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ABSTRACT 
Anthropogenic growth has catapulted the effects of global warming and the building sector is at the 

forefront of emissions, responsible for approximately 37% of carbon dioxide emissions into the atmosphere 

(UNEP, 2022). This research addresses the need for South Africa to reduce carbon dioxide emissions in the 

building sector and investigates the integration of Building Information Modeling (BIM) and Life Cycle 

Assessment (LCA) as a framework for achieving lower carbon emissions for buildings. It also explores the 

adaptation of the Green Star SA rating tool to effectively incorporate LCA criteria. The research objectives 

include: 1) evaluating the use of BIM and LCA as a decision-making tool for improving the environmental 

performance of office buildings, 2) examining the interoperability of BIM and LCA through case studies, 

3) identifying potential hotspots in buildings where improvements can be made and developing an 

improvement analysis, 4) establishing criteria for a BIM-LCA framework for Green Star SA, and 5) 

identifying motivations and barriers to adopting BIM-LCA in South Africa. 
To achieve these objectives, One Click LCA and Revit Software were used to evaluate a BIM-LCA 

framework of two case studies. The first case study used an existing building typical of BIM models 

prevalent in South Africa, with a low Level of Development (LOD), whereby the only material modelled 

was concrete of varying strength. The second case study was theoretically structured with a high LOD, and 

all major building materials included. Integrated BIM-LCA models were developed for both case studies. 

The results showed a similar order of magnitude, with respect to the environmental burdens of lifecycle 

stages. The operational energy of both buildings had the most significant impact on the environment 

followed by the materials used. This is due to the concrete frame of both buildings and the dependency on 

non-renewable energy (i.e., coal) to generate electricity in South Africa.  The findings indicate that the 

BIM-LCA framework provides valuable information by quantifying environmental contributions, helping 

with optimizing alternatives. A reduction of carbon emissions could be achieved for both case studies and 

a series of interventions were evaluated. The integration of LCA with BIM showed promising results even 

for the case study with a low LOD and it can enable designers to incorporate and quantify specific 

environmentally and socially responsible interventions.  However, insufficient data can be a major barrier 

for implementation in South Africa and may affect the validity of results depending on the type of building 

and the data included. For the Green Star SA LCA criteria were developed and the award of 3 points for 

conducting an LCA with a BIM LOD of 300 is proposed. 

The acquisition of data will be improved if LCA criteria are incorporated into the Green Star SA rating tool, 

thereby providing motivation for material manufacturers and the building industry alike to release more 

specific LCA information. This research also suggests ways of improving the interoperability of BIM-LCA 

in the local context and expresses the importance of developing a local database for Environmental Product 

Declarations (EPDs) and the establishment of a BIM-LCA platform for knowledge sharing. 
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Chapter 1 - Introduction 
 

1.1. Background of research 
 

The environmental impacts from buildings and construction activities are significant and wide ranging and 

include air emissions, waste generation, noise pollution, resource consumption and water pollution 

(Ametepey and Ansah, 2015). In this context, the concept of “sustainable buildings” emerged. In 1987, the 

Brundtland Commission defined the term sustainability as “meeting the needs of the present without 

compromising the needs of the future”. As time progresses, people have become increasingly aware of their 

ecological footprint and the importance of sustainable development.  The notion of “Green Buildings” (GB) 

cultivated due to excessive environmental pollution and the depletion of resources was brought about by 

the “energy crisis” of the 1960s and 70s (Mao, 2009). These buildings were developed as an intervention 

in reducing the environmental impact and the dependency on non-renewable resources (Ding, 2008). 

Consequently, the establishment of institutions that monitored and assessed Green Buildings, such as Green 

Building Councils, became effective with their use of environmental assessment methods. Through these 

councils, each country adopted individual Green Building Rating Tools (GBRTs), with regional priorities, 

that measure sustainable efforts and award Green Building certifications. These tools aim to incorporate 

assessments on a variety of environmental aspects linked to buildings including materials, energy use and 

associated emissions (including greenhouse gas emissions). With the effects of global warming becoming 

more significant, there is an increasing need to reduce such emissions. 

 

It is estimated that the carbon dioxide emissions from the building industry accounted for 37% of the total 

energy-related CO" emissions for 2020 (IEA, 2021).The United Nations Environment Programme, UNEP, 

has expressed the importance of a whole life-carbon approach as another methodology of environmental 

assessment, especially in striving for net zero carbon, with primary focus on emissions related to 

construction, operational emissions, and the functional use of buildings (UNEP, 2022). For an effective 

sustainable building strategy, the entire life cycle of buildings should be considered. Life Cycle Assessment 

(LCA) as defined by ISO 14040 standards, is a technique for investigating all aspects of a product’s 

environmental impact from its’ inception to its’ end.  It is a holistic framework that represents the data of 

each component to improve the environmental impacts associated with an entire product, system or activity. 

The LCA of a building includes analyzing data from the raw acquisition of building materials, the 

transportation of materials, the construction phase, the operating phase and the recycling or demolition 

phase of the building (Cavalliere et al., 2018). The application of LCA on buildings, is a relatively new 
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development that began in the 1980s and hence, there is always more room for research and expansion 

(Guinée et al., 2011).  

 

Detailed LCAs require numerous data sets for all life cycles stages of a building. In many cases, the intricate 

precision of the scientific data makes it difficult to extract, as the building life span could surmount to 50 

years or more. It is for this complexity of data and time intensity that LCA’s of buildings were commonly 

avoided in the past (Bueno and Fabricio, 2018). Nevertheless, LCA’s have been proven to provide a good 

estimate and can quantify the environmental consequences for the entire lifecycle of a building. More 

recently, simplified applications of LCA for buildings are emerging. Therefore, the development of a 

simplified LCA can provide the Architecture, Engineering and Construction (AEC) industry with the tools 

required to decrease potential emissions. Simplified versions of LCA involves the development of general 

databases on building materials, energy and construction processes as well as automated software that are 

easy to use. One of the ways in which this may be further developed is by integrating Building Information 

Modelling (BIM) with simplified LCA tools, to make LCA’s available to non-LCA professionals involved 

in the design of buildings.  

 

BIM is a project management tool that provides information on all aspects of building design. It is often 

only associated as a 3D visualization tool; however, it can include all stages of the building process, i.e., 

the architectural plans, structural plans, Mechanical, Electrical and Plumbing (MEP) as well as interior 

design. It is, therefore, regarded as a potential 6D tool, encompassing many levels of interdisciplinary 

project management (Mtya, 2019). Particularly, linking the visual elements of a building with the materials 

and associated quantities needed can be automated even in the initial planning stages. Therefore, the 

integration of LCA and BIM could provide the AEC industry with the tools required to incorporate 

environmentally conscious designs by evaluating the environmental impacts of different options early in 

the project. Sustainable buildings can be designed in a more environmentally friendly, cost-effective, and 

efficient manner provided that the stages are planned, and targets are set. For example, for carbon dioxide 

emissions, Sustainable Target Values (STVs) can be incorporated into the carbon emission benchmarks and 

included with these tools (Russel-Smith et al., 2014). The significance of the initial stages of design have 

been reiterated in many studies (Azhar et. al, 2011). Errors and alterations at later stages do not only give 

rise to financial liabilities but could also harm the environment. Hence, the importance of the integration of 

LCA and BIM software during the initial stage of the design process cannot be overlooked (Genova, 2019). 

It is for this reason that incentives for conducting building LCA’s should be included in GBRTs. 
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Green Star South Africa (GSSA) is the sustainability rating tool responsible for awarding Green Building 

Certifications in South Africa. It was developed to promote and advocate sustainable buildings and rate 

them in accordance with environmental impact categories. It is a tool that has been adapted from Green 

Star Australia, to address the prevalent local environmental concerns. It includes categories that address the 

issues related to energy, emissions, water, and materials (Green Star SA, 2014). Despite the GSSA efforts 

to increase sustainable buildings, the adoption rate remains relatively low in South Africa (Dosumu and 

Aigbavboa, 2021). Sustainable buildings address key environmental impacts, such as reducing greenhouse 

gas emissions, improving energy and water efficiency, and minimizing resource depletion (Liu et al., 2022). 

However, the building sector continues to face challenges in reducing carbon emissions due to factors such 

as high upfront costs, lack of incentives and regulatory measures, limited awareness and expertise among 

stakeholders (Windapo, 2014). 

 

 1.2. Problem Statement 
 

One of the largest contributors to global warming is exhibited within the building sector. Although global 

pressure has resulted in a heightened sense of environmental awareness in comparison to the past; there are 

insufficient measures to reduce carbon emissions and other important impacts from buildings (Wang et al., 

2021). Combatting climate change requires innovative efforts and a more robust approach towards 

developing and implementing regulations, as well as towards voluntary initiatives in the building industry 

(Fawzy et al., 2020). The increasing population and urbanization will undoubtedly result in an increase in 

building and associated operations, thereby putting additional pressures on an already fragile system (PRB, 

2023). The COVID-19 pandemic resulted in a temporary reduction of carbon emissions due to the decrease 

of building operations by 10% (IEA, 2021). However, the lack of systematic change, has resulted in a 

relapse of high emissions (UNEP, 2022). Therefore, to maintain a more lasting effect in the reduction of 

emissions; it is essential for the building sector to abide by environmentally conscious building practices 

and to adopt a whole-life carbon approach in its’ design. It is especially important for developing countries 

to incorporate such an approach due to the rise of urbanization.  

 

South Africa is a developing African country with a population of approximately 61 million people which 

is projected to increase to 75.5 million people by the year 2050 (Worldometers, 2023). It is one of the largest 

contributors of carbon dioxide emissions on the continent due to its heavy reliance on coal produced energy 

(Green Star SA, 2014). Globally, South Africa was rated as the 14th largest contributor for 2021, emitting 

435 million metric tons of carbon dioxide, due to fossil fuel combustion and industrial use (Statista, 2022). 

The South African building sector was responsible for 23% of greenhouse gas emissions (UNEP SBCI, 
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2009). The built environment incorporates long lasting infrastructure whereby decisions and investments 

made in the present can have long lasting effects. This implies that current choices have the potential to 

create a long-term reliance on carbon-intensive investments that can persist for decades (Boshoff and Mey, 

2020). 

 

Therefore, there is a necessity for a simplified whole life carbon approach to building design that focuses 

on reducing carbon emissions. Although, various international Green Building Rating Tools (GBRTs) have 

incorporated LCA approaches into their sustainability criteria, South Africa, has yet to implement such 

measures. The South African Green Star exhibits a limited scope for the use of LCA as a decision-making 

tool. While it indirectly addresses certain life cycle stages in some instances, there is no criteria for 

conducting building LCAs. Furthermore, there is limited consideration for the selection of materials, despite 

awarding points for responsible sourcing. The accreditation system does not take into consideration the 

energy and GHG emissions related to the material production stage, transportation, construction and end of 

life stage.  This is a limitation that should be addressed for the future. 

 

1.3. Research Question 
 

The research problem highlights the importance for South Africa to reduce its carbon dioxide emissions 

within the building sector. This raises the research questions of: 

 

• Can the integration of BIM and LCA be used to achieve lower carbon dioxide equivalent emissions 

in buildings in South Africa? 

• If yes, can the Green Star SA be adapted to include LCA criteria effectively?   

 
1.4. Aims and Objectives 
 

This thesis aims to investigate a possible BIM-LCA framework for the South African context. It seeks to 

explore the interoperability of BIM and LCA software in the design stage of buildings. The main aim of 

the research is to evaluate a BIM-LCA integration methodology for South Africa by examining the carbon 

dioxide equivalent emissions and to investigate if and how the tool can be used to reduce the emissions 

from office buildings. It is also intended to provide recommendations to optimize the process as a decision-

making tool for designers and provide a possible building improvement intervention. 
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The objectives for the thesis are: 

1. To investigate LCA and BIM as a decision-making tool for improving the environmental 

performance of office buildings within the local context with regard to GHG reduction potentials.  

2. To explore the interoperability and integration of BIM and LCA with regard to case studies.  

3. To identify potential hotspots and provide an improvement analysis of buildings.  

4. To conduct a comparative analysis of the various International Green Building Rating Tools such 

as BREEAM, LEED, Green Star South Africa and Green Star Australia in relation to BIM and 

LCA. 

5. To provide criteria on a BIM-LCA framework for Green Star SA by determining a point system 

for achieving environmental impact reductions.  

6. To determine the local advantages and disadvantages of the BIM-LCA integration. 

7. To determine the possible motivations and barriers of the BIM-LCA adoption in South Africa. 

 

1.5. Scope of Research and Methodological Approach 
 
To achieve these aims and objectives, the scope of the study was set to investigate office buildings within 

the province of Kwa-Zulu Natal, South Africa. Furthermore, the emphasis of the LCA was on global 

warming and the other environmental impacts like acidification only mentioned.  

The following methodological approach was followed:  

 

• Identify the research gap, motivation for the study, research question and expected outcomes. 

• Conduct a literature review – Research the existing literature on the integration of BIM and LCA 

and identify the various tools and guidelines used.  

• Select the BIM and LCA tools –Select the tools most appropriate to the study based on the 

information gathered from the literature review, the scope and availability of data.  

• Select Case Studies – to be representative for the South African context regarding the Level of 

Details (LOD) available. 

• Data collection – Collect the necessary data for the BIM models and LCA, this includes quantitative 

data and qualitative data as in interviews with various structural and architectural consultancies to 

determine current BIM practices in South Africa. It also includes data sources and assumptions 

made, when data was not directly available. 

• Develop the BIM model – Based on the selected BIM tool and data collection, develop the BIM 

model to include material components and project information relevant for the LCA case studies. 

The output of the BIM model is used then as an input into the LCA.   
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• Conduct the LCA analysis – Using the selected LCA tool, perform the LCA analysis based on the 

output from the BIM model. Determine the environmental impact of each lifecycle stage.  

• Conduct an improvement analysis – Determine the various improvement measures that may be 

implemented or followed to reduce the impact of buildings. 

• Interpretation of results – Analyze the results and compare the environmental performance of the 

various lifecycle stages and improvement measures.  

• Benchmarking – Validate the results through comparisons with other studies and provide 

recommendations on how to reduce the impact of buildings.   

 
1.6.  Structure of Dissertation 
 
The dissertation follows a quantitative and qualitative research approach, it is divided into 5 chapters with 

the following headings: 

 

• Chapter 1 - Introduction: Provides the background of the study, motivation and problem 

statement. It discusses the concept of Green Buildings and the importance of a whole life carbon 

approach to reduce the environmental impact of buildings. It thereafter introduces the niche topic 

of BIM-LCA integration and formulates the research question followed by the aims and objectives. 

• Chapter 2 - Literature Review: This chapter provides the theoretical foundation of the research 

through a critical review of past journals, dissertations and articles. It describes the broad concept 

of sustainability and narrows down to core areas related to GBRTs, LCA and BIM analysis. It also 

compares the various GBRTs with respect to LCA and provides insight into the carbon emission 

benchmarks and highlights the value of a simplified BIM-LCA approach in sustainable design. 

Lastly, it summarizes the previous research conducted and delimits the research gap this study aims 

to address. 

• Chapter 3 – Methodology: The methodology includes a description of the approach followed to 

obtain the results, from the planning phase to the conclusion. It includes two case studies and uses 

BIM software (AutoDesk Revit) and LCA software (One Click LCA) to investigate interpretation 

and analysis for each case study. 

• Chapter 4 – Results and discussions: The results are based on the analysis explained in the 

methodology. This section includes the numerical data and graphical representation of the 

environmental impact categories included in the environmental profiles of the two case studies. It 

also includes an improvement analysis and emphasis is placed on the carbon dioxide emissions 

calculated. The discussion provides insight into the results. The motivation and barriers in 
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implementing sustainable construction and BIM-LCA interpretation in South Africa are also 

discussed.  

• Chapter 5 – Conclusion: The conclusion summarizes the main results. It reassesses the 

effectiveness of the study to address the research question as well as the aims and objectives. 

Recommendations are also provided. 
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Chapter 2 – Literature Review 
 

2. Introduction 
 

The literature review presents the theoretical framework underpinning this research. It analyzes previous 

scholarly articles, journals, dissertations, and books to present the background, define important concepts, 

and to provide the basis for analysing the results. As such this chapter provides the theoretical details of 

each component of the thesis which includes the environmental impacts of the construction industry, the 

need for change, Green Buildings, the international Green Building Rating Tools (GBRT), Green Star SA, 

LCA of buildings the LCA methodology, LCA Software, BIM, REVIT software, BIM-LCA integration, 

and similar case studies published. 

 

2.1. Environmental Impacts of the Building Sector with emphasis on GHG emissions 
 

The anthropogenic emissions caused by urbanization have significantly contributed to environmental 

degradation; and the building and construction industry is considered an important contributor. The wider 

environmental effects of the construction industry include habitat destruction, air pollution, soil erosion, 

deforestation, noise pollution and construction waste (Ijigah et al., 2013). Buildings contribute to a wide 

range of environmental impacts for example: 

• Negative impacts due to air pollution can be caused directly (e.g. direct air emissions from stoves 

and furnaces in buildings) and indirectly (e.g. emissions from the electricity generated to be used 

in buildings). These emissions include GHG as well as other pollutants like sulphur and nitrogen 

oxides and these depend on the types of fuels combusted (IEA, 2022). GHG are considered 

particularly important as over one third of global GHG emissions are due to buildings (IEA, 2022). 

Other emissions like the nitrogen and sulphur oxides can also cause impacts and contribute to other 

problems like acid rain and acidification of soils and waters (Pawlowski, 1997). 

• Negative effects on aquatic systems are also recorded as buildings can contribute to eutrophication 

and algal blooms through inadequate stormwater runoff design, discharge of wastewater, 

landscaping and associated use of fertilizer and pesticides (Kobeticova and Cerny, 2019).  

• Negative effects on soils and changes in land use are cause by the expansion of urban zones with 

more buildings being constructed on natural areas but also by the densification of existing urban 

areas, where buildings displace green parks and recreational environments. These changes not only 

lead to habitat loss and decreased biodiversity, but they also contribute to an increase of land surface 

temperatures of urban areas (Song et al., 2020). 
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• Deterioration of the stratospheric ozone layer is caused by Fluorocarbons and the older 

Chlorofluorocarbons (still in use in some developing countries). Buildings contribute to the 

depletion of the ozone layer by emitting such substances due to air-conditioning, refrigeration and 

building insulation (Filippo et al., 2022). 

• Buildings use non-renewable and renewable resources and statistics showed that they account for 

one-sixth of world’s freshwater withdrawals, one quarter of the wood harvested and two-fifth of 

the world materials used globally (Sandanayake, 2022). For example there is a significant amount 

of water used in the production of concrete and Miller et al. (2018) showed that 1.7% of the global 

water consumption was used to produce concrete in 2012. Furthermore, by the year 2050, 75% of 

the water demand used for concrete production is projected to occur in water stressed countries 

(Miller et al., 2018). This is locally relevant as South Africa is such a country. 

In addition to the effects of buildings the impacts of the construction sites and the processes involved in 

erecting these buildings need to also be considered. Construction sites are known to generate and contribute 

to a variety of diverse environmental issues ranging from noise, dust, air pollution, water pollution to waste 

generation and numerous other concerns. Sandanayake (2022), in a review, identified 3795 references 

dealing with this topic. However, it is considered that even though a large amount of research is conducted 

with regard to the environmental impacts of the construction of buildings, most of the estimation and 

approximation is observed in this life stage and this is also valid for air emissions including GHG emissions 

(Sandanayake, 2022). 

 

In the current context of global warming and climate change, GHG emissions and in particular the emissions 

of CO" are considered important and the building sector is causing considerable contributions (WGBC, 

2023). These are predicted to increase in the future due to population growth but also due to increased 

urbanisation rates which are directly linked to an increased demand for buildings and associated 

infrastructure (Boshoff and Mey, 2020). Zhao and Zhang (2017) showed that for China for the last 30 years 

every increase of 1% in urban population resulted in an increase of 1.4% in national energy use and 

associated GHG emissions and this can be traced back to buildings (urban sprawl) and transportation. In 

particular the area occupied by buildings in Chinese cities increased fivefold and this trend is predicted to 

continue. In South Africa a similar evolution is observed with population increasing at about 1% annually 

and urbanisation increasing at a rate of 1.97% per year (UN-Habitat, 2023). Urbanisation reached about 

67.8% of the population in 2021 (Statista, 2023). This is mirrored in the increase of GHG emissions from 

construction as showed in the last published GHG inventory for the country, where manufacturing and 

construction industries had the 3rd highest contribution in South Africa after energy production and 
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transportation (National GHG Inventory, 2020). Globally the build floor area is projected to increase with 

the highest rate to be experienced by the developing countries, expected to account for 80% of the growth 

(UNEP, 2022) and the African continent (Statista, 2016). Therefore, for South Africa as the largest GHG 

emitter of the continent it is important to measure and mitigate such emissions. 

 

The COVID-19 pandemic saw a positive decline in global emissions, albeit a short one. According to the 

UN’s 2022 Global Status Report, emissions, especially in the building sector have rebounded, creating a 

large set back towards sustainability goals. The building industry consumes 36% of global energy and it is 

responsible for 37% of the total energy-related carbon dioxide emissions as illustrated in Figure 2.1 (UNEP, 

2022).   

 

 

 

 

 

 

 

 

 

 

 
2.2. Energy associated GHGs and sustainability goals for the building industry  
 
Energy consumption and associated GHG emissions are linked to all life stages of a building and in order 

to reduce them it is important to understand how they occur. These are divided into three types: embodied 

energy, operational energy and end of life energy (Najjar et al., 2017 & WGBC, 2023): 

• Embodied Energy and GHG emissions – Energy that is needed in the acquisition and processing of 

raw materials to manufacture the building materials and transport them to the construction site. 

This phase also includes construction site activities and the transportation of waste materials 

thereof. Associated GHG emissions are linked to the type of energy used. 

• Operational Energy and GHG emissions – Energy associated with the use stage and maintenance 

of a building. This refers to the energy consumed after the building is occupied and functioning, 

which includes lighting, Heating, Ventilation and Air-condition (HVAC). The energy utilized while 

the building is occupied can be determined using Building Energy Modelling (BEM) or by direct 

measurements.  

Figure 2.1. Global energy related CO" emissions (UNEP, 2022) 
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• End of Life Energy and GHG emissions – Energy consumed during the demolition or waste 

processing of the building, the disposal energy is the relevant energy consumed during this phase 

and will lead to associated emissions. 

 

For each of the life stages of a building the types of energy and the types of GHG emissions will vary and 

in this context the concept of carbon footprint of buildings has emerged. Even though there are many 

definitions of the “carbon footprint”, in essence it is a metric which aims to total all GHG emissions over 

the different life stages of a building and express the results in CO" equivalents. This is possible by using 

the Global Warming Potential of different GHG gases. Fenner et al. (2018) reviewed the application of this 

concept and highlighted that here are different methodologies and standards used currently, and that 

variations exist leading to some inconsistencies. They also defined  4 life stages of a building similar to the 

WGBC (2023), however their definition and the terminology varies slightly as the embedded GHG 

emissions are called product stage (i.e. GHG from producing the construction materials) and they define a 

construction stage which the WGBC does not. Also Fenner et al. (2017) consider that maintenance and 

replacement is part of the operational stage of a building. Standards developed for GHG accounting for 

buildings have helped not only in a consistent definition of life stages but also in standardising calculations 

procedures. Most notably the ISO 14047, PAS 2050 and EN15804 are used internationally to calculate 

GHG emissions from buildings in a consistent way (Fenner et al., 2018). 

 

Considering actual GHG emissions Fenner et al. (2018) showed that for most of the studies reviewed, the 

operational stage of buildings usually has the highest impact, and represents over 70% of all GHG emissions 

of buildings. These emissions are directly related to the use of energy in buildings and depend very much 

on the type of energy used in different national electricity grids. For example, countries relying on coal 

(such as South Africa) as the main source for electricity generation will have higher GHG emissions per 

kWh produced and used, whereby countries that use more renewable energy sources (e.g. geothermal, wind 

or solar) or nuclear energy will have lower GHG emissions per unit of energy (Scarlat et al, 2022).   The 

review by Fenner et al. (2018) also shows that the embodied emissions from materials are dominated by 

concrete and steel and the GHG emissions associated with materials can become important when the 

operation GHG emissions are reduced through zero carbon interventions. The end of life GHG emissions 

are less important and can be further reduced through disassembly and reuse of materials (Fenner et al., 

2018). 

 

It is evident that the life cycle energy use of buildings varies and is highly dependent on the case study, the 

database available and the region in which the case study exists. Azari (2019) attempted to aggregate a 
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As seen in the literature, the theoretical concept of emission reduction has been established, guidelines have 

been developed and, in many countries, policies are in place. However, pragmatically seen, reduction efforts 

have been stagnant in many countries.  Since GHG emissions are linked to the consumption of energy, the 

energy building standards and the codes associated might be used for mitigation (Boshoff and Mey, 2020; 

Reed et al., 2011). South Africa's SANS 10400 building code regulates energy usage through requirements 

for thermal insulation, building orientation, and lighting based on building class and energy zones. The 

intended 66% energy trajectory for 2029-2030 has been normalized to 2021 levels, but to align with the 

IPCC's Global Warming Targets, a lower energy target is required (Boshoff and Mey, 2020). The challenges 

presented in upholding the building energy codes include data collection and monitoring and ensuring that 

the codes are being implemented. 

 

2.2.2. Challenges and opportunities for energy interventions and GHG reductions in buildings  
 

Energy efficiency plays a crucial role in building performance, and to mitigate energy consumption, 

different countries have adopted various energy codes and regulations. The difficulty in implementing 

global mandatory building energy codes is a result of socio-economic limitations. Hence, many developing 

countries have adopted no new policies or have adopted voluntary policies. Figure 2.4. depicts the status of 

building energy codes in each country. Further challenges in implementing detailed energy building 

standards, is the diversity of climate. In Europe, approximately 35% of buildings are over 50 years old 

(Europa, 2018), rendering their energy performance inefficient and outdated. Hence, the European Union 

has amended their NDC’s to introduce the Renovation Wave Strategy. For a better quality of life and for 

cleaner energy, the strategy seeks to modernize and increase the renovations of older buildings. This 

proposal among other measures aims to reduce building emissions by 60% by the year 2030 (Europa, 2018). 

Countries would have to plan their strategies based on their respective climate. European countries undergo 

harsher winters and consequently their building energy performance would differ from the African and 

Australian continent where air-conditioners are linked to hot and warmer climates. 

 

 

 

 

 

 

 

 

Figure 2.4: Building energy codes by country sourced from IEA, 2021 
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In developing countries, many sustainability challenges are due to inadequate funding. The International 

Energy Agency (IEA, 2023) estimates that 80% of the residential floor area growth is in developing 

countries where unfortunately, many of the countries have not committed to a distinctive action plan of 

reducing emissions. Despite the challenges faced by the African continent with the building sector, therein 

lies many opportunities. Africa is rich in renewable energy sources; the integration of renewable energy 

would significantly reduce emissions and resolve issues related to inadequate energy (UNEP, 2022). To 

facilitate a positive outcome a series of recommendations have been developed by international 

organisations. 

 

UNEP’s latest Global Status Report for Buildings and Construction, (2022), has provided the 9 following 

recommendations for overcoming challenges related to achieving sustainability goals related to energy and 

GHG emissions: 

1. A roadmap and strategy should be established towards achieving Net Zero by the WGBC. 

2. Mandatory building energy codes should be implemented using the NDC guidelines and policies 

3. Governments should commit to the expansion of energy efficiency investments 

4. The AEC sector should develop zero-carbon strategies for new and existing buildings. 

5. Carbon dioxide emissions should be reduced throughout the material value chain.  

6. An increase in research investment to accelerate progress towards decarbonization. 

7. Policies should incorporate a life cycle approach that focuses on the embodied energy and 

operational emissions of materials.  

8. Policies should also incorporate the shift to circular economies. 

9. Countries that are quickly growing should commit to increasing investment towards energy 

efficient designs and green construction. 

 

To achieve these recommendations a series of interventions and decision-making tools are needed, 

considering all life stages of a building.  

 

2.3. Decision-making tools in civil engineering design and the incorporation of 
environmental factors 
 

Decisions are taken in all engineering projects and in particular the decisions taken during the design stage 

can influence all stages of a building. In the engineering design process, decisions follow a 5-step model 

whereby a problem is defined, information is collected, solutions and alternatives are determined, the most 

suitable design is selected and finally the decision is evaluated and reflected upon (Han and Shim, 2019). 
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Good decisions are intrinsically dependent on the information available; inadequate data may often lead to 

costly choices and poor decisions. For example, asbestos was a common building material in the past, until 

its adverse effects on human health were discovered (Gutiérrez et al. 2023). It is for this reason that 

developments of regulations and codes in design have been established over time to simplify decision-

making and implement better design choices. These guidelines provide practitioners with limitations that 

decrease complexities, or the scope may become too vague and difficult to process (Jalaei et al. 2015). 

Furthermore, civil engineering designs incorporate environmental factors to combat climate change through 

3 strategies characterized by (Illankoon et al., 2019): 

1. Knowledge – based - Uses existing guidelines  

2. Rating schema - Uses frameworks to calculate the sustainability outline (Green Building Rating 

Tools) 

3. Performance based – focuses on life cycle analysis and energy performance (LCA). 

 

The first two strategies are based on limited quantified data and rely mainly on qualitative assessments; 

they are checklists that work as a guideline. The environmental measurement of buildings can attain 

meaningful progression through a hybrid strategy of all three methodologies that include:  

• Multi-Criteria Decision Making (MCDM) 

• Sustainable Target Values (STV) and Benchmarks 

• Life Cycle Assessments and,  

• Green Building Rating Tools (GBRTs).  

These will be discussed in the following sections. 

 

2.3.1. Multi-Criteria Decision Making (MCDM) 
 

An essential methodology to decision-making in design that analyses information, establishes a criteria and 

alternatives, and consequently determines the most feasible solution is known as Multiple-Criteria Decision 

Making (MCDM) (Tan, 2021). The MCDM methodology assists practitioners with decision-making by 

breaking down issues into smaller steps and in some cases provides a system framework using a 

mathematical model (Si, 2016). Based on the objectives, the designer can determine alternatives and rate 

them in accordance with the selected MCDM methodology.  

 

The selection of an appropriate method is often dependent on the characteristics of the project (the scale of 

the project, the data, the number of alternatives, etc.) (Arroyo et al., 2016) with the most common of the 

methods used being the Analytic Hierarchy Process (AHP) method (Campos-Guzman, 2022; Torkayesh et 
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al., 2022). The MCDM method can be applied to all engineering disciplines and is a systematic approach 

that encourages making informed decisions under complex circumstances. Combining MCDM and LCA 

allows the designer to prioritize the objective, be it, reducing energy consumption, reducing GHGs, 

reducing material consumption, etc. Sanchez-Garrido et al. (2022) combined MCDM with a lifecycle 

approach to derive sustainability scores for buildings and energy use and associated emissions where one 

criterion is used. 

 

2.3.2. Sustainable Target Value (STV) and Benchmarks  
 

STV is a goal-oriented approach, its principle relies on quantifying a sustainable target and then proceeding 

to design a project to meet that target. This method assists in abiding by the purpose and not compromising 

on the objective. Russel-Smith (2014) proved that a progressive sustainable target value assessment is a 

great early intervention tool that can prevent harmful environmental impacts and increase the amount of 

design alternatives considered for buildings. The study involved 5 teams designing a University Building 

in various locations and with different sustainability targets. The results showed that adopting an STV life 

cycle analysis, resulted in a decrease of the environmental impact of the operational phase through an 

iterative process. The STV strategy limits the scope of design to prioritize sustainability, resulting in 

innovative designs (Russel-Smith, 2014).  Similar results and conclusions were reported by Silveira and 

Alves (2018) on the use of this approach for the design of green buildings in California, in addition they 

mention many other advantages that can be achieved. 

 

Although closely related terms, STVs and Benchmarks differ in their fundamental purpose, STVs are 

specific sustainability goals, whereas Benchmarks are moreover a frame of reference. They often compare 

the performance of buildings to a set of industry standards; for example, in South Africa, notional buildings 

refer to a reference building that complies with the clauses stipulated in the South African National 

Standards (SANS) 204: Energy Efficiency in Buildings.  Most benchmarks are based on similar concepts 

of standard buildings designed by the respective GBRT’s project team and are not based on scientific 

imperatives. These standard buildings often depict scenarios whereby minimal or no sustainable measures 

are undertaken to indicate the improvements made by new sustainable buildings, this however, 

demonstrates little progress towards achieving the reduction targets set out by the Intergovernmental Panel 

on Climate Change (IPCC) (Abdelaal, 2021).  

One of the most accurately presented benchmarks has been researched by Abdelaal, (2021), with the New 

Zealand residential housing sector. The research follows that benchmarks should be established by 

comparing the impact of buildings to the reduction targets set out by the IPCC. Essentially, it combines 
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STV by planning for the desired sustainability target year, as opposed to comparing to an arbitrary building. 

It utilizes the Distance to Target (DTT) approach, whereby the weighting factor equation is used to 

determine the benchmark by dividing the environmental impact categories reference year to the target year 

(Seppala and Hamalainen, 2001). Abdelaal’s (2021) methodology although valid and applicable, cannot be 

implemented without adequate data of the impact categories reference year, therefore, currently notional 

buildings are used in the absence of such data. However, given the ongoing climate change emergency, it 

is highly recommended to gather more data and develop plans for more ambitious benchmarks and targets. 

 

2.3.3. Life Cycle Assessment (LCA) – Broad Overview 
 

The purpose of LCA is to determine the environmental consequences and social impact of a product, 

process or service throughout its existence by examining a ‘cradle to gate’ approach (Friedrich, 2007). It 

provides a scientific approach of understanding and subsequently reducing anthropogenic emissions by 

incorporating all life stages associated carbon emissions, including buildings. It is considered as a 

performance-based methodology that allows for the most-informed decision, by providing a holistic 

framework of all life stages. LCA, further described in Section 2.6, includes 4 phases: Goal and scope 

definition, inventory analysis, impact assessment and interpretation. Environmental life cycle approaches 

can be used with MCDM and STVs in decision making for the design of buildings that are more 

environmentally friendly. These are complex decision-making tools which despite many of their advantages 

might not be easy to implement in day-to-day design practice (Silveira and Alves, 2018). A more 

uncomplicated approach is the use of GBRTs for design. However, the challenges associated with GBRTs 

include an arduous documentation process and high costs related to certification (Windapo, 2014).   

 

2.3.4. Green Building Rating Tools (GBRT) 
 

A green building is defined as a building that effectively reduces negative impacts on the environment; 

operates in an efficient manner to reduce water and light consumption, improves air quality and makes use 

of renewable energy. Nowadays, the value of a building is directly related to its sustainability. Green 

Building Rating Tools (GBRTs) have been developed to assess how effective a green building is in its 

efforts to meet sustainability goals. The tools are an important aspect of managing a building as it measures 

the operational and maintenance needs and caters for the building whilst focusing on reducing energy 

consumption (Reed et al., 2011). 
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GBRTs vary throughout the world; the difficulty in creating a standardized international rating system stem 

from different environmental factors and regulations such as topography, building codes, population size, 

land area, climate and building stock (Reed et.al, 2011). Figure 2.5. depicts the rating tools present in 

different countries. 

 

 

 

 

 

 

 

 

 

 

 

 

The national rating tools developed are considered variations of the three main rating tools, namely LEED 

(Leadership in Energy and Environmental Design - American rating system), BREEAM (Building Research 

Establishment Environmental Assessment Method- European rating system) and Green Star (Australian 

rating system). Most of the remaining rating tools (see Figure 2.5) have modified these three systems to suit 

their respective countries. The challenges sometimes encountered when rating green buildings are related 

to the bureaucracy and exorbitant costs of certification (Reed at al., 2011). The framework that exists 

however, is a good indicator of sustainability and promotes sustainability initiatives. It is a detailed process 

composed of extensive checklists and there are three phases in sustainability rating (Usman and Abdullah, 

2018):  

1. Indicator phase – The initial phase classifies and organizes the performance factors of buildings 

into different groups. 

2. Scoring phase – Awards points to the various performance factors.  

3. Rating phase – Assesses the scoring system and rates the building accordingly.  

 

The GBRT’s essentially aim to measure the three pillars of sustainability i.e., environment, society and 

economy (Bernardi et al., 2017). According to Baohua et al. (2020), there is an imbalance of scoring on 

societal and economic factors, with priority given to the environment. The environment is undoubtedly an 

essential component; however, its counterparts are also important as they are all linked and directly 

Figure 2.5: Global Sustainable rating tools (Reed et al., 2011) 
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proportional. Baohua et al. (2020) further went on to develop a unified framework when assessing 

sustainable buildings as depicted in Table 2.2. 

 
Table 2.2. Framework showing the criteria of the three sustainable pillars incorporated in GBRT’s (Baohua et al., 

2020) 

 
 

From the criteria summarized in Table 2.2, it is evident that energy and materials as well as carbon reduction 

and sequestration are incorporated to different degrees in the GBRT. As buildings are designed to score 

well for these criteria to obtain certification, the GBRT can influence the design process towards more 

environmentally friendly performing buildings. 

 

2.3.4.1. BREEAM  
BREEAM was launched in the United Kingdom in 1990 and it has since become an international rating 

tool reaching over 74 countries (BRE Group, 2023). The international technical manuals are divided 
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according to life cycle stages: new constructions are managed by the technical manual SD250, version 6, 

which addresses all design aspects related to the pre-building phase. There are 9 environmental categories 

that are assessed: management, health and wellbeing, energy, transport, water, resources, resilience, land 

use and ecology and lastly pollution (BREEAM, 2021). The rating benchmarks are assessed according to 

outstanding, excellent, very good, good, pass, acceptable and unclassified. 

 

2.3.4.2. LEED 
LEED is another international rating tool that was established by the US Green Building Council (USGBC) 

in 1994. The current version in use is LEED v4, that focuses on encouraging growth in 6 main categories: 

location and transport, sustainability sites, water efficiency, energy and atmosphere, materials and resources 

and indoor environmental quality (LEED v4, 2013). The results are rated as certified (40 points), silver (50 

points), gold (60 points) and platinum (80 points). The goals behind LEED certification include promoting 

sustainability, protecting the environment and resources as well as improving human health (LEED v4, 

2013). 

 

2.3.4.3. Green Star  
Green Star is a voluntary Australian green building rating tool launched in 2003, that uses 8 categories 

(Responsible, healthy, resilient, positive, places, people, nature and leadership). The categories are 

subdivided into credits each addressing an initiative. A Green Star “Certified” rating does not expire post-

construction. The ratings are accredited according to numbers: 4, 5, or 6 stars. There are minimum credits 

that must be met to qualify for submission, these credits are not awarded points but are rather deemed as 

requirements. The key features of Green Star aim to address the Paris Agreement goals set out by the UN 

and responds to sustainability trends and is updated accordingly (Green Star Buildings, 2021). As observed 

BREEAM, LEED and the Green Star rating tools incorporate a basic simplified lifecycle approach in their 

structure, but the importance placed on different building impacts varies. 

 

2.4. South African Green Building Rating  
2.4.1. Green Building Council of South Africa (GBCSA)  
 

The World Green Building Council (WGBC) is a non-profit organization that promotes and advocates for 

green buildings. There are over 70 countries registered and each of them follow their own independent 

rating tools. The WGBC works with member bodies to assist in achieving the UN’s global goals for 

sustainability. The WGBC’s strategy for Advancing Net Zero (ANZ) carbon emissions in building is by 

adopting a whole life carbon vision. South Africa is one such country that has an established membership 
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2. 𝑊𝑒𝑖𝑔ℎ𝑡𝑒𝑑	𝐶𝑎𝑡𝑒𝑔𝑜𝑟𝑦	𝑆𝑐𝑜𝑟𝑒 = 𝐶𝑎𝑡𝑒𝑔𝑜𝑟𝑦	𝑠𝑐𝑜𝑟𝑒 × 	𝑊𝑒𝑖𝑔ℎ𝑡𝑖𝑛𝑔	𝐹𝑎𝑐𝑡𝑜𝑟 × 100 

 

The total score is based on the sum of the weighted category scores (maximum = 100 points) in addition to 

any innovation points awarded (maximum points = 5). The rating of the scores is ranges from one star 

which is not eligible for formal certification, to six stars being the highest and recognized for “World 

Leadership” (Green Star SA, 2014). 

 

Weighting Factor: 

The weighting factor for each category varies according to the localized context. Each country differs in 

its’ importance of environmental concerns. The South African Green Star rating tool, when compared to 

the Australian tool, has elected to prioritize the categories of water, emissions, and materials. Water has 

been prioritized in South Africa due to the perennial constraints experienced with erratic and often 

unpredictable rainfall (GSSA, 2014). Emissions, another factor that is a focal point has been prioritized due 

to South Africa’s heavy reliance on coal-produced energy. The non-renewable source of energy is a major 

emitter of carbon dioxide (CO"), ranking South Africa, as one of the highest CO" contributors in the region 

(GSSA, 2014). Lastly, materials are prioritized to encourage the recycling and reuse of materials. As such 

this rating system acknowledges the different life stages of a building but in a very simplified manner. 

Therefore, for more information on these stages and their potential environmental impacts, more detailed 

environmental life cycle assessments are needed. 

 

2.5. Life Cycle Assessment (LCA) 
 

The concept of LCA was developed in the 1970’s when the availability of non-renewable raw materials 

was under scrutiny which consequently led to the need for environmental quantification of products and 

services (Bayer, et al., 2010).   The International Organization for Standardization (ISO) provided the 

essential guidelines towards defining the main concept and the LCA methodology (Almezeraani, 2021; ISO 

14040, 2006). The guidelines follow the following standards (Najjar, et al., 2017): 

• ISO 14040 identifies the principles and framework 

• ISO 14041 identifies the goal definition and inventory analysis  

• ISO 14042 addresses the Life Cycle Impact Assessment (LCIA) 

• ISO 14043 provides the interpretation of the Life Cycle  

There are three levels of LCA: conceptual, simplified and detailed (Vosloo et al., 2016). The conceptual 

level is the most basic form of an LCA, it is not used for public distribution and is intended to provide a 
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2.5.2. Goal and Scope Definition 

The Goal and Scope phase defines the system boundaries and sets out the objectives, the most important 

part of this phase is defining the functional unit (Friedrich et al., 2007). According to the SimaPro’s 

Introduction to LCA, (2016), the first phase is intended to address questions such as: 

 

• Reason for the LCA – Is the reason for the LCA intended to prove a hypothesis or provide 

information regarding a product or service? 

• Define the product - What is the purpose of the product or service?  

• Define the functional unit – what is the reference for the LCA study? What is the value that 

describes the purpose of the system? 

• Data and data quality requirements, assumptions and limitations – What are the data requirements? 

What are the assumptions made?  

• The target audience – Who is intended to benefit from the LCA? Will it be on a commercial scale 

for industry, private or for research purposes?  

• The type and format of the report – What should be the format of the report? Will it include 

visualization aid?  

 

The scope of the LCA entails methodological choices, assumptions and boundaries. It is an iterative process 

and can be adapted according to information that is made available. The system boundary can be linked 

with geographical factors, time, the natural environment or a technical scheme. It is inter-related with the 

inputs and outputs of the life cycle inventory. It is for this reason that it may be amended at a later stage 

depending on the LCI (Bauman and Tillman, 2004). 

 

2.5.3. Life Cycle Inventory (LCI)  
 

The second phase (Life Cycle Inventory) is the data collection phase whereby for the system investigated, 

information is gathered regarding the raw materials and the energy consumed (ISO 14040, 2006; Lotteau 

et al., 2015). The outputs are also determined based on the system boundary. Figure 2.8. depicts a flowchart 

describing the system boundary and LCI.  
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2.5.5. Interpretation of results 
 
The fourth and final phase (Interpretation of results) should provide meaningful insight into the results 

obtained from phase 2 and 3 which are all on dependent on the goal and scope of the study. As such the 

main contributors to each score and from each life stage should be quantified and compared. It should be 

inclusive of recommendations, limitations and deductions made (Lotteau et al., 2015). The interpretation 

aims to provide critical information regarding the implications and significance of the LCI results which 

allows for the information to be used in accordance with the following key factors:  

 

1. Identification of potential hotspots – interpretation of results helps to identify hotspots which are 

areas that incur significant environmental consequences or resource consumption (Mirabella et al., 

2019). 

2. Comparison and benchmarking – the interpretation of results allows for the comparison of findings 

with established reference values or benchmarks, which serves as a foundation for setting targets 

(Dong et al., 2021) 

3. Sensitivity analysis – examining how LCA results change by altering input parameters, which leads 

to the identification of patterns and influential factors (Pannier et al., 2018) 

 

2.6. LCA of Buildings 
 
The LCA of buildings is primarily utilized as a valuable tool to assess and enhance the environmental 

performance of buildings and promote the use of sustainable materials.  Building LCA is defined as the 

scientific approach of the impact quantification a building has on the environment throughout its lifecycle 

(One Click LCA, 2021). Through the evaluation of a building's lifecycle environmental impacts, it enables 

stakeholders to focus on energy consumption, greenhouse gas emissions, water usage, and waste generation 

to reduce impacts. By analyzing various design options, material selections, and operational strategies, 

building LCA supports informed decision-making to minimize environmental footprints, optimize resource 

efficiency, and promote sustainability. It also provides opportunities for design improvements, through 

using eco-friendly materials and circular economy principles (Fnais et al., 2022). Overall, the broad 

application of building LCA facilitates a comprehensive and sustainable approach to building design, 

construction, and management, aligning with global initiatives to address climate change and achieve 

Sustainable Development Goals (SDGs). While building LCA presents many opportunities for design 

improvements and building efficiency, it does have drawbacks related to comparability. Many building 

LCA case studies cannot be compared to one another, due to the varying goal and scope definitions, building 



 

29 
 

uniqueness, disparate lifetime of buildings, LCIA methodologies and databases used (Borg, 2001 and 

Dossche et al., 2017). 

 

Mora et al. (2020), conducted a systematic literature review of the various BIM-LCA integration techniques 

of buildings, highlighting the many ways in which scholars have used different analysis parameters. For 

example, the design stage in which the LCA was conducted, the software tools used, the databases, the 

functional unit, the environmental impact categories and the LCA phase. Some researchers such as Bueno 

et al. (2018), focused on the early design stages of building elements (wall and roofing system) whereas 

others such as Santos et al. (2019) focused on the detailed design stage of the entire building. In this regard, 

building LCA is considered highly flexible with the key parameters used, allowing researchers to shed light 

on the various aspects of a building. This flexibility is considered advantageous in South Africa, where 

there is limited data, allowing professionals to apply parameters based on the data available.  

 

As shown in Section 2.2, buildings have different life stages, and these have been further classified by 

European Standards EN 15978 (EN, 2011) to describe each of the stages using the alphabetical sequence 

depicted in Figure 2.9. A1 – A3 is associated with the product life cycle stage, A4-A5, with the construction 

stage, B1- B7 is related to the operational use stage of the building and C1-D describes the end-of-life stage. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.9: The Building Life Cycle Stages (Casini, 2022) 



 

30 
 

The consequences of climate change have led countries to place primary emphasis on reducing the impact 

of the Use Stage or the Operational energy phase (B1 and B6). This is because it has been shown to have 

the most detrimental effect on the environment in the long term (Chong et al., 2017 & Fenner et al., 2018). 

Therefore, in many instances, this phase is regulated through energy codes and standards (Izaola et al., 

2023). However, operational energy use and its associated environmental impact can be reduced over time, 

whereas the effects of embodied energy cannot be reversed (De Wolf et al., 2017). Hence, it becomes 

essential to analyze all phases to formulate an effective and holistic sustainable building strategy.  

 

More recently, emphasis has also been placed on examining the early stage of building designs as these can 

influence all lifecycle stages (Röck et al., 2018). The application of this, however, presents uncertainties 

due to the number of variables that exist during the initial phases. The influx of research regarding early 

stages have thus increased due to the sustained efforts to decrease embodied impacts as early as possible 

during the design process, focusing on prevention rather than mitigation (Anand and Amor, 2017). These 

research areas have been enabled through the technological advancement of Building LCA tools (Tushar et 

al., 2019).  

 

2.6.1. LCA tools used in the Building Sector 
 

A wide range of LCA tools have been developed to perform an LCA analysis. The LCA tools that provide 

an extensive and detailed LCA report include SimaPro and GaBi, these tools although highly reliable are 

considered time consuming, expensive and require LCA expertise (Fnais et al., 2022). It is for this reason 

that simplified LCA tools have been developed, tools such as Open LCA, One Click LCA, Tally and 

eToolLCD Plugin. In recent times these tools have made significant advancements in the form of Plugins, 

as seen in Table 2.5. LCA Plugins facilitate the operation of a secondary software (LCA Plugin) within a 

host software (BIM software), essentially serving as an extension to the capabilities of BIM software to 

carry out a specific task. 
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The BREEAM, LEED and Green Star Australia GBRTs incorporate LCA and the “cradle to gate” approach, 

however, there are variances with respect to the weighting of points and benchmarks (Abdelaal, 2021). 

BREEAM awards the highest points for the use of LCA, specifically 5, but there is no established 

benchmark for their evaluation. Furthermore, these points are optional, and certification can be awarded 

without it. However, energy use and carbon emissions are necessary criteria to achieve certification. The 

LEED scheme awards a maximum of 4 points and assesses 6 impact categories with emphasis on the Global 

Warming Potential (GWP) impact category and stipulates that its’ reduction is mandatory to achieve points. 

The points are awarded in accordance with a 10% impact reduction of 3 categories (GWP included) when 

compared to a baseline. The baseline, which is used as a benchmark for comparison, is a reference building 

that is comparable in its’ dimensions, functionality and location (USGBC, 2023). Similarly, Green Star 

Australia also specifies a baseline building for comparison. It awards a total of 2 points for LCA which are 

also optional. The three GBRTs have a list of approved LCA tools that can be used for assessment. Further 

discussion on the LCA accreditation system for the international GBRTs can be found in Appendix 8, 

however, in this dissertation greater emphasis has been placed on Green Star South Africa to understand 

the scope of Life Cycle Thinking (LCT) and is examined in the next section.  

 

2.7.1. Green Star South Africa 
 

The importance of incorporating the embodied carbon of a building throughout its lifecycle has been 

recognized by Hoffman et al., (2020) who conducted an analysis of Green Star SA. Currently, Green Star 

SA does not have an LCA criteria, it does however encourage it and has plans to include it in the updated 

version to be released later in 2023. Although there is a lack of LCA criteria, the Green Star SA does 

incorporate a more basic approach, in the form of LCT. LCT refers to the mindset of including a holistic 

environmental approach, and this is observed in Table 2.8. whereby the only relation to LCA may be 

observed indirectly through the embodied and operational emissions section, more specifically under the 

Energy category and Materials category. For the Energy category, GHG emissions are prioritized and is the 

only impact factor considered, a significant number of points (20) are awarded for reducing the operational 

energy of the building and the associated GHG emissions. The Materials category promotes the use of 

recycled and reused materials, and it encourages the use of materials that are sourced locally, thereby 

decreasing transport distances. Therefore, it becomes evident that the tool has the basic concept of LCA, 

and it recognizes the importance of incorporating LCA criteria for an improved assessment of Green 

Buildings. 
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2.9. BIM- LCA Integration for Buildings 
 

BIM-LCA integration refers to the incorporation of BIM capabilities which are used for visualization and 

assimilation of data, with LCA methodologies for the quantification of the environmental impact of 

buildings. Essentially, BIM is used as a quantitative inventory input for LCA to determine the quantitative 

environmental output. The integration is an initiative to reduce the harmful environmental effects associated 

with urbanization by facilitating the decision-making process to prioritize sustainability of buildings. BIM-

LCA integration can be used for various practical applications that include: 

• Material and product selection – Allows for designers to make more informed decisions by taking 

into consideration the embodied emissions associated with the product stage of materials, which in 

turn enables the selection of sustainable materials (Xue et al., 2021). 

• Energy performance analysis – Provides opportunities to reduce building operational energy by 

using Building Energy Modelling (BEM), to assess the impact of building orientation, smart 

ventilation and sustainable energy sources (Asare et al., 2020). 

• Waste management – Provides opportunities for recycling, reusing and optimizing a waste 

management strategy. 

• Water management – Enables the evaluation of the lifecycle water footprint and provides 

opportunities to minimize water consumption and improve water management strategies (Haddad 

et al., 2022) (Xue et al., 2021). 

• Renovation and retrofitting – Enable designers to create sustainable design alternatives and select 

the best alternative for renovation and retrofitting, that reduces resource consumption and waste 

generation (Dauletbek and Zhou, 2022). 

 

Overall, the best use of BIM-LCA integration is during the early design stages where it is cheaper to 

implement changes. According to Najjar et al. (2017), approximately 60% of time is wasted during the 

initial design stages due to lack of clarity and scope definition, poor communication, inefficient iterative 

design process, among other reasons. The integration of BIM-LCA is a means to reduce the time spent on 

the conceptual phase by improving the iterative design process to provide sustainable design alternatives 

(Bueno et al., 2018). While ideally implementing the BIM-LCA integration during the initial design stages 

is optimal, it can also be challenging because of the inherent uncertainties regarding data variability and 

material selections (Feng et al., 2022). 

 

Table 2.10. describes each of the BIM and LCA parameters that should be considered during a particular 

phase of the lifecycle to achieve the desired objectives set out for a particular building phase. 
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Rock et 

al. 

2018 Established a common granularity between the bill of quantities in BIM (using Autodesk Revit 

software) and LCA data (Swiss SIA MB 2032 pre-calculated dataset). This allowed for the 

automation of BIM and LCA; a common naming convention was essential towards exchanging 

information. The workflow used the functional unit of the impact per square meter on Building 

Elements (𝑚!
"#) to create a visual representation of the results and identify potential hotspots. 

The results found were that the external walls, partition walls and the floors were accountable 

for the highest GWP.  

 

In summation, each of the articles determined the effect of a particular material or element’s impact on the 

environment, with specific focus on the GWP. There was limited information with regards to the Level of 

Development (LOD) of a BIM model and its relation to LCA results. However, one such study by Habert 

et al., (2020) researched this relationship and found that there was an over-estimate of GWP during the 

early design stages whereby the LOD was low. There was also limited information regarding studies 

conducted in Africa. Crippa et al., (2020) conducted a systematic literature review and found that the 

majority of the BIM-LCA integration studies were from European countries, with no published articles in 

Africa. However, to date, there has been one article by Santos et al., (2020), that determined the LCA of a 

high rise building in Morocco. It therefore becomes important to research the topic of BIM-LCA integration 

further in Africa.  

 

2.9.3. Existing Gaps and Challenges of BIM-LCA integration 
 

The lack of adequate data in the BIM database poses a challenge to BIM-LCA integration, primarily due to 

varying global socio-economic circumstances. Developing countries, in particular, show less inclination to 

gather data on BIM-LCA integration. The diverse range of building materials across countries further 

complicates the creation of a comprehensive database, necessitating significant efforts from software 

developers, the AEC sector, and manufacturers. The implications of inadequate data result in less accurate 

results. One potential solution to address this challenge is to establish country-specific BIM-LCA task 

forces dedicated to data collection. Thereafter, the database should be updated regularly to include more 

information on building materials and properties (Anand and Amor, 2017).  

 

A lack of commonality between the datasets also presents as a challenge, which may cause significant 

variations in LCA results. The root cause of which is due to the varying naming conventions implemented 

by companies when modelling on BIM software due to company preference. The implications of which 

includes a complex list of building materials that is not user friendly, resulting in more inaccuracies and 
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possibly selecting the wrong building material. The solution would be to create a common naming 

convention for all building materials.  

 

Another challenge includes the interoperability of BIM and LCA although there have been significant 

efforts for improvement, there have been studies that reported data loss when transferring information 

(Obrecht et al., 2020). The onus is on the users to report instances of data loss so that software developers 

can upgrade the software, address issues and fix bugs. 

 

Further challenges include uncertainties within the LCA process, uncertainties in terms of data, construction 

materials, methodologies and approaches (Rezai et al., 2019). There are also uncertainties in terms of the 

changes that could be potentially made after the initial design phase, changes by stakeholders or building 

owners, human error during the construction phase, all of which could decrease or nullify the validity of 

results (Habert et al., 2020). Academics should incorporate uncertainty analyses into their studies so that 

the level of uncertainties can be identified and reduced. Furthermore, a follow up on the LCA analyses 

should be conducted i.e., a comparison of the pre-design phase and the post-construction phase which 

significantly assists in understanding and improving the LCA of buildings.  

 

Zimmerman et al., (2021), investigated BIM-LCA integration within the industry practice. They conducted 

in depth interviews with medium and large consulting companies in Denmark. Some of the important 

challenges faced include inaccuracies of modelling.  Often, the LCA practitioner is not the one that has 

created the model, human error occurs, and it therefore decreases the quality of the LCA analysis. Another 

common challenge encountered pertains to extracting data which must be obtained from suppliers, 

subcontractors, past projects, other engineering disciplines or even literature. This can sometimes cause 

delays and be time consuming. A possible solution to this is the use of a Common Data Environment (CDE) 

such that information may be stored on a shared server and easily accessible to all participants. Zimmerman 

et al. (2021) further mentioned that the automation of the BIM-LCA integration may lead to a lack of 

transparency and consequently errors. Therefore, the optimum extent of automation must be established to 

increase efficiency.  

 

2.10. The South African Situation 

South Africa is a developing nation with large disparities exhibited within the society. It is therefore 

quintessential to establish a BIM-LCA framework that is feasible in terms of both cost and time. The onus 

is on key stakeholders, such as the government and the Green Building Council of South Africa (GBCSA) 

to provide motivation for the AEC industry in the pursuit of sustainable buildings. According to Cao et al., 
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(2014), motivation to design more sustainably in developing countries is best implemented through 

authoritative pressure. This comes in the form of Green Building accreditation for sustainable buildings and 

could even come in the form of the Carbon Tax. South Africa has already implemented a Carbon Tax policy 

in 2019 that follows the “polluter pays principle”, however this policy is only for selected industries and 

excludes the building industry (IMF, 2023). The inclusion of the building industry to the Carbon Tax policy 

has the potential to promote a stronger commitment towards reducing building related GHG emissions, 

however, it might increase costs.  

 

Additionally, the South African government has implemented other measures for environmentally 

conscious practices, such as Energy Performance Certificates (EPCs). Since December 2020, it has become 

mandatory for new buildings to disclose their energy expenditure and submit an EPC, this initiative 

encourages companies to actively monitor their energy consumption. It includes an energy performance 

scale that considers the occupancy, geographic location of energy zones, energy sources and building 

occupancy (SANEDI, 2023). Similarly, guidelines and mandates may be developed on GHG emissions to 

provide a holistic environmental outlook of buildings locally and the BIM-LCA integration can help in this 

process. 

 

The implementation of any framework requires an assessment of current practices and the challenges that 

could potentially be encountered. It is, therefore, important to acquire information about current trends and 

how other countries have incorporated BIM integrated LCA frameworks. The distinction between current 

global practices may consequently motivate and expedite change within South Africa. The challenges that 

could be encountered locally in implementing a BIM-LCA framework to determine the environmental 

impacts of buildings are divided into two parts: the environmental sustainability challenges in South 

Africa’s building sector and the challenges associated with BIM-LCA integration. The biggest challenge 

common to both components is the lack of knowledge, expertise and incentives (Windapo, 2014).  

 

2.10.1. Environmental Sustainability Challenges in South Africa’s Building Sector 

Despite efforts to improve the sustainable standing of the country, implementation has been gradual (Oke 

et al., 2016). The consensus of previous scholars in terms of what the biggest challenges for South Africa 

include: 

• Insufficient affordable sustainable materials - Windapo (2014) found that sustainability is driven 

by economic ambitions, without the provision of affordable sustainable materials and stakeholders 

would not be encouraged to pursue sustainable construction. 
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• Inadequate knowledge and technology - Dosumu (2021) deduced that the dominant factor 

inhibiting sustainability progression was a lack of knowledge and technology.  

• Lack of legislation and incentives – The government plays an important role in establishing a status 

quo and providing social benefits towards excellence, inadequate interest and monitoring by the 

government is a crucial inhibitor (Windapo, 2014; Dosumu, 2021 and Marsh et al, 2019)  

• Weak economy – Dosumu, (2021), reported that developing countries in general, struggled to 

prioritize sustainability due to financial constraints. 

 

2.10.2. BIM and LCA Challenges in South Africa 

The increasing interest in BIM and the acknowledgment of its’ benefits, has led to some research in South 

Africa to investigate the reason behind its limited implementation. Mtya, (2019) and Calitz, (2021), 

conducted a thorough analysis of the state of BIM adoption rates and found the following commonalities 

in limiting implementation:  

• Inadequate BIM competency in education sectors and in practice 

• Insufficient research  

• High capital costs and uncertainty regarding the returns 

• Lack of legislation  

• Social resistance to change traditional processes 

• Inadequate support by key drivers: government, stakeholders and education sectors. 

 

The attributional construct of LCA is time consuming and requires expertise and competency. However, 

consistent research has led to the simplification of such methodologies. In South Africa, there is limited 

interest in the topic and little incentive to understand it better and implement it. In first world countries 

there is legislative pressure on manufacturers to provide more environmental data on their products, 

necessitating the need for ecolabels and EPDs. Such initiatives are lagging in developing countries such as 

South Africa, for example, the development of an EPD database is only in the initial stages.  The LCA 

challenges in the country is predominantly due to the absence of data and the lack of willingness to share 

data (Friedrich et al, 2017). It also includes similar barriers to BIM, in that there are limited LCA 

professionals, a lack of knowledge and technology. Some of the challenges faced by the GBCSA to 

implement LCA in its Green Star rating tool and to advocate for Life Cycle Management include “additional 

costs, limited local data and limited knowledge of the benefits” (Anderson, 2022). However, there are 

current drivers to pursue BIM-LCA integration, these include:  
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3.3. Planning and Literature Review 
 

The planning phase of the methodology involved laying the groundwork, establishing the motivation for 

the study and subsequently determining what was feasible given the limited BIM-LCA experience in South 

Africa.  This phase also established that only a limited number of Revit case studies in South Africa that 

included a high LOD existed, which created the need for a second case study. The research question, aims 

and objectives were set, and a comprehensive literature review followed thereafter. The literature review 

involved extensive searches and the input of key words that included BIM-LCA integration, building LCA, 

GBRTs and LCA into academic search engines such as Google Scholar, ScienceDirect, ResearchGate, 

Springer and MDPI. Following these searches, a compilation of articles, journals, theses, etc. were 

examined, and only pertinent information that aligned with the research objectives was selected.  

 

3.4. Evaluation of software to be used 
 

The evaluation of software involved an iterative approach, wherein various software options were assessed 

and selected based on their functionalities and capacity to meet the research’s aims and objectives. The 

primary phase involved gathering information with respect to BIM and determining the best software that 

would simultaneously satisfy the constraints of the building sector and environmental LCA requirements. 

The outcome of this phase was determined through the literature review and seeking the guidance of 

engineering industry practitioners. The selection of BIM software was more extensive in comparison to the 

LCA software to be able to establish current industry practices. Thereafter, an evaluation of the various 

LCA tools was also conducted to be able to integrate the two software platforms.  

 

3.4.1. BIM and Revit Evaluation 
 
In the initial step to select the most appropriate tool, a series of interviews were conducted with 

professionals to determine which BIM software was locally preferred and used. The interviews, which were 

semi-structured in their approach, also provided a more in-depth understanding of current BIM practices in 

sustainable building designs in South Africa. These findings will be further discussed in Chapter 4. The 

interviews also served the purpose of identifying suitable case studies that could be utilized in the 

integration process.  The interview questions which have been included in Appendix 9, targeted 

professionals as highlighted in Table 3.1.  
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• It also depicts 2D views for engineers and architects to specify details and annotations.  

• Free – Revit has a free student version.  

 

3.4.2. LCA and One Click LCA Evaluation 
 

The various LCA software available on the market were discussed in Table 2.5 of the Literature Review. 

The evaluation of these software choices was conducted iteratively, the author initially explored SimaPro 

for analysis, however, it was found to be more product/process oriented, and although it could conduct a 

detailed LCA analysis, it required more data, expertise and time. The commercial version was also 

considered expensive, priced at an annual subscription of R113 932. Considering the research objectives, a 

feasible option for South Africa was required, this necessitated a software that was easy to implement, 

allowing professionals with limited LCA knowledge to incorporate it into the building design process. 

 

Therefore, SimaPro and GaBi were both excluded from consideration due to their similar functionalities 

and both options were expensive. The next iteration was based on OpenLCA, and while the software itself 

was free and easily accessible, additional data from sources like Ecoinvent had to be purchased separately. 

The final selected software for this study was the web-based software, One Click LCA (OCLCA), as it was 

specifically aligned to conduct building LCA, and it should integrate seamlessly with Revit. In addition, 

the following reasons also contributed: 

• Flexibility of data input – Material data can be manually added or edited during any stage of the 

project.  

• Compatibility with BIM and Building Energy Modelling (BEM) software – OCLCA is compatible 

with AutoDesk Revit, ArchiCAD and Bentley. 

• Vast database – The OCLCA software has a large database that includes Ecoinvent and GaBi, and 

it contains some South African data or applies a localization factor in the case of missing data. It 

also has a large EPD database and EPD generator.  

• Time validity of database – The software values the validity of data by providing warnings for 

expired data.  

• Other Software Integration - It supports various software integrations to import data, these include 

Grasshopper, Design Builder, Tekla, Trimble, Rhino, IES-VE, IDA ICE, Solibri, gbXML and 

Excel.  

• Quick and efficient – The software provides the results quickly and its web-based feature does not 

use up significant computer processing memory, thereby saving time.  

• Free – The software has a free student version 
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• Widely Used - OCLCA is used in over 120 countries and supports over 60 certifications (OCLCA, 

2021)  

• Contains Add-ons - It also has add-ons such as Carbon Designer, Net-Zero Carbon, Building 

Circularity, Site Designer, Compliance tools, Life Cycle Costing and Interior Design Carbon. 

• User-friendly interface – The software is easy to navigate and use. 

 

The environmental impact factors of building materials have been included in LCA databases, such as 

Ecoinvent and GaBi. However, most databases contain limited information for South Africa and Africa in 

general. To tackle this limitation, some tools such as the One Click LCA software developed a localization 

factor to compensate for the lack of data in many regions; whereby formulas are used to determine the 

impact of a material by considering the electricity required for material production and the local electricity 

generation impact factor (One Click LCA, 2021). Therefore, despite the limited data in the African region, 

a scientific estimate can still be determined using One Click LCA for a building throughout its’ life stages.  

 

3.5. Case Studies 
 

Accomplishing the aims and objectives of the research necessitated the selection of a case study to test the 

framework and offer a concise report on how results were obtained. The author contacted large companies 

in Durban, namely: AECOM, Studio 3B, Royal Haskoning DHV, WSP, Arup, Zutari, Hatch and 

MPAMOT. However, there were few companies that responded and of those, Zutari was the only company 

to offer a case study. The case study provided was completed in 2020 and was designed for the client, 

commercial developers, Zenprop Properties, the occupying tenants were Rewardsco. Several attempts to 

obtain the Bill of Quantities (BOQ) and energy expenditure reports from Zenprop Properties were made to 

check the validity of results, however, this was not provided due to confidentiality reasons. In addition, the 

case study was modelled with a single building material, concrete, and subsequently, had a low LOD, this 

necessitated a second case study with a high LOD. The author re-created a model of the second case study, 

following a Udemy course outline and expanded on the scope of building materials. The overview of the 

case studies, scenario definitions as well as the advantages and disadvantages are described in the following 

sections. 
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3.5.1.3. Energy Consumption 
 
The Green Report and energy consumption data for the Rewardsco Building was obtained from Solid Green 

Consulting using the Design Builder Energy Software. This data was instrumental to calculate the carbon 

dioxide emissions of the Rewardsco Building during the building use stage. It was subsequently compared 

to a notional building designed using SANS 204. A notional building serves as a reference building, 

comparable in size and location, however, it is designed with no sustainability measures, allowing for a 

comparison between sustainable and conventional buildings. The energy consumption of the building is 

made up of an HVAC system, lighting, domestic hot water, miscellaneous equipment and lifts services. 

The total electricity use equated to 618 727 kWh/year (excluding external areas and the car park lights) and 

the energy usage was 174.3 kWh/m"/year. As part of the Green Star rating conditional requirements, the 

building’s energy use must be compared to a notional building. The notional electricity use was calculated 

and determined to be 875 055 kWh/year and the energy usage was 239.6 kWh/m"/year. The total energy 

consumption improvement for the building was 51% when compared to the notional building. This 

improvement awarded the Rewardsco building 10 points under the category of Greenhouse Gas Emissions 

(Green Star SA – Office Design v1.1 manual) for reducing the carbon emissions associated with energy 

usage.  

 

The tenant lighting was reduced significantly due to the optimization of building orientation and lack of 

overshadowing, thereby maximizing daylight. The lighting of the actual building only required 3.82 W/m" 

whereas the notional building required 11 W/m". Furthermore, the building reduced energy consumption 

by installing occupancy sensors which saved 15% of lighting power density. The HVAC system composed 

of water-cooled chillers with a basement cooling tower to improve ventilation; the chillers essentially 

supply fresh air to the Fan Coil Units (FCUs), this in turn circulates fresh air throughout different levels of 

the building. The fresh air rates of the actual building equated to 13.9 l/s/person and the notional building 

equated to 7.5 l/s/person.  

 

 3.5.1.4. Scenario Definition for Case Study 1 
 

The Rewardsco case study consists of two scenarios:  

Scenario I – Current Rewardsco Building:  

The first scenario is composed of the Revit model acquired from Zutari Consultancy, it is unchanged and 

is taken as is to represent the typical BIM models prevalent in the local context. The energy consumption 

data utilized has been acquired from the Green Report. This scenario has a low LOD of 200 because only 
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one material choice is defined, i.e., concrete. In addition, it has high certainty, due to the building already 

being designed and constructed.  

 

Scenario II – Improved Rewardsco Building 

The analysis for improving the Rewardsco Building involves modifying material constituents to reduce the 

building's embodied emissions. Since only concrete is modeled as the structural material, the improvement 

in this case involves incorporating recycled content into the concrete. Furthermore, this scenario explores 

the impact of reducing the energy consumption by 10%. There are existing sustainability measures already 

implemented in the Rewardsco Building that were undertaken as part of the Green Building interventions. 

The existing design remains fixed and cannot be altered, but minor adjustments can still be made to achieve 

a further 10% reduction in energy consumption. 

 

3.5.2. Case Study 2 - Udemy Building 
 
3.5.2.1. Overview of Building 
The second case study is fictitious and has been modelled following a Udemy Course Outline. Udemy is 

an online educational platform that provides courses on Revit modelling. The affordable nature of the 

course and its detailed content on how to model an office building was selected for the second case study. 

Whereby 2D AutoCAD drawings were used to create a 3D representation as illustrated in Figure 3.4.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4: Udemy Building modelled on Autodesk Revit 
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part of the employment contract deliverable. It was modelled by the consultancy for internal purposes and 

the project relied solely on 2D AutoCAD drawings for construction.  

 
3.6.1.1. Revit Procedure 
 
Figure 3.5 illustrates the Rewardsco Building, which was modeled using Revit Software. In the initial step, 

the author determined the building's scope, whereby the basement car parking was excluded from the model, 

as per the specifications outlined in the Green Star SA technical manual.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The scope of the building model is listed in Table 3.5. This excludes steel reinforcement, curtain walls, 

internal finishes, building fittings and furnishings which were not modelled by Zutari. These components 

could have provided further validation checks and could have highlighted the difference between a high 

LOD and low LOD analysis. However, the Bill of Quantities (BOQ) could not be sourced by the author 

although several requests have been made to the companies having this information. A material takeoff 

report was conducted of the components available on the Revit model, whereby the family, type and exact 

quantities of materials were determined. Further specification of the building material was added to the type 

properties, this included adding the strength of concrete.   

 

Figure 3.5. Revit model of the Rewardsco Building 
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materials. Where there is a lack of EPDs, other EPDs may be used and the OCLCA software applies a 

localization factor to create generic data for the region using the following equations: 

 

𝑬𝒒𝒖𝒂𝒕𝒊𝒐𝒏	𝟏:	CF = IJA89:;:<=> × B89:;:<=>M − JA?=9;@? × B?=9;@?MO × 	C  

• CF = Compensation Factor 
• A = Efficiency of the electricity use 
• B = Impacts of electricity 
• C = The electricity required to produce the material 

𝑬𝒒𝒖𝒂𝒕𝒊𝒐𝒏	𝟐:	CI = OI − CF	 Where CI = Compensated Impact and OI = Original Impact 

The software ensures the time validity of data by adhering to the European Standards of EN 15804 which 

indicates that EPDs are valid for a period of 5 years, if data is older than 5 years, the software flags it with 

a warning, recommending that another EPD should be utilized. Furthermore, the verification of the EPD is 

always included as either third party verified as per ISO 14025 standards or internally verified by OCLCA. 

The software also specifies the EPD standards and guidelines adhered to, that is, either EN15804 or ISO 

14040. 

 

3.6.1.4. Model Checker 
 

The model checker assists in reviewing the data after it has been imported from Revit or any other BIM 

software. The importation process could result in uncertainties arising and the model checker requests 

further clarification. The points that may arise either include a warning or an error or information that is 

required to be amended as described further in Table 3.6. The most common issue encountered within this 

study included an error, with implausible thickness, whereby the dimensions were not imported, and the 

thickness of material was zero. This error was rectified by tracing the material and element ID to the Revit 

model to establish the thickness or volume.  
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3.6.2.2. Transfer from Revit to OCLCA 
 
The same Transfer from Revit to OCLCA as for the Rewardsco Building was followed to obtain the results 

for the Udemy Building. However, the mapping of materials was more intensive and required further 

assessment of materials. The hierarchy for mapping materials included firstly matching the material with 

the exact EPD from the manufacturer, if the EPD is unavailable, then select the closest match from 

manufacturers typically used in the country, and if that is not possible then select generic data from the 

same country or other countries. The majority of the building materials, such as the suspended ceilings, 

aluminium and insulation materials lacked local EPDs, therefore the author was required to compare the 

various materials from different countries and assess which material aligned best. Furthermore, although a 

localization factor was applied, there were various options to choose from. The criteria for selecting the 

closest generic match included examining the material description, qualities and its strength properties in 

accordance with the project requirements, thereafter prioritizing countries that had similar electricity 

generation factors to South Africa.  

 

The building energy consumption was calculated using the South African National Standard (SANS) 10400 

XA:2021: energy usage in buildings. The annual maximum energy consumption for the class occupancy of 

office buildings with a north-faced building orientation is 95 kWh/𝑚"/a. The annual water consumption 

was not included in the study and the transportation distances to the construction site were assumed based 

on the One Click LCA software assumptions. The LCA software imported 106 rows of data from the BIM 

model which reduced to 94 rows after grouping. It classified the information in accordance with their IFC 

classes, the data was grouped under the following classifications slab, door, external wall, foundation, 

window, beam, column, internal walls, finish and surface. It also included a classification termed other, this 

included information that could not be classified under a particular group, such as paint. 

 

The stairs, lighting and HVAC components were modelled on Revit, however, the OCLCA software did 

not automatically import them on the student version. The software imports the information based on the 

IFC class, and these components did not have material definition, to edit these parameters, would require a 

full version of the OCLCA software whereby the user can select which information should be imported. 

The components were subsequently not imported, however, the OCLCA software contained generic 

mappings for the elements based on the area of the building, these were subsequently included. For 

example, the software had mappings for stairs based on the number of floors and the material used to 

construct the stairs. Ultimately, generic mappings were utilized on the OCLCA software for the stairs, 

lighting and HVAC components.   
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3.7. LCA analysis and Environmental Profiles 
 
Once the integration steps outlined in Section 3.6 have been carried out and the data transferred to OCLCA 

meets the prescribed quality checks, the OCLCA software can conduct and provide a more accurate LCA 

analysis. The initial stage involves defining the goal and scope of the analysis in order to generate 

environmental profiles and conduct the improvement analysis. 

 

3.7.1. Goal and Scope of LCA analysis 
 
3.7.1.1. Goals of LCA analysis 
 
The goals of the LCA analysis were as follows:  

1. To quantify the environmental impact of both case studies over their entire lifecycles.  

2. To assess the environmental impact and identify potential hotpots for environmental impact 

reduction. 

3.  To develop an improvement analysis based on the potential hotspots for both case studies.   

4. To evaluate the potential integration of BIM and LCA in the local context. 

5. To create a link between BIM integrated LCA and the Green Star Rating Tool to establish a LCA 

weighting category. 

 
3.7.1.2. Scope of LCA Analysis 
 
A comprehensive LCA would ideally include all life cycle stages of a building as per EN 15978 standards 

illustrated in Figure 3.13, which shows the life cycle stages and the associated alphabetical and numerical 

nomenclature. The Product and Construction Process Stage of buildings range from A1-A5 and include the 

processing of raw materials, their transportation to the manufacturing plant, manufacturing, transportation 

of the material to the construction site and construction site activities. The Use stage of the building ranges 

from B1-B7 and include the operational energy use, operational water use, maintenance, replacement and 

refurbishments. The End-of-Life Stage range from C1-C4 and include the deconstruction, transport to waste 

site, waste processing and disposal of materials. The final stage, D, indicates the Potential Benefits through 

recovery, recycling and reuse of building materials, it is considered as supplementary information and is a 

cradle-to-cradle approach which becomes important for building circularity. However, for this research it 

has not been included in the scope. 
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schedule. This distinction arises due to insufficient information available regarding the maintenance 

schedule for the building materials. 

 
3.7.2. LCAs and the Generation of Environmental Profiles  
 

The LCA results are achieved through the classification of environmental impacts and the determination of 

which impacts are relevant. There are many environmental impact factors which are classified as midpoint 

indicators or endpoint indicators. These indicators may be described as a “cause and effect” type of 

relationship (Bare et al., 2012). The midpoint method defines the environmental impact, which is the cause, 

for example Global Warming Potential (GWP) and the endpoint describes the effect or the harm, such as 

human toxicity and cancer (Reap et al., 2008). The endpoint indicator is more difficult to quantify and has 

a higher level of uncertainty, it is for this reason that midpoint indicators and methods are predominantly 

used to quantify the environmental impact associated with buildings. These indicators may be determined 

through several methods which are not mutually exclusive and are dependent on the scope, application and 

geographical location. The most widely used characterization methods include the ReCiPe, TRACI and 

CML methods: 

 

• ReCiPe (Relevance and impact of characterization factors) – This method summarizes many 

indicator scores to 18 midpoint indicator scores and 3 endpoint indicator scores. It is mostly used 

in the SimaPro software and is product-based (Pré, 2023).  

• TRACI (Tool for the Reduction and Assessment of Chemical and Other Environmental Impacts) – 

This method has 7 environmental impact categories for buildings and is specific to the North 

American region (OCLCA, 2021). 

• CML (Center for Environmental Science, Leiden University) – This method has 6 environmental 

midpoint indicator scores for buildings and has global applications excluding the North American 

region. Endpoint scores can also be modelled; however, they are less precise and require more 

assumptions (Koch et al., 2022) 

 

The Life Cycle Impact Assessment (LCIA) method used in this research is the CML method (Leiden 

University, 2016). As mentioned in Section 2.5.4, the data is first classified in accordance with the impact 

category followed by characterization. The GHG contribution is converted to one reference unit using a 

characterization factor which summarizes each impact category resulting in one score. It includes 6 impact 

categories as shown in Table 3.8. Emphasis was thereafter placed on the GWP impact of the building and 

carbon dioxide equivalent emissions due to the prominence of the climate impacts. 
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GHGs for the overall project (OCLCA, 2021). To avoid misconceptions, the carbon dioxide equivalent 

emissions (tonnes CO"e ) from the project will be referred to as Global Warming contributions. 

 
3.7.3. Generation of Embodied Carbon Benchmarking  
 

The embodied carbon benchmarking of the OCLCA software evaluates the project’s embodied carbon 

dioxide equivalent emissions per square meter (according to the gross internal floor area) in relation to other 

building projects that have used the software (One Click LCA, 2021). The scope of the benchmarking 

adopts a cradle to grave approach that includes most of the life cycle stages (A1-A4, B4-B5, C1-C4) except 

operational energy (B6), the focus is predominantly placed on the environmental performance of the 

materials utilized in the building. To generate the benchmark values, the software relies on the data input 

of other building projects that have been submitted to the software. The data is aggregated in accordance 

with the building type (i.e., an office building) and with the geographical location (either regional 

benchmarking or country specific). There was no data available for South Africa, which led the author to 

assign a global region which had a sample size of 400 international office buildings.  The goal of the 

benchmarking is to provide users with a relative indication of how their building project performs in 

comparison to other buildings. This can help users identify areas for improvement and set targets for 

environmental embodied emissions. However, these global buildings might be situated (most likely) in 

other climatic zones and might only give a rough estimation for local benchmarking. Therefore, for this 

research only the procedure and the functionality in the BIM-LCA integration was tested and interpretation 

was limited.  

 

3.7.4. Improvement Analyses 
 
The improvement analysis for both the high and low LOD case studies involves changing the building 

materials and/or the material constituents to more environmentally friendly alternatives. The objective is to 

measure the extent of environmental impact reductions and assess the tool's effectiveness in achieving those 

reductions. The software includes a feature to provide alternative sustainable materials, however, if there is 

a lack of data in the region, no alternative materials will be recommended. It, therefore, relies on the user 

to apply their own knowledge of materials to be able to determine sustainable alternatives and assess how 

effective the sustainable changes are in reducing the environmental impact. To accomplish the improvement 

analysis, potential hotspots for environmental impact reductions were identified. Through the identification 

of potential hotspots, potential interventions are possible to reduce environmental burdens, these should 

then be compared to the original design to determine its efficacy.  
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One Click LCA does not calculate the energy performance of the building, Revit, however, can perform 

energy modelling and analysis with the addition of a plugin called AutoDesk Insight. Although, Building 

Energy Modelling (BEM) can be performed, this research focuses on the environmental impact of reducing 

the energy use rather than on the methodology deployed to achieve energy reductions. 

Therefore, for the purposes of this study, the following assumptions were made regarding the operational 

energy reductions:  

• Rewardsco Building (Low LOD and high certainty) – 10% reduction in operational energy, this 

value has been selected as the building has already achieved a 51% reduction in operational energy 

as per the Green Report, and the design remains fixed. Furthermore, a 10% reduction can still be 

achieved through mitigation measures and changes in behavior (Mantesi et al., 2022).  

• Udemy Building (High LOD and low certainty) – 50% reduction in operational energy, this value 

has been selected because the design has not undergone any improvements regarding 

environmental performance, therefore the potential to achieve reductions is higher. The reductions 

may be achieved through various measures which will be discussed in the next chapter. 

 

To generate the LCA of the improvement analysis, the following steps are involved for both case studies: 

• Identifying potential hotspots for environmental impact reduction. 

• Determining sustainable alternatives to the most contributing materials to global warming. 

• Research was conducted to explore operational energy reduction measures with the aim of 

identifying the most effective and feasible means to enhance the environmental performance of the 

two case studies.  

• Copying the As-Built Materials to a new design. 

• Editing the components therein to replace materials, resetting the LCA parameters accordingly and 

re-mapping where necessary.  

 
3.7.5. Additional features possible  
 
The OCLCA software also has other features included that allow for further calculations, this includes the 

Baseline feature. It refers to the starting point against which the environmental performance of a building 

or project is compared. It represents the conventional or standard condition and serves as a reference for 

evaluating improvements. By defining the baseline, users can assess the sustainability benefits of design 

choices and make informed decisions. The baseline is conducted during the initial stages, and it is during 

this conceptual phase that designers may potentially set carbon targets. 
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• The use of software and its interoperability – compatibility of Revit and OCLCA is assessed.  

 

The BIM-LCA dynamics and current practices within South Africa have been summarized through an 

extension of the interviews that targeted the professions previously mentioned in Table 3.1. with the 

addition of technical consultants from building material manufacturers. In addition to enquiring about the 

BIM software used, the interviews also focused on providing insight on the adoption of BIM, LCA, 

sustainable buildings and EPD availability in South Africa. These interviews were not designed to be 

statistically representative of the entire construction sector, but to give an insight on how BIM is currently 

used in the local context. These statistics were done by Mtya (2019) and support the BIM adoption, 

capability and maturity of consulting and construction companies in South Africa. The interview findings 

of this research were consolidated with previous research to determine the potential motivations and barriers 

for local BIM-LCA implementation.  

 
3.10. Assumptions, Uncertainties and Limitations 

Due to constraints in the study (including time and data), the research necessitated that certain assumptions 

be made resulting in a degree of uncertainty. 

 
3.10.1. Assumptions and Uncertainties 

The assumptions made in the research included:  

 
• The modes of transport were assumed based on the materials, for example, concrete was transported 

via a concrete mixer truck. 

• The transportation distances of the materials to the construction site were assumed to be 60kms for 

all materials in both case studies and the return trip for the transportation was omitted. These 

distances were assumed based on the Ecoinvent background data for transport. 

• The end of life which includes, the waste treatment scenario and default waste treatment method 

were also assumed for each individual material based on Ecoinvent background data.  

• Assumptions were made regarding the material choices for Case Study 2, these included: 1. An 

external cavity wall with EPS insulation 2. Internal walls with metal studs or timber studs and rock 

wool insulation 3. Roofing bitumen material 

• The energy consumption assumptions for Case Study 2 were made in accordance with SANS 10400 

based on the building class and energy zone. This results in average energy consumption values 

rather than exact values which introduces some degree of uncertainty to the results. 
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• In both Case Studies, material mapping assumptions were employed, utilizing primarily South 

African data while also incorporating global data due to data limitations. In instances where specific 

EPDs or regional South African data were lacking, materials were mapped to global EPDs that 

closely matched the properties of the respective materials.  

 

One of the contributors to uncertainty is related to the Rewardsco case study, the inclusion of only concrete 

in the Revit model and the consequent lack of other building materials, creates a large uncertainty regarding 

the embodied carbon dioxide emissions. However, this is typical of how Revit is used in South Africa. 

Another contributor to the uncertainty of results may be attributed to the assumptions made regarding the 

mapping of materials. Due to the limited data available in South Africa, mapping materials to the closest 

alternative creates a level of uncertainty because these alternatives might be produced slightly differently 

from the local ones. Although the generic data is inclusive of a localization factor to account for a lack of 

regional data, there remains a degree of uncertainty associated with it, partly due to the technological 

differences in the manufacturing of materials and the energy source used. In addition, the inclusion of 

predominantly European Building Data in the embodied carbon benchmarking introduces uncertainty, 

particularly concerning the average service life of the building, which is assumed to be 60 years. The 

OCLCA discloses the level of uncertainty associated with each material under its environmental profile by 

including the approximate percentage variation in dataset, termed Q Metadata. The Q Metadata adopts the 

Carbon Leadership Forum (CLF) methodology which calculates the variation associated with “product 

specificity, plant specificity and manufacturer specificity” for a given data point (OCLCA, 2021).  

 

3.10.2. Limitations 
 
The limitations are divided in accordance with the Case Studies investigated. The limitations that 

constrained Case Study 1, the Rewardsco Building, predominantly include a lack of data. These are further 

summated as:  

• Lack of construction site activities data – Attempts to obtain this data have been made with the 

contractor, however, there was a lack of interest and motivation to provide such information. 

• Lack of Bill of Quantities (BOQ) – The BOQ would have disclosed the material manufacturers and 

the material quantities. It was planned to use this to check the Revit calculated BOQ. It would have 

provided an extra check in the modelling process. Numerous attempts were made to obtain the 

BOQ from the Quantity Surveyor, however, they were contractually obligated to seek permission 

from the client (commercial developers) when sharing any information. Although a non-disclosure 

agreement was signed by the author, details regarding the BOQ were not obtained.  
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• Lack of transportation distances – Due to the lack of manufacturer details, the transportation 

distances could not be determined which lead to their assumptions as discussed in Section 4.10.2. 

• Lack of real-time energy consumption data – The Rewardsco Building had sub-meters installed 

and attempts to obtain electricity and water consumption data were made, however, the tenants also 

required the approval of the owners of the building (commercial developers), which was 

subsequently not granted.  

• Lack of maintenance and replacement data - Attempts to obtain this information were also made 

but to no avail. Therefore, informed assumptions have been made based on literature. 

• Lack of water consumption data - The OCLCA software also includes a water consumption input 

possible in the operation stage, however this was omitted from the study.  

 

The limitations due to Case Study 2, Udemy Building included:  

• Lack of empirical data – The fictitious nature of the study resulted in a lack of manufacturer details, 

a lack of transportation distances, energy consumption and maintenance data. This resulted in 

certain assumptions being made, for example, the energy consumption data further discussed in 

Section 4.10.2. 

• Lack of contextualization – The building was not modelled in accordance with the South African 

climate, i.e., the insulation materials utilized could have been more specifically tailored to suit the 

eThekwini region.  

 

General Limitations:  

• Lack of South African EPDs - The manufacturers data would have facilitated the data mapping 

process, allowing the user to link the materials to the EPD. However, the lack of South African 

EPDs remained a large limitation to the study. South Africa is still developing in its technological 

advancement and sustainability efforts, therefore, there is limited EPD data. The author discovered 

that there were only four South African EPDs available on the OCLCA database, all from the 

manufacturing company Saint-Gobain Africa. These included EPDs for plasterboard, mineral wool 

and glass wool insulation. However, upon reaching out to Saint-Gobain Africa directly, the author 

learned that there were actually two additional EPDs that were not listed on the OCLCA database. 

Subsequently, the author contacted OCLCA to request the addition of these EPDs to the database. 

• One Click LCA limitation - The inability to see calculations on the OCLCA software, resulted in 

researching and re-calculating several values for validation.  

• Although the software includes the maintenance and replacement lifecycle stage it is more a 

reflection of the replacement stage determined through the service life of materials.  
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3.11. Summary of Methodology 
 
The research objective set out to address how the integration of BIM and LCA could be used to decrease 

the CO" equivalent emissions in office buildings as well as establish a BIM-LCA criteria for Green Star SA 

incorporation. The methodology described in this chapter employed a sequential mixed approach through 

the initial collection of data, industry software assessment, case studies and a comparison of GBRTs to 

provide an estimation on the Green Star SA criteria. The methodological approach is considered sufficient 

to analyze the CO" equivalent emissions and provide an improvement analysis to the case studies to assess 

potential emissions reductions. However, the primary limitation of the methodology was the limited 

availability of data in South Africa. To address this, the OCLCA tool provides generic data to supplement 

the analysis. Although the data limitation and the assumptions made throughout the study introduced some 

level of uncertainty, given the study's objective of investigating BIM-LCA integration for sustainable 

building design, the level of uncertainty was deemed acceptable. As more studies of this nature are 

undertaken, as well as through internal and international drivers, it is hoped that more data will be collected 

for South Africa leading to future studies that are more locally representative. 
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Chapter 4 – Results and Discussion 
 

4.1. Introduction 
 
This chapter presents the data findings and analysis of the LCA results obtained from the OCLCA software 

using the methodology described in the preceding chapter. It endeavors to assess the efficacy of the BIM-

LCA framework and whether it is feasible for civil engineering designers to use it as a sustainability tool. 

It provides the LCA results for the two case studies and their respective scenarios. It includes the 

identification of potential hotspots, environmental profiles, carbon dioxide emissions of the buildings per 

life cycle stage as well as the most contributing materials. The results were compared to literature to gauge 

their validity. An improvement analysis is also included. Furthermore, the results of the analysis, the 

framework and the shortcomings were assessed and compared to literature. The implementation of BIM- 

LCA integration within South Africa was examined and compared to other countries and the associated 

challenges summated.  

 

4.2. LCA Results and Discussion 
 
4.2.1. Rewardsco Building LCA Results  
 
The Rewardsco Building had a low LOD, with the only building material modelled being concrete of 

variable strength (i.e., normal strength 30Mpa and high strength 60 MPa). The overall data quality of the 

Rewardsco Building had a low grade of F (see Section 3.6.1.5) due to incomplete materials, and the user 

found inconsistencies in the material quantities exhibited between the Revit model and the OCLCA 

software. The LCA software doubled the area quantities of the BIM model and in many cases, the 

thicknesses of materials were 0. This issue was rectified by creating material takeoff reports on Revit for 

all elements and re-entering the volumes for the building materials on the LCA software. After rectifying 

the issue, the final overall grade was D due to the low number of materials, and a single dominant input of 

concrete. 

 

Table 4.1 presents the LCA results for each impact category in accordance with its lifecycle stage. The 

"Construction materials" or product stage (A1-A3) and the "Energy consumption" or operational stage (B6) 

are identified as the most important environmental contributions, with the former having the highest 

environmental effect across all impact categories. The lowest contributions across all categories may be 

attributed to the “End-of-life stage” (C1-C4) and “Transportation to Site” (A4).  The distance for A4 was 

set at 60kms using a concrete mixer truck, and although emissions were considerably low, the author notes 
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The transport (A4), waste transport (C2) and waste disposal (C4) make up the smallest portion of the global 

warming impact, when combined equate to only 0.58%. Petrovic et al., (2018) also found that the lifecycle 

stages A4 (transportation) and C1-C4 (end of life), had smaller impacts when compared to A1-A3 

(materials) and B1-B5 (maintenance and replacement), however, these were determined for single family 

houses in Sweden. In a more suitable context with reference to office buildings, Najjar et al. (2017), 

confirmed that the most environmentally impactful lifecycle stage was the operational one followed by the 

construction of materials. The study compared the difference between modern building materials (Type A) 

and typical building materials (Type B), the B6 (energy use) contributed 86% and 95% of the global 

warming potential. The A1-A3 (materials) contributed 10% and 4% for Type A and Type B respectively. 

Therefore, the results obtained even by modelling a low LOD building with an incomplete material list in 

Revit produced LCA results of the same order of magnitude as in the literature. This shows that even 

incomplete Revit models as those used in South Africa might have value when used for a BIM-LCA 

integration for concrete dominated buildings. 

 

Scenario I had a carbon dioxide equivalent emission of 223.42 Kg per square meter per year. which may 

be compared to the emissions found in the Green Report provided by Solid Green Consultancy (Appendix 

6). The Actual Building and Notional Building reported carbon dioxide equivalent emissions of 209.20 and 

287.50 (Kg CO"e /m"/yr) respectively. The Notional Building was higher than the results found in Scenario 

I by 64.08 	Kg	CO"e	/ m"/yr, this is due to the Notional Building having a higher energy consumption 

value which did not include any sustainable measures. And Scenario I was higher than the Actual Building 

by 14.22	Kg	CO"e	/ m"/yr due to the addition of embodied energy attributed to the concrete. If other 

materials were included in the case study, the values expected would be even higher, as this result is an 

underestimation. The proximity of values, however, observed in Scenario I and the Actual Building results 

indicate that the OCLCA tool is reliable. The author found that the proximity was attributed to the use of 

the same electricity environmental impact factor from the Ecoinvent Database of 1.2 KgCO"/kWh.  

 

Figure 4.2 presents the embodied carbon benchmark for the concrete used in the Rewardsco Building, which 

is assigned a Grade E ranking and has a CO2 equivalent emission per square meter of 718 (kg CO"e/m"). 

If other materials were included the emissions would have been higher. The emissions for concrete is still 

considered relatively high and the author found that the elevated value is closely linked to the environmental 

impact factor associated with concrete. According to the OCLCA software, the Global Warming Potential 

(GWP) of producing concrete with a strength of 30Mpa is reported as 270.88 kgCO2e / m3. It's worth noting 

that the most recent available data on the GWP of concrete production in South Africa dates back to 2010, 

which is considered outdated according to EN standards. However, this data indicated a GWP value ranging 
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between 215 and 240 kgCO2e / m3 for a typical concrete mixture (Theodosiou, 2010). Therefore, given the 

expired nature of the South African concrete data, it is challenging to definitively determine whether the 

GWP value of 270. 88 kgCO2e / m3 was overestimated. It can, however, be likened to China, a country that 

also relies heavily on coal produced energy, the concrete GWP in China equated 270 kgCO2e / m3 (Miller 

et al., 2016).  

 

 
 
 
 

 

 

 

 

 

 

It is also important to note that the embodied carbon benchmark calculates the service life of the building 

as 60 years, regardless of the input, this creates an uncertainty in results, due to the service life of the 

Rewardsco Building being 50 years. Furthermore, the benchmark is based on global data with a sample size 

of 400 office buildings, this global data, however, is predominantly from Europe and excludes South Africa 

and African countries in general. This is due to the largely limited use of the software in the African region. 

The benchmark is dependent on the users input to create a sample size; it is, therefore, considered important 

for Africa to engage with the OCLCA software to be able to create a more accurate embodied carbon 

benchmark for the local context. Hence, currently, this calculation is only of limited value in the country 

but it can gauge how local buildings compare with international ones with regard to GHG from different 

life stages of a building. 

 

After interpreting the environmental scores based on the incomplete material inventory of the Rewardsco 

Building, the potential hotspots for environmental reduction were identified as:  

1. Reducing the Energy Consumption of the building – by switching off appliances outside of 

working hours. Alternatively, energy could be reduced by creating a flexible working schedule 

where occupants could work remotely from home on certain days where feasible.  

2. Sourcing more environmentally friendly concrete - Concrete is made up of coarse and fine 

aggregates, water and cement. The bulk of carbon dioxide emissions associated with concrete is 

due to the production of cement which is highly energy intensive (Muigai et al., 2012).  Therefore, 

Figure 4.2: Embodied carbon benchmark for Rewardsco Model 
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materials in walls. The research found that the GWP for walls and curtain mullions in modern buildings 

were 80% whereas typical buildings were 57%; however, the curtain walls fared better in the demolition 

phase due to its high recyclable potential. Furthermore, the curtain wall panels decrease the energy 

consumption of a building by increasing the natural lighting (Liu and Wang, 2000). These trade-offs need 

to be further investigated in the local context. 

 
Finally, the maintenance and replacement (B1-B5) life cycle stage had a 3.7% impact on GWP. The impact 

is predominantly due to B4 – the replacement of materials because of the short service life of certain 

materials. The metal framing components for gypsum and the steel ceiling baffle system with acoustic 

inserts had a service life of 30 years or lower. Although there are various techniques to prolong the service 

life of materials, it is highly recommended to select suitable materials during the onset of the project that 

have a high service life and can thereafter potentially be recycled.  Overall, the embodied carbon benchmark 

ranked the materials with Grade E as shown in Figure 4.5. and the embodied carbon dioxide equivalent 

emissions of the materials equated to 770 kg CO"e/𝑚". The improvement analysis therefore aims to 

improve on this ranking based on identifying the potential hotspots for environmental reduction.  

 

 

 

 

 

 

 
 

 

 

 

The potential hotspots based on the environmental profile, lifecycle overview and most contributing 

materials for the Udemy Building were identified as: 

1. The operational energy phase (B6) had the highest impact on the lifecycle: Recommendations to 

improve the operational energy phase have been provided in the Improvement Analysis, however, 

to be able to see the improvement measures would require an energy simulation on a BEM software, 

which is not included in the scope of this study. However, the author explores a 50% reduction of 

the SANS code in energy consumption to determine the GWP impact.  

Figure 4.5. Embodied carbon benchmarking of materials for Udemy Building 
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2. The material stage had the second highest (A1-A3) impact: concrete, steel, steel ceiling baffle 

system and the metal framing components used for the internal walls were the identified hotspots. 

The steel ceiling baffle system with acoustic inserts had a short service life span of 12 years 

according to the EPD, it was therefore considered a hotspot. It can, however, be prolonged through 

various measures such as coating and surface protection, nevertheless, it is generally recommended 

to select materials that have a longer service life. The metal framing components were also 

considered a hotspot because of the shorter life span of 30 years. The metal studs in the internal 

walls had a relatively high ODP value, it was considered essential to find a sustainable alternative.  

 

The improvement of the theoretical building was accomplished through material substitutions and the use 

of recycled content. The OCLCA software has a feature to show users sustainable alternatives to the most 

contributing materials of GWP. This feature, however, is very limited for the localized context and showed 

no benchmarked alternatives for the materials selected in the project. Therefore, the user incorporated the 

following changes based on the identified hotspots:  

• The metal studs in the internal walls were substituted with wood studs which have the same strength 

properties.  

• The steel ceiling baffle system was substituted with another steel ceiling system that had a lower 

density and no acoustic inserts. 

• The recycled content in binders for concrete increased by 30%, which according to Tereza, (2018), 

is the optimum amount of recycled content that does not affect the strength properties.  

• 97% recycled steel was used. According to the European Steel Association, steel is 97% recyclable. 

The “SA metal group” is one of the leading metal recyclers in the region that recycle steel by re-

smelting from scrap yards. It is therefore technically feasible for South Africa to use 97% recycled 

steel in reinforcement, provided that it is re-smelted to create new steel with specific strength 

properties. 

The 50% reduction in energy consumption calculated using the SANS code may be achieved through the 

implementation of various measures which include the installation of: 

• Energy efficient air-conditioners and heating equipment 

• LED lights as opposed to incandescent or fluorescent lights 

• Sensors that switch off lighting, computers and office equipment after hours 

• Solar panels to reduce the dependency on non-renewable sources of energy 

• Sub-monitors to track the expenditure of energy and find potential hotspots to reduce energy 
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to the nature of the building which depends heavily on concrete. The importance of the material, however, 

should not be overlooked. Various studies have determined that concrete is the major contributor towards 

emissions especially in concrete frame buildings, whereby it accounts for 70% of carbon dioxide emissions 

among major building materials (Bhagat & Savoikar, 2021). Overall, both case studies, despite the varying 

LOD, showed the major lifecycle contributors to be energy consumption (B6) and construction materials 

(A1-A3). Previous research on similar buildings also confirms that these are the most influential lifecycle 

stages (Carvalho et al., 2020; Najjar et al., 2017). The percentage contributions from the case studies 

investigated are within the range of those calculated in the literature (see Table 2.1) for energy conventional 

buildings in general and Rucinska et al. (2020) for office building emissions. The transport and end of life 

stages are low contributors, both of which are not affected by the LOD of the Revit model. Therefore, it 

may be said that, regardless of the LOD, the BIM-LCA framework was effective in determining the most 

influential lifecycle stage, given the dominant quantities concrete in a concrete-frame building and the 

associated environmental impacts calculated. Nonetheless, LOD is considered important in providing more 

accurate LCA results, especially in the case of Green Building Certification which will be further discussed 

in Section 4.3. Further research is needed to determine whether the same conclusion is valid for steel frame 

buildings and other types of buildings.  

 
4.2.4. Additional features - Baseline 
 
The baseline for the Rewardsco Building, Scenario I, was determined because it had a low LOD and limited 

number of materials. The carbon footprint of the baseline yielded a result of 492 Kg CO"e /m". It showed 

that the element contributing the most to the carbon footprint was attributed to the floor slabs. For the 

Rewardsco Building, the floor slab is made up of 300mm concrete with no specifications regarding 

insulation. However, the OCLCA tool automatically simulated a floor slab with 300mm concrete and 

250mm thick EPS insulation as per European data. This shows that the carbon footprint for the Baseline is 

over-estimated due to the thickness of insulation. It also underlines that local conditions and designs are 

important for accurate LCA results when using BIM-LCA integration. The second element contributing the 

most to a high carbon footprint is the external walls which are automatically generated according to 

European data and common practices. The components of the Baseline’s external wall consist of brick with 

running bond, masonry mortar, 50 mm mineral wool insulation, brick with running bond, masonry mortar, 

render, smoothed and painted and paint. Whereas the external wall components for the Rewardsco Building 

described in the Green Report are 230mm bricks and a curtain wall assembly. This figure further 

demonstrates the over-estimation of the Baseline and again highlights the importance of local data in the 

BIM-LCA integration.  
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It is important to note, that the Baseline values may be amended to suit the project, the author initially 

sought to ascertain how accurate the Baseline would be when set to the parameters of an “International 

Reference Building”. The results determined that the Carbon Designer tool favored European data and 

common practices, even when changes could be made, it included components and materials specific to 

Europe. The author then amended the Baseline to suit the project by correcting the floor slabs and removing 

the EPS insulation and changing the external walls to bricks and a curtain wall assembly with aluminum 

frames as per the Rewardsco Building. The updated carbon footprint of the Baseline then increased to 555 

Kg CO"e /m" and the most contributing material then became the external walls followed by the floor slabs 

as shown in Figure 4.7. The external walls subsequently had the highest impact due to the curtain wall and 

the most contributing material was the aluminium frames. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Further research is needed to calculate the influence of changes in the initial design of a building and the 

consequences for the energy consumption of the operation stage of that building, for example, what would 

be the energy savings from the natural lighting as opposed to the higher emissions from using glass and 

aluminium in the design construction. 

 

Figure 4.7. Updated Carbon Footprint of Baseline by Elements (Tonnes 𝐶𝑂!e) for the Rewardsco Building 
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considered low due to missing material information, it therefore presents as an under-estimate of LCA 

results.  

 

The construction design phase, with an LOD of 400 has 95% of the material information contained in the 

BIM model. For the Udemy Building, the majority of the material data was included, the energy 

consumption data was determined using SANS codes and the GIFA was known. This phase presented a 

higher level of reliability in terms of LCA results. There is, however, a contradiction to this rule when using 

the OCLCA software. The software does not recognize composite materials, that is, when modelling 

elements such as the internal wall, it is recommended to model them solely using one material and thereafter 

mapping them accurately in accordance with all the materials used. For example, the internal wall may 

include metal studs, however, the metal studs are not required to be modelled on Revit, the OCLCA 

software will contain the accurate material information such as “gypsum plaster boards with metal studs 

and rock wool insulation” which can then be mapped to the project. 

 

In general, when there is a lack of specific material information or EPDs, placeholder materials are used to 

determine the LCA results. This may present over-estimated or in some cases under-estimated LCA results. 

However, as building projects progress and definitive information regarding materials, energy and water 

consumption as well as the end-of-life phase are determined, the validity of LCA results increase. Based 

on the relationship of LOD and the validity of LCA results, the author recommends that the ideal LOD 

required for Green Star South Africa (GSSA) accreditation should be 300, which has also been 

recommended by Soust-Verdaguer et al. (2017). An LOD of 300 includes 90% of the materials defined and 

the load bearing system dimensioned, thereby increasing the reliability of LCA results. An LOD of 300 and 

above should be awarded one point in the GSSA accreditation for reliability of LCA results. 

 

However, given that South Africa is in the process of BIM adoption, and that most BIM projects have an 

LOD of 200 (according to the limited/large companies using BIM), it is recommended that the LOD for 

accreditation be between 200-300 within the local context. This recommendation aligns with the MCDM 

principle of the experiential learning cycle proposed by Kolb and Fry (1975). The cycle begins with the 

introduction of a concept, followed by taking action and gaining practical experience. It emphasizes the 

importance of revisiting the initial concept to make improvements based on the acquired experience. 

Therefore, by including an LOD of 200-300 for South African accreditation, it simplifies the LCA process 

for consultancies, allowing for more professionals to investigate the LCA of buildings.  
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A total of 3 points can be achieved for the pursual of building LCA using BIM, based on the CML method 

of Life Cycle Impact categories which highlights the 6 impact categories as: Global Warming, 

Acidification, Eutrophication, Ozone Depletion, Formation of Ozone in the Lower Atmosphere and Total 

Use of Primary Energy (excluding raw materials). The scope boundaries of the LCA criteria should be 

based on EN 15978 standards, with the following mandatory life cycle stages A1-A3 of the Construction 

Materials and B6 of the Use Stage of the building and an LOD of 200 - 300.  Based on the criteria, the 

Rewardsco Building, for example, would receive 2 points for reducing the environmental impact by 10%. 

These points are based solely on the 10% energy reduction investigated in this study, and not based on the 

51% energy reduction achieved prior from the Green Star Report (attached in Appendix 6). The Udemy 

Building would receive a total of 3 points for reducing the environmental impact by 50% and an additional 

point for conducting the LCA with an LOD of 300.  

 
4.3. Discussion on BIM-LCA 
4.3.1. Findings from interviews 
 
The interviews were conducted on an informal basis and involved a limited sample size of 9 participants. 

These interviews had two primary objectives: firstly, to gain insight into the current dynamics of BIM in 

South Africa, including the identification of the most commonly used software; and secondly, to explore 

the factors contributing to the adoption of BIM and sustainable buildings in the country. The findings 

revealed that the limited use of BIM may be attributed to the following: 

4.3.1.1. Dependency on conventional 2D software: Person G highlighted that international and 

large engineering consulting companies use BIM software, while smaller engineering 

firms still rely on 2D software like AutoCAD due to its familiarity. Mtya (2019) and Marsh 

et al. (2021) have also mentioned that the lagging progression of BIM adoption may be 

due to the reliance on traditional workflow and 2D software.   

4.3.1.2. Varied software preferences: Despite Revit being a collaborative tool and the most 

widely used tool, the interviews indicated that there are still diverse software preferences 

exhibited within the industry. Different disciplines within the industry utilize software 

tailored to their specific tasks.  For example, environmental engineers rely on 

DesignBuilder for energy performance, thermal performance and daylight, while 

structural engineers use TEKLA for analysis. This can create collaboration challenges and 

training challenges, resulting in workflow inefficiencies (Person A and Person I). While 

the use of the IFC format helps mitigate some of these challenges, it is not a perfect 

solution (based on the author’s experience). In certain cases, the IFC format can lead to 



 

98 
 

data loss, changes, or file corruption, which can impact the integrity of the transferred 

files. 

4.3.1.3. Lack of knowledge and expertise: The interviews pointed out that there is a lack of 

knowledge and expertise in utilizing BIM effectively, especially on site (Persons A, B and 

H). According to Person B there are instances where contractors on site do not understand 

the 3D models and how to implement it, this results in further clarification and 

subsequently time delays. This conclusion has been substantiated by numerous 

researchers, highlighting it as a major barrier towards BIM implementation (Akintola et 

al., 2017; Mtya, 2019; Onososen and Musonda, 2022; Tabesh, 2015) 

4.3.1.4. Lack of involvement between disciplines: Environmental design is considered the sole 

responsibility of environmental engineers, and civil engineers are often not involved in the 

environmental design process, for example, there are few structural engineers that are 

certified as Accredited Professionals with Green Star SA (Person E). From an interview 

with Person D, incentives should be offered by consulting companies to ensure that more 

civil engineers partake in environmental courses in a professional capacity. 

4.3.1.5. Cost and hardware requirements: Advanced usage of BIM requires expensive hardware 

and substantial computer processing power, which can be a barrier for widespread 

adoption, especially for smaller firms (Person G and Person B) 

4.3.1.6. Client priorities and costs: The interviews revealed that clients may be reluctant to incur 

additional costs associated with BIM designs, considering them expensive and not a 

priority within their project budgets (Person C; Mutingwende, 2019) 

 
Apart from the limited interview participants listed in Table 3.1, the author also contacted a small sample 

of manufacturers in South Africa, specifically Sika Africa and Saint-Gobain Africa. The purpose was to 

gain insights into the factors contributing inadequate availability of EPDs in the country. The interview 

participants included a technical consultant from Sika Africa and the head of technical support and 

commercial academy at Saint-Gobain Africa. The common consensus between the participants regarding 

the lack of EPD data included the following factors: 

• Low market demand: There is currently a relatively low demand for EPDs in the South African 

market, with sustainable consultants being the primary proponents of such requests. The focus in 

the industry is predominantly on operational carbon rather than embodied carbon, which impacts 

the demand for EPDs. However, it is notable that Saint-Gobain Africa has set a target of generating 

EPDs for 100% of their product range by the year 2030 and have partnered with the OCLCA tool 

to generate more EPDs. 
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prefer printed copies of 2D drawings, they are however, willing to adopt digital transformation if they 

receive the proper guidance (Yang et al., 2021). In addition, effective and proficient project management is 

essential towards maximizing the benefits of BIM (Tariq and Gardezi, 2023). The Rewardsco model, for 

example, was fragmented and had many different users working under many different folders, thereby 

increasing the size of the project and increasing the computer processing power required to open the model.  

 

Other benefits of the framework include simplifying an otherwise time-consuming task to quantify the 

environmental impact of buildings with the added advantage of regional customization (Grossi et al., 2023). 

The framework can be used on many levels, under numerous disciplines of the building process. It can be 

used on a small scale to determine an eco-friendly alternative to a building material, or on a larger scale to 

determine the entire life cycle impact of a building. With respect to its affordability, the cost of the OCLCA 

software is dependent on its purpose and the user, detailed LCA reports require expert licenses which can 

be expensive. Light versions that are more affordable exist for commercial purposes; these produce the 

same reliable results as the expert licenses without some of the additional features (OCLCA, 2021). Student 

versions are free, which is an indication of OCLCA’s dedication to educational progress and instilling the 

principles of LCA in the upcoming generation of designers. However, the student version only lasts for one 

year, an extension may be granted upon request, but it does not allow the user to make any changes to the 

building project. Furthermore, the student version does not have access to help or training, any questions 

submitted to OCLCA by email or other means, are responded to with a request to acquire a light commercial 

version. 

 

The advantage of incorporating BIM with LCA in general, include saving money on otherwise costly 

mistakes that appear as the project progresses, by having a BIM model with a high LOD and running clash 

detections, designers facilitate the building construction process by ensuring that there is data continuity 

between lifecycle phases and that construction material is not wasted. Subsequently, by conducting an LCA 

of the BIM model, the environmental impact of materials may be easily ascertained, and any changes may 

be applied through an iterative design process to reduce impact. However, the iteration process requires 

collaboration between all disciplines of the construction sector to select environmentally friendlier 

materials. It requires the knowledge of architectural components, structural integrity and environmental 

consequences. Furthermore, the selection of these materials, especially in developing countries such as 

South Africa, is heavily dependent on the associated costs.  

 

 The overall advantages of the framework may be summarized as:  
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• Provides designers with sustainable material alternatives – The OCLCA software shows the 

ranking of materials, highlighting materials that are environmentally detrimental with a red 

mapping and for those that are environmentally friendly with a green mapping It also determines 

the carbon dioxide equivalent emission reductions that can be achieved by changing materials or 

the design of the building. This feature however is very limited for South Africa because of the lack 

of construction material data. 

• Promotes environmental consciousness – The use of the OCLCA software does encourage the user 

to prioritize environmental reductions where feasible.  

• Shows precision planning for achieving sustainable building goals – OCLCA software aids in 

establishing sustainable building targets by having an embodied carbon benchmark feature. The 

benchmark however is dependent on a local sample size, and is therefore not efficient for South 

Africa, because of the limited use of the software.  

• The LCA software is compatible and includes the integration of many other software including 

BEM.  

• Time efficient – LCA results are obtained relatively quickly if there is consistent nomenclature 

when mapping. 

• User-friendly interface - LCA results are visually represented in the form of graphs and can be 

understood by non-LCA experts.  

 

4.3.4. Disadvantages of the BIM-LCA framework 
 
The BIM-LCA framework is a valuable initiative to determine the GWP of buildings and other impact 

categories, however, it is important to note the disadvantages that may be encountered. The first 

disadvantage includes an inconveniency with respect to the Revit Software, as different versions of Revit 

cannot be used interchangeably, especially in the case of opening a newer version of a Revit model on a 

later version. This means that if a user is operating with Revit version 2023, the model will not open on 

Revit version 2021.  The user can over-ride this issue by saving the model using Industry Foundation 

Classes (IFC), however, the IFC often degrades the quality of the model which can affect the accuracy of 

material quantities. Other disadvantages include data importation errors with respect to composite 

materials, the LCA software does not import the quantities of the composite materials proficiently, often 

resulting in double quantities or quantities with 0 mm thickness. The user will then be required to conduct 

material takeoff reports on Revit to ascertain the quantities of materials and validate them on the OCLCA 

tool. This increases the time consumed to conduct checks and validate the material quantities. Another 

drawback identified by the author is the significance of precise semantic labeling of building materials in 
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Revit. If the labeling is incorrect or the language too generic and not adequately specified, the LCA software 

will flag it with a warning or error.  

 

Veselka et al. (2020), maintained that the two essential features of creating a BIM model for the purposes 

of LCA is the appropriate BIM management and Employer’s Information Requirements (EIR). The 

Rewardsco case study had a low LOD, although it was a developed design, the structural BIM model was 

not created for the purpose of conducting an LCA and it was not a part of the EIR. The Revit model lacked 

the structural reinforcement, the architectural components and MEP components. According to the 

interview findings, the structural reinforcement modelling is a laborious and a time-consuming process, 

that would involve additional compensation from the client. It is for this reason that Revit projects in South 

Africa, are often modelled primarily for the purposes of 3D visualization, as opposed to a project 

management tool. It is, hence, considered a major drawback of the framework when a higher LOD is not 

requested. BIM models that lack sufficient data may be compensated for by manually adding the materials 

into the LCA software, this however, also becomes time consuming. Other disadvantages of the framework 

include a lack of standardized guidelines that govern data. There are European Standards and ISO standards 

that govern various aspects of data especially when it comes to EPDs. Therefore, the lack of standardization 

provides a variance in results and does not allow for objective comparisons of different buildings. It is, 

subsequently, recommended that a standardized guideline be created that takes into consideration the 

various climates and regions. 

 

Lastly, a lesson learned from the application of the framework in South Africa is an unwillingness to share 

building data due to confidentiality issues, the reasons for which can only be assumed by the author as a 

lack of motivation. An unwillingness to share data compromises the reliability of LCA results. Furthermore, 

South Africa lacks an efficient EPD database that provides invaluable insight on construction materials and 

processes, insufficient data serves as one of the greatest barriers to the implementation of the BIM-LCA 

framework. 

 
4.3.5. Motivations and barriers of BIM-LCA integration in South Africa 
 
The results determined that the BIM-LCA framework is a useful tool in reducing the environmental impact 

of buildings and may serve as motivation to the building industry to develop more sustainable building 

designs. It aids in developing building improvement analyses and determining sustainable alternatives to 

materials. Ultimately, it provides decision-makers with the information required to reduce carbon dioxide 

equivalent emissions of the various lifecycle stages of a building. It also serves a motivation to reduce 
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energy consumption and given the current energy crisis of South Africa, whereby electricity blackouts are 

experienced, reducing the energy consumption presents significant advantages and financial savings.  

 

However, in South Africa's current state, the framework cannot be fully utilized to its potential due to the 

lack of sufficient data and the insufficient BIM-LCA competency among users. Overcoming these barriers 

necessitates a paradigm shift in the conventional design process of buildings, which entails the active 

involvement of key stakeholders. To address the challenges and successfully implement a whole-life cycle 

approach to building design in South Africa, the following measures should be implemented: 

• BIM-LCA platform – A platform can be established to foster collaboration and knowledge sharing 

among material manufacturers, building industry professionals, and Green Star SA. It would serve 

as a hub for guidelines and best practices related to BIM-LCA implementation. 

• Education and awareness – Targeted outreach programs and the introduction of BIM and LCA into 

tertiary institutions, may instill positive practices in the future generation of decision-makers. 

• Investment – Through investments, more research may be conducted in the field which will 

subsequently increase data availability in South Africa.  

• Incentives – Companies and Consultancies may be provided with extra Continuing Professional 

Development (CPD) points for undertaking environmental courses and becoming Accredited 

Professionals (AP) with GSSA. 

• Policies – The implementation of mandatory regulations are effective towards transformation 

especially in developing countries (Akintola et al., 2017). However, it is considered too early to 

implement legislation regarding the LCA of buildings in South Africa given the inadequate EPD 

data of construction materials. Hence, the government may implement mandates for manufacturers 

to provide EPD data of construction materials.  

 

 
4.4. Summary 
 
The results of the study involved using the BIM–LCA framework for the assessment of the environmental 

impact of two case studies, with a specific focus on GWP. The most critical stages in the life cycle of 

buildings are related to the materials stage (A1-A3) and the operational use stage (B6). To achieve less 

carbon emissions, it is crucial to prioritize the reduction of emissions in these life cycle stages. For the 

improvement analyses, the operational energy reduction varied between the two case studies, with 

reductions of 10% and 50% respectively. This resulted in corresponding environmental impact reductions 

within a similar range except for the ODP impact category. Therefore, the application of the BIM-LCA 
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framework to determine the potential environmental impacts of (concrete-dominated) office buildings has 

produced valid LCA results even when the LOD of the BIM model used was low and not all materials were 

included. The range of results for both case studies were consistent with published literature for similar 

buildings. The integration of BIM and LCA highlighted the importance of local data and the need to access 

such data. 

 

Another aspect of the results section examined the Green Star certification process, focusing on the 

relationship between LOD and result reliability, and aimed to develop LCA criteria for Green Star SA. This 

criteria serves as a valuable starting point for promoting the adoption of BIM-LCA in South Africa. Overall, 

the framework proved to be effective in quantifying and mitigating the environmental impact of buildings. 

The advantages and disadvantages were extensively discussed, and a way forward was proposed. 
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Chapter 5 – Conclusion and Recommendations 
 

5.1. Introduction 
 
In this final chapter, the research aims, and objectives are revisited, emphasizing the steps taken to 

accomplish them. It presents a summary of the key findings, emphasizing the main outcomes and draws 

conclusions based on the findings. Recommendations for improving similar studies and for future research 

endeavors in the field are also included. 

 

5.2. Summary of Results 
 
The BIM LCA framework employed in this research has proven that it is a viable approach that can be 

employed in the local context to quantify and assess the environmental impact of buildings. Through its 

implementation, it has the potential to contribute to the environmental improvement of buildings. The study 

employed a local case study that represented the typical standard of BIM models utilized in South Africa, 

specifically a BIM model with a low LOD of 200. It included only the fundamental geometry of the building 

with steel and other materials missing. A theoretical building case study based on a Udemy course outline 

that encompassed all building materials was also investigated. The significance of utilizing a building with 

a low LOD provided a more accurate depiction of current BIM practices in South Africa whereby to produce 

a high LOD BIM model that included structural reinforcement and finishes would require additional 

compensation from clients. Therefore, economic restrictions and the lack of expertise inhibit the maturity 

of BIM models in the local context. 

 

This study has revealed, through the LCA analysis of the two case studies, that the building’s operational 

energy phase (B6) is the highest contributor to global warming, primarily because buildings have a long-

life span. This is in line with findings from other studies included in the literature review. In addition, South 

Africa is heavily reliant on coal produced energy resulting in a high environmental factor and proportionally 

increasing the carbon dioxide equivalent emissions, ranking South Africa the 14th highest contributor of 

carbon dioxide emissions in the African continent. The materials phase (A1-A3) was the second highest 

contributor to global warming highlighting the significance of selecting sustainable materials. This 

conclusion is valid even for the low LOD case study where significant materials were not included. The 

embodied carbon dioxide equivalent emissions could be decreased through an improvement analysis 

whereby, recycled contents could be added to the material constituents. Concrete had the highest global 

warming potential for both cases followed by steel in the case study where it was included. Concrete is 

ubiquitous in building construction, contributing to emissions due to its vast quantity; while steel is used 
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lower amounts than concrete, its production has a high environmental impact factor; particularly in South 

Africa due to the substantial amount of electricity required for the smelting process. An alternate source of 

electricity would be crucial to mitigate the environmental effects of the building’s embodied energy (A1-

A3) and energy phase (B6) in South Africa. Whereby renewable energy can be used for the operation of a 

building, the energy used for materials mostly depends on the national energy grid of a country. 

 

Additionally, the study indicated that despite using a low LOD and an incomplete dataset of construction 

materials, the LCA results of the Rewardsco Building were consistent with the Udemy Building in its’ 

ranking of environmental lifecycle stages. The energy consumption stage (B6) was the highest contributor 

to GWP followed by the construction material stage (A1-A3). This conclusion is specifically for concrete-

frame buildings provided that the quantities of concrete are defined. These results serve as an incentive for 

the South African construction industry to delve into LCA analysis for buildings, even when faced with 

limitations such as a lack of EPD material data and models with a low LOD. However, to increase the 

reliability of LCA results, it is essential to exert pressure on manufacturers to provide EPD data and on 

designers to increase the LOD of BIM models.  

 

The improvement analysis of the research was used to compare various material alternatives and determine 

the most sustainable option. The analysis determined that even minor improvements can have a substantial 

effect in the reduction of environmental impacts, notably, the ODP impact category for Case Study 2 

decreased significantly. The reduction was due to the material substitution of the internal walls, changing 

the metal studs to timber resulted in a 92% reduction in the ODP impact category. The study showed that 

designers have the opportunity to incorporate various sustainable materials into their projects, such as using 

recycled materials in binders and recycling steel rebar. By doing so, they can effectively reduce construction 

and demolition waste, conserve resources, and decrease energy consumption related to the extraction of 

virgin materials. The BIM-LCA framework as shown in this study plays a crucial role in enabling designers 

to evaluate carbon savings, providing them with valuable insights into the environmental and social impact 

of their designs. This empowers designers to explore environmentally and socially responsible measures. 

However, to fully realize these benefits and to snowball the use of such tools locally, it is essential to 

integrate the framework into the criteria of the Green Star SA rating tool. 

 

The Green Star Rating Tool for office buildings is not as established with respect to LCA when compared 

to other Green Building Rating Tools used in other countries. The GBCSA incorporates LCA thinking into 

its accreditation system through the materials category and greenhouse gas emissions category. However, 

no points are awarded for conducting an LCA. To increase the application of Building LCA in South Africa 
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5.4. Conclusion 
 

The main aim of the research was to evaluate a BIM-LCA framework and determine its efficacy in reducing 

carbon dioxide equivalent emissions of a building. The research found that the framework was effective in 

reducing the GWP of a building and determining sustainable material alternatives. This was valid regardless 

of the degree of detail of the case studies investigated. This framework provided invaluable insight that 

would otherwise not be considered or not prioritized. It determined that the most important factors in 

reducing emissions was through the reduction of embodied carbon and energy consumption. The 

environmental impact factor associated with electricity generation in South Africa is high, therefore, energy 

savings in buildings are especially important with regards to reducing carbon emissions. 

 

Ultimately, the BIM-LCA framework cannot be applied to its full potential in South Africa presently, unless 

the barriers are addressed. The research found that one of the biggest barriers to the framework was the lack 

of data for construction materials and the lack of a regional database. Currently, there are insufficient drivers 

in South Africa to promote the use of a BIM-LCA framework. Therefore, the onus is on key stakeholders 

such as the government, educational institutions, the GBCSA and forward-thinking building companies to 

advocate for a paradigm shift in the way buildings are designed.  

 

5.5. Recommendations 
 
Recommendations for similar studies include:  

• User BIM competency – The user should be advanced in BIM capabilities as errors in the model 

will decrease the validity of results 

• High Level of Development (LOD) - A higher LOD in the Revit model will result in a more detailed 

analysis of the LCA results. 

• Naming Convention - Following a naming convention for the materials will simplify the material 

mapping process 

• Increase in data - More data should be gathered from South African manufacturers for the purposes 

of Environmental Product Declarations (EPDs) 

 

The research uptake of building LCA is increasing globally, however it remains very limited in the African 

continent and in South Africa. More research on the topic is imperative to develop a local database of EPDs 

from manufacturers. The author recommends that a BIM-LCA platform should be developed in South 

Africa to allow users to share knowledge and expertise on the topic and developing guidelines. Furthermore, 
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incentives should be provided for designers to implement the framework. The GBCSA intends to include 

LCA into its accreditation system, once this is accomplished engineers, architects and environmental 

consultancies will be more motivated to apply BIM-LCA techniques into their design strategies to attain 

Green Star points. 

 

5.6. Future Work 
 
This study focused on office buildings with concrete frames, future work could analyze the effect of steel 

frames or wood frames. Furthermore, future studies could assess the accuracy of results using the OCLCA 

software by comparing the different ways to input data. A comparison could be drawn by automatically 

importing data from the BIM model to a manual input of data using the BOQ and mapping it accordingly. 

This comparison tests the robustness of results and ensures that all materials have been included with their 

correct quantities. In a subsequent phase, once more EPD data becomes available, studies could compare 

the robustness of generic data with specific EPDs to assess the uncertainty of results. There is great potential 

for future work in the BIM-LCA field, machine learning could be used to further automate the integration 

process, by identifying building materials from BIM models and providing embodied LCA results to 

facilitate the selection of materials for designers. Future work could also investigate trade-offs between 

materials in the construction life stage of a building and possible energy savings in the operation life stage. 

One such example is the use of glass and aluminium (in curtain walls) and the long-term savings due to less 

artificial lighting.  
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Figure A3: Second Floor As-Built Layout 

 

 
Figure A4: Third Floor As-Built Layout 
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Appendix 2: Step by step guidance for creating a baseline: 
 

 
• The initial step is to create a building project and label it, in this instance, the project was labelled 

212500019 MSc Building Project.  

• Under the design phase, click on +Add a design and enter the project information: 

- Name: Rewardsco Baseline 

- Description: Block B Building 

- Stage of construction process: Concept Design/ Schematic Design 

- Project type: new construction, whole building 

- Included parts: Structure and enclosure 

• Click on input data and select the carbon designer: Create baseline 

• This opens the carbon designer feature and allows the user to optimize materials and to input the 

details of the project materials scope and building dimensions.  

- Building Parameters: Structure and enclosure 

- Building Type: International reference building v2019.1; Office Buildings 

- Total Gross Floor Area (m"): 4 329.33 

- Number of above ground floors: 4  

- Calculation period: 50 years 

- Baseline Scenario: Concrete in situ 

- Comparison Scenario: Concrete pre-cast 

- Select more options and fill in the number of underground unheated floors: 3 

- Required foundation type and depth: Rammed concrete piling foundation for soft soils for m2 

GFA, model: P270, pile length 15m (50ft) depth to bedrock. 

- Baseline Scenario: Concrete In-Situ 

- Comparison Scenario: Concrete Precast 

• Click on Calculate Areas: This leads to more area details regarding the building dimensions and 

building structures, that should be specified, the dimensions are generated automatically by the 

OCLCA tool, or they can be edited by the user. In this instance, the dimensions have been edited: 

• Click on Create Baseline: This presents the baseline scenarios which may be edited to show results 

for concrete precast, concrete in-situ, wood, or steel.  

• The building elements and material choices under the components may be adjusted to the project 

specifications. This presents the user with comparison scenarios to determine how best to reduce 

carbon emissions during the conceptual stages.  
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• Once the baseline is saved, the user may optimize the design as required throughout the project 

timeline.  

 

Appendix 3: General Workflow for OCLCA 
 
The OCLCA website provides guidance and a general workflow that may be followed to obtain results 

(One Click LCA, 2022):  

1. Verify your LCA parameters 

2. Set your building area  

3. Set your calculation period (Service life of building)  

4. Input materials to your design manually or,  

5. Input materials through data import 

6. Include material transportation distances 

7. Verify material service lives 

8. Input energy consumption data 

9. Input water consumption data 

10. Input construction site impacts  

11. Save your design and view results 

12. Copy your design to compare options 

13. Modify your copied design 

14. Compare your building designs 

15. Download your results 

 
Appendix 4: Step by Step Guidance for Importing Data to OCLCA from Revit 

 

1. The One Click LCA add-in must be downloaded, which will open with Revit.  

2. Open the Revit model and click on the One Click LCA tab. There is an option to import the data 

and conduct the full analysis on Revit or to conduct the analysis on the One Click LCA cloud. 

Select the cloud as it is available on the student version. This option leads to the website. 

3. The OCLCA tool has picked up 209 rows to import. There is an option to review the steps manually 

which is recommended to improve accuracy.  

4. Under the settings, section includes providing details such as:  

• The project or entity: 212500019 MSc Building Project 

• Type of design: New Design 
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• Type of tool: Life Cycle Assessment, EN15978 

• Filter settings: Building without external areas 

• Data preservation: Replace existing data with imported data 

At this stage it is important to define the stage of the construction process, which ranges from 

0-7, the strategic definition – a building in use.  

5. The next step is to select continue and move on to the next tab, classify.  The class is displayed here 

such as beam, slab, foundation and the target location is set automatically.  

6. The next step is to filter the datapoints which have been reduced to 186. The classification is based 

on IFC classes. There is an option to download the excel spreadsheet which shows more 

information regarding the materials, building elements and dimensions. Furthermore, any 

redundant data may be omitted in this section.  

7. The tool then moves on to combine the datapoints. Individual data rows are combined to one data 

row if they consist of the same value in all chosen grouping criteria columns. The grouping criteria 

may be adjusted; it is applied according to class, material, composite, type and material group.  

8. The user may then continue to Review: 

There is a list of issues that can be downloaded and further reviewed on excel. The explanation of 

the issues is that there are multi-constituent materials with no layer structure and there is no 

automatic mapping identified for majority of the data. The recommended action is to either rectify 

the data on the excel spreadsheet by adding information and update it accordingly or updating the 

information directly on the OCLCA website.  Furthermore, the materials will have to be mapped 

in the next step.  

9. The Mapping   section shows that there is a total 92.23% of problematic data; that is 172 rows are 

required to be mapped once and the tool will thereafter remember the choice. Mapping involves 

associating the material named in the Revit model to a specific material, for example, concrete in-

situ is mapped to ‘Ready-mix concrete, normal strength, generic C30/37 (4400/5400 PSI), 10% 

recycled binders in cement (300 kg/m3)”. There is an option to decide later if there is uncertainty 

regarding mapping a particular material. Once completed, save the new mappings.  

10. The transportation of materials has been estimated by the software to be 60kms, this figure if known 

may be amended, however in the case of Rewardsco, this figure had not been determined, due to 

the lack of actual Bill of Quantities (BOQs). 

11. The next section is the annual energy consumption. Select the type of electricity which is localized 

to electricity use in South Africa. According to the Energy Calculator on the Green Report, the 

energy usage of the actual building is 636 717 kWh/yr. 
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12. Optional sections include the annual water consumption and construction site operations which 

have been excluded from the study.  

13. The building area is the next step: Information such as the gross internal floor area which is 3 652 

𝑚", the number of days the building is used throughout the week and the number of hours per day 

if known should all be entered.  

14. The final step of inputting data includes the calculation period. The service life of the building is 

50 years. Mandatory data includes the energy consumption of the building and the assessment 

period.  
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Appendix 5: Udemy Building Materials 
 

Table A1: Udemy Building Materials 

No.  
Most Contributing Materials 

Cradle to gate 
impacts (A1-A3) 
Tonnes (𝐶𝑂"𝑒) 

 
Percentage 
 

1. Ready-mix concrete, normal-strength, generic, C30/37 
(4400/5400 PSI), 10% (typical) recycled binders in cement 
(300 kg/m3) 

 
210 

 
33.0 % 

2. Reinforcement steel (rebar), generic, 0% recycled content 181 28.5 % 
3. Aluminium frame curtain wall, 38.84 kg/m2 86 13.5 % 
4. Precast concrete wall elements (solid, uninsulated), generic, 

C30/37 (4400/5400 PSI), 0% recycled binders in cement (300 
kg/m3)  

27 4.3 % 

5. Steel ceiling baffle system with acoustic inserts, 52.5mm, 7.93 
kg/m2, 151.05 kg/m3 

20 3.2 % 

6. Red brick, average production, UK, 215 mm x 102.5 mm x 65 
mm, 2.13 kg/unit, 1485 kg/m3 

18 2.9 % 

7. Metal framing components for gypsum plasterboard, 0.4-1.0 
mm, 7750 kg/m3 

16 2.5 % 

8. Extruded aluminium profiles for window and door frames, 
generic, 10% recycled content, average world aluminium 
manufacturing technology 

10  
1.9 % 

9. Gypsum plaster board, regular, generic, 6.5-25 mm (0.25-0.98 
in), 10.725 kg/m2 (2.20 lbs/ft2) (for 12.5 mm/0.49 in), 858 
kg/m3  

7.5 1.6 % 

10. Modular carpet sheets, 4.3 mm, 1.815 kg/m2 6 1.0% 
11. Low voltage cable, Section conductrice de 5 mm2 à 120 mm2 5.8 1.0 % 
12. Dispersion-based facade paints, 1000-1700 kg/m3 5.5 0.9 % 
13. Porcelain glazed tile, 22 kg/m2 4.4 0.7% 
14. Reinforcement steel (rebar), generic, 90% recycled content, 

A615 
4 0.7% 

15. Aluminium handrails, 7.38 kg/m 3.1 0.5% 
16. Float glass, single pane, generic, 3-12 mm (0.12-0.47 in), 10 

kg/m2 (2.05 lbs/ft2) (for 4 mm/0.16 in), 2500 kg/m3 (156 
lbs/ft3) 

2.2 0.4% 

17. Doors with wooden frame, interior 2.4 0.4% 
18. Electric elevator elements dependent of the number of floors, 

422 kg/unit, max load: 1600 kg 
2.7 0.4% 

19. EPS insulation panels, white, L= 0.037 W/mK, R= 2.7 
m2K/W, 100 mm, 1.5 kg/m2, 15 kg/m3, compressive strength 
85kPa, 10% recycled polystyrene, Lambda=0.037 W/(m.K) 

1.6 0.3 % 

20. Plaster mortar, normal plaster, 1300 - 1800 kg/m3 2 0.3 % 
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21. Ceramic tiles for floors and walls, 30.426 kg/m2 1.5 0.3 % 
22. Rock wool insulation panels, unfaced, generic, L = 0.035 

W/mK, R = 2.89 m2K/W (16 ft2°Fh/BTU), 50 kg/m3 (3.12 
lbs/ft3) (applicable for densities: 25-50 kg/m3 (1.56-3.12 
lbs/ft3)), Lambda=0.0346 W/(m.K) 

0.99 0.2 % 

23. Extruded aluminium profiles for window and door frames, 
generic, 0% recycled content, average world aluminium 
manufacturing technology 

1.4 0.2 % 

24. Bituminous waterproofing membrane, vapor barrier, 1.6-2.6 
mm, 3.01 kg/m2 

1.4 0.2 % 

25. Steel fire protection door, manual, 1.5 m x 2.8 m. 50.96 kg/m2 0.81 0.1 % 
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Appendix 6: Green Star Report of Rewardsco Building 

Green Building Council of South Africa 07:27   2022/04/06

Green Star SA - Office Design v1.1
Energy Calculator 10

Achieved

Notes & Instructions
1. User must enter values into or select options in white cells ONLY
2. Refer to Green Star SA - Office v1 Energy Calculator & Modelling Protocol Guide for
   detailed information and assistance in using this calculator.

(Area limit exceeded)

Office Usable Floor Area 3 652 m²
Total Car Parking Area 4 937 m²
Sub Basement Car Parking Area 3 553 m²
External Area (excluding Car Parking) 0 m²

Notional SANS 
204 Building

fuel CO2 factor 1.2 1.2 0.202
1 380                                         773 

246 981                                64 452 
39 888                                  19 335 
54 830                                  56 555 
13 622                                  13 622 
37 463                                  18 126 
23 620                                  13 216 
4 774                                      4 774 

36 133                 36 133                 
10 613                 3 980                   

-                                                -   
155 081                              155 081 
225 973                              225 973 
24 698                                  24 698 

875 055               636 717               -                       

ON SITE RENEWABLE ELECTRICITY GENERATION (actual building only)

kWh/year
fuel factor 

kgCO2/kWh net saving kgCO2/year
net saving 

kgCO2/m²/year

0.0 0.0 0.0

OTHER ON SITE GENERATION (actual building only)

kWh/year
fuel factor 

kgCO2/kWh net saving kgCO2/year
net saving 

kgCO2/m²/year

0
100.0%

mains electricity 1.20
0 0.00 0.00

TOTALS
Energy usage (notional building) 239.6 kWh/m²/year

Energy usage (actual building) 174.3 kWh/m²/year
Carbon emissions (notional building) 287.5 kgCO2/m²/year

Carbon emissions (actual building) 209.2 kgCO2/m²/year

Base Building Carbon emissions (notional building) 154.2 kgCO2/m²/year

Base Building Carbon emissions (actual building) 75.9 kgCO2/m²/year

PERCENTAGE IMPROVEMENT OVER NOTIONAL BUILDING 51%

Onsite Electricity Generation (e.g. electricity from a co-
generation system)

Type of fuel used 

Miscellaneous Equipment
Lighting (tenant)

10

Amount of fuel used (calorific value in kWh)

Energy Calculator Results (Compliance Route 1 only):

External Lighting
Lifts
Domestic Hot Water

Renewable Electricity generated on site
including photovoltaics, wind turbines etc.

   Note- efficient tenant lighting is rewarded by Green Star SA credits Ene-3 and Ene-4

Small Power (tenant)
Supplementary Cooling (tenant)
SUB TOTALS (kWh/year)

Base building on site electricity generation
Overall Generation Efficiency

Gas use 
kWh/year

Fans

Heating

Electrical use kWh/yearElectrical use kWh/year

Pumps
Cooling & Heat Rejection

Compliance 
Route 1

n/a

Not Available

No; Route 1 used

Extract and Miscellaneous Fans

Car Park Lighting
Non Tenant Area Lighting

Points Achieved:

Ene-0 Conditional 
Requirement Result:

Please select compliance route adopted:

Route 1 - If Building is Naturally Ventilated: Is thermal comfort criteria 
met? (internal temperatures or PMV within specified limits for 90% of occupied hours)

Route 2 - ASHRAE Advanced Energy Design Guide for Small Office 
Buildings: 'Deemed to Satisfy' route has been met? (non-modelling compliance 
route available for office buildings smaller than 2000m2 UA)

Route 3 - SANS 204:2008 'Deemed to Satisfy' route has been met? 
(prescriptive non-modelling compliance route available for all office buildings)

Actual Building

ENERGY USE

GSSA_OB_v1.1 Rewardsco_As built calculator_april rev.xlsx Page 1 of 1 Category: Energy (Energy Calculator)
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Appendix 7: Environmental Impact Categories from GSSA Office manual 
 
Environmental Impact Categories (GSSA, 2014):  

The technical manual addresses concerns related to 9 environmental impact categories: 

1. Management – To reward and promote management systems that effectively apply environmental 

principles throughout the lifecycle of a building. A total of 14 points are assigned to this category.  

2. Indoor Environment Quality (IEQ) – To promote efficient building systems that ensure successful 

cohesion of environmental consciousness and the well-being of occupants. A total of 24 points are 

assigned to this category.  

3. Energy – The energy category is an essential conditional requirement towards certification, with 

the highest points assigned equating to 30. It aims to reduce the overall energy consumption to 

subsequently reduce environmental impact. It particularly focuses on reducing Greenhouse Gas 

Emissions, this sub-category is awarded 20 points.  

4. Transport – To encourage sustainable means of transport and reduce emissions incurred by the 

automotive industry, this includes cyclist facilities, local connectivity and commuting mass 

transport. This category is assigned a total of 14 points.  

5. Water – This category seeks to encourage the reduction of potable water consumption through 

efficient building designs that utilize recycled stormwater and grey water, it is assigned 15 points. 

6. Materials – To safeguard natural resources by promoting recycling and reuse of materials as well 

as rewarding designs that effectively reduce the number of materials used. Materials rewarded 

under this category are: “sustainable timber, the reuse of building façade and structure; and recycled 

content of concrete and steel.” It is assigned a total of 21 points. 

7. Land Use and Ecology – This category focuses on safeguarding the ecological environment and 

biodiversity affected by buildings. It promotes the minimization of environmental harm caused to 

the surroundings and is assigned 9 points. 

8. Emissions – To objectively decrease the environmental impact of buildings, it awards points for 

selecting insulation materials that decrease damage to the ozone layer and refrigerants that decrease 

Global Warming Potential (GWP) among other responsible choices that seek to decrease harmful 

emissions. It is awarded a total of 17 points. 

9. Innovation – To reward remarkable environmental initiatives that go over and beyond the scope of 

the rating tool which is assigned 5 points  
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Applicants can benefit from the optional criterion of the LCA as it may also be used for the upfront carbon 

emissions credit. The LCA is required to have quality assurance by either being conducted by an LCA 

certified practitioner or an experienced individual and thereafter reviewed by a qualified person.  

 
 
 

Appendix 9 – Interview Questions 
 
 

1. What design process does your company follow when designing for an office building? 

What steps are undertaken? 

2. Does your company have a sustainability procedure or tools that it uses during the during 

the design stage?  

3. Which BIM software does your company predominantly use and why? 

4. In your experience, how does South Africa compare to other countries in terms of BIM 

and sustainable building designs? 

5. What improvements can be made for BIM and sustainable building design in South 

Africa?  

6. Why is there a general lack of EPD data in South Africa? 

7. Are you familiar with the OCLCA tool? 

 




