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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). 

 

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

human population can be observed.  

 

 
Figure 2: World population growth [2] 

 

 
Figure 3: Population growth rates [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). 

 

 
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. 

 
 

 
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] 

 
 

 
Figure 8: Global greenhouse gas emissions by sector [6] 
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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 ℃, preferably to 1.5 ℃, 

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. [8] 

 

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 ℃, preferably to 1.5 ℃, 

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. 

 

 
Figure 10: Climate-resilient development pathways (CRDPs) describe trajectories that pursue the dual goals of limiting 

warming to 1.5 ℃ 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 
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(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 ℃ (Fig. 11) or below 1.5 ℃ (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 CO2 emissions between 2020 and 2030 for the 2 ℃ pathways and 

between 2020 and 2025 for the 1.5 ℃ pathways before the steep drop in global CO2 emissions, implies 

that our CO2 emissions should be capped off now within this decade and so as to result in the required 

steep drop in CO2 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 CO2 emissions. Delays in peaking 

of CO2 emissions show that a quicker dropping off of CO2 emissions is then required to to ensure that 

global CO2 emissions start dropping off by mid-century and complete the desired drop off by the end 

of the century. 

 

 
Figure 11: CO2 reductions needed to keep global temperature rise below 2 ℃ [11] 
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Figure 12: CO2 reductions needed to keep global temperature rise below 1.5 ℃ [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 

socio-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 ℃ to 2.8 ℃ 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 ℃ to 3.2 ℃ 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 ℃ 

to 4.8 ℃ 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 ℃ pathways or 1.5 ℃ pathways 

which indicates warming relative to the pre-industrial base period 1850 to 1900. 

 

 
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. 

 

 
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. 

 

1.4 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: 
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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.  

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

assessment.  

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

technoeconomic assessment. 

9. Investigate the use of geothermal heat sinks for air conditioning systems by performing a 

relevant technoeconomic assessment.  

10. Review the lessons learnt from existing solar photovoltaic installations at airports in South 

Africa and establishing standards and guidelines for further installations. 

11. Develop and confirm a low carbon energy mix. 

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

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

terminal buildings to sustain energy efficiency and energy security. 

 

1.5 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: 

1. 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. 

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

to reduce emissions. 

3. Investigate the barriers faced by developing countries to achieve reduced carbon emissions. 

4. 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. 

5. 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.  

6. Gain organisational support for the strategy and executive approval for its implementation. 
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7. Communicate the approved strategy and the plans for its implementation at each airport, 

forming supporting teams for its implementation. 

8. Capacitate teams for implementation of various aspects of the strategy through formal training, 

sharing of learnings via platforms like workshops and forums. 

9. 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. 

10. 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. 

11. 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. 

12. 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. 

13. 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. 

14. 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. 

15. 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. 

16. 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. 

17. 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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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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CHAPTER 2. SUSTAINABILITY: THE BIG CHALLENGE 

 

This chapter 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. 

 

The article was published in the International Journal of Engineering Research and Technology 

(IJERT). 
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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. 

 

The article was published in the International Journal of Engineering Research and Technology 

(IJERT). 

 

Cite this article: Jerusha Joseph and Freddie L. Inambao, Trends: Energy Efficiency and Energy 

Security. International Journal of Engineering Research and Technology 13(12), 2020, pp. 4084-4117. 
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CHAPTER 4. BARRIERS TO SUSTAINING ENERGY EFFICIENCY AND ENERGY 

SECURITY IN DEVELOPING COUNTRIES 

 

This chapter 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. 

 

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

Research and Development (IJMPERD). 
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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). 

 

Cite this article: Jerusha Joseph, Professor Freddie Inambao, Principles for Achieving Energy 

Efficiency in Developing Countries. International Journal of Mechanical and Production Engineering 

Research and Development 11(2), 2021, pp. 265-282. 
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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. 

 

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

Research and Development (IJMPERD). 
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CHAPTER 7. ENERGY EFFICIENCY FOR AIRPORT INFRASTRUCTURE: A 

CASE STUDY OF THE IMPLEMENTATION OF ENERGY EFFICIENCY FOR 

AIRPORTS IN SOUTH AFRICA 

 

This chapter presents the groundwork completed in the process of transitioning the ACSA airports to 

being energy efficient. 

 

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, Energy Efficiency for Airport 

Infrastructure: A Case Study of the Implementation of Energy Efficiency for Airports in South Africa. 
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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 
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CHAPTER 9. REDUCING ENERGY CONSUMPTION: INVESTIGATING SOLAR 

THERMAL HEAT DEFLECTION INNOVATIVE TECHNOLOGY TO REDUCE 

AIR CONDITIONING LOAD AT AIRPORTS – A TECHNOECONOMIC 

ASSESSMENT 

 

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). 

 

This article has been accepted for publication, International Journal of Mechanical and Production 

Engineering Research and Development (IJMPERD), ISSN (P): 2249-6890; ISSN (E): 2249-8001. 
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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). 
 

 
Figure 2: Typical economics curves of traditional insulation materials [3] 

 

 
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 × 𝐴 × (𝑇௢௨௧ௗ௢௢௥ − 𝑇௜௡ௗ௢௢௥)…………………………………………………...……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:  

 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. 

 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: 

 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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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. 
[5][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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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: 

 The paint is purchased from a SABS approved manufacturer/supplier. 
 The product is applied by the manufacturer or a manufacturer approved contractor that will 

preserve the warranties and guarantees that come with the product. 
 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). 

 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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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. 

 

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, Reducing Energy Consumption at 

Airports in South Africa: Investigating Technologies that Reduce Electricity Consumption. 

International Journal of Mechanical and Production Engineering Research and Development 11(6), 

2021, pp. 133-146. 

 
Link: http://www.tjprc.org/publishpapers/2-67-1634800855-9IJMPERDDEC20219.pdf 
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CHAPTER 11. PRINCIPLES FOR ACHIEVING ENERGY SECURITY IN 

DEVELOPING COUNTRIES 

 

This chapter 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. 

 

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, Principles for Achieving Energy Security 

in Developing Countries. International Journal of Mechanical and Production Engineering Research 
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CHAPTER 12. ENERGY SECURITY: CONCEPTUALISING A LOW-CARBON 

ENERGY MIX FOR AIRPORTS IN SOUTH AFRICA 

 

This chapter presents the journey related to conceptualising of a low-carbon energy mix for the nine 

ACSA airports. 

 

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, Energy Security: Conceptualising a Low-

Carbon Energy Mix for Airports in South Africa. International Journal of Mechanical and Production 

Engineering Research and Development 11(6), 2021, pp. 29-56. 
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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. 

 

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

Research and Development (IJMPERD). 
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CHAPTER 14. ENERGY SECURITY: INVESTIGATING ANAEROBIC DIGESTION 

FOR AIRPORTS IN SOUTH AFRICA – A TECHNOECONOMIC ASSESSMENT 

 

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 

Research and Development (IJMPERD). 

 

Cite this article: Jerusha Joseph, Professor Freddie Inambao, Energy Security: Investigating Anaerobic 

Digestion for Airports in South Africa – A Technoeconomic Assessment. International Journal of 

Mechanical and Production Engineering Research and Development 11(4), 2021, pp. 319-340. 

 
Link: http://www.tjprc.org/publishpapers/2-67-1626781633-25IJMPERDAUG202125.pdf 

          http://www.tjprc.org/view-archives.php 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

299 
 

 
 
 



 

300 
 

 
 
 



 

301 
 

 
 
 



 

302 
 

 
 
 



 

303 
 

 
 
 



 

304 
 

 
 
 



 

305 
 

 
 
 



 

306 
 

 
 
 
 



 

307 
 

 
 
 



 

308 
 

 
 
 
 



 

309 
 

 
 
 
 



 

310 
 

 
 
 
 



 

311 
 

 
 
 



 

312 
 

 

 
 



 

313 
 

 
 
 



 

314 
 

 
 
 



 

315 
 

 
 
 



 

316 
 

 
 
 



 

317 
 

 
 
 



 

318 
 

 
 
 



 

319 
 

 
 
 



 

320 
 

 
 
 



 

321 
 

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. 

 

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

Research and Development (IJMPERD). 
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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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CHAPTER 17. ENERGY SECURITY: STANDARDS AND GUIDELINES FOR 

SOLAR PHOTOVOLTAIC INSTALLATIONS INCLUDING TECHNICAL PLAN TO 

TRANSITION SOLAR PHOTOVOLTAIC PLANT MAINTENANCE TO BE 

PERFORMED IN-HOUSE FOR AIRPORTS IN SOUTH AFRICA 

 

This chapter 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. 

 

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

Research and Development (IJMPERD). 
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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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CHAPTER 19. ENSURING SUSTAINABILITY OF ENERGY EFFICIENCY AND 

ENERGY SECURITY IN DEVELOPING COUNTRIES: A CASE STUDY OF 

AIRPORTS IN SOUTH AFRICA 

 

This chapter 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. 

 

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

Research and Development (IJMPERD). 
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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). 
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CHAPTER 21. SUSTAINABILITY OF ENERGY EFFICIENCY AND ENERGY 

SECURITY FOR AIRPORTS IN SOUTH AFRICA: GUIDELINES FOR 

TRANSITIONING EXISTING TERMINAL BUILDINGS TO GREEN BUILDING 

STATUS 

 

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 (IJMPERD). 
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CHAPTER 22. LEVERAGING FOURTH INDUSTRIAL REVOLUTION 

TECHNOLOGIES AND DESIGNS FOR REALISING ENERGY EFFICIENCY AND 

ENERGY SECURITY IN DEVELOPING COUNTRIES 

 

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). 
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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: 

 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. 

 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. 

 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: 

 Heat deflective paint to reduce solar heat gain on roofs of airport buildings that will reduce 

solar heat gain. 

 Double glazing to reduce solar thermal heat gain into airport buildings. 
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 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:  

 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. 

 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. 

 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: 

 Wind energy harnessed by vertical axis wind turbines, 

 Waste to energy for sewage and food waste streams via anaerobic digestion, 

 Electricity generators powered by natural gas, 

 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: 

 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 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, 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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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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