (PCC). The gearbox is the maintenance mtensive part of this set up and
thus an alternative which is less maintenance intensive, with fewer moving parts should be considered to lower operational

costs. Flywheel storage together with power electronics is ideal for “ironing out™ shaft rotation intermittencies.

The use of an induction motor should be considered: this system should work like an electric car in regenerative
braking mode. This arrangement uses Kinetic energy to drive the stator of the mmduction motor which m turn induces a
current on a rotor which uses power electronics to control the rotor and RMF (rotating magnetic field) speed such that the

rotor speed is greater than the RMF speed. making the induction motor a generator.

The proposed set up is depicted in Figure 5. The fly wheel storage irons out intermittencies in the kinetic energy
of the wind turbine and sends the rotation to the stator of an induction motor. inducing a current in the rotor with the power
electronics ensuring the rotor speed is greater than the RMF speed. The current produced is DC. which can be converted to

AC using an inverter for use by the facility.

Flvwheel stora Induction motor
. ’ acting as generator
Kinetic Energy fn
’ AC Power out
Vertical Axis Powet Eleetronics —
Wind Turbine

Figure 5: Proposed Electricity Generation by Harnessing Wind Energy

Rated
Cut-in speed Cut-out

Rated Power

Power (kW)

Figure 6: Ideal Wind Turbine Power Curve [6]
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Wind speed varies throughout the day based on the fluctuations experienced as depicted in Figure 1. The output
power of the wind turbine is limited to the motor capacity as per the rated power of the generator. The minimum wind
speed required to overcome friction and turn the turbine blades and generate power is the “cut-in speed”. and the “cut out
speed” is the speed at which the turbine blades are brought to rest to avoid damage from high winds. The rated speed is the
wind speed at which the turbine can generate electricity at its maximum, or rated capacity. These various parameters are

depicted in Figure 6.
The equation governing the power harnessed from wind energy using wind turbines can be seen in Equation 1.
Maximum Wind Power = %CppAW ............................................................... Equation 1
Where:
C, is the coefficient of performance and is governed by the Betz limit which is 0,59
p is the density of the air
A is the swept area
V is the wind velocity

Factors such as the generator efficiency and the efficiency of the power converter and other devices (flywheel or

gearbox) depending on the configuration need to be taken into consideration when looking for the actual power production.

Wind turbines can be designed to use aeronautical lift or drag. The key differences can be seen in Figure 7.

Rotaton Rmmn
Wind direction
Wind direction

Wind direction ‘ A\

Diagram

"
"\

0
w

Wind dinection

Wind direction

Figure 7: Two Mechanisms of Propulsion Compared [7]

The various efficiencies of the drag and lift designs can be seen in Fig 8. The reason for the choice of VAWT over
the HAWT in an airport environment is due to the design of the VAWT being less intrusive on the communication (radar)
signals. Moving metal can distort radar signals. thus moving turbine blades are not ideal in an airport environment. Radar
may misinterpret signals due to the possible confusion of the moving clutter caused by turbine blades which they are
unable to filter out (Figure 9). The signals from fixed clutter (“noise™) can be filtered out to detect the position of an

aircraft (which is in motion and is the purpose of radar at an airport): however, when the radar signals deflected off turbine
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blades are received. they can be seen as and mistaken for “moving aircraft” causing “noise™. The “noise™ generated by the
wind turbine blades also have the capacity to impede the “listening ability” of radar receiving stations for approaching
aircraft. This 1s also true for the audible noise generated by the wind turbines twrning that is disruptive to human biological

systems. It is therefore recommended that these installations are at least 300metres away from human settlements (Figure
10).

Choosing VAWT over HAWT wind turbines for an airport environment does not necessarily eliminate this risk of
signal distortion but plays a role in reducing the significance and even the possibility of this happening depending on the

material choice for the turbine blades.

The design considered for implementation at airports can be seen i number 6 on Figure 8. The Darrieus Rotor
with a 40% efficiency, which when compared to the traditional efficient three blade HAWT in number 7, is 10% less

efficient.

There is a four-storey high (about 8m height) installation of three VAWT of the Darrieus type installed at Hotel
Verde within a kilometre radius from the Cape Town International Airport central termmal building. The installation is
owned and operated by the hotel. Taking learnings from that installation. the installation of the turbines should preferably
not be within the communications path of aircraft movements, landings or take-offs and the control tower or their

communications systems.

The height of the VAWT is usually based on the desired wind speed most of the time. however, for airport
installations there is an added restraint of the “obstacle avoidance™ requirement within the aerodrome from the
International Civil Aviation Authority (ICAO) which limits the height of any structure. In the case that the VAWT is

outside of the aerodrome. the height regulations will be governed by CAA (Civil Aviation Authority) requirements.
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RefNo.  Design  Oricntation Use Propulsion * Pcak Efficiency
1 Savonius VAWT Historic Persian Drag
rotor windmill to
madern day
ventilation
2 Cup VAWT Modern day cup Dirag
ancmomctor
3 Amcrican HAWT 18th century to Life
farm present day, farm
windmill usc for Pumping
water, grinding
wheat, gencrating
electricity
4 Dutch HAWT 16th Century, used Life
Windmill for grinding
wheat.
5 Darricus VAWT 20th century., Lif
Rotor electricity
(czz beater) =
o Madlern HAWT 20th century. i
Wind clectricity
Turbine generation
* Peak cificiency is dependent upon design, values d arc
to date [1].

Figure 9: Radar and Wind Turbines [8]
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Figure 10: Audible Noise and Human Settlements [9]

24 Assessment of Technology Maturity

Wind turbines have been in existence since the first century AD. with their evolution captured in Figure 11. The installec
capacities of wind farms around the world by country can be seen in Figure 12. The USA and Germany are leading in the
capacity of wind power generation installations with installed capacities increasing by 5 times over the last two decades.
Figure 13 shows that harnessing wind energy is among the second most popular choices when it comes to the uptake ol

renewable energy globally. even more popular than solar energy installations.
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Figure 11: Evolution of Wind Turbines [2]
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Figure 12: Installed Wind Energy Capacities
around the world [10]

Figure 13: Wind Energy use in relation to other
renewables in the energy space [111

“The origins and use of flywheel technology for mechanical energy storage began several 100 years ago and was

developed throughout the Industrial Revolution. One of the first ‘modern’ dissertations on the theoretical stress limitations

of rotational disks (isotropic only) is the seminal work by Dr. A. Stodola whose first translation to English was made in

1917. The next big milestones were during the 1960s and 1970s when NASA sponsored programs proposed energy storage
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flywheels as possible primary sources for space missions. However. 1t was not until the 1980s when microelectronics.
magnetic bearing systems and high-power density motor-generators became enabling technologies. The next decade

proved that a mechanical battery could surpass chemical batteries for many applications.” [12]

South Africa has several wind farm installations From Figure 12 it can be seen that the installations began
showing increase in capacity from 2015. A wind farm using the Darrieus turbine in South Afiica is located at Hotel Verde

on Cape Town International Airport’s site (Figure 14 and Figure 15).

Figure 14: Darrienus VAWT installed at Hotel Verde, Figure 15: Hotel Verde Vertical Axis
1 km away from CTIA in South Africa [13] Wind Turbines [14]

Harvesting wind energy using wind turbines is not a new concept. and neither is the technology. but the suggested
configuration (VAWT) presented in Figure 5 is novel. The probability that the configuration will work 1s highly likely
from a technology perspective as the technology works well independently and is available on the commercial market. It is

recommended that this configuration be trialled in relation to airport integration.
3. Cost-benefit analysis

Due to this techno economic assessment being a desktop exercise meant to provide an indication of the economics and
suitability of wind energy for airports at pre-feasibility (FEL2 or Front-End Loading Stage 2): the airports targeted for
harvesting wind energy have been determined from the trend of wind farms installed by other organizations and
government driven projects in South Africa. From Figure 16it is evident that there is a clustering of wind farm installations
located on South Africa’s west and south coasts. The establishment of wind farms in these areas prove that the technology

will harvest wind energy in these regions.
(a) Feasibility Study

The targeted airports for implementation are based on where wind farm installations are currently located in South Africa.
The installations of wind power are concentrated in the Eastern Cape and Western Cape of South Africa. which makes four
of ACSA’s airports eligible for successfully harnessing of wind power. namely East London, George. Port Elizabeth and

Cape Town airports.
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RENEWABLE ENERGY
POWER PLANTS
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Figure 16: Renewable Energy Power Plants in South Africa showing concentration of Wind Power Plant
Installations [15]

Due to wind turbine technology being generally unsuitable for an airport environment. it was decided that large
wind power farm installations would not be the intention for airports, whether to serve as an electrical base load or to serve
the varying electrical load requirements as performed in the energy mix exercise completed for Airports Company South

Africa.

Wind farms could, however, be adopted in small numbers as a supplement to the airport’s low carbon energy mix
to make up for the shortfall in carbon footprint offset required towards carbon neutrality for the airport site. Land
availability co-incidentally is an issue with airports in that open land areas are usually reserved for future airport
development. The scale of the wind power plants in each of the four regions were based on the available land area that met

the following criteria:

® Outside of a 1km radius from radar and communications

. Outside the aerodrome

. Not reserved for commercial or future airport development

. Outside of the flight path of landing and taking off aircraft and their communications with radar stations

The areas identified at each of the four awrports were as follows:

. Cape Town International Airport (CTIA) — 20 000 m®
. Port Elizabeth International Airport (PEIA) — 22 000 m’
. East London Airport (EL) — 10 000 m?
Impact Factor (JCC): 9.6246 NAAS Rating: 3.11
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. Greorge Anpaat (GG — 94 681 e

Die 1o George Adrport having a solar photovoltaic farm that zenerates electriciry onsite for use at the airpoat. the
full wind pewer seneration capacity of the 94 681 m® of land will not be required. with only 30% required to make the

shortfall of electricity requirements not nret by the existine solar photovoltase farm.

In order to proceed with the pre-feasihility caloulations to get an mdication of a business case, 1 was Necessary 1o
choose a smible commnercally available YVAWT o get pricmge data for the sconomic maodels, Table 1 shows the
specifications of the VAWT that was chosen. The costing data and coonomic model presented here was performed n 2018

end the report was subnutted m March 2019,

Fr-3 VAWT [1] i designed with maglev and Darriens technoloay, It is made of lighrweizht alumininm alloy.
Owing 1o the advanced magley technology and the power of super mamets, VAWT starts with low wind speed and works
stablv. It iz nor affected by the direction of the wind. which 15 useful in areas where the wind changes direction frequently
and quickly. VAWT out performs HAWT in areaz where a tall tower i3 oot faasible, Like in airport installations where the
height 15 vesicted by TCAQ regulations. The recommendead spacimg for wind Gorns and that whneh 15 wsed m s Dasmess
cise 15 4 rotor diameters. rotor dimmeter tiken to be 2.5m as per the specifications m Table 1. The hewght of the VAWT 14

taken 1o be restracted at 10 m which 1= the height of & tvpical street light pole.

The cost of the VAWT s US51300 each, vsing a conversion factor of USE1 is ZARI4.33 (2018). the capital

required por VAW of 1kW rancd capacity was cstimated vsing two Conponcnts. Lo,

. Cost of VAWT; USS 1300 x ZAR 14.33 = ZAR 18 624
. Cost ofmsiallation: 0.2 x cost of VAWT = ZAR 5 725 8%
# Cost per KW = ZAR22 335

The cost of annual maintenancs is assumed to be 3% of the total capital expenditure required for the installation.

Fable 2 shows the cost and installation capacities of the wind power generation. based on the above costs,

Table 1: Specifications of VAWT used in the Economic calculations[16]

Rared Power LW
Max Power 12w
Start Wind 'Speed Im's
Rated Wind speed 13m's
Working Wind Speed 3 m's to 43m)'s
Safety Wind speed SOn's
Blades Tength X.3m
Blades Botor Diameter  2.5m
Blades Matenal Casting alwoinium alloy
Turbine Weight 150kg
Cienerator Type magley
Ratedd spesl A0
Option Voltage 2AVABVI96Y
Protection Mefhod  Electromagmetic
Protection Grade 1P54
Workmg Temperaturg | From =10°C to 80°C
Lifetime 20 vears
i e ors editoritiipre.org
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Table 2: Summary of Wind Power Generation Capacities and costs for the Selected Airports
CTIA 20000 255 781 146
CAPEX ZAR 5700 474
Annual maintenance ZAR 285024
cost
land available wind turbines installation (1kW power generated
(m%) turbines) (kWhs)
PEIA 22000 280 858 480
CAPEX ZAR 6 265 039,49
Annual maintenance ZAR 313 25197
cost
land available wind turbines installation (1kW power generated
(m%) turbines) (kWhs)
EL 10000 127 390 573
CAPEX ZAR 2 847 745.22
Annual maintenance ZAR 142 387.26
cost
land available wind turbines installation (1kW power generated
(m?) turbines) (KWhs)
GG 94681 362 1109 396
CAPEX ZAR 8 088 821.0
Annual maintenance ZAR 808 882.10
cost

Airports Company South Africa has an economic modelling department that creates economic models in Excel
spreadsheets. The inputs used in the economic model and the financial outputs for the Cape Town, Port Elizabeth, East
London and George airports can be seen in Table 3. Table 4. Table 5 and Table 6. A capacity factor of 35% is used for the
kWh production from the wind farm installation.

The economic model yields the net present value (NPV). internal rate of return (IRR). the nominal payback period
and the profitability index. The IRR is compared to ACSA’s 11.5% weighted average cost of capital (WACC) rate(2018)
to determine economic feasibility. When the NPV is zero or positive it is an investment that pays itself off during its
economic lifespan. The NPV equation used in the economic model is given below (Equation 2), the IRR is the return (7 in
below equation) when the NPV is zero. When the IRR is greater than the discount rate (or the WACC rate). then the
mvestment is feasible for the business. The payback period 1s the amount of time required for cash inflows generated by a
project to offset its initial cash outflow. The payback should be reasonably within the economic lifespan of the investment.
The profitability index or PI (given in Equation 3) shows the financial attractiveness of the proposed project and is the ratio
of the sum of the present value of the future expected cash flows to the initial investment amount. A PI greater than 1.0 is

deemed to be a good investment. with higher values corresponding to more attractive projects.
= T L 1 5
NPV =21 CEaE s Equation 2
Where:
R, = net cash inflows — outflows during a single period ¢

i= discount rate or return that could be earned
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= number of time periods

P = O N e vevesionsisssnsassesssssssnasassasonssuannaansvanaian s sasanal Equation 3

Initial Investment

In summary:

. Cape Town International Airport — For a 255kW VAWT plant. the NPV 1s ZAR3.74m (positive) and the
IRR is 22.6% which exceeds the ACSA WACC rate of 11.5%.This shows that the installation is feasible.

. Port Elizabeth International Airport — For a 280kW VAWT plant, the NPV is ZAR3.15m (positive) and
the IRR is 21.3% which exceeds the ACSA WACC rate of 11.5%.This shows that the installation 1s feasible.

® East London Airport — For a 127kW VAWT plant. the NPV is -ZARO0.58m (negative) and the IRR is
6.4% which is below the ACSA WACC rate of 11.5%.This shows that the installation is not feasible.

. George Airport — For a 362kW VAWT plant, the NPV is -ZAR1m (negative) and IRR is 8.6 % which is
below the ACSA WACC rate of 11.5%.This shows that the installation is not feasible.

Table 3: Summarized Economic Analysis — Cape Town International Airport

kW wind rated capacity | 255 End of Job cost ZAR 7.31m
Capital cost @ 2018 ZARS5 700 474 Net Present Value ZAR 3.74m
Electricity saving at | 783 972kWh/annum Internal Rate of Return 22.6%
beneficial operation

Electricity cost (2018) ZAR1.47/kWh Nominal payback period | 5 years
Beneficial operation 2024 Profitability index 1.88
Construction period 1 year

Corporate tax 28%

Economic lifespan 15 years

Degradation 0.5% per annum

Operational and | ZAR 285 024/annum

maintenance cost (2018 terms)

Eskom tariff escalation | 5.1% per annum

factor

CAPEX escalation factor | 1.23

Table 4: Summarized Economic Analysis — Port Elizabeth International Airport

kW wind rated capacity | 280 End of job cost ZAR 8.87m
Capital cost @ 2018 ZAR 6 259 344 Net present value ZAR 3.15m
Electricity saving at | 858 480kWh/annum Internal rate of return 21.3%
beneficial operation

Electricity cost (2018) ZAR 1.29/kWh Nominal payback period | 5 years
Beneficial operation 2026 Profitability index 1.76
Construction period 1 year

Corporate tax 28%

Economic lifespan 15 years

Degradation 0.5% per annum

Operational and | ZAR 312 967/annum

maintenance cost (2018 terms)

Eskom tariff escalation | 5.1% per annum

factor

CAPEX escalation factor | 1.42
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Table 5: Summarized Economic Analysis — East London Airport

kW wind rated capacity | 127 End of job cost ZAR 4.02m
Capital cost @ 2018 ZAR 2 839 060 Net present value -ZAR 0.58m
Electricity saving at | 389 382kWh/annum Internal rate of return 6.4%
beneficial operation

Electricity cost (2018) ZAR 0.60/kWh Nominal payback period | 10 years
Beneficial operation 2026 Profitability index 0.69
Construction period 1 year

Corporate tax 28%

Economic lifespan 15 years

Degradation 0.5% per annum

Operational and | ZAR 141 953/annum

maintenance cost (2018 terms)

Eskom tariff escalation | 5.1% per annum

factor

CAPEX escalation factor | 1.42

Table 6: Summarized economic analysis — George Airport

kW wind rated capacity | 362 End of job cost ZAR 11.46m
Capital cost @ 2018 ZAR 8 092 438 Net present value -ZAR 1m
Electricity saving at | 1 109 892 kWh/annum Internal rate of return 8.6%
beneficial operation

Electricity cost (2018) ZAR 0.60/kWh Nominal payback period | 9 years
Beneficial operation 2026 Profitability index 0.81
Construction period 1 year

Corporate tax 28%

Economic lifespan 15 vears

Degradation 0.5% per annum

Operational and | ZAR 404 622/annum

maintenance cost (2018 terms)

Eskom tariff escalation | 5.1% per annum

factor

CAPEX escalation factor | 1.42

This pre-feasibility study (FEL2) conducted for the four selected airports show that two wind farm installations
are feasible (Cape Town International Airport and Port Elizabeth International Airport) and two wind farm installation are
not feasible (East London Airport and George Airport). To determine the factors that this pre-feasibility study is most

sensitive to. a sensitivity analysis was conducted.
(b) Sensitivity Analysis

For the sensitivity analysis, the three factors that play a role in the determination of the profitability of the investment were
varied equally to see the significance of the impact each parameter had on profitability relative to each other. The base

cases used for the airports that had feasible economic results are described in Table 3 and Table 4.

The profitability of the investment relies on the capital cost of the installation. the cost of electricity from Eskom
and the operational cost of the VAWT plants. The effect that these three factors have on the NPV of the installations can be
seen in Figure 17 and Figure 18.
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Change in Net Present Value of ZAR 3.74m
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Figure 17: Sensitivity analysis of the CTIA Wind Farm Installation
Change 1in Net Present Value of ZAR 3.15m
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Figure 18: Sensitivity analysis of the PEIA Wind Farm Installation

A 10% increase or a 10 % decrease in the CAPEX, OPEX. electricity cost and water cost show that the electricity
cost is the most significant factor and the operational cost the least significant factor in the feasibility of the wind farm
mvestments for CTIA and PEIA. A 10% increase in the electricity cost results in an increase in the NPV of ZAR 0.9m for
CTIA and ZAR 0.83m for PEIA. however a 10% decrease in the electricity cost shows a decrease in NPV of ZAR 0.9m for
CTIA and ZAR 0.83m for PEIA. The effect of al0% change in CAPEX has just over half of the effect that the 10 %
change in electricity cost has on the NPV of ZAR 3.15m. The effect that a 10 % change in OPEX has on the NPV of ZAR
3.15m is the least significant in comparison to the effect of the changes in CAPEX and electricity cost of same magnitude
on the NPV of ZAR 3.15m.These results tell us that we should monitor the electricity tariffs of the airports closely as a
change will affect the feasibility of the investment. The results also show that the feasibility is sound in that even a 10 %
change in the electricity, capital expenditure required, or operational expenditure required will not make the investment

into the wind farms unfeasible.
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4. Technology Risk Assessment
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The technologies that make up the wind farm installation can be seen in Figure 5. The Darrieus VAWT has been around

for about eight decades and the related systems such as the flywheel and mduction motor have evolved over a much longer

period. The technology risk assessment in this context is provided in Table 7.

Table 7: Technology Risk Assessment

Insufficient | Wind is intermittent 1. Using flywheel storage instead of a gearbox to ensure a
wind for throughout the day and smoothing out of generation intermittencies will require an
upkeep of night: however. a smooth | intelligent control system (power electronics) coupled with an
flywheel power output is required induction generator.

output for use at airports. 2. An intelligent control system should be employed to ensure

that the flywheel is able to respond to the intermittencies of the
wind turbine and still give a smooth output without frequent
shutdowns within the day.

3. The flywheel’s charge and discharge periods should also be
variable to enable optimum control for a smooth output to the
generator.

Single point | This is failure at a single 1. Design flexibility should be introduced so that should a

of failure point at which without it failure occur at the point of connection. it can be isolated.
the entire plant will not be | bypassed and another point of connection with spare capacity is
able to operate. This will able to carry the load while the failed point of connection is
mclude failure at the point | being restored.
of connection. 2. Back-up energy storage or generation systems connected in

parallel with the point of connection designed to carry the full
load should be part of the wind farm design and smart
electricity grid configuration.

3. Active monitoring and early detection of failure should be
incorporated. A fail-safe mode or default mode should be
programmed/hard-wired into the system in case of loss of the
control system or smart grid.

Agility This is the ability of the The wind plant’s output is dependent on the wind speed of the
plant’s operational output | prevailing winds experienced on site and is. thus, by nature,
to respond to varying intermittent. The wind plant will then never be a stand-alone
demand timeously without | power generation source but will be coupled with another
causing operational generation source/s which will make up for its intermittency.
impacts or damage to Grid-tied design is suitable for a site that just has Eskom power
mfrastructure. as well as a site that has a smart system mncluding power

control for a site that has multiple power generation sources.
The smart electrical grid design should ideally coordinate all
pOWer sources.
This is the ability of the The ability to ground and release certain turbines and strings to
plant design capacity to be | “bring in loads™ and “turn down loads™ should be part of

Turn-down | increased and decreased in | control system designs.

ratio capacity to suit operations,
site demand and
maintenance regimes to
maintain cost
effectiveness.

5 Airports® Integration Strategy

Due to wind farms being novel to the ACSA airport environment and field of experience. collaboration and investigations

as well as a pilot installation is required to ensure that the technology’s installation will not have adverse effects on airport
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operations, specifically. radar communications. It is therefore required that the Air Traffic Navigational Services (ATNS)
and the South African Civil Aviation Authority (SACAA) be consulted and their respective requirements be adhered to in

the course of wind farm installation.

ACSA needs to be assured that their investment will not result in undesirable. unavoidable, costly impacts on the
business. For this reason. the roll-out of the installation of wind farms need to take place in phases to prove that the site
selected and the wind turbines’ height and ‘sight’ in respect of the radar communications are acceptable to airport
operations. Figure 19 shows the proposed roll-out plan to ensure that wind farm installations are successful in their
coexistence with airport environments. The four phases of the proposed rollout identify eligible sites for the wind farm
mstallation; the installation of about 10 wind turbines each at both Port Elizabeth International Airport and Cape Town
International Airport. not connected to the airport grid allowing for flexibility so that they can be moved about should the
site selected not be suitable to airport radar communications. The observation and recording of radar communication

interactions in all operational conditions in the presence of the wind farm will be undertaken.

The roll-out will provide information related to:

. Site selection of the wind farm installation,

. Height of the wind turbines,

. The unimpacted radar communications “sight™ of the wind turbines, and

B Effect of the multiplication of the number of wind turbines that is required for the full wind farm
mstallation.

The next phase of the installation is the full wind farm which should be established based on the assurance
received from the previous phase. However, should the first phase of installation not provide assurance on any of the points
given, alternative sites should be considered. If the alternative eligible sites identified at the respective airport fail to
provide the assurance, the wind turbines purchased should be transferred to another airport in the group where the roll-out
plan was successfully completed, to constitute the wind farm there. Should transferring to another airport not be an option,

an offsite plant used for “carbon footprint offsetting”™ should be considered.
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Figure 19: Phases of integration of Wind Energy at ACSA Figure 20: Wind Rose Diagram [17]
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The following sections contain information for the execution of the phases which will follow the FEL2 techno

economic study. as laid out in Figure 19.
(a) Identification of eligible sites for wind farm installation

The study should consider the requirements of the SACAA. ICAO and ATNS as well as OEM requirements of radar
equipment to identify eligible sites. taking care to select those sites that are favourable to higher wind speeds for the
majority of the time as seen in the wind rose diagram in Figure 20. Outputs of the study for the eligible sites must provide
wind rose diagrams, and the height and maximum number of wind turbines that can be accommodated within the site. The

measuring station should consider the following:
. The height allowable by the SACAA. ICAO and ATNS.
. The distance away from the radar equipment such that the radar is not affected by wind turbines.

Figure 21 and Figure 22 show the eligible sites identified for CTIA and PEIA respectively. These eligible sites
identified by ACSA were then discussed with the CAA and ATNS. Table 8 and Table 9 show the longitude and latitude of
the eligible points for each airport. From each eligible point. a 20 000 m*land area radiating around it (about 80 m radius)is

the land area demarcated for the wind farm. Only one land plot of 20 000 m? is required per airport for the wind farm.

Figure 21: Eligible sites identified for Figure 22: Eligible sites identified for
wind farm installations at CTIA wind farm installations at PEIA

Table 8: Longitudes and latitudes of the eligible sites for CTIA Wind Farm Installation

POINT 1 18.6226116 18 37 21 E
33.9543497 33 57 16 S
POINT 2 | 18.5936476 18 36 37 E
33.9638453 33 58 50 S
POINT 3 18.5939816 18 36 38 E
33.9677581 33 58 4 S
POINT 4 | 18.5943156 18 36 40 E
Impact Factor (JCC): 9.6246 NAAS Rating: 3.11

292



Energy Security: Investigating Wind Energy for Airports in South Africa — A Technoeconomic Assessment

33.9700008 33 58 12 S
POINT 5 | 18.5912618 18 35 29 B
33.9710983 33 58 16 s
POINT 6 | 18.5925024 18 36 33 E
33,9724343 33 58 21 S
POINT 7 | 18.5951268 18 36 42 E
33.9716709 33 58 18 S
POINT 8 | 18.5990197 18 36 56 E
33.9806927 33 59 50 S

Table 9: Longitudes and latitudes of the eligible sites for PEIA wind Farm Installation

POINT 1 | 25.6095421 25 3 34 E
33.9933188 33 60 36 s
POINT 2 | 25.5804351 25 35 50 E
34.0026072 34 0 9 s
POINT 3 | 25.5818867 25 35 55 E
34.0042892 34 0 15 s
POINT 4 | 25.5838222 25 35 2 E
34.0009942 34 0 4 S
POINT 5 | 25.5855734 25 35 8 E
34.0031832 34 0 11 S
POINT 6 | 25.6112159 23 37 40 E
33.982935 33 59 59 S
POINT 7 | 25.6112159 25 37 40 E
33.9827382 33 59 58 S
POINT 8 25.61489 25 37 54 E
33.982104 33 59 56 s
POINT 9 | 25.6102761 25 37 37 E
33.9834833 33 59 1 s
POINT 10 | 25.6068549 25 36 25 E
33.9836215 33 59 1 s
POINT 11 | 25.6066937 25 36 24 E
33.9849232 33 59 6 s

223

Any wind farm installation has to be granted permission by the SACAA who collaborates with the ATNS for the

approval of the wind farm installation based on the height of the mstallation. and the line of sight of the wind farm to radar

communication towers and equipment. To determine the harmonious coexistence of the wind farm with the airport. the

ATNS runs a computer simulation that highlights points of concern given mput of certain parameters of the wind farm

such as the maximum rated speed of the wind turbines blades. axis of rotation. material of construction. height of turbine.

number of turbines and their location spacing and spread. This is a costly exercise.so in an effort to reduce the cost of the

preliminary work. a meeting was held with ATNS and SACAA to reduce the number of eligible sites to save on cost. The
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meeting with SACAA and ATNS in March 2020 yielded 4 points per airport as the most likely to be approved to co-exist
with the airports’ radar systems. These points are POINTS3. 4. 7 and 8 for CTIA and POINTS 1. 6. 7 and 9 for PEIA. The
next step is to choose one most likely location to be run by the simulation based on the available land. i.e. land not reserved

for future development.
(b) Pilot installation

The eligible sites investigated in phase (a) should be characterized in order of preference for the wind farm installation.
The installation should not necessarily be feeding into the grid. but the wind turbines should be allowed to turn and have
the capability of being “grounded™ so that they do not twrn for wind speeds that are unsafe or disruptive to airport

operations.
(c) Observation and recording of radar communications in the presence of mini/pilot wind farm

In this phase. an observation programme should be carried out on the radar operations with the existence of the pilot sized
wind farm. Ideally. the recording of radar operations alone should be done first to establish a baseline against which
recording of radar communications with the mini/pilot wind farm installation can be compared. The programme should be
agreed upon with technical experts at SACAA and ATNS and all interested and affected parties. requiring sign off for
procedures and implementation timeline. Risks should also be identified and managed. It is advisable that a full week of
observations occur, with particular care exercised in the first few hours when the radar operations must be very carefully
monitored to ensure that no undue risks are present. The results of the observations will lead to a decision regarding
whether the full installation follows or whether the pilot installation is relocated at the next preferable eligible site until the

requirements for full installation have been satisfied or until the eligible sites have been exhausted.
(d) Full installation

If the results from the pilot phase show that there are no interruptions on the radar operations nor unacceptable risks to
airport operations, the pilot/mini installation may proceed to a full installation. In the case that all eligible sites have been
exhausted and there is no suitable onsite location for the wind farm. alternative options such as investigating the feasibility
of an off-site installation that will either benefit a local community or earn commercial revenue ensuring that carbon credits

are claimed to offset the airports” carbon footprint. The wind turbines could also be transferred between airports.

It is advisable that PEIA installation be trialled first and the CTIA installation thereafter. due to the flexibility of

PEIA over CTIA in terms of unreserved space. fewer aircraft movements and thus fewer risks.
6. Proposed Operational Philosophy
(a) Technical

The wind farm installations at both Port Elizabeth and Cape Town airports will be an energy source installed within a mix
of other energy sources. There will be at least one electricity source already installed when the wind farm installations are
realized. The intention will be to install a smart grid to coordinate the energy sources for the purposes of continuous
electricity supply according to the airport’s demand and to ensure that the cost at which this comes is optimized. This smart

grid will come in with the installation of the first alternative energy source that is incorporated for the airport’s use.

Based on the nature of renewable energy being intermittent, the alternative energy source is meant to support a

variable load energy requirement (as opposed to the base load energy requirements). Algorithms in the smart electrical grid
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will coordinate the energy sources. The electrical output from the wind farm will feed into an energy storage/buffer

medium to be drawn upon by the airport’s energy demand at the required frequency.

The technical set-up in Figure 5 should be adopted based on the plant design and the success of the flywheel

storage pilot being run in the next phase (FEL 3).
(b) Plant operation for business continuity and cost effectiveness

For the purposes of cost effectiveness. it is recommended that wind turbines with the greatest possible output capacity per
unit be adopted to constitute the targeted total wind farm capacity. as this will decrease the number of moving parts and

maintenance required as well as spatial demands.

A smart grid is essential to deliver the wind farm electrical output to the airport’s electrical network in a cost-
effective way. The smart grid principles should prioritize the renewable energy sources not containing battery storage as
the energy generated needs to be used by the site as it is generated before other energy generation sources such as Eskom’s

grid power or fuel generators thus maximizing asset utilization on renewable energy sources not containing battery storage.

Wind power should not be considered or invested in as a primary energy source feeding airport base loads or
critical loads. but rather as an augmentation or supplement to the main energy sources or to offset airport carbon emissions.
Due to the uncertainty around wind turbines and radar communications interactions. wind farms total generation capacity

should be limited to ensure that their existence does not interrupt airport operations.
(c) Operations and Maintenance activities

Operation of the wind farms and their mtegration into the awrport electrical grids should be as per electronic algorithm via a
smart grid. Operation anomalies and maintenance of the wind farms together with their related control systems will be
contracted out as this is not a skill found within ACSA. Breakdown maintenance will be on a call-out basis. Preventative
maintenance should be conducted as per the contract value to maintain operability and warranties. There should be a long-

term plan in place that transfers skills in-house and develops local talent for operations and maintenance activities.
CONCLUSIONS

The harvesting of wind energy is feasible for Cape Town International Airport and Port Elizabeth International Airport but
1s not feasible for East London Airport and George Airport. Due to the uncertamnty around wind turbines and awrport radar
operations working together. harvesting wind energy has been limited to serve the airports’ varying load as opposed to
serving the airports” base load. A 1kW Darrieus VAWT made by FT New Energy Company Ltd in China was used for the
feasibility study at a height of an airport’s typical street light. i.e. 10 metres. The height of the wind turbines is restricted
and the location of the wind farm is critical i1 ensuring that radar communications are not interrupted or affected. Four
eligible locations for CTIA and PEIA each have been selected by Air Traffic Navigational Services to narrow down the

number of sites identified by ACSA for the wind farm installation.

As a next step to realizing wind energy in two of ACSA’s airports. it is important that the four selected sites per
airport be narrowed down further to preferably two for each airport based upon which ATNS can perform a computer
simulation of the proposed wind farm to gauge the impact on radar and airport operations. Based on the outcomes of this
computer simulation, the pilot phase of a mini-installation containing 10 1 kW VAWT should be installed (at PEIA and

CTIA each) to monitor and confirm no impact on airport operations.
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CHAPTER 14. ENERGY SECURITY: INVESTIGATING ANAEROBIC DIGESTION
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This chapter presents the technical and financial evaluation (pre-feasibility) or technoeconomic
assessment of using waste from the ACSA airports in an anaerobic digestion process producing methane

gas to be used as fuel for energy.

The article was published in the International Journal of Mechanical and Production Engineering
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1. INTRODUCTION

Many countries are awaking to the reality that waste is a serious threat not just due to global warming. but also

because of the resulting contaminated water sources. Due to this, many countries are imposing restrictions and

legislations that drive waste re-use and repurposing. Many countries have strict rules in place for organizations

producing toxic waste. such as chemical and solid by-products of industrial processes that protect water quality and

preserve natural habitats. Where wastewater spillage occurs or industrial chemical spills occur. the clean-up and

rehabilitation of contaminated land is costly and there is never a guaranteed zero impact from the clean up or

rehabilitation.

With population growth in the age of consumerism and urbanization. there is a growing need for landfills

and there is the challenge of protecting water quality as more people have access to indoor plumbing. and every

product sold has packaging and short use. There 15 a need for innovative thinking around sustainably solving these

problems. Airports are like mini-cities in that they provide retail, food and beverage services. accommodation.
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travel networks and transport services, fuelling stations, postal and cargo services. They are centres where high waste

volumes are produced. both wet waste or sewage and dry or solid waste. Operational cost and maintenance costs are high.

Negating the need for costs associated with disposing of sewage. including the cost of infrastructure associated
with conveying the sewage to the municipal works. by using the waste to generate energy. is a possibility that can be
considered for OR Tambo International Airport. Cape Town International Airport and King Shaka International Airport.
King Shaka International Airport has a Wastewater Treatment Plant (WWTP) onsite built for the airport’s sewage
processing which is maintained and operated by the airport. Monthly disposal costs of sludge and wastewater when they
donot meet specific criteria to be released into natural streams are high. Cape Town International Airport and OR Tambo
International Airport have holding tanks for the sewage generated by the airport after which, having reached a certain level,

it is transferred to the municipal water treatment works via a bulk sewer pipeline.

In the course of looking at waste as a potential revenue stream as opposed to an operational cost. anaerobic
digestion was considered and evaluated for the three larger nternational airports within the Airports Company South
Africa group of nine airports. The waste volumes at the other airports within the group was not large enough or
consistently enough replenished to be considered for anaerobic digestion. Solid waste was initially considered, however.
since the generation of carbon-dioxide on-site from incinerating the waste material will go against the goal of decreased

carbon footprint, it was decided that an increase in recycling be the focus rather than energy generation.

Airports Company South Africa 1s South Africa’s airport authority in South Africa owning and operating nine
airports, namely, O R Tambo International Airport (ORTIA) (Kempton Park. Gauteng). Cape Town International
Airport(CTIA) (Western Cape). King Shaka Intemational Auport (KSIA)(Durban. KwaZulu-Natal). Port Elizabeth
International Airport (Eastern Cape). East London Airport (Eastern Cape). Bram Fischer International Airport
(Bloemfontein. Free State). George Airport (Eastern Cape). Upington International Airport (Northern Cape) and Kimberley
Airport (Northemn Cape).

This techno economic assessment focuses largely on the economics of utilizing sewage (and food waste) for the
generation of biogas through anaerobic digestion (AD) based on sewage waste volumes and characterization of the food
waste at KSIA, and the sewage streams at CTIA. The economics presented here provides direction on whether anaerobic
digestion is worth further investigation. The study also presents the dynamics swrounding the needs and benefits of
anaerobic digestion which are in addition to biogas production for energy generation. The study covers the technology
description, technology types and typical plant equipment. the assessment of technology maturity. the cost-benefit analysis
with financial indicators, technology risk assessment. airport integration strategy. proposed operational philosophy and

concludes by proposing future steps.
The key parameters for the waste stream to be suitable for anaerobic digestion are:

e Chemical oxygen demand (COD) limits. COD is used to quantify the amount of organic matter in waste streams
and predict the potential for biogas production. The oxygen equivalent of organic matter that can be oxidised. is
measured using a strong chemical oxidising agent m an acidic medium. During anaerobic digestion. the
biodegradable COD present in organic material is preserved in the end products, namely methane and the newly

formed bacterial mass. For domestic sewage. typical COD is between 550 mg/L to 700 mg/L.

e  Carbon-nitrogen ratio of the input material. optimum ratio of C:N is 20-30:1: excess nitrogen will lead to the

Impact Factor (JCC): 9.6246 NAAS Rating: 3.11

300



Energy Security: Investigating Anaerobic Digestion for Airports 321
in South Africa — A Technoeconomic Assessment

production of ammonia which will inhibit the digestion process.
e  Optimum pH level of 6.8 to 7.2 (6.5 to 8.0 is tolerable).

e The degree of contamination with plastic. glass and metals will require more mechanical processing and thus

increase capital costs. For domestic sewage. the degree of contamination is between 250 mg/L to 400mg/L.
The key parameters for the success of the AD process are:

e Feedstock characterization.

e  Operational conditions.

e Temperature — Optimum temperature of a mesophilic digester 1s 35°C An acceptable range, although with
decreased production, 1s 10°Cto 37°C. The optimum temperature range for athermophilic digester 1s 55°C to 60
2.

e pH and alkalinity — 6.5 to 8.0 is an acceptable range.
e Toxicity is undesirable. although not entirely avoidable.
The key parameters for anaerobic digestion to be adopted are:

e It should have the potential to reduce the airport’s carbon footprint.

e  Must make financial sense to the business.

*  Rusks should be acceptable.

e It should have a local footprint for technical support with operationally acceptable response times.
2. DESCRIPTION OF THE TECHNOLOGY

AD is the natural process in which complex organic materials are broken down into simpler compounds in the absence of
oxygen by the action of several micro-organism communities. AD consists of four biochemical steps: hydrolysis where
hydrolytic bacteria remove polymers to monomers: acidogenesis where acidogenic bacteria remove monomers to short
carboxylic acid, carbon dioxide. hydrogen and alcohol: acetogenesis where the products of the previous phase are removed
to acetic acid and methanogenesis where methane is built of the acetic acid [1]. figure 1 and figure 2 present the processs

chematically.
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The key benefit of the AD process is the production of biogas. a renewable energy source. which can be used as

fuel for the internal combustion engines, for direct heating and. in cogeneration, for electricity production as well.
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Figure 3: Simplified Plant Schematic for the Anaerobic Digestion Process.
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The feedstock is anaerobically digested in a biodigester where the methane gas product is captured and stored

until it is combusted in a combustion engine. turning the shaft of an electrical generator and thus producing electricity.

Figure 3 shows the process schematically. Other products produced in the AD process are the digestate containing

mineralized remains of dead bacteria, and lignin and cellulose suspended in water. This could be used for agricultural

purposes.

The purpose of the slurry or mixing tank shown in Fig. 3 is to break down the organic matter prior to it entering

the biodigester/reactor. This is called a continuous process. In the alternative, which is a batch process, the biodigester is
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fed with feedstock at the start of the process and then sealed for the duration of the AD process.

AD takes place at two optimum temperature ranges. 35°C to 40°C (mesophilic) and 55°C to 60°C (thermophilic).
Most AD plants around the world operate in the mesophilic range as less heat is required to mamtain that temperature and
the digestion process is more stable under these conditions. Thermophilic reactors. although requiring greater attention to
operate, are sometimes installed as they accelerate degradation rates and create higher yields of biogas and reduce

pathogens in the digestate produced. Based on the constituents and consistency of the food waste treated. an AD can be

designed as a ‘wet’, ‘dry’. ‘liquid’ or ‘co-digestion’ system [2]. Fig.4 provides information about the configurations.

CLASSIFICATION OF ANAEROEBIC DIGESTION TECHNOLOGIES

AL

HIGH
RATE

DRY DIGESTION
(HIGH-SOUIDS)
20%

Figure 4: Anaerobic Digestion Technologies [2]

The classification of anaerobic digestion technologies 1s divided into high rate and low rate. The high rate has low
solids (4 % to 10 %) with biomass retention where the solids retention time (SRT) is much higher than the hydraulic
retention time (HRT).This is characteristic of wastewater treatment. The low rate has no biomass retention, i.e.. the HRT
and SRT are equal. This is characteristic in slurry treatment (such as manure and dairy waste) and organic solid waste. The
low-rateAD technologies are further classified into wet digestion where the solid content is less than 20%.and dry digestion

where the solid content exceeds 20%. [2]

The HRT is the amount of time in hours for wastewater to pass through a tank. such as an aeration tank. Changes
in the HRT of an activated sludge process (slurry or mixing tank as in Fig. 3 which introduces air into the sewage
feedstock) can affect biological activity. For example. decreasing HRT adversely affects nitrification, while mereasing
HRT favours nitrification and the solubilization of colloidal biochemical oxygen demand (BOD) and particulate BOD.
BOD is the amount of oxygen required to chemically breakdown the pollutants biologically through micro-organisms. The
mean cell residence time (MCRT) is the amount of time. in days. that solids or bacteria are maintained in the activated
sludge system. The MCRT 1s known also as the solids retention time (SRT). To calculate the MCRT of an activated sludge
process. it is necessary to know the amount (in kilograms) of solids or suspended solids in the activated sludge system and

the amount (in kilograms) of suspended solids leaving the activated sludge system [3].

A biogas plant has a reception area where the feedstock from various sources is received. The wastere sides in the
reception area for some hours whilst it is loaded into the next stage: pre-treatment. This next stage generally involves

washing, maceration of the feedstock. screening and pressing depending on the feedstock. Packaging. such as plastic bags.
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1s stripped out. while any metallic items such as cutlery may be removed using magnetic devices to prevent damage to
moving parts. In addition, grit (such as glass, eggshells. ceramics. bones and sand) may need to be removed at the pre-
treatment stage if the digester doesnot have the internal capability of extracting these. If not removed. grit may build up at

the bottom of the tank over a period of time leading to loss of volume and failure of the system [2].

After the pre-treatment process, the feedstock is fed to the digester where it undergoes decomposition in the
absence of oxygen. This process can take place at different operating temperatures and system setups. During this process,
biogas is released and collected in biogas storage tanks or in an inflatable dome. To reduce the sulphur content in biogas. it
1s piped to a desulphurisation unit. The biogas, which is rich mmethane. may be processed further depending upon the
desired end use such as electricity. heating. cooling or vehiclefuel. Within the digester. the organic material that is left over
after digestion. or digestate, is extracted and may then undergo pasteurisation. followed by composting or separation of wet

and dry solids for application to agricultural land, depending on the use and regulations of the jurisdiction. [2]

Drier, stackable substrates, such as food and yard waste. are suitable for digestion in tunnel-like chambers.
Tunnel-style systems typically have near-zero wastewater discharge as well. so this style of system has advantages where
the discharge of digester liquids i1s a liability. The wetter the material. the more suitable it will be for handling with
standard pumps instead of energy-intensive concrete pumps and physical means of movement. Also. the wetter the
material, the more volume and area it takes up relative to the levels of gas produced. A typical plant layout that treats urban

sewage can be seen in figure. 5 showing the digesters and gas storage tank as indicated in the plant layout in figure 3.

Figure 5: An on-Farm Anaerobic Digester Plant Showing the Gas Storage Tank and Digesters [2].

The biodigester/reactor design is based on the intended operational need for electricity’heating. the feedstock
constituents and flow rate and the climatic or environmental conditions. The control of temperature. pH. toxicity and other
parameters in the process depends on the feedstock characterization and climatic conditions. The chemical equation for

anaerobic digestion can be seen in Equation land the corresponding biogas composition can be seen in Table 1.

CE 0=+ 30 A He v s iR R R G R R R R R e e Equation 1
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Table 1: Typical Composition of Biogas [4]

Methane CHy 55 to 65
Carbon dioxide CO2 351045
Carbon monoxide CO Oto3
Nitrogen N, Otol
Hydrogen H Otol
Hydrogen sulphide H)S 0 tol
Oxygen O 0 to2
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Figure 6 shows the anaerobic bioprocess performance in the anaerobic membrane bioreactor (AnMBR). The

AnMBR is a wastewater treatment technology that combines anaerobic suspended-growth biological treatment with

membrane filtration. AnMBRs will likely play a significant role in wastewater treatment in the future as the anaerobic

process has low energy and nutrient requirements, lowsludge production and can generate biogas that can be directly

employed as an energy source. The use of membranes for biomass separation can provide long solid retention times

(SRTs) which are required to offset the low growth rates of anaerobic organisms while also producing a solids-free effluent

(5]
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Figure 6: Typical Anaerobic Bioprocess Performance in Ananaerobic Membrane
Bioreactorwith Municipal Wastewater (Sewage) as Feedstock [5].
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In figure. 6. note the typical COD levels and the biogas yield together with the corresponding SRTs, HRTs and total
suspended solids (TSS) parameters. The techno economic assessment uses the sewage from ORTIA, CTIA and KSIA and
the food waste from KSIA to determine the suitability for the anaerobic digestion when examining the COD levels and
other parameters established in the previous section. A municipal Excel based model is used to simulate the biogas

production for this techno economic assessment.
3. ASSESSMENT OF TECHNOLOGY MATURITY

Although there is already a wide application of biogas technologies around the world, the industry is still in its initial
stages of development. Micro digesters have been used for at least several centuries. Indeed, if we go back in ancient
history. we will find elementary biogas production during the Assyrian Empire 3000 years ago whilst more recognisably
modem applications began to develop during the 17th century. Micro digesters play a very important role in rural areas of
developing countries. where they are an integral part of farming, waste management and energy security. There is a total of
close to 50 million micro-scaledigesters operating around the globe with 42 million [6] operating in China [7]and another
4.9 million in India [8].700000 biogas plants are estimated to have been installed in the rest of Asia. Africa and South
America [9][2].

Generation of electricity from biogas is an established technology which has been widely implemented around the
globe. This is most commonly done with a combined heat and power (CHP) engine with some form of heat recovery and
use. A CHP engine can be linked to any operating anaerobic digester. For it to be economic. a CHP engine requires a
minimum size. Operators of biogas plants are trying to maximise efficiency and income streams by increasing the
utilisation of heat. There is also a growing interest in trigeneration which generates electricity. heat and cooling when
needed. The biogas industry is growing globally. IRENA statistics on global electricity generation from biogas show that 1t
has grown from 46108 GWh mn 2010 to 87500 GWh in 2016 [10]. a 90% growth in six years [2].

Upgrading of biogas to biomethane is relatively new but is by now a proven technology. While some plants
upgrade biogas to be used as vehicle fuel. others inject it mto local or national grids. Plants are also beginning to capture
carbon dioxide to be used in greenhouses and the food and drinks industry. There are over 540 upgrading plants operating
in Europe with 195 in Germany, 92 in the UK. 70 in Sweden, 44 in France, and 13 in the Netherlands [11]. Outside of
Europe, there are about 50 in the USA [12]. 25 in China [13], 20 in Canada [14] and a few in Japan. South Korea. Brazil
and India. Based on the data available. it is estimated that 700 plants globally upgrade biogas to biomethane.

In comparison to other renewable energy technologies installed capacity. global biogas installed capacity as of
year 2020is still behind hydropower. solar photovoltaic installations. wind power (onshore and offshore) and solid biofuel
technologies. However, its adoption is more popular than geothermal energy. solar thermal energy. liquid biofuels and
marine energy technologies. This 1s shown m Figure. 7. When looking at biogas energy related to ‘renewable municipal
waste’ (Figure. 8). China is leading in installed technology capacity. and when looking at biogas technologies (Fig.
9).Germany has the most mstalled technology capacity followed by the USA and UK.
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Figure 7: Global Renewable Energy Installed Capacity, 2020 [15]
Figure 8: Top Ten Countries Renewable Municipal Waste Energy Technologies Installed Capacity [16].
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Figure 9: Top Tencountries Biogas Energy Technologies Installed Capacity [16]
Figure 10: Renewable Energy Technologies Installed Capacities in South Africa, 2020 [15].

When looking at South Africa. biogas has the smallest share of installed technology capacity among South

Africa’s solar photovoltaic. onshore wind. renewable hydropower, solar thermal and solid biofuel energy installed

technologies, figure. 10. 9 Figure. 11 shows a biogas demonstration plant installed in Wellington in the Western Cape

province of South Africa. Renewable energy and waste disposal solutions provider Global Energy constructed this fully

operational biogas demonstration plant using technology that has been designed to be more cost effective, manufactured

locally and simpler to operate and maintain [17].
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Figure 11: Biogas Demo Plant Installed in the Western Cape, South Africa (2018) [17].

Biogas technologies are established globally and in South Africa. It may not be as widely adopted as other
renewable energy sources such as wind, solar. hydro. marine. liquid and solid biofuel. This means that there are established
commercial markets and technical support for anaerobic digestion technologies. It may not be as plentiful as other

renewable energy technologies, but it is present.
4. COST BENEFIT ANALYSIS

This section summarizes the cost benefit analysis at pre-feasibility and is meant to provide direction as to the financial
gains of using anaerobic digestion to generate energy. A pre-feasibility study conducted at the Front-End Loading Stage 2
(FEL 2) 1s typically performed after a strategy is approved and the necessary technologies and other instruments have been
identified for the realization of the strategy. Due to the AD and associated technologies not having been investigated before
for ACSA or its airports. it 1s important to get an indication of the waste quantities and quality of waste streams (waste
characterization) with as little investment as possible so as to determine whether AD is suitable for further investment. A

feasibility study follows after the pre-feasibility and technology assessment has been completed.

AD of sewage and food waste (referred to as feedstock) for the purposes of airport energy consumption requires a
steady production of biogas, which means a steady flow of feedstock. This is characteristic of the three larger airports,
namely, ORTIA. CTIA and KSIA. The other airports owned and operated by ACSA do not have steady volumes of

feedstock. The volume of sewage output of the three airports can be seen in table 2.

Table 2: Raw Sewage Volumes of ACSA’s International Airports

OR Tambo International Airport 1 200 000.00 3 287.67
Cape Town International Airport 600 000.00 1643.84
King Shaka Intemational Airport 400 000.00 1 095.89

At FEL2. it is important to confirm if the airports’ sewage streams are suitable for anaerobic digestion process.
Confirming key parameters for ORTIA s sewage was costly and it was decided that the waste characterization ofthe other
two airports wouldbe sufficient. At KSIA and CTIA the sewage waste was tested for suitability as feedstock in the AD
process. KSIA's feed waste was also characterized to determine the possibility of AD. The sampling results of KSIA's
onsite North and South Waste-Water Treatment Plant’s (WWTP's) raw sewage is included in Table 3. Table 4 shows the
sampling results from CTIA's raw sewage which is usually pumped to municipal works. KSIA treats the raw sewage of
both North and South WWTP at the South WWTP. The sewage sampling was performed by KSIA's waste service
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provider for KSIA's sewage and by an independent lab for KSIA's food waste. The sampling for CTIA's sewage was

performed by another independent lab. Table 3: KSIA South and North Waste-Water Treatment Plant results, testing for

suitability as feedstock in anaerobic digestion

Table 3

1 12/10/2018 § 5
2 20/10/2018 549.0 218.0 64.0 148.8 7.9 56.6 0.9
3 23/10/2018 952.0 526.0 84.0 204.0 8.6 99.3 0.8
4 13/11/2018 657.0 - - 116.3 7.5 48.2 1.1
5 21/11/2018 896.0 750.0 43.0 171.1 8.2 91.0 1.1
6 27/11/2018 762.0 348.0 72,0 164.1 7.4 75.3 0.9
7 04/12/2018 3250 206.0 - 1124 7.0 68.0 <0.1
8 13/12/2018 608.0 420.0 38.0 1324 8.0 54.0 62.0
9 19/12/2018 602.0 202.0 - 162.5 7.3 148.0 <0.1
10 22/01/2019 575.0 512,0 62.0 112,3 7.1 41.8 0.6
11 31/01/2019 546.0 240.0 44.0 110.2 7.9 41.3 0.4
12 04/02/2019 672.0 484.0 75.0 113.3 7.4 41.9 0.3
13 11/02/2019 1147.0 560.0 110.0 115.8 6.9 319 0.4
14 08/03/2019 855.0 838.0 - 182.1 8.8 17.4 0.7
15 14/03/2019 676.0 456.0 66.0 143.9 7.6 42.6 0.4
16 20/03/2019 255.0 112.0 8.0 64.6 8.0 0.5 17.6
17 25/03/2019 - - - 143.8 7.7 53.8 0.7
18 08/04/2019 751.0 406.0 103.0 125.0 8.4 48.3 0.6
19 15/04/2019 553.0 286.0 51.0 107.6 T 32,1 1.1
25/04/2019

Table 3 continued

12/1012018
20102018 3 1 X
23 23/102018 194.0 112.0 3.0 64.3 7.8 17.6 0.0
24 13/112018 279.0 - - 124.1 7.7 39.7 1.0
25 21/11/2018 448.0 252.0 17.0 112.9 7.2 23.9 0.0
26 27/11/2018 132.0 80.0 7.0 62.0 7.2 16.7 0.9
27 04/12/2018 171.0 104.0 4.0 514 7.2 6.7 5.1
28 13/122018 185.0 120.0 <1 87.3 7.1 53.0 <0.1
29 19/122018 185.0 114.0 <1 78.9 7.0 50.0 <0.1
30 22/01/2019 387.0 206.0 48.0 92.4 7.4 16.2 0.5
31 31/01/2019 150.0 52.0 10.0 67.3 8.3 22.1 0.4
32 04/02/2019 850.0 422.0 161.0 61.2 6.7 13.2 0.4
33 11/02:2019 358.0 203.0 26.0 70,7 6.5 9.2 04
34 08/03/2019 177.0 98.0 n 914 8.5 412 0.7
35 14/032019 153.0 112.0 11.0 66.6 7.4 10.5 04
36 20/03/2019 470.0 104.0 24.0 70.9 7.0 23.7 04
37 08042019 | 13440 967.0 191.0 123.0 7.7 284 0.6
38 15042019 | 2042.0 14400 | 197.0 106.2 7.3 27.6 0.8
39 25042019 = . = 69.7 82 19.1 0.6
Anerage 505 359 62 109 s 40 3
values
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Table 4: CTIA Raw Sewage Sample Results, Testing for Suitability as Feedstock in Anaerobic Digestion

1 02/09/2019 0.38 107.2 620 1680 813 7.34 309
2 16/09/2019 <0.05 201.88 818 1883 03 7.61 382
3 30/09/2019 <0.05 203.79 | 1040 1992 65 7.72 708
3 15/10/2019 <0.05 179.89 910 1724 <30 7.25 705
5 30/10/2019 <0.05 140.62 963 1454 <50 7.1 716
A‘f:lf‘:? 0.38 166,68 | 870,20 | 1 746,60 323,67 7,40 564,00

When reviewing the sampling results in Tables 3 and 4. the parameters for ADhighlighted in the introduction are
largely met with a few deviations that can be controlled. The food waste at KSIA was also sampled for its suitability as
feedstock in the AD process (Tables 5 and 6). The food waste. rich in carbon content. can also be fed into the anaerobic
digestion of the raw sewage to neutralize certain parameters that are outliers in the raw sewage such as pH Level. Due to
lack of results for ORTIA and CTIA food waste and the ORTIA sewage. for the purposes of this pre-feasibility study. we
are going to make the reasonable assumption that the parameters of the waste streams are within suitability as feedstock for

anaerobic digestion.

Table 5: KSIA Food Waste Types and Area Generation for Analysis as Presented in Table 6

Left-over food
Wet waste
. Bones from meat
(Organic)
Coffee grounds i g ;
= : z Terminal: retail premises. offices. food outlets
Dry waste | Solid waste from terminal and offices e 2 :
e Airside: waste from aircraft cleaning and
— Galley waste (aircraft kitchens) apron activities and other general areas around
Office pa o i
S dboF;rI;“ Landside: public parking. multi-storey
king. staff parkin
f“""labl‘ Plastic — PET bottles, HD bottles and LD plastic | F1 & oo parking
Cans
Glass bottles

Table 6: KSIA Food Waste Lab Results, Testing for Suitability as Feedstock in Anaerobic Digestion Process

1 12/07/2019 332 89779 0.87 56
2 31072019 663.5 41256 97 0.7924 | 8903 5.6 53
3 02/08/2019 460.5 33267 % 0.6888 | 8400 | 3.6 70
4 14/082019 682 45000 o8 0.26 28 33 51
5 16/0812010 560 50766 88 0.19 2 33 o1
6 28/08/2019 740 64400 97 L1 28 2.7 7a
7 301082019 508 §3990 90 1.8 4.5 33 65
8 11/092019 503 41584 95 L8 145 3.8 m
9 13/0972019 512.5 62366 92 21 68 3.1 51
10| 25/092019 358.5 141589 86 17 44 3.8 56
11| 27092019 505 19107 54 1.8 7 6.5 64
i 61191 92 1.2 1619 4 62

alues
Impact Factor (JCC): 9.6246 NAAS Rating: 3.11

310



Energy Security: Investigating Anaerobic Digestion for Airports
in South Africa — 4 Technoeconomic Assessment

331

It can be seen that the food waste material largely meets the minimum conditions for AD. Due to the airports

being like mini cities in terms of their activities, it can be assumed that their food waste and sewage will be like that of

municipal sewage and food waste. The AD model used for KwaZulu Natal's eThekwini Municipality was run for the

airports'works using the input data shown in Table 7. The AD model’s expected output of biogas is shown in Table 7.

Table 7: Input parameters and potential quantity of output of biogas

ORTIA 650 400 263

CTIA 870 564 30 50 188

KSIA 595 359 80
Domestic sewage | Domestic sewage Ot of anaerobic
2 : ; ; digestion model done

Comment | is assumed for 1s assumed for Process specific | Process specific for Dot ek
ORTIA ORTIA i i T

municipal works

If this sewage is put through an AD plant made up of 100m® reactors (biodigesters). ORTIA will need
approximately 33. CTIA will need 17 and KSIA 11 to process the daily flow as depicted in Table 2. The cost for a

100m’reactor can be seen in Table 8.

Steel neck for

Table 8: Cost of a 100m3 Anaerobic Reactor and Plant

Digester inner (166em):

: Digester outer (196em): Steel mould boards 3 50 220.00 [18]
tank mnner .
height 130em
; Digester mner (600cm): Type 316 steel
Skelmenldwilly | oo r (640 an); eight, (stainless steel) 3 502 200.00 [19]
outer
380cm) mould
Glass Fibre ; 0
Plastic Gas %a‘“"‘“ (169em);height | oo Pibie Plastic 3 15 066.00 [20]
Collector o
Glass Fibre :
Reinforced 640cem; (32,17m?) Sl 3 80 778.87 [21]
: Reinforced Plastic
Plastic Cover
Steel parts for For between the inner and ;
reinforcement outer parts of the tank remnforcement 2 502 200,00 [22
Less than 400m’ day
o interface caliber (diameter
T 50em) PVC flange:
purtlﬁcanon Desalfuizing Gller: 3 251 100.00 [23]
T 200kgs: suitable to install
mdoor and outdoor
Sewage pump 5.5kW: 60m°/hr: head 10m 3 15 066.00 [24]
3kW: 40m’/hr: head "
Water pump i 3 3515.40[25]
Biogas generator | 10kVA 3 50 220.00 [26]
Tnstallaion and | ¢ o 147 036.63
commissioning plant
— n
Piping and Bobaie 5% of cost of 73 518.31
storage plant
TOTAL (ZAR) 1690 921,21
W iipre.org editor@tjpre.org
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The capital cost estimate for the systems can then be estimated to be as captured in Table 9 and the expected
electricity output is given in Table 10.

Table 9: Capital Cost of the Anaerobic Digestion Plants for each Airport

OR Tambo International Airport 33 55 800 399.95
Cape Town Intemational 17 28 745 660.58
Airport
King Shaka International 11 18 600 133.32
Airport

Table 10: Electricity Produced from Anaerobic Digestion

ORTIA 263 .

CTIA 188 0.65 0.38 37.78 3.6 487.32

KSIA 80 0.65 0.38 37.78 3.6 207.37
5. ECONOMIC ANALYSIS

(a) Summary

Airports Company South Africa has an economic modelling department that creates economic models in Excel
spreadsheets. The inputs used in the economic model and the financial outputs for the ORTAIL CTIA and KSIA can be
seen in Table 11, Table 12, Table 13 and Table 6.

The economic model yields the net present value (NPV). internal rate of return (IRR). nominal payback period
and profitability index. The IRR is compared to ACSA’s 11.5% weighted average cost of capital (WACC) rate (2020) to
determine economic feasibility,. When the NPV is zero or positive it is an investment that pays itself off during its
economic lifespan. The NPV equation used in the economic model is given below (Equation 2).The IRR is the return (i in
Equation 2) when the NPV is zero. When the IRR is greater than the discount rate (or the WACC rate). then the investment
is feasible for the business. The payback period is the amount of time required for cash inflows generated by a project to
offset its initial cash outflow. The payback should be reasonably within the economic lifespan of the nvestment. The
profitability index or PI (given in Equation 3) shows the financial attractiveness of the proposed project and is the ratio of
the sum of the present value of the future expected cash flows to the initial investment amount. A PI greater than 1.0 is

deemed to bea good investment, with higher values corresponding to more attractive projects.

—yr _R
R e

wesreseneess..Equation 2

Where:
R, = net cash inflows and outflows during a single period r
i = discount rate or return that could be eamed

t = number of time periods
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__ PV of future cash flows

Pl =

Initial Investment

In summary:

333

Equation 3

e OR Tambo International Airport — For a 3.3MLAD plant, NPV is ZAR -38.52m (negative) which shows that the

mstallation is not feasible. There will be no internal rate of return nor payback during the economic lifespan of the

plant.

e Cape Town International Airport — For a 1.7ML AD plant. the NPV 1s ZAR -16.29m (negative) which shows that

the installation is not feasible. There will be no intemal rate of return nor payback during the economic lifespan of

the plant.

e King Shaka International Airport — For a 1.1 ML anaerobic digestion plant. the NPV is ZAR -13.13m (negative)

which shows that the installation is not feasible. There will be no intemal rate of return nor payback during the

economic lifespan of the plant.

Table 11: ORTIA Summarized Economic Analysis

Operational and maintenance
cost

ZARI1 227 609/annum (2020 terms)

CUFAESEE eactins S50 3300 End of job cost | ZAR71.56m
anaerobic digestion (m”)
Capital cost @ 2020 ZARSS 800 400 f;‘ltui"“‘m‘ -ZAR38.52m
Electricity production 248 831.31 kWh/annum e of /A

ok _ Nominal )
Electricity cost ZAR1.40kWh Smthach g No payback
Beneficial operation 2026 Exclosions:
Construction period 1 year eIl

7190,
gorporafc ;f; = 0'8 = Cost of labour and final sludge waste removal
Dcono:il:i_: Espan 0 8"; el (transportation —inbound and outbound).
i :© 70 PET annum utilities (water and electricity). savings from

municipal waste costs

Capacity of reactors for

Table 12: CTIA Summarized Economic Analysis

S 3 1700 End of job cost ZAR42.8m
anaerobic digestion (m’)
Capital cost @ 2020 ZAR28 745 661 Net present value -ZAR16.29m
Electricity production 177 871.81 kWh/annum Internal rate of return | N/A
Electricity cost ZAR1.07kWh m;ﬂlal stk No payback
Beneficial operation 2029 _—
Construction period 1 year xelusions:

orpor 799,

g . tli‘;" 2 0'8 o Cost of labour and final sludge waste
Di?;::inaltfm Espan 5 8‘5: pz'::;wn removal (transportation —inbound and

Operational and
maintenance cost

ZARG632 405/annum (2020 terms)

outbound). utilities (water and electricity).
savings from municipal waste costs
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Table 13: KSIA Summarized Economic Analysis

Capacity of reactors

forsanactobic digestion 1100 End of job cost ZAR23.85m

(m)

Capital cost @ 2020 ZARI18 600 133 Net present value -ZAR13.13m

Electricity production 75 690.13 kWh/annum Internal rate of return N/A

Electricity cost ZAR1.23/kWh Nominal payback period | No payback

Beneficial operation 2026 Exclusions:

Construction period 1 year

Corporate tax 28% Cost of labour and final sludge waste removal

Economic lifespan 20 years (transportation —inbound and outbound).

Degradation 0.8% per annum utilities (water and electricity). savings from
erational and municipal waste costs, avoidance cost of north

gintmance cost FARONS 03 (PO ) and SOIE);]. WWTP disposal and logistics

The avoidance cost for the operations of KSIA's WWTP have not been considered due to the current plans of the
municipality to convert the plant to a pump station that will transfer the sewage to the nearby extended municipal water
treatment works. If this condition changes. the model must consider the avoidance cost. The cost of logistics around
disposal of sludge etc. have not been considered for the prefeasibility stage. It is important to note that if these costs were
taken into consideration. it would not change the result of the business case. but rather provide a stronger “unfeasible™

result.

The resulting economic analysis shown in Tables 11, 12 and 13 prove that AD from the sewage produced by the

airports is currently not feasible based on electricity generation alone.
(b) Additional Factors to be Considered in the Adoption of Anaerobic Digestion

Upon discussion with the eThekwini Municipality Wastewater department, the volumes of sewage that the airport produces
will not make for substantial energy generation. With the lack of environmental penalties and personal responsibility for

treating the sewage, it will be cheaper to allow the wastewater to be handled by the relevant municipalities.

If KSIA intended to manage the WWTP permanently. this would make a business case as the logistics for treated
effluent release is significantly more than the maintenance and operations of an AD plant. Discussions with Sasol. a giant
petrochemicals company. experienced in many types of waste to energy technologies, including AD. revealed that for the
waste volumes and the nature of waste produced at the airports. getting one’s benefits solely from the energy produced will
not make for a viable business case. However, if ACSA had to be held liable for the waste streams, as is the case with
Sasol who are not allowed to release their petrochemical waste into natural rivers and streams, using AD and other
methods of treating the waste are crucial. It also proves feasible not in terms of energy generation, but in terms of cost

avoidance of environmental penalties.

A factor that may cause a difference in the business case is the legislation of the Western Cape government that
requires a 50% reduction in food waste to landfill and zero food waste to landfill by 2027 which will attract special

disposal costs or penalties. This avoidance cost may make for a feasible business case for Cape Town International Airport.
6. TECHNOLOGY RISK ASSESSMENT

This section looks at the various risks associated with the operations of an onsite AD plant. Table 14 shows the various
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technology risks and the possible risk mitigations. The focus 1s an overview of feedstock level (influent) fluctuations.

single point of failure, agility and turn-down ratio.

Table 14

Insufficient
feedstock for upkeep
of biogas output or
too much feedstock
due to water leaks or
from a firefighting
event

If sewage is limited due to decreased
operations of the airport. continuous
output of biogas will be
mterrupted. This will affect the
airports’ energy mix in that the
shortfall must be made up from
another energy source. Excess
feedstock may result in spillage that
will require environmental clean-up.

1. To make up for the shortfall in sewage
feedstock. sewage from neighbouring sites or the
municipal line could be drawn in.An overflow of
sewage could be contained in a designed overflow
tank in the case of KSIA and a release into the
municipal line in the case of CTIA and ORTIA.
An intelligent control system will need to be
adopted and prior arrangements secured for the
system to mitigate shortfalls and overflows.

2. Alternately a smart electricity grid could be
designed to make up for the shortfall and
fluctuations in biogas output by load curtailment
programmes or prioritization of the use of biogas
in the case of above average biogas output.

Single Point of

This is failure at a single point such
that without it the entire plant will not
be able to operate. For the AD plant,

1. Electronic monitoring of all critical parameters
that are paramount to the success of the AD
process and putting in place a record-keeping and
early wamning systemsarekey to the process
control of the system.

2. Tt is advisable that process control be put in
place to ensure that parameters are optimal forAD.
3. Care should be taken to monitor the VFA

Failure the single point of failure focuses on (volatile Fatty Acids)level as this can raise the pH
the case that the AD process 1s level and cause digester failure. [27]Appropriate
unsuccessful. chemical treatments such as lime. soda ash,

muriatic acid. ete. should be electronically
controlled to avoid failure [28].
3.A fail-safe mode or default mode should be
programmed hard-wired into the system in case of
loss of the control system.
This is the ability of the plant’s 1. Working with the influent to ensure the correct
operational output to respond to organic loading. 1.e..within desired parameters as
Agility varying demand timeously without described mn the key parameters for ADforms a

causing operational impacts or damage
to infrastructure.

critical basis for the control of the ADprocess to
respond to increase or decrease in biogas output.

Tum-down ratio

This is the ability of the plant design
capacity to be increased and decreased
in capacity to suit operations. site
demand and maintenance regimes
towards cost effectiveness

1. Increase in enzymes can quicken the digestive
process in the first stage. hydrolysis. [27]

2. Increase in temperature can increase the rate of
digestion, however, this will have to be designed
for: thermophilic digesters operate at temperatures
higher than ambient (mesophilic digesters). [28]

7. AIRPORTS INTEGRATION STRATEGY

Due to this pre-feasibility study showing that all three installations would be unfeasible, proceeding further with the AD
technology must have other motivations. It 1s advised that for KSIA and CTIA this pre-feasibility study be revised to

include all costs and savings that have been excluded:

* KSIA —in the instance that the municipality fails to put in place the additional sewage plant capacity to handle the
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315



336 Jerusha Joseph & Professor Freddie Inambao

atrport’s sewage volumes, the handling and processing costs of the airport’s treated sludge will provide a strong

economic case due to the cost savings.

e CTIA - in preparation for the legislation of the Western Cape Government of 50% food waste to landfill by 2025
and zero food waste to landfill by 2027.

The adoption of KSIA's anaerobic digestion plant should focus on upgrading technology and plant equipment of the
airport’s current South WWTP and include a capture for biogas production and transfer to the CHP plant onsite or if
another use 1s identified, this could be used in a smaller CHP plant.

The adoption of AD at CTIA will need an in-depth investigation into waste to energy plants planned or established
within a reasonable distance from the airport. The most reasonable economic decision must be made considering the cost
to process waste food onsite versus paying for another business to process waste food safely and legally. 1.e.. in accordance
with the Western Cape Government’s legislation. Based on the work done for CTIA’s and KSIA sAD plants, learnings can
be applied when approaching the furthering of the ADpre-feasibility study.

8. PROPOSED OPERATIONAL PHILOSOPHY

This section describes the proposed operational philosophy that should be considered for an airport environment covering
technical, business. operations, and maintenance activities. It would be advisable that the costs for each operational

philosophy be firmed up for the next revision of the airports’ pre-feasibility studies.
(a)Technical

The proposed technical operating philosophy i1s described in the context of the inflows and outputs as depicted in figure.
12. The influent is the wastewater at the airports. added to which is the food waste that will enrich the influent and help
with organic loading. The influent enters the anaerobic digester. The anaerobic digester set up is shown in figure. 13. Once
digested. there are three products as seen in figure. 12that need to be used. i.c. biogas, effluent and compost. The biogas is
a useful fuel that can be used as a supplement to the planned natural gas CHP cycle to support the airports’ base load
energy requirements. The proposed plan is to establish off-takers for the compost such as neighbouring farms. KSIA has
many prospective off-takers considering that the area has many sugar-cane farming establishments and other farming
activities within a 15km radius. For the other airports. the market for off-takers is yet to be established. The effluent 1s

proposed to be filtered and used for second class water purposes. especially flushing of toilets.

— / 1 oasi —
|| Influent m'“ Effluent o
\ Compost
Figure 12: The Anaerobic Influent and output Systems [27] Figure 13: Anaerobic Digester [28].
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The reuse of the treated effluent for flushing toilets. which is about the biggest single user of water at airports.

could be the game changer that saves costs on potable water and makes the investment feasible.
(b) Plant Operation for Business Continuity and Cost Effectiveness

Due to the international airports (ORTIA, CTIA and KSIA) being investigated for the use of natural gas in a combined heat
and power (CHP) cycle to satisfy baseload energy demands and at certain times even the fluctuating energy demand. it is
proposed that the biogas produced in the AD process be used as supplemental fuel to the natural gas fuelled CHP cycle. It
1s not advisable for biogas output to be used as a mainstream fuel or as a stand-alone fuel source for any energy demand. as
fluctuations in biogas output and biodigester failure may cost downtime that interrupts airport operations. It is proposed
that the treated effluent be used in a closed loop for the flushing of ablution facilities which will be the game changer that
makes the AD plants cost effective for the airports. Proper investigation into the risks of using treated effluent for flushing
of ablutions including risk mitigation and control measures to ensure that it is safe. must be undertaken. A separate second-
class water reticulation line should be established for the flushing of ablution facilities. Should there be an interruption in

service from the second-class water reticulation line, the potable water line could provide service.

Off-takers for compost should be established and secured via agreements to ensure that there is a proper income

as well as guaranteed removal of compost off-site.
(C) Operations and Maintenance Activities

Maintenance and operations will need to be contracted out as the specialized fields of AD together with associated process
controls are not found within ACSA’s expertise. unless ACSA secks to employ these skills in house. It is also critical that
the entire AD process is continuously monitored e¢lectronically. the process controlled electronically. and alarms be
recorded and transmitted for specific events occwring during operations of the plant. Preventative and condition-based

maintenance 1s proposed to be electronically triggered and monitored.

If the electronic control system is well designed and implemented. it is possible that 24/7 onsite presence may not
be needed — it could beremotely controlled and operated. and call-outs be made when special procedures or attention is

required.
CONCLUSIONS

Even though all three international airports’ economic models for the AD produce unfeasible results for the FEL2 stage. it

1s recommended that it betaken to the FEL3 stage for CTIA and KSIA based on the following reasons:

e  The impending Western Cape legislation for a 50% reduction in food waste to landfill by 2025 progressing to zero
food waste to landfill by 2027.

e The cost of operations of KSIA's North and South WWTPs are significant and the urgent need to reduce

operational cost due to the financial impact of COVID-19 on the airport business.

To prepare for the FEL3 stage. it is recommended that an investigation be under taken to ascertain the possibility

and feasibility of supplementing the South WWTP at KSIA to undertake anaerobic digestion on a full scale.

The FEL3 stage should include in its scope of work the mvestigation into the relationship between the temperature

in the biodigester. retention time of the feedstock and biogas production. as well as organic loading rates. The biogas
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production models must be programmed for specific conditions prevailing for the awrport waste streams. The quantification
of effluent and compost should also be included in the model. The investigation into the use of treated effluent for second
class water purposes such as flushing of toilets should be included in the study. The investigating of the market for

compost off-takers should be undertaken.

In terms of pilot implementation. it is recommended that KSIA be fitted and operated with a packaged biodigester
(on a small scale) to understand the challenges and process controls required for anaerobic digestion of the airport’s waste
streams (sewage and food waste). A small generator should be installed along with the packaged biodigester to produce
electricity from the biogas production to run the pumps at the waste-water treatment plant. and thermal harvesting be done

to satisfy the thermal energy requirement for AD.

As a result of this pilot implementation, the necessary operational and process flow regimes will be available for

further roll-out as needed across the group of airports.
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CHAPTER 15. ENERGY SECURITY: INVESTIGATING NATURAL GAS FOR
ENERGY GENERATION AT AIRPORTS IN SOUTH AFRICA - A
TECHNOECONOMIC ASSESSMENT

This chapter presents the investigation into natural gas as an energy source for the ACSA, providing

the technical and financial evaluation (or technoeconomic assessment) of its adoption at airports.
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INTRODUCTION

Natural gas is the cleanest of all fossil fuels and the main products of combustion of natural gas are carbon dioxide
and water vapour. The combustion of natural gas releases small amounts of nitrogen oxides (NOy). sulphur dioxide
(SO»). carbon dioxide (CO3). carbon monoxide (CO). other reactive hydrocarbons and virtually no particulate
matter [1]. For this reason. natural gas is a popular choice in replacing coal as a fuel source especially where space

and cost is a limitation when considering renewable energy and its energy storage requirements.

Some airports in South Africa face the challenge of high baseload energy demand with limited space for
renewable energy and the added cost of energy storage makes renewable energy unfeasible. Airports Company
South Africa (ACSA) is South Africa’s airport authority owning and operating nine airports in South Africa namely
OR Tambo International Airport (ORTIA) (in Kempton Park. Gauteng). Cape Town International Airport (CTIA)
(in the Western Cape). King Shaka International Airport (KSIA) (Durban. KwaZulu-Natal). Port Elizabeth
International Airport (PEIA) (in the Eastern Cape). East London Airport (EL) (in the Eastern Cape). Bram Fischer
International Airport (BFIA) (in Bloemfontein. Free State). George Airport (GG) (in the Eastern Cape). Upington
International Airport (UPIA) (in the Northern Cape) and Kimberley Airport (KIM) (in the Northern Cape).
Renewable energy can easily be incorporated into ACSA’s six regional airports as their operational hours and
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energy demands are low compared to its three busiest international airports. OR Tambo International Airport (ORTIA).
(CTIA) and (KSIA).

ACSA’s quest for reducing carbon emissions resulting from their electricity consumption has led to the
installation of solar photovoltaic (PV) plants at PEIA. BFIA. GG. UPIA and KIM with a sixth solar PV plant at installation
stage for EL. The same approach could not be adopted for ORTIA. CTIA and KSIA as the operating hours and extent of
operations result in high baseload energy demand coupled with the fact that most of the available land has been reserved
for commercial development and the addition of future capacity. Renewable energy also becomes unfeasible when
considered in larger scales. especially with the energy storage required to smooth out intermittencies. Renewable energy

technologies have low capacity factors.

The availability of natural gas close to ORTIA and KSIA as well as the establishment of virtual gas networks
covering their geographical areas. including CTIA, makes natural gas an attractive alternative in the quest for reduction in
carbon emissions resulting from the airports” grid electricity consumption. The Eskom load shedding and ageing power
generation fleet coupled with mereasing electricity tarifts make the search for alternative energy a business risk and an
economic push for ACSA’s international airports. Using natural gas to produce both electricity and recovery of heat for
heating demands and to provide air conditioning (trigeneration or combined heat and power) is beneficial and energy

efficient.

This study covers technology description. identification of technology type. typical components constituting the
technology. assessment of technology maturity. cost benefit analysis that looks at the investment required. energy derived.
feasibility indicators of the investment sensitivity analysis of using natural gas as an energy source for ORTIA. CTIA and
KSIA. The study also presents the technology risk assessment. airports integration strategy and the proposed operational
philosophy covering the technical aspects. plant operation for business continuity and for cost effectiveness as well as the

operations and maintenance philosophies.
The key parameters for the natural gas-to-power technology to work successfully for airports are:
e Availability of natural gas supply in the region
e  Effective integration of the technology into the airport environment
The key parameters for natural gas power plants to be adopted at airports owned and operated by ACSA are:
e It must prove to be economically feasible for the airports

e  The technical and business risks of plant operations and plant related activity must be acceptable. this includes

cost impact and implications

e The natural gas fuel supply must be guaranteed for the economic lifespan of the plant. and the supply capacity

must be security backed with the ability to be increased
Description of the Technology

Natural gas is formed in the earth’s crust as a result of transformation of organic matter due to heat and pressure of
overlying rock. The gas hydrocarbons can also be produced as a result of microbial decomposition of organic substances

and due to reduction of mineral salts. Some of these gases are released into the atmosphere or hydrosphere while the rest
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accumulates in the upper layers of the earth’s crust. The composition of natural gas varies depending on a number of
factors such as origin, location of deposit and geological structure. Natural gas mainly consists of saturated aliphatic
hydrocarbons like methane. Components such as carbon dioxide. hydrogen sulphide. nitrogen and helium constitute an

msignificant proportion of natural gas composition [1].

The natural gas extracted is available in different forms for commercial and industrial use. While liquefied natural
gas (LNG) and compressed natural gas (CNG) are similar, their delivery and storage methods are different. LNG is frozen
i order to turn it into liquid form. whereas CNG is pressurised to the point where it is very compact. LNG takes up less
storage space on a vehicle than CNG. and it also offers an energy density that can be compared to diesel fuel. This makes it
a common choice among many long-haul trucking companies. Using proper procedures, LNG can be converted to CNG.
On the other hand. CNG 1is easier to refuel than LNG. which requires special handling and equipment. CNG is also very
light. so if there is a leak, it will dissipate. It has an unlimited hold time, so even if it goes unused. there is no fuel loss. This

makes CNG a safer choice over LNG. CNG also has lower production costs than LNG [2].

“CNG can be transported through pipelines. Some components need to be removed from the natural gas before
CNG can be safely delivered. Also. while being processed. producers typically add an unpleasant smell (mostly
ethanethiol). thus making natural gas easily recognisable in case of leaking. Like CNG. liquefied natural gas also occupies
less space than it did in its gaseous state. Liquid gas can be 600 times denser than it was after extraction. Liquified natural
gas can be transported in barrels. The process of creating LNG is more expensive, so the price of LNG 1s higher than CNG.
but it is a great opportunity to transport natural gas over long distances effectively. Without pipelines, LNG is a great

alternative as a power source.” [3]

This technoeconomic assessment focuses on the use of natural gas for power generation and excludes its use for
energy storage (such as natural gas powering fuel cells. etc) and vehicle fleets (cars, light delivery vehicles. etc.. mmning
on natural gas). Power can be generated by natural gas through its combustion in gas turbines (GT) or internal combustion

engines (ICE) to produce electricity. and heat may also be recovered.

Natural gas turbines have various plant configurations as can be seen in Fig.l. A GT unit includes an air
compressor. a combustor. and an expansion turbine. A typical gas turbine can be seen in Fig. 2. Gaseous or liquid fuels (in
this case natural gas) are burned under pressure in the combustor. producing hot gases that pass through the expansion

turbine, driving the air compressor. Fig. 3 shows the schematic of a closed cycle gas turbine (CCGT) [4].

(Gas turbine Electnc generator Intake casing Combustion chambers Dutlet casing
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Figure 1: Classification of Gas Turbines. Figure 2: Typical Gas Turbine Construction [6]
based on Thermodynamic Cycles [5].
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Figure 3: Simple Schematic of a Figure 4: Gas Turbines Thermodynamic Brayton Cycle
Closed Cycle Gas Turbine (CCGT) [4] for Open Cycle Gas Turbine (OCGT) [7].

The shaft of the GT is coupled to an electric generator which 1is driven by the mechanical energy produced by the
GT. The hot exhaust gas exits the GT at temperatures of between 538 °C and 593 °C and passes through a heat recovery
steam generator (HRSG) where it exchanges heat with water producing steam at two or three pressures and may
mcorporate a reheat loop. The exhaust gas 1s cooled to between 80 °C and 135 °C before exiting through the HRSG stack.
Depending on the selected GT and its associated exhaust temperatures. the high-pressure steam conditions from the HRSG

range anywhere between 4.32 MPa(g) and 17.23 MPa(g) with temperatures of 482 °C to 565 °C [4].

The steam produced in the HRSG is used to drive a steam turbine generator. In larger plants, it is common to have
two or three GT/HRSG trains providing steam for a single large steam turbine. Usually about two-thirds of the total power
1s produced from the GTs and one-third from the steam turbine. The steam from the steam turbine is condensed using an
air-cooled condenser or a closed-loop cooling tower. and the condensate is returned to the HRSG by condensate pumps. [4]
The thermodynamic cycle in the gas turbine is the Brayton cycle (Fig. 4 shows the Brayton Cycle for an open cycle gas
turbine) and in the steam turbine is the Rankine cycle (Fig. 5). “An OCGT is one in which the working fluid remains
gaseous throughout the thermodynamic cycle. The main advantages of open cycle GTs include flexibility i siting. low
emission levels with natural gas fuel. low capital cost. and short construction time. These advantages make them attractive
for peaking duty applications. Peaking duty open cycle site arrangements can be designed to allow for later conversion to

combined cycle through staged development.” [4]
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Figure 5: Steam Turbines Thermodynamic. Figure 6: Development History of Mitsubishi Gas Engines [9]
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There are various types and categories of GTs available in the market today. These include the earlier designed E-
or lower-class turbine models. the state-of-the-art heavy-duty F-, G- and H-class turbine models. and the aeroderivative
GTs that are generally used in power. combined heat and power (CHP). and industrial applications. These GTs are
available in given sizes or ratings. Their efficiencies are strongly influenced by several factors such as inlet mass flow,
compression ratio, and expansion turbine mlet temperature. The earlier design of heavy-duty GTs had maximum turbine
mlet temperatures ranging anywhere between 815 °C and 1093 °C. More recent state-of-the-art heavy-duty GT designs
have turbine inlet temperatures that reach 1315 °C to 1371 “C. These turbines are designed with innovative hot gas path
materials and coatings. advanced secondary air cooling systems. and enhanced sealing techniques that enable higher
compression ratios and turbine inlet temperatures. The advancements made in the newer GTs by the manufacturers are
generally adopted into the earlier models for efficiency and power output improvements. Fig. 6 shows the development
history of Mitsubishi gas engines. Combined cycle plants can operate with both conventional and advanced GTs. With GTs
running at higher turbine inlet temperatures that result in higher exhaust temperatures, it 1s possible to include a reheat

stage in the steam turbine. This further increases the efficiency in the bottoming cycle [4].

Natural gas power plants can also produce electricity through an internal combustion engine (ICE) which is
popular with smaller power plants serving specific commercial businesses or small industrial sites. They are usually used
in a combined heat and power (CHP) plant that primarily produces electricity with the heat of the ICE being recovered to
be used either for plant heating or site heating processes. For commercial sites, natural gas trigeneration plants are popular
in that the natural gas powered ICE engine is adopted to produce electricity. the heat is recovered to produce hot water or
steam that powers an absorption chiller which provides space air conditioning (heating and cooling). and remaining heat 1s
used to satisfy water heating demands or used for process heating purposes. The Otto cycle is the thermodynamic cycle
that takes place in a four-stroke spark ignition internal combustion engine. Fig. 7 and Fig. 8 show the four stroke and Otto

cycles respectively.

Four-stroke cycle
intako vave 3Pk P
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Figure 7: Spark Ignition Internal Combustion Engine. Figure 8: P-V and T-S Diagram of the Otto Cycle [11]
(ICE) Working [10].

Internal combustion engines in large. stationary power generation applications are 4-stroke. spark-ignited (SI)
engines. Natural gas is supplied to the engine through a gas-regulating unit that filters the gas and regulates the pressure.
The maximum pressure needed by large engines is approximately 4.5 bar (absolute). Many gas supply networks have a
natural gas pressure sufficient to supply engine-generators without the need for natural gas compressors. The four strokes
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i a power cycle are intake. compression. expansion. and exhaust stroke. Small natural gas engines typically use natural
aspiration for their air-intake. Large natural gas engines have a turbocharger to boost air flow. The turbocharger utilises
exhaust gas energy in the expansion turbine to drive the air compressor. With more air flow comes more fuel, resulting in
higher output. Compression ratios in the large bore engine class are in the range of 11:1 to 12:1. The compression ratio 1s

limited since a higher compression ratio could lead to auto-ignition of the fuel which can damage the engine (knock) [4].

One of the key decisions that ACSA has to take is the technology choice for the adoption of natural gas power
generation at the amrports. Many factors must be considered that take mto account the costs (operational. capital
expenditure, maintenance. risks. insurance and the cost of doing business). and fuel availability and security for the
duration of the economic lifespan of the natural gas power plants. Table 1 provides the technical comparison of gas

turbines and nternal combustion engines.

Table 1: Technical Comparison of the Operation of Gas Turbines and Internal Combustion Engines [12]

Combustion engine power plants can start
. Combined cycle gas turbines can and reach full load in less than 10
i Siat-By take over 30 minutes to start. minutes. providing flexible. quick-start e
capability.
Modularity in architecture provides
limited operational modularity for Combustion engine power plants
5 Advantages gas turbines due to the size of units. | comprised of multiple generating units ICE
- of modularity | limited number of units, and complement renewable energy without
efficiency trade-offs for simple sacrificing efficiency.
cycle versus combined cycle.
Gas turbine manufacturers boast C01'nbu'_3u‘0u RS D ——
b have minimum load limitations and can
SEACiAelog G153 Vo o grenien, maintain high efficiency at partial load
full load, dropping to below 50 % : D
Part load ) due to modularity of design s load is
: between 55 % to 65 % of full load oo : s
3 efficiency : decreased. individual engines within the ICE
e and less than 30 % efficiency at half ;
and flexibility 3 ; generating set are shut down to reduce
load. Operation at partial load and = t Th o it ; i
turndown limitations can restrict the | OPUT 1h€ eng]f’lles B R
flexibility of CCGT plants can generate at 1l load.‘retammg high
) efficiency of the generating set.
Bokliogdd Combustion engine power plants offer
efficienc For short duration pulse load needed | significant advantages over gas turbines.
4 b ¥ to balance solar and wind output, with higher pulse load efficiency and the ICE
) i gas turbines are not profitable. capability to provide ultra-flexible and
profitability .
cost-efficient output.
Derating due | Gas turbines in particular can Combustion engines are less sensitive to
5 to ambient experience significant performance | temperature and humidity, outperforming ICE
temperature derating in hot. humid conditions. gas turbines in hot conditions.
Ramp rates of most industrial frame | Combustion engines can ramp at over 250
gas turbine models are advertised as | MW/minute, much faster than gas
6 Ramp rate 10 MW/min up to 100 MW/min, turbines. providing ultra-responsive ICE
with an average of about 25 power that is needed to integrate
MW/min. renewable energy.
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While gas turbines are often
advertised as having fuel flexibility.
about 90 % of gas turbines

Fuel \yorldwide operate on natural gas or
7 liquefied natural gas (LNG) because

Combustion engine maintenance 1s not
affected by fuel type as the engines are
not sensitive to metals or salts in fuel oils.

They are able to switch from natural gas ICE

flexibility of its puritv and ease of combustion to fuel oil instantaneously. They are also
Gas tlll.}rbhin}es require about 10 " | able to operate in fuel sharing mode
minutes to switchover from Eansing veryin g pescentages:of gascous
baseload gas to fuel ol and liquid fuels simultaneously.
A combined eycle gas trbine Combustion engine power plant operating
Witis power plant (CC G‘I‘} with 2 i simple cycle on 1}anu‘al 2as wilil .
8 . . : . consume a mere 3 litres/MWh. This is ICE
consumption | recirculating system will consume : 2 5 y
approtimat; Iy 780 litres/MWh due to the high efficiency and low cooling
) ) needs.

The technology to be adopted will be decided upon in the next stage of the project cycle. i.e.. the feasibility and

front-end engineering design (FEED) study (FEL 3). considering the technical dimension given in Table 1.
Assessment of Technology Maturity

“John Barber was granted the world's first gas twrbine patent. in 1791 in England. for his design that used the
thermodynamic cycle of the modern gas turbine but obviously not the similar components. In 1903, Norwegian engineer
Aegidius Elling successfully designed and built the first simple cycle gas turbine with a net power output of 8.1 kW and
turbine inlet temperature of 400 “C. During the same time when Elling’s work was in progress. Franz Stolze. a German
engineer who got patent m 1899 for his gas turbine that was designed in 1873, was installing world’s first complete axial
design GT at Berlin-Weissensee Power Station in Germany and tested it in 1905. Another gas turbine of historical
mmportance. developed by Charles Lamale and Rene Armengaud and designed by French engineer August Rateau in 1905-
1906. In 1920s and 1930s considerable amount of efforts were made at BBC (later ABB and now Alstom Power) in
developing efficient axial compressors. The world’s first successful electric power generating gas turbine consisting of a
single shaft design with a 23 stage axial compressor. one single can combustor and a seven stage axial turbine. developed

by BBC went into commercial operation in Neuchatel. Switzerland in 1939.7 [13]

The use of natural gas for electricity generation is not a new concept. but a tried and tested. mature technology in
use around the world. There are more than 130 major natural gas to power plants installed in the world ranging from 55

MW in Australia (Barcaldine Power Station) to 5.6 GW in Russia (Surgat-2 Power Station) [14].

Natural gas has gained popularity over the last two and a half decades as a choice for electricity production with
oil and coal sources being somewhat at a lower growth rate in terms of use for electricity. This could be owing to price
fluctuations of o1l and the carbon footprint associated with coal. In the light of climate change natural gas is the preferred
fuel for efficiency and reduction in carbon dioxide emissions associated with electricity generation (figure 9). South Africa
has been growing their uptake of natural gas over the last decade and a half (figure 10). The gas turbine market is
dominated by North America and the Asia Pacific (figure 11).
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Figure 9: Growing Trend of use of Natural Gas. Figure 10: South Africa Appearing on the Trend of
to Produce Electricity [15] Natural Gas Consumption [16].
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Figure 11: Gas Turbine Market Share [17]. Figure 12: Sasol Natural Gas Power Plant [19].

Reciprocating internal combustion engines are a well-established and widely used technology. Worldwide
production for reciprocating internal combustion engines is over 200 million units per vear. Reciprocating engines include
both diesel and spark-ignition configurations. The long history of technical development and high production levels have
contributed to making reciprocating engines a rugged. reliable, and economic choice as a prime mover for CHP
applications. Reciprocating engine technology has improved dramatically over the past three decades. driven by economic
and environmental pressures for power density improvements (more output per unit of engine displacement), increased fuel
efficiency. and reduced emissions. There are over 2 000 active reciprocating engine combined heat and power (CHP)
mstallations in the U.S. providing nearly 2.3 GW of power capacity. These systems are predominantly spark ignition
engines fuelled by natural gas and other gaseous fuels (biogas. landfill gas). Natural gas i1s lower in cost than petroleum
based fuels and emissions control is generally more effective using gaseous fuels. Reciprocating engine CHP systems are
common in universities, hospitals. water treatment facilities. industrial facilities, and commercial and residential buildings.
Facility capacities range from 30 kW to 30 MW, with many larger facilities comprised of multiple units. Spark i1gnited

engines fuelled by natural gas or other gaseous fuels represent 84 % of the installed reciprocating engine CHP capacity.

Impact Factor (JCC): 9.6246 NAAS Rating: 3.11

329



Energy Security: Investigating Natural Gas for Energy Generation 201
at Airports in South Africa — 4 Technoeconomic Assessment

Current natural gas engines for power generation offer low first cost. fast start-up. proven reliability when properly
maintained. excellent load-following characteristics. and significant heat recovery potential. Natural gas is the predominant
spark ignition engine fuel used in electric generation and CHP applications. Dual fuel engines are predominantly fuelled by
natural gas with a small percentage of diesel oil added. There are two main configurations for introducing the gaseous fuel
in a dual fuel engine. These engines can be purpose built or conversions of diesel engines. Such engines can be switched to
100 % diesel operation. Dual fuel engines provide a multi-use functionality. Operation on predominantly cheaper and
cleaner burning natural gas allows the engine to be used in CHP and peak shaving applications. while operation on 100 %
diesel allows the engine to also meet the onsite fuel requirements of emergency generators. The dual function adds benefit

in applications that have specific emergency generator requirements such as in hospitals or in public buildings [18].

In South Afiica. the largest natural gas powerplant is owned by Sasol. The 140 MW plant is located at Sasolburg.
South Africa. It was commissioned in December 2012 and has been fully operational from July 2013. [19] Newcastle
Energy own an existing 18.5 MW capacity gas fired co-generation plant within the Karbochem Industrial Complex in
Newcastle. KwaZulu-Natal. Through the Newcastle Gas Engine Power Plant (NGEPP) Independent Power Producer (IPP)
project. Newcastle Energy proposes to increase its electricity generation capacity. within the same site. to approximately
100 MW [20].

Avon Peaking Power (Avon) is an energy generating facility that is located in Shakaskraal. in the province of
KwaZulu-Natal. owned by Avon Peaking Power (RF) Pty Ltd. Avon is a 670 MW greenfield OCGT facility that is
privately owned. It was built and funded by the owner. and then endorsed by the Department of Energy (DoE). It solely
supplies power to Eskom under a 15 year power purchase agreement (PPA). The facility supplies electricity to the national
grid during peak demand hours as well as during emergency situations. In addition to its generating capabilities the facility
can also be used to regulate network voltage fluctuations. that is, to stabilise the grid. Avon is located adjacent to an
existing high-voltage Eskom substation with the electricity being fed into the transmission system at 275 kV. [21] There

are other power plants in South Africa using gas turbine generators, fuelled by diesel o1l and other fuels.

Dedisa Peaking Power (Dedisa) plant is a facility owned by Dedisa Peaking Power (RF) Pty Ltd. It performs the
same function as the Avon peaking plant but is 335 MW. located in the Coega Industrial Development Zone (IDZ) in Port
Elizabeth [22]. East London in South Africa is home to Eskom’s Port Rex Power Station, a 171 MW power plant
consisting of three 57 MW gas turbine generators. which is critical for system voltage stability in the Eastern Cape. The
station can be operated by remote control from Eskom’s National Control Centre at Simmerpan to provide back-up and

black-start. [23]

The Western Cape in South Africa has three power stations running with gas turbine generators. Acacia Power
Station consists of three 57 MW gas turbine engines at an installed capacity of 171 MW and provides back-up electrical
supply to Koeberg Nuclear Power Station as per National Nuclear Regulator licensing requirement [24]. Ankerlig Power
Station is a 1 327 MW gas turbine plant consisting of nine OCGT generating units running on fuel oil (diesel) [25]. the

Gourikwa Power Station 1s 740 MW and consists of five units [26].

There is a 2 MW natural gas trigeneration plant operating in Fairland. Gauteng owned by mobile
telecommunications operator MTN which powers a building housing a data centre and a test switch centre at its head office
campus. The trigeneration plant is powered by methane gas. which is piped over 800 km from Sasol's Mozambique gas

fields to Egoli Gas in Johannesburg. and then to the company's office, MTN South Africa. The 400 °C exhaust gas is sent
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through lithinm bromide absorption chillers to cool water, which MTN uses for the cooling needs in the building. The plant

consisted of two 1 MW General Electric Jenbacher gas engines. and the absorption chillers were supplied by Carrier [27].

The MTN trigeneration plant was visited by the ACSA technical team in an effort to understand how the plant
operates and serves the energy needs of the buildings at the MTN head office in Fairways. This plant setup, fuel supply and
energy distribution (electricity. chilled water and heat) 1s what ACSA is considering in the investigation of the adoption of

natural gas as a fuel supply for the three airports, ORTIA, CTIA and KSIA.
Cost Benefit Analvsis

Due to this technoeconomic assessment being a desktop exercise meant to provide an indication of the economics of the
adoption of natural gas fuel trigeneration plants for airports at pre-feasibility (FEL 2 or Front-End Loading Stage 2).
factors such as the cost of fuel gas supply logistics. the savings and benefits of using air conditioning and heat are

excluded. The capital cost of the plant was based on the MTN trigeneration plant cost.
(a) Rationale for the Scale of Natural Gas to Power

The rationale for the selection of the size of electrical generators using natural gas power lies in the conceptualisation of
the energy mix for the airports towards zero carbon emissions. Figures 17, 18 and 19 show the electrical demand
approximated for ORTIA, CTIA and KSIA respectively in 2018. The total electrical demand for ORTIA is 16 MVA. for
CTIA is 10.5 MVA and for KSIA is 5.7 MVA. Conceptualising the energy mix for the airports, shows that the plan is that
when full electrical demand occurs (16 MVA for ORTIA. 10.5 MVA for CTIA and 5.7 MVA for KSIA). the critical load
will be supplied by the national electricity grid. For ORTIA and CTIA. this critical load forms about 50 % of the baseload
which is about 25 % of the total electrical demand. KSIA's baseload is about 45 % of the total energy demand, with the

critical load being 20 %.

The remainder of the baseload at the airports were considered to be supplied from a lower carbon energy source
other than the national electricity grid (alternative energy source). HVAC chiller loads forming part of the fluctuating load
currently consuming electricity were considered to be changed to heat demand (renewable or waste heat) through the use
of absorption chillers. The remainder of the fluctuating electrical load was considered to be supplied by renewable energy

such as solar energy and wind energy.

ORTIA Maximum Electricity Demand Constitution
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Figure 13: ORTIA Maximum Electrical Demand and Concept Plan for Energy Security.
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CTIA Maximum Electricity Demand Constitution
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Figure 14: CTIA Maximumn Electrical Demand and Concept Plan for Energy Security.

KSIA Maximum Electricity Demand Constitution
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Figure 15: KSIA Maximum Electrical Demand and Concept Plan for Energy Security.

The focus in this paper is using natural gas as an alternative energy source to power the airports” baseload energy
supply. For the fluctuating load. the renewable energy considered for the airports were solar photovoltaic (PV) plants.
Solar PV was considered for investigation as the renewable energy option due to its ease of incorporation. familiarity to
ACSA airports’ operating environment and the availability of sufficient solar irradiation at all three locations. Natural gas

was selected due to its availability in the three geographical regions, its maturity in the market and its high capacity factor.

Following the conceptual energy mix summarised in Fig. 13. 14 and 15, a FEL 2 (prefeasibility study) was
performed on the energy sources proposed. Space availability for the solar PV plants was taken into consideration due to
the land limitations that ORTIA, CTIA and KSIA face as growing airports where land is reserved for commercial and
operational development. The capacity of solar PV plants needed to satisfy the fluctuating load was quite demanding in
terms of spatial constraints. When compared to the option of increasing the capacity of the natural gas generator to rather
serve the fluctuating load. such an mvestment seems like a better option. Refer to Tables 2. 3 and 4 for ORTIA. CTIA and

KSIA respectively.
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Table 2: Rationale for ORTIA’s Gas-to-Power Plant Sizing

Energy Fluctuating load: Fluctuating load: Baseload and fluctuating
generating plant | Solar PV 4 MW nominal Solar PV 750 kW nominal load:
sizes and power output which is 21 power output which is 4 MW | Natural gas generator 8
Capital MW installed capacity at 19 installed capacity at 19 % CF | MW nominal power output
Expenditure % CF o At ZAR 21k /kW | whichis 10.5 MW installed
(2018 basis) e At ZAR 21k kW (2015 end of job cost | capacity at 76 % CF
(2015 end of job cost of the George Airport e At ZAR 18k /kW
of the George Airport solar PV plant). project (2015 end of job
solar PV plant). the capital = ZAR 97m cost of the MTN
project capital = ZAR (2018 basis) 525 MW natural
510m (2018 basis) Baseload gas trigeneration
Baseload: Gas-to-power 7.25 MW plant). project
Gas-to-power 4 MW nominal | nominal power output which capital = ZAR 230m
power output which is 5.25 is 10.5 MW installed capacity (2018 basis)
MW installed capacity at 76 at 69 % CF
% CF e At ZAR 18k /kW
e At ZAR 18k /KW (2015 end of job cost
(2015 end of job cost of the MTN 5.25 MW
of the MTN 5.25 MW natural gas
natural gas trigeneration  plant).
frigeneration  plant). project capital = ZAR
project capital = ZAR 230m (2018 basis)
115m (2018 basis)
Operational Solar PV: Fixed operations and maintenance cost — ZAR 331 /kW-year:
expenditure G2P: Fixed operations and maintenance cost — ZAR 175 /kW-year: Variable operations
parameters used and maintenance cost — ZAR 23.2 /MWh: Fuel - ZAR 135 /GJ (based on Sasol rates)
(2018 basis)
Macro- e Discount rate: 11.5 %, Corporate tax rate: 28 %, Economic life: 20 years
economic
parameters used
(2018 basis)

Energy
generating
plant sizes
and capital
expenditure
(2018 basis)

Table 3: Rationale for CTIA’s Gas-to-Power Plant Sizing

Baseload

and

Fluctuating load:
Solar PV 2.63 MW nominal
power output which is 13.8
MW installed capacity at 19
% CF
e At ZAR 21k /KW
(2015 end of job cost
of the George Airport
solar PV plant),
project capital = ZAR
335m (2018 basis)
Baseload:
Gas-to-power  2.63 MW
nominal power output which
is 3.5 MW installed capacity
at 75 % CF
e At ZAR 18k /KW
(2015 end of job cost

Fluctuating load:
Solar PV 1.9 MW nominal
power output which is 10 MW
installed capacity at 19 % CF
e At ZAR 21k /KW
(2015 end of job cost
of the George Airport
solar PV plant). project
capital = ZAR 243m
(2018 basis)
Baseload
Gas-to-power 3.36 MW
nominal power output which
is 5.25 MW installed capacity
at 64 % CF
e At ZAR 18k /KW
(2015 end of job cost
of the MTN 5.25 MW

fluctuating

load:

Natural gas generator 5.26

MW nominal power output

which is 7 MW installed

capacity at 75 % CF

e At ZAR 18k /KW

(2015 end of job cost
of the MTN 5.25 MW
natural gas
trigeneration  plant).
project capital = ZAR
153m (2018 basis)
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of the MTN 5.25 MW natural gas

natural gas trigeneration  plant).

trigeneration  plant). project capital = ZAR

project capital = ZAR 115m (2018 basis)

77m (2018 basis)
Operational e  Solar PV: Fixed operations and maintenance cost — ZAR 331 /kW-year;
expenditure e  G2P: Fixed operations and maintenance cost — ZAR 175 /kW-year: Variable operations and
parameters maintenance cost — ZAR 23.2 /MWh: Fuel — ZAR 135 /GJ (based on Sasol rates)
used (2018
basis)
Macro- e Discount rate: 11.5 %. Corporate tax rate: 28 %, Economic life: 20 years
economic
parameters
used (2018
basis)

Table 4: Rationale for KSIA's Gas-to-Power Plant Sizing

Fluctuating load: Fluchusting Teads
Solar PV 1.43 MW nominal Solar PVgl 9 \.fIW —
power output which is 7.25 . ‘ h I s 10 MW
MW installed capacity at 19 | POWer output which s =
% CF installed capacity at 19 % CF
e At ZAR 21k /KW e At ZAR 21k /KW | Baseload and fluctuating
(2015 ead ‘of job. cost (2015 end of job cost | load:
f the G J Nk of the George Airport | Natural gas generator 3.71
golar i’V ;?:ﬁ:) prlgj}:; solar PV plant). project | MW nominal power output
Energy casiiil s ZAR 182m capital = ZAR 243m | which is 5.25 MW installed
generating plant {"813 bsis) = (2018 basis) capacity at 71 % CF
sizes and Basel d'h Baseload: e At ZAR 18k /KW
Capital_ G:s: oro : Power 228 MW Gas to Power 1.81 MW (2015 end of job
Expendltufe nominal power output which ?ominal power output w]u’df cost of the MTN
(2018 basis) is 3.5 MW installed capacity at | ° 3.5 MW installed capacity 5.25 MW natural gas
g pacltyat | at52% cF trigeneration plant).
= e At ZAR 18k /kW e At ZAR 18k /W project capital =
015 eudl of jolr cont (2015 end of job cost ZAR 115m (2018
. XS of the MTN 5.25 MW basis)
natural gas nf}tu.ral : i
svareoion plant), trigeneration plant).
pr;)ject capital = ZAR pEoject. cap 1tal_= ZAE
77m (2018 basis) 77m (2018 basis)
g‘pe; ?:;i(::::‘: Solar PV: Fixed operations and maintenance cost — ZAR 331 /kW-year:
pafameters i G2P: Fixed operations and maintenance cost — ZAR 175 /kW-year: Variable operations
(2018 basis) and maintenance cost — ZAR 23.2 /MWh: Fuel — ZAR 135 /GJ (based on Sasol rates)
Macro-
;:;:?:;25 _ e Discount rate: 11.5 %, Corporate tax rate: 28 %, Economic life: 20 years
(2018 basis)

The nominal capacities of the natural gas-to-power technologies thus take on the fluctuating demand at smaller

engine sizes for each of the international airports. The resulting installation capacity for each installation investigated for

feasibility is 10.5 MW, 7 MW and 5.25 MW for ORIA. CTIA and KSIA respectively. Full details are provided below.
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(b) Feasibility Study Results

Airports Company South Africa has an economic modelling department that creates economic models in excel
spreadsheets. The economic model yields the net present value (NPV). internal rate of return (IRR). the nominal payback
period and the profitability index. The IRR is compared to ACSA’s 11.5% weighted average cost of capital (WACC) rate
(2018) to determine economic feasibility. When the NPV is zero or positive it is an investment that pays itself off during its
economic lifespan. The net present value (NPV) equation used in the economic model is given below, Equation (1), where
the internal rate of return (IRR) is the return (7 in below equation) when the NPV is zero. When the IRR is greater than the
discount rate (or the WACC rate), then the investment is feasible for the business. The payback period is the amount of’
time required for cash inflows generated by a project to offset its initial cash outflow. The payback should be reasonably
within the economic lifespan of the mnvestment. The profitability index (PI) provided in Equation (2) shows the financial
attractiveness of the proposed project and is the ratio of the sum of the present value of the future expected cash flows to
the initial investment amount. A PI greater than 1.0 is deemed to be a good investment, with higher values corresponding

to more attractive projects.

5T _R :
NPV = E‘=°(1+i)f Equation (1)

Where: R, = net cash inflows — outflows during a single period
e = discount rate or return that could be earned
e r=number of time periods

v h flow
Pl = PV of futurecash flows Equation @)

Initial Investment

Tables 5. 6 and 7 show the economic model inputs and outputs. In summary:

e OR Tambo International Airport — For a 10.5 MW natural gas-powered plant. the NPV is ZAR 347.75m (positive)
and IRR of 22.8 % (exceeding the ACSA WACC rate of 11.5 %) which shows that the installation is feasible.

e Cape Town International Airport — For a 7 MW natural gas-powered plant, the NPV is ZAR 226m (positive) and
IRR of 22.6 % (exceeding the ACSA WACC rate of 11.5 %) which shows that the installation is feasible.

¢ King Shaka International Airport — For a 5.25 MW natural gas-powered plant, the NPV)is ZAR 87.29m (positive)
and IRR of 17.7 % (exceeding the ACSA WACC rate of 11.5 %) which shows that the installation is feasible.

Table 5: O R Tambo International Airport Economic Inputs and Outputs

MW natural gas powerplant : ZAR
rated capacity 10.5 End of job cost 230m

. ; ZAR

2
Capital cost (2018 basis) ZAR 230m Net present value 347 75m
Electricity saving at Internal rate of o
beneficial operation TR N KN return e
Electricity cost (2018) ZAR 1.47 kWh 1:;?:;"‘1 PAYOACE | e oears
Beneficial operation 2020 Pmﬁ‘ablhw 2.6
index
Construction period 2 years
Impact Factor (JCC): 9.6246 NAAS Rating: 3.11

335



Energy Security: Investigating Natural Gas for Energy Generation
at Airports in South Africa — A Technoeconomic Assessment

207

Corporate tax

28 %

Economic lifespan

20 years

cost
(2018 terms)

Operational and maintenance

Fixed: ZAR 175 /kW-year: Variable: ZAR 23.2
/MWh: Fuel: ZAR 135 /GJ

Eskom tarift escalation

5.1 % per annum

CAPEX escalation factor

1.05

Table 6: Cape Town International Airport Economic Inputs and Outputs

MW natural gas _ ; End of job ZAR 153m
powerplant rated capacity cost
Capital cost @ 2018 ZAR 153m geitulzresent ZAR 226m
Eiectrlt{lty saving at 46 077 600 k'Wh/annum Internal rate 22.6 %
beneficial operation of return
Nominal
Electricity cost (2018) ZAR 1.47 kWh payback 6 years
period
Beneficial operation 2020 Pmﬁtabﬂ"y 2.56
index
Construction period 2 years
Corporate tax 28 %
Economic lifespan 20 years
gﬂﬁ;ﬁﬁ:?& ; Fixed: ZAR 175 /kW-year: Variable: ZAR 23.2
/MWh: Fuel: ZAR 135 /GJ
(2018 terms)
Eskom tariff escalation i
£ 5.1 % per annum
actor
CAPEX escalation factor 1.05

Table 7: King Shaka International Airport Economic Inputs and Outputs

MW natural gas

powerplant rated 5.25 End of job ZAR 115m
; cost
capacity
: Net present ZAR
) P

Capital cost @ 2018 | ZAR 115m ilite 37 20m

Elecl:rlc_ﬂy saving at 32 499 600 kKWh/annum IInternal rate of 17.79%

beneficial operation refurn

n Nominal

Flectrioifycout ZAR 1.29 kWh payback 8 years

(2018) i
period

Beneficial operation | 2020 .Proﬁtahlhty 1.81
index

Construction period | 2 years

Corporate tax 28 %

Economic lifespan 20 years

gﬁzi?gf:ﬁeaz‘; . | Fixed: ZAR 175 /KW-year: Variable: ZAR 23.2 /MWh:

(2018 terms) Fuel: ZAR 135/GJ

Eskom tariff

, 5.1 % per

escalation factor s

CAPEX escalation 1.05

factor
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This prefeasibility study (FEL 2) conducted for the three selected airports show that all three natural gas
trigeneration plant installations are feasible, i.e., ORTIA, CTIA and KSIA. To determine the factors that the prefeasibility

would be most susceptible to, a sensitivity analysis was done.
(c) Sensitivity Analysis
For the sensitivity analysis, the four factors that play a role in the determination of the profitability of the investment were

varied equally to see the significance of the impact that each parameter had on the profitability relative to each other. The

base cases used are described in table 5. Table 6 and table 7 for ORTIA. CTIA and KSIA respectively.

The profitability of the investment relies on the capital cost of the installation, the cost of electricity from Eskom,
the operations and maintenance cost, and the fuel (feedstock) cost of the natural gas trigeneration plants. The effect that

these four factors have on the NPV of the installations can be seen in Fig. 16, figure 17 and figure 18.

A 10 % increase or a 10 % decrease in the capital expenditure, electricity tariff, feedstock and operations and
maintenance (O&M) cost shows that the electricity tariff is the most significant factor and the O&M cost the least
significant factor in the feasibility of the natural gas trigeneration plant installation investments for ORTIA, CTIA and
KSIA. A 10 % increase in the electricity tariff results in an increase in the NPV of ZAR 115.4m for ORTIA: ZAR 75.9m
for CTIA and ZAR 47m for KSIA, however a 10% decrease in the electricity cost shows a decrease in NPV of ZAR
115.4m for ORTIA: ZAR 75.9m for CTIA and ZAR 47m for KSIA. A 10 % change in the feedstock cost has just over 50
% of the effect that the electricity tariff has the NPV. These results tell us that we should monitor the electricity tariffs of

the airports closely as a change will affect the feasibility of the investment.

ORTIA Natural gas trigeneration plant installation change
in NPV of ZAR 347.75m

w1154 !l!“”"” THTIT fosiean e i S B
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S -1.9 —O&M 4 1.9
-10,8 CAP fip ™™™ 193
-150.0 -100.0 -50.0 0.0 50.0 100.0 150.0

Change in NPV (ZAR million)
® decrease in variable by 10% Bincrease in variable by 10%

Figure 16: Sensitivity Analysis of the ORTIA Natural Gas Trigeneration Plant Installation.
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CTIA Natural gas trigeneration plant installation
change in NPV of ZAR 226m
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Figure 17: Sensitivity Analysis of the CTIA Natural Gas Trigeneration Plant Installation.
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Figure 18: Sensitivity Analysis of the KSIA Natural Gas Trigeneration Plant Installation.

The results also show that the feasibility is sound in that even a 10 % change in the electricity. capital expenditure

required, or operational expenditure required will not make the investment into natural gas trigeneration powerplants for

ORTIA. CTIA and KSIA unfeasible.

Technology Risk Assessment

The natural gas powerplant technology being used as a baseload SOURCE of energy for ORTIA, CTIA and KSIA must be
always available. The fluctuating load portion that the natural gas powerplant is meant to serve requires that the plant be
able to respond to the varying energy demands efficiently and effectively. Table 8§ performs a technology risk assessment

and provides the possible mitigations.
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Table 8: Technology Risk Assessment for the Natural Gas Power Plant for ORTIA, CTIA, KSIA

Batomat gas supp]y - pr{marll_y thun e Alternative suppliers of natural gas should be
Sasol. Should their contract with : ;

Feedstock . . RN identified.

supply Mizzanbique be Termicated in 2028, e Adopt combustion engines that can use more than one
alternative suppliers of natural gas P =
will need to be acquired. type of feedstock.

This 1s failure at a single point * Modularity must be introduced such that should a
; which. without. the entire plant will failure occur in one engine. the rest of the engines will

Single . s )

point of not generate glecmclt) or heat for be able to supply the energy demand. .

failure air conditioning or hot water. Th_e e  Control systems must be emploved to ensure that this
failure of the natural gas engine is transition is smooth and there is no impact on airport
the single point of failure. operations.

* Adopt natural gas engines that have a high ramp rate
This is the ability of the plant’s and are able to respond to varying energy demand
operational output to respond to effectively.

Agility varying demand timeously without e Ensure that controls are tested during commissioning to
causing operational impacts or guarantee the system’s ability to respond to varying
damage to infrastructure. demand without causing damage to infrastructure or

negatively impacting airport operations.
e Understand the demand profile of the airport’s
This is the ability of the plant design electricity. air conditioning and water heating

Turn- capacity to be increased and requirements and apply the appropriate scale for the

d decreased to suit operational airport based on plant utilisation of the electricity and

own i . ;

i demand and w 0_1I\ effectively for the hot \\‘ater generatefi .
purposes of maintenance towards e Consider economies of scale for total plant design
cost effectiveness. capacity and modular operations for the various

demand requirements at every hour in the 24-hour day

5. Airports Integration Strategy

The natural gas power plant primarily produces electricity that will be used to satisfy the airports” electricity need. The

natural gas powerplant generates a significant amount of heat which can then be harvested and used to satisfy air

conditioning demand through the adoption of hot water driven absorption chillers and water heating demands (Fig. 19).

Table 9 shows the airport integration strategies for ORTIA. CTIA and KSIA.

Natural Gas
Fuel

—r (= busti Electrical
E::I'n:“ on |== Generator

Waste Heat
Recovered

bsorption
Chillars

Alr-conditioning

Water Heating

Bathrooms/
Ablutions

Electricity to
—— = airport grid

Possibiliry of this being a
Trigeneration Plant

Impact Factor (JCC): 9.6246

Figure 19: Natural Gas Power Plant Configuration with the

Possibility of Waste Heat Recovery for Trigeneration.

NAAS Rating: 3.11
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Table 9: Suggested Integration Strategy of Natural gas Trigeneration for ORTIA, CTIA, KSIA

Provide electricity to the airport’s electrical reticulation Investigate electricity consumption
system as a primary supply with Eskom supply as back up | profile of the airport at various times
Slectrilic for the rest of the airport’s electrical requirement. A smart | of the day and during various
3 erid to be emploved to coordinate power supply such that seasons to secure new notified
the airport receives smooth output of electricity while maximum demand (NMD) from
maximising the cost. Eskom.
Absorption chillers to be employed that utilise waste heat
from the natural gas engines to produced chilled water for
distribution to the air handling units. Prior to distribution of
chilled water to air handling units, there should be a buffer | Investigate air conditioning demand
chilled water storage tank. Chilled water should be utilised | and how much of this can be
Air from the absorption chillers primarily. The chillers in the satisfied through the absorption
conditioning original HVAC plantrooms should be used and cycled as chillers: investigate and ascertain
per their cost effectiveness to produce chilled water to piping and instrumentation required
make up for any shortfall in production of chilled water. In | for chiller integration.
terms of heating, this should be provided by the absorption
chillers primarily. Heaters in air handling units at ORTIA
should be disconnected.
Hot water to be stored in a hot water tank/s and distributed | Investigate the hot water
to the various areas for rest room showers and basins. requirements of the airport and that
Hot Water Should pipe runs result in significant heat loss. this heat which can be satisfied from the
loss should be “made up™ as per the design with reheat plant: investigate and ascertain
(using. for example. spot heaters for basins and geysers for | piping and instrumentation required
showers). for hot water integration.

Proposed Operational Philosophy
(a) Technical

When the natural gas power plant is running and providing electricity to the airport, the production of chilled water and hot
water will be possible. Electricity will be provided as per demand of the airport and running of the generators will be such
that it is at optimum capacity for the production of electricity. chilled water and hot water requirements with make-up of
electricity requirements being provided by Eskom. with existing chillers and hot water making up shortfalls for air

conditioning and water heating requirements.
(b) Plant Operation for Business Continuity and Cost Effectiveness

Plant operation should be designed to run in modular fashion considering the maintenance downtime required. In case of
total plant failure either due to technical issues or lack of fuel supply. this should be addressed by business continuity plans
that must be put into place before beneficial operation of the plant. This will include memoranda of understanding with
various suppliers for alternative fuel supply and capacity required from Eskom in the event of total failure. Guarantees
from the plant operators and insurance should also be in place to protect the cost effectiveness of providing electricity to

the airport via the natural gas power plants.
(c) Operations and Maintenance

It is proposed that the plant be constructed by ACSA. however. the operations and maintenance should be contracted out as
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this 1s not ACSA’s core function nor does the company have the internal skills to operate and maintain this type of plant.

With time, the operations and maintenance skills should be transferred to the inhouse team.
CONCLUSIONS

Using natural gas powerplants to serve the baseload and fluctuating energy demands of ORTIA. CTIA and KSIA are
feasible. The waste heat harvested from the natural gas engines can be used to serve the airport’s space conditioning needs
as well as provide for their water heating needs. Natural gas engine technology is a mature technology world-wide.
however, not as common in South Africa. Natural gas as a source of fuel has about 50 % of the carbon footprint of the
traditional coal-fired power stations. The natural gas power plants will be instrumental in transitioning the three
international airports toward a lower carbon footprint, enabling strides toward the airports’ agenda of its green star rating
through the Green Building Council South Africa (GBCSA) and the Airports Council International (ACI) carbon
accreditation. The impact that the natural gas power plants potentially have on the reduction of the carbon footprint of the
airports are around 30 % for the ACSA airports. Individually. ORTIA s carbon footprint in electricity consumption will be
reduced by about 30 %. CTIA by about 34 % and KSIA by about 48 % by implementing and using natural gas
powerplants. To adopt these natural gas powerplants. a final feasibility study (FEL 3) drawn from individual preliminary
designs (Front End Engineering Designs or FEED studies) for the amports, together with a detailed risk analysis and
legislative requirements including the cost of all requirements must be evaluated against the benefits. so that a financial

investment decision can be made.
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CHAPTER 16. ENERGY SECURITY: INVESTIGATING GEOTHERMAL HEAT
SINKS FOR AIR CONDITIONING SYSTEMS AT AIRPORTS IN SOUTH AFRICA —
A TECHNOECONOMIC ASSESSMENT

This chapter presents an investigation into the adoption of geothermal heat sinks to serve as a
replacements of cooling towers in an airport environment in South Africa, providing a technical and
economic assessment (technoeconomic assessment) based on the geothermal heat sink installation at

Hotel Verde in the Western Cape of South Africa.

The article was published in the International Journal of Mechanical and Production Engineering

Research and Development (IJMPERD).
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1. INTRODUCTION

Reducing the need for large amounts of electricity to meet the requirements of air conditioning and saving on
potable water by the adoption of geothermal heat sinks is a major operational cost saving and carbon footprint
offset. Using geothermal energy to serve as a heat sink saves on the cost of maintenance and reduces the carbon

footprint of a site.

In geothermal heat sink systems, electricity is required to run circulation pumps, but this is minimal due to
the hydraulic design of the system. Water is used in a closed loop system so water consumption is negligible. With

a lifespan of about 50 years. such a system is an ideal investment due to its low cost of maintenance. The use of

geothermal heat sinks is favourable with a ground temperature of 20 Cata depth below the seasonal layer of the
ground which is about 8 m.

This study performed over the financial year 2018/2019 (April 2018 — March 2019) covers technology
description, identification of technology type. typical components constituting the technology. dynamics around
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their coexistence within the operating environment, assessment of technology maturity. cost benefit analysis that looks at

the investment required. energy and water saved. feasibility indicators of the investment and a sensitivity analysis.

This technology is targeted at this stage for the Cape Town International Airport (CTIA) which is owned and
operated by Airports Company South Africa (ACSA). however, with time and familiarity with the technology. the
intention is to adopt it across more airports in South Africa. The geothermal heat sink technology being scalable and
modular in design makes an attractive replacement for air conditioning cooling towers across the airport group. In terms of
reduction of the airports” carbon footprint, air conditioning can contribute 10 % to 30 % of the airports’ energy
consumption and cooling towers can contribute 3 % to 10 % of the total energy consumption of an airport. Historically,
cooling towers have proven to be a challenge for ACSA in certamn airports due to the cost of maintenance and water

(especially in water scarce regions).

Airports Company South Africa is South Africa’s airport authority. owning and operating nine airports in South
Africa. namely, O R Tambo International Airport (Kempton Park, Gauteng), Cape Town International Airport (Western
Cape), King Shaka International Airport (Durban, KwaZulu-Natal), Port Elizabeth International Airport (Eastern Cape),
East London Airport (Eastern Cape). Bram Fischer International Airport (Bloemfontein. Free State), George Airport
(Eastern Cape). Upington International Airport (Northern Cape) and Kimberley Airport (Northern Cape).

The key parameters for the geothermal heat sink technology to work are:
e A ground temperature profile of 20 °C below the seasonal layer (about 8 m to10 m) of the soil surface.

e Available and accessible ground (soil) space for a geothermal heat exchanger loop installation: a horizontal or

vertical loop can be employed based on the flexibility and availability of the space.

The key criteria for geothermal heat sink technology to be adopted at airports in South Africa are:
s  Must have the potential to reduce the airport’s carbon footprint.
s  Must make financial sense to the business.

e  Must be a reliable and effective heat sink with a high-capacity factor that is able to sustain the airport’s HVAC

heat sink requirements.
e Risks should be acceptable.
¢  Should have a local footprint for technical support with acceptable response times to support operations.
2. DESCRIPTION OF THE TECHNOLOGY

Conventional geothermal energy technologies extract ground heat occurring as a result of seismic activity for steam
generation that either turns the shaft of an electrical generator, producing electricity, or that is used directly for space
heating in winter (Figure. 1). This sort of geothermal energy generation is popular in the United States of America and in
countries where it often snows during the winter months. South Africa has geothermal energy potential as well, but this has

not been tapped into (Figure. 2).
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Figure 2: Graphical Overview of the Calculated Geothermal Gradients Across South Africa.
(Map Includes Major Tectonic Contacts and Structures, Seismic Activity and Earthquake
Focal Mechanisms and Hot Spring Locations) [1].

“Low-enthalpy geothermal energy is becoming increasingly popular around the world. This popularity is largely
because it requires geothermal gradients as low as ca 40 °C/km. which may be found in many global settings. South Africa
does not have any active or recent volcanism and is situated far from any active continental and/or oceanic plate
boundaries but does have anomalously high heat flow regions that could meet the requirements for low-enthalpy
geothermal energy development. Low-enthalpy resources are usually associated with ancient tectonic activity and are often

defined by plutonic rocks with high concentrations of heat-producing radiogenic elements (e.z.. uranium and potassium)
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which are overlain by a thick and insulating volcano/sedimentary sequence.” [1]

Conventional geothermal energy generation where the heat source must be accessed a few kilometres below
ground is costly compared to geothermal heat sink requirements. Using the ground as a heat sink relies on the fact that the

ground temperature beyond the seasonal layer (8 m) is at a stable temperature.

Geothermal heat sink technology uses the stable ground temperature as a heat exchange medium to cool the hot
water exiting the condenser of a chiller. The heat sink technology consists of high-density polyethylene (HDPE) piping
installed below ground in loops. arranged either horizontally or vertically in order for heat exchange from the fluid flowing
through the HDPE piping to be transferred to the suwrrounding soil below the seasonal layer at 8 m — 10 m below the
surface of the ground. The flow rate of the fluid within the HDPE piping is achieved via the hydraulic design of the heat
sink loops and a mechanical pump with control system to vary the flow rate based on the heat rejection requirement. Fig. 3
shows the geothermal heat sink loop set-up with an existing chiller which is the typical arrangement anticipated with the

adoption of geothermal heat sink loops at CTIA.

Existing Airport Installation
Proposed Geothermal Heat Sink Loop

L
Condensor ||
of chiller >'I' out = 27-30 deg C

seasonal layer- $m-10m below the
varying temperature soil surface

Air Handling
€« Units

constant temperature
of about 20 degrees

c

Figure 3: Geothermal Heat Sink Loop with Existing Chiller Set-up.

A difference in temperature of about 4 °C is required. as can be seen in Figure. 3. This AT of 4 °C is possible due
to the ground temperature being at a stable temperature of 20 °C which is below the desired output temperature of a
chiller’s condenser at about 23°C. The ground heat exchanger loop arrangement depends on the space available, the space
constraints (such as structural integrity), and convenience from a practical and cost perspective. Figure. 4 shows typical

vertical and horizontal loop arrangements.

Figure 4: Vertical Loop (Left) and Horizontal Loop (Right) [2].
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Vertical loops run perpendicular to the surface and can be buried several hundred feet deep. At these depths. the
undisturbed ground temperature does not change throughout the year. Vertical loops require approximately 6.5 m*/kW to 8
m”kW (250 to 300 ft/ton) of refrigeration [2]. A horizontal loop runs piping parallel and close to the surface. The
undisturbed ground temperature often changes seasonally depending upon where the loops are installed. Horizontal loops
are easier to install but require significantly more area than other loop types. approximately 65 m*kW (2500 fi*/ton
refrigeration) [2]. The geothermal heat exchanger loops are covered in grout which is a mixture of bentonite [2] and other
elements such as quartzite, iron ore, cement mortar, and fly ash intended to protect the ground water in case of leaks but

has minimal effects on thermal conductivity.

The installed technology involves designing a heat exchanger using HDPE piping with the ground functioning as
the heat exchange medium. Each design will have a specific control programme as this 1s crucial for achieving the desired
temperature change across the heat exchanger pipes. Therefore, it is important to study the ground temperature profiles

carefully and design a programme that can respond dynamically.
3. ASSESSMENT OF TECHNOLOGY MATURITY

Geothermal energy use is not a new concept, and neither is its technology. The installed geothermal from 1990 to 2019 can
be seen in Figure. 5. It is evident from the figure that this technology is particularly popular in the northern hemisphere.
due to the cold winters in those regions. Geothermal energy can be used to heat homes in winter as well as provide for

other energy needs.

Installed geothermal energy capacily “
Cumulative installed capacity of geothermal energy, measured in megawatts.
© Add country
World
12,000 MW
10,000 MW
North America
8,000 MW Europe
United States

6,000 MW I‘I.Jri.ev
A e s

2,000 MW South & Central America
Iceland
oMW Japan

1990 1995 2000 2005 2010 2015 2019

O 2019
Figure 5: Installed Geothermal Energy Capacity from 1990 to 2019 [3].

P 1975

According to the United States Department of Energy’s website, about 50 000 geothermal heat pumps are
mstalled in the United States of America each year [4]. Geothermal usage is low in the ranking of renewable energy

technologies. but the uptake in the world is increasing at a fast rate (Figure.6) [5].
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Installed global renewable energy capacily by technology -
Installed global renewable energy capacity in megawatts (MW) by energy technology
(hydropower, solar, wind, biomass, marine and geothermal)
#= Change technology O Relative
2 million X
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Marine
1 million
Hydropower
500,000
0
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Source: IRENA, 2017 CCBY

Figure 6: Geothermal Energy use in Relation to other Renewables in the Energy Space [5].

In South Africa. aside from Hotel Verde's mstallation, there is only one other geothermal system installed. an 18
borehole closed-loop geothermal heat pump system at the private residence of South African billionaire Douw Steyn. This
is located in Steyn City, Johannesburg. and was installed by local environmental contracting company Environmental

Drilling & Remediation Services (EDRS) [5].
4. COST-BENEFIT ANALYSIS

This technoeconomic assessment is a desktop exercise meant to provide an indication of the economics and suitability of
geothermal heat sinks for an airport at pre-feasibility (FEL 2 or Front-End Loading Stage 2). The airport targeted for
utilising a heat sink has been limited to CTIA due to the Hotel Verde installation about 2 km from the airport’s terminal
building. This section summarises the rationale for the scale of the geothermal heat sink technology at CTIA and presents

the cost benefit analysis at pre-feasibility.
(a) Rationale for the Scale of Geothermal Heat Sink

Geothermal heat sinks are possible at all the nine geographical locations where the airports owned and operated by ACSA.
However. to establish the depth at which the non-seasonal layer begins as well as develop a temperature profile of the
ground at various depths. soil conditions. etc.. a study must be conducted at each of the site locations. Hotel Verde is
located in about 2km from CTIA and has successfully implemented geothermal heat sinks at 8 m depth. This indicates that
there is a high likelihood of this technology working for CTIA provided that there is space available for the installation.

Due to the rarity of geothermal heat sink installations in South Africa. it was decided that the scale and cost of the
Hotel Verde geothermal installation should be adopted for investigation at CTIA. A geothermal loop 1s intended to serve as
a heat smk for the cooling towers, and the initial installation will have additional control and measurement devices to
determine heat transfer coefficients, temperature difference. flow regimes and cyclic nature of the heat sink. This will serve

as information for future ACSA nstallations across other airports.
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Table 1 shows the various cooling towers at CTIA with the aim of selecting one that is closest to the heat rejection
of Hotel Verde’s installation for the purposes of replacement. The flow rate and fan capacities were taken from the data
sheets of the cooling towers. The pump capacity was assumed to be 1 % of the cooling duty which is the case with most

cooling towers. and the kW cooling required was calculated using the equation (1):
Qnreatre Jjection = mcpﬁT Equation (1)
Where: m is the mass flow rate in kg/s which is the flow rate in table 2 multiplied by 1000

C, is the specific heat capacity of water at constant pressure = 4.19 J/kgK

AT is the change in temperature in Kelvin (K) and is taken at 2.5 K

The cooling tower heat rejection that best matched the Hotel Verde scale at CTIA was cooling tower 1 in terminal
5. as highlighted in Table 1. Hotel Verde's full HVAC system consists of an integrated heat pump system providing the hot
water needs of the hotel as well as the HVAC requirements, and cost ZAR 26 600 000 [4]. The heat rejection which is
accomplished via the geothermal loop 1is around 305 kW, consisting of 100 boreholes drilled to a depth of 65 m each and
13 km of HDPE piping. The 2018 cost of the system is shown in Table 2.

Table 1: Cape Town International Airport Cooling Towers Specifications

Terminal 5:
e 0.039 408.525 22 4.1
Terminal 5:
Cooling Tower 2 0.039 408.525 22 4.1
Terminal 1:
Cooling Téwrii 1 0.042 439.95 30 4.4
Terminal 1:
Gooling Towes 3 0.042 439.95 44 4.4
CTB: Cooling 0.083 869.425 11 8.7
Tower 1
CTB: Cooling 0.083 869.425 11 8.7
Tower 2
CTB: Cooling 0.083 869.425 1 8.7
Tower 3
C1B: Cooling 0.083 869.425 11 8.7
Tower 4
CTB: Cooling 0.083 869.425 11 8.7
Tower 5
Total Cooling
6044.075 173 47.87075

(kW)
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Table 2: Approximate Cost of Hotel Verde’s Geothermal Heat Sink System in 2018

e 100 boreholes at ZAR 41 000 per borehole of 65 m
deep (estimated 2018 price from a previous project
done at KSIA on the feasibility study of borehole water
use).

e 13 km of HDPE Piping at ZAR 370 per km (estimated
2018 price from online sales).

e Estimated at 5 % of the cost of total cost of drilling the

Instrumentation 205 240.50 boreholes (include cost of control and instrumentation

to monitor the operations of the installation).

Design and e [Estimated at 20 % of the total cost of drilling the

labour; balance 820 962.00 boreholes (typical figures used for design and labour

of plant (BoP) and extra allowance is made for BoP).
o This total cost agrees with the cost as per the United
fasaeed e States (US) geothermal installations.

Boreholes, piping 4104 810.00

The above total cost of ZAR 5 131 012.50 was used as the 2018 cost basis upon which it was benchmarked

according to the US geothermal installed systems.
(b) Feasibility Study Results

Airports Company South Africa has an economic modelling department that creates economic models in excel
spreadsheets. The economic model yields the Net Present Value (NPV). internal rate of return (IRR). the nominal payback
period and the profitability index. The IRR is compared to ACSA’s 11.5 % weighted average cost of capital (WACC) rate
(2018) to determine economic feasibility. When the NPV is zero or positive is it an investment that pays itself off during its
economic lifespan. The NPV equation used in the economic model is given below (Equation 2), the IRR is the return (7 in
below equation) when the NPV is zero. When the IRR is greater than the discount rate (or the WACC rate), then the
investment is feasible for the business. The payback period is the amount of time required for cash inflows generated by a
project to offset its initial cash outflow. The payback should be reasonably within the economic lifespan of the investment.
The profitability index (PI) (given in Equation 3) shows the financial attractiveness of the proposed project and is the ratio
of the sum of the present value of the future expected cash flows to the initial investment amount. A PI greater than 1.0 is
deemed to be a good investment, with higher values corresponding to more attractive projects.

Re
O(1+6)t

NPV = EL Equation (2)

Where: R, = net cash inflows — outflows during a single period ¢
e ;= discount rate or return that could be earned

e t=number of time periods

Pl = PV of futurecash flows Equation 3)

Initial Investment

The resulting replication of the Hotel Verde geothermal heat sink loop gives an end of job (EoJ) cost of ZAR
5.67m and a NPV of ZAR 2.51m at an IRR of 18.1%. The inputs used in the economic modelling and the financial outputs

can be seen in Table 3. Further description of the data used in the economic models and the source of the information is
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provided in Table 4.
Table 3: Summarised economic analysis
kW heat rejection 305 kW End of job cost ZAR 5.67Tm
Capital cost (2018 basis) ZAR 5 131 012.50 Net present value ZAR 2.51m
Water saving 9.12 kL/day Internal rate of retun 18.1 %
Water cost ZAR 88.75 /KL Annual operational cost saving §§382.91
Electricity saving 114 253 kWh/annum Nominal payback period 6 years
Electricity cost (2018 basis) | ZAR 1.47 kWh Profitability index 1.55
Beneficial operation 2021
Construction period 1 year
Corporate tax 28 %
Economic lifespan 20 years
Degradation 0.5 % per annum
Dpcationl o ZAR 12 000 /annum (2018 terms)
maintenance cost
Table 4: Base Case Description
Airport for Cape Town International | Due to the Hotel Verde’s proven implementation within a 1 km
implementation Airport radius from CTIA
Size of plant 305 kW heat rejection Duplication of Hotel Verde's geothermal heat sink loop
Based on the fan and pump electricity savings running for 12 hours
Annual 114 253 KWh a day. 365 days a year: Hotel Verde's system achieves fluid
electricity saving = circulation through a carefully designed hydraulic configuration
where the water flows naturally

Annual water 9.12 kL/day Based on actual cooling tower water consumption: blowdown
saving ) losses accounted for using actual data
Capacity factor N/A The geothermal loop will be available all the time
bD:S:]?o‘l,:s 65 m As per Hotel Verde's boreholes depth
Potential annual
cost saving at full | ZAR 463 383 Based on savings from electricity and water consumption
capacity
Annual ZAR 12 000 Based on Hotel Verde's maintenance cost of R60 000 spend to
maintenance cost - repair a leak that developed after 5 years

This pre-feasibility study (FEL 2) conducted for CTIA by replicating the geothermal loop at Hotel Verde proves

to be feasible. To determine the factors that this feasibility is most sensitive to. a sensitivity analysis was performed.
(c) Sensitivity Analysis

For the sensitivity analysis. the four factors that play a role in the determination of the profitability of the investment were

varied equally to see the significance of impact each parameter had on the profitability of the project relative to each other.

The profitability of the investment relies on the capital cost of the mstallation (CAPEX). the cost of potable water.
the cost of electricity from Eskom and the operational cost (OPEX) of the geothermal heat sink loop field. The effect that
these four factors have on the NPV of the project can be seen in Figure 8.
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CTIA geothermal heat sink installation change in NPV
of ZAR 2.51m

R W— 0,22

-0.17 -dﬂ.'ﬁmu 0.17

Variable

- -1 0,01
-0.01 —OPEX ¢
. Rl =t i R IR |
PRI e e, 22 2 )

-0.6 =04 0.2 0 0.2 0.4 0.6
Change in NPV (ZAR millions)

B decrease vanable by 10%% BWincrease variable by 10%

Figure 8: Sensitivity Analysis of the Replication of the Hotel
Verde’s Geothermal Loop at CTIA.

A 10 % increase and decrease in CAPEX, OPEX, electricity cost and water cost show that the capital cost is the
most significant factor and the operational cost the least significant factor. The variation in water tariff has about 50 % of
the impact that the variation in capital cost has on the NPV. Following closely on the impact of the water tariff is the
impact of the electricity tariff. This sensitivity analysis implies that water consumption savings are key to the business case
for geothermal heat sinks.

If it is known that any of the other airports are experiencing a drought condition and the cost of water is
approaching or exceeded ZAR 88,75 /KL. this technology should be considered for implementation instead of using
cooling towers.

5. TECHNOLOGY RISK ASSESSMENT

The technology (piping. pumps. etc.) that use the ground as a heat sink have all been in existence for longer than the
concept of utilising it for geothermal energy. The HDPE pipework in geothermal ground heat exchange is used in
plumbing applications. and pumps and controls have been in existence for longer than 50 years. Heat exchanger designs in
air conditioning, engines and other applications were being used before the advent of geothermal applications as well. The
unique factor to be considered in ground heat exchanger design need are ground temperature and its fluctuations, hence the

control system real time response is crucial. The technology risk assessment in this context is provided in Table 5.

Table 5: Technology Risk Assessment

::?:s;n an}fe::ztagi‘;];fn ﬁzl;:.'s 1. Designing of the loop field must model scenarios of
fromgz.hot — ¥o il possible ground temperature change due to the added heat load

Ground T of the building and ensure that the system is designed to
reservoir; it is this difference s e ke =

temperature P minimise/eliminate the possibility of a temperature

and fluid fieate : change. Should the equalisation.

temperature e 2. The design should incorporate an alternative method of
temperature difference 0 % :

to be cooled ; achieving the heat sink such as bypassing the geothermal loop

bei cease, there will be no : : ;

ng equal A e R for another cooling tower or using another chiller to carry the
Serclitute & ffereﬁ o heat load especially for the first installation until a temperature
exjslt,s gradient is restored.
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3. Modularity should be introduced so that should a failure
This is failure at a single occur in one loop. it can be isolated and the rest of the loops
point which without, the can carry the load while the failed loop is being repaired.
entire plant will not be able 4. Control systems must be employed to ensure that this
Single point to operate. This includes loss transition is smooth and there is no impact on HVAC
of failure of pressure (mechanically) operations.
or loss of control system 5. Active monitoring and early detection of failure should be
(software, hardware or mcorporated. A fail-safe mode or default mode should be
communications). programmed/hard-wired into the system in case of operational
loss of the control system.
Al > - abI‘lItY e 6. During design. dynamic varying of fluid flow rates should
plant’s operational output to = 4 :
: gl be programmed based on the ground temperature, fluid
- respond to varying demand : s 5 .
Agility - : : temperature, required heat rejection and alternative heat sink/s
5 timeously without causing : :
o . or back up plans should be incorporated in case of reduced
operational impacts or Beat exohieing
damage to infrastructure. =
i th‘e — (.)f s 7. Understand the demand profile of the airport’s air
plant design capacity to be PR : : .
: ] F conditioning load. the corresponding heat sink requirements.
increased and decreased in .

Turn-down : : ; ground temperature profiles and adjusted temperature profiles
; capacity to suit operational : : : :
ratio ; of the ground during operation of the geothermal loop to build

need and maintenance ¥ : : :
: mn modularity towards cost effectiveness for operations and
regimes towards cost :
i maintenance.
effectiveness.

6. AIRPORT’S INTEGRATION STRATEGY

241

The consideration of geothermal heat sinks for CTIA must be in relation to the airports HVAC refurbishment and

replacement programmes should be adopted for a cost-effective integration strategy. CTIA’s integration strategy should be

such that the first installation is completed as a replication of Hotel Verde's installation. Monitoring and analysis of flow

regimes should then follow to generate accurate design data for further installations. Roll out of the geothermal heat sink

loop should then follow. Refer to the schematic in Figure. 9. The three phases as per the airport’s integration is described

following Figure. 9.

First Installation

(a)

flow regimes for design data

Monitoring and analysis of
mput for further installations

Roll out of mstallations to I
other cocling towers

/

(<)

Figure 9: Phases of Integration of the Geothermal Heat Sink Technology
Replacing Evaporative Cooling Towers at CTIA.

The following sections describe the phases of integration of the geothermal heat sink installation at CTIA in time

replacing all the evaporative cooling towers at the airport.

(a) Replication of Hotel Verde’s Geothermal Loop

The integration of the geothermal heat sink loop into CTIA’s HVAC system should be such that the first geothermal heat

www.tipre.org

editor@ijpre.org

354



242 Jerusha Joseph & Professor Freddie Inambao

sink loop installation is done to replace the evaporative cooling tower that meets the following criteria:
¢ Due or soon due for replacement/refurbishment and a low book value
s Has adequate land area for either a vertical or horizontal geothermal heat sink loop

e Can be easily integrated without inconvenience that will either pose unacceptable operational risks or result

capital integration costs that will result in a negative IRR.

The FEL 3 (final feasibility) stage should include further investigation that may require funding for services to
perform detailed investigations that will confirm the financial viability of the installation based on the prevailing soil and
spatial conditions at CTIA. Table 6 gives the scope and indicative cost of the professional services required to confirm

feasibility at FEL 3 of a geothermal heat sink installation at CTIA.

Table 6: Cost to Confirm Feasibility for an Investment Decision (FEL 3 Stage)

Integration parameters of geothermal at CTIA 32 67 584
» Capital cost of integration, pipework. controls and mstrumentation. modifications 24 50 688
and other integration requirements - )
s Confirmation of scale and design parameters of geothermal heat sink loop as per 4 8 448
Hotel Verde's design and qualify suitability for implementation at CTIA
* Operational cost of the geothermal field K 8 448
Plant scale and operational parameters to mitigate risk. Requirements are: 128 270 336
+ Investigation into the ground temperature profiles and proposal of the possible 16 33 792
geothermal heat sink loop sites for full roll out
« Investigation into airport's heat sink load profiles in totality and specific to each
cooling tower in conjunction with ground temperature profiles to establish flow 24 50 688
regimes. control methodology and integration into airport's current HVAC system
2 | + Investigate environmental obligations and provide scope. timeline and costing 8 16 896
« Identify risks. mitigations and investigate the cost of risk 8 16 896
* Provide condition assessment of cooling towers and advise on cost effective roll- 24 50 688
out strategy
= Plant footprint, identification of plant location. spatial and legal requirements and 36 76 032
associated costs -
* Single point of failure analysis. cost to restore. mitigations and cost of mitigation 12 25 344
Feasibility and implementation 48 101 376
» Total cost of mstallation 8 16 896
= Owner's cost 8 16 896
3 | = Feasibility of the investment and sensitivities 8 16 896
* Project timelines. milestones + 8 448
* Procurement strategy for installation. operations and maintenance 8 16 896
* Basic design that will inform detailed design 12 25 344
Other costs 65 894
4 | Travel. preliminaries and general 21 965
Monitoring, data collection. simulation 43930
Contingency 10 % 50 519
TOTAL 208 555 709

(b) Monitoring, Collection of Data and Analysis

Once the first installation is complete. continuous monitoring and analysis of the various heat flow cycles. flow rates and

response of the systems should be done to enable the next design to easily determine the following parameters as contamned
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in Equation (4): [2]

—r L(Tg‘rw)

Q= R Equation (4)

Where: Q.. is the heat load (Btuhr)
L is the pipe length (feet)

Tg is the ground temperature

T, is the fluid temperature

R is the thermal resistance to heat transfer.

The challenge in loop design is that the ground temperature does not stay constant, the loop itself affects the

ground temperature. For loop design. it is common to break the effects into three parts: [2]

¢ Long Term Effect - This is the change in the ground temperature over many years. If the building has a net heat
gain or a net heat loss. the ground temperature will change. The more densely placed the boreholes are. the larger
this effect will be. Ground water moving through the bore hole field can help remove energy and limit the long-
term temperature change. For commercial applications, ground temperature generally climbs. An example of a
long-term effect would be a 6 °C average ground temperature increases over 10 years due to the heat added to the
borehole field. The penalty will not be present during the first year. but this type of heat build-up will change the

system performance over time [2].

e Annual Effect - Over the course of a year. the heat load on a bore field will change and this will affect the ground
temperature on a monthly basis. It is this “flywheel” effect that can cause the warmest ground loop temperature to

occur after the peak load has occurred [2].

e Short Term Effect - The actual load on the loop will affect the fluid supply temperature. For example. if the
building was shut down, the fluid temperature would quickly become the ground temperature. However. the loop
temperature would be the ground temperature plus the design approach at design load. The actual hourly load also
affects the borehole field’s ability to dissipate heat. Therefore, the ground temperature will change with the hourly
load. Most loop sizing software group the design day loads into four-hour intervals rather than using all 24 hours

2.

These three effects must be known to find the required pipe length. The length suitable for CTIA may be
established by the summer heat sink load requirement. The summer peaking load establishes the length. and the designer
should go back and evaluate the cooling performance with the longer length. This will improve the summer performance
and minimise the need for back-up cooling towers. Understanding the ground temperature profile, the airport’s heat sink

requirements and the loop temperature response for the geothermal heat sink zone is key for effective design.
(c) CTIA’s Full Roll out of Geothermal Heat Sink Loops

The establishment of a better understanding of the designing of heat sink loops based on the first installation will be the

basis for further roll-out at CTIA. The roll-out should be timed with the replacement cycles of the existing evaporative
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cooling towers. however. back-up cooling towers should be available to serve the fluctuating heat rejection load (ie..

excluding the baseload) limited to 25 % of maximum heat rejection load or as per the most economical ratio for back-up

cooling towers. The potential of the full roll-out of the geothermal heat sink loops is provided in Table 7.

Table 7: Summary of Benefits of the Geothermal Heat Sink Technology for CTIA

Terminal 5: Cooling Tower 1 114253
replaced with 1 x Hotel Verde's k\’.\} 3 328KkL ZAR 463 383 0.17 %
geothermal loop
Terminal 5: Cooling Tower 2 114 253
replaced with 1 x Hotel Verde's k“;h 3328kL ZAR 463 383 0.17 %
geothermal loop
Terminal 1: Cooling Tower 1 114 253
replaced with 1 x Hotel Verde's kWI; 3 328KkL ZAR 463 383 0.17 %
geothermal loop
CTB: Cooling Tower 1 replaced 278 506
with 2 x Hotel Verde's I{\Vh 6 656 kKL ZAR 926 766 0.33%
geothermal loop
CTB: Cooling Tower 2 replaced 228 506
with 2 x Hotel Verde's .i(Wh 6 656 kL ZAR 926 766 0.33 %
geothermal loop
CTB: Cooling Tower 3 replaced 228 506
with 2 x Hotel Verde's = k“}h 6 656 kKL ZAR 926 766 0.33 %
geothermal loop

Total . 2‘2‘2,;“:” 29 952 kKL ZAR 4170 447 1.5 %

7. PROPOSED OPERATIONAL PHILOSOPHY
(a) Technical

The phase of integration that involves the replication of Hotel Verde's geothermal heat sink loop will be from terminal 5 as

seen in Figure. 10 below.

The geothermal heat sink loop will take most of the operational load with peak loads being shared with a cooling
tower. It 1s advisable to keep the cooling tower that is in a better condition and replace the second cooling tower

with the geothermal heat sink loop the size of Hotel Verde's installation.

The geothermal heat sink loop itself should be divided into two ground heat exchange zones such that when the
ground temperature and the fluid temperature are equalised and further heat exchange is required. the second zone

should be able to carry the load.

The geothermal loops should be designed for ease of isolation and maintenance purposes without compromising

the functionality of the rest of the geothermal heat sink loop field.

As far as possible, pumping head and flow rate should be minimised making using of hvdraulic design.

Bernoulli's equation and Pascal’s Law.

The monitoring. collection of data and analysis thereof should carefully consider the outputs required for efficient
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designs that could be used for further roll-out. Monitoring for establishment of suitable flow regimes. length and depth of
geothermal loops. grout types and pumping capacities will be key inputs into further designs. The heat sink load profile
during the summer period. ground temperature profile effects and flow regimes are crucial for this phase to fine tune the

replicated geothermal loop and as input into further designs. It is advised that this phase be timed such that it considers the

summer heat sink loads.

The final rollout phase should seek to achieve the set-up described in Figure. 10. The geothermal heat sink loop
fields should be sized to serve the operational baseload and peak loads should load share with standby cooling towers as

well to ensure that the heat sink loop has sufficient time to recover in order to maintain a temperature gradient.

?’Oﬂ Codling Tower 1

Geothermal Heat Sk Loop

e Hict Comdemsor Water fom Challer

= = = -Het Condensor Water cxtrn beat lead

Cealed Condensor Water to Chiller

Codled Condernor Waser from catra heat load

l Hot Condensor Water Buffer and Distribution Tank

Coaled Cendensor Water Buffer and Distribatien Tank

Figure 10: Full Roll out of Geothermal Heat Sink Loops at CTIA.

(b) Plant Operation for Business Continuity and Cost Effectiveness

The geothermal loop heat sink cooling duty and the cooling towers heat sink cooling duties should consider the following:
e Baseload and fluctuating load in the heat sink load profile
o Time for the geothermal heat sink zone’s temperature to equalise to the temperature flowing within the loop
e Economies of scale

Using the above information. the geothermal heat sink zones should be spaced accordingly such that the heat load
profile can be met. The capacity of heat sink loads placed on cooling towers should consider the minimum cooling

requirement in the case of a total loss of the geothermal loop field.
(c) Operations and Maintenance Activities

Operations of the geothermal loop field is to be electronically programmed and run independently of human nput. There
should be a default mode should the system parameters received from the control system that are used in real time
feedback control not be within pre-defined parameter bounds. Pressure loss or any other failure should be linked to a

maintenance alert system which will switch the system to a fail-safe mode of operation.
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Maintenance will need to be contracted out for the first installation as this is not a skill found within ACSA.
Breakdown maintenance should be on a call-out basis and is likely to be mamnly due to heat sink loop leaks. Preventative
maintenance should be based on the condition of the geothermal loop. The system usually runs as per the electronic control

programme and requires no human intervention. except for maintenance.
8. CONCLUSIONS

The use of geothermal energy is not a new concept and is frequently used in the northern hemisphere for heating and
cooling purposes. The technology is also well known. however. its use in South Africa is not as common as solar
photovoltaic technology. Geothermal energy technology works for Hotel Verde in the Western Cape of South Africa.
located within a kilometre of the CTIA. It is for this reason that the technology will work for CTIA. The feasibility study
(FEL 2) conducted for the installation at CTIA proves that it is financially feasible. At FEL 2 (pre-feasibility stage).
geothermal energy has the potential to save ZAR 4.1m per annum and the potential to reduce carbon footprint by 1.5 %.
This will be mstrumental in transitioning CTIA toward a lower carbon footprint. enabling progress towards the airport's
green star rating with the Green Building Council of South Africa as well as the Aiwrports Council International (ACT)

carbon accreditation.
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1. INTRODUCTION

According to the South African Photovoltaic Industry Association. “The sun provides almost all the energy we use
for our daily life. Also. all fossil energy like coal and oil are based on energy that came from the sun — albeit
billions of years ago. Even wind energy is driven by the power of the sun. Only nuclear power and geothermal
power are driven by nuclear reactions. The solar energy reaching the Earth’s surface would. in theory. be sufficient
to solve all the energy problems on Earth. Outside the Earth’s atmosphere solar energy has an almost constant value
of 1367 W/m?. While passing through the atmosphere. the energy and the spectral behaviour of the sunlight
changes. Due to reflections on particles in the air. clouds. as well as ground reflection, the direct irradiation is
reduced and a diffuse irradiation is added. The sum of both irradiation types is usually below the value found
outside the atmosphere. For a sunny day and optimised orientation towards the sun. the global irradiation is about
1000 W/m?. On cloudy days there is almost no direct irradiation left. the diffuse irradiation depends on the cloud
type. and can be less than 100 W/m>." [1]

Although solar PV power generation plants currently represent a small percentage of global power
generation. installations are growing rapidly for both utility-scale and distributed power generation applications.
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Reductions in costs driven by technological advances, economies of scale in manufacturing. and innovations in financing
have brought solar power within reach of grid parity in an increasing number of markets. Continued advancements and
further cost reductions will expand these opportunities. including in developing countries where favourable solar
conditions exist. as in South Africa. Policy environments for renewable energy in the developing world are being refined.
drawing on the lessons learned from the successes and failures of policies adopted in first-mover markets. Several
regulatory models are being successfully deployed in the developing world with consequent increase in investment and
installations. This rapid market growth has been accompanied by an observed uneven expertise and know-how
demonstrated by new market entrants. Building capacity and knowledge on the practical aspects of solar power project
development. particularly for smaller developers. will help ensure that new PV projects are well-designed. well-executed.

and built to last [2].

The curve of standardisation for technological innovation can be seen m Fig. 1. With time, the development of
technologies calls for the need for certain levels of quality. such as standards guaranteeing safety. functionality and
compliance with various legislative requirements concerning materials and environmental sustainability. Standardisation is
useful in the reduction of variety and also makes for cost effective mass manufacturing and after-market services such as
maintenance, upgrading. refurbishments, etc. Standardising in solar PV plant installations allows for cost effective
mstallations. making use of economies of scale for solar PV panels. electrical and control systems and software platforms

as well as familiarity in operations and maintenance.

A
Scale (e.g. N

size, sales)
Sandards in more advanced level of application muu:hﬂ'y\\
More revisions with technology development

5T T-A A-M
transition transtion

Quality standards for
consumer confidence

| Precursor Embryonic | Nurture Growth

/" Dominated by measurement
N & testing standards z\’
I}

N
" More quality standards for system improvement "
by non-specialist user groups as market

Source: (J.Y.Ho 2014)

Figure 1: Standardisation in Technological Innovation [3].

Table 1 shows the various organisations that are involved in solar PV standards development. There are six major

organisations identified in this study as seen in Table 1.
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Table 1: Organisations involved in solar photovoltaic standards development

Performance and safety of

1 International Electrotechnical Commission IEC Nanoqal : products, systems and
comimittees :
services
) ASTM International (formerly American ASTM Individual Measurement principles and
Society for Testing and Materials) experts specialty tests
. . . Primarily manufacturing
3 Sen?lconductor Equipment Manufacturers SEMI Member_ relited (mnterinls and
Institute companies .
equipment)
4 | Underwriter Laboratories UL Invited experts | Product safety
5 | International Code Council ICC Invited experts | Building and fire codes
6 | Institute of Electrical and Electronics Engineers | IEEE g?e‘;iual Grid connection codes

The first solar photovoltaic (PV) plant to be established at an airport in South Africa was at the George Airport in
the Eastern Cape province. It was under construction mid-2015 and was operational in 2016. Soon after this installation
was comimissioned. two other solar PV plants were installed and became operational in the second half of 2016. Airports
Company South Africa (ACSA). South Africa’s airport authority. planned three more solar PV plants that were in the
design and build stage. passing the prefeasibility stage at the time (financial year 2017/18). It was then decided that the
designs of the upcoming plants must capture learnings established from the previous three installations and include them in
their designs and installations. The technical learnings from the solar PV plants installed at George Airport. Kimberley
Airport and Upington International Airport (UPIA) were captured and are contained in this paper and were included in the
design and construction specifications of the solar PV installations at Port Elizabeth International Airport (PEIA). Bram

Fischer International Airport (BFIA) and East London Airport.

Outsourcing the maintenance of these plants can become costly with many routine tasks being done by different
service providers at different geographical locations. secured at different rates. With this arrangement. similar problems are
sometimes re-investigated multiple times with maintenance taking place in isolated forms. With a large investment in solar
PV already across the airport group and future aspirations of adopting solar PV for offsetting carbon footprint of airports. it
is in the best interests of the company to transition maintenance so that it is performed in-house. ACSA has five solar PV

plants at the following airports and a sixth planned for East London Airport (650 kWp).
e George Airport (750 kWp)

e  Upington International Airport (500 kWp)

Kimberley Airport (500 kWp)

Port Elizabeth Airport (1000 kWp)
e  Bram Fischer International Airport (750 kWp)

This paper presents the standards and guidelines that were implemented at PEIA. BFIA and are planned East London
Airport based on the installations done at George Airport. UPIA and Kimberley Airport. This paper also presents the plan

to transition the maintenance and operations of the plants in-house.
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2. STANDARDS AND GUIDELINES FOR SOLAR PV INSTALLATIONS AT AIRPORTS

Figure. 2 shows the approach used to draft the standards and guidelines for solar PV installations. The clauses included in

the standards and guidelines for solar PV installation were workshopped with the technical staff and technical management

at the airports prior to their adoption at airports.

SACAA, ICAO,
kno“.-ledge + SACAA and ICAO requirements
- 5 * Knowledge management, skills transfer
management and skills  requirements

transfer requirements

Te Stiﬂg. + Testing, commussioning and handover

HES x requirements
COlllllllelOll].l'lg Ellld * Guarantees, warranties and insurance

handover requirements ~ Unéerring

PV panel specifications
. T o * PV plant design aspects
Solar PV component (77 SN IS e
and plant technical = -Etectrical design aspects
! * Maintenance aspects
3Sl)c‘-ts * Operational parameters and output
* Plant environmental impact

Figure 2: Approach to Drafting Standards and Guidelines for Solar PV Installations.

The clauses address the solar technical aspects of the plant. the project aspects of testing, commissioning and

handover, as well as business imperatives and operating environment requirements, such as legislative requirements of the

business and operating environment, and the skills transfer requirements.

2.1 Solar PV Plant Design Aspects

e Performance ratio of the solar PV plant must be optimised to a minimum of 0.8.

e The control and integration software in the PV plant shall be open source.

®  The design of the PV plant must consider future expansion.

®  The design of the PV plant shall be of a modular type allowing easy maintenance and repair.

*  The design of the PV plant shall allow for additions of power storage and integration of back-up power supply.

o The design of the PV plant shall make provision for the installation of monitoring equipment for
importing/exporting of power in compliance with National Regulatory Standards. NRS 048/9.

e The solar PV design stringing shall consider down-time and risks with respect to the loads being fed.

* Design must allow for ease of maintenance such as washing of PV panels: rainwater harvesting should be
considered at design stage for the purposes of washing of panels.
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o  Design must consider maintenance of the performance ratio during times of corrective maintenance.

¢ A prioritising controller shall be included and integrated to ensure that the solar PV plant can generate electricity

for the site in the absence of electricity from the national electricity grid.

¢ A monitoring system to improve the reliability and productivity of the plant shall be installed in accordance with
IEC 61724 Ed 1.0 Photovoltaic system performance monitoring — Guidelines for measurement. data exchange and
analysis. The monitoring system shall include the monitoring of plant performance to optimise the energy output,

detect abnormal losses and be use for planning preventative maintenance actions.

e  The installation shall ensure that solar PV yield is being used first before electricity from the national electricity

grid is used for the site.
2.2 Solar PV Panel Specifications

¢ The semiconductor material to be selected for PV plants shall have a minimum cell efficiency of 20.3 % with a

minimum lifespan of 25 years.

¢ Solar PV panels that do not incorporate integrated bypass diodes that cause adverse effects when it comes to

shading (particularly thin film technology) shall not be used.

o  Factory acceptance electroluminescence tests must be submitted with all panels purchased. Variations of +-5W

are allowed in PV panel output wattage and must be clearly stated.

e The PV panels chosen shall be compliant and certified to the following IEC standards: [4]
o IEC 61215-2:2016 Terrestrial photovoltaic modules — Design qualification and type approval
o IEC 60068 -1: 2017 Environmental testing
o IEC 61730-1:2016 Photovoltaic module safety qualification — Requirements for construction
o IEC 61730 -2:2016 Requirements for testing
o IEC 61701-2:2011 Salt mist corrosion testing of photovoltaic modules
o IEC 60891:2009 Procedures for temperature and irradiance corrections to measured I-V characteristics
o IEC 60904-1:2006 Measurement of photovoltaic current-voltage characteristics
o IEC 60904-3:2016 Measurement and principles
o IEC 60904-5:2011 Determination of equivalent cell temperature (ECT)

o IEC 60904-8: Measurement of spectral responsivity of multi-junction photovoltaic (PV) devices (where

applicable)

o IEC 61853: Performance testing and energy rating.

e  The equipment should be able to operate at nominal operating cell temperature or NOCT of 45 °C t 3°C and

operating temperature of between -10 °C and 80 °C at maximum operating system voltage of 1000 V DC [4].
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s  The following information should be made available in writing from the solar PV module manufacturer: [4]

o Confirmation of surface texturing applied to the panel to reduce reflection and surface reflection

parameters of the panel
o Confirmation of the application of silicon nitride or other treatments to optimise optical properties
o Confirmation of edge isolation done and the series and shunt resistances

o Confirmation of the treatment of lightly diffused phosphorous emitters to reduce recombination losses

and avoid the existence of a dead layer at the cell surface

o Confirmation that design minimises metal contact areas to reduce resistance and heavy doping beneath

the contact areas to reduce recombination
o Confirmation of rear and front surface passivation
o Confirm recyclability of the panel.
s A glare study confirming no glare to aircraft pilots from the solar PV installation shall be completed.
¢  The junction boxes must be at least IP67 rated.
2.3 Solar PV Plant Installation Aspects

e Transportation and handling shall be as per manufacturer’s recommendation and in absence of this, the panels
shall be transported in a vertical arrangement. Freight forwarding documentation shall be included in the handover

documentation and shall be checked prior to installation of the solar PV plant.

¢  The installation of PV panels shall consider the ground or installation surface conditions. shading. and direction of

solar irradiation. for optimum capture of solar energy.
o  All ground installations shall be preceded by an environmental impact study.
o Soil resistivity tests should be undertaken for ground mounted installations.
s Fixed or tracking arrays shall be decided based on feasibility.
o A lightning risk assessment shall be done.

e Evaluation including execution of a study of shadows falling from aircraft landing and taking off and from fixed

structures to ensure that performance ratio of plant is not affected.
¢  Mounting structure must comply with the following standards:
o SANS 10160 Part 2 — Self weight and imposed loads
o SANS 10160 Part 3 — Wind actions.
2.4 Electrical Design Aspects
e  The following must be complied with for the PV plant installation:

o IEC 60364-4-41: 2017 Protection for safety. protection against electric shock
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o IEC 60364-4-43:2008 Protection agaimst overcurrent

o IEC 60364-4-44:2007 Voltage disturbances
o The minimum insulation resistance shall be 20 MQ when measured at 500 VDC

o IEC 60364-7-712:2017 Requirements for special installations or locations — Solar photovoltaic (PV)
power supply systems

o IEC 61730-2:2016 Photovoltaic (PV) module safety qualification - Part 2: Requirements for testing
o IEC 61439-1:2011 Low-voltage switchgear and control-gear assemblies
o IEC 60529 Ingress protection code
o IEC 60099-6:2002 Protection against transients and overvoltage
o All solar PV systems shall utilise 400 V to 11 KV step up transformers. star-delta vector configuration.
e For security of supply all installations shall be grid tied with priority given to the solar PV plant supply.

e The inverter system voltage shall be designed for 1000 V DC and input voltage shall be 400 V to 800 V and
output voltage 400 V.

#  The inverters shall be of string inverter type.

e The operating voltage (Vi X number of modules in series at all temperatures at the installation location) shall fall

within the inverters maximum power point tracker (MPPT) voltage range.
e The total I« current for strings in parallel shall be lower than the maximum input current for the inverter.
*  Panel stringing must consider the panel output wattage from factory acceptance electroluminescence (EL) tests.

e Inverter shall include a protection for anti-islanding (in accordance with NRS 097-2-1 “Inverter type test

certificate and test report™).

e Inverters must include the following protection functions:
o DC reverse polarity protection
o Reverse current protection
o ESS switch disconnector
o AC short circuit protection
o Ground fault monitoring
o Galvanically isolated
o All-pole sensitive fault
o Current monitoring unit

o DC overvoltage protector type II
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o  String failure detection

o Protection class 1

o Overvoltage category III.
¢ All inverters must carry an ingress protection rating of 66 (IP66).
o  Allinverters shall be programmed such that solar PV energy is used first before grid power is used.
o  The PV plant may be designed to accommodate battery storage.

e Orientation of the module strings and array strings will be based on the anticipation of shading to ensure optimum

output.
e  The cabling shall be such that it avoids enveloping the panel with transient currents.
¢ Remotely controlled breakers should be employed at substations.

¢ A meter that is AMR (automatic meter reading) compatible shall be installed to accurately determine output of

plant being used for the site.
e  Verification and documentation of fault current must be done.

o  Verify electrical ring network protection settings. the final protection settings are to be included in handover

documentation. out of sync settings must be corrected.
o  The verter shall comply with the following standards:
o IEC 60364-7-712 (requirements for DC switch)
o IEC 62109 Safety requirements
o IEC 62116 performance of islanding prevention.
o Inverters must be protected from weather conditions.
s  The combined cable losses should not exceed 3 %. i.e. the AC and DC cable losses combined.
e (ables used in outdoor environment shall be UV (ultraviolet) resistant.
e (ables should have a class II rating for insulation.
e (Cables must be rated for temperatures from -40 °C to +90 °C.
e Cables shall comply with SANS 1507.

e  Cables must be installed in conduits and hooded cable trays. The cable return path should ensure that induction

loops are avoided.
e (Cables shall be terminated with MC4 connectors.

e  All connectors shall be UV resistant. ozone protected. being temperature rated equal to or better than -40 °C to

+90 °C. having an IP class of at least 65. They must be equipped with a locking system to avoid disconnection of
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the parts. Male and female connectors will be of the same make.

e  The lightming protection must be designed in compliance with SAN 10313 and IEC 62305.
o  Earthing shall comply with 10142 Parts 1 (L'V) and 2 (MV). SANS 10292 and SANS 10199,

e Surge protection devices must be mstalled at string box. combiner box. inverter (AC and DC side) and at

transformer level.
2.5 Solar PV Maintenance Aspects

*  Only competent personnel trained in the maintenance and operation of the photovoltaic system shall be allowed to
perform maintenance on the plant. This includes working near or on live equipment and in a live chamber. At
least two people shall work on maintenance at any point in time. All isolation procedures shall be in accordance

with the high-voltage regulations. i.e. ORHVS - operating regulations of high voltage system.
#  No cleaning shall occur before sunset and after sunrise.
+ For all installations. critical spares (up to 10 %) shall be procured and stored on site.
e Connectivity shall be in accordance with ORLVS — operating regulations of low voltage systems.
¢  All maintenance shall be in accordance with original equipment manufacturer (OEM) recommendations.
Where feasible. alternative water sources should be implemented for the washing of the PV panels.

*  The project shall purchase a portable I-V tracer. infrared camera and signal transmission device for verification of

availability and reliability of the PV plant.

e  Maintenance shall be done to maintain the warranty and guarantee of all plant equipment and the performance

ratio to above 0.8.

e All spares and replaced components shall be of equal quality or exceed the original quality subject to its

compatibility with the solar PV plant.

e  Full report shall be done in the event of the failure of a PV panel or other system component before the guarantee

and or warranty period. to establish the root cause and put in place preventative maintenance measures.

* Should the performance ratio of the plant fall below 0.8. a full investigation and report shall be produced to the
plant owner by the installation contractor during the defects liability period and the maintenance contractor during
the respective maintenance period and any warranty or guarantee claim shall be handled respectively by these

contractors.

e  The contractor shall carry out all operations and maintenance in the defects liability period to achieve the energy

production and the following services are a minimum;
o Regular operation
o Scheduled maintenance

o Preventative maintenance as per manufacturer manuals and best practice

www.ijpre.org editor@tjpre.org

369



110 Jerusha Joseph & Professor Freddie Inambao

o Daily plant performance and functional monitoring

o Administrative and financial services

o Management of alarms and events

o Predictive maintenance as per manufacturer manuals and best practice
o Corrective maintenance

o Quarterly performance and operations and maintenance (O&M) reporting. including keeping an O&M

logbook
o  Spare parts management
o Management of the insurance policies.

e (Calibration of all equipment must be done upon handover of plant from the maintenance period. defects liability
period. intermediate acceptance period or whenever, there is a handover from one party to another for whatever

reasoin.
2.6 Solar PV Operational Parameters and Plant Output

e For electrical energy contributed to the grid. a memorandum of understanding shall be drawn up with the

respective municipalities based on the local utility bylaws.
e  The quality of electrical supply from the PV plant shall comply with the NRS 048 part 2 and part 4.
e  Power quality monitoring equipment shall be installed on the PV plant before connection to the grid.

s Power quality incident logging shall be stored and backed up on the server. Critical alarms shall be relayed
immediately to the plant’s responsible person. Other alarms shall be relayed to the infrastructure monitoring and

control (IMC) team.
¢  Monitoring of PV module and PV plant performance shall be in line with IEC 61724-2:2016.
e  The expected linear or stepped power output warranty period of the solar modules shall be at least over 25 years.
o  Auny performance ratio deviation outside 0.8 shall be investigated in the context of the warranty.

e Any deviation in the performance of the plant from the linear performance warranty shall be investigated by the

manufacturer.

¢  Should the PV plant be generating electricity into the national electricity grid. this must be granted approval from
the relevant regulatory bodies. such as the National Energy Regulator of South Africa (NERSA) prior to plant

installation.
o  The plant shall have separate metering for import and export and must be compliant with SANS 474/NRS057.

o A weather monitoring station shall be installed on the plant that allows for plant performance ratio calculations
according to IEC 61724 Photovoltaic system performance monitoring — Guidelines for measurement. data

exchange and analysis.
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s A monitoring system must be installed to monitor data that must be used for optimising energy output. detecting

abnormal losses and planning preventative maintenance actions.

e The monitoring system must be able to record meteorological data. electrical parameters and status of the PV

plant components.

¢ Continuous monitoring is required.

¢  The minimum data to be monitored are as follows:
o DC current and voltage at combiner box level
o Inverter behaviour
o DC current and voltage input
o Output active and reactive power
o Phase voltage and current
o Energy output
o Alarms and faults

o Meteorological data — Module temperature on 1 % of the plants® modules. ambient temperature.

irradiation, wind speed
o Energy output at the meters (import and export. plant yield)
o Status of the equipment (protection devices. inverters)
o Any other information which will be required by the laws and norms in respect of this installation.
2.7 Guarantees, Warranties and Insurance Underwriting

e Performance warranty of the solar PV panels shall be a minimum of 25 years and a total of 20 % linear
degradation as a maximum over 25 years. Solar panel warranty of 25 years must be insurance backed. with full
details of claim procedure and insurance backing submitted. Plant registration with the supplier is the

responsibility of the installation party appointed.
o Upon installation. registration documentation of the photovoltaic plant installed must be submitted.

o  Verification certificate that certifies that commissioning was conducted per the standards and requirements of the

warranty.
¢  The monitoring system must be designed and implemented in such a way to have a lifetime of 25 years.

e  The mounting structure shall have at least 10 years warranty and shall be designed for a minimum lifetime of 25

vears. Corrosion prevention must start at the design stage considering site and soil specific parameters.
o Inverters must have at least a 5-year warranty. with a clearly defined claiming procedure.

e The conditions which void warranties for all equipment and installations must be clearly stated. preserved and
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communicated to the plant owner and all handling parties.
2.8 Environmental Impact

¢ Disposal method of the plant and its equipment at end of lifespan shall be decided based on the outcomes of a

feasibility study. environmental impact study and the objectives of the business.

e  The installation contractor shall be liable for any environmental impacts arising from the plant installation during

the defects liability period.

¢ The maintenance contractor shall be liable for any environmental mmpacts arising from the plant maintenance

activities during the maintenance period.
2.9 Testing, Commissioning and Handover
¢ Commissioning shall be done per the following standards:
o IEC 62446: Grid connected photovoltaic system
o IEC 60364-6: IEC 60364-6: Low voltage electrical installations — Part 6: Verification

o IEC 62337: Commissioning of electrical. instrumentation and control systems in the process industry —

Specific phases and milestones.
e  The following shall be submitted upon handover:

o Approved as-built drawings and design report signed by a professional engineer. registered with the

Engineering Council of South Africa (ECSA)
o Operating and maintenance documentation
o  Equipment datasheets
o Calibration certificates of all equipment

o Verification certificate that certifies commissioning was conducted per the standard IEC 62446 Grid

connected photovoltaic systems
o I-V curves
o PV panel electroluminescence (EL) tests
o Signal transmission device data

o Testing and commissioning data including but not limited to details of PV array. results of polarity.

msulation, grounding, voltage and current tests

o Test certificates that certify compliance with relevant codes and standards listed for the photovoltaic

plant components and systems
o Factory acceptance tests (FAT)

o Open circuit voltage
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o Short circuit current

o Continuity of grounding system

o Integrity of electrical insulation on power circuits

o Operating voltage

o  Operating cwrrent

o Verification of fault current and electrical ring network protection settings

o Whole system performance (performance ratio which is actual output to predicted output).

s  Competent representatives from both the client and the contractor shall be present for FAT.

e  Performance ratio must be calculated according to the standard CEI EN 61724 (CEI 82-15) standard. Inverter
availability must be established and exceed 0.85 as calculated below. The following equations will be used to

calculate the inverter availability and the plant annual availability:

EOT+ETnACX

TOT 100

Inverter Availaility(%) =

Where:

TOT  Total theoretical operating time [minutes]. (This accounts for the total amount of time in which an

inverter (i) exceeds the minimum irradiation threshold of 30 W/m?.)
oT Operating time [minutes]

TnAC Time of non-availability [minutes] with causes not attributable to the contractor. During these periods. all

mverters are considered as available. In this case. the operator must provide satisfactory evidence.

The operating time is calculated as the time when each inverter was considered as available. The requirement is
that there is voltage in the output terminals of the connection box and the ratio of the actual production (Piind) divided by
the average production (PAV) of all inverters exceeds 0.85. This requirement is applied with the granularity of 15 minute

periods. For such period of computation:
if Pi.ind/PAV > 0.85, the inverter i is considered as available,
if PLind/PAV < 0.85. the inverter i is considered as not available,
Where:
Pi.ind actual production of the inverter i in fifteen minute periods
PAV  average production of all inverters in fifteen minute periods.
e  The following tests must be performed as a minimum (not limited to):

o Mechanical completion test to ensure that all parts of the facility has been physically checked completed
and installed correctly and according to the as-built documents. Once the mechanical completion of the

mstallation is achieved. the contractor will proceed to energise the facility and carry out the tests for
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completion to ensure each component of the plant is working properly and in accordance with the
national and local electricity grid codes. It is the responsibility of the contractor to deliver a grid code

compliant plant.

o Provisional acceptance tests (Phase 1 of IEC 62446) shall be performed to confirm the performance ratio
of the entire facility and quality of design. construction and correct operation and must be supervised by

an independent technical adviser.

o Intermediate acceptance tests (Phase 2 of IEC 62446) shall be performed where the performance and
availability verification are executed for a period of 1 year. A visual inspection and thermal analysis

(using thermal camera) is made on the plant to check for possible defects.

o Final acceptance tests (Phase 3 of IEC 62446) shall be performed for two vears after the provisional
acceptance tests. All remarks made during the provisional acceptance tests are verified as complete and a

final performance and availability verification in this two-year period.
¢  Mmimum requirements for taking over are as follows:
o All works as per the contract are complete
o  Tests on completion have been passed and approved by the plant owner
o  Final O&M manuals for the works have been issued to the plant owner
o List of open points has been agreed and signed by the plant owner and contractor

o Provisional and final acceptance tests have been successful in meeting the minimum guaranteed
performance and availability over the periods of analysis.

2.10 South African Civil Aviation Authority (SACAA) and International Civil Aviation Organisation (ICAO)

requirements

¢  Any PV installation within the aerodrome vicinity shall be of an anti-glare nature and simulation with the “Solar

Glare Hazard Analysis Tool” must be done in partnership and agreement with SACAA requirements.

o In cases where the height exceeds the maximum height in a roof mounted installation. obstruction lights shall be

mnstalled according to civil aviation regulations. CAR 139.01.30.

e  Prior approval and consultation with all relevant stakeholders shall be acquired for solar PV installations within

the airport environment.

e The solar PV installation shall not infringe any airports operations. safety. security or operational licence
requirements as dictated by ICAO and SACAA regulations.

2.11 Knowledge Management, Skills Transfer and Learnings

e The consultant shall ensure that the site agent maintains a daily log of all events, occurrences and progress for the

duration of the installation until commissioning of the solar PV installation.
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e The consultant shall ensure that the project manager and design engineer compile a list of learnings from the

design and installation of the facility which is to be attached to the close out report to be included in the handover

documentation.

e  The maintenance contractor shall compile a list of learnings from the maintenance of the solar PV plant which can
be viewed from time to time and must be submitted annually to the ACSA person managing the maintenance

contract.

e The installation contractor shall submit to the plant owner a comprehensive report on the supply market for solar
PV panels. solar cells. inverters. transformers. software and sensors. mounting structures. and all other equipment

and tools utilised for the installation.

e The consultant shall ensure that knowledge on all aspects of the plant design. supply process. installation and

commissioning and project management is transferred to at least two of the plant owner’s personnel.

¢ The maintenance site manager shall ensure that knowledge transfer is done through regular technical updates and.

if need be, practical demonstration sessions as chosen by the plant owner’s managing personnel.

¢ During the twelve-month defects liability period. performance ratio must be maintained at above 0.8 and all
activities and steps taken to ensure this performance ratio must be documented and submitted as a report to the

plant owner.

e The maintenance contractor shall be key in facilitating any research done by a research student from a university

or other tertiary institution.
o The following shall be communicated as a minimum as per the learning and skills transfer:
o  Basic concepts on solar PV panel technology
o  Theoretical introduction to commissioning and test programmes
o Practical introduction to correct use of maintenance manuals
o  Basic trouble shooting and fault finding
o  Safety procedures for operating and maintaining the plant

o Theory and practice of electrical power system. Operational activity that is permissible by the plant

owner for their personnel during the warranty period
o Safety methods for equipment isolation during maintenance
o  Description of the electrical system including details of LV and data cable routes
o Identification of protection relays and equipment
o  Review of protection relay settings
o Description interface with any existing substation equipment and with the utility grid

o  Replacement of mmor parts (e.g. fuses)
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o Safety access. operations and maintenance procedures where special procedures are required which
would not be familiar to experienced. qualified/registered personnel
o Monitoring and interpret a performance report.

3. PLANS TO ESTABLISH MAINTENANCE AND OPERATIONS OF SOLAR PV INSTALLATIONS
AT AIRPORTS IN SOUTH AFRICA

The plan presents a solar PV maintenance schedule for the next 3-year period of the solar PV maintenance term including
the cost saving analysis performed that has a mix of insourced and outsourced tasks. including knowledge requirements for

full insourcing to be adopted based on:
e  Operational cost savings to the business
e  Benefit of standardisation of maintenance across airports for solar PV installations
o  Utilisation of in-house skills for tasks that can be executed by internal personnel
¢  Maximisation of existing maintenance contracts such as electrical reticulation

e Cultivating in-house skills for the full insourcing of solar PV maintenance over a 3-year period. potential

commercialisation opportunities

ACSA’s five solar PV plants produce yield whose value 1s around ZAR 6.4m per annum. These solar PV plants
require maintenance to ensure their optimal output. execution of preventative maintenance and maintaining the plant’s
equipment guarantees and warranties. Maintenance can cost around ZAR 980k per plant. Refer to Table 2. It will cost

between ZARS5m and ZARG6m to renew 3-year maintenance contracts for all six solar PV plants within the group.

The range of skills required to perform the work as can be seen in Table 2 are varied between labourers. semi-
skilled and skilled workers mainly within the electricians and electrical engineering fields. All these skills are entirely
possible to cultivate in-house. Due to the financial impact of the COVID-19 pandemic on the business, coupled with the
business imperatives to build technical capacity in-house. a solar PV maintenance schedule that takes a hybrid approach as

follows is proposed:
e Do certain maintenance tasks in-house
¢ Include medium voltage (MV) maintenance under the airports’ general MV maintenance contracts
¢  Outsource the remaining tasks under the usual 3-year solar PV maintenance contracts

An analysis was conducted of the potential cost savings with this approach and it was found that 30 % (ZAR 1.7m)

cost savings could be realised over the next three years (Table 3).
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Table 2: Estimated Cost of Solar PV Maintenance

Year 1 maintenance 258 297.34 307 636.26
charge
S

‘Xeax Jananenmnee 273 795.18 6.00 % 326 094.44 6.00 %
charge

P S It 200 222.89 6.00 % 345 660.11 6.00 %
charge

Total 822 315.41 979 390.81 12.00 %

Labourer 62 73.16
Semi-skilled 134 158.12
Skilled 226 266.68
Site manager 438 516.84
Engineer/ Technologist 1307 1542.26

Table 3: Cost Savings for Hybrid Approach (Insource/Outsource) of Solar PV Maintenance

! Skilled labourer rate calculated for 4 days for
Astsusidicad At il annual check-up. 3 days each for the two follow
Y ¥ 1 ups. Includes analysis of thermographic scans.
Junction box two follow up 21334 ; : f o 3 o th
maintenance Vil including 1 day for corrective maintenance (in the
4-day annual check-up). Excludes cost of
connectors for corrective maintenance
Earthing integrity 2 Skilled labourer rate calculated for 3 x 8 hour
check. maintenance | Annually 6 400° days. Includes corrective action. Excludes
and corrective action corrective action material
T 5 :
LV and MV cabling Skilled l?bouler rate :‘:a‘lculated for 10 x 8 howr
integrity chiecks and | Asmually 21 3343 days‘_ Excludes corrective maintenance.
& : LV- in-house, MV to be done by a separate
corrective action : :
service provider
Structural integrity deiss
chock andeewoctive: | Al 6 400° d:‘.kxlled labourer rate t:zflcula_ted for 3 x 8 hour
setion ys. Excludes corrective maintenance
At least twice a ° Semi-skilled labourer rate calculated for 3
Vegetation year - maintain 37 0495 people. 5 days x 2 times a year for 8 hours per
management vegetation day. Excludes cost of equipment. materials and
height fuel
Per plant per 93 418 The cost saving represented here assumes that the
annum (30%) value of the contract awarded will exclude
costings as per itemised costing of a typical
e ;erreg.laxel;rfor ® 297 070 contract. It does not take into account the market
s tra};t (30%) dynamics at the regional airports or the associated
cost of doing business in these regions

117

The solar PV plant maintenance schedule (Table 4) with insource/outsource model for cost reduction including

knowledge management requirements (Table 5) for full insourcing model proposed for adoption in ACSA was co-

developed with UPIA’s Maintenance Manager with input from George Airport’s Maintenance Manager. Table 6 explores

the typical work involved with the insourced solar PV tasks. the skills and certifications required. as well as any special
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equipment needed to perform the work involved.
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Table 4: Proposed Model for Transitioning Solar PV Maintenance in-House for Solar PV Installations at

Array and grid

Annually. with two

Airports

Maintained according to OEM
requirements, ensuring optimal

junl(' t:on box follow up checks performance and preservation of In-hose
S warranties and guarantees
Maintained according to OEM
Inverter requirements, ensuring optimal
maintenance R performance and preservation of Duouced
warranties and guarantees
Subikiton Maintained according to OEM :.0 te g ?I;;izfirtlte
requirements, ensuring optimal I =
transformer Annually i medium voltage
s latena s performance and preservation of (M) sexvice
warranties and guarantees e
provider
Cleanmg‘at Embiwics Maintained according to OEM
Photovoltaic a year, with spot : o :
: ; requirements, ensuring optimal _
panels cleaning (for bird e Outsourced
3 performance and preservation of
maintenance droppings and others) .
; 2 warranties and guarantees
every two months
*Maintenance of | At least twice a year.
battery storage following OEM Not applicable
svstem recommendations
Solar PV module Maintained according to OEM
connection . requirements, ensuring optimal
integrity and Trics u year performance and preservation of Dfecstrosd
corrective action warranties and guarantees
Earthing Maintained according to OEM
4 requirements, ensuring optimal
i o Annually 5o .g op . In-house
maintenance and performance and preservation of
corrective action warranties and guarantees
LV and MV Maintained according to OEM Low voltage (LV) in-
cabling integrity = requirements. ensuring optimal house. MV to be
checks and Y performance and preservation of done by a separate
corrective action warranties and guarantees service provider
Structural Maintained according to OEM
integrity check Annually requirements, ensuring ctpt}mal Iidiioice
and corrective performance and preservation of
action warranties and guarantees
Solar PV panels
.thm"mgmphk Twice a year Outsourced
imaging and
corrective action
At least twice a year
Vegetation and as required to Maintenance of vegetation height at In-house
management maintain vegetation 10 em
height
Maintenance and Maintained according to OEM
calibration of Annually requirenients, ensuring opt}mal Tt
meteorological performance and preservation of
equipment warranties and guarantees
Auxiliary and As per OEM
ancillary systems | requirements —annual | As per OEM requirements Outsourced
maintenance integrity checks and
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[Communication | corrective action
svstems and
balance of plant]
%, o
ag'll\l*ib;-a\?:::i At least twice a year
oniiiabsitio for the full plan? and
system per string, aficr cvery Sepa, As per OEM requirements Outsourced
e i replacement/adjustme
nt undertaken on a
maintenance string
(*where installed)
*Maintenance of
active expected
vield calculation
system that takes
ARIG ST Twice a year As per OEM requirements Outsourced

temperature of
modules and
incident solar
insolation
(*where installed)

Corrective

This must be carried out when it is
required and must be done so as to

Outsourced unless

When required maintain the plant quality. safety otherwise specified in
maintenance B
and product guarantees and the above line items
warranties
Real!—t.ime Showing the total yield of the plant.
EEE ;" n?iam d Real time the KWhs used by the airport and Outsourced
monitoring an the kWhs exported to the grid
reporting
Monthly service
reports detailing Service reports including the
all the performance of the plant and
maintenance and comparison against the expected
corrective actions Nontily performance of the plant with real CHispimGeed
with route cause time performance monitoring
analysis where results
relevant
Knowledge Transfer
for two resources per
solar PV plant and
Knowledge must cover the entire
transfer for two maintenance contract
ACSA emplovees | Shadowing. on technical issues as

every quarter on
all issues with

mentoring. teaching as
per knowledge transfer

This knowledge transfer must cover
technical and administrative
aspects

well as administrative
tasks. competencies

respect to this requirements below required and practical

confract’s scope experience which

of works must be acquired
during the
management of the
contract

Preparation and

lodging of claims

on equipment g This must be carried out as per the

warranties/guara When required requirements of each OEM Outsourced

ntees on behalf of

ACSA
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'I|"Il’1l'I um"m

379



120 Jerusha Joseph & Professor Freddie Inambao

Table 5: Knowledge and Skills Transfer Requirements to be Performed Successfully for fully Insourcing
Solar PV Maintenance at Airports

This theoretical class must have formal notes

(b) [ This class must have a verbal. interactive session where team members can ask questions

(c) | This class must be followed up with an evaluation to test the knowledge transfer

1] @ An evaluation report of the team member's performance must be written up. providing insight on the

candidate's learning gaps and readiness to perform the works tasks on site

Any lack in qualifications of the candidate to legally perform the maintenance tasks must be highlighted

and submitted within the report

® Registers and the evaluations must be kept as evidence that this task has been completed and must be
submitted to the plant owner

A soft copy of ALL training material must be provided to the plant owner

The work tasks (both preventative and corrective maintenance tasks) must be demonstrated by the
(a) | contractor with the candidate in attention, after which the candidate will safely attempt the task under the
guidance of the contractor. until the candidate is confident to do the task on their own

Once the candidate is confident in doing the task on their own, the contractor writes this up. including
evidence of the candidate having been practically trained and undertaking the task confidently on their
own (safely and without risk to any warranties or guarantees) and submitted to the plant owner. The

(b) | write-up must include professional feedback on the candidate's performance including the tools and any
competencies that s/he will need to have should s/he undertake the task without the tools and supervision
of the contractor. The candidates” signature on the report as being a true reflection of what transpired
during the onsite work must be captured.

Attendance registers and photos must be used as evidence as well as signed off check sheets of who

(c) | performed each task on the mamtenance checklist and report that follows. All of this must be submitted
to the plant owner

The candidate must produce a write-up on the site work performed and comment on his/her confidence
to undertake the maintenance un-aided and this must be submitted to the plant owner

(d)

Each candidate must be able to perform calibration. programming and adjusting of solar PV plant
parameters where required. measuring and calculating of plant and component efficiencies effectively
and confidently. understanding all concepts and underlying principles involved with each of these tasks
which must be covered in the quarterly theoretical class outlined above

(a)

3 One monthly report every year must be undertaken by the candidate on the form that the contractor
reports on a monthly basis. The candidate must do the report independently and the contractor must not
(b) | do any of the work for this report. The contractor must sign in approval of this report as being true and
accurate. Learning to write this report must be done in other months where the contractor usually
submits this report.

At least one claim against the guarantee/warranty for the plant must be completed by the candidate
Evidence of this must be presented. such as report write-ups. emails sent. communications and liaisons

© recorded. This does not need to be done annually but can be done once per candidate for the duration of
the contract.
Impact Factor (JCC): 9.6246 NAAS Rating: 3.11
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Table 6: Outlining the Typical Work Involved, Skills and Certification Required, and Equipment needed for the
Insourced Solar PV Maintenance Tasks
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Quick repair ;11:aert_nal
Visual check for mainly Qualified | Trado Test, camgejrl;g rinter
connection and ivoivitia electricls. | Themminanih electric;lfcable.
In-house dicsmoatsohic sca replacement of | n with IR | y certificate connectors e
for hot ?orﬁlectians CRSHA RO, (SARRIG | Ay replacement of
effect on training course) dili‘ective
electrical loads o
Tightening of earth
connections and
checking bonding ;
between steel SN eacl}
structures and earth it pastito _haw :
sl acisial an insulation Require an
resi:s — resistance Qualified insulation
In-house s S tester electricia | Trade Test resistance tester
g —— (Meggertest): n known as a
couimo ¥ 0“,?1 35 | \which most "Meggertest”
the "Meggertest" (an airparts have
earth resistance onsite
tester to measure the
soil [earth]
resistivity)
) . Skills for
l?rewmtan repairing MV
:lfaiuteuau cable joints Visual checks
—— Repairing of may not be required. so
eyl damaged or present at each | Qualified good eyesight
B compromised airport; these | electricia | Trade Test and knowledge
o tsoin'ce cabling mainly cables are also | n of how a
; buried underground | buried healthy cable
corrective
7 — underground should appear
5 and are labour
intensive
Visual checks
required. so
good eyesight
and knowledge
ofa
. Major joint/structural
:ﬁ;ﬁ;gg?;mmﬂ structural Qualified beams free of
In-house bolts. loose failure to be electricia | Trade Test corrosion
conn;actions handled n should appear
differently to and be seen
going into the
ground,
properly
secured without
compromise
editor@tjpre.org
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Requires grass
cutting
machine(s). fuel
and safety gear.
On the job taking

traming - precaution to
minimum first clear the
PPE field of stones
and objects that
can cause
damage to
panels

Grass
cutting/V
egetation
managem
ent

Grass cutting with
caution of flying Manage risk of
debris causing panel damage

damage to panels

In-house

CONCLUSIONS

This paper presented standards and guidelines for solar PV mstallations at awrports and the proposal for solar PV
maintenance to be insourced. The standards and guidelines for solar PV installations addressed the technical aspects of the
solar PV plant, including the design aspects, installation aspects. solar PV specifications. operational parameters and
output, environmental impact: testing commissioning and handover requirements including insurance underwriting and the
SACAA. ICAO and knowledge transfer requirements. The proposed insourced/outsourced solar PV maintenance model is
intended to be fully insourced in due course which will save about 30 % on operational cost. A fully insourced solar PV
maintenance model ensures that the airports have cost effective maintenance and operations for business sustainability as

well as presenting commercial opportunities due to the skills capacity built within the organisation.
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CHAPTER 18. ENERGY SECURITY: ESTABLISHING A LOW CARBON ENERGY
MIX FOR AIRPORTS IN SOUTH AFRICA

This chapter presents the establishment of a range of energy generation technologies forming a low
carbon energy mix that is economically feasible and technically suited to the operating environment to

ensure a reliable and feasible transition for nine ACSA airports to realise energy security.

The article was published in the International Journal of Mechanical and Production Engineering

Research and Development (IJMPERD).
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1. INTRODUCTION

Airports Company South Africa (ACSA) owns and operates nine airports in South Africa. namely. O R Tambo
International Airport (ORTIA) (Kempton Park. Gauteng). Cape Town International Airport (CTIA) (Western
Cape). King Shaka International Airport (KSIA) (Durban. KwaZulu-Natal). Port Elizabeth International Airport
(Eastern Cape) (PEIA). East London Airport (Eastern Cape) (EL). Bram Fischer International Airport
(Bloemfontein. Free State) (BFIA). George Airport (Eastern Cape) (GG). Upington International Airport (Northern
Cape) (UPIA) and Kimberley Airport (Northern Cape) (KIM).

ACSA’s objective 1s to establish an energy mix that is feasible and suitable for the operating environment
in their strategic journey to reach carbon neutrality in electricity consumption which is the largest constituent of the
airports” carbon footprint. Reducing the airports’ electricity consumption is an objective in the journey towards
carbon neutrality together with the establishment of certified green star rating of existing terminal buildings and
certifying all new office. terminal and commercial buildings with green star ratings to ensure that the imvestment
mto energy efficiency. energy conservation and alternative energy mix is sustained. and investments preserved.

Green star rating of terminal buildings i1s included as a goal regardless of the financial viability of this process as the

W ljpre.org editor@tjpre.org
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operational and efficiency benefits far outweigh the direct financial benefit.

This paper presents the confirmed energy mix for all nine airports. including the feasible alternative energy

projects. their energy reduction projects. and the green star rating targeted for all airports.

2. FINALISING THE LOW CARBON ENERGY MIX AND ROADMAPS TO CARBON
NEUTRALITY IN ELECTRICITY CONSUMPTION FOR NINE AIRPORTS

Determining a feasible energy mix for airports starts with the preliminary work of ascertaining and analysing the airports’
energy consumption followed by reducing the airports’ electricity demand [1] [2] [3]. This involves assessment of the
energy demand profiles and determination of the alternative low carbon energy sources available to each site, then
conducting technoeconomic assessments regarding the adoption of the alternative energy sources identified to supply the
energy demand [4] [5] [6] [7]. Following the principles for energy efficiency [8] and the principles for energy security [9].
the energy source identified can be matched to the energy demand considering the shortest energy conversion route,

considering the site specific constraints, and optimising for cost effectiveness (Figure. 1).

E{F hilt

ety avadabe
d mm
“-—“— | l-l-—' -m.-;

1

Figure 1: Flowchart: Energy Mix Determination Towards Carbon Neutrality in
Electricity Consumption at Airports.

Based on the conceptualised low carbon energy mix per airport [10]. and the technoeconomic assessments, the
final low carbon energy mix reaching carbon neutrality is shown in Figure. 2 to Figure. 10, each figure is followed by a
table with the project details. Table 1 to Table 9. The roadmaps to carbon neutrality use the energy consumption of the
airports during the period 1 April 2019 to 31 March 2020 or 2019/20 financial year (FY 2019/2020) as a baseline to offset

carbon emissions. with the first reduction noticeable in the FY 2021/2022 (1 April 2021 to 31 March 2022).

Impact Factor (JCC): 9.6246 NAAS Rating: 3.11
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ORTIA Roadmap to Carbon Neutrality: kWhs on National Electricity Grid
and CO2 emissions (tonnes) - FY2019/2020 kWhs as a baseline

KWhs on the National Electricity Grid

= Whs on the National Flectricity Grid 112914 52 1129
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120 000 000
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—(ORTIA COZ cmissions (fomes)

Figure 2: ORTIA Roadmap to Carbon Neutrality in Electricity Consumption.
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ORTIAs roadmap to carbon neutrality (Figure. 2 and Table 1) shows a reduction of electricity consumption from

the grid. a reliance on natural gas trigeneration as a main power source, and an excess generation of kWhs as a result of

using a carbon offsetting technique for generating green kWhs via a solar PV plant so that carbon credits can be claimed to

offset carbon emissions and excess kWhs can be sold commercially.

Table 1: ORTIA Roadmap to Carbon Neutrality in Electricity Consumption

}‘ Runway 2026 | 5914278.24
L |Ca 2023 | 657 142.03

A 2 warehouse

a ; Streetlightin | 055 | 1 642 855.07

= : g 11.52 % | 14.99 %

- , | High-masts | 2024 | 985713.04

i —

2 |k [Tmed 2024 | 4928 565.20
g £ 5 | replacement
= = =
= & | L |hesef 2029 | 3285710.13
g pt | 6 | replacement
- % 5
@ p— Lighting
= Lighting | 2. 11
(=] 0 0
S o il || control - I 768% | 9.99 %
= system
E Heat Application
£ | deflective |7 gﬁi;eldinmmag Ll 2028 | 725504321 480% | 625%
c - »
= conmmg roof
-
E S:zi:r 1" g:zz:r 2026 | 98550.00 0.07% | 0.08%
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technolog retrofit
¥
r
ERe 5 3:21;:3 water
energy l' setpoint 2024 | 2229828.00 147% | 1.92%
savings control
28
10.5 MWp 2025 023 772.85
Natural 6. | (electrical) (50 %): (HVAC 70 N o
gas I |naturalgas | 2026 energy | 080 000.00 | 5%-53 % | 53.14%
trigeneration | (100 %) | consumption
)
2024
0%
Carbon - Solar PV (3;3()2/;)’ 3
i ’ 2 .86 % 7.63 %
) og;irtmg 1 ;J/lg;t 53 (66 %): 867 748.00 5.86 % 63 %
E P P 2026
? (100 %)
] Smart - . )
:z arid 8 | Implement a smart grid to coordinate energy sources
Existing 5-star green
E':::z‘:_‘m“ terminal 51}' rated 2028 | 4643 803.66 3.07% | 4.00%
B SISy buildings terminal
efficiency green star
culture rating 10 | Maintain terminal building green star rating
Total kWhs off the national electricity grid 2 3145118 57 100 %
Total CO; emissions offset (tonnes) 119 668.92 100 %

CTIA s roadmap to carbon neutrality (Fig. 3, Table 2) shows a reduction of electricity consumption from the grid.

a reliance on natural gas trigeneration as a main power source, incorporation of a geothermal heat sink to replace a cooling

tower. vertical axis wind turbines, and excess generation of kWhs as a result of using a carbon offsetting technique for

generating green kWhs through a solar PV plant so that carbon credits can be claimed to offset carbon emissions and kWhs

can be sold commercially.
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Figure 3: CTIA Roadmap to Carbon Neutrality in Electricity Consumption.
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Table 2: CTIA Roadmap to Carbon Neutrality in Electricity Consumption
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S e g 12 | Maintain terminal building green star rating
rating
93
Total KkWhs off the national electricity grid 856 066.44 100 %
Total CO; emissions offset (tonnes) 72 941.78 100 %

KSIA's roadmap to carbon neutrality (Figure. 4 and Table 3) shows a reduction of electricity consumption from
the grid. a reliance on natural gas trigeneration as a main power source, and excess generation in kWhs as a result of using
a carbon offsetting technique for generating green kWhs via a solar PV plant so that carbon credits can be claimed to offset

carbon emissions and kWhs can be sold commercially.

KSIA Roadmap to Carbon Neuatrality: kWhs on National Electricity CGrid and
CO2 emissions (lonnes) - FYZOIT9ZOZ0 as a bascline

RSLACO0 oo ey

1N s Natwal Sty (o

Tosies) 131 13137 | 28 ™

Figure 4: KSIA Roadmap to Carbon Neutrality in Electricity Consumption.

Table 3: KSIA roadmap to carbon neutrality in electricity consumption
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Smart grid | 7 | Implement a smart grid to coordinate energy sources
. Existing G-star green
Embeddin | inal | 8 | rated 2026 v 332% | 4.87%
g energy buildings 1 S 693 196.04
efficiency il
culture f;arting 9 | Maintain terminal building green star rating
51
0,
Total kWhs off the national electricity grid 025 645.34 100 %
Total CO; emissions offset (tonnes) 35 819.12 100 %

PEIA’s roadmap to carbon neutrality (Figure. 5. Table 4) shows a reduction of electricity consumption from the
grid, a reliance on the existing 1 MWp solar PV powerplant as a main power source, vertical axis wind turbines,
incorporation of solar thermal energy for powering absorption chillers, and excess generation in kWhs as a result of
extending the existing solar PV plant to cover the airport’s remaining electricity demand. There are a few surplus kWhs
which can either be sold off commercially or the carbon credits used by another airport. Geyser sleeve technology,
although feasible for PEIA [1]. was excluded due to the geysers being replaced with heat pumps.

PEIA Roadmap to Carbon Neutrality: kWhs on National Electricity Grid
and CO2 emissions (tonnes) - FY2019/2020 kWhs as a baseline
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Figure 5: PEIA Roadmap to Carbon Neutrality in Electricity Consumption.

Table 4: PEIA Roadmap to Carbon Neutrality in Electricity Consumption
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Total KkWhs off the national electricity grid 485 318.99 100 %
Total CO; emissions offset (tonnes) 5 649.88 100 %

EL airport’s roadmap to carbon neutrality (Fig. 6. Table 5) shows a reduction of electricity consumption from the

grid. a reliance on the planned 650 kWp solar PV powerplant as a main power source. and excess generation in kWhs as a

result of extending the existing solar PV plant to cover the airport’s remaining electricity demand. There are a few surplus

kWhs which can either be sold off commercially or the carbon credits used by another airport. Due to the site planning

mclusion of heat pumps. geyser sleeve technology was excluded.
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EL Airport Roadmap to Carbon Neutrality: kWhs on National Electricity
and CO2 emissions (tonnes) - FY2019/2020 kWhs as a baseline
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Figure 6: EL Airport Roadmap to Carbon Neutrality in Electricity Consumption.

Table 5: EL Airport Roadmap to Carbon Neutrality in Electricity Consumption
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BFIA’s roadmap to carbon neutrality (Fig. 7. Table 6) shows a reduction of electricity consumption from the grid,
a reliance on the existing 750 kWp solar PV powerplant as a main power source, incorporation of solar thermal energy for
powering absorption chillers, and excess generation of kWhs as a result of extending the existing solar PV plant to cover
the airport’s remaining electricity demand. There are a few surplus kWhs which can either be sold off commercially or the
carbon credits can be used by another airport. The geyser sleeve technology. although feasible for BFIA [1]. was excluded
due to the geysers being replaced with heat pumps. Low emissivity glass (or double glazing). although feasible for BFIA

[1]. was reserved for new infrastructure and replacements due to existing infrastructure damage.

BFIA Roadmap to Carbon Neutrality: KWhs on National Electricity Grid
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Figure 7: BFIA Roadmap to Carbon Neutrality in Electricity Consumption.

Table 6: BFIA Roadmap to Carbon Neutrality in Electricity Consumption
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GG airport’s roadmap to carbon neutrality (Figure. 8, Table 7) shows a reduction of electricity consumption from

the grid. a reliance on the existing 750 kWp solar PV powerplant as a main power source, and excess generation of kWhs

as a result of extending the existing solar PV plant to cover the awrport's remaining electricity demand. There are a few

surplus kWhs which can either be sold off commercially or the carbon credits used for another airport. The geyser sleeve

technology. although feasible for GG airport [1]. was excluded due to the geysers being replaced with heat pumps.
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GG Airport Roadmap to Carbon Neutrality: kWhs on National Electricity Grid
and CO2 emissions (tonnes) - FY2019/2020 kWhs as a baseline
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Figure 8: GG Airport Roadmap to Carbon Neutrality in Electricity Consumption.

Table 7: GG Airport Roadmap to Carbon Neutrality in Electricity Consumption
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UPIA’s roadmap to carbon neutrality (Figure. 9, Table 8) shows a reduction of electricity consumption from the

grid. a reliance on the existing 500 kWp solar PV powerplant as a main power source, and excess generation in kWhs as a
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result of extending the existing solar PV plant to cover the airport’s remaining electricity demand. There are a few surplus
kWhs which can either be sold off commercially or the carbon credits used for another airport. The geyser sleeve
technology. although feasible for UPIA [1]. was excluded due to the geysers being replaced with heat pumps.

UPIA Roadmap to Carbon Neutrality: kWhs on National Electricity

Grid and CO2 emissions (tonnes) - FY2019/2020 kWhs as a baseline
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Figure 9: UPIA Roadmap to Carbon Neutrality in Electricity Consumption.

Table 8: UPIA Roadmap to Carbon Neutrality in Electricity Consumption
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Total kWhs off the national electricity grid 825 967.66 100 %
Total CO; emissions offset 850.75 100 %

KIM airport’s roadmap to carbon neutrality (Figure. 10, Table 9) shows a reduction of electricity consumption
from the grid. a reliance on the existing 500 kWp solar PV powerplant as a main power source and an excess generation in
kWhs as a result of extending the existing solar PV plant to cover the airport’s remaining electricity demand. There are a
few kWhs surplus which can either be sold off commercially or the carbon credits used for another airport. Low emissivity
glass (or double glazing), although feasible for KIM airport [1] was reserved for new infrastructure and replacements due
to existing infrastructure damage.

KIM Airport Roadmap to Carbon Neutrality: kWhs on National
Electricity Grid and CO2 emissions (tonnes) - FY2019/2020 kWhs as a

baseline
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Figure 10: KIM Airport Roadmap to Carbon Neutrality in Electricity Consumption.

Table 9: KIM Airport Roadmap to Carbon Neutrality in Electricity Consumption
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Each airport’s roadmap to carbon neutrality is currently live and implementation will be adjusted according to
circumstances and the changing energy demands of the airports. Geyser sleeves were investigated for all the airports and
proved feasible: however. their implementation will not be needed at airports where heat pumps have been installed. It was
decided that retrofitting glass facades with low emissivity or double glazing will not be the best approach and should rather
be used in new installations as well as in repairs if appropriate. Implementation will be adjusted according to circumstances

and the changing energy demands.

The roadmaps to carbon neutrality in electricity consumption for the airports aim to offset the quantity of carbon
emissions as of the financial vear ending 31 March 2020. Future electrical loads will be subject to the standards and
guidelines for energy efficiency [10] and new infrastructure projects will be required to attain a green star certification.
This will ensure that new loads are efficient and the roadmaps to carbon neutrality efforts are maximised. The intention is

to increase the capacity of existing power plants to either supply new loads and/or offset carbon emissions.
3. CONCLUSIONS

This paper presented the confirmed low carbon. economically feasible energy mix and the green star rating targets for the
nine airports in South Africa owned and operated by ACSA, and the associated roadmaps to carbon neutrality. The main
low carbon energy source for ORTIA. CTIA and KSIA is natural gas trigeneration plants that will provide electrical kWhs
and heat for water heating purposes and power absorption chillers for air conditioning. Wind energy and geothermal heat
sinks are also in the energy mix for CTIA. To offset the carbon emissions from natural gas engines. solar PV plants are
used. Excess generation from the carbon offsetting solar PV plants can be commercialised or can be targeted as an offsite
corporate social investment project. claiming carbon credits. Solar PV energy with energy storage is the main energy
source for PEIA. EL airport. BFIA. GG airport. UPIA and KIM aiurport. Solar thermal energy powering absorption chillers
at PEIA and BFIA further reduce kWhs from the electricity grid. Wind energy is also in the low carbon-energy mix for
PEIA. The roadmaps to carbon neutrality offset the carbon emissions from the airports’ electricity consumption from the
grid. and the green star ratings targeted for existing terminal buildings as well as for new infrastructure ensures that

mvestment into carbon neutrality is sustained and optimised.
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CHAPTER 19. ENSURING SUSTAINABILITY OF ENERGY EFFICIENCY AND
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INTRODUCTION

Airports Company South Africa (ACSA) over the past eleven vears (2010 to present) has been making an effort to
reduce carbon emissions across the nine airports it owns and operates i South Africa. The journey began with
energy reduction projects being undertaken by the company’s electrical and mechanical engineering departments.
The efforts to reduce energy consumption was spurred on by the 2008 rolling black-outs and load shedding due to
Eskom’s lack of electricity capacity to serve the country and the resulting increase in the cost of electricity. Airports
were usually prioritised along with medical facilities such as hospitals. but this was on the condition that energy
consumption was reduced. As time went on and Eskom’s position did not improve. relying on Eskom supply to the

airports 24 hours a day. 7 days a week became unsustainable.

The reduction in energy consumption at OR Tambo International Airport (ORTIA) was driven purely by
cost savings primarily through a reduction in maximum electricity demand initiatives in collaboration with onsite

hotel owners and retail facilities, and lighting upgrades as fluorescent lighting and later LED (light emitting diode)
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technology matured in the commercial market. The regional airports, namely. Port Elizabeth International Airport (PEIA).
East London (EL) Airport. Bram Fischer International Airport (BFIA). George (GG) Airport. Upington International
Airport (UPIA) and Kimberley (KIM) Airport faced a more serious problem of lack of capacity to supply the airport
electricity demand as the geographical areas where these airports are were not as developed or urbanised as Johannesburg.
Cape Town or Durban. Efforts to reduce energy consumption through replacement of lighting with more efficient matured
technology at that time (fluorescent lighting at the regional airports) and the installation of solar PV plants were
mvestigated to make up for the shortfall in energy supply from Eskom. Cape Town International Airport (CTIA) also
undertook lighting changes and installed lighting control. King Shaka International Airport (KSIA) being quite new,
having been commissioned in May 2010, including new technologies and efficient technologies from the beginning,
together with timers for lighting circuits, daylight sensors for outdoor lighting, efficient fluorescent lighting and state of the
art air conditioning system with continuous energy saving initiatives being undertaken for its large. centralised air
conditioning system. With the cost of a loan to pay off from building the greenfield airport on its monthly debt. it was
imperative to reduce cost and reduce energy consumption through energy conservation and energy efficiency which
became a key performance indicator that featured on the monthly maintenance and engineering forum made up of
maintenance and engineering managers from all the airports with invited electrical or mechanical engineers from the

airports spearheading energy reduction projects.

Setting energy reduction targets of 10 % year on year became an unreasonable and unsustainable task especially
without the backing of investment and a strategy including a plan of what needed to be done each year to reduce energy
consumption enough to meet the target. Certain inconsistencies were also noted where airports that did not attempt any
energy saving interventions nevertheless achieved 10 % energy reduction. and those who executed projects to reduce
energy consumption observed an increase in energy consumption. This. together with the fact that depending on how the
energy reduction target of 10 % vear on year was interpreted. by year 10 the airports should consume no energy.
highlighted the need for a clear strategy and reasonable. measurable targets that would be achievable based on the
mvestment that management was willing to make. The mechanical engineer who was the representative from KSIA at the
maintenance engineering forum (also involved in the commissioning of most of the mechanical engineering infrastructure
during the construction stage of the airport) identified this and presented a strategy that was achievable for KSIA, the
airport where replacing any new infrastructure to achieve energy savings was not supported by management. due to the
airport’s completed construction and commissioning in May 2010. KSIA's management team supported the energy
management strategy for implementation at KSIA which involved Eskom incentivised lighting replacement for its multi-
storey parkade. promotion of energy awareness through a campaign for all its tenants and onsite stakeholders (over 700
participants). and an energy systems optimisation programme undertaken in collaboration with the Industrial Energy
Efficiency Project South Africa for its air conditioning and lighting systems. these having been identified as significant
energy users. This strategy was supported by KSIA's Chief Aerodrome Engineer at the time and proposed to be adopted

for the group of nine airports at the maintenance and engineering forum in 2014,

KSIA's successful energy reduction from 2010 to 2013 and strategy implementation from 2012 [1] resulted in the
adoption of an energy management strategy in 2015 for the rest of the airports which proposed an energy management
system which mapped out the path for ACSA operated airports to reduce dependency on the grid for their power
requirements (power generation). The short term goal was to reduce energy demand (Demand Side Management or DSM)

through the implementation of efficient engineering technology systems and optimising processes requiring power with a
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view towards creating an ACSA standard which contains energy specifications for all future buildings and infrastructure.
Its objectives were to achieve and maintain energy efficiency at all ACSA operated airports in a structured and collective
manner by integrating energy efficiency and management info existing maintenance activities and ACSA departmental
mfluencers” decision making. stakeholders. service providers. tenants. retailers and passengers activities to sustain an
energy efficient culture. and drafting policies that specified minimum energy requirements for all future buildings and

equipment at ACSA operated airports in their path towards compliance with existing global energy standards.

The key mechanical and electrical engineers from the airports formed an Energy Forum led by KSIA's
mechanical engineer who proposed the strategy and spearheaded the formulation of the energy reduction projects.
commitment to energy reduction targets, drafting of standards and guidelines for energy efficiency and formulation of
roadmaps to energy efficiency for all nine airports. Green buildings were quite new in South Africa at that stage. and were
mvestigated. but ACSA was not vet ready for the bold investment commitments to certify infrastructure with green star
ratings. When ACSA restructured and implemented a new governance structure and operating model with a new vision.
objectives and key performance indicators. “Energy and Demand Management” became formalised within airport
structures appointing energy and demand management engineers at the airports and a Chief Energy and Demand

Management Engineer role at its corporate office.

With rising electricity prices and the bold vision of ACSA to be leaders in the airport business. there was a need to
align energy and demand management efforts to the global context with local relevance. The appointed Chief Energy and
Demand Management Engineer (previously the KSIA s mechanical engineer who was instrumental in formulating KSIA's
energy management strategy in 2014) led the formulation of the revised energy and demand management strategy which

focussed on reducing carbon emissions towards carbon neutrality in electricity consumption.

During the journey of development. progress and awards [1]. [2]. [3] for efforts of energy reduction. carbon
footprint reduction through changing company strategies. personnel. technologies and legislation. there were three key
principles that underpinned its sustained success. This paper presents the principles that were used to ensure that energy
efficiency and energy security are sustained at ACSA owned and operated airports. which can be used in any developing

country.
Principles for Sustaining Energy Efficiency and Energy Security in Developing Countries

Energy affects and is involved in everything we do in life. whether we are at home. at work. at leisure or commuting.
regardless of geographical location. political or social structure. Trying to achieve a reduction in carbon emissions to
mitigate climate change is ineffective without agreement and support from all parties involved. whether voluntarily or
bound by contract. law or business strategy. Most times when energy reduction is achieved due to reduction in costs alone.

the trend in Figure 1 is observed.
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Figure 1: Ad-Hoc Approach to Managing Energy [4].
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Figure 2: Isolated Attempts to Reduce Energy Consumption.

Without energy efficiency being embedded into everyday activities, there will be no sustained energy decrease,
but rather ad hoc projects to reduce energy consumption while inefficient operational activities continue, negating all
project efforts that reduce site energy consumption. This is like exercising to lose unwanted kilograms while not
controlling one’s diet (Figure 2).

While some projects that upgrade technology may have certain operational advantages, making them desirable,
without the proper establishment of energy reduction projects in the business process considering the three dimensions of
social, environmental and economic integration, most energy reductions projects will fail to gain management support for
mvestment and effort, with other projects taking preference (Fig. 3). This is one of the main reasons why many energy
reduction and carbon reduction projects require advocacy. because just a few people believe in it, and it fails to gain

traction, becoming unsustainable within the organisation. It usually dies when those who were ‘keeping the wheel turning’

leave the organisation.
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SUSTAINABILITY
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Figure 3: Energy Management Operating outside of the Business Process Poses Sustainability Issues.

Being convinced that climate change is a concern that must be addressed is key to begin the journey of embedding
it within the organisations as what people believe filters through to their behaviour, becomes what they practice, and forms
part of their culture When they are convinced about pollution and climate change being a real threat to their way of life,
they find ways to ensure that awareness is created and this filters into their way of doing business so as to preserve their

way of life (Figure 4).
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Figure 4: Highlighting the Connectedness of Social Factors to Environmental and Economic Factors.

To ensure the sustainability of efforts to reduce carbon emissions for the continued life of humankind on earth as

we know it presently. there are three principles upon which these efforts must be built:
Principle One

Energy efficiency and energy security must form part of an organisation’s strategic plan.
Principle Two

The energy efficiency and energy security strategy must be underpinned by a functional structure that ensures the strategy
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is relevant in the global context.
Principle Three

The energy efficiency and energy security strategy must be executed according to the three dimensions of business
sustainability. 1.e.. with social. economic and environmental dimensions becoming part of every business activity and

transaction.

These principles will be discussed below. presenting the work that underpinned the success story [1] [2] [3] of

ACSA and its nine airports operating in South Africa.
A. Embedding Energy Efficiency and Energy Security in Strategy

While many organisations and countries, if not all. start off with a few energy efficiency and energy conservation projects
due to their advantages in lowering costs and optimising operational performance. there comes a point when further efforts
to reduce energy consumption are rejected by management due to their priorities being elsewhere. mostly in profitability.
and. for state owned organisations. satisfying objectives and commitments made to its shareholders and stakeholders.
Reduction in carbon emissions must find its importance and relevance within an organisation’s vision, prerogatives and

objectives for it to be sustained and become company culture (Figure 5).

Senior management
commit to programme

Initial savings
0,
+5% sustained

-5% i Housekeeping first — then

100/ investment
Becomes company
-159 culture
-200,
200 Investmﬁ;t//
-25%

Figure 5: Structured Approach to Managing Energy [4].

The strategy employed must relate to the mitigation of climate change and address the threat faced by the
organisation. For a developing country like South Africa. climate change is accelerated through CO» emissions by Eskom’s
coal fired power stations and the threat to the country’s off-takers like businesses. organisations. homes, etc. is the risk that
energy 1s not guaranteed for its operations at present and poses great risk into the future. Airport operations thus require a
reduction in carbon emissions while securing a reliable source of power that is guaranteed for its future. while remaining
profitable. Table 1 shows the energy management strategy proposed and adopted by ACSA for its nine airports in

September 2017, after their appointment of a Chief Energy and Demand Management Engineer.
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Table 1: ACSA’s Energy Management Strategy
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environmentally sustainable to airport businesses.

. Develop and
implement a carbon neutrality
model and track the move
towards carbon neutrality

Vision: To be a recognised leader in the implementation of energy solutions that are economically and

Aim: To reach carbon neun‘aliti in elecrricii consumlition hi 2030

. Develop carbon
footprint targets and check
progress against targets

. Determine
engineering equipment
process efficiency targets

progress against targets at
airport and group level

. Optimise processes :
1 Reduce kWh . Percentage g : P and check progress against
; 4 that require energy )
consumption kWh reduction and . targets
; s : . Review and update
simultaneously driving | resulting carbon PR . Develop baseload
; : > z technology constifuting 2
carbon neutrality footprint reduction. = = energy reduction targets
baseload energy consumption < e e
and check progress against
. Implement energy targets
consumption controls such that .
B ] . Determine energy
energy is consumed only when wi
= profile driver targets and
and where needed 2
check progress against
targets
; . Develop solar
2, Introduce a . Expand solar footprint . P :
) ; footprint targets and check
low carbon energy mix . Develop and g e s e
: TE, ] - progress against targets
that is responsive to the | o Percentage implement an Airports s Do s
Airports Company internal energy mix to Company South Africa specific 5 i P ey
7 ; i : ] : ; mix targets and compare
South Africa business erid supplied energy energy mix that will not i .

} RS : non-grid supplied energy
and operating compromise core business soneces 1o arid uonlied
environment objectives R

energy sources
. Develop and
: ; . Compare energy
; implement department specific ; A
3. Drive an ) : efficiency progress against
: . energy efficiency targets e s
energy efficiency . Green Star . Devel d energy efficiency targets for
culture within Airports | Accreditation and . ki i each department
s : implement a dashboard of :
Company South Africa | Airport Carbon enervnerfonmance indicatoes: | * Indicate progress
that 1s structured and Accreditation progress anll ‘g:;lfe i thamtz“m'i]l dsess on energy performance
standardised * mndicators at airport and

group level

Gaining management support for a strategy like the one given in Table 1 is the start of a journey of change that

must be managed within the company. It is easier to gain traction if the strategy is co-created and open to adjustments

when required for it to be successful in reaching its aim. The strategy in Table 1 was co-created with the energy and

demand management forum which has representatives from each airport. and comment and adjustment was invited from

implementing managers at the airports before it was submitted to executive management for approval. forming part of

board KPIs. The strategy needed to consider greater company objectives and support the organisation’s vision. ACSA’s

vision to be a leader in the airport business required that they position themselves as leaders in the climate change

mifigation challenge. The strategy objectives had to be specific. relevant. achievable. timed and its progress measured. To

embed this within an organisation is the start of creating a company culture and it starts with the awareness that the current

way of doing business needs to change (conviction) (Figure. 6).
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Why it works
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Figure 6: McKinsey & Company Influence Model and Four Building Blocks of Change [5].

Awareness needs to be created in a manner that is relatable to the personnel at various levels within the

organisation. When the energy and demand management strategy was approved., the Chief Energy and Demand

Management Engineer spent two to three months travelling to the nine airports communicating the strategy to all airport

management and maintenance engineering personnel. The method of communication differed. Communication to

management took place in boardrooms and follow up was via email with respect to targets and key performance indicators.

while communication to maintenance engineering personnel took place in their areas of work. followed by a walk through

audit of air conditioning and lighting systems. identification of inefficiencies and need for change in operations and

technologies. Energy teams [6] were formed at each airport with roles and responsibilities agreed upon. Formal and

mnformal traming followed to ensure that implementation was successful. To achieve carbon neutrality. a suite of

technologies was identified for investigation together with the increasing adoption of proven technologies such as LED

lighting, lighting control. heat pumps and solar photovoltaic energy. Table 2 gives the identified suite of technologies.

Table 2: List of Technologies to be Investigated for Implementation at Airports to Reach Carbon Neutrality

Natural gas Best suited for ORTIA. CTIA and KSIA due to their large energy baseloads. Utilising waste
1 | trigeneration heat from combustion can be used for water heating requirements and to power absorption
[7] chillers.
Could use waste heat or solar thermal energy. When coupled with geothermal heat sinks this is
Solar thermal b : ditioni St ooseibl ideri mercially available ai
2 | absorption the greenest air conditioning system that possible considering commercially available air
cooling [S] conditioning systems. This can be considered for all airports with a centralised air conditioning
system.
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gztl;ﬂ;:zl Using the gro_md asa heafl sink saves energy andl water and can ‘be useq as areplacement for
i 9] any airport with evaporative cooling towers. A trial installation is required.

Wind energy Wind turbines and airport communication systems are not always compatible. however,
using vertical | placing vertical axis wind turbines in carefully chosen locations at restricted heights can

axis wind overcome the barriers to their coexistence. CTIA. PEIA. EL and GG airports are suitable to
turbines [10] harvest wind energy.

Green star Certifving existing terminal buildings and building all new terminals. offices and retail centres
rated facilities | according to 4-. 5- or 6-star green ratings will play a key role in sustaining all efforts to reach
[11][12] and maintain carbon neutrality in electricity.

Waste to

energy via ORTIA. CTIA and KSIA generate significant volumes of waste that can be used to generate
anaerobic energy.

digestion [13]

Geyser sleeve
technology [8]

Can be adopted for all airports with geysers over 150 litre capacity.

Solar thermal
deflection
innovation
[14]

Reduces air conditioning demand.

Convective
boundaries —
low emissivity
glazing or
double glazing
[8]

Reduces air conditioning demand.

As the strategy moved into implementation. targets were included in performance contracts and when company

budgets were forecast, the feasible projects were included. This communicated clear expectation and leadership in reducing
carbon emissions. Keeping track of progress is key to maintaining traction. Using the plan. do. check. act (PDCA) cycle

(Figure. 7) 1s a good way of ensuring that work is executed. and adjustments made to suit operations.

ACT PLAN
Take action to Plan ahead for change
standardize or improve Analyze and predict the
the process resufts
Act Plan
Check Do
Do
CHICK Execute the plan, taking
Study the results small steps in controlled
circumstances

Figure 7: Visualisation of the Plan, do, Check, Act Cycle [15)].

Implementation of the projects required to reach carbon neutrality in electricity consumption must be done within
a PDCA cycle. The roadmaps to carbon neutrality [16] contain implementable projects that must be executed to reach

carbon neutrality. however. there are other activities that must also be considered that do not necessarily involve capital
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cost but are equally important in managing energy consumption and influencing decisions that affect the airports” carbon
footprint.
Plan

s  Annual target to reduce energy consumption including:

o Identify lighting and HVAC operations to reduce energy consumption

e Acquire budgets for projects to be implemented that reduce energy consumption

¢ Identify and agree on tenant energy reduction activities

e Investigate technologies for implementation of a low carbon energy mix to reduce energy consumption

o Identify technologies applicable to the airport’s journey to carbon neutrality

e  Gather information necessary for the investigation

e  Policies, standards. programmes required to create a culture to reach carbon neutrality

e  Plan workshops for standards and guidelines for energy efficiency [17]

¢  Plan an energy efficiency ambassador programme [17]

o Identify requirements for green leases for tenants [6]

e Identify requirements for service providers service level agreements to align to energy and carbon reduction

footprint imperatives
e Standardisation
o  Plan workshops for standards and guidelines for solar PV plant installations [18]
¢  Plans to insource maintenance and operations of solar PV plant installations [18]
¢  Plan for drafting technical manuals for green buildings (new) [11]
¢ Plan for drafting technical manuals for transitioning existing buildings into green star buildings [12]
e  (Catalytic initiatives
e Identify energy and efficiency audits to be done

e Identify training requirements for team members to enable them to operate new technologies and execute

operational tasks for reaching carbon neutrality

o Identify management interventions required like ISO 50001 energy management system. energy awareness and

communication plans

e Create airport energy teams. finalise roles and responsibilities and finalise terms of reference for the energy and

demand management forum
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Do
¢ Execute projects and operational activities to reach the annual energy reduction and carbon reduction targets
e  Perform technical and economic investigations on technologies applicable to each airport for their roadmaps to
carbon neutrality
e Draft. finalise. agree on. sign and implement tenant lease extracts and service provider service level agreements
e Draft. gain approval. integrate and implement standards and guidelines for energy efficiency. standards and
guidelines for solar PV installations
e Draft, finalise and implement guidelines in technical manuals to certify new infrastructure and transition existing
terminal buildings towards compliance for a green star rating
¢  Create and run energy efficiency ambassador programmes
e Draft and agree on phasing of insourcing maintenance and operations of solar PV plants, gain approval and
budgets. implement training. acquire necessary certifications and activate skills transfer plans
¢ Hold environmental awareness campaigns
e Develop and implement communication plan
¢ Implement requirements for ISO 50001 aligned energy management system
e  Perform energy audits
e Train and familiarise technical team members on operations of targeted technologies and efficiency operations of
onsite existing technologies
s Execute roles and responsibilities in the airport energy team and energy forum
Check
e Progress on energy reduction and carbon footprint reduction against targets
o Check effectiveness of tenant lease agreement and service level agreement activities in keeping commitments
e  Effectiveness of airport energy team and energy forum activities
e  Effectiveness of training of team members
e  Effectiveness and assess suitability of standards and guidelines
s  Effectiveness and applicability of energy ambassador programmes
s Collate learnings of project implementation. ISO 50001 implementation and
e Assess suggestions from awareness campaigns and feedback sessions from the tenants, service providers. energy
teams and energy forums
www.tipre.org editor@ijprc.org
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Act
o Adjust as required to improve accuracy in target setting
e Improvement in efforts of tenants and service providers to meet agreed commitments
¢  Adjust communication plan
e Adjust as per suggestions from awareness campaigns
e  Revise standards and guidelines where necessary
e Capture and adjust as per learnings in project implementation

e Adjust energy teams roles, responsibilities, team constitution and energy and demand management forum terms of

reference

The energy and demand management forum (Figure. 8) made up of the team leaders of each of the airports'
energy teams led by the Chief Energy and Demand Management Engineer undertook tasks that required approval. made
strategic decisions in consultation with the airport energy teams, drafted standards and guiding documents, negotiated and
agreed on energy reduction and carbon footprint reduction targets. Implementation was carried out at the airports
facilitated by the airports” energy teams. The energy teams [6] provided feedback on progress as well as learnings and
suggestions for improvement on the effectiveness of the various initiatives to realise the strategy (Figure. 9). Every
quarterly meeting included feedback on progress, reporting of barriers and difficulties faced during implementation. and
identifying gaps in skills or required training for competence. The quarterly meetings ended with a focussed technical talk
on a specific technology or engineering system either for familiarity or for knowledge on efficient and effective

maintenance and operations.

Figure 8: Constitution of the Energy and Demand Management Forum.
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Figure 9: Roles of the Energy and Demand Management Forum and the airport based Energy Teams.

The activities and their details must ensure relevancy to the business and find context within the larger region of

South Africa and the rest of the world. The underlying functional structure to ensure that this is done successfully is
discussed next.

B. Energy Security and Energy Efficiency Functional Structure

One of the patterns identified at the airports was a heavy reliance on specific persons who were viewed by management
and colleagues as having specific knowledge of airport infrastructure and their actions were almost always approved, while
others had to go through these individuals to gain support, and little emphasis was placed on the merits of a proposal. As
these individuals either retired or left the organisation, certain programmes were halted and this became unacceptable when
pursuing a bold vision like being the most sought-after partner in the world for the provision of sustainable airport

management solutions.

Monitoring Reporting Research Implementation

Figure 10: Energy Efficiency and Energy Security Functional Structure.
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The activities undertaken to achieve carbon neutrality effectively and sustainably independent of personnel was
paramount to the success of realising carbon neutrality. Thus, going back to basic scientific principles that every engineer
and technician would be familiar with was the basis to establish robust engineering practices that would be approved and
supported by management. These scientific principles formed the basis of engineering policies and became the focus of
knowledge sharing in the quarterly technical talks of the energy and demand management forum. Another crucial
ingredient for management support is the knowledge of and comparison to international and local benchmarks and
assessing where the airports are and where they aim to be based on the approved strategy. Thorough research prior to
implementation of alternative energy projects as well as showing the financial value and commercial opportunities of in-
sourcing operations and maintenance of specialised group-wide adopted technologies began to change the perception of
management and their approval from person-based to merit-based. scientifically proven systems adopted around the world
that are proven feasible for the airports. The energy efficiency and energy security functional structure underpinning all

activities towards the carbon-neutrality goal is given in Figure 10.

The monitoring function (Figure 10) keeps a “finger on the pulse” of local and international key activities and
trends towards reduced carbon emissions. The reporting function shows where the airports are in key aspects of the journey
towards energy efficiency and energy security. The research function ensures that all technologies and initiatives towards
energy efficiency and energy security are sought out and thoroughly investigated for their benefits. applicability and role in
the airports” journey towards carbon neutrality. The implementation function ensures that whatever has been approved and
agreed on is implemented well, learnings captured for continuous improvement with skills and knowledge transfer crucial

to daily operations. maintenance and design aspects of technologies and engineering systems.
C. Establish Implementation and Investment for Projects in the Business Process

The business process has social. environmental and economic aspects that. if any initiative is effectively integrated. will be
successful. Many times engineering solutions do not go well, however technically brilliant or innovative they are. simply
because those who fund and approve such initiatives have not thoroughly bought mto it. Technical appreciation is not
always the reason that funders and managers support carbon footprint projects. Advantages of alternative energy
technologies and technologies that are more efficient must be contextualised through highlighting aspects that are
important to funders such as return on investment. and to managers such as increased operational efficiency. the meeting of

key performance indicators. decreased operational costs. increasing and building technical capacity. etc.

Many engineers focus on the design of a project. e.g. solar photovoltaic plant, and do not pay attention to how it
will be maintained. who will maintain it, where will spare parts be procured from. what happens should the plant fail and

downtime exceeds 24 hours, which is often why their projects are not approved.

Another common trap to fall into are ‘greenwashing’ technologies, products. techniques and systems that tend to
be prevalent in emerging markets promoted by market players that want to exploit market share. It is important to
understand where products come from. how they are made and how certain technological solutions’ implementation will
affect the overall site energy consumption. carbon footprint and environmental impact. The environmental impact must be
considered more than just from the point of view of reducing energy consumption. Some common ftrade-offs that are not
straight-forward in saving energy is the adoption of skylights in large buildings to reduce the artificial lighting demand as 1t
places additional demand on air conditioning and water heating control which may result in more energy consumed should

there be multiple occasions that a water heater is switched off. Another environmental trade-off made is the disposal
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requirements of certain lighting technologies which have toxic components. Although solar PV plants are considered to
produce clean kWh. their maintenance and disposal may cause a negative environmental footprint. These issues must be
addressed and provisions made for them before the investment is decided on. This is how management confidence is
gained and maintained. Facing reality about achievements and missed targets 1s key to long term success as well as making

a difference in climate change mitigation.

In developing countries. the lowest cost and quick solutions usually get priority and thus many strategic. long
term focuses are neglected due to urgent needs. Carbon footprint reduction has many advantages besides climate change
mitigation in developing countries. It has the potential. when done in a manner that entrenches its sustainability. to cause a
business to re-examine its goals and efforts towards achieving them. It introduces effectiveness and encourages business
integration, causing many departments to follow suit in achieving goals. Financial matters get attention beyond accounting
ledgers and into technical transactions, and technical support once being a ‘closed box™ for engineers becomes common

talk among management.

All projects requiring capital should be subject to sound financial investment evaluations that meet the key
financial criteria of the organisation. Net present value (NPV). internal rate of return (IRR) and the profitability index (PI)
are key criteria for the airports” investment into energy security and energy efficiency technologies. When the NPV is zero
or positive is it an investment that pays itself off during its economic lifespan, Equation (1). The IRR is the retwn (7 in
Equation (1)) when the NPV is zero. When the IRR is greater than the discount rate (or the weighted average cost of
capital - WACC rate). then the investment is feasible for the business. Sometimes the payback period which is the amount
of time required for cash inflows generated by a project to offset its initial cash outflow is also given. The payback should
be reasonably within the economic lifespan of the investment. The PI (given in Equation (2)) shows the financial
attractiveness of the proposed project and is the ratio of the sum of the present value of the future expected cash flows to
the initial investment amount. A PI greater than 1.0 is deemed to be a good investment, with higher values corresponding

to more attractive projects.

—vyr _B ;
NPV =3}, CTRDE - e e ...Equation (1)

Where: R, = net cash inflows — outflows during a single period 7
1= discount rate or return that could be earned

T = number of time periods

PV of future cash flows z
- 2
PI T I 4 Equation (2)
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-
*Draft. gain input, support and finalise a stratagy aligned to the vision of the organisation, ensuring business
T relevance andimperatives are supported
-
-
*Develop a plan torealise the strategy  identify andinclude technologies, projects, progranumes, initiatives,
stakeholders andfundingrequired
J

. s . -

* Perform desktop pre-feasibility stuches for technologes. Identify key parameters for a technology to be suited to
an operating environment, and key performance and 'or financial criteria for a technology to beadopted ora
project to be funded ’|

*Perform detailed feasibility study for technologies based on airport speafic engineering designs. ensure that

estunates meet arequiredlevel of accuracy. Include mamtenance, op erations and nisksmvolved
>

- . R

s Implement project, ensunng that quality i tracked, standards and speafications ag identifed in the feazibility stage
aremet, andlearnings during construction, comnussioning, start-up and beneficial operation are captured for
futuremstallations )

* Acquire close out report with all handover documentation, ensuring that thereis a solid platform for the creation
of standards and gmdelines for future nstallations, skills and knowledge transfer for continued operations,
maintenance at airports, anda technical plan to transition op erations and mamtenance of all technologies in-house
as has been done with the solar photovoltaic plants at the aurp orts 3

Figure 11: Process for Projects to be Integrated into Business Process.

Financial feasibility follows business planning and concept development stages (Figure. 11). Prior to getting to
financial feasibility. projects must be aligned to and be born from the need to realise ACSA’s energy management strategy
(Table 1). This must be followed by concept development which is instrumental in achieving the goals set out within the
strategy. Implementation and close-out must always consider daily operations and maintenance, risks to the business and

future cost cutting opportunities and commercial potential.

Business sustainability of new technologies implemented can be ensured by having a logical process to follow

that will make the business self-sufficient (Figure. 12).

EBuildin-house

competency For
¥ Creats technology operations and
Investugate Implemen: and ;
: sfic standards and meintenance of
technology for mrport capture leamings e : : .
guidelines for future sxisting installation
implementation from implementation T T i
capabilitics for future
installations

Figure 12: Process for Ensuring Sustainability of New Technologies Introduced into the Business.

Following this process removes the anxiety and ‘fear of the unknown’ that organisations experience when faced
with unfamiliar technologies and their operation and maintenance. It also makes organisations re-assess the way they do

business cwrrently with established technologies. highlighting opportunities for improvement and commercial gain. This
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approach has the potential to revolutionise the way of doing business and can go as far as restructuring and addressing

governance and revenue streams.
CONCLUSIONS

This paper presented three principles to sustain energy efficiency and energy security in a business. presenting the
application of the principles in an airport setting. The strategy applicable to ensure energy efficiency and energy security in
a business was presented. together with the technologies for realising the strategy. the process for execution of the strategy.
the facilitating teams and their coordination for continued progress and improvement. This paper also presented the
underpinning functional structure which will ensure that the energy efficiency and energy security activities are relevant to
the business and in the global context. The integrating of project activity into the business process encompassing social.
environmental and economic aspects, was also given. The application of these three principles reduces the anxiety and
removes the unknown involved with adopting new technologies and their operation and maintenance. ensuring that
technologies and mitiatives are relevant, current and aligned to business imperatives as well as strategy. and that their

execution is self-sustaining due to being process dependent.
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CHAPTER 20. SUSTAINABILITY OF ENERGY EFFICIENCY AND ENERGY
SECURITY FOR AIRPORTS IN SOUTH AFRICA: GUIDELINES FOR ADOPTING
GREEN BUILDING STATUS FOR NEW INFRASTRUCTURE

This chapter presents the guidelines for development of green star rated infrastructure at airports in
South Africa sustaining energy efficiency and energy security for new terminal, office and commercial
buildings, in compliance with the green star rating system of the Green Building Council of South

Africa.

The article was published in the International Journal of Mechanical and Production Engineering

Research and Development (IJMPERD).

Cite this article: Jerusha Joseph, Professor Freddie Inambao, Sustainability of Energy Efficiency and
Energy Security for Airports in South Africa: Guidelines for Adopting Green Building Status for New
Infrastructure. International Journal of Mechanical and Production Engineering Research and

Development 11(5), 2021, pp. 123-144.

Link: http://www.tjprc.org/publishpapers/2-67-1632376677-91JMPERDOCT20219.pdf

http://www.tjprc.org/view-archives.php

419



International Journal of Mechanical and Production T R A N S
Engineering Research and Development (LIMPERD)

ISSN (P): 2249-6890; ISSN (E): 2249-8001

Vol. 11, Issue 5, Oct 2021, 123-144 S T E L L A R
© TJPRC Pvt. Led. «Journal Publications  + Research Consultancy

SUSTAINABILITY OF ENERGY EFFICIENCY AND ENERGY SECURITY FOR
AIRPORTS IN SOUTH AFRICA: GUIDELINES FOR ADOPTING GREEN BUILDING
STATUS FOR NEW INFRASTRUCTURE

JERUSHA JOSEPH & PROFESSOR FREDDIE INAMBAO
Department of Mechanical Engineering, University of KwaZulu-Natal, Durban, South Africa

Received: Jul 26, 2021: Accepted: Aug 16. 2021: Published: Sep 23. 2021: Paper Id: TMPERDOCT20219

1. INTRODUCTION

Reducing carbon emissions in any organisation requires a lot of effort and involves a change in thinking when
satisfying business needs. putting in place strategies and creating a culture of doing business that reduces carbon
emussions. Ensuring that this culture of reduced carbon emissions is sustained requires adoption of relevant
standards at an early stage so that changes that occur with the passing of time and changes in personnel. strategies,
commercial markets and products as well as construction of new infrastructure do not undermine the initial gains.
Airports Company South Africa (ACSA) has an ambition to reduce carbon emissions across its airports in South
Africa and has put in place an energy and demand management strategy. approved a suite of technologies to reduce
carbon emussions. and adopted standards and guidelines for energy efficiency.

ACSA owns and operates nine airports in South Africa, namely. O R Tambo Intemational Airport
(ORTIA) (Kempton Park. Gauteng). Cape Town International Airport (CTIA) (Western Cape). King Shaka
International Airport (KSIA) (Durban. KwaZulu-Natal). Port Elizabeth International Airport (PEIA) (Eastern
Cape). East London Airport (Eastern Cape). Bram Fischer International Airport (BFIA) (Bloemfontein, Free State).
George Airport (Eastern Cape). Upington International Airport (Northern Cape) and Kimberley Airport (Northern
Cape). ACSA’s energy and demand management strategy aims to make ACSA a recognised leader in the
implementation of energy solutions that are econonucally and environmentally sustainable for airport businesses.

This strategy 1s in line with ACSA’s vision of being “... the most sought-after partner in the world for the provision
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of sustainable airport management solutions.”

At its core, ACSA’s energy and demand management strategy intends to reach carbon neutrality in electricity
consumption by 2030. The three strategic objectives to support the strategy are: (1) reduce energy consumption to drive
carbon neutrality. (2) introduce an energy nmux that 1s responsive to the ACSA business and operating environment. and (3)
drive an energy efficiency culture within ACSA through accountability, standardisation and a structured approach to
managing energy intensive infrastructure. These strategic objectives have been translated into executable projects and
initiatives that have been included in each of ACSA’s nine airports’ roadmaps to carbon neutrality. Significant progress has
been made to reduce energy consumption and plans are in process to realise a low carbon energy mix at the airports. The
low carbon energy mix transitions the airports’ current electricity demand towards carbon neutrality and makes provision
for future energy demand. However, to ensure that energy wastage and practices that negate efforts to drive carbon
neutrality are mitigated when new infrastructure is introduced. standards must be adopted. To bring about a culture of
energy efficiency. standardisation and a structured approach to managing energy mtensive infrastructure. there must be
adherence to green buildings design for all new infrastructure to ensure that environmentally sustainable decisions are

implemented.

Green buildings incorporate design. construction and operational practices that significantly reduce or eliminate

the negative impact of development on the environment and people. Green buildings are:
e  Energy efficient,
e  Resource efficient,
¢ Environmentally responsible.

e  Healthy and productive environments for people.

In short. a green buildings approach will ensure that whatever the development (whether office, terminal building,
commercial building. etc.) the aim will be to reduce demand and impact on the environment and health of humans. This
approach entails rainwater harvesting, onsite processing of waste into useful products, generation of energy, reducing
energy and water consumption. using recycled building materials and materials low in greenhouse gas emissions, better air

quality. ete.

The Green Building Council of South Africa (GBCSA) has been set up to certify infrastructure such as office
buildings, retail centres, public and education buildings. and precincts. according to a green star rating framework. namely.
4-star. 5-star and 6-star rated. The GBCSA is an independent, non-profit member-based company that was formed in 2007
to lead the greening of South Africa’s commercial property sector. GBCSA provides the tools. training. knowledge.
connections and networks. to promote green building practices across the country and build a national movement that aims
to change the way the world 1s built. There are over 98 individual and recognised green building councils worldwide whose
mission is to abate climate change through green building. The World Green Building Council is an umbrella organisation
that gives gumdance to the different green building councils. of which the GBCSA is a member alongside Australia. the
United States and the United Kingdom amongst others. The Green Building Council of South Africa has adopted. adapted.
and contextualised the Green Star rating system. Originally developed by the Green Building Council of Australia, that

rating system was used as a base and has been significantly modified to fit the local market and environmental context [1].
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The GBCSA started off with green star rating tools for residential. office. public and education buildings. retail
developments and existing buildings. as well as interiors of developments. Their tools have extended to rating sustainable
precincts, net zero (carbon, water, waste, ecology). energy and water performance. and more in order to meet the South

African market demand. There have been over 400 green star certifications between 2007 and 2018 in South Africa [1].

Certifying new airport buildings will serve to independently verify the airports’ achievements and recognition as a
leader in environmentally sustainable solutions for airport businesses. This paper describes the green star rating
frameworks of the GBCSA. the structure of the technical manuals for the implementation of green star rated buildings for
new infrastructure at airports, the rationale applied when selecting credits to make up the green star rating of new airport
infrastructure, the key technologies. design features, standards for compliance. construction and project requirements for

airports’ green star rating. and the process to implement green star rated buildings for new atrport infrastructure.
2. GREEN STAR RATING FRAMEWORKS DESCRIPTION

Green Star SA has established a number of categories under which specific key criteria are grouped and assessed. This

framework 1s used by the Green Star SA rating tool. The basic Green Star SA structure is shown in Fig. 1 [2]

Assessment credits

Figure 1: Structure of the Green Star SA Rating System [2].

Green Star SA rating tools include nine separate environmental 1mpact categories:

¢ Management - promote the adoption of environmental principles from project inception. design and construction

phases. to commissioning. tuning and operation of the building and its systems:

* Indoor Environment Quality - target the wellbeing of the occupants through addressing the heating and cooling
systems. lighting. indoor air pollutants and some building attributes which contribute to a healthier indoor

environment quality:

e Energy - target an overall reduction in energy consumption and a reduction of greenhouse gas (GHG) emissions

associated with energy generation from fossil fuels:

¢ Transport - reward the reduction in automotive commuting by simultaneously discouraging it and encouraging

use of alternative transportation:

e  Water - address the reduction of potable water use through design of water efficient systems. rainwater collection
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e DMaterials - target the consumption of resources through selection and reuse of materials, and efficient

management practices:

e Land Use and Ecology - promote initiatives to improve or reduce impacts on ecological systems and

biodiversity:

» Emissions - target the environmental impacts of a development’s emissions or substances emitted from the site

(excluding greenhouse gas emissions which are dealt with in the energy category): and

* Innovation - encourage, recognise and reward the spread of innovative technologies. designs and processes for

commercial building applications that impact upon environmental performance.

The categories contain credits which addresses specific initiatives that improve or have the potential to improve a

design. project or building’s environmental performance. Points are awarded in each category for actions that demonstrate

that the project has met the overall objectives of Green Star SA and the specific aims of the Green Star SA rating tool.

Green Star SA environmental weighting factors vary across rating tools to reflect differing environmental concerns and

imperatives for different building types and lifecycle phases. To encourage the development and spread of innovative

technologies. designs and processes that can improve buildings’ environmental performance. an ‘Innovation® category is

included in each Green Star SA rating tool. Table 1 [2] contains the overall score and corresponding green star rating

according to the green star rating system. [2]

Table 1: Green Star Rating SA Tool Scores

10-19 1 Star | Not eligible for formal certification

20-29 2 Stars | Not eligible for formal certification

30-44 3 Stars | Not eligible for formal certification

45-59 4 Stars | Eligible for 4-Star Certified Rating that recognises/rewards ‘Best Practice’

60-74 5 Stars | Eligible for 5-Star Certified Rating that recognises/rewards ‘South Africa Excellence’
75+ 6 Stars | Eligible for 6-Star Certified Rating that recognises/rewards ‘World Leadership’

The certification process for a green star rating is extremely specific in terms of timing, documentation to prove

criteria for each credit met as well as eligibility for the registration of a project to be certified. The process for certification

1s as illustrated in figure 2. If the project submission does not receive a rating in the first round. it 1s given a chance to

subnut outstanding or supplementary documentation in a second round to achieve a green star rating.
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Figure 2: Overview of GBCSA Green Star Certification Process [2].
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The following sections contain the structure of the technical manuals drafted for new airport infrastructure in the

form of project specifications to be easily included in the design. construction. commissioning. and certification of new

airport infrastructure in compliance with the specifications of the frameworks of the green star ratings of the GBCSA.

3. STRUCTURE OF THE TECHNICAL MANUALS FOR THE IMPLEMENTATION OF GREEN

STAR RATED BUILDINGS FOR NEW INFRASTRUCTURE AT AIRPORTS

The ACSA technical manuals contain project specifications for the design. construction, commissioning and certification

of new terminal buildings. retail centres and office buildings in compliance with the requirements set out for green star

ratings and the particular credits required. Certain credits are targeted based on what 1s key to ACSA’s business focus,

convenience and strategic intention in design and construction of new buildings for the green building credits to achieve 4,

5 and 6-star ratings. These expectations are converted into six categories for ACSA project execution: [3]

General Requirements (GR): This section outlines the principles and requirements that apply to all

sustainability requirements for the project regardless of the targeted green star rating chosen.

Technologies (T): This section contains all the technologies that must be implemented in the project to achieve

the targeted green star rating.

Design Features (DF): This section includes all the design features that must be included for the project’s design

and construction to achieve the targeted green star rating.

Standards Compliance (SC): This section lists the standards that the project must comply with during the

various project stages to achieve the targeted green star rating.

Construction Requirements (CR): This section provides all the requirements that must be adhered to during the

construction stage of the project for the targeted green star rating of which acceptable records must be kept.
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s Project Requirements (PR): This section has all other requirements that are not covered in the above sections
such as professionals that must be appointed together with their duties in the project. modelling. simulations,
calculations. reports, strategies, management plans that must be done. surveys, design reviews and other

requirements that must be completed to achieve the targeted green star rating.

The information given in all the sections above, except for the GR. are designed to be cumulative. i.e.. to achieve
a S-star green rating, the 4-star green rating requirements must be included. and additional requirements listed under the 5-
star green rating must be implemented. The specifications given can be used in a project’s scope of works. Due to the
length and extensive detail given in the technical manuals written in project specification language. there is a quick
reference tool provided in the form of a one-pager for executive decision-making enabling executives to view the various
requirements for the tiers of green star rating at a summary level to determine which green star rating is to be targeted for a
project to be undertaken. This executive decision-making tool can be referred to before Front End Loading (FEL) stages
(business planning): namely FEL 01 (conceptual). FEL 02 (pre-feasibility) and also FEL 03 (feasibility) stages of the
project [3].

The one-pager executive decision-making tool lists in summarised form the requirements for projects which
include base requirements that all projects in ACSA must comply with regardless of green star rating being targeted or not.
Additional requirements are given to meet a 4-star rating, 5-star rating and 6-star rating. all requirements being cumulative,
1.e. to get to a 4-star rating. one must comply with base requirements and four star rating requirements. to get to a 5-star
rating, one must comply with the base requirements. 4-star rating requirements and those requirements listed for the 5-star
rating requirements. and so on. The intention is that executive managers consult this tool to review how achievable the
green star requirements are in the context of the project’s budget constraints, risks, business imperatives and focus areas
enabling them to choose the most suitable green star rating. The executive decision-making tool can also be used as a
summary in the project briefs and when developed into the project’s scope of works, the detailed sections in the technical
manual can be used. The credits chosen to be included in each of the various infrastructure types. i.e. terminal. office or

retail building, follows [3].

4. RATIONALE FOR THE SELECTION OF CREDITS TO MAKE UP THE GREEN STAR RATINGS
FOR THE NEW AIRPORT INFRASTRUCTURE

The business imperatives that played a role in the selection of the credits to be targeted for the 4-star. S-star and 6-star rated
green buildings are discussed: the rationale used when targeting the number of credits with the range given for a 4-star. 5-
star and 6-star rating is given, and the credits that are most targeted, as well as those limited or ignored due to lack of focus

of the business in those areas, are listed in the followings sections.
4.1 Business Imperatives

One of the most important steps in targeting a green star rating is the selection of the combination of credits that will give
points needed to meet the requirements for the green star rating intended (Table 1). In most cases the selection of credits
that give the points contributes to the financial implications associated with the green star rating in such a way that there
can be negligible excess cost if planned carefully. More importantly. these elements can reduce operational and
maintenance costs making for an attractive business case. The credits in each of the green star frameworks (4-, 5- and 6-

star green ratings) are chosen based on the following ACSA business principles: [3]
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e Sawvings in operational cost with preferably low or no extra capital cost and any extra capital costs are offset
within the project. e.g.. extra capital cost for using passive cooling techniques such as low emissivity glass and
mnsulation result in a lower cooling and heating load and thus a smaller capacity HVAC system. lower capex cost

of HVAC, lower electricity cost for operations and potentially lower maintenance cost for a smaller system.

e  Supporting of the organisational strategic goals, especially those that are aligned to ACSA’s vision for stand-alone
airports, reduction in operational cost (running and maintenance costs), Occupational Health and Safety and Asset

Information Management imperatives.

e Focus placed on credits that reduce environmental impact. therefore significant weighting of waste management

and water and energy consumption.
e Knowledge transfer and operating conditions that are fine tuned for operational efficiency.
e  Focus on credits that support the Airports Council Intemational (ACT) Carbon Accreditation [3]
4.2 Green Building Framework Design

The combination of credits targeted have been designed to always give points over the minimum threshold for the targeted
green star rating due to the nature of project execution in general. where thoroughness in terms of project documentation
and timelines in terms of project duration and loss in communication in design and execution results in certain credits
targeted not being able to be awarded as per GBCSA strict rules. For this reason. the green star rating target is designed to
aim for at least 4 points above the threshold for the targeted green star rating but not within 5 points of the threshold for the

next green star rating as this will mean extra cost and effort for the same green star rating.
4.3 Green Building Credits Targeted and Excluded

In accordance with the business case for green buildings, and in keeping with the ACSA operating environment and

business imperatives, the credit categories are prioritised as follows:

e  Water and energy credits within these categories have been maximised as they are both high in operational cost

and scarce resources in South Africa.

e  Waste management credits within the materials category have also been targeted towards social responsibility and
looming legislation of reduced waste to landfill by 2025 (Western Cape) with penalties for non-compliance and is

the direction that most of the world is most probably headed.

e  Credits throughout the categories that embed ease of maintenance, operations and management of infrastructure.
health and safety best practices. project management and construction management are maxinmused for a good

foundation and which facilitate ACSA’s vision and its strategic objectives.

e  Credits that allow for implementation considering the highly regulated environment that ACSA complies with as
well as that consider the known market capabilities (local and intemational. 1.e.. South African marketplace and

environmental context).
The following credits have been intentionally limited due to their lack of support of the business and operating

environment of ACSA:
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e  Credits on boiler and generator emussions in the emissions category have been avoided due to airports never using

industrial boilers.

e  Credits including transport have been excluded as these are typically not considered per building. but rather as an

airport planning exercise and in response to demand and commercial opportunity.

e Credits with respect to using recycled materials for building and fumishing. design for disassembly.
dematerialisation, etc. have been avoided due to the risk of lifecycle longevity with respect to structural integrity.
maintenance requirements and market capability to deliver design concepts and products which may cause time

delays as well as compromise Airport Service Quality Ratings (ASQ).

e  Credits pertaining to land use and ecology have been largely avoided due to the applicability of these credits from
project to project. and because they require special conditions to be at play such as soil contamination before the
start of the project. greenfield development. etc. These credits can be revisited for consideration if the conditions

are applicable.

e Innovative strategy credits have been excluded to divorce the dependency on them to make up the credits needed
for the targeted green star rating as these innovation points are awarded solely on the discretion of Green
Buildings Council South Africa.

5. KEY TECHNOLOGIES, DESIGN FEATURES, STANDARDS FOR COMPLIANCE,
CONSTRUCTION AND PROJECT REQUIREMENTS FOR AIRPORTS’ GREEN STAR RATING

The technical manuals written by the GBCSA provide criteria to be met for each of the nine categories described, however,
they do not stipulate the technologies. engineering design features and interventions to be adopted that would allow a
project to meet the criteria. The three technical manuals drafted for ACSA give the preferential selection of credits,
technologies, design features, standards for compliance, construction requirements and project requirements to be met for
each green star rating. To ensure environmental sustainability even when a green star rating is not targeted for a project,
certain general requirements and base requirements must be met for adoption of technologies. design features. standards

for compliance. construction and project requirements. and nwst be adhered to for all ACSA projects.
The requirements are contained in three technical manuals for green buildings as follows:
e  Technical Manual for Green Star Rated New Terminal Buildings [3]
e  Technical Manual for Green Star Rated New Office Buildings [5]
e  Technical Manual for Green Star Rated New Retail Centres [6]

Table 2 gives the general requirements for new infrastructure projects in ACSA. regardless of whether a green star
rating is targeted or not. Table 3 to Table 17 contain a summary of the key elements of the technologies. design features,
standards for compliance. construction requirements and project requirements for new terminal buildings, office buildings
and retail centres for 4-star, 5-star and 6-star green buildings certification. Table 3 to Table 7 cover new terminal buildings.

Table 8 to Table 12 cover office buildings, and Table 13 to Table 17 cover new retail centres,

Impact Factor (JCC): 9.6246 NAAS Rating: 3.11
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Table 2: General Requirements Ensuring Minimum Considerations for the Environment for all New
Infrastructure [3][5][6]

[ General Requirements for all New Infrastructure Projects at ACSA Airports |

e Design for cost effectiveness and convenience
Water. working fluids and electrical reticulation to be designed cost effectively to allow for sub-metering
and connection to SCADA and BMS systems.

e  Water. working fluids and electrical reticulation designs must consider ease of maintainability,
modularisation. cost effective disassembly. isolation and alternative supply for reduction of operational
disruptions.

Engineering handover and asset information management (AIM)

e Handover documents must be complete. containing original equipment manufacturer (OEM) specifications,
as-built drawings. design documents. commissioning results. operations and maintenance (O&M) manuals,
user guides. spares supply and inventory.

*  All maintainable assets to be captured on the AIM database containing asset tags and capturing of all
maintenance and technical specifications for each maintainable asset.

Knowledge management (KM)

Knowledge transfer must be for all disciplines of the project (engineering, operational. maintenance.
costing, market research, project management) and for all phases of the project (design. construction,
commissioning, start-up and handover) for at least two people at ACSA per project discipline.

e Information management system must be created and maintained during the project to be handed over on
an electronic platform that contains all project history. revisions of drawings. meeting minutes. cost
revisions, engineering sign offs and certifications. records of interactions with all project parties for the
purposes of achieving project deliverables.

»  Tenant lease agreement extracts to preserve the green star rating standard — where shell and core fitouts are
part of the project. the appointed green building accredited professional nmust ensure that the fitout
requirements according to the GBCSA targeted green star rating are documented and submitted for
enforcement.

e The appointed green building accredited professional is responsible to ensure that all team members during
all phases of the project (design. construction, commissioning and handover — including FEL 03 if
appointed at this stage) are aware of the requirements for the green star rating and timeously execute the
documentation requirements.

www.ijpre.org editori@tjpre.org
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Table 3: Requirements for Airport Green star Rated Terminal Buildings: Technology Requirements [7]

Base
technologies

Standards and guidelines for energy efficiency [4]
Power factor correction

Air-cooled chillers

Dual flush ablutions (3 L and 6 L per flush)

Low flow taps. sensor activated (max 3 L/min)
Low flow shower heads (max 6 L/min)

4-star rating
technologies

Paints to meet specific volatile organic compound (VOC) limits

Reduction in greenhouse gas emissions by 20 % through alternative energy sources
Automated smart energy metering for tenants

Maxinum electrical demand reduction by 10 %. using pre-programmed load curtailment
programmes. electronically controlled. Buffer storage tanks for chilled water storage.
lighting circuit switching techniques. daylight harvesting. low emissivity glazing and heat
deflective paint to be adopted to reduce peak demand for cooling

Closed loop geothermal heat sink to be adopted in place of cooling towers

Waterless urinals

Rainwater harvesting for irrigation. washing motor vehicles and other second-class water
purposes.

Active leak detection system for potable water reticulation

Collection and use of stormwater for irrigation and designing xeriscape gardens
Adoption of methods such as trenches. basins. porous pavements. filter strips. grass swales.
media filters, detention ponds. grease and litter traps. hydrocarbon detention. ete. for the
management of stormwater and the reduction of total suspended solids (TSS) by 80 % for
the mn-off volume for rainfall events up to a 1-in-2-year storm.

Refrigerants and fire suppression gases to have a zero-ozone depletion potential (ODP)

S-star rating
technologies

Adhesives and sealants to meet specific VOC limuts

Total reduction in greenhouse gas enussions by 35 % through alternative energy sources
Automated smart metering strategy to include thermal energy meters

Reduction in maxinmm electrical demand through the adoption of ice storage tanks for air
conditioning systems

Re-use water used for washing of motor vehicles

Flush ablutions with grey water or re-used water

6-star rating
technologies .

Daylight glare control systems eliminating 95 % of all direct sun penetration. with
blinds/sereens having a visual light transnuttance (VLT) of < 10 %

Carpets and floor coverings to meet specific VOC limits

Total reduction in greenhouse gas emissions by 60 % through alternative energy sources
and carbon offsetting plants

Total reduction in maximum electrical demand by 20 % through making use of waste heat
from altemative energy plants to power absorption chillers

Where potable water is used to flush ablutions. adopt solenoid control valves for automatic
shut off when area 1s not in use

All refrigerants to have a global warming potential (GWP) of 10 or less

Table 4: Requirements For Airport Green Star Rated Terminal Buildings: Design Feature Requirements

[7]

Base design

features

Building management system (BMS)
Standards and guidelines for energy efficiency [4]

4-star rating
design features

* Display of sustainability features of the building on an electronic sereen in waiting

*  Adoption of roofing, paving and building matenals (extemal hardscape) must have a

areas, entrances. exhibition areas, ete.
Design for maintainability and performing design reviews
Lighting is zoned appropriately and controlled according to demand

solar reflectance index (SRI) greater than or equal to 29 and for pitched roof areas
less than or equal to 10 degrees. the SRI must be greater than or equal to 78

Impact Factor (JCC): 9.6246
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S-star rating
design features

Design of HVAC system must ensure humidity control of the space at 60 % RH and
in the supply ducting 80 % RH
Reduce sewer outflow from the development during operations by 30 %

6-star rating
design features

Reduce sewer outflow from the development during operations by 50 % through
employing blackwater treatment to recirculate treated water in a closed loop system
to ablutions

Table 5: Requirements for Airport Green Star Rated Terminal Buildings: Standards for Compliance [7]

Base
standards for
compliance

Occupational Health and Safety Act (Act 85 of 1993)

Construction regulations. 2014 — Guidelines GN 489 in Government Gazette 40883,
dated 2 June 2017

Regulations for hazardous chemical substances GNR 1179 in Government Gazette
16596, dated 25 August 1995

Environmental regulations for workplaces GNR 2281 in Government Gazette 10988,
dated 16 October 1987

SANS 204 Energy efficiency

SANS 10400 as applicable

NEMA Act 107 of 1998: NEMA Regulations Government Notice R385 of 2006,
Listing Notice 1 Government Notice R386 and R387 of 2006

ACSA ISO 14001 Environmental Management System: T020 001 ASOP — Resources
roles and responsibilities of stakeholders

ACSA T030 001-T030 002ASOP — Monitoring and auditing

ACSA T050 002-T050 008 ASOP — Environmental management

4-star rating
standards for
compliance

Commissioning according to CIBSE (Chartered Institution of Building Services
Engineers) codes

Maximum lighting illuminance level of no more than 80 % of the illumination levels
prescribed in SANS 10114-1: 2005

ASHRAE 55-2004 Acceptability linits (80 % for 98 % of occupied hours) for
naturally ventilated spaces

ISO 7730 for mechanically ventilated spaces (PMV levels between -1 and +1)

The acoustic design must ensure that the noise levels are compliant to SANS 10103:
2008

Lighting illuminance sinmlation to demonstrate compliance with SANS 10114-1:
2005 illuninance levels

S-star rating
standards for
compliance

Lighting pollution prevention through targeted design and illuminance levels
compliance with CIBSE LG6 Lighting Guide: 1992

6-star rating
standards for
compliance

ASHRAE 55-2004 Acceptability limits (90 % for 98 % of occupied hours) for
naturally ventilated spaces
ISO 7730 for mechanically ventilated spaces (PMV levels between -0.5 and +0.5)

Table 6: Requirements for Airport Green Star Rated Terminal Buildings: Construction Requirements [7]

Base construction
requirements

Environmental management plan (project specific) in accordance with section
3 South Wales. Australia EMS guidelines 2007 or relevant sections of the
Provincial Government of the Western Cape EMP Guidelines 2005

4-star rating

1.Construction waste management to recycle 30 % of waste from construction

construction 2.For brownfield development. the execution of a hazardous materials survey
requirements and disposal 1s required
S-star s e 1. Construction waste management to recycle a total of 50 % of waste from
construction % =
> construction
requirements
6-star ratin ; ,
g ¢ 1. Construction waste management to recycle a total of 70 % of waste from
construction :
construction
requirements
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Table 7: Requirements for Airport Green Star Rated Terminal Buildings: Project Requirements [7]

Base project
requirements

®  Design and as-built drawings. short reports and schematics of all technologies
and design features

Operations and maintenance manuals of all systems and design features
Commissioning of all systems and features to be given upon handover

4-star rating project
requirements

Life cycle costing according to ISO 15686-5:2008 performed
12-month building tuning programme

Appointment of a green star accredited professional (AP)

Issue a building users guide

Appointment of an independent commissioning agent

Energy modelling required demonstrating reduced carbon emissions
Adoption of an automated metering strategy

Adoption of an operational waste recycling and management plan
Appointment of a professional natural scientist

S-star rating project
requirements

Contractors and sub-contractors to have ISO 14001 certificate

6-star rating project
requirements

None for the selected credits for 6-star rated terminal buildings

Table 8: Requirements for Airport Green Star Rated Office Buildings: Technology Requirements [§]

Base
technologies

Standards and guidelines for energy efficiency [4]
Power factor correction

Air-cooled chillers

Dual flush ablutions (3 L and 6 L per flush)

Low flow taps, sensor activated (max 3 L/'min)
Low flow shower heads (max 6 L/min)

4-star rating .
technologies

Paints to meet specific volatile organic compound (VOC) linuts

Reduction in greenhouse gas emissions by 20 % through alternative energy sources
Automated smart energy metering for tenants

Closed loop geothermal heat sink to be adopted in place of cooling towers or if this is not
possible with designs. adoption of heat recovery from the chiller’s condenser to be used
for water heating needs as well as recovery of condensate from air handling units for re-
use as make-up water for cooling towers

Waterless urinals

Rainwater harvesting for irrigation. washing motor vehicles and other second-class water
purposes

Active leak detection system for potable water reticulation

Collection and use of stormwater for irrigation and designing xeriscape gardens
Adoption of methods such as trenches, basins, porous pavements, filter strips. grass
swales. media filters. detention ponds. grease and litter traps. hydrocarbon detention. etc.
for the management of stormwater and the reduction of total suspended solids (TSS) by 80
% for the run-off volume for rainfall events up to a 1-in-2-year storm

All refrigerants and fire suppression systems to have a “0” ODP

All insulants to have a 0" ODP

S-star rating
technologies

Adhesives and sealants to meet specific VOC linuts

Total reduction in greenhouse gas emissions by 35 % through alternative energy sources
Flush ablutions with grey water/re-used water

Reduction of potable water demand by 50 % through use of closed loop geothermal heat
sinks or air-cooled chillers

Daylight glare control is reduced by using fixed shading devices (overhangs. louvres, etc.)
and automated blinds/screens to be adjusted that will reduce direct sun at desk-height for
80 % of standard working hours

Composite wood products used in the project (particleboard. plywood. veneer. MDF and
decorative overlaid wood panels) must have zero or minimal formaldehyde emissions in
compliance with specific values

Impact Factor (JCC): 9.6246
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6-star rating
technologies

Installation of a daylight glare control system that eliminates 95 % of all direct sun
penetration, blinds/screens to have a visual light transmittance of < 10 % and can be
controlled by occupants

Carpets and floor coverings used in the building and facilities must meet specific VOC
limits

Total reduction in greenhouse gas emissions by 60 % through alternative energy sources
and carbon offsetting plants

Borehole water use for non-potable water demand

Where potable water is used to flush ablutions, adopt solenoid control valves for automatic
shut off when area is not in use

Water based heat rejection systems prohibited

The run-off volume resulting from one day of rainfall that is equaled or exceeded on
average three times per year. 1s either captured and re-used onsite or infiltrated within the
site: litter. oil and grease are trapped at source

No water-based evaporative cooling systems

Refrigerant leak detection system and refrigerant recovery system to be installed on
HVAC system

Table 9: Requirements for Airport Green Star Rated Office Buildings: Design Feature Requirements [8]

Base design
features

Building management system (BMS)

Standards and guidelines for energy efficiency [4]

Tobacco smoke avoidance in designs such that no indoor spaces be provided for the
purposes of smoking

4-star rating
design features

For 95 % of the usable area. lighting power densities of 3.0 W/m? per 100 lux at 720
mm above finished floor level (FFL) with default maintenance factor of 0.8
Lighting 1s zoned appropriately and controlled according to demand

Reduce sewerage outflow by 30 %

30 % of the usable area nust have a measured daylight factor of not less than 2 % at
desk height level (720 mm) under a uniform design sky

S-star rating
design features

Design of HVAC system must ensure humidity control of the space at 60 % RH and
in the supply ducting 80 % RH

For 95 % of the usable area. lighting power densities of 2 W/m? per 100 lux at 720
mm above FFL with default maintenance factor of 0.8

The development does not increase (pre-development) peak stormwater flows for
rainfall events of up to a l-in-2-year storny: litter. oil and grease trapped at source
Dedicated tenant exhaust riser to remove indoor pollutants from print and copy areas
Noise levels to be 40 dB(A) eq for general office space and 45 dB(A) eq for open
plan space (> 50 m?). acoustic design. report and survey from acoustician

6-star rating
design features

For 95 % of the usable area. lighting power densities of 1.5 W/m? per 100 lux at 720
mm above FFL with default maintenance factor of 0.8
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Table 10: Requirements for Airport Green Star Rated Office Buildings: Standards for Compliance [8]

Occupational Health and Safety Act (Act 85 of 1993)

* Construction regulations. 2014 — Guidelines GN 489 in Government Gazette 40883,
dated 2 June 2017

e Regulations for hazardous chemical substances GNR 1179 in Government Gazette
16596. dated 25 August 1995

e Environmental regulations for workplaces GNR 2281 in Government Gazette 10988,

. dated 16 October 1987

foa:.s:ostan]?:;f: e  SANS 204 Energy efficiency

- e  SANS 10400 as applicable

e NEMA Act 107 of 1998: NEMA Regulations Government Notice R385 of 2006.
Listing Notice 1 Government Notice R386 and R387 of 2006

s ACSAISO 14001 Environmental Management System: T020 001 ASOP — Resources
roles and responsibilities of stakeholders
ACSA T030 001-T030 002ASOP — Monitoring and auditing
ACSA T050 002-T050 008 ASOP — Environmental management
Maxinmm lighting illuminance level of no more than 80 % of the illumination levels
prescribed in SANS 10114-1: 2005

e Compliance with ASHRAE 55-2004 Acceptability limits (80 % for 98 % of occupied
hours) for naturally ventilated spaces and ISO 7730 for mechanically ventilated

4-star rating spaces (PMV levels between -1.5 and +1.5)
standards for *  The acoustic design nmst ensure that the noise levels are compliant to SANS
compliance 10103:2008

e Lighting illuminance sinulation to demonstrate compliance with SANS 10114-1:
2005 illuminance levels

*  Lighting pollution prevention through targeted design and compliance with
illuminance levels in CIBSE LG6 Lighting Guide: 1992

S-star rating

standards for e Contractors and sub-contractors ISO 14001 certificate

compliance

6-star rating e Compliance with ASHRAE 55-2004 Acceptability limits (90 % for 98 % of occupied
standards for hours) for naturally ventilated spaces and ISO 7730 for mechanically ventilated
compliance spaces (PMV levels between -0.5 and +0.5)

Table 11: Requirements for Airport Green Star Rated Office Buildings: Construction Requirements [8]

: ¢  Environmental management plan (project specific) in accordance with section
Base construction St 2 PR 3
e 3 South Wales, Australia EMS guidelines 2007 or relevant sections of the
1 Provincial Government of the Western Cape EMP Guidelines 2005
4-star rating e Construction waste management to recycle 30 % of waste from construction
construction e  For brownfield development. the execution of a hazardous materials survey
requirements and disposal is required
S-star ratin :
g e Construction waste management to recycle a total of 50 % of waste from
construction ;
construction
requirements
6-star ratin ; :
g e Construction waste management to recycle a total of 70 % of waste from
construction 2
2 construction
requirements
Impact Factor (JCC): 9.6246 NAAS Rating: 3.11
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Base project
requirements

e Design and as-built drawings. short reports and schematics of all technologies and
design features

e Operations and maintenance manuals of all systems and design features
Commissioning of all systems and features to be given upon handover

4-star rating project
requirements

Energy modelling required demonstrating reduced carbon emissions
Adoption of an automated metering strategy

Adoption of an operational waste recycling and management plan
Appointment of a professional natural scientist

S-star rating project
requirements

None for the selected credits for 5-star rated office buildings

6-star rating project
requirements

None for the selected credits for 6-star rated office buildings

Table 13: Requirements for Airport Green Star Rated Retail Centres: Technology Requirements [9]

Standards and guidelines for energy efficiency [4]
Power factor correction to be done for establishments of electrical demand 1 MW or 10 %
of the airport’s load. whichever is the smaller

?e::::alogies e Air-cooled chillers
*  Dual flush ablutions (3 L and 6 L per flush)
* Low flow taps. sensor activated (max 3 L'nmun)
o Low flow shower heads (max 6 L/nin)
e  Paints to meet specific VOC linuts
* Reduction in greenhouse gas emissions by 20 % through alternative energy sources
* Automated electrical metering strategy that includes smart meters for all users in the
building 100 kVA or more
e  Maxinmm electrical demand reduction by 10 %. using pre-programmed load curtailment
programmes. electronically controlled. Buffer storage tanks for chilled water storage.
lighting cireuit switching techniques. daylight harvesting. low emissivity glazing and heat
deflective paint to be adopted to reduce peak demand for cooling
. e Closed loop geothermal heat sink to be adopted in place of cooling towers
e e Waterless urinals
technologies } . S 3 -
Rainwater harvesting for irrigation. washing motor vehicles and other second-class water
purposes
e Active leak detection system for potable water reticulation
Collection and use of stormwater for irrigation and designing xeriscape gardens
Adoption of methods such as trenches. basins, porous pavements, filter strips. grass swales,
media filters, detention ponds. grease and litter traps. hydrocarbon detention. ete. for the
management of stormwater and the reduction of total suspended solids (TSS) by 80 % for
the run-off volume for rainfall events up to a 1-in-2-year storm
e All refrigerants and fire suppression systems to have a 0" ODP
e  Adhesives and sealants to meet specific VOC limits
s  Total reduction in greenhouse gas emissions by 35 % through alternative energy sources
* Automated smart metering strategy to include thermal energy meters
e Reduction of maxinum electrical demand by a further 10 % making use of ice storage
tanks that will allow for a relatively flat HVAC demand
s 1 e Flush ablutions with grey water or re-used water
S-star rating : s
P All mst}lants to have a “0” ODP -
Reduction of potable water demand by 50% through use of closed loop geothermal heat
sinks or air-cooled chillers
e Composite wood products used in the project (particleboard, plywood. veneer. MDF and
decorative overlaid wood panels) nmst have zero or minimal formaldehyde emissions in
compliance with specific values
e Metering thermal energy users (10 kW or more) with connection to the BMS system
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6-star rating
technologies

e  Total reduction in greenhouse gas emissions by 60 % through alternative energy sources
and carbon offsetting plants

» Total reduction in maxinmum electrical demand by 20 % through additionally making use of
waste heat from altemative energy plants to power absorption chillers
Borehole water use for non-potable water demand
Where potable water is used to flush ablutions. adopt solenoid control valves for automatic
shut off when area 1s not in use
Water based heat rejection systems prohibited
Refrigerant leak detection system and refrigerant recovery system to be installed on HVAC
system

e All refrigerants adopted to have a Global Warming Potential (GWP 100) of 10 or less

Table 14: Requirements for Airport Green Star Rated Retail Centres: Design Feature Requirements [9]

Base design
features

* Bulding management system
e Standards and guidelines for energy efficiency [4]

4-star rating
design features

*  Adoption of a waste and recycling management plan that seeks to reduce the
operational waste generated and recycle maximum waste from all users (including
tenants). setting waste targets and making provision for facilities supporting
separation at source

o  The building owner/'manager must ensure that no less than 80 % of the rentable
area (as per SAPOA definition) 1s committed to a tenancy lease agreement that
requires the tenants to monitor and report quarterly on electrical energy
consumption. water consumption. waste recycling. having submitted a plan for
each of these at the beginning of the lease. together with a green procurement
policy to procure environmentally friendly consumables

*  The acoustic design and report must ensure that the noise levels do not exceed 55
dBA in full operation

s Provision must be made for respite and connection to nature for staff and wisitors.
mininum of 50 m? and 0.1 % of the retail GFA (gross floor area) must be set aside
as a rest area that has direct physical and visual connection to the natural
environment

e  Energy modelling required demonstrating reduced carbon emissions

* Adoption of an “automated metering strategy™ that meters all major water users and
tenants connected to a smart metering system that can be used for billing. historical
data analysis and live tracking of water losses through water zonal meters as well as
being integrated to the active potable water leak detection system

» Adoption of an operational waste recycling and management plan

e Appointment of a professional natural scientist

e  Adoption of roofing. paving and building materials (external hardscape) must have
a solar reflectance index (SRI) greater than or equal to 29 and for pitched roof areas
less than or equal to 10 degrees. the SRI mmst be greater than or equal to 78

e  Reduce sewerage outflow by 30 %

S-star rating
design features

e Design of HVAC system must ensure humidity control of the space at 60 % RH
and in the supply ducting 80 % RH

* Kitchen exhaust points must be located not closer than 1 Om to a neighbouring
usable space or walkway. or a fresh air intake of that development or another
development

6-star rating
| design features

None for the selected credits for 6-star rated retail centres

Impact Factor (JCC): 9.6246
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Table 15: Requirements for Airport Green Star Rated Retail Centres: Standards for Compliance [9]
Occupational Health and Safety Act (Act 85 of 1993)
Construction regulations. 2014 — Guidelines GN 489 in Government Gazette 40883,
dated 2 June 2017
Regulations for hazardous chemical substances GNR 1179 in Government Gazette
16596, dated 25 August 1995
Environmental regulations for workplaces GNR 2281 in Government Gazette 10988,
Base dated 16 October 1987
standards for SANS 204 Energy efficiency
compliance SANS 10400 as applicable
NEMA Act 107 of 1998: NEMA Regulations Government Notice R385 of 2006.
Listing Notice 1 Government Notice R386 and R387 of 2006
ACSA ISO 14001 Environmental Management System: T020 001 ASOP — Resources
roles and responsibilities of stakeholders
ACSA T030 001-T030 002ASOP — Monitoring and auditing
ACSA T050 002-T050 008 ASOP — Environmental management
ASHRAE 55-2004 Acceptability linuts (80% for 98% of occupied hours) for
naturally ventilated spaces
4-star rating ISO 7730 for mechanically ventilated spaces (PMV levels between -1.5 and +1.5)
standards for Lighting illuminance simmlation to demonstrate compliance with SANS 10114-1:
compliance 2005 illuminance levels
Lighting pollution prevention through targeted design and illuminance levels
compliance with CIBSE LG6 Lighting Guide: 1992
S-star rating Contractors and sub-contractors ISO 14001 certificate
standards for SANS 1850: 2003 Design and manufacture of commercial kitchen extraction,
compliance ASHRAE Handbook 2007: HVAC Application, Chapter 31 Kitchen ventilation
6-star rating ASHRAE 55-2004 Acceptability limits (90% for 98% of occupied hours) for
standards for naturally ventilated spaces
compliance ISO 7730 for mechanically ventilated spaces (PMV levels between -0.5 and +0.5)
Table 16: Requirements for Airport Green Star Rated Retail Centres: Construction Requirements [9]
R ——— *  Environmental management plan (project specific) in accordance with section
4 3 South Wales. Australia EMS guidelines 2007 or relevant sections of the
T Provincial Government of the Western Cape EMP Guidelines 2005
4-star rating Construction waste management to recycle 30 % of waste from construction
construction For brownfield development. the execution of a hazardous materials survey
requirements and disposal is required
s oy e Construction waste management to recycle a total of 50 % of waste from
construction A
requirements construction
- e Construction waste management to recycle a total of 70 % of waste from
construction :
construction
requirements
www.ijpre.org editor@tjpre.org
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Table 17: Requirements for Airport Green Star Rated Retail Centres: Project Requirements [9]
e  Design and as-built drawings, short reports and schematics of all technologies and
Base project design features
requirements e  Operations and maintenance manuals of all systems and design features
e Commissioning of all systems and features to be given upon handover
T — Construction waste management to recycle 30 % of waste from construction
s For brownfield development. the execution of a hazardous materials survey and

requirements

disposal 1s required
S—Stn.l' TRSE pregect None for the selected credits for 5-star rated retail centres
requirements
e Sy e None for the selected credits for 6-star rated retail centres
requirements

the number of points for a 4-star, 5-star and 6-star green ratings.

6.

The requirements contained in Table 3 to Table 17 is highly summarised and correspond to credits that amount to

PROCESS TO IMPLEMENT GREEN BUILDINGS FOR NEW INFRASTRUCTURE AT
AIRPORTS

In the process flow of ACSA’s project management plan. five levels or stages are identified, 1.e., FEL 01 to FEL 05 after

business planning takes place to identify all the initiatives that need to take place (Pre-Level FELO1). The execution of

sustainability (and green buildings) in each of the stages within the project management process flow can be seen in Fig. 3.

Impact Factor (JCC): 9.6246

» T be done Sustainability must be considered in all project imtiatives as this 1s part of business imperatives captured in KPIs and
building Elocks for success
» Cutput Lewvels of sustainability to be considersd in FEL 01,1.e mandatory sustanability, 4-star, S-star, 6-gtar greea rating

J
«To be dene Executive decisicn-meking tool to be used to detemmune which levels of sustainability are tobe conadsred in pre-
Frasibulity
» Output Lewvels of sustanability to be camed through to the pre-feaabality stage and captured in the project bnet
vy
. o e . [ +: & * ﬂ\
*To be dene Perfonm pre-frasibiity by associating cost to the listed requirements in the exccutive decsion-making tool, focus cn
main elements such as renewable snergy that add sigmficant cost to the project
+ Output Preferred level of sustanability to proceed to feanbility and preliminary/front-ead enginsenng deaign stage
J

«To be dene: Capture all requirements Eor the targeted green star rating within the scope of works, cost and proceed with the Eeasibi].ity“
study; appot t of green building accredited professional (AP)if consultants ars used ferthis phase

+ Output Final feasibility (business case) for the targeted green star rating, scope of works ready (detailed design and construction),
confimmation of compliance with GECSA eligibility requirements from GBCSA if green building AP 1c appainred

S

+Te be denc Following financial investment decision, sxecute requirements set ont in the technical manual for the targeted greea star |

rating, implement all requirements, follow GBCSA certification process for both design and as-built status
» Output Cemmissioned systemes as outlined in thistechnical manual with records of all activities, knowledge transfer and traming,
together with handever documentation, costs of green buildings certification, project handover documentation

»To be done Collection of all handover documentation for the design and construchon phases, costs of cach activity performed for the)
acquinng of the green bulding certification, submissions to and certificates from OB CSA. plans For bullding tuning programmes to
be followed up 12 months later

* Output Project handover documentation, costing dorumentation, GECSA subrussions and cerhificates, building tuning programme

ezecution and tracking 12 menths from pract:cal completion )

Figure 3: Project Management Process Flow.
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During business planning. the company’s business mmperatives. which are largely guided by the company’s
vision, strategic objectives and business KPIs. must be incorporated into the high-level definition of targeted initiatives
(soon to become projects). At this level. environmental sustainability must be taken into account due to environmental

sustainability being part of the company’s vision.

From FEL 01 stage where concept development starts. the level of sustainability targeted mmst be considered
and guided by the strategic objective of attaining carbon neutrality in energy consumption: the availability. cost and risks
to the business of energy and water supply: and the legislative requirements around waste management over the project
lifecycle. The mininum requirements for energy efficiency in all projects are contained in the Standards and Guidelines for

Energy Efficiency which is a company policy document in ACSA

The targeted green star rating decision should be taken at Level FEL 02 (pre-feasibility) in order to deternune the
cost and benefit using high level trade-offs between water, electricity savings (and waste generation where data 1s

available) and capital costs.

For FEL 03 (feasibility). the detailed clauses contained in the technical manual must be used to define the scope
of works for the targeted green star rating. from which a project specific capital cost can be drawn up together with

operational cost savings. from which a business case can be formed.

The Green Star Rating for ACSA is targeted for both “design™ and “as-built™ status. Once a financial investment
decision (FID) i1s made to go ahead with the project. registration of the project for the targeted green star rating must
commence with Green Building Council of South Africa (GBCSA).

Step 1 in the GBCSA process is checking for eligibility for the targeted green star rating. This can be sought in
FELO3. At this point it is advisable to appoint a green building accredited professional (AP), although this can also be done
in FEL 04. The project will be checked for compliance with four eligibility requirements. i.e.. spatial differentiation. space

use. two conditional requirements and timing of certification as follows:

e In the spatial differentiation requirement. the project must be clearly distinet as a free-standing building or an

extension of an existing building. i.e.. no partial components of projects will qualify.
e  The space use requirement determines which GBCSA green star rating tool is applicable.

e  The conditional requirements that the project must meet are with respect to the energy category and the land use

and ecology category.

e The timing of the certification requirement is that obtaining of the certification (both “design™ and “as-built™)

must be within 24 months of the date of practical completion of the project.

Once the eligibility requirement has been met, the project can then be submitted for the GBCSA certification
process (Figure. 2). The relevant documentation must be put together as per the targeted green star rating requirements.
Assessment takes about 7 weeks. Should the rating need documentation which could not be found in the first submission.
this will activate a second round giving the opportunity to submut the required documentation. Important to note is that

there are only two rounds in the green building certification process.
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In FEL 05 (close-out). all documentation including O&M manuals. building user guides. training and knowledge
transfer records and material. commissioning and technical specifications, manufacturer’s data sheets as well as signoffs
from each stage gate must be handed over. The costings for the green star rating must be included together with all
submissions (and data) to. and received from. GBCSA. The 12-month building tuning programme must be ready (with
implementation plan. resourced) and be put into action. tracked and closed out after 12 months with handover

documentation submitted. Once this is done, the process is complete.
7. CONCLUSIONS

This paper successfully presented the guidelines for implementing green star rated new ternunal buildings. office buildings
and retail centres. The guidelines included general requirements. technology requirements. design feature requirements,
standards for compliance. construction requirements and project requirements for 4-star. 5-star and G-star rated green new
terminal. office and retail infrastructure. The guidelines were a summary taken from the technical manuals for green
buildings prepared for ACSA in accordance with the Green Building Council South Africa (GBCSA). A description of the
green star rating frameworks and the rationale used to select the credits that give the green star rating for each type of
infrastructure is given. The process to implement the green star rated infrastructure at the airports is outlined showing how
carbon emissions are being reduced. and environmental consciousness is being observed. This ensures the efforts to

transform the airport sites towards energy efficiency and energy security are sustained.
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CHAPTER 21. SUSTAINABILITY OF ENERGY EFFICIENCY AND ENERGY
SECURITY FOR AIRPORTS IN SOUTH AFRICA: GUIDELINES FOR
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This chapter presents the guidelines for transitioning existing airport terminal buildings towards the
adoption of a green star rating as per the green star rating system of the Green Building Council of

South Africa.

The article was published in the International Journal of Mechanical and Production Engineering

Research and Development (IIMPERD).

Cite this article: Jerusha Joseph, Professor Freddie Inambao, Sustainability of Energy Efficiency and
Energy Security for Airports in South Africa: Guidelines for Transitioning Existing Terminal Buildings
to Green Buildings Status. International Journal of Mechanical and Production Engineering Research

and Development 11(6), 2021, pp. 119-132.

Link: http://www.tjprc.org/publishpapers/2-67-1634799605-81IJMPERDDEC20218.pdf

http://www.tiprc.org/view-archives.php

441



International Journal of Mechanical and Production I R A N S
Engineering Research and Development (LIMPERD)

ISSN (P): 2249-6890; ISSN (E): 22498001 A\

Vol. 11, Issue 6, Dec 2021, 119-132 S T E I—_‘ I— R
© TIJPRC Pvt. Ltd. *doumat C

SUSTAINABILITY OF ENERGY EFFICIENCY AND ENERGY SECURITY FOR
AIRPORTS IN SOUTH AFRICA: GUIDELINES FOR TRANSITIONING EXISTING
TERMINAL BUILDINGS TO GREEN BUILDING STATUS

JERUSHA JOSEPH & PROFESSOR FREDDIE INAMBAO
Department of Mechanical Engineering, University of KwaZulu-Natal, Durban, South Africa

Received: Aug 04, 2021: Accepted: Aug 24, 2021: Published: Oct 21. 2021: Paper Id.: IIMPERDDEC20218

INTRODUCTION

The challenge that any organisation faces. especially those exceeding ten people. is to ensure that the culture within
a company does not work against the strategy. vision. business imperatives, values and desired work ethic of the
organisation. Management of organisations work through their human resources (HR) departments to ensure that
employees are aware of what the company represents and how it operates through the company strategy. company
policies. work procedures. legal and ethical obligations as well as expectations in terms of standards of work output
and behaviour. HR teams have internal disciplinary programmes to ensure that misdemeanours are addressed
appropriately to preserve all that the company stands for. Arguably. the more difficult human dynamic to address is
the aspect of company culture that relies on an employed person for efficient work output and competency that if
lacking does not result in immediate harm to the company. but may cause short. medium or long term undesirable
effects. These short- and medium-term harms may be financial loss. decrease in profitability. increase in
maintenance or operational costs, or decreased efficiency of systems. all of which may be very difficult to prove

and account for. The long-term harm is a culture of neglect through personnel influence which goes unaddressed.
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Executing energy efficiency relies heavily on the culture of the people working for an organisation [1]. [2].
Without a conscious daily effort to change energy inefficient behaviour. energy efficiency at a site will not be achieved.
Change management for energy efficiency is challenging compared to performing a technical task like maintaining a
chiller on a specific day of the year. as it requires consistency and depends on the majority of personnel undertaking their
daily activities at a site. Ensuring energy security requires a different way of thinking to the norm of simply relying on
electricity from the national electricity grid. At some point, policies. standards. procedures and expectations must be put in
place to ensure that the desired result is achieved. This needs to be suitably captured in the company vision, strategies and

business imperatives.

Airports Company South Africa (ACSA) has the ambition to reduce carbon emissions across its airports in South
Africa and put in place an energy and demand management strategy. and to this end has approved a suite of technologies to
reduce carbon emissions and adopt standards and guidelines for energy efficiency. ACSA owns and operates nine airports
in South Africa. namely. O R Tambo International Awrport (ORTIA) (Kempton Park, Gauteng). Cape Town International
Airport (CTIA) (Western Cape). King Shaka International Airport (KSIA) (Durban, KwaZulu-Natal). Port Elizabeth
International Airport (PEIA) (Eastern Cape). East London Airport (Eastern Cape), Bram Fischer International Airport
(BFIA) (Bloemfontein. Free State). George Auport (Eastern Cape). Upington International Airport (Northern Cape) and
Kimberley Airport (Northern Cape). ACSA’s energy and demand management strategy aims to make ACSA a recognised
leader in the implementation of energy solutions that are economically and environmentally sustainable for airport
businesses. This strategy is in line with ACSA’s vision of being ... the most sought-after partner in the world for the

provision of sustainable airport management solutions.”

At its core, ACSA's energy and demand management strategy intend to reach carbon neutrality in electricity
consumption by 2030. The three strategic objectives to support the strategy are: (1) reduce energy consumption to drive
carbon neutrality. (2) introduce an energy mix that is responsive to the ACSA business and operating environment. and (3)
drive an energy efficiency culture within ACSA through accountability. standardisation and a structured approach to
managing energy intensive infrastructure. These strategic objectives have been translated into executable projects and
mnitiatives that have been included in each of ACSA’s nine airports’ roadmaps to carbon neutrality. Significant progress has
been made to reduce energy consumption and plans are in progress to realise a low carbon energy mix at the airports. The
low carbon energy mix transitions the airports’ current electricity demand towards carbon neutrality and makes provision
for future energy demand. However. to ensure that energy wastage and practices that negate efforts to drive carbon
neutrality are mitigated when new personnel join the organisation. certain standards must be adopted. To bring about a
culture of energy efficiency and standardisation across existing infrastructure, adherence to green buildings requirements

for all existing terminal buildings must be adopted.

Green buildings incorporate design. construction and operational practices that significantly reduce or eliminate

the negative impact of development on the environment and people. Green buildings are:
¢  Energy efficient.
e Resource efficient,
¢  Environmentally responsible.

e  Healthy and productive environments for people.
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The Green Building Council of South Africa (GBCSA) is an independent. non-profit member-based company that
was formed in 2007 to lead the greening of South Africa’s commercial property sector. GBCSA provides the tools.
training. knowledge. connections and networks, to promote green building practices across the country and build a national
movement that aims to change the way the world is built. There are over 98 individual and recognised green building
councils worldwide whose mission is to abate climate change through green building. The World Green Building Council
i1s an wmbrella organisation that provides guidance to the different green building councils. of which the GBCSA is a
member alongside Australia. the United States and the United Kingdom amongst others. The GBCSA has adopted.
adapted. and contextualised the Green Star rating system. Originally developed by the Green Building Council of
Australia. this rating system was used as a base and has been significantly modified to fit the local market and

environmental context [3].

The GBCSA started off with the Green Star Rating tools for residential. office. public and education buildings.
retail developments. existing buildings. and interiors of developments. Their tools have extended to rating sustainable
precincts, custom tools regarding net zero (carbon. water, waste. ecology). energy and water performance tools. and many
more that meet the South African market demand. There have been over 400 green star certifications between 2007 and

2018 in South Africa [3].

Certifying existing terminal buildings will serve to hold personnel accountable to deliver a standard of energy.
water and resource efficiency as well as environmental responsibility. This will also serve to independently verify the
airports” achievements and recognition as leaders in environmentally sustainable solutions for airport businesses. This
paper describes the green star rating frameworks of the GBCSA. and the requirements for transitioning the existing
terminal buildings towards a 4-. 5- or 6-star rated terminal buildings through the implementation of certain technologies.
certification according to specific standards, projects and management requirements to meet the credit requirements of the
GBCSA rating frameworks.

1. GBCSA’s Green Star Rated Frameworks

GBCSA has established a number of categories under which specific key criteria are grouped and assessed [4]. This

framework 1s referred to as the Green Star SA rating framework. The basic Green Star SA structure is shown in Figure. 1.

Erwlronmental

Assessment credits

Figure 1: Structure of the Green Star SA Rating System [5].

Green Star SA rating tools include nine separate environmental impact categories:
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¢ Management - promotes the adoption of environmental principles from project inception. design and

construction phases. to commissioning. tuning and operation of the building and its systems.

¢ Indoor Environment Quality - targets the wellbeing of the occupants. addresses the heating and cooling

systems, lighting. indoor air pollutants and building attributes that contribute to a healthier indoor environment

quality.

e Energy - targets an overall reduction in energy consumption and a reduction of greenhouse gas (GHG) emissions

associated with energy generation from fossil fuels.

e Transport - rewards reduction in automotive commuting by simultaneously discouraging it and encouraging the

use of alternative transportation.

o  Water - addresses the reduction of potable water use through the design of water efficient systems., rainwater

collection and water reuse.

e  Materials - targets the consumption of resources through selection and reuse of materials and efficient
management practices.

¢ Land Use and Ecology - promotes initiatives to improve or reduce impacts on ecological systems and

biodiversity.

o Emissions - targets the environmental impacts of a development’s emissions or substances emitted from the site

(excluding greenhouse gas emissions which are dealt with in the Energy category).

e Innovation - encourages, recognises and rewards the spread of innovative technologies. designs and processes for

commercial building applications that impact upon environmental performance.

The categories contain credits which addresses specific initiatives that improve or have the potential to improve a
design. project or building’s environmental performance. Points are awarded in each credit for actions that demonstrate
that the project has met the overall objectives of Green Star SA and the specific aims of the pertinent Green Star SA rating
tool. Green Star SA environmental weighting factors vary across rating tools to reflect differing environmental concerns
and imperatives for different building types and lifecycle phases. To encourage the development and spread of innovative
technologies, designs and processes that could improve buildings™ environmental performance. an ‘Innovation’ category is
included in each Green Star SA rating tool. Table 1 [5] contains the overall score corresponding to a green star rating

according to the green star rating system. [4]

Table 1: GBCSA’s Green Star Rating tool Scoring and Rating

10-19 1-star | “On the journey to a better, greener building”™
20-29 2-star | “On the journey to a better, greener building”
30-44 3-star | “Good Practice™
45-59 4-star | “Best Practice”
60-74 S-star | “South Africa Excellence™
75+ 6-star | “World Leadership”
Impact Factor (JCC): 9.6246 NAAS Rating: 3.11
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As imndicated i Table 1. the mmimum Green Star SA rating 1s 1-star and the maximum is 6-star. In the Design or
As Built ratings, Green Star SA only recognises and rewards market leaders (only certifies 4-star or above). but in the
Existing Building Performance tool the GBCSA recognises that the move to becoming a 4-6 star rated building may be a
lengthy journey for some. and those who are doing significant work in reaching this point should be acknowledged along
this journey [5].

In the process of certification (Figure. 2). the timing of the certification is very specific as are the duration of the
requirements for certification which are mostly evaluated over a 12-month period. The following are the general conditions
of certification which is valid for a 3-year period by which time re-certification for the next 3-year period must be
achieved: [5]

e  Must have been operational for a minimum of 12 months after final completion.

¢ The building’s ‘performance period’ (period under which the building’s performance is measured) is to be 12

consecutive months,
e Energy and Water performance periods must end within 90 days of each other.

o The project must submit for certification within 90 days of the end of the building’s 12-month performance
period.

e  Certification is valid for 3 years from the end of the certified performance period. Thereafter re-certification will
need to be undertaken.

e  Re-certification can take place at any time within the 3-year period. but the project’s rating will lapse if not re-

certified within 3 vears.
¢  Annual submission during the 3-year period is required for:
e  Energy consumption data

e  Water consumption data

APPLICANT

ROUND 1

PROJECT PROJECT ROUND 1
ELIGIHILITY . REGISTRATION | ™ SUBMISSION |

ROUND 2 ROUND 2 ROUND 2
SUBMISSION ASSESSMENT m

ROUND 2
Y =]
RATING NOT
ACHIEVED

Figure 2: Overview of GBCSA Green Star Certification Process [5].
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Energy and Water performance will be assessed and a formal Energy and Water Benchmarking Certificate issued
to the project by the GBCSA. From submission of Energy and Water benchmarking information to the GBCSA. results
will be provided within five weeks of submission. From the date of receipt of the project’s submission of all targeted
credits (Round 1), the GBCSA provides the assessment results within seven weeks. Upon receipt of these results, the
project may be required to submit documentation for credits to be confirmed. The project will then be required to provide
the Round 2 submission within 90 days of the Round 1 assessment results being issued [5]. The following sections contain
the structure of the technical manuals drafted for existing airport terminal buildings to transition towards a green star rating

(4- to G-star).
2. Requirements to Transition Existing Terminal Buildings Towards a Green Star Rating

The targeting of certain credits is based on what is key to ACSA’s business focus as well as convenience and strategic
intention for their existing terminal buildings to achieve 4-. 5- and 6-star ratings. and further converts the expectations in

these credits into three categories for execution:

¢ Standards Compliance (SC): This section lists the standards that the terminal building specific systems must

comply with in order to achieve the targeted green star rating.

¢ Project Requirements (PR): This section has all project requirements that must be initiated so that GBCSA

requirements are met to achieve the targeted green star rating.

¢  Management Practices (MP): These are everyday operational management practices that must be put in place to

meet GBCSA's requirements for the targeted green star rating.

The information given in all the sections above are designed to be cumulative, i.e.. to achieve a 5-star green
rating, the 4-star green rating requirements must be achieved and additional requirements listed under the 5-star green

rating must be implemented. etc.
3. Rationale for the Selection of Credits to Make up the Green Star Ratings for the New Airport Infrastructure

The following sections present the business imperatives that played a role in the selection of the credits to be targeted for
the 4-star. 5-star and 6-star rated green buildings. The rationale used when targeting the number of credits with the range
given for a 4-star, 5-star and 6-star rating is provided and the credits that are most targeted as well as those less targeted

due to lack of focus of the business in those areas are listed.
3.1 Business Imperatives

One of the most important steps in targeting a green star rating is the selection of the combination of credits that gives
points for meeting the requirements for the green star rating being applied for (Table 1). The selection of credits has
financial implications but with careful planning. the overall costs can be negligible and such investments can actually
reduce operational and maintenance costs making for an attractive business case. The credits to be targeted in each of the

green star frameworks (4-, 5- and 6-star green ratings) have been chosen on the following ACSA business principles: [3]

e Savings in operational cost with preferably low or no extra capital cost. and any extra capital costs to be offset
within the project. e.g.. extra capital cost for using passive cooling techniques such as low emissivity glass and

msulation will result in a lower cooling and heating load and thus a smaller capacity HVAC system. lower capex

Impact Factor (JCC): 9.6246 NAAS Rating: 3.11
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cost of HVAC. lower electricity cost for operations and potentially lower maintenance cost for a smaller system.

e Supporting of the organisational strategic goals. especially those that are aligned to ACSA’s vision for stand-alone
airports, reduction in operational cost (mnning and maintenance costs), Occupational Health and Safety and Asset

Information Management imperatives.

e Focus placed on credits that reduce environmental impact and thus significant weighting of water. waste and

energy consumption.
e Knowledge transfer and operating conditions that are fine tuned for operational efficiency.
¢ Focus on credits that support the Airports Council International (ACT) Carbon Accreditation system [3].
3.2 Green Building Framework Design

The combination of credits targeted by ACSA have been designed to always give points over the minimum threshold for
the targeted green star rating due to the nature of project execution in general. bearing in mind that thoroughness in terms
of project documentation. timelines in terms of project duration and loss in communication in design and execution. result
in certain credits targeted not being able to be awarded as per GBCSA strict rules. For this reason. the green star rating
target 1s designed to aum for at least four points above the threshold for the targeted green star rating but not within five
points or less than the threshold for the next green star rating. as this would mean extra cost and effort for the same green

star rating.
3.3 Green Building Credits Targeted and Excluded

In following with the business case for green buildings and in keeping with the ACSA operating environment and business

imperatives. the credits categories are targeted as follows:

e  Water and Energy — credits within these categories have been maximised as they are both high in operational cost

and scarce resources in South Africa.

¢  Waste management — credits within the Materials category have also been targeted towards social responsibility
and looming legislation of reduced waste to landfill by 2025 (Western Cape) with penalties for non-compliance

and is the direction that most of the world is heading in.

e  Credits throughout the categories that embed ease of maintenance. operations and management of infrastructure,
health and safety best practices, project management. and construction management. are maximised for a good

foundation which can facilitate ACSA’s vision and its strategic objectives.

¢  Credits that allow for implementation considering the highly regulated environment that ACSA complies with and
considering the known market capabilities (local and international. i.e.. the South African marketplace and

environmental context).

The following credits have been intentionally limited due to their lack of support of the business and operating

environment of ACSA:

e  Credits mvolving transport have been excluded as these are typically not considered per building. but rather as an

airport planning exercise and in response to demand and commercial opporfunity.
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¢ Innovative strategy credits have been excluded to divorce dependency on them to make up the credits needed for

the targeted green star rating. as these innovation points are awarded solely on the discretion of Green Buildings

Council South Africa.

4. Standards for Compliance, Project Requirements and Management Practices for Airports’ Existing Terminal

Buildings Green Star Ratings

The Technical Manual Existing Building Performance Tool V1. December 2014 by the GBCSA. provides criteria to be

met for each of the nine categories described. however. the manual does not always give the interventions to be adopted

that would enable a project to meet the criteria. The following tables (Table 2. Table 3. and Table 4) provide the

preferential selection of credits by describing the standards for compliance. project requirements and management practice

requirements to be met for

each green star rating.

Table 2: Requirements for Airport Green Star Rated Existing Terminal Buildings: Standards for

Compliance

4-star rating
standards for
compliance

o  Audit. monitor and measure lighting levels of at least 60 % of the occupied
areas to comply with maximum maintained illuminance level of no more than
80 % of the levels prescribed in SANS 10114-1:2005. These requirements must
be captured for tenants in lease agreements. obtaining their signed commitment.
This must be put in place before the 12-month trial period begins.

¢ Put in place a process to manage overall risk presented by Legionnaires” disease
during the 12-month trial period. Furthermore. 1t should be demonstrated that
such a risk management process i1s monitored and reviewed regularly as per
SANS 893 Part 1. Put in place an effective programme for treatment and control
of Legionnaires’ disease in water systems during the 12-month trial period as
per SANS 893 Part 2.

S-star rating
standards for
compliance

e Perform quantitative acoustic testing through an acoustic specialist to ensure
that internal noise levels are within 2 dBA of the maximum equivalent
continuous rating levels as set out in SANS 10103:2008. with less than 10 % of
areas non-compliant. Confirmation that noise from building services plant does
not exceed the recommended levels of noise as set out in SANS 10103:2008 at
the property boundary. or does not exceed the existing baseline ambient noise
level (8h LAeq) by 3 dBC at the property boundary. or demonstrates
compliance with provincial noise control regulations where applicable. This
must be ready for evaluation at any time within the 12-month trial period.

6-star rating
standards for
compliance

None for the selected credits for 6-star rated existing terminal buildings

Impact Factor (JCC): 9.6246

NAAS Rating: 3.11

449



Sustainability of Energy Efficiency and Energy Security for Airports in South Africa: 127
Guidelines for Transitioning Existing Terminal Buildings to Green Building Status

Table 3: Requirements for Airport Green Star Rated Existing
Terminal Buildings: Project Requiremen

e Appoint a green star accredited professional to consult with and guide the
preparation and accreditation process at least 6 months before the trial
period and for 5-6 months after the trial period for the preparation of
response to the Round 1 submissions.

¢ Building management system (BMS) to include automated water and
electricity monitoring and reporting.

e Put in place an advanced monitoring and metering strategy that covers
relevant areas or functions of a building. collecting and processing data.
alerting management in case of missing data and when consumption is out
of targeted parameters. and producing quarterly reports. This must be put
in place before the 12-month trial period begins.

s Put in place physical displays containing real-time information of energy
and water performance of the building as well as communication on
sustainability features and initiatives. Put in place awareness programmes
that include energy efficiency. water efficiency. waste management as a
minimum. for all building occupants. This must be put in place and be
tested in the 12-month trial period.

e Appoint an indoor air quality (IAQ) manager to supervise and manage the
optimisation of practices that prevent and minimise the build-up of indoor
pollutants in buildings. System performance audit to be performed to
ensure specific air quality criteria are being met. with corrective action
plan in place. IAQ testing to maintain CO levels not exceeding 26 ppm and
CO; levels not exceeding 1000 ppm for at least 70 % of the measured
areas. This will be measured for the duration of the 12-month trial period.

¢ Luminaire magnetic ballasts to be changed to high-frequency electronic
ballasts. magnetic ballast replacement policy in place. audit performed to
confirm that 95 % of lighting is high frequency. These requirements must
be captured for tenants in lease agreements. obtaining their signed
commitment. This must be put place before the 12-month trial period
begins.

e  Occupant survey for thermal comfort and temperature to be measured in
occupied spaces at least once in the summer and once in the winter with
corrective action plan in place to correct any concerns. For areas that are
tenanted. include these requirements in lease agreements. This must be
preferably in place and ready to be checked anytime within the 12-month
trial period.

e  Perform an occupant comfort survey that covers acoustic comfort. thermal
comfort. lighting comfort. indoor air quality and ventilation comfort. and
building management cleanliness (odours, etc.) requiring more than 80 %
of respondents to be satisfied. with a corrective action plan in place to
improve performance. This must be ready to be evaluated at any time
within the 12-month trial period.

o  Perform a high-level acoustic audit considering occupant feedback. impact
of plant and equipment noise on occupants, swrrounding properties and
external noise on occupants mcluding noise transference between
tenancies. putting in place a corrective action plan to improve
performance. Issue  operational guidelines to  tenants  with
recommendations with regards to fit-out for acoustic comfort and space
utilization for acoustic comfort. This must be ready to be evaluated at any
time within the 12-month trial period.
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S-star rating
project
requirements

Energy saving projects to be activated and put in place before the 12-
month trial period begins. to reduce KkWh consumption onsite:

» Execution of lighting replacement programme to ensure that the
existing installations are transformed to LED lighting

» Execution of lighting control programmes to ensure that lighting is
controlled according to demand

e Implementation of HVAC time schedules and chiller loading
methodology to ensure that energy consumption is optimised

e  For coastal airports, employment of heat pipe dehumidification m
fresh air units

*  Adoption of air-economising (free air cooling) in existing HVAC
systems

o Incorporation of active chilled water setpoint control for chillers

e Installation of ducted return air with feedback control sensors for
temperature control

o Adoption of constant air volume (CAV) to cool the baseload and
variable air volume (VAV) for fluctuating load

* Incorporate heat recovery from the condenser to satisfy any heating
requirements

e Reduction in cooling demand using low emissivity glass (not more
than 3 W/m?K) and heat deflective paint (adopting ceramic
microspheres) to deflect solar heat gain

TAQ testing showing CO» levels not exceeding 800 ppm for at least 70 %
of the measured areas. This will be measured for the duration of the 12-
month trial period.

Implement frameworks and programmes to encourage and incentivise (or
create a shared incentive) for the top ten energy users to reduce onsite
energy consumption and maximum demand.

Additionally. implement the following before the beginning of the 12-
month trial period for further potable water savings:

s  Water reuse for washing of motor vehicles.
e  Flushing of toilets with grey water/reused water.

100 % of the refrigerants by mass serving the building has to have ODP
and at least 50 % to have a GWP (global warming potential) of less than
10.

6-star rating
project
requirements

Implement a project to adopt solar thermal absorption cooling or make use
of waste heat to power absorption chillers.

Additionally. implement the following before the 12-month trial period
begins for further water savings:

¢ Borehole water use for non-potable water demand.

e Where potable water is supplied to an end-use such as a toilet or
basin., solenoid control valves for automatic shut off must be
installed. Water supply to the toilet area/amenity (as per the
mternal water zoning) must be controlled according to occupancy
through a sensor and or timer.

Impact Factor (JCC): 9.6246

NAAS Rating: 3.11
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Table 4: Requirements for Airport Green Star Rated Terminal Buildings: Management Practice Requirements

4-star rating
management
practice
requirements

Compile and implement a building operations manual as a guide for operating building
systems efficiently and managing resources effectively to be done before the 12-month trial
period begins.

Issue a building user's guide issued to users. occupants and tenants that includes the energy
and environmental strategy. the monitoring and targets for water and energy consumption.
operation of the air conditioning. lighting. electrical and hot water systems, details on
transport facilities. materials and waste recycling. communmity facilities, landscape
management and biodiversity features. as well as preferred materials for refurbishing and
fitting out a rented space. This must be in place before the 12-month trial period begins.
Compile and implement a maintenance schedule in relation to operational expenditure items
only to contain (at least) planned preventative types of maintenance activities for electrical
and electronic systems. mechanical systems and fire protection systems. This must be put in
place before the 12-month trial period begins.

Put in place a building tuning process that includes an initial audit of the existing system.
followed by reporting and an action plan leading to continuous monitoring. system testing.
corrective action response, ongoing measurement and appropriate documentation for BMS
systems and air conditioning systems. This must be put in place before the 12-month trial
period begins.

Issue and implement a green cleaning policy in line with specific sustainability criteria. This
should preferably be put in place before the 12-month trial period begins, it is however
measured over a 6-month period.

Implement a green lease for new leases and lease renewals that will include cost and benefit
sharing mechanisms. specific requirements for tenancy fit out and alterations. management
and operations. owner conunitment covering at least 20 % of the total tenanted gross lettable
area. This should be put in place before the 12-month trial period begins.

Put in place a landscape management plan according to leading practice methods. hard
surface and building exterior management plan according to leading practice methods. and an
mtegrated pest management plan. This will be evaluated anytime within the 12-month
performance period.

Implement a storm water run-off management plan which ensures that the site and hard
surfaces are managed to control storm water runoff and filter litter or pollutants to reduce
peak flows, erosion and contamination of ground water. streams and rivers. Include an annual
inspection programme of all storm water facilities to confirm continued performance. Peak
storm water flows must be calculated and disclosed for the performance period and required
maintenance that was assessed must be implemented. This must be ready to be evaluated
anytime within the 12-month trial period.
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Purchase green cleaning consumables in line with specific sustainability criteria. This should
preferably be put in place before the 12-month trial period begins, it is however measured
over a 6-month period.

Implement a green lease for new leases and lease renewals that include cost and benefit
sharing mechanisms. specific requirements for tenancy fit out and alterations. management
and operations, owner commitment covering a total of at least 50% of the total tenanted gross
lettable area. This should be put in place before the 12-month trial period begins.

Put in place a specific green procurement policy aligned with the Green Star SA Policy &
Programme Model which encourages use of products that are environmentally preferable that
will be evaluated within the 12-month trial period.

Put in place a solid waste management policy whose scope includes ongoing consumables.
hazardous materials. movable and electronic goods and construction waste from churn and
alterations. Execute a waste stream audit: carry out a waste stream audit of the building’s
entire ongoing consumable waste stream to establish a baseline that identifies the types and
amounts of waste making up the waste stream. thereby identifying opportunities for increased
waste minimisation, recycling and waste diversion from which an operational waste and
materials management plan (OWMMP) must be put in place. Diversion of 75 % of
operational waste to landfill. 50 % of construction waste diverted. and hazardous waste being
collected in a separate process. Reduce generation of operational waste by 10 %. The policy
will be evaluated anytime within the 12-month trial period. whereas the rest of the
requirements must be actively executed within the 12-month trial period.
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Perform a cleaning audit in line with GBCSA’s requirements. This should preferably be put
m place before the 12-month trial period begins. it is however measured over a 6-month
period.

Provides at least one ‘Community Facility” for access and benefit to the local community or
public and a shared facility within the building that is actively utilised to allow part-time use
for community or public benefit activities. This must be put in place before the 12-month trial
period begins.

The requirements contained in Table 2.

Table 3 and Table 4 are highly summarised and correspond to credits that

amount to the number of points for a 4-star. 5-star and 6-star green rating.

4. Process to Implement Green Buildings for Existing Airport Terminal Buildings

It 1s advisable to run the implementation of a green star rating for existing terminal buildings as a project every two years

to maintain the 3-year renewable cycle of the green star rating certification. Figure. 3 sets out the steps required for the first

certification of a green star

STEP 1: Aquire the present state of all systems and operational

systems. practic

by the requirements to be met given in this paper

STEP 3: Determine them 1itable green r rating 1o be
implemented considering fe aility, business umperativ
objectives, document and acquire mndmg where required

rating of an existing terminal building.

s and procedures of the existing terminal building

ertain the i g le
-and 6-star green rarmr_: :oilo“ ing ::uided

STEP 4: Create working groups for the projects and management
practices to be implemented as well as standards that mustbe
complied with

support,

cution

Figure 3: Proposed Process to Transition Existing Terminal Buildings
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It is critical to gain top management support and funding and it will be most beneficial to gain the support of all
stakeholders. and to establish networks and working groups that imclude stakeholders both inside and outside the

organisation as support and coordination is paramount for the accomplishment of successtul green star certification.
CONCLUSIONS

This paper presented the guidelines for transitioning existing terminal buildings towards and 4-, 5- and 6-star green rating.
The guidelines included standards for compliance. project requirements and management practice requirements for a 4-
star, S-star and 6-star green rated terminal building. A description of the green star rating frameworks and the rationale
used to select the credits that give the green star rating is given. The process to transition the green star rated infrastructure
at the airports is outlined so as to reduce carbon emission and cultivate environmental consciousness. This will ensure that

the efforts to transform the airport sites towards energy efficiency and energy security are sustained.
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This chapter presents an approach to leveraging the instruments of the fourth industrial revolution to
overcome the challenges faced by developing countries in adopting energy efficiency and making

provision for their energy security.

The article was published in the International Journal of Mechanical and Production Engineering

Research and Development (IJMPERD).

Cite this article: Jerusha Joseph, Professor Freddie Inambao, Leveraging Fourth Industrial Revolution
Technologies and Designs for Realising Energy Efficiency and Energy Security in Developing
Countries. International Journal of Mechanical and Production Engineering Research and

Development 11(6), 2021, pp. 257-274.

Link: http://www.tjprc.org/publishpapers/2-67-1636194226-161JMPERDDEC202116.pdf

http://www.tjprc.org/view-archives.php

455



Engincering Research and Development (UMPERD) TRANS
ISSN (P): 2249-6890; ISSN (E): 2249-8001
NSTELLAR

Vol. 11, Issue 6, Dec 2021, 257-274
@ TJPRC Pvt. Ltd. «Journal Publications = Research Consultancy

LEVERAGING FOURTH INDUSTRIAL REVOLUTION TECHNOLOGIES AND
DESIGNS FOR REALISING ENERGY EFFICIENCY AND ENERGY SECURITY IN
DEVELOPING COUNTRIES

JERUSHA JOSEPH & PROFESSOR FREDDIE INAMBAO
Department of Mechanical Engineering, University of KwaZulu-Natal, Durban, South Afiica

Received: Aug 24, 2021: Accepted: Sep 14. 2021: Published: Nov 06. 2021: Paper Id.: IMPERDDEC202116

INTRODUCTION

Industrial revolutions change the way we live through technological advancements and innovation (Fig. 1). Each
industrial revolution brings benefits and challenges to the countries that have engaged in such transformation [1].
Great Britain led the first industrial revolution with the invention of the steam engine. which revolutionised
communication and transportation and led to many other industrial developments [1]. In the second industrial
revolution, the United States led with the telephone which revolutionised communication. In the third industrial
revolution. the internet was the key factor and succeeded because it was conceived of as a public infrastructure
technology rather than a proprietary technology [1]. The internet transformed the world economic landscape. and
this 1s being carried forward with the internet of things (IoT) [1]. Industry 4.0 is not an exception to the previous
eras of industries: it is expected to bring immense benefits and many challenges. the main one being the
cybersecurity risk [1]. Industry 4.0 is characterised by what is called the “smart factory” [1]. In a smart factory. a
virtual copy of the physical world and decentralised decision making can be developed. physical systems can
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communicate with each other and with humans in real time. all enabled by the IoT and related services [1].

Industry 4.0, which started in Germany. is being adopted by countries around the world including the USA.

France and Japan which have already taken the first step in this direction by launching nation-wide programmes [2]. With

the increased use of digital technologies. the boundary between the real and the virtual world is increasingly blurred. giving

rise to what is known as cyber-physical production systems (figure 2) [2].

Systems are being transformed

The four industrial revolutions — not specific products or
services
Evolution of production systems \ Cyber physical systems

combine communications, IT,

data and physical elements

integrating a number of core
technologies:

— Senser networks (receptors)

— Internet communication
infrastructure (IP)

— Intelligent real-time
processing and event
management (CPUs)

— Acters for mechanical
activities

— Embedded Software for logic

— Eig Data and Data
Provisioning

— Automated operations and

v““ steam £ - — Advanced Robotics

End of 18th Century  Start of 20th Century  Start of 70ies — 3D/4D Prirﬂirg

Figure 1: The Four Industrial Revolutions [3].
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Figure 2: Potential Industry 4.0 Solutions [2].
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The capacity to store, process and provide real time control of engineering systems based on artificial intelligence
(AI) algorithms has been an industry-changing moment for the world. The full potential of AI and its applications has not
yet been fully exploited and its applications are limitless. However. Al in the context of employment and socioeconomic
challenges are regarded in some quarters as being a disadvantage because it makes certain careers obsolete and requires
that the workforce be trained to use the technology. This paper discusses specific opportunities that the technologies of the

fourth industrial revolution provide for energy efficiency and energy security in developing countries.

Most of the barriers faced by developing countries stem from the nature of the life cycle of technology (Figure. 3).
Current fossil fuel generation technology such as coal-fired power plants have been around for at least 100 years and
therefore this is a mature technology. There is a lot of business gain with such technology as indicated in the graph in
Figure 3. Figure 4 shows the market saturation curve in relation to the technology life cycle development. Competition is
great towards the latter part of the technology generation curve and the prime time for developing countries to adopt the

technology at a low price. meeting their affordability. and over time building technical capability.
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Note: A = Ascent phase, M = Maturity stage, D = Decline (or Decay) Stage
Figure 3: The Technology Life Cycle Path (Adapted from [4]).
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Figure 4: Technology Life Cycle Bell Curve (Blue) and Market Saturation Curve (Yellow) [4].
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Developing countries are on a budget in that they look for goods and services at the lowest possible first cost
especially regarding access to energy that is key for economic development and the betterment of the lives of its citizens.
Thinking long term in the context of sustainability and adoption of new technologies that come with the research and
development costs (R&D). as indicated in figure 3. is not a priority when competing concerns of access to clean water,

housing. medical care. food and jobs are immediate needs.

This is not necessarily a negative characteristic of developing countries. but what this type of behaviour does in
the long term is that it leads to the developing countries always playing “catch up™ when it comes to technology adoption
and inevitably. therefore. lag in economic growth in relation to developed countries. There is a need to take a different
view that does not ignore developing countries’ immediate needs and dynamics but looks at the potential of the move to
sustainability as a market opportunity to generate the change needed to swing economic favour in the direction of

developing countries at the same time as providing the much needed revenue for the immediate needs of the country.

Innovation is key to economic development. The fourth industrial revolution with cyber-physical systems and Al
presents major opportunities for developing countries to leapfrog the barriers faced in transitioning towards energy
efficiency and energy security. The following sections present solutions that leverage off the fourth industrial revolution to

establish and sustain the move of developing countries towards energy efficiency and energy security.

One of the barriers faced by developing countries to achieve energy efficiency and energy security lies in the
capacity of the workforce that is required to operate and maintain the technologies for an alternative low carbon energy
mix. The capacitating of the local workforce is part of the journey that developing countries must make and this could be
the limiting factor preventing them from realising a low carbon energy mix. Many times, those developing countries that
progress well with climate change mitigation make use of a significant portion of foreign labour. While this is good in the
context of climate change. it is not sustainable from a socio-economic perspective. It takes a certain amount of time for the
local workforce to be trained and competent in operating and maintaining new technologies. Technologies that are
emerging in this fourth industrial revolution phase that utilise AI can be designed to transition developing countries
utilizing low carbon energy generation technologies by intelligently operating itself and providing detailed information that

will assist trouble shooting and maintenance.

At some point in time, however, developing countries must have a local workforce that understands the
engineering technologies in detail so that design and manufacturing can be done locally which will involve knowledge and
skills transfer of technologies designed by other countries. Computer simulations can assist with knowledge transfer and
training for competence and the virtual work environment can effectively lower the cost of foreign consulting and

expertise.

An energy mix on its own is not sufficient — there must also be coordination of renewable and alternative energy
sources according to availability. cost and other business imperatives to ensure that the site’s energy demand is satisfied
efficiently and without interruptions. Computer algorithms and programable logic controllers (PLCs) can coordinate
energy sources in a smart electrical grid as well as engineer the energy demand for the most efficient energy supply and

demand matching.
1. Artificial Intelligence for Maintenance, Operations and Trouble Shooting

Al involves a computer system performing as a substitute for intelligent functions of human beings [5]. In this case. a
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computer system performing troubleshooting for maintenance. providing key indicators that inform predictive maintenance
and operations of the plant. Al computer systems mimic the methods of learning and solving problems by human beings

through knowledge gathering [5]. AI includes the following areas of activities [5]:
*  Processing of human language
e Image processing
e Intelligent robots
e Expert systems
*  Neural networks

These systems have the knowledge of experts and can make a diagnosis of any abnormality of a given piece of
equipment [5]. Time-based preventive maintenance has been used as a basic method: increasingly condition-based
maintenance is being introduced in many working environments [5]. Diagnostic techniques based on machine condition are
used to detect degradation of plant equipment [5]. In Japan. these techniques have been known since the 1960s in the steel

manufacturing industry [5]. The following are some examples [5]:
Machinery and Equipment [5]

e  Fluid machines

o  Electric rotation machines

o Mills

e  Stationary electric machines

* Motors
e Blowers
e Pumps
e Towers
¢  Drums

Sensing Place [5]

e Bearing portions

e Tanks
e  Shafts
* Pipes

Many expert systems for diagnosis were developed by maintenance engineers. and software tools have been
introduced in the United States and reconstructed in Japan [5]. An expert system contains a knowledge base and an

inference engine [5]. The knowledge required for the diagnosis is expressed by production rules or frame representations
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[5]. The basic structure of an expert system is given in figure 5 [5].

I Knowledge base IHI Kmm"mmh IH “— definition,
examination,
madification,

= addition
L L

| S ———
a-A Conclusions
Advices
Explanations

T

Figure 5: Overview of an Expert System [5].

“Based on given information of the apparatus. the inference engine works to obtain conclusions and give advice™
[5]. The application of AT for the operations, mamntenance and troubleshooting for renewable energy and alternative energy
technologies are already available commercially. Solar photovoltaic (PV) plants can be designed with an intelligent control
system having a SCADA (supervisory control and data acquisition) interface for real-time operational control. Further
programming and neural networking are also possible on solar PV plants to provide alerts for maintenance and in some
cases also perform maintenance such as washing of panels via robots. Troubleshooting for effective corrective action to be
executed 1s also achievable with neural networking. sensors and databases providing the platforms for artificial

intelligence.

Alternative energy such as natural gas trigeneration plants. anaerobic digestion plants. renewable energy such as
solar thermal. solar PV, wind energy. geothermal energy. are novel sources of energy being adopted by sites like airports in
South Afiica [6]. [7]. [8]. [9]. [10]. [11]. In these settings. Al can reduce the cost of operations and maintenance as well as
downtime through troubleshooting. Furthermore. Al provides a means for closing the immediate skills gap by allowing the
local workforce to learn about the operations and maintenance of the system through the record keeping database of the

system.

Regarding the adoption of renewable and alternative energy technologies at airports in South Afiica [6]. [7]. [8].

[9]. [10]. [11]. it is advised that AI be used in relation to:
s  Solar photovoltaic power plants
e  Solar thermal absorption cooling plants
e Natural gas trigeneration power plants
e  Geothermal heat sink plants
*  Anaerobic digestion power plants
¢  Vertical axis turbine wind powerplants

Al should be used to provide a real-time “heartbeat”™ of each powerplant and store data in a cloud-based system.

Impact Factor (JCC): 9.6246 NAAS Rating: 3.11
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This data should be accessible by the plant designers for the first 18-24 months via a web-link so that plant operational
glitches and Al bugs can be resolved remotely as well operational parameters be refined to suit the operating environment.
It 1s crucial that during this period a selected number of suitably qualified engineering personnel from the plant owner
become familiar with, and if necessary be trained on the technologies and their operations. so that they can become
familiar with troubleshooting and undertaking maintenance tasks. A computer programmer selected by the plant owner
should be included in the project for the first 18-24 months which will position the plant owner to be able to insource all

operations and maintenance in due course.
It is advised that sensors and neural networks be arranged around the:
¢ Maintamable components
¢ Components and plant aspects that can fail which can then cause plant failure
e  Parameters that must be monitored for optimal operations
e  Parameters that must be controlled for daily plant operations
e Components and plant that will be used daily for quality checks
e Records of daily activity on plant. SCADA and web-based systems

After this period. it may be that the need for an onsite operations and maintenance team and the need for outsourcing
these services be assessed against the cost of renewal of software licences, sensors and hardware of neural networks and
auxiliary systems. Based on cost. efficiency. market availability and maturity and other business imperatives. the plant
owner may decide to reduce the neural network coverage and outsource the operations and maintenance or retain the Al
component and perform inhouse maintenance and operations or even reduce the AI component depending on the business

risk and technology complexity versus the demand for personnel.

This AT approach to close the skills gap for organisations will reduce the anxiety and address many business risks
related to operations. maintenance. troubleshooting for efficient. reliable and uninterrupted energy supply from a low

carbon energy mix.
2. The Value of Computer Simulation as a Tool for Learning about New Engineering Technologies

In order for developing countries to transition to a low carbon energy supply. capacity needs to be built to understand and
design low carbon and renewable energy power generation technologies and develop competence from manufacturing to
operation and maintenance. Before the fourth industrial revolution. design of the technologies relied on universities,
methods of learning the operation of new technologies relied on person-to-person knowledge transfer. and mamtenance
relied solely on technical traming. Although quite thorough. these methods required costly investments and usually.
proprietary information was a barrier to plant owners becoming independent of original equipment manufacturers (OEM)
and plant designers. This arrangement still exists in South Africa with many technologies. especially those that have
specialised SCADA mterfaces. This has major disadvantages to plant owners starting with exorbitant costs and extensive

business risks due to consultants being overseas and mostly person-dependant.

Computer simulation that details the working of various renewable and alternative power generation technologies

can bring easy access to technology familiarisation. A computer simulation is a programme that contains a model of a
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system. natural or artificial. of equipment or a process [12]. A computer simulation accepts mputs, incorporates those
inputs into calculations or modelling. and presents functional outputs [13]. By actively involving learners in exploring and
discovering. computer simulations are powerful learning tools. as learning that involves doing is retained for longer than
learning via listening. reading. or seeing [12]. Computer simulation of engineering work focuses on the design of products
and processes to meet social needs. Virtual laboratories that focus on engineering practice can centre on design [14]. The
design process is built around iteration. where a design idea is improved based on the identified shortcomings of previous
attempts [14]. Identified shortcomings allow a feedback cycle where the designers can identify gaps in their knowledge and
understanding, providing impetus for further learning [14]. For engineering professionals, this practice of knowledge
building through iterative design cycles 1s critical [14]. Figure. 6 shows the process of building a computer model and the

mnterplay between experiment. simulation and theory.

{ Real system )—>| Make a model |——>( Model system )

Perform Perform a(p:gp::{rl::;tte
i simulations .
experiments e o

Theoretical
predictions

Experimental
results

Simulation
results

Compare Compare
and improve and improve
model theory

Figure 6: Process of Building a Computer Model and the Interplay between Experiment,
Simulation and Theory [15].

It is advised that computer simulation for the purposes of technology familiarisation include:
o Scientific principles that make the technology work
o Technology design
s Important design making for plant design
¢ Daily operations
e  Preventive and breakdown maintenance
¢ Selected maintenance procedures

During the 18-24 months of fine-tuning operations and debugging the AI systems controlling the power
generation technologies. computer simulation of the operations of the powerplants be made for the purpose of knowledge
and skills transfer. This will also be relevant with changes in the plant owner’s personnel because computer simulation can

be used to familiarise new personnel with the operations.
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3. Using International Resources through a Virtual Work Environment

When energy generation technologies are being adopted in a country for the first time and their design and manufacture is
being done in another country. foreign consultancy is inevitable. whether for plant design and the establishment and even
operations and maintenance. It can be costly to transport. accommodate and pay for foreign consultants to be present at the
plant. However. nowadays due to fourth industrial revolution software, international resources can be accessed through a
virtual work environment that can be used to establish a platform to investigate unfamiliar technologies that are essential to
climate change mitigation in terms of energy efficiency and energy security. A virtual workplace is a workplace that is not
located in any one physical space and not limited to any geographic boundaries [16]. Employees and management are
connected via a private network or the internet and interact with each other via phone, Skype. cloud computing

programmes and a whole host of other virtual options [16].

Unified Communications (UC). refers to the way different forms of communication tools in the digital workforce
interact and collaborate (Fig. 7) [17]. By unifying phone calls, web conferencing. SMS. and email and other channels,
users are able to share and access data and collaborate in real-time [17]. The right unified communications solution can
take business processes to the next level. improving on collaboration. boost productivity. increase mobility and enhance the

user experience [17].
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Figure 7: Virtual Work Environment [17].

Not only do the instruments of the fourth industrial revolution allow us to communicate with each other. but they
also allow remote control of plant. equipment and processes. Internet technology allows companies to overcome many of
the physical constraints that often prevent them from doing business in distant markets [18]. The issue of process control
has been central in raising the productivity in industrial automation for vears [18]. Remote control of processes is a new era
which is presently supported by only a few companies. who are the giants of the automation industry [18]. Remote
processing has a bright future, especially in the companies with many branches where electronically controlled machines
are deployed as a part of the workforce [18]. While a computer connected to the automation devices can control and take
data from processes at a production unit, the operator is able to process the data according to the rules and regulations and
then issue commands necessary to control the system [18]. A schematic of a web-based monitoring system can be seen in
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Figure 8: An Example of a Web-based Monitoring and Control System [19].

A computer connected to automation devices can control and store data from processes at a production unit. In the

remote process control environment (REPCO) this process is done using a PLC connected to a server. which can be

controlled via the internet by a user who 1s far away from unit. as shown in Figure 9 [18].
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Figure 9: The Architecture of a Web-based System [18].
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It is advised that web-based monitoring and control include:
*  Plant control
»  Troubleshooting and plant diagnosis capabilities
e Real time monitoring with SCADA

* Downloadable reports and records

267

This means that an organisation’s workforce can be geographically anywhere and still perform their duties.

especially where specific expertise is required and only available abroad. It will be cost effective to establish certain

international consultancy relationships regarding specialised skills that can be operated remotely. except where physical

work needs to take place and skills to perform the physical work are not locally available. in which case international

personnel will have to be brought in.

4. Smart Electricity Grid

Having to coordinate multiple energy sources for a site is crucial in ensuring business continuity and reducing risks

associated with business operations. In the fourth industrial revolution context. a smart grid uses advanced information and

communication systems to connect power generators. distribution stations, and consumers [20]. Advanced data processing

allows the processes of electricity distribution to be efficient. decentralised, flexible, reliable. and secure [20]. A smart grid

also integrates the use of renewable energy sources into the existing power grid and creates microgrids to supply electricity

demand [20]. A smart grid is an electricity grid which integrates the behaviour and actions of all entities connected (Fig.

10) [20]. There are three types of entities: generators. which generate electricity: consumers. which consume electricity:

and those which can do both. These entities create a peer-to-peer network to ensure efficient distribution of the electricity.

maintain low losses and a high level of quality. which maintains the security of electricity supply [20].

Nuclear Power Plant

Factories -

Cities and Offices Solar Power

Electric Vehicle wind Power Plant

Hydraulic Power
a4, Generation

Figure 10: Smart Electrical Grid [20]. Smart Grids are Characterised by [21].

e Cutting edge applications, automation. efficient architecture, better management and standardised protocols
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¢ Bi-directional communications
+ Integrated with renewable energy sources and have wireless sensor networks
They have [21]:
¢ Demand-side energy management
* Intelligent fault detection
¢ Volt-var optimisation
*»  Wide-area early waming systems
* Integration of renewable energy sources into smart grids
e  Microgrids as a normal feature in the overall grid system
¢ Integration of renewables in radial distribution networks via smart links
. Joltage based control of distribution generation units (DGUs)
e Active loads in smart microgrids
s  Electric vehicles in a smart grid environment
¢ Low voltage. DC grid-powered LED lighting system with smart ambient sensor control in green buildings
¢ Multiple distributed smart microgrids with a self-autonomous. energy harvesting wireless sensor network
e Wireless sensor networks for consumer applications in the smart grid
e Wireless monitoring and control system for smart grids

Smart meters and sensors provide rapid two-way flow of data which allow both energy user and the generator to
know exactly how much energy is being used at any given time. With a smart device. monitoring energy use is possible.
The smart grid i1s a more reliable and responsive grid compared to our current one-way electricity grid between the
electricity utility and customer. Power failures can be managed. and electricity restored at the push of a button. It is a more
flexible grid that will be able to integrate renewable energy and electric vehicles mto the network. This is part of a major
transformation in the energy industry. The power is moving from the centre to the periphery of the grid. Previously passive
consumers can become active participants in the network. Customers can become producers of power, feeding surplus

energy back mnto the grid.

The potential support that the smart electrical grid can provide to coordinate and provide a smooth. uninterrupted
and reliable energy supply in the process of transitioning to low carbon or carbon neutral energy supply. is attractive.
Considering the airports in South Africa and their adoption of renewable and alternative energy [6]. [7]. [8]. [9]. [10]. [11]
in the journey towards carbon neutrality in electricity consumption. there is a need to coordinate the various energy sources
for energy supply to the airport facilities. In terms of the principles of energy efficiency [22]. principle one relates to the
appropriate energy sources supplying the various energy needs (figure 11). In the transition. there will be a period of time

where the energy demand for a facility or infrastructure will exceed the energy efficient energy source which means that

Impact Factor (JCC): 9.6246 NAAS Rating: 3.11
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energy from another source will need to be brought online to satisfy the demand. For example, the ground heat sink may be

exhausted and the chillers still require further heat rejection, or the solar heat or waste heat harvested from natural gas

engines may not be enough to power absorption chillers for satisfying the cooling demand. At airports where wind energy

and solar to electricity are adopted. cloudy days will decrease the solar photovoltaic plant electricity yield and wind energy

will need to be used by the site. During these times the smart grid will need to work off an algorithm that will decide how

to address the energy demand. The smart grid algorithm could (figure. 12 and figure. 13):

s use a load curtailment programme,

¢ employ another available power source to satisfy the demand or

e draw from stored power reserves.

The smart grid will be key to the success of energy supply from the airports’ onsite energy mix. It will also enable

selling energy to others and purchasing energy from others in the future.

Solar energy to
electricity

Solar thermal energy

Geothermal heat sink

Wind energy to
electricity

Natural gas
frigeneration

p— Ay oy s

*Power lighting and other general energy needs, excluding the air
conditioning system

*Provide thermal energy to power absorption chillers

*Provide heat rejection for chillers

*Power lighting and other general energy needs, excluding the air
conditioning system

*Provide electricity for lighting and general needs, excluding air
conditioning and water heating

*Waste heat harvested for powering absorption chillers providing
air conditioning,

*Waste heat harvested for water heating purposes

Figure 11: Efficiently Matching Energy Source to Energy need at Airports in South Africa.

Figure 12: Smart Grid Concept for Cape Town International Airport.
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Figure 13: Typical Smart Grid Decisions for Supplying the Site Energy Demand.

5. Overcoming Energy Demand and Supply Mismatches

When energy supply exceeds energy demand there are usually no issues with respect to a smooth, uninterrupted power

service, however, when there are instances or periods of time where energy

demand exceeds energy supply. a short circuit

will occur resulting in power interruption. Understanding the site’s energy demand as well as the site’s daily energy supply

from the site’s planned energy mix is crucial to identifying energy demand and energy supply mismatches. The energy

generation plants can be capacitated accordingly. including energy storage where needed. The energy demand can also be

engineered to coincide with the energy supply availability. Demand-side

management (DSM) (figure 14) is a way to

reduce peak load demand so that adequacy of electricity will be maintained without interruption [23].
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Figure 14: Demand side Management Techniques [23].

Some load levelling and load shifting techniques include:

Daylight harvesting to reduce daytime energy demand
Controlling artificial lighting to specific Iux levels

Use of technologies that decrease demand for space conditioning

Impact Factor (JCC): 9.6246

Thermal storage (ice storage) for air conditioning systems to reduce and or shift peak energy demand,
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Most of the load levelling and load shifting techniques work through electronic control. Smart lighting systems
can modulate lighting according to lighting demand and employing skylights and appropriate colours and materials of
interior furnishing which will also reduce the lighting demand. Similarly. reducing solar heat gain by employing
convective boundaries such as low emissivity glazing. an air-tight building envelope and insulation or heat deflective
coatings on building roof will reduce space conditioning demand. Energy storage can be adopted for the storing of
additional energy generation from renewable energy plants for use when needed. Other design interventions for chillers
such as employing a standby vapour compression chiller when the thermal yield is insufficient to meet cooling demand.

and employving electricity run evaporative cooling towers to satisfy additional heat rejection requirement. can be built in.
The energy supply can also be engineered to ensure efficiency through:
*  Adequate plant sizing
+  Plant modularisation for controlling energy yield
e Adequate and efficient energy storage media
e  Matching energy type and energy demand efficiently and proportionally

Controlling the loading of natural gas engines so that yield meets energy demand efficiently through adequate
modularisation is key to preserving fuel efficiency as well. Using the smart grid. selling off surplus energy could work well
in terms of cost effectiveness and efficiency. Choosing the right energy storage medium and electronically controlling
charge and discharge will preserve the plant against energy efficiency losses as well as ensuring that energy is available

when needed.
CONCLUSIONS

This paper identified the four industrial revolutions and their key characteristics. Five areas where fourth industrial
revolution instruments will be effective in overcoming barriers and challenges experienced by developing countries in
achieving energy security and energy efficiency were explored. The use of Al to jumpstart the skills and competency
shortfalls that will be experienced in mamtenance. troubleshooting and operations of renewable and alternative energy
plants was described. Another opportunity identified and explored was the value of computer simulation of renewable and
alternative energy technologies to be used as a leamning tool so that skills and competency can be transferred to the
developing country’s local workforce. To reduce costs as well as have access to skills and competency available abroad to
establish renewable and alternative energy plants in developing countries, the potential of the virtual work environment
including communication applications and web-based monitoring and control was presented. The smart electricity grid and
its application in establishing an energy mix to serve a specific site was discussed followed by ways of overcoming energy
supply and demand mismatches. This paper has established the usefulness and applications of the nstruments of the fourth
industrial revolution to enable and overcome challenges that developing countries may face when adopting renewable and

alternative low-carbon energy sources.
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CHAPTER 23. CONCLUSION AND RECOMMENDATIONS FOR FUTURE WORK

Conclusion

The aim of this study was to present a solution that ensures sustainability of energy efficiency and
energy security in developing countries thereby contributing to a reduction of carbon emissions causing
global warming. This study presented an engineering solution entrenched in business sustainability
ensuring that efforts of energy efficiency and energy security in developing countries are effectively

sustained.

This study has successfully derived principles for energy efficiency in developing countries and
demonstrated their implementation in a corporate environment by implementing them for nine airports
in South Africa. The principles are summarized below:

e Principle One: Match energy source and energy need using the shortest route from the energy
source to the energy end use, and ensure that the energy source is the best choice for cost
effectiveness and is as close to zero carbon emissions as possible.

e Principle Two: Take a systems approach when it comes to energy efficiency. This means
considering the energy consuming device or technology, the system that the device or
technology is a part of, as well as factors affecting the system and factors affected by the system.

e Principle Three: Ensure that the approach to implementation of energy efficiency meets
business imperatives and supports operations based on “Standards and Guidelines for Energy
Efficiency”. These standards and guidelines must include device types, system types and
preferred designs that will apply when new buildings and facilities are constructed, and
replacement cycles for existing buildings and facilities. Energy efficiency obligations must be
included in tenant lease agreements. An energy efficient culture must be embedded in
operations and business functions. All these initiatives must be incorporated in the site’s

roadmap to energy efficiency.

Standards and guidelines for energy efficiency were derived and implemented for nine airports in South
Africa. Energy efficiency was integrated into tenant lease agreements, airport operations and
maintenance. Technoeconomic assessments were performed for innovative technologies that can reduce
energy consumption at the nine ACSA airports in South Africa:
e Heat deflective paint to reduce solar heat gain on roofs of airport buildings that will reduce
solar heat gain.

e Double glazing to reduce solar thermal heat gain into airport buildings.
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e Geyser sleeves to reduce energy consumption required for geysers heating water at airport

buildings.

This study successfully derived principles for energy security in developing countries and demonstrated
their implementation at nine ACSA airports:
e Principle One: Ascertain the energy generation potential of the site, i.e., what is the:
o theoretical energy potential,
o available energy potential,
o real energy generation potential considering the spatial and other demands required for
energy generation.
e Principle Two: Understand the site’s energy needs, both present and future in the short, medium
and long term, considering the following:
o Type of energy required and their quantities,
o Baseload energy requirements,
o Fluctuating load energy requirements and their timing,
o Strategies for energy reduction, conservation, load levelling and load shifting
techniques and their timing.
e Principle Three: Match the energy sources available to the energy needs of the site considering:
o Energy efficiency and load dynamics,
o Commercial technologies available and their impact, risks and implications for the
business,
o Feasibility to install, operate and maintain,

o Business imperatives and strategies.

These principles for energy security were applied at the nine ACSA airports, conceptualising a low-
carbon energy mix to satisfy energy requirements. Technoeconomic assessments were performed on
the technologies identified:

e  Wind energy harnessed by vertical axis wind turbines,

o Waste to energy for sewage and food waste streams via anaerobic digestion,

e Electricity generators powered by natural gas,

e Geothermal heat sinks as a replacement for cooling towers of water-cooled air-conditioning

systems.

Standards and guidelines for solar photovoltaic installations were derived and a technical plan to
transition operations and maintenance of solar photovoltaic plants inhouse were presented. A low

carbon energy mix was confirmed for the nine ACSA airports.
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Principles for sustaining energy efficiency and energy security in developing countries were
successfully derived with application of the principles for the nine ACSA airports in South Africa:
e Principle One: Energy efficiency and energy security must form part of an organisation’s
strategic plan.
e Principle Two: The energy efficiency and energy security strategy must be underpinned by a
functional structure that ensures the strategy is relevant in the global context.
e Principle Three: The energy efficiency and energy security strategy must be executed according
to the three dimensions of business sustainability, i.e. social, economic and environmental

dimensions becoming part of every business activity and transaction.

Guidelines were derived for adoption of green buildings for new airport infrastructure (commercial,
terminal and office buildings) to satisfy the green star rating framework by the Green Building Council
of South Africa. Guidelines were derived for transitioning existing terminal buildings to green star rated
terminal buildings in compliance with the green star rating system by the Green Building Council South

Africa.

The results of the study and its implementation show that the solutions presented for energy efficiency
and a low carbon energy mix are realistic and successful, while being grounded in sound scientific and
engineering principles and sustained through inevitable changes. Since the COVID-19 pandemic, the
capital projects that support energy efficiency and energy security have been promoted and attracted
interested from external investors. The true test of its sustainability shows in its validity and the
increased urgency in execution as a business priority even in the financial crisis faced by the aviation
industry since the COVID-19 pandemic. The principles derived, technologies investigated, standards
and guidelines presented that address energy efficiency and energy security, as well as its sustainability
in developing countries has application in commercial, industrial, domestic and country-wide settings
and will be effective through changes in technologies, legislation, personnel and markets that inevitably

take place over time.

Recommendations for future work

The energy efficiency- and energy security-based strategy to reduce carbon emissions presented in this
study was supported and approved for implementation at nine ACSA airports in South Africa in
September 2017 at the completion of the business planning stage (Fig. 1). Over the period from
September 2017 to October 2020, the technoeconomic assessments (at Front End Loading Stage 2 or

FEL 2) for the various energy saving technologies, the renewable energy generating plants and the
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alternative energy generation plants were completed and approved to be taken to final feasibility (FEL
3). The projects included in the energy mix were supported by airport management across the nine
airports in South Africa for adoption. However, the technologies will be required to complete the FEL
3 stage before being implemented (Fig. 1)

The FEL 3 study is currently being undertaken for natural gas trigeneration plants at ORTIA, CTIA and
KSIA. The rest of the renewable and alternative energy plants are seeking external funding for further
development (FEL 3) due to the financial crisis brought on by the COVID-19 pandemic.

N\
e Status: Complete
CUELECSE e OQutput: Strategy
Planning )
N\
e Status: Complete
* Output: Conceptual low-carbon energy mix
J
3
¢ Status: Complete
* OQutput: Technoeconomic assessments
J
e Status: Further work required
* OQutput: Final feasibility towards FID that defines project scope of work and provides a Basic Engineering Design to be used for
detailed design as done with the solar photovoltaic plants at the airports )

e Status: To be executed by the airports: Following FID, engage engineering and design teams to produce detailed design, install and
commission for beneficial operation

* Output: Operational wind, natural gas, anaerobic digestion, solar photovoltaic power generation plants, geothermal heat sink plants
and solar thermal plants Y,

Implement
ation

e Status: To be executed by the airports: Capture all learnings with energy generating plants by establishing standards and guidelines\
for further installations at airports and technical plan to transition operations and maintenance in-house

* OQutput: Standards and guidelines for energy generating plant's installation, operations and maintenance at airports, technical plan
to transition operations and maintenance of all energy generation plants in-house as done with the solar photovoltaic plants at the
airports )

Figure 1: Work completed and further work to be done for the beneficial operation of the energy generating plants contained
in the low carbon energy mix at ACSA airports in South Africa

It is recommended that the FEL 3 scope of works be undertaken for all the approved energy generation
technologies so that the funding required for the FEL 3 development be sought. The scope of works
should include project development which includes the scope of works and specifications for Basic
Engineering Design (BED) or Front End Engineering Design (FEED) as well as the project cost at a
class II capital expenditure estimate for the full plant. At the end of a successful FEL 3 study when a
financial investment decision (FID) is taken, the implementation (detailed design, purchasing,
installation and commissioning) of the plants follow. Capturing of all learnings experienced with the
establishment of the energy generating plants at the airports to produce standards and guidelines for

further installations with a technical plan to transition the plants’ maintenance and operations inhouse,
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is key to maximizing the investment into low carbon energy sources. This has been done for the solar

photovoltaic plants established for the airports.

Using the guidelines developed to transition existing terminal buildings towards green star rated
terminal buildings, as well as ensuring that new office, commercial and terminal buildings are green
star rated will ensure that energy efficiency and energy security are sustained within operations and

business activities.

Following the full development as advised of the work started in this study will ensure that energy
efficiency and energy security is sustained through implementing relevant personnel, technologies,

legislation and markets.
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in proofreading and editing academic documents. My original tertiary degree
which I obtained at the University of Cape Town was a B.A. with English as a
major and I went on to complete an HD.E. (P.G.) Sec. with English as my
teaching subject. I obtamed a distinction for my M.Tech. dissertation in the
Department of Homeopathy at Technikon Natal in 1999 (now the Durban
Umiversity of Technology). I was a part-time lecturer in the Department of

Homoeopathy at the Durban University of Technology for 13 years.

Dr Richard Steele
01 March 2020
per email
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Freelance academic editor

Associate member: Professional Editors
Guild, South Africa

EDITING CERTIFICATE

Re: Jerusha Joseph
For editing journal article: Trends: Energy Efficiency and Energy Security

I confirm that I have edited this article and the references for clarity, language
and layout. I returned the document to the author with track changes so correct
implementation of the changes and clarifications requested in the text and
references 1s the responsibility of the author. I am a freelance editor specialising
in proofreading and editing academic documents. My original tertiary degree
which I obtamed at the University of Cape Town was a B.A. with English as a
major and I went on to complete an HD.E. (P.G.) Sec. with English as my
teaching subject. I obtained a distinction for my M.Tech. dissertation in the
Department of Homoeopathy at Technikon Natal m 1999 (now the Durban
University of Technology). I was a part-time lecturer in the Department of
Homoeopathy at the Durban University of Technology for 13 years and

supervised many Masters degree dissertations during that period.

Dr Richard Steele
24 August 2020
per email
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Freelance academic editor
Associate member: Professional Editors’
Guild, South Africa

EDITING CERTIFICATE

Re: Jerusha Joseph

For editing Chapter 4, PhD: CHAPTER 4. BARRIERS TO SUSTAINING
ENERGY EFFICIENCY AND ENERGY SECURITY IN DEVELOPING
COUNTRIES

I confirm that I have edited this chapter and the references for clarity, language and
layout. I returned the document to the author with track changes so correct
mplementation of the changes and clarifications requested 1n the text and references
1s the responsibility of the author. I am a freelance editor specialising in proofreading
and editing academic documents. My original tertiary degree which I obtained at the
University of Cape Town was a B.A. with English as a major and I went on to complete
an HD.E. (P.G.) Sec. with English as my teaching subject. I obtained a distinction for
my M.Tech. dissertation in the Department of Homoeopathy at Technikon Natal in
1999 (now the Durban Umversity of Technology). I was a part-time lecturer in the
Department of Homoeopathy at the Durban University of Technology for 13 years and

supervised many master’s degree dissertations during that period.

Dr Richard Steele
11 September 2021
per email
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Freelance academic editor
Associate member: Professional Editors
Guild, South Africa

EDITING CERTIFICATE

Re: Jerusha Joseph
Journal article: Principles for Achieving Energy Efficiency in Developing
Countries

I confirm that I have edited this article and the references for clarity, language
and layout. I returned the document to the author with track changes so correct
implementation of the changes and clarifications requested in the text and
references 1s the responsibility of the author. I am a freelance editor specialising
in proofreading and editing academic documents. My original tertiary degree
which I obtained at the University of Cape Town was a B.A. with English as a
major and I went on to complete an HD.E. (P.G.) Sec. with English as my
teaching subject. I obtained a distinction for my M.Tech. dissertation in the
Department of Homoeopathy at Technikon Natal m 1999 (now the Durban
University of Technology). I was a part-time lecturer in the Department of
Homoeopathy at the Durban University of Technology for 13 years and

supervised many Masters degree dissertations during that period.

Dr Richard Steele
23 November 2020
per email
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Freelance academic editor

Associate member: Professional Editors’
Guild, South Africa

EDITING CERTIFICATE

Re: Jerusha Joseph
Journal article: Energy Consumption and Energy Efficiency of Airports: A
Case Study of Airports in South Africa

I confirm that I have edited this article and the references for clarity, language
and layout. I returned the document to the author with track changes so correct
implementation of the changes and clarifications requested in the text and
references is the responsibility of the author. I am a freelance editor specialising
in proofreading and editing academic documents. My original tertiary degree
which I obtained at the University of Cape Town was a B.A. with English as a
major and I went on to complete an HD.E. (P.G.) Sec. with English as my
teaching subject. I obtained a distinction for my M.Tech. dissertation in the
Department of Homoeopathy at Technikon Natal in 1999 (now the Durban
University of Technology). I was a part-time lecturer in the Department of
Homoeopathy at the Durban University of Technology for 13 years and

supervised many Masters degree dissertations during that period.

Dr Richard Steele
22 December 2020
per email
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Freelance academic editor

Associate member: Professional Editors
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EDITING CERTIFICATE

Re: Jerusha Joseph
Journal article: Energy Efficiency for Airport Infrastructure: A Case Study
of the Implementation of Energy Efficiency for Airports in South Africa

I confirm that I have edited this article and the references for clarity, language
and layout. I returned the document to the author with track changes so correct
iumplementation of the changes and clarifications requested in the text and
references is the responsibility of the author. I am a freelance editor specialising
in proofreading and editing academic documents. My original tertiary degree
which I obtained at the University of Cape Town was a B.A. with English as a
major and I went on to complete an HD.E. (P.G.) Sec. with English as my
teaching subject. I obtained a distinction for my M.Tech. dissertation in the
Department of Homoeopathy at Technikon Natal in 1999 (now the Durban
University of Technology). I was a part-time lecturer in the Department of
Homoeopathy at the Durban University of Technology for 13 years and

supervised many master’s degree dissertations during that period.

Dr Richard Steele
12 March 2021
per email
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Freelance academic editor
Associate member: Professional Editors’
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EDITING CERTIFICATE

Re: Jerusha Joseph

Journal article: Entrenching Energy Efficiency as a Culture at Airports: A
Case Study of the Implementation of Energy Efficiency for Airports in
South Africa

I confirm that I have edited this article and the references for clarity, language
and layout. I returned the document to the author with track changes so correct
implementation of the changes and clarifications requested in the text and
references is the responsibility of the author. I am a freelance editor specialising
in proofreading and editing academic documents. My original tertiary degree
which I obtained at the University of Cape Town was a B.A. with English as a
major and I went on to complete an HD.E. (P.G.) Sec. with English as my
teaching subject. I obtamed a distinction for my M.Tech. dissertation in the
Department of Homoeopathy at Technikon Natal in 1999 (now the Durban
University of Technology). I was a part-time lecturer in the Department of
Homoeopathy at the Durban University of Technology for 13 years and

supervised many master’s degree dissertations during that period.

Dr Richard Steele
20 March 2021
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Freelance academic editor
Associate member: Professional Editors’
Guild, South Africa

EDITING CERTIFICATE

Re: Jerusha Joseph

Journal article: Reducing Energy Consumption: Investigating Solar Thermal
Heat Deflection Innovative Technology to Reduce Air Conditioning Load at
Airports — A Technoeconomic Assessment

I confirm that I have edited this article and the references for clarity, language and
layout. I returned the document to the author with track changes so correct
implementation of the changes and clarifications requested in the text and references
is the responsibility of the author. I am a freelance editor specialising in proofreading
and editing academic documents. My original tertiary degree which I obtained at the
University of Cape Town was a B.A. with English as a major and I went on to complete
an HD.E. (P.G.) Sec. with English as my teaching subject. I obtained a distinction for
my M.Tech. dissertation in the Department of Homoeopathy at Technikon Natal in
1999 (now the Durban University of Technology). I was a part-time lecturer in the
Department of Homoeopathy at the Durban University of Technology for 13 years and

supervised many master’s degree dissertations during that period.

Dr Richard Steele
13 July 2021
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EDITING CERTIFICATE

Re: Jerusha Joseph

For editing journal article: Reducing Energy Consumption at Airports in South
Africa: Investigating Technologies that Reduce Electricity Consumption

I confirm that I have edited this article and the references for clarity, language and
layout. I returned the document to the author with track changes so correct
implementation of the changes and clarifications requested in the text and references
1s the responsibility of the author. I am a freelance editor specialising in proofreading
and editing academic documents. My original tertiary degree which I obtained at the
University of Cape Town was a B.A. with English as a major and I went on to complete
an HD.E. (P.G.) Sec. with English as my teaching subject. I obtained a distinction for
my M.Tech. dissertation in the Department of Homoeopathy at Technikon Natal in
1999 (now the Durban Umversity of Technology). I was a part-time lecturer in the
Department of Homoeopathy at the Durban University of Technology for 13 years and

supervised many master’s degree dissertations during that period.

Dr Richard Steele
29 August 2021
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Freelance academic editor

Associate member: Professional Editors
Guild, South Africa

EDITING CERTIFICATE

Re: Jerusha Joseph

Journal article: Principles for achieving energy security in developing
countries

I confirm that I have edited this article and the references for clarity, language
and layout. I returned the document to the author with track changes so correct
implementation of the changes and clarifications requested in the text and
references 1s the responsibility of the author. I am a freelance editor specialising
in proofreading and editing academic documents. My original tertiary degree
which I obtained at the University of Cape Town was a B.A. with English as a
major and I went on to complete an HD.E. (P.G.) Sec. with English as my
teaching subject. I obtained a distinction for my M.Tech. dissertation in the
Department of Homoeopathy at Technikon Natal m 1999 (now the Durban
University of Technology). I was a part-time lecturer in the Department of
Homoeopathy at the Durban University of Technology for 13 years and

supervised many master’s degree dissertations during that period.

Dr Richard Steele
24 July 2021
per email
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Freelance academic editor
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Guild, South Africa

EDITING CERTIFICATE

Re: Jerusha Joseph

For editing journal article: Energy Security: Conceptualising a Low-Carbon
Energy Mix for Airports in South Africa

I confirm that I have edited this article and the references for clarity, language and
layout. I returned the document to the author with track changes so correct
implementation of the changes and clarifications requested in the text and references
1s the responsibility of the author. I am a freelance editor specialising in proofreading
and editing academic documents. My original tertiary degree which I obtained at the
University of Cape Town was a B.A. with English as a major and I went on to complete
an HD.E. (P.G.) Sec. with English as my teaching subject. I obtained a distinction for
my M.Tech. dissertation in the Department of Homoeopathy at Technikon Natal in
1999 (now the Durban University of Technology). I was a part-time lecturer in the
Department of Homoeopathy at the Durban University of Technology for 13 years and

supervised many master’s degree dissertations during that period.

Dr Richard Steele
02 September 2021
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EDITING CERTIFICATE

Re: Jerusha Joseph
Journal article: Energy Security: Investigating Wind Energy for Airports in
South Africa — A Technoeconomic Assessment

I confirm that I have edited this article and the references for clarity, language
and layout. I returned the document to the author with track changes so correct
implementation of the changes and clarifications requested in the text and
references is the responsibility of the author. I am a freelance editor specialising
in proofreading and editing academic documents. My original tertiary degree
which I obtained at the University of Cape Town was a B.A. with English as a
major and I went on to complete an HD.E. (P.G.) Sec. with English as my
teaching subject. I obtained a distinction for my M.Tech. dissertation in the
Department of Homoeopathy at Technikon Natal in 1999 (now the Durban
University of Technology). I was a part-time lecturer in the Department of
Homoeopathy at the Durban University of Technology for 13 years and

supervised many master’s degree dissertations during that period.

Dr Richard Steele
27 May 2021
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Freelance academic editor
Associate member: Professional Editors’
Guild, South Africa

EDITING CERTIFICATE

Re: Jerusha Joseph

Journal article: Energy Security: Investigating Anaerobic Digestion for Airports in
South Africa — A Technoeconomic Assessment

I confirm that I have edited this article and the references for clarity, language
and layout. I returned the document to the author with track changes so correct
implementation of the changes and clarifications requested in the text and
references is the responsibility of the author. I am a freelance editor specialising
i proofreading and editing academic documents. My original tertiary degree
which I obtained at the University of Cape Town was a B.A. with English as a
major and I went on to complete an HD.E. (P.G.) Sec. with English as my
teaching subject. I obtained a distinction for my M.Tech. dissertation in the
Department of Homoeopathy at Technikon Natal in 1999 (now the Durban
University of Technology). I was a part-time lecturer in the Department of
Homoeopathy at the Durban University of Technology for 13 years and

supervised many master’s degree dissertations during that period.

Dr Richard Steele
02 June 2021
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Freelance academic editor
Associate member: Professional Editors’
Guild, South Africa

EDITING CERITIFICATE

Re: Jerusha Joseph
Journal article: Energy Security: Investigating Natural Gas for Energy Generation at
Airports in South Africa — A Technoeconomic Assessment

I confirm that I have edited this article and the references for clarity, language and
layout. I returned the document to the author with track changes so correct
implementation of the changes and clarifications requested in the text and references
1s the responsibility of the author. I am a freelance editor specialising in proofreading
and editing academic documents. My original tertiary degree which I obtamned at the
University of Cape Town was a B.A. with English as a major and I went on to complete
an HD.E. (P.G.) Sec. with English as my teaching subject. I obtained a distinction for
my M.Tech. dissertation in the Department of Homoeopathy at Technikon Natal in
1999 (now the Durban Umversity of Technology). I was a part-time lecturer in the
Department of Homoeopathy at the Durban University of Technology for 13 years and

supervised many master’s degree dissertations during that period.

Dr Richard Steele
02 August 2021
per email
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Freelance academic editor
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EDITING CERTIFICATE

Re: Jerusha Joseph
Journal article: Energy Security: Investigating Geothermal Heat Sinks for Air Conditioning
Systemns at Airports in South Africa — A Technoeconomic Assessment

I confirm that I have edited this article and the references for clarity, language and
layout. I returned the document to the author with track changes so correct
implementation of the changes and clarifications requested in the text and references
1s the responsibility of the author. I am a freelance editor specialising in proofreading
and editing academic documents. My original tertiary degree which I obtained at the
University of Cape Town was a B.A. with English as a major and I went on to complete
an HD.E. (P.G.) Sec. with English as my teaching subject. I obtained a distinction for
my M.Tech. dissertation in the Department of Homoeopathy at Technikon Natal in
1999 (now the Durban University of Technology). I was a part-time lecturer in the
Department of Homoeopathy at the Durban University of Technology for 13 years and

supervised many master’s degree dissertations during that period.

Dr Richard Steele
01 August 2021
per email
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EDITING CERTIFICATE

Re: Jerusha Joseph
Journal article: Energy Security Reviewing and Establishing Standards and
Guidelines for Solar PV Installations for Airports in South Africa

I confirm that I have edited this article and the references for clarity, language and
layout. I returned the document to the author with frack changes so correct
immplementation of the changes and clarifications requested in the text and references
is the responsibility of the author. I am a freelance editor specialising in proofreading
and editing academuc documents. My original tertiary degree which I obtained at the
University of Cape Town was a B.A. with English as a major and I went on to complete
an HD.E. (P.G.) Sec. with English as my teaching subject. I obtained a distinction for
my M.Tech. dissertation in the Department of Homoeopathy at Technikon Natal in
1999 (now the Durban University of Technology). I was a part-time lecturer in the
Department of Homoeopathy at the Durban University of Technology for 13 years and

supervised many master’s degree dissertations during that period.

Dr Richard Steele
15 August 2021
per email
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Freelance academic editor
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Guild, South Africa

EDITING CERTIFICATE

Re: Jerusha Joseph

For editing journal article: Energy security: Establishing a low carbon energy mix
and roadmaps to carbon neutrality in electricity consumption for airports in
South Africa

I confirm that I have edited this article and the references for clarity, language and
layout. I returned the document to the author with track changes so correct
mmplementation of the changes and clarifications requested in the text and references
1s the responsibility of the author. I am a freelance editor specialising in proofreading
and editing academic documents. My original tertiary degree which I obtained at the
University of Cape Town was a B.A. with English as a major and I went on to complete
an HD.E. (P.G.) Sec. with English as my teaching subject. I obtained a distinction for
my M.Tech. dissertation m the Department of Homoeopathy at Technikon Natal 1n
1999 (now the Durban Umversity of Technology). I was a part-time lecturer in the
Department of Homoeopathy at the Durban University of Technology for 13 years and

supervised many master’s degree dissertations during that period.

Dr Richard Steele
04 September 2021
per email
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Freelance academic editor
Associate member: Professional Editors’
Guild, South Africa

EDITING CERTIFICATE

Re: Jerusha Joseph

For editing journal article: Ensuring Sustainability of Energy Efficiency and
Energy Security in Developing Countries: A Case Study of Airports in South
Africa

I confirm that I have edited this article and the references for clarity, language and
layout. I returned the document to the author with track changes so correct
implementation of the changes and clarifications requested in the text and references
1s the responsibility of the author. I am a freelance editor specialising in proofreading
and editing academic documents. My original tertiary degree which I obtained at the
University of Cape Town was a B.A. with English as a major and I went on to complete
an HD.E. (P.G.) Sec. with English as my teaching subject. I obtained a distinction for
my M.Tech. dissertation i the Department of Homoeopathy at Technikon Natal in
1999 (now the Durban University of Technology). I was a part-time lecturer in the
Department of Homoeopathy at the Durban University of Technology for 13 years and

supervised many master’s degree dissertations during that period.

Dr Richard Steele
08 September 2021

per email
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Freelance academic editor
Associate member: Professional Editors
Guild, South Africa

EDITING CERTIFICATE

Re: Jerusha Joseph

Journal article: Sustainability of Energy Efficiency and Energy Security for
Airports in South Africa: Guidelines for Adopting Green Building Status for
New Infrastructure

I confirm that I have edited this article and the references for clarity, language and
layout. I returned the document to the author with track changes so correct
umplementation of the changes and clarifications requested i the text and references
1s the responsibility of the author. I am a freelance editor specialising in proofreading
and editing academic documents. My original tertiary degree which I obtained at the
University of Cape Town was a B.A. with English as a major and I went on to complete
an HD.E. (P.G.) Sec. with English as my teaching subject. I obtained a distinction for
my M.Tech. dissertation in the Department of Homoeopathy at Technikon Natal in
1999 (now the Durban University of Technology). I was a part-time lecturer in the
Department of Homoeopathy at the Durban University of Technology for 13 years and

supervised many master’s degree dissertations during that period.

Dr Richard Steele
13 August 2021
per email
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Freelance academic editor
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Guild, South Africa

EDITING CERTIFICATE

Re: Jerusha Joseph

For editing journal article: Sustainability of Energy Efficiency and Energy
Security for Airports in South Africa: Guidelines for Transitioning Existing
Terminal Buildings to Green Building Status

I confirm that I have edited this article and the references for clarity, language and
layout. I returned the document to the author with track changes so correct
implementation of the changes and clarifications requested in the text and references
1s the responsibility of the author. I am a freelance editor specialising in proofreading
and editing academic documents. My original tertiary degree which I obtained at the
University of Cape Town was a B.A. with English as a major and I went on to complete
an HD.E. (P.G.) Sec. with English as my teaching subject. I obtained a distinction for
my M.Tech. dissertation in the Department of Homoeopathy at Technikon Natal in
1999 (now the Durban Umiversity of Technology). I was a part-time lecturer in the

Department of Homoeopathy at the Durban University of Technology for 13 years and

supervised many master’s degree dissertations during that period.

Dr Richard Steele
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per email
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Freelance academic editor
Associate member: Professional Editors’
Guild, South Africa

EDITING CERTIFICATE

Re: Jerusha Joseph

For editing journal article: Leveraging fourth industrial revolution technologies
and designs for realising energy efficiency and energy security in developing
countries

I confirm that I have edited this article and the references for clarity, language and
layout. I returned the document to the author with track changes so correct
implementation of the changes and clarifications requested in the text and references
1s the responsibility of the author. I am a freelance editor specialising in proofreading
and editing academic documents. My original tertiary degree which I obtained at the
University of Cape Town was a B.A. with English as a major and I went on to complete
an HD.E. (P.G.) Sec. with English as my teaching subject. I obtained a distinction for
my M.Tech. dissertation m the Department of Homoeopathy at Technikon Natal n
1999 (now the Durban University of Technology). I was a part-time lecturer in the
Department of Homoeopathy at the Durban University of Technology for 13 years and

supervised many master’s degree dissertations during that period.

Dr Richard Steele
12 September 2021
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TRANS
SIELLAR

Jul 16, 2021
To

Professor Freddie Inambao
University of Kwazulu Natal
Private Bag X54001

Durban

4000

South Africa

Vat Number — 4860209305

Dear Scholar. Professor Freddie Inambao,

Subject: Acceptance of research paper for publication in om-lntefu_azi_mﬂ Journal
Greetings.

It's our pleasure to inform you that, afier the peer review of your paper, Titled: “REDUCING ENERGY
CONSUMPTION: INVESTIGATING  SOLAR THERMAL HEAT DEFLECTION INNOVATIVE
TECHNOLOGY TO REDUCE AIR CONDITIONING LOAD AT AIRPORTS - A TECHNOECONOMIC
ASSESSMENT™ authored by “JERUS.HA'JOSEPH'& FREDDIE INAMBAO " submitted to us for an evaluation by you
on Jul 15, 2021 has been provisionally accepted by the Review Board for publishing i “International Journal of Mechanical
and Production Engineering ﬁﬁmrch and Development (LJMPERD) journal with ISSN (Print): 2249-6890;
ISSN (Online): 2249-8@1: Impact Factor (JCC): 9.6246; NAAS Rating: 3.11: IBI Factor: 3.2; ICV 2015:60.6.

Again, thank you'\for working with TRANSSTELLAR. We believe that our collaboration will help to
accelerate the'global knowledge creation and sharing one step further. TRANSSTELLAR looks forward to your final
publication package: Pleasedo'not hesitate to contact us if you have any further questions.

Thanking you,

Yours sincerely,

Associate Editor
TJPRC Pvt Ltd.
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