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ABSTRACT 

This dissertation is submitted in fulfilment of the requirements for the degree of Master 

of Philosophy (MPhil) in Construction Economics and Management at the University 

of Cape Town. 

This study aims to explore the energy and environmental sustainability implications 

linked to affordable net-zero energy housing in South Africa. Affordable housing is 

intended for individuals who cannot afford market related prices or do not meet the 

criteria for social housing. Accordingly, this dissertation defines affordability as 

households spending no more than 30% of their income on gross housing expenses. 

It seeks to provide insights into the challenges, opportunities, and implications of 

integrating net-zero energy housing into the affordable housing sector. Given South 

Africa’s shortage of affordable housing, unstable electricity supply, and economic 

challenges, there is significant opportunity to explore alternative building strategies to 

address these issues. 

The research employed an exploratory mixed-method approach rooted in the 

philosophical foundations of realism. Qualitative data was procured through 4 in-depth 

semi-structured interviews conducted with 3 sustainability professionals and an 

affordable housing specialist. Quantitative modelling utilised One Click LCA and the 

Edge App to estimate the life cycle carbon emissions of an affordable net-zero energy 

house.  

The findings indicate that affordable net-zero energy housing can substantially reduce 

both operational and embodied carbon emissions. By integrating conventional building 

practices with innovative methods, the life cycle emissions of a house are significantly 

reduced, surpassing sustainable building regulation requirements. The quantitative 

analysis of three affordable net-zero energy housing scenarios, incorporating both 

conventional and innovative building techniques and practices across different levels 

to mimic South Africa's construction landscape, demonstrates a potential reduction in 

life cycle carbon emissions ranging from 12% to 94%. Furthermore, South Africa's 

landscape may not be conducive to net-zero embodied energy houses, suggesting 

that developers and households should prioritise reducing operational carbon 

emissions. These findings contribute to knowledge within the professional, affordable, 

and sustainable housing spaces, thereby facilitating informed decision-making 

towards a more sustainable and affordable South African residential sector. 
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1 INTRODUCTION 

1.1 Introduction 

Developing nations are faced with settlement development challenges within the 

context of rapid urbanisation, housing shortages, inadequate infrastructure, higher 

urban costs, and environmental degradation (Zhang, 2016). Landman and du Plessis 

(2002) iterated in 2002, South Africa’s urban settlements were faced with these 

challenges which created an unsustainable urban development trend. Nearly 20 years 

later, the 2021 General Household Survey conducted by Statistics South Africa 

(2022b), found that 11.7% of South Africans live in informal housing. This observation 

indicates that there is a need for affordable housing which will promote sustainable 

development, and help South Africa improve access to adequate housing and reduce 

the number of citizens living in informal settlements. 

Furthermore, the demand for domestic energy has risen as the increase in grid 

supplied electricity connections increased from 76.7% in 2002 to 89.3% in 2021 

(Statistics South Africa, 2022b). The resulting increase in pressure on South Africa’s 

ailing electricity infrastructure and power generation facilities which has resulted in 

loadshedding and economic turmoil (Lenoke, 2017). This has left the country in an 

electricity supply deficit with a continually growing electricity demand resulting in a 

‘Declaration of a National State of Disaster: Impact of Severe Electricity Supply 

Constraints’ being issued on the 09 February 2023 (South African Government, 

2023a).  

These energy challenges are not limited to South Africa and globally, the need for 

alternative green energy solutions has become increasingly urgent. Many countries 

are promoting energy efficient developments and encouraging with greater on-site 

renewable energy generation. This has sparked particular interest in net-zero energy 

buildings (NZEB). NZEBs are designed to consume only as much energy annually as 

it can generate through on-site or off-site renewable sources (Teja, 2018). By 

integrating solar panels, energy-efficient and smart technologies, NZEBs will lower 

operational costs and energy demands. This in turn, will ease the burden on 

overstretched power infrastructure by decreasing the reliance on the national energy 

grid. 

Therefore, this dissertation seeks to merge the affordable and NZEB concepts to 

understand the energy and environmental sustainability impact of affordable net-zero 
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energy houses (ANZEH) in South Africa. While this study references both energy and 

carbon emissions, the primary focus is on energy. The term “energy” is discussed 

throughout the research, and it serves as a proxy for establishing carbon emissions. 

For clarity, the term energy encompasses all forms of energy consumption whether 

electricity or fuels used in the extraction and processing of raw materials, construction, 

operational use, maintenance, and demolition of a building. The goal of NZEB is to 

produce as much renewable energy as it consumes annually to achieve an energy 

balance. This typically involves energy efficient systems, solar systems and battery 

storage. In contrast, carbon emissions refer to the associated greenhouse gas (GHG) 

emissions resulting from the energy consumption process. 

1.2 Rationale for the Study  

The need to accelerate the adoption of a more sustainable built environment has 

become evident in the 20th century. Rising global temperatures and sea levels, rapidly 

changing climates and more severe weather have highlighted the impact of global 

warming. Nations across the globe have begun to strive for net-zero emissions by 

2050 to restrict the global temperature rise to 1.5 degrees Celsius (International 

Energy Agency, 2021). At the same time, the inequality gap is also increasing as the 

world becomes more technologically advanced (Branson et al., 2012). This inequality 

gap is preventing the adoption and integration of sustainable developments into low-

income households (International Monetary Fund, 2024). 

The built environment produces significant amounts of GHGs throughout its 

construction and operational life cycles. According to the International Energy Agency 

(2020), buildings contribute directly to 9% of carbon dioxide (CO2) emissions. Patel 

and Chugan (2013) further emphasise that the construction industry is a major 

contributor to these emissions, with the built environment consuming roughly a third 

of the world's energy. The embodied energy required to construct a building 

encompasses mined and grown materials, manufacturing, transportation, 

construction, and demolition which significantly contributes towards environmental 

degradation and the production of GHG emissions (Levermore, 2008; Roh et al., 2014; 

Balouktsi et al., 2020). The operational phase of a building consumes significant 

amounts of electricity, which is predominantly fossil fuel produced. Consequently, 

carbon emissions have been identified as the main contributor towards global warming 

due to energy being produced through the combustion of fossil fuels (Cropper et al., 

2014). 
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Urbanisation has increased the density and size of cities, increasing the amount of 

developed land and embodied carbon. The United Nations (2018b) has stated that an 

estimated 55% of the world’s population lives in urban areas and this number is 

expected to increase to 68% by 2050. The sentiment expressed by the UN shows that 

this trend will continue into the future leading to increased supply and demand of urban 

land, energy, water, ecological space, and building materials (Güneralp and Seto, 

2012). South Africa’s urban population is expected to increase from roughly 67% to 

80% by 2050 (Ariyan, 2020). The Department of Rural Development and Land Reform 

(2019) expressed concerns that urbanisation rates will be focussed in eThekwini, 

Gauteng, and the Western Cape. Undoubtedly, placing pressure on available 

resources and ageing municipal infrastructure which affects the sustainability of urban 

expansion and propagation. 

South Africa currently faces a significant unemployment issues, with an unemployment 

rate of 34.4%, reflecting an increase of 11.1% since 2019 (Statistics South Africa, 

2019). By the same token, the Centre for Affordable Housing (CAHF) in Africa (2020a) 

expressed a similar concern, whereby only 21.15% of South Africans can afford a low 

income home. Certainly, there is a need for affordable housing and demand for 

affordable housing will only increase. The supply of affordable housing will help reduce 

South Africa’s inequality gap and improve the wellbeing of low-income earners. 

Conversely, there is an inadequate supply of housing resulting in economic, political, 

and social problems for South Africans (Marutlulle, 2021). The lack of affordable 

homes has forced low-income households to migrate to informal settlements where 

people are exposed to social stress, violence and unsanitary conditions (Statistics 

South Africa, 2019). The affordable housing submarket seeks to mitigate this 

urbanisation pattern, by providing homes to low and middle class income earners 

within these serviceable areas (CAHF, 2020b). While definitions vary, it generally 

targets individuals excluded from market-rate or social housing markets. Gan and Hill 

(2009) identify three key dimensions, 1) purchase, 2) repayment, and 3) income 

affordability. Supporting this, UN-Habitat (2011) argued that affordability includes 

acquisition, operation, and sustainability. Therefore this dissertation will pivot the 

definition of affordable housing on the aim that households should not pay more than 

30% of their income towards accommodation expenses (O’Dell et al., 2004; Schwartz 

and Wilson, 2008; Mota, 2015; PD&R Edge Home, 2017). 
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The National GHG inventory for South Africa by the Department of Environmental 

Affairs (2014) indicated that South Africa’s residential sector is heavily reliant on 

electricity to meet its needs. According to the Department of Energy (Department of 

Energy, 2018), residential buildings consumed approximately 24.39% of South 

Africa’s electricity. Given the substantial electricity demand from residential buildings, 

it is crucial to consider the source of this electricity, which is predominantly generated 

from fossil fuels (International Energy Agency, 2020). Baker et al. (2015) reported that 

fossil fuels accounted for 92% of South Africa’s power generation. Therefore, the 

electricity consumed by residential buildings indirectly leads to significant amounts of 

GHG emissions. 

Carbon emissions from buildings occur throughout their life cycle, from material 

production and construction to operation and demolition. While operational emissions 

have traditionally received the most attention, studies show that embodied emissions 

can exceed them (Ibn-Mohammed et al., 2013). Factors such as occupancy patterns, 

material choices, and construction methods significantly influence a building’s carbon 

profile (Tejero et al., 2018; Minunno et al., 2021). For instance, concrete and steel 

have higher embodied energy than timber, while prefabrication may reduce emissions 

(Hannoudi et al., 2024). Geographic context, including climate and local regulations, 

also plays a role (Lima et al., 2021).  

It can be seen from the above analysis that the built environment significantly 

contributes to GHG emissions. Humans use buildings every day for personal and 

professional needs, with the main goal to improve their living comfort (Alhorr and 

Elsarrag, 2013). Therefore, buildings have to respond to their surrounding climate and 

occupant needs (Alhorr and Elsarrag, 2013). However, this improved living comfort 

produces significant amounts of GHG emissions through excessive utility use and 

waste production, resulting from inefficient building designs and techniques (Dikmen 

and Gültekin, 2011). Therefore, the built environment has significant potential to 

reduce carbon emissions compared to other industry sectors (United Nations 

Environment Programme, 2009; Alhorr and Elsarrag, 2013). Multiple studies have 

shown that improve building materials and energy efficiencies can considerably 

reduce GHG emissions and improve the sustainability of the built environment (von 

Paumgartten, 2003; Biwole et al., 2016; Iyer-Raniga, 2019). 
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Dainty et al. (2012) stated that significant advancements within the late 2000’s resulted 

in the shift from traditional construction methods towards a more integrated and 

dynamic construction approach. Innovations within the housing sector generally took 

the form of improvements or substitutions of building materials and products (Koebel, 

2008). Koebel (2008) further explained that innovative initiatives cover all building 

elements from the foundations, through to the building’s aesthetics. The drive towards 

(Zeb et al.) has been propelled since the late 1990’s with Japan implementing net-zero 

energy solar home incentive programmes and the US Department of Energy 

implementing an action plan to develop 100,000 net-zero energy solar affordable 

homes by 2020 (Charron, 2005). Furthermore, Seyfang (2010) argued that innovation 

goes beyond these traditional viewpoints promoting improved governance, enhanced 

community engagement and contextualised solutions that fit the parameters of a 

development.  

In this dissertation, ANZEHs are defined as affordable housing that does not create 

embodied or operational emissions. These are buildings that produce at least as much 

energy as they consume over the course of a year (Sartori et al., 2012). However, 

NZEBs have a distinct focus on energy consumption with indirect benefits being 

expressed across other pillars of sustainability and within the context of economic, 

social and ecological values (Brundtland, 1987). Given the major role that residential 

buildings play in energy consumption and GHG emissions, NZEBs are an effective 

method to optimise energy consumption and reduce the ecological impact of housing 

(Belussi et al., 2019). The development of ANZEH will support South Africa’s net-zero 

2050 transition which has been extremely slow and unfruitful (PWC, 2023). PWC 

(2023) further iterated that Eskom will start decommissioning and repurposing coal 

power plants to be retrofitted with renewable energy generation and storage, 

beginning with the removal of 3,600 MW of coal power from the grid. South Africa’s 

climate action tracker indicated that the current policies and targets are insufficient to 

meet 2030 emission reduction goals because the government policies are not 

stringent enough and the country’s track record for meeting CO2 goals has been 

lacklustre (Climate Action Tracker, 2022). 

Governments provide building regulations and standards which are a central part to 

the development of the built environment (Baiche et al., 2006). These regulations and 

building standards only indicate the minimum energy requirements that must be met 

(Meijer and Visscher, 2007). Hence, the adoption of ANZEHs has been a slow and/or 



6 
 

non-progressive. Despite this critique, governments and organisations are beginning 

to realise the importance and benefits of ANZEHs through the integration of 

sustainable development goals (Leininger and Tosun, 2017). Given South Africa’s 

insufficient 2030 emission targets and minimum energy efficient building regulations, 

businesses must make net-zero carbon buildings a standard practice despite slow 

regulation and policy intervention’s by government bodies (Laski and Burrows, 2017). 

Paumgartten (2003) argued that the introduction of green rated building systems 

promoted the development of a sustainable environment, because companies and 

organisations receive recognition for building sustainably. There are multiple green 

building rating systems worldwide that are encouraging and mainstreaming the 

adoption of NZEBs (Alhorr and Elsarrag, 2013; Cole and Jose Valdebenito, 2013). 

These rating systems encompass green certificates that are internationally recognised 

such as Leadership in Energy and Environmental Design (LEED) and the Building 

Research Establishment Environmental Assessment Method (BREEAM), and other 

more country integrated rating systems such as the Green Building Council of South 

Africa (GBCSA) Green Star Rating System (von Paumgartten, 2003; Cole and Jose 

Valdebenito, 2013; Green Building Council of South Africa, 2021). However, these 

NZEBs tend to be expensive and only cater towards premium grade developments.  

South Africa has increasingly embraced green buildings, primarily for financial benefits 

and to enhance corporate sustainability image. The GBCSA Green Rating System is 

the predominant green star rating system in the country due to the GBCSA's influence 

in the built environment sector. Since 2008, the GBCSA has been a leading promoter 

of sustainability, advocating for and educating about green developments. Despite 

these efforts, the high cost associated with GBCSA's education and certification for 

ANZEHs has created a barrier to entry (Coetzee and Brent, 2015). This barrier 

hampers the research and development necessary for bridging the gap between 

ANZEHs and developers, thereby slowing progress in this vital area. 

In the face of the above criticisms, there remains a gap between the knowledge and 

understanding that property professionals have regarding ANZEHs. The GBCSA’s 

and other rating systems with a high barrier to entry has prevented the rapid uptake 

and investment into sustainable housing, with minimal investment into ANZEHs. 

Moreover, the need for ANZEHs will reduce the operating costs of affordable housing 

by reducing the consumption of electricity (Belussi et al., 2019). Thus, resulting in a 
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decreased demand for natural resources and the generation of GHG emissions 

(D'Agostino and Mazzarella, 2019). At the same time, developers will develop a more 

holistic understanding of ANZEHs, and the types of initiatives employed to improve 

the energy efficiency of affordable housing. Bridging the gap between informal, 

insecure, unsafe housing and formal, dignified and quality housing. 

1.3 Problem Statement 

South Africa is facing an inadequate housing supply challenge with one-tenth of the 

nation living in informal settlements (Simbanegavi, 2021). This number is expected to 

rise as the inequality gap within South Africa increases. Additionally, South Africa is 

gripped by high unemployment and a growing lower class which has increased the 

demand for affordable housing. By the same token, the nation has seen a drive 

towards sustainable buildings which seek to reduce the use of resources and the 

negative environmental impact of the built environment. This drive has become a 

pressing concern as governmental policies and regulations are insufficient to meet 

2030 net-zero carbon emission goals. Additionally, the country’s intermittent electricity 

supply has been classified as a state of national disaster highlighting the need to 

reduce grid tied energy demand. Moreover, the cost of electricity has been increasing 

exponentially making household operations expensive for lower-income families and 

even unaffordable. Therefore, there is a need for an ANZEH framework to evaluate 

the sustainability and energy reduction of ANZEH to promote net-zero energy 

affordable housing and reduce the energy stress on the electrical grid. 

1.4 Research Question 

The primary research question to be investigated is: 

What impact will an affordable net-zero energy house have on the life cycle 

sustainability of affordable housing in South Africa? 

To address the primary research question, the following secondary research questions 

will be applied: 

I. What are the critical success factor mechanisms that underpin an affordable 

net-zero energy house? 

II. How will the selection of building materials, technology innovations, and 

construction techniques contribute towards achieving an affordable net-zero 

energy house? 
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III. What impact will affordable net-zero energy house have on reducing South 

Africa’s life cycle emissions? 

1.5 Research Aim 

This study aims to evaluate the impact of affordable net-zero energy housing on the 

environmental life cycle sustainability of free-standing houses in South Africa. 

1.6 Research Objectives 

The research objectives that will be used to answer the research question are as 

follows: 

● Identify and analyse the critical success factor mechanisms that form the 

foundation of an affordable net-zero energy house. 

● Determine the construction, material, technology and building technique factors 

that must be considered in achieving affordable net-zero energy houses. 

● Evaluate the state and potential influence of the affordable net-zero energy 

houses on South Africa's life cycle emissions. 

● Evaluate the economic life cycle performance of an affordable net-zero energy 

house in South Africa. 

1.7 Overview of Research Methodology 

Firstly, fundamental observations and theoretical perceptions were derived from the 

development of the rationale of the study, research question, aim, objectives, and 

theoretical framework. Subsequently, the following two-tiered research methodology 

was employed to develop the research instrument and answer the research question: 

A critical literature review of the state of affordable housing and NZEBs against the 

South African backdrop was undertaken, the elements that underpin NZEBs were 

identified and examined, and the methods used to analyse the ANZEHs within the 

local and international context were reviewed. This provided the baseline to identify a 

list of critical success factors that are practical and achievable within South Africa’s 

built environment. The literature review was used to guide the development of a semi-

structured questionnaire to ascertain the impact and challenges of ANZEHs. 

Qualitative data in respect to the semi-structured interviews was analysed using 

content analysis to determine emergent themes and the impact ANZEHs will have on 

the life cycle sustainability of affordable housing in South Africa. The findings from the 

interviews guided the modelling of 3 different levels of ANZEHs. The findings from 
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these models were used to determine the influence of varying combinations of 

construction techniques and building materials. 

Conclusions were derived from the research findings and recommendations were 

made in terms of the findings. 

1.8 Scope And Limitations 

The scope of this thesis examines the residential housing sector, specifically aimed at 

assessing the life cycle sustainability of ANZEHs in South Africa. It is important to 

acknowledge that the researcher’s focus is on the life cycle carbon. which did not 

encompass an in-depth analysis of social sustainability aspects. The study's scope is 

confined exclusively to residential buildings within the confines of South Africa and 

their embodied and operational energy consumption requirements. The prevalence of 

NZEBs and ANZEHs in the South African context remains relatively low and resulted 

in limited available knowledge and resources pertaining to ANZEHs within the context 

of South Africa, thereby influencing the extent and depth of the research findings. 

1.9 Dissertation Structure 

Chapter 1 introduced the study, presenting the research question, aim, and objectives. 

It further expressed the limitations and scope of the research. 

Chapter 2 provides a literature review of affordable housing in South Africa, followed 

by the various components of sustainable development. The nexus between 

affordable housing and sustainability was then discussed. Finally, the carbon life cycle 

and the emission stages of a house were discussed, and the theoretical framework 

developed. 

Chapter 3 documents the research philosophy and paradigm that guided the study’s 

data collection and analysis. The chapter further unpacks the mixed method approach 

used to generate the qualitative findings and quantitative analysis. 

Chapter 4 presents the selective codes developed from the qualitative content 

analysis. The chapter then transitions to the quantitative modelling that unpacks the 

life cycle carbon emissions (LCCE) and whole life-cycle costs. 

Lastly, chapter 5 draws up the study’s conclusions and addresses the research 

objectives and questions. It further outlines the research’s contribution to knowledge, 

recommendations and further avenues of research. 
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2 LITERATURE REVIEW 

2.1 Introduction 

This chapter starts with an overview of affordable housing delving into its 

characteristics, challenges and prevalence in South Africa. Attention is then paid to 

the holistic understanding of sustainability within the built environment, with a focus on 

affordable housing. Next, South Africa’s legislative energy consumption attributes are 

evaluated to understand the facets that drive the maximum mandatory energy efficient 

levels within a home. Finaly, the chapter explores and examines the elements and 

characteristics of an ANZEH. 

2.2 Overview of Affordable Housing 

2.2.1 Affordable Housing Within an International Context 

Housing is recognised as a basic human right under international law, yet more than 

1.8 billion people live in informal settlements or inadequate housing (United Nations, 

2022). Housing constitutes the fundamental social conditions for citizen wellbeing and 

quality of life within a nation (Chang et al., 2017). However, rapid urbanisation, housing 

shortages and inadequate infrastructure is imposing a challenge for low income 

earners to afford homes (Landman and Plessis, 2002; Dezhi et al., 2016). 

Consequently, affordable housing has become the main agenda within many 

developing nations and organisations (Geertman et al., 2015).  

Over the past decade, the challenges surrounding housing affordability have 

intensified due to diminishing land availability, rising development costs, growing 

populations, and stagnant incomes that fail to keep pace with inflation (Anacker, 2019; 

Oner, 2020; Echendu and Okafor, 2021). Aini et al. (2016) iterated that housing is the 

most important component of an urban economy, providing the foundation for 

economic development and growth. Evidence in support of this notion is highlighted 

by Biron (2013), who stated that high-income countries experience rapid and high 

levels of urbanisation which supported their economic development. These points 

illustrate the co-relationship between economic development and urbanisation. 

The improved living conditions and income levels associated with urban precincts 

creates a pull factor that attracts citizens from rural areas (McGranahan and 

Satterthwaite, 2014). This urban population growth increases the emphasis of 

adequate housing as more people migrate to urban precincts. An estimated 55.3% of 

the world’s population currently live in urban areas and this number is expected to rise 
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to 60.4% by 2030 (United Nations, 2018a). This urbanisation trend is also driven by 

population growth, where rapid globalisation has significant impacts on environmental, 

social, and economic aspects of cities and individuals (Zhang, 2016). 

Urban development and the concentration of economic activities increasingly center 

around financial hubs, shaping the prospects of cities (Zhang, 2016). Bloom et al. 

(2008) argued that the positive benefits derived from cities are a function of the 

following factors:  

1. Cities concentrate citizens, offering diverse labour pools and reduce the 

proximity between suppliers and consumers. 

2. Cities provide improved opportunities for citizens. 

3. Companies can respond to market demands more easily and benefit from 

vertical and horizontal profit spill over. 

4. The proximity induced by cities reduce the cost of transportation and decrease 

the cost of trade. Further, the high-density urban environment serves as a 

production and service hub increasing the available choices of goods and 

services. 

5. The aggregation of individuals, ideas and education in cities promote innovation 

and development.  

The above passages emphasise the significance of housing within the urban 

landscape, highlighting the economic benefits that can be realised through 

strategically located accommodation. However, rapid urbanisation has led to the rise 

of informal settlements, which have negatively impacted the economic position of low-

income residents (Jones Lang LaSalle, 2019). This trend is driven by house prices 

increasing beyond levels considered affordable which forces low-income earners to 

city peripheries, where real estate is cheaper, degraded, obsolete and in highly 

congested areas (Schwartz, 2016; Jones Lang LaSalle, 2019).  

For housing supply to increase, the cost of purchasing a house must be higher than 

the cost to construct it (McGaffin, 2018). However, this is not always the case as 

households are unable to afford accommodation which prevents ‘increase housing 

supply’ indicators from informing developers to increase stock. This lack of affordable 

and adequate housing leads to informal developments which constitutes security and 

health risks that arise from homelessness (Tshitereke, 2008).  
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As the lack of housing intensifies, the cost of moving out of informal settlements 

increases, and constructing new developments becomes more expensive, the 

affordability and availability of adequate housing will have significant negative 

economic consequences. These consequences include reduced productivity and 

social well-being (Tshitereke, 2008).  

This housing overview brings attention to the intricate relationship between housing, 

economic, social, and environmental development which has been extensively 

explored (Doling et al., 2013; Maclennan et al., 2015; Akpolat and Bakirtas, 2018; 

Anser et al., 2020; Murshed et al., 2021).  

2.2.2 What is Affordable Housing? 

The term ‘affordable’ does not have a clear meaning, and this term is generally vague 

and applied within the context of a specific situation (McGaffin, 2018). The non-

consensus meaning surrounding affordable housing arises from questionable 

definitions and measures (Abelson, 2009). The literature below highlights the diverse 

housing affordability definitions and the significant variance between different housing 

affordability understandings: 

● Butcher (2020) indicated that affordable housing valuations range between 

R300,000 – R600,000. 

● CAHF (2020b) indicated that affordable South African housing should range 

between R300,000 – R600,000.  

● Households have an affordability problem when they spend more than a 

specific percentage of income on adequate housing (Hulchanski, 1995).  

● Based on RICS Valuation of land for affordable housing (2nd edition) (2016), 

affordability was defined using the England National Planning Policy 

Framework as housing which meets the needs of households who do not have 

the finances to meet the market. 

● The Habitat for Humanity (2021) identified affordable housing as government 

supplied housing that incorporates social housing. 

● In America, affordable housing is measured using an income ratio where the 

30% threshold has become the standard (PD&R Edge Home, 2017). This 

threshold indicates whether households will have enough money for non-

discretionary costs. 
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● In Australia, affordable housing is measured by two methods (Parliament of 

Australia, 2016): 

o Expenditure ratio which compares household expenditure to income. 

o Residual method which focuses on a household’s ability to maintain an 

acceptable standard of living. 

● Sani (2015) noted that affordable housing meets the needs of the low to middle 

income households in a manner that allows them to meet their basic living 

costs. 

These definitions all express a similar rationale that affordable housing must meet the 

needs of those who are financially constrained. 

Housing affordability is measured in multiple manners, with each one having their own 

limitations and advantages. These measures include price-to-income ratio, 

expenditure-to-income ratio, residual income measure, housing quality measure, and 

subjective measures, which are summarised in the Table 2.1 below. These methods 

are critical to measure household income affordability and they describe household 

expenditure, spending trends, inform public policies, and determine criteria for 

affordable housing (Hulchanski, 1995).
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Table 2.1: Types of affordable housing measures 

Type of 
Measure 

Example of 
Indicators 

Advantages Limitations 

Price-to-
income ratio 

House or rent 
price as a ratio 
of income 

● Simple 
calculation 

● Relies on 
readily 
available data 

● Does not account 
for interest rates 

● Does not provide 
an indication of 
housing costs 

Housing 
expenditure-
to-income 
ratio 

Household 
expenses as a 
ratio of 
disposable 
income 

● Breaks down 
housing 
expenditure 

● Simple to 
calculate 

● Mortgages will 
make housing 
options seem 
unaffordable 

● Does not indicate 
the quality of 
housing 

Residual 
income 
measures 

Income less 
non-housing 
needs will 
indicate 
available funds 
for housing 

● Indicates 
income 
household has 
left after paying 
for  

● Mortgages can 
cause 
misrepresent 
housing 
affordability 

Housing 
quality 
measures 

Number of 
rooms per 
person 

● Assess 
whether a 
house or flat is 
over crowed 

● What constitutes 
satisfactory 
housing quality 
differs across 
individuals 

Subjective 
indicators of 
housing 
affordability 

Satisfaction of 
availability, 
affordability 
and quality of 
house. 
 

● Understand the 
drivers of 
housing 
satisfaction 

● Complements 
other 
affordability 
measures 

● Household 
interpretations 
and expectations 
differ across 
countries and 
individuals 

● Households will 
have a different 
view of what 
constitutes 
affordability 

Source: (Meen, 2018; Adema and Plouin, 2021) 
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The preceding paragraphs and Table 2.1 have highlighted the different affordable 

housing definitions and the multiple ways affordable housing can be measured. 

However, it can be deduced that affordable housing is intended for individuals who 

cannot afford market related prices or do not meet the criteria for social housing. 

Affordable rents and house prices are generally in between market rates and social 

housing rates, with no exact figure specifying the price range (Schmid and Silva, 

2015). Nevertheless, this understanding is seen as inadequate in relation to the World 

Economic Forum’s definition (2019), where affordability does not only refer to 

purchasing, operating and maintaining accommodation, but also considers 

transportation, services and infrastructure. This paradigm arises from a house being 

affordable to purchase but far from schools, employment opportunities, etc. It cannot 

be classified as affordable because the household’s living expenses will not be 

sustainable. Gan and Hill (2009) argued that affordable housing comprises of three 

elements: 

1. Purchase affordability which examines the ability of a household to acquire a 

mortgage bond. 

2. Repayment affordability which considers the burden imposed by the mortgage 

instalments. 

3. Income affordability which refers to the ratio between housing price and income.  

Evidence in support of this position can be found in the UN-Habitat (2011) report which 

stated that the cost to purchase a house, associated operating costs and the ability of 

the household to obtain and service a mortgage are the fundamental components of 

affordable housing. Pivo (2013) supported these concerns stating that the lower-

income households might not have enough disposable income to cover other essential 

needs, depending on estimates regarding non-housing costs. Despite these criticisms, 

Kalugina (2016) iterated that affordable housing is commonly understood as a 

household not spending more than 30% of their income on gross housing expenses 

such as utilities, rates and taxes, or rent. Therefore this dissertation will pivot the 

definition of affordable housing on the aim that households should not pay more than 

30% of their income towards accommodation expenses (O’Dell et al., 2004; Schwartz 

and Wilson, 2008; Mota, 2015; PD&R Edge Home, 2017). 
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2.2.3 Extent of Affordable Housing in South Africa 

South Africa is experiencing a severe housing shortage, with approximately 20% of 

urban households living in informal settlements (Simbanegavi, 2021). The residential 

property sector makes up the largest proportion of property in South Africa, 

constituting 89% of all property (CAHF, 2020a). The country’s rising population and 

urbanisation has compounded the housing shortage, challenging both the public and 

private sector to provide adequate affordable housing (Ganiyu et al., 2017).  

Social factors like poverty and a growing unemployment levels are expected to 

increase, putting pressure on affordable homes. This affordability crisis worsens urban 

disparities, forcing low-income households, migrants, youth, and the elderly into 

overcrowded and unsafe living spaces due to their limited affordable options. These 

groups may be compelled to relocate to areas with limited access to job opportunities, 

education, healthcare, and green spaces (World Green Building Council, 2023). This 

has resulted in ‘peripheral urbanisation’ which creates well-provided, built areas that 

co-exist with informal settlements within city boundaries (Caldeira, 2017). This places 

pressure on the government to supply housing and basic services for low-income 

households who cannot afford adequate housing within a city’s serviceable peripherals 

(Brent et al., 2017). Simbanegavi (2021) highlighted the main challenge of promoting 

large-scale investment in the affordable housing market is that governments need to 

provide a regulatory foundation to empower developers. Additionally, access to 

affordable housing is constrained by the low supply of low-income housing from the 

private sector (Cirolia and Hoek-Smit, 2019). 

South Africa experiences special inequality rooted in the country’s unequal land and 

housing policies imposed by Apartheid (Strauss and Liebenberg, 2014). Under the 

Apartheid law, housing separation was mandated, which separated white and non-

white individuals. These policies marginalised non-white individuals and forced them 

to live in demarcated areas which were located on the peripherals of cities. These 

individuals access to housing was restricted under the Apartheid Constitution which 

prevented them from receiving the same land rights as white South Africans (Van Wyk, 

2012). These economically deprived areas, known as Townships, were characterised 

by poor infrastructure, lack of basic services, and the blooming of informal settlements 

(Turok, 2012; South African Human Rights Commission, 2020). This led to cities being 

structured in a manner, illustrated in Figure 2.1, that segmented the population based 
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on the colour of a citizen’s skin. This illustrates how non-white individuals were forced 

to the peripheries of cities where access to jobs and services were restricted. 

 

Figure 2.1: Generic apartheid city plan (Davies, 1981) 

Following the fall of apartheid, urban renewal projects have been pursued to mitigate 

the housing and land inequality, infrastructure neglect, and segregation caused by 

apartheid (Massey, 2020). The legacy of apartheid also led to exorbitant land prices 

in prime locations, rendering them unaffordable and out of reach for lower-income 

individuals (Todes and Turok, 2018).  

The post-apartheid government has provided low cost housing, however, the 

implemented supply housing mechanisms have been inadequate at addressing the 

country’s housing needs, observed by the increasing number of informal settlements 

(Gilbert, 2004). The Department of Human Settlements indicated that there were over 

2,700 informal settlements in South Africa with the majority of these settlements being 

located in unsuitable locations (The Department of Human Settlements, 2022). To 

solve this housing need, the Department of Human Settlements aimed to deliver 3,000 

community residential units and 25,000 affordable rental units over the next few years 

(The Department of Human Settlements, 2022). The government has also been 

releasing land to develop affordable housing and infrastructure to service sites, though 

a site-and-service model. Municipalities have been working with the private sector to 

fast track municipal land release and support the development of affordable homes 

(Drummond, 2023). The adoption of new residential development programmes will 
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support economic growth by providing housing in well located areas close to work and 

amenities such as schools and shops. 

The majority of housing programs initiated by the South African government after 

apartheid have primarily aimed at providing state-subsidised housing to low-income 

households, with lesser attention given to the lower-middle class (Marais et al., 2020). 

These projects have often been mismanaged, marked by corruption and poor 

construction practices, leading to low quality homes being supplied to the venerable 

lower-class (Tanyi et al., 2016). Tanyi et al. (2016) further iterated that these projects 

are generally poorly located and inadequately sized for a family. Additionally, housing 

beneficiaries also misuse the houses by either renting or selling them. Nevertheless, 

all Reconstruction and Development Programme (RDP) and government-subsidised 

housing initiatives have targeted households at the lowest income levels (i.e., those 

earning less than R3,500/month) (Rust, 2006). Meanwhile, the private sector has 

directed its focus towards the higher-income brackets in the market to yield greater 

investment returns. Consequently, there have been limited affordable housing 

developments for middle-income households who do not meet RDP or upper market 

financial requirements and have very few affordable housing options that fit within their 

budgets (Rust, 2006). There exists a market gap for dignified housing situated in 

appropriate areas, meeting the specific needs of affordable households who are 

financial excluded from government programs and who cannot afford market rate 

accommodation. 

2.2.4 Challenges Faced by Affordable Housing in South Africa 

South Africa grapples with a multitude of challenges within its housing sector. Among 

these challenges are prolonged delays in the allocation and release of land for 

development, escalating construction costs that impede the creation of new housing 

supply, and a persistent lack of adequate funding, all of which collectively hinder the 

built environment's ability to address the housing shortage. The burden of operational 

and maintenance expenses further exacerbates the issue of housing affordability 

within the country's housing landscape (McGaffin, 2018; World Economic Forum, 

2019; Roeland, 2023). The subsequent paragraphs aim to elaborate on these 

viewpoints to ascertain their contextual significance within the framework of South 

Africa. 
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Marutlulle (2021) emphasised that studies have pointed out how constraints in housing 

supply significantly contribute to inadequate shelter, especially for disadvantaged 

populations. Butcher (2020) eluded to South Africa’s changing residential market with 

increasing division between housing sub-markets which have a significant impact on 

the regeneration of neighbourhoods and regional developments. The framework of 

housing markets will dictate access to housing, value of housing and how income 

groups are distributed driving the spatial and social housing segregation (Bolt et al., 

2010). At the heart of the housing inadequacy issue lies a severe deficiency in 

available housing units, suggesting an imbalance where the number of individuals 

surpasses the available dwellings. This is further compounded by the scarcity of land 

in South Africa, directly contributing to the insufficiency of housing. To address this 

challenge, the efficient release of appropriately located land for housing purposes is 

crucial. This strategic approach is essential to meet the required pace of housing 

delivery and effectively alleviate the challenges associated with housing inadequacy. 

Ibrahimu et al. (2018) investigated project cost overruns in South Africa and identified 

several determinants contributing to the increased expenses within the construction 

domain. These encompassed deficiencies in project planning, volatilities in prices of 

project materials, elevated interest rates charged by financial institutions, inflationary 

influences, expenditures on labour, inadequate collaboration among construction 

entities, ineffective financial oversight, and limited availability of raw materials sourced 

locally. Surveyed participants indicated that the impact of project location and time 

wastage on cost escalation within the construction industry was relatively lower when 

compared to the aforementioned factors. 

Moeti (2023) pointed out that the South African government offers subsidies to 

facilitate first-time homeownership to acquire affordable homes. These subsidies have 

the capability to mitigate the burden of exorbitant land expenses and escalating costs 

associated with construction in the housing sector. However, the substantial gap 

between housing expenses and individual incomes significantly undermines the 

effectiveness of this initiative. This observation underscores the varying and 

increasingly unaffordable operational costs associated with housing. Proponents of 

Barnes et al. (2011) and Isalou et al. (2014) have questioned whether affordable 

housing improves living conditions and wellbeing. These authors argued that living in 

affordable homes will increase a household’s spending on utilities and transportation 

(Barnes et al., 2011; Isalou et al., 2014), effectively reducing the household’s standard 
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of living. These incremental expenditures resulting from improved housing has 

reduced the demand for affordable homes (Charoenkit and Kumar, 2014). 

Mulliner et al. (2013) argued that financial affordability is not the only method to obtain 

affordable housing, rather other means can be adopted such as social, environmental 

and community sustainability. Sustainability initiatives linked to housing design, 

development location, community development, work opportunities and transport will 

improve the affordability of homes. At the same time, reducing electricity expenses will 

improve the financial sustainability of a household considering that electricity 

contributes about 29.7% of operating costs (MacKillop, 2013; SAPOA, 2022). Property 

rates consistently surpass inflation rates and significantly contribute to residential 

operating costs amounting to 52% of gross income (SAPOA, 2022). This clearly 

indicates that housing has lost its affordability nature. This high operating cost is driven 

by municipal rates and taxes, and electricity cost increases. Figure 2.2 (below) 

segments operating costs showing that electricity and property rates contribute the 

largest proportion of operating costs at 29.7% and 24.9% respectfully (SAPOA, 2022). 

This suggests that households will need to either reduce their utility usage or switch 

to alternative forms of energy to lower their operating costs. By doing so, they can 

increase their disposable income, thereby decreasing the likelihood of defaulting on 

mortgage payments or rent. This is of importance as SAPOA (2022) has indicated that 

the residential sector has been experiencing significant increases in bad debts since 

2019. 
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Figure 2.2: Breakdown of total property operating costs by percentage (SAPOA, 2022) 

Compounding this affordability pressure is South Africa’s exponentially increasing 

energy crisis and electricity prices, which are putting pressure on households and 

economic growth. Eskom, which used to be a reliable power generator and distributor, 

is currently operating at 50% capacity and failing to provide consistent power. This 

decline in performance is attributed to mismanagement and corruption, causing South 

Africa’s energy crisis and the a ‘National State of Disaster: Impact of Severe Electricity 

Supply Constraints’ being issued on the 09 February 2023 (Furchtgott-Roth, 2023; 

South African Government, 2023a). The country’s energy problems haven been 

growing since 2008 when loadshedding was first implemented with the aim to reduce 

the grid’s energy consumption by 1,000MW for every level increased, and a maximum 

8 levels of shedding (8,000MW removed demand from the grid) (Lonwabo, 2022; 

Statistics South Africa, 2022a). Rolling blackouts put stress on companies because 

operations have to be halted when their power is cut which has an economic domino 

effect (Furchtgott-Roth, 2023). The poultry sector is a prime example, where 

loadshedding increased input costs and reduced the number of chickens being 

slaughtered, causing a 17% chicken price increase, in 2022 (Gumede, 2023). Not only 

does this put a strain on the bottom line, but consumers also feel the financial impact 

with increased grocery prices. Moreover, small businesses are beginning to be 
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liquidated and/or declaring bankruptcy because they cannot take measures to 

continue operating during loadshedding or finance back-up energy plans (Mahlangu, 

2023). Poor economic performance resulting from years of loadshedding has 

contributed to unemployment steadily increasing, reaching 34.5% as at March 2022 

(Africa, 2022). This poor economic performance will only be exacerbated, given that 

Eskom received approval from the National Energy Regulator of South Africa 

(NERSA) for tariff hikes of 18.65% in 2023 and 12.74% in 2024, which are lower than 

the initially requested increments, as reported by BusinessTech (2023). However, 

these approved increases are in line with Eskom's pattern of electricity tariff rises, 

averaging 12.19% annually since 2010. This average exceeds the annual CPI index 

of 4.95% by 7.25%, as reported by Statistics South Africa (2022a). These tariff hikes 

have been propelled by loadshedding and the incompetency of Eskom, driven by 

corruption and poor management (Statistics South Africa, 2022a; Furchtgott-Roth, 

2023). Even more pressing is Eskom’s decreasing generation capacity driven by aging 

infrastructure and the poor construction of new power stations (Kenny, 2015; 

BusinessTech, 2023). The electricity price hikes above inflation have and will further 

enhance the feasibility of NZEBs, irrespective of the property type. As electricity prices 

rise, the capacity of ANZEHs to sustain housing affordability will also increase.  

ANZEHs hold the potential to alleviate South Africa's energy crisis by reducing energy 

demand independently of Eskom's need to increase supply. However, this initiative 

might inadvertently expose South Africa's vulnerable population to worsening energy 

conditions. As high-income households and businesses increasingly adopt renewable 

energy solutions, Eskom’s revenue base will decrease impacting the utility provider’s 

ability to maintain infrastructure and services for lower-income communities who will 

remain dependent on the grid. While reduced demand will provide operational relief 

and improve Eskom’s capacity to serve industrial and commercial users, the long-term 

financial sustainability will be threatened (2Zero50, 2025). 

2.3 Sustainability in the Built Environment 

The term sustainability was solidified by the Brundtland Report (World Commission on 

Environment and Development, 1987), which defined it as meeting the needs of today 

without compromising the needs of future generations. Sustainability within the context 

of the built environment has become an increasingly important topic, given the 

exponential rate of urbanisation, the sector consumes the largest amount of resources 

and generates the most waste (Choguill, 2007; Rogers et al., 2007). Ancell and 
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Thompson-Fawcett (2008) reiterated that individuals must examine the environmental, 

cultural, economic, and social needs of current and future generations. Choguill (2007) 

stated that sustainability is more complex than these definitions infer because applying 

it to the real world scenarios is a lot more challenging than one might expect. This 

stems from the broad nature of the term as it is often used in varying circumstances 

and applied to different industries in diverse contexts (Missimer et al., 2017; Mao et 

al., 2019). Evidently, researchers have sought to contextualise and define the 

underlying principles of sustainability which led to the creation of three pillar model 

(Missimer et al., 2017; Purvis et al., 2019). This model explores and constructs a 

sustainability framework using an economic, environmental, and social pillar (Giddings 

et al., 2002). This multidimensional framework should integrate and balance these 

elements equally, however the framework’s equilibrium is not always achieved due to 

the different sustainability interpretations (Högberg, 2014). Kopfmüller et al. (2001) as 

elucidated by Littig and Grießler (2005), categorised the relationship between the 

pillars into two main models, namely: the one pillar model and the multi-pillar model. 

The one pillar model prioritises the environmental pillar over the other two elements 

(Littig and Griessler, 2005). This paradigm focuses on the preservation of ecological 

systems and natural resources required for social and economic activities. However, 

these social and economic activities are also described as being responsible for 

environmental harm and must be limited to maintain ecological sustainability (Littig 

and Griessler, 2005). The more recognised model is the three-pillar model which views 

the pillars as equal counterparts. This holistic view argues that human needs and 

activities expand beyond the ecological aspect to incorporate social, economic and 

cultural elements (Littig and Griessler, 2005). Therefore, the integration of these pillars 

will prevent the neglect of traditionally undervalued considerations, the inequalities 

faced within the interpretation of sustainability, and the protection of its functions 

(Gibson, 2010). The preceding paragraphs will unpack and elaborate on the three 

pillars of sustainability. 

2.3.1 Economic Pillar of Sustainability 

Greenland (2019) argued that the economic pillar of sustainability should be viewed 

within the global context, encompassing business and governmental activities. On the 

micro scale, economic sustainability is the practice of ensuring one’s current 

consumption levels do not hinder the economic needs of future generations (Högberg, 

2014). Mutisya and Yarime (2014) iterated that sustainable economic practices require 
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proficient planning which creates economic prosperity and income generating 

opportunities. This position is strengthened by Goodland and Daly (1996) who viewed 

economic sustainability as managing one’s capital in a manner that warrants future 

generational financial growth. 

These viewpoints focus on the manufacture, sale, and consumption of resources for 

continual economic operations in the future. However, Black (2004) highlighted that 

this pillar also sought to promote and maintain satisfactory standards of living. A 

sustainable economic system must be adaptive and dynamic enough to shift with 

environmental, social, and technological changes (Black, 2004). 

2.3.2 Social Pillar of Sustainability 

Social sustainability is challenging to define due to its diverse nature and unclear 

definitions. Unsurprisingly, the diverse cultural, social, economic and geographic 

backdrop of countries makes a generic definition challenging to define. Adding to this 

challenge, is the dynamic nature of society where social and cultural constructs are 

consistently changing with continental travel, political factors, and changing social 

preferences. The built environment’s physical features will impact the level and social 

interaction of individuals and communities (Eizenberg and Jabareen, 2017). Jabareen 

(2006) correlated social sustainability with urban design principles such as density, 

greening, transport, city compactness, and mixed use. This perspective is further 

elaborated by Dempsey et al. (2011), who associated social sustainability with 

adequate housing, a healthy environment, safe neighbourhoods, and ease of 

accessibility.  

However, Eizenberg and Jabareen (2017) argued that the physical aspect of the built 

environment is not sufficient in tackling neighbourhood challenges, and communities 

will need to develop social frameworks and processes to achieve social sustainability. 

Thus, the built environment must provide the foundation for economic development, 

cultural diversity, social equality, social justice, and social cohesion (Polèse et al., 

2000; Ancell and Thompson-Fawcett, 2008). However, Polèse et al. (2000) noted that 

tensions and trade-offs will arise when balancing the social and economic dimensions 

within an urban environment. 

2.3.3 Environmental Pillar of Sustainability 

The environmental pillar is a ‘recent’ concept which took conception with the 

introduction of the three-pillar model. This understanding introduced environmental 
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practices as an independent concept instead of being understood as a by-product of 

economic and social development (Moldan et al., 2012). This pillar is often overlooked 

by consumers and producers, so educators must work on mitigating poor 

environmental habits (Greenland, 2019; Robinson, 2020). 

Environmental sustainability is the use of renewable resources in a way that does not 

diminish their usefulness for future generations (Moldan et al., 2012). Moldan et al. 

(2012) further iterated that this encompasses the use of non-renewable resources in 

a manner which does not create a scarcity for future generations, and allows them to 

smoothly transition to renewable alternatives. Being environmentally sustainable does 

not only permit the efficient use of resources but also the generation of hazardous 

materials or pollution which must not exceed harmful levels, and human activities must 

not create irreversible effects on the ecosystem (OECD Environment Ministers, 2001). 

These viewpoints are further substantiated by Black (2004), who described the 

environmental dimension of sustainability as the extent with which ecological systems 

can continue their essential functions into the future. This encompassed 4 critical 

aspects, namely: 1) The ecosystem’s integrity is upheld and preserved; 2) The 

biological diversity of an area is maintained; 3) The consumption of renewable 

resources does not exceed their rate of regeneration; and 4) The rate of pollution 

emission and waste generation do not exceed the assimilative capacity of the 

ecological system. 

2.4 Understanding Sustainable Development 

Sustainable development has recieved increased interest from policy makers, 

academics, and industry professionals (United Nations, 2015). This uptake has been 

driven by the 17 sustainable development goals introduced by the United Nations, who 

have emphasised the increased importance of sustainable operations. The 

sustainable development goals are characterised as interlinked, integrated, indivisible 

and universal allowing them to be applied across different nations and environments 

(Strandenaes, 2017). These goals incorporate all the dimensions of sustainability 

highlighting the relationships between the economic, environment, and social pillars 

of sustainability (Glaser, 2012). The interplay between these pillars provides the 

foundation for sustainable development. 

Interconnecting the above discussion, sustainable housing can be expressed as 

utilising techniques and materials in a manner that promotes environmental, 
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economic, and social sustainable living (Moghayedi et al., 2021). Moghayedi et al. 

(2021) further emphasised that sustainable practices need to be adopted throughout 

a building’s life cycle, starting from the design phase through to the operational phase. 

Zavadskas et al. (2017) stated that sustainable practices must integrate community 

developments such as schools, hospitals, transport and other amenities to promote a 

healthy and safe built environment. Hakiminejad et al. (2015) noted that policy and 

legislation shifts towards sustainable urban development will create the framework for 

efficient and ‘green’ urban environments. Kaplinski and Ubarte (2016) proposed that 

integrating multiple-criteria assessment methods will provide a holistic assessment of 

sustainable developments. This notion is supported by Moghayedi et al. (2021), who 

argued that sustainable critical success factors must be engaged to implement 

successful sustainable affordable housing. 

In contrast to the above, Moghayedi et al. (2022) highlighted that South Africa’s lack 

of sustainable building codes, legislation and policies has hindered the adoption of 

passive building designs, technologies and innovation that promotes sustainable 

urban environments. This is evident in South Africa’s current building codes, SANS 

10400-XA (2011), which indicates the minimum building design and energy efficient 

criteria’s that must be met (Zuo and Zhao, 2014). Therefore, this standard specifies 

the minimum construction requirements for a building to be habitable within the 

confines of the law. Considering this building code was introduced in 2011, these 

standards are outdated and to improve the uptake of dated sustainable building 

designs, energy performance certificates (EPCs) have been introduced (Moghayedi 

et al., 2022). EPCs require the monitoring and public reporting of energy consumption 

in public buildings and office buildings with a gross lettable area of 1000m2 or greater, 

or 2000m2 or greater, respectively (Department of Mineral Resources and Energy, 

2020). This reporting standard does not target residential buildings, however it 

indicates that legislative policies are beginning to reflect current sustainable practices 

and requirements to meet a 2050 net-zero carbon emission goal. Therefore, 

developers must begin integrating sustainable practices and techniques into their 

developments to future-proof them from stricter sustainable legislation and policies.  

2.5 Sustainability Within the Affordable Housing Context 

There is no universal definition underpinning sustainable, affordable housing. Many 

researchers and professionals have tried to define the definition, however their 

opinions often differ (Saidu and Yeom, 2020). Adabre and Chan (2019) aimed to 
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define sustainable affordable housing by bridging the gap between affordable housing 

and sustainable development through six critical success factors, namely: 1) 

developer and government satisfaction; 2) housing operation cost; 3) location of 

affordable housing; 4) quality of supplied housing; 5) household satisfaction; and, 6) 

housing demand is met within a timely manner. Similarly, Adabre and Chan (2019) 

expressed in another paper that policy makers must assist the development of 

sustainable, affordable housing by enhancing policy reform which caters to 

developers, household demand, encourages mixed land use, and effective land use 

planning. Sustainable affordable housing can also be understood as providing and 

maintaining dignified housing through the preservation of the environment (Sharifzai 

et al., 2016). The main goal of affordable housing is to be economical for lower-income 

earners by integrating purchase and future operational housing costs (MacKillop, 

2013; CAHF, 2020b). By integrating sustainability initiatives into affordable housing, 

the cost to obtain and maintain an affordable home will decrease (Mulliner et al., 2013). 

Sustainability is usually viewed using the three pillar model: economic, social and 

environmental (Giddings et al., 2002). The environmental impact will be evaluated 

against the life cycle of the building and a reduction in energy consumption will reduce 

GHG emissions (Baker et al., 2015; Ruparathna et al., 2016). From a social pillar 

perspective, housing provides citizens with shelter, sense of wellbeing and brings 

communities together (Arman et al., 2009). Kaminsky and Javernick-Will (2015) further 

evaluated social sustainability as including household sanitation quality which will 

improve the health of household occupants. Consequently, the reduction in utilities 

and energy awareness will improve the affordability of housing by reducing utility 

expenses, contributing to the economic pillar (MacKillop, 2013; Isalou et al., 2014). At 

the same time, households who manage their finances effectively in the present will 

prevent future cashflow deficits, preventing them from moving back into their previous 

housing submarket (Högberg, 2014).  

Sustainable affordable housing must be based on these four dimensions of 

sustainability (Economic, environment, social, and cultural) which influence climate 

change, the resilience of homes, the economic status of households and their links to 

the macro economy, social and cultural ties to communities (Badyina and 

Golubchikov, 2012). Shama and Motlak (2019) understood sustainable development 

as encompassing multiple facets within social and physical systems such as cultural 

and social equity, affordability, household health, economics, and neighbourhood 
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environments. In general terms, sustainable affordable developments will promote 

ecological protection, preserve natural resources, reduce GHG emissions while 

propagating economic growth over the long term within a community’s cultural and 

social spheres (Shama and Motlak, 2019; Ghaffar and El Aziz, 2021).  

The World Green Building Council (2023) highlighted four key elements crucial for the 

successful adoption of sustainable affordable housing. These elements include: 

1. Policy changes involving the integration of sustainable, affordable housing 

principles into building codes and regulations. This requires enhanced support 

from national and local governments to enforce, assist, and monitor sustainable 

affordable housing projects effectively. 

2. Improved access to financing through encouraging partnerships, subsidies, 

incentives, and the acknowledgement by financial institutions of social and 

environmental impacts in financial products. This approach aims to reduce 

financing costs. 

3. Integration of community participation and collaboration to comprehend 

community needs and raise sustainability awareness, thereby enhancing the 

quality of life in neighbourhoods. 

4. The implementation of sustainable affordable housing must focus on reducing 

both embodied and operational energy, prioritise the health and well-being of 

occupants, as well as promote housing equity. 

Numerous challenges persist against affordable housing within South Africa, yet there 

is an increasing body of evidence demonstrating progress and opportunities. These 

encompass financial solutions, supportive policies, design strategies, and practical 

approaches worldwide, enabling the realisation of sustainable, and affordable homes 

in various regions. The aim is to scale these practices to address the global housing, 

climate, and health crisis while adhering to fundamental principles of sustainable and 

affordable housing tailored to specific localities and demographics (World Green 

Building Council, 2023). At the surface level, affordable housing seeks to be an 

economic housing option for low-income earners which will prove fruitful when 

sustainability initiatives are embraced within the affordable housing space. 

Furthermore, integrating sustainability initiatives into affordable housing will develop 

stronger communities, promote well-being, and reduce utility consumption. 
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2.6 Energy Consumption According to South Africa’s Building Regulations 

South Africa’s building codes and structural designs are regulated by the National 

Building Regulations, which in turn, is governed by the National Building Regulations 

and Standards Act of 1977 (South African Government, 2023b). South Africa’s 

National Building Regulations (NBR) were created as a set of guidelines and rules for 

developers to follow when constructing any type of building (SANS, 2023). These 

standards are laid out in SANS10400 which govern general building principles, 

structural design, excavations, foundations, external and internal facades, lighting and 

ventilation, stormwater disposal, fire protection, and energy usage (SANS, 2023). 

These guidelines are aimed at conventional building designs that utilise concrete 

floors, brick walls and timber roofing structures, and not traditional construction 

techniques observed within native South African dwellings (Watermeyer and Milford, 

2003). 

In 2011 SANS 10400-XA: Energy regulations in buildings were introduced to 

standardise the minimum energy efficiency of buildings (TIPSASA, 2022). The 

objective of this regulation was to improve the efficiency level of South African 

buildings constructed and/or extended after November 2011. In 2021, an updated, 

more stringent SANS 10400-XA was released that introduces more practical and 

reasonable energy saving measures (TIPSASA, 2022). This building standard also 

classified building types and climate zones to allow energy efficient measures to be 

more targeted. Figure 2.3 and 2.4, below indicated the different building classifications 

and climate zones. There are 4 routes that a developer can follow to ensure their 

building will be compliant with SANS 10400-XA (TIPSASA, 2022): 

1. The building’s rational design by a competent professional, meets or is less 

than the thermal performance or energy consumption stated by SANS 10400-

XA building and zone type. 

2. All building elements meet the specified SANS 10400-XA element 

requirements. 

3. The building’s calculated thermal performance or energy consumption equals 

or is less than SANS 10400-XA specifications. 

4. The subject building’s thermal performance or energy consumption must be 

equal to or less than a SANS 10400-XA’s referenced building. 
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Figure 2.3: SANS 10400-XA building type classifications (SANS 10400-XA, 2011) 

 

 

Figure 2.4: SANS 10400-AX energy zone map of South Africa (TIPSASA, 2022) 

There are 7 climate zones in South Africa which have been determined by their heating 

and cooling loads, these energy zones have been summarised in Table 2.4 below. 

Zone 5 has also been broken down to include a sub-zone ‘5H’ that accounts for the 

area’s high humidity. 
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Table 2.2: Heating and Cooling Energy Required 

Zone Heating Load Cooling Load 

1 Medium Medium 

2 Medium Low 

3 Low High 

4 Low Low 
5 Low Medium 
6 High Low 
7 High Medium 

Source: (TIPSASA, 2022) 

Table 2.5 indicates the maximum energy consumption that a residential house and flat 

may have in respect to the corresponding climate zone per kilowatt-hour per square 

meter per annum (kWh/m2/a) (SABS, 2021). 

Table 2.3: Maximum energy consumption of residential units per climate region 

Class of Occupancy Energy Zone (kWh/m2/a) 
 1 2 3 4 5 5H 6 7 
H3 Domestic Residence (Flats) 90 100 50 80 85 60 110 110 
H4 Dwelling House (Free-standing 
House) 

95 100 50 80 85 60 110 110 

Source: (SABS, 2021) 

The first step when determining the maximum energy consumption of a new 

development is to identify the building type and in which province the building will be 

situated. These two classifications will determine the required R-values that must be 

met for a building to comply with SANS 10400-XA. The following sections will 

summarise SANS 10400-XA’s building elements and their corresponding thermal 

performance specifications. 

2.6.1 Building Envelope 

2.6.1.1 Orientation 

Buildings must be orientated to face North, North-East or North-West depending on 

their location within South Africa to facilitate the maximum solar gain during winter. 

This specification applies to all energy zones except for zone 5H whose orientation 

must enable the use of prevailing winds to facilitate natural ventilation (SABS, 2021). 

2.6.1.2 Shading 

Shading techniques encompass tinted windows, installing shading devices, or 

adopting fenestration designs. Where fenestration techniques are adopted, the 
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shading device may not protrude less than the factor given in Table 2.6 multiplied by 

the height. The factor that must be multiplied is determined by the latitude of the 

development’s location. 

Table 2.4: Minimum prudence factor of a shading device 

Latitude Multiplier 
<= 22 0.33 
<= 24 0.36 
<=26 0.40 
<= 28 0.42 
<= 30 0.46 
<= 32 0.50 
> 32 0.54 

Source: (SABS, 2021) 

2.6.1.3 Floors 

All floors with any form of heating must be insulated underneath with an insulation 

material with an R-value of at least 1 (SABS, 2021) as indicated in Table 2.7. 

Suspended exposed floors that form part of the external envelop must be insulated in 

accordance with Table 2.7. SANS 10400-XA does not stipulate any requirements for 

other floor types. 

Table 2.5: Floor classification and R-value requirements of a floor 

Floor Classification & R-value Requirements 
Type R-value (Equal to or less than) Energy Zone 
Under floor heating 1 All 

Suspended floor 
1.5 1, 2, 6, 7 
1 3, 4, 5, 5H 

Source: (SABS, 2021) 

2.6.1.4 External Walls 

The revision of SANS10400-XA has seen the introduction of cavity walls due to their 

improved thermal performance over a half brick wall. However, when cavity walls are 

exposed to high or low temperature conditions, they will become too cold in winter or 

too hot in summer. Therefore, these walls can be insulated to exponentially improve 

their thermal resistance during hot and cold seasons. Table 2.8 below indicates the R-

values that an external wall must achieve to meet SANS 10400XA’s requirements. In 

the case where a cavity wall has been insulated, the recommended (Not a mandatory 

requirement) R-values that should be achieved have been highlighted in Table 2.9. 
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Table 2.6: Masonry wall R-value requirements 

Masonry Wall R-value Requirements 

Type R-value (Equal to or more than) 
Energy 
Zone 

Collar jointed wall, plastered 
internally 

0.4 3, 5, 5H 

50mm cavity wall, plastered 
internally 

0.6 1, 2, 4, 6, 7 

Source: (SABS, 2021) 

Table 2.7: Cavity wall and insulation greater than 50mm R-value requirements 

Cavity Wall & >50mm Insulation 
Type of insulation Recommended R-value Energy Zone 
Expanded polystyrene (EPS) 2.03 All 
Mineral Wool 2.12 All 
Polyurethane (PU) 2.6 All 
Extruded Polystyrene (XPS) 2.26 All 

Source: (SABS, 2021) 

2.6.1.5 Roof Assembly 

SANS 10400-XA makes roof insulation provisions which aims to reduce heat loss 

through the roof and direct attic heat away from the house. Table 2.10 below indicates 

the required R-value that a roof assembly must achieve to obtain the minimum thermal 

resistance. The heat flow direction within the table refers to the general direction that 

heat must flow during occupation hours to minimise internal environmental heat gain. 

Table 2.8: Roof R-value requirements 

Roof R-value Requirement 
Energy Zone 1 2 3 4 5 5H 6 7 
Minimum R-value per 
m^2.K/W 

3.7 
3.7 2.7 

3.7 

Heat flow direction Up Up & down Up Down Up 
Minimum R-value of 
roof/ceiling insulation 

0.30-0.35 0.30-0.35 0.30-0.35 0.36-0.48 
0.30-0.35 

Source: (SABS, 2021) 

2.6.1.6 Building Sealing 

Buildings must be designed to minimise air leakage and infiltration at any opening in 

the external façade.  
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2.6.2 Building Services 

2.6.2.1 Hot Water Supply 

SANS 10400-XA piping insulation states that all piping utilised for hot water distribution 

or heating must be insulated with an R-value material in accordance with Table 2.11.  

Table 2.9: Hot water piping insulation R-value requirements 

Pipe Insulation 
Piping Diameter Minimum R-value 
<= 80 1 
>80 1.5 

Source: (SABS, 2021) 

2.6.2.2 Lighting 

All H3 and H4 occupancies must use light emitting diodes (LEDs) and compact 

fluorescent lamps or any other lighting technology whose energy demand does not 

exceed 4W/m2. Occupancy and daylight sensors must be installed in a manner that 

no sensor services an area greater than 100m2. 

2.7 Affordable Net-zero Energy House 

Many countries around the world have been encouraging improved energy efficient 

developments with greater on-site renewable energy generation which has created 

particular interest in NZEBs. A NZEB, also referred to as a zero-energy building, is a 

building with a total annual consumed energy equal to the amount of renewable energy 

generated on-site, or consumed off-site renewable energy (Teja, 2018). Crawley et al. 

(2006) emphasised that investor intentions, project goals, environmental impact, and 

energy costs influence the NZEBs definition. On the back of this, the authors proposed 

four different definitions, namely: 1) On-site ZEB; 2) source ZEB; 3) cost ZEB; and 4) 

emission ZEB, each definition proposing its own advantages and disadvantages. 

Evidently, NZEBs provide an opportunity to reduce both the generation of GHG 

emissions and grid tied energy usage through high building energy performance and 

renewable energy generation. NZEBs do occasionally consume non-renewable 

energy and produce GHG emissions, but their ability to produce excess renewable 

energy will offset the non-renewable energy consumption. NZEBs are critiqued with 

only addressing the operational phase of a building while the embodied energy is 

neglected (Nydahl et al., 2019). This is most likely due to the absence of data, 

challenges quantifying incorporated energy, and the construction industry’s hesitance 

to adopt new construction techniques (Qarout, 2017). 
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Advances in renewable energy generation, construction techniques and research 

within the NZEB space has created detailed energy performance reports comparing 

conventional and NZEB designs, and detailing design efficiencies (Teja, 2018). NZEBs 

are underlined by three main energy efficiency measures, namely: 1) passive design; 

2) service system; and, 3) power generation (Deng et al., 2014). A superior passive 

design will incorporate thermal insulation, building orientation, effective overhangs to 

reduce thermal and electricity loads. These load reductions are further reduced with 

energy efficient lighting, optimised heating, ventilation, and air-conditioning monitoring 

systems. In their paper on energy consumption and household energy usage 

behaviour, Cui et al. (2017) noted that high appliance prices was the primary hindrance 

to acquiring high-efficiency appliances. Moreover, households showed scepticism 

about the ability of these products to save energy. This scepticism arose because the 

energy-efficient products' effectiveness is significantly impacted by individual energy-

consuming behaviours, resulting in inconsistent energy-saving outcomes. This 

indicates that household behaviours and perceptions will significantly influence the 

reduction of energy consumption habits which minimise electricity usage. A household 

could fail to achieve net-zero energy status due to being a high energy user, whereas 

another household, characterised by lower energy consumption habits, could 

effectively render the same house a net-zero energy home. Renewable energy 

solutions such as solar, wind, and biogas will provide carbon emission free energy 

source. The evolution and widespread adoption of NZEBs will transform these 

solutions into a practical approach for curbing energy consumption and enhancing 

energy resilience within the built environment. (Marszal et al., 2011). Livingood et al. 

(2016) motioned that the potentials of scaling zero energy buildings will create an 

opportunity for localised electrical grids that will utilise grid load diversity to share 

renewable energy, enhancing the ability of developers and policy makers to adopt 

NZEBs and develop net-zero energy neighbourhoods.  

On the other hand, the upfront carbon rating attributable to the construction of the 

building, is generally overlooked and remains constant for the building’s life cycle. 

Therefore, the proportion of embodied carbon increases as energy efficiencies 

improve, and can range from between 9% (Conventional building) - 70% (Nearly zero 

energy building) of a building’s total emissions (Chastas et al., 2018). Extensive 

research has been conducted to explore various strategies for reducing the embodied 

carbon of buildings. Akbarnazhad and Xiao (2017) broadly categorised these 
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embodied reduction strategies into five groupings, namely: 1) The use of low-carbon 

materials involves selecting alternatives based on their carbon footprint by considering 

factors like raw material type, location, extraction and processing methods; 2) Reduce 

the required material to construct a home which will directly lower embodied carbon 

through optimised design and waste minimisation during manufacturing and 

construction; 3) Reuse and recycle materials during construction and at the end of 

building life to preserve embodied carbon by reducing emissions from demolition and 

landfilling; 4) Source local materials to reduce transport emissions; and, 5) Adopting 

construction optimisation strategies to minimise carbon emissions during construction 

by optimising equipment operations and improve construction site layout to reduce on-

site transport emissions. These categories are further substantiated by Moncaster and 

Pomponi (2016), who also included government regulations and policies to guide 

developers and homeowners towards greener alternatives. 

Benchmarking provides performance targets for evaluating the feasibility and impact 

of NZEBs, in terms of energy consumption, on-site generation, and storage. 

Internationally, standards such as the UK Net Zero Carbon Buildings Standard offer 

measurable thresholds for carbon emissions limits and targets, promoting efficient 

designs, energy saving technologies, and renewable energy (Standard, 2025). 

Although, the UK standard primarily focuses on carbon emissions, its emphasis on 

reducing emissions and maximising renewable energy aligns closely with NZEB 

principles. Complementary rating systems such as BREEAM and EDGE further 

institutionalize benchmarks for sustainability, covering both energy efficiency and life-

cycle carbon performance (LEED, 2021; BREEAM, 2023). While this study 

concentrates on the energy impact of ANZEBs, the results may be compared to these 

standards to reflect the broader implications of decarbonisation. 

Green and sustainable rating tools were developed to promote and measure the 

design, construction, and operation of buildings in a sustainable manner (Ade and 

Rehm, 2020). Ade and Rehm (2020) stated that these systems aim to develop a 

holistic, sustainable view with overlapping structures and assessment methods. This 

approach considers multiple environmental factors while addressing practical market 

demands. Despite this criticism, green rating tools have propelled the built 

environments sustainability sentiment and awareness amongst professionals (Griffiths 

et al., 2020). 
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South Africa's leading green rating tools, established by the GBCSA, who is an affiliate 

of the World Green Building Council, were developed based on Australia's rating 

system and selected due to the countries' comparable climates (Illankoon et al., 2019). 

In addition to these tools, the construction industry in SA has embraced other rating 

systems like Edge and South African National Standards (SANS) 10400-X and 10400-

XA (Swift, 2013; GBCSA, 2023). These tools seek to help developers benchmark and 

evaluate energy and carbon performance of South African buildings.  

Given the above, there is a strong distinction between embodied and operational 

carbon emissions outline by Ibn-Mohammed et al. (2013) and expressed below. Figure 

2.5 presents a graphical representation of a building’s life cycle where embodied and 

operational carbon is accumulated. Embodied carbon is influenced by the materials 

used to construct a house and is largely determined by the type of materials used, 

construction techniques, material sources, and the efficiency of manufacturing 

processes to produce construction materials. Almost all embodied emissions are 

incurred during the initial construction stage of a building, with the remainder occurring 

during maintenance and renovation. Reducing embodied carbon can be achieved by 

optimising the building’s fabric to minimise material use, or by intelligently specifying 

and selecting materials with lower embodied carbon and energy intensity. While 

operational carbon refers to the energy required to sustain indoor environmental 

conditions and support the day-to-day energy requirements, through processes such 

as heating, cooling, lighting, appliances, ventilation, and air conditioning. Operational 

emissions accumulate over time and can be influenced throughout the building's life. 

Reducing operational energy consumption can be achieved more effectively using 

energy-efficient appliances, renewable energy technologies, and advanced insulating 

materials, which are increasingly available. 
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Figure 2.5: Life cycle carbon emission breakdown (Ibn-Mohammed et al., 2013) 

Affordable housing was described in Chapter 2.2.2, as a household that does not 

spend more than 30% of their gross income towards accommodation, and NZEB will 

minimise the consumption of carbon emission energy. ANZEHs seeks to merge these 

two constructs to create a home that will consume a net-zero energy ratio while 

remaining cost effective. The affordability of an ANZEH will depend on optimal design 

patterns and utilising energy saving technology in a cost-effective manner. D’Agostino 

and Parker (2018) argued that optimising a NZEB design will allow costs to be re-

distributed to more impactful elements allowing the cost of other elements to be 

reduced. The authors further noted that as the passive design improves and the 

thermal comfort increases, the incremental cost of more efficient heat and cooling 

equipment reduces (D'Agostino and Parker, 2018). This observation indicates the 

ANZEB designs must articulate their budgets effectively to redirect cashflows towards 

high carbon and energy performance building elements and technologies in order to 

maximise carbon reductions with limited funds. The mature nature of passive designs 

arises due to the standardisation of simulation software that mimics heat and energy 

loads in a timely and cost effective manner (Deng et al., 2014). Designers and 

engineers should adopt these computer models to make significant building changes 

before construction to optimise their ANZEH, reducing capital costs, delays and 

overruns. A critical part of an ANZEH will be the installation of photovoltaic (PV) 

systems to supplement and/or replace grid tied energy, potentially creating an 

additional revenue source if PV energy is fed into the grid, highlighting that a PV 

system will not only reduce carbon emissions, but improve the viability of an ANZEH. 
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Evidently, developers will have to balance the relationship between energy and carbon 

efficiencies and building costs to achieve an ANZEH. 

2.7.1 ANZEB Design Techniques, Features, and Technologies 

The following ANZEH dimensions presented below were identified as the foundational 

elements that underpin the ANZEH critical success factors outlined in the literature 

review. Figure 2.6 below summarises the expressed dimensions before the 

proceeding sub-sections unpack these 4 NZEB characteristics to determine which 

building elements will be suitable for an ANZEH. The diagram indicates the 4 key 

characteristics of NZEBs. 

1) The technical dimension describes the physical housing features, passive energy 

efficient designs, building layout, alternative materials, and construction techniques 

which will help reduce the environmental impact of housing (Biyik et al., 2017; Chen 

et al., 2017). 

2) The social dimension describes curtailment and environmental relevant behaviour 

(Never et al., 2022), and green finance and renewable energy policies (Anser et al., 

2023). 

3) The environmental dimension focuses on renewable energy production and the use 

or renewable or recycled building materials (Wells et al., 2018; Wu and Skye, 2021). 

4) The economic dimension, highlights high energy efficient technologies and 

appliances that will reduce a household’s energy demanded (Deng et al., 2014). 

 

Figure 2.6: ANZEH dimensions 
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2.7.1.1 Technical Dimension 

The technical dimension describes the physical housing features, passive energy 

efficient designs, building layout, materials, and construction techniques which will 

help reduce the environmental impact of housing (Chen et al., 2017). An optimal 

passive design can improve indoor environmental quality while reducing daylight 

heating and lighting loads (Gong et al., 2012). Optimal designs can minimise the 

quantity of building materials to erect a home, simplify construction techniques to 

reduce on-site emissions, and integrate existing building material into new 

developments will significantly reduce material consumption (Hestnes and Sartori, 

2007; Sev, 2009). Designs should also seek to adopt pre-fabricated elements to allow 

for efficient transportation, reduced installation time and limited waste production 

during construction (Hannoudi et al., 2024). Energy efficient design optimisation will 

support developers and engineers in designing buildings with improved embodied and 

operational energy performance levels (Shi et al., 2016). 

The shape of a building significantly impacts the amount of solar radiation received 

during the day and heat loss during the night (Mingfang, 2002). A building’s design 

should aim to reduce the ratio between the external façade and construction volume 

to suit its hemisphere (Aksoy and Inalli, 2006). Building shape should be viewed in 

combination with building orientation as the angle of the building’s position relative to 

the sun will impact the level of direct insulation, consequently impacting the optimal 

external façade and construction volume ratio (Aksoy and Inalli, 2006). In the Southern 

hemisphere, the northern side of a building will receive the highest levels of solar 

radiation, while the northern side receives the least. Subsequently, a North facing 

building is considered the optimal design orientation receiving the maximum level of 

solar radiation during winter. Building orientation will also impact other design 

elements, such as window-to-wall ratio, shading and PV systems. 

The external façade can be considered one of the most important passive design 

components because it separates external environment conditions from the internal 

climate. The building element combines insulation, widow-to-wall ratio, glazing and 

shading techniques to optimise heat gain and loss (Pacheco et al., 2012; Wang et al., 

2021). External façade materials and typology designs were the most influential 

method to reduce capital costs and embodied carbon through the integration of re-

cycled materials (Cortesão et al., 2023). Installation and maintenance carbon can be 

reduced by adopting ease of assembly and disassembly module designs. 
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Wang et al. (2021) indicated that an optimal external façade will alleviate most indoor 

thermal discomfort as direct insulation will be minimised and thermal insulation 

improved. Insulating and/or utilising cavity walls in the external façade will minimise 

heat gain, reducing cooling load energy (Bekkouche et al., 2013). Fantucci and Serra 

(2019) observed that the use of reflective paint will reduce heat gains between 10%-

53% as less insolation is absorbed. Windows are a critical design element for any 

building providing natural light inlets and exterior views, however, they are responsible 

for wasting 20%-40% of a building’s energy (Jung et al., 2013). Jung et al. (2013) 

further iterated that a window’s thermal performance is driven by airtightness, window 

solar glazing, and thermal transmittance. Window glazing will impact the amount of 

natural light that will penetrate a building’s interior reducing lighting loads, but increase 

heat loads (Aguilar-Santana et al., 2020). Aguiler-Santana et al. (2020) further 

indicated that window pane thickness will not improve thermal insulation and tinted 

windows will only reduce light transfer without reducing heat gain. Therefore, double 

or multi glazed windows should be utilised to maintain suitable natural lighting and low 

heat transfer rates. Façade overhangs will prevent windows from transmitting 

undesired insolation which will impact building heating loads (Omrany and Marsono, 

2016). Extending external shading overhangs have rapid diminishing returns 

indicating that their design parameters are constrained. Cheung et al. (2005) noted 

that building simulations indicated that a 100kWh annual saving will be obtained from 

the first 500mm shading overhang and only an additional 109kWh annual saving is 

achieved when the overhang is extended by 1000mm. This indicates that developers 

can standardise shading overhangs reducing design costs and timelines. 

In South Africa, housing air-conditioning units and HVAC systems are not widely 

utilised due to their energy intensive nature. Therefore, integrating natural ventilation 

into a house/apartment design will significantly improve indoor conditions. The 

efficiency of natural ventilation is impacted by temperature changes, the vertical hight 

difference between inlet and outlet stacks, building design, orientation, size, window-

to-wall ratio and window-to-floor ratios (Aflaki et al., 2015). Natural ventilation systems 

will improve the efficiencies of HVAC systems, stabilise indoor temperature levels and 

provide a temperature energy saving mechanism (Zhang et al., 2021). Adopting wind 

catchers into a building’s design will enhance natural ventilation and cost significantly 

less than conventional ventilation systems (Jomehzadeh et al., 2020; Patel, 2021). 
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Proponents of Moghayedi et al. (2024) observed that 3D-printing construction 

methods, play a crucial role in enhancing the sustainability of homes. These 

technologies offer significant reductions in construction time, carbon emissions, and 

material wastage, making them viable options for addressing the housing crisis in 

Africa. The study indicated that 3D-printing has the potential to reduce a home’s 

carbon footprint by 48%, however the initial cost of the 3D-technology is not offset by 

savings achieved through the reduced construction time. Alternatively, developments 

can adopt innovative prefabricated construction methods which enhance a buildings 

sustainability performance beyond conventional building techniques (Moghayedi and 

Awuzie, 2023). Housing stakeholders should adopt prefabrication techniques 

including monolithic systems and other prefabricated approaches. These methods 

should incorporate a significant proportion of local and natural materials to enhance 

affordable housing projects in local areas (Moghayedi and Awuzie, 2023). 

Incorporating sustainable design techniques, such as passive design, the use of 

recycled and local materials, and energy-efficient systems, will improve the 

sustainability performance of affordable housing (Moghayedi et al., 2023). These 

techniques must embrace the entire life cycle, incorporating the climate zone and 

geographic location into the design. This design approach is referred to as the SIAH-

Liveable House which allows stakeholders to modify their home using a modular 

design to accommodate changing needs without needing to move.  

2.7.1.2 Social Dimension 

The social dimension seeks to improve awareness and leverage household 

curtailment and environmental initiatives. Improved levels of household carbon 

footprints will promote household energy conservation through awareness, tenant 

behaviour and the purchasing of energy efficient appliances (Never et al., 2022). Steg 

(2008) argued that a household’s energy use is driven by the inadequate knowledge 

of ways to diminish electricity usage, the high cost and moderate priority to save 

energy, and the subsequent lack of cost-effective energy saving alternatives. Salom 

et al. (2018) iterated that occupant behaviour and the number of occupants will impact 

the level of energy consumption, and whether a building, given its renewable 

generation, will achieve NZEB levels. There are two typical strategies implemented to 

encourage energy saving behaviour. Psychological strategies seek to educate, and 

change household perceptions and norms affiliated with energy conservation. 

Structural strategies seek to change the environment in which energy conservation 
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decisions and actions are made to promote the adoption of energy saving initiatives 

(Steg, 2008). 

Psychological strategies can be promoted through green leases which are rental 

agreements where the tenant and landlord commit and encourage water/energy 

conservation and reduced waste generation (Green Building Alliance, 2022). The 

Better Buildings Partnership (2013) defined a green lease as a standard lease with 

additional environmental performance clauses that the tenant and landlord must 

uphold within the context of the property where the tenant resides. The literature has 

extensively examined green leases within the context of commercial and retail 

property, however the residential sector has been neglected. This being the case, 

elements of commercial and retail green leases can be easily converted to residential 

lease. For example, tenants may only purchase and use energy efficient appliances, 

or the landlord must make recycling amenities easily accessible to tenants. ANZEH 

may have the infrastructure and technology to achieve net-zero energy consumption, 

but this does not mean net-zero energy benefits will filter down to the tenant. 

Therefore, developers must utilise green leases to encourage energy saving 

behaviour amongst tenants or mandate that only energy efficient appliances may be 

used (Collins, 2019). 

Anser et al. (2023) iterated that green finance and renewable energy policies will 

enhance access to electricity and boost energy security. These policies and financing 

incentives will propagate innovation amongst developers making renewable energies 

abundant within ANZEHs. Green financing will be achieved through green bonds or 

sustainability-link loans (Duffy et al., 2020). Green bonds are structured similar to 

conventional loans, except the loan proceeds are allocated directly towards green 

projects and tracked (OECD, 2016). Sustainability-linked loans are linked to GHG 

emission goals or sustainability targets. Therefore, the proceeds do not have to be 

directly invested in green projects, and if the sustainability targets are met, the loan’s 

interest rate is reduced as a reward (Kölbel and Lambillon, 2023). Green finance will 

promote ANZEH by attaching sustainable criteria goals to loans which are often 

discounted in relation to conventional loans or bonds, improving viability studies and 

increasing ANZEH supply. 

Local materials should be sourced to reduce the environmental impact associated with 

the transportation of building materials, such as carbon emissions and fuel 
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consumption. Additionally, employing these strategies will provide substantial benefits 

to local communities and economies by creating jobs, supporting local businesses, 

and fostering economic resilience. By prioritising locally sourced materials, 

construction projects can contribute to sustainable development goals, ensuring that 

the environmental, social, and economic aspects of sustainability are addressed in a 

holistic manner (Pomponi and Moncaster, 2016).  

2.7.1.3 Environmental Dimension 

The environmental dimension focuses on and the efficient use of materials to minimise 

embodied energy, and renewable energy production. Developers should source 

alternative low carbon emission materials, such as wood or bamboo, and materials 

that have re-cycled elements integrated into them. The use of recycled materials can 

expand to reclaimed materials or the use of demolition materials to enhance resource 

management (Sev, 2009). Using Pareto’s analysis Perera and Victoria (2018) 

identified that a structure’s frame, substructure, external walls, services and upper 

floors should be given design priority because they contribute the most embodied 

carbon. Using re-cycled steel and concrete, pre-used materials, alternative low carbon 

materials, lighter pre-fabricated elements will reduce these high embodied carbon 

contributing elements (Perera and Victoria, 2018). 

The replacement and/or offset of fossil fuel energy will be achieved through the on-

site production of renewables, purchasing of off-site renewables, or excess renewable 

energy being feedback into the grid will outweigh the consumption of fossil fuel energy 

(Wells et al., 2018; Wu and Skye, 2021). PV systems have been widely adopted by 

the residential sector due to its simpler installation methods and promising capital 

investments (Kumar et al., 2020), and South Africa’s climate is extremely suitable for 

solar as it boasts an average of 2500h hours of sunshine annually (Alexander, 2023). 

Gouveia et al. (2020) iterated that other renewable energy sources (e.g. Wind or 

geothermal) are used less often because their environmental impact (e.g. noise) or 

capital/maintenance costs are higher. However, these systems come at a higher 

embodied carbon cost, with solar homes requiring approximately twice the embodied 

energy of a conventional home due to its technological needs, but it simultaneously 

reduces total operational energy demand by half over a 50-year lifespan (Hestnes and 

Sartori, 2007). This highlights that solutions will have to embrace a higher embodied 

carbon input to offset a larger operational energy footprint. 
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Renewable energy generation is erratic, heavily reliant on climatic conditions, and 

impacted by day/night cycles and the weather. To maintain a reliable source of 

renewable energy, energy storage systems must be considered when designing an 

ANZEH (Gouveia et al., 2020). For a residential building there are two main forms of 

energy, electrical energy to run appliances and lights, and thermal energy to heat 

water (Biyik et al., 2017). There are various available battery options for electrical 

storage systems such as lithium-ion or lead-acid batteries (Hesse et al., 2017). Where 

the capital cost for batteries is exceeded or the allocated budget does not cater for 

batteries, renewable generated energy can be fed back into the grid to offset grid tied 

fossil fuel generated power. The use of batteries to reduce power fluctuations and 

store excess renewable energy will enhance an ANZEHs ability to achieve zero 

operational energy emissions (Yamchi et al., 2019). 

2.7.1.4 Economic Dimension 

The economic dimension, highlights high energy efficient technologies and appliances 

that will reduce a household’s energy demand (Deng et al., 2014), effectively reducing 

the stress on the amount of renewable energy required to sustain a household’s 

energy habits and operational costs. Implementing electrical smart meters will provide 

households with the ability to monitor their energy usage in real time (Zheng et al., 

2013). Moreover, the increased household energy usage awareness will promote 

energy behaviours and allow households to track their consumption against 

benchmarks to determine if they are consuming more or less energy (D’Oca et al., 

2014). 

Lighting energy consumption has been steadily increasing due to the growing trend of 

installing more light fixtures in a home. The adoption of LEDs in favour of florescent or 

incandescent light bulbs has helped curved this increasing energy demand (Cheung 

and Davies, 2017). LEDs also provide other benefits such as improved lifespan and 

reduced maintenance costs, however their installation costs are generally higher 

(Nardelli et al., 2017). Despite this higher installation costs, LEDs are about 80% - 

90% more efficient than incandescent light bulbs, therefore the higher capital cost of 

LEDs are easily recovered over their operational life (Schleich et al., 2014). 

The South African government has implemented personal and company solar tax 

incentives to promote renewable energy installations. Individuals who pay income tax, 

can claim a tax rebate of 25% of the cost of new PV installations to the maximum value 
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of R15,000 (National Treasury, 2023). While companies may apply for a Section 12B 

and 12U tax allowance which will allow for accelerated capital depreciation on 

renewable energy generating assets (Cliffe Dekker Hofmyer, 2021). In the case that 

the cost of the PV system exceeds the allocated capital budget, a solar subscription 

service can be utilised which will allow a third party service provider to install a PV 

system at no additional capital cost and only a subscription cost will be charged on a 

monthly basis (gosolar, 2023). 

Conlon et al. (2021) noted that appliances such as refrigerators, dishwashers, and hot 

water systems can be energy efficient while also being cost-effective. This observation 

is critical when the number and use of appliances has steadily increased since 2000, 

despite this criticism, the increase in energy consumption has increased less than the 

increase in appliances (Patel and Chugan, 2013). The application of electric energy 

management systems will provide enhanced appliance optimisation and scheduling to 

optimally utilise renewable energy and reduce the consumption of fossil fuel grid 

energy. Electricity energy management systems will shift electrical load scheduling 

and direct energy flows to reduce peak household energy consumption and improve 

the exploitation of renewable energy (Tsioumas et al., 2018). This system will greatly 

improve the energy efficiencies of air source heat pumps by optimising run times 

during the day when plentiful renewable energy is available. Air source heat pumps 

(ASHPs) are 50%-70% more efficient than conventional geysers with a co-efficient of 

performance ranging at around 3.75 (Wang et al., 2020). Meyer et al. (2019) quantified 

ASHP within the South African climate and determined that conventional hot water 

geysers should be retrofitted with ASHPs. Energy savings of more than 50% is 

achieved depending on seasonal conditions highlighting ASHPs high co-efficient of 

performance in South Africa’s climate. 

These dimensions serve as key pillars in guiding the successful implementation and 

adoption of ANZEH principles in South Africa. By addressing these dimensions, 

stakeholders can better understand the essential factors that contribute to the effective 

integration of sustainability, energy efficiency, and carbon reduction in housing 

projects. Each dimension highlights a specific area of focus that is crucial for achieving 

the desired environmental, economic, and social outcomes associated with ANZEH. 

These are best captured through critical success factors, which are the essential areas 

of activity that must be addressed to ensure the successful delivery of ANZEHs. The 

critical success factors for ANZEH were derived from the four dimensions identified in 
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the above sections. Each dimension underpins specific critical success factors that 

contribute to lowering energy and carbon emissions while maintaining affordability. 

Table 2.12 provides a summary of the critical success factors for ANZEH by 

categorising their technical and performance aspects. The ‘Dimension’ heading lists 

the foundational categories that are critical to achieve an ANZEH, providing a 

structured overview of ANZEH strategies. The ‘Element’ heading identifies features or 

design aspects into actionable components. Each element is further broken down 

under ‘Technical Specification’, which outlines the specific requirements, design 

characteristics or actions, offering a practical implementation reference point. The 

‘Description’ explains the purpose and function of each technical specification. The 

‘Impact’ summarises the expected effect of each specification on the building's energy 

performance. Finally, the ‘Performance Rating’ sought to quantify each specification’s 

performance ability.
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Table 2.10: Summary of ANZEH critical success factors 

Dimension Element Technical 
Specification 

Description Impact Performance Rating 

Technical Passive Design Orientation The direction the house is 
facing. 

In the Southern Hemisphere, 
buildings should be North facing 
to increase the solar energy gains. 

35% energy saving per annum 
(Albatayneh et al., 2018). 

Shape Is the house a rectangle, 
square, etc. 

A low-rise building will increase 
solar gain while reduce thermal 
heat loss. 

Low-rise and non-compact building 
offers the best thermal performance 
(Ordoñez et al., 2014). 

Wall-to-window ratio Amount of window area 
relative to the amount of 
exterior wall. 

↑ or ↓ house’s thermal gain 

based on desired outcome. 

Dependent on window to wall ratio. 

External wall 
insulation 

Material used to improve the 
thermal performance of the 
exterior wall. 

Reduce thermal heat gain during 
the day and heat loss during the 
night, 

External cavity wall must have an R-
value of 0.6 or greater (SABS, 
2021). 

Roof insulation Material laid on the ceiling to 
improve ceiling thermal 
performance. 

Prevent thermal heat gain during 
the day and heat loss at night. 
 
 

The roof must achieve an R-value of 
3.7 or greater (SABS, 2021). 

Glazed windows Layers of glass separated by a 
gap for a glazed finished. 

Reduce heat gain during the day 
and heat loss during the night 
through external windows. 

Window’s R-value must be greater 
than 1 (Mann, 2021). 

Façade overhangs/ 
eave/shading 
techniques 

Portion of the roof or other 
material that protrudes from 
the side of a building. 

Reduce the amount of sunlight that 
enters a building during the day. 

18% energy saving can be achieved 
from installing 1m overhangs 
(Kazem et al., 2022).  

Natural lighting Any technique used to direct 
sunlight into a building. 

Provides natural light during the 
day to reduce the reliance on 
artificial light. 

Electrical lighting savings between 
10%-30% (Acosta et al., 2016). 

Natural ventilation The process of creating air 
flow within a building without 
using any mechanical system. 

Passively cools a house, reducing 
energy required for air 
conditioning. 

Cooling energy consumption 
savings between 8%-78% 
depending on the weather and air 
quality (Tong et al., 2016). 

Social Psychological 
strategies 

Green citizen Teach house occupants about 
energy conservation. 

Households will actively reduce 
their energy consumption. 

Energy conservation is a function of 
household’s proactive ability to 
reduce consumption. 

House manual Information booklet which 
explains the objectives of the 
house and effectively utilise 
the sustainability elements. 

Educates the occupant on how to 
use the house’s sustainability 
resources effectively. 

Energy conservation is a function of 
a household’s ability to implement 
the house manual. 
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Curtailment 
initiatives 

Household occupants 
practicing energy saving habits 

Households will reduce their 
energy consumption. 

Energy conservation is a function of 
household’s proactive ability to 
reduce consumption. 

Market Strategies Green/ 
sustainability-link 
bonds 

Financial instrument that 
requires the borrower to meet 
sustainability metrics. 

Mandates the borrower to 
implement energy saving 
indicatives into their building 
design. 

Level of savings will depend on the 
bond’s conditions. 

Environmental On-site renewable Solar System converts insolation 
into electricity. 

Reduce the demand for fossil fuel 
energy. 

0%-100% renewable energy supply 
depending on size of system. 

Wind System that converts wind into 
electricity 

Reduce the demand for fossil fuel 
energy. 

0%-100% renewable energy supply 
depending on size of system. 

Use renewable 
resources to 
generate energy 

Burning of renewable 
resources to generate power. 

Reduce the demand for fossil fuel 
energy. 

0%-100% renewable energy supply 
depending on size of system. 

Off-site renewable Purchase 
renewable energy 

Purchasing off-site renewable 
energy. 

Reduce the demand for fossil fuel 
energy. 

At least 50% of water heated by 
means other than electricity 
(Nedbank, 2020). 

Energy Storage Electrical energy 
storage 

Storing of electrical energy. Renewable electricity is stored for 
when it is not being generated. 

0%-100% renewable energy 
storage depending on size of the 
battery. 

Thermal energy 
storage 

Storing of heat energy, 
generally in the form of hot 
water. 

Excess renewable energy can be 
used to heat water for when it is not 
being produced. 

0%-100% renewable generated hot 
water storage depending on the size 
of the cylinder. 

Economic Fixtures LED lighting Produces light up to 90% more 
efficiently than conventional 
lights. 

Reduces the amount of energy 
required to provide artificial light. 

54% energy savings on lighting 
(Zeb et al., 2016). 

Appliances Energy efficient 
appliances 

Uses less energy to achieve 
the same performance as 
alternative appliances. 

Reduces the amount of energy 
required to perform tasks by 
alternative appliances. 

Level of savings will depend on the 
number and efficiency degree of 
appliances. 

Energy 
management 

Smart electrical grid Directs energy within an 
electrical grid to reduce 
electricity wastage. 

Reduces energy consumption and 
wastage. 

14% energy savings can be 
achieved (Arens et al., 2005). 

Smart meters Records energy use in real 
time. 

Provides households with real time 
data to reduce energy 
consumption. 

Energy conservation is a function of 
household’s proactive ability to 
reduce consumption. 

Water heating Thermal water 
heating 

Water is heated using the sun. Less electrical energy is required 
to heat water. 

50% of hot water must be non-grid 
energy produced (Nedbank, 2020). 
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2.8 Carbon Emission Life Cycle Analysis 

Carbon emissions are released throughout a building's existence, ranging from 

material manufacturer, construction, operation and demolition. In some building types, 

embodied emissions can exceed operational emissions even over the building’s life 

cycle (Ibn-Mohammed et al., 2013). This finding challenges the traditional focus of 

reducing operational energy use, highlighting the importance of considering the full life 

cycle impact of buildings.  

The variations in these estimates can be attributed to several factors. First, the type of 

building being assessed plays a crucial role, as different building categories (e.g., 

residential, commercial, industrial) have distinct energy requirements and material 

compositions. Second, the intended use of the building significantly influences its 

emissions profile, with factors such as occupancy patterns, energy consumption 

behaviours, and maintenance practices affecting both embodied and operational 

emissions (Tejero et al., 2018). Third, the selection of building materials and 

construction methods are a critical determinant of embodied emissions. Materials with 

high embodied energy, such as concrete and steel, contribute more significantly to a 

building's overall carbon footprint compared to materials with lower embodied energy, 

such as timber (Minunno et al., 2021). Techniques such as prefabrication and modular 

construction potentially reduce embodied energy compared to traditional methods 

(Hannoudi et al., 2024). Finally, geographic differences, including climate conditions, 

local building codes, and availability of sustainable materials, further contribute to the 

observed variations in embodied emissions (Lima et al., 2021). For instance, buildings 

in regions with stringent energy efficiency regulations may exhibit different life cycle 

emission profiles compared to those in areas with less rigorous standards. Overall, 

these diverse factors underscore the complexity of accurately assessing and 

mitigating the carbon emissions of buildings, necessitating a comprehensive and 

context-specific approach to sustainable construction. 

Utilising a life cycle carbon emission calculation will offer valuable metrics for analysing 

and comparing the environmental impact of buildings (Schwartz et al., 2018). Within 

the built environment, EN15974 is an established standard used to measure the 

environmental impact of a building throughout its life cycle (Van Gulck et al., 2022). 

RICS (2023) expanded this model to encompass the whole building’s carbon life cycle 

iterating that the model is intended to evaluate a building from the production of 

materials through to the building’s end of life. This methodology will allow a developer 
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to determine if the reduced embodied carbon at construction will be less than the 

operational carbon. Consequently, preventing a developer from focusing on either 

operational or embodied carbon at the expense of the ignored carbon (RICS, 2023). 

Figure 2.7 below illustrates the RICS whole life carbon assessment framework and the 

proceeding passages will unpack the modules. 

 

Figure 2.7: Whole carbon life cycle assessment framework (RICS, 2023) 

Life cycle A (Purple – Upfront Carbon) encompasses all carbon emissions associated 

with the construction of a building, including works required to transport material to site 

before construction may take place: 

● Module A0 (Pre-construction) addresses carbon emissions associated with 

construction preparation, such as land surveys. 

● Module A1 – A3 (Product) covers carbon emissions attributed to material 

extraction, transportation and processing for the manufacture of building 

materials. 

● Module A4 – A5 (Construction) encapsulates carbon emissions produced from 

transporting materials and machinery to construction sites and all emissions 

emitted to erect a structure. 

Life cycle B (Blue – In Use) encapsulates all carbon emissions generated or added 

through repairs during a building’s operational phase: 
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● Module B1 encompasses direct emissions and removals resulting from 

construction products, such as CO2 absorption through the carbonation of 

concrete. 

● Module B2 – B4 address material-related emissions arising from the repair and 

replacement of any building elements. 

● Module B5 focuses on any refurbishment, retrofit or building extension. 

● Module B6 (Brown – Operational Carbon) accounts for the energy consumption 

of the building. 

● Module B7 (Brown – Operational Carbon) covers water use of the building. 

● Module B8 encompasses occupant activities not included in the other models 

and could include, emissions from vehicles for example. 

Life cycle C (Bright Green – End of Life) encapsulates carbon emissions incurred 

through the demolition of a building: 

● Module C1 – C4 address impacts at the end-of-life stage of a building, 

encompassing activities like demolition or deconstruction, waste processing, 

recovery or disposal, and the associated transportation carbon emissions. 

Life cycle D (Turquoise - Information beyond the construction works life cycle): 

● Module D1 address the carbon emissions off-set from the re-use, recycling, 

energy recovery or materials sent to landfill from all modules, except for stages 

B6 – B8. 

● Module D2 encompasses utility exports arising from the operational phase of a 

building, modules B6 – B8. 

The complexities of buildings make them challenging to simulate a life cycle 

assessment (LCA). The largest LCA variations often occur during the design phase 

where material and design variability and uncertainty are prevalent (Marsh et al., 

2023). Consequently, addressing and effectively communicating uncertainty at this 

stage becomes even more crucial. Obstacles, such as limited access to environmental 

product declarations and the absence of a standardised procedures, further 

complicate this challenge (Marsh et al., 2023). 

2.9 Adopted Theoretical Framework 

This section will revise the theories that will underpin the research and describe the 

process used to develop the assessment framework. 
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2.9.1 Theory of Change 

Andrews and Reinholz (2020) argued that theory of change is project focused and 

evaluates the project’s outcome, which is informed by change theory. According to 

Fullan (2007), change theory provides the knowledge needed to develop strategies 

that achieve results. Coryn et al. (2011) alluded to the theory underpinning the 

approach required to understand how a task can be broken down and how it works. 

This theoretical framework will provide the foundation which explains the links between 

activities, resources, outcomes or impacts (Connell and Kubisch, 1998). Creating a 

theory of change begins with understanding and recognising the context where these 

links and activities will occur (Andrews and Reinholz, 2020). 

Affordable housing does not always work in practice because households spend more 

money on utilities when they transition from the informal housing sector to the formal 

property sector (Barnes et al., 2011; Isalou et al., 2014). Therefore, the success of 

affordable housing is dependent on affordability in terms of the economic viability of 

operational housing costs. As discussed earlier, sustainability initiatives can reduce 

utility costs, transport costs, improve working opportunities and community living 

(MacKillop, 2013; Isalou et al., 2014; Awasthi et al., 2021; Salehi, 2022). Therefore, 

ANZEHs is the integration of energy sustainability into affordable housing, creating 

homes in well located areas that lower-income households can afford. 

Based on the above, Figure 2.8 illustrates the framework that will underpin the 

investigation of the impact of ANZEHs in South Africa. As discussed earlier, 

sustainability is broken down into three pillars (Giddings et al., 2002). The economic 

pillar focuses on reducing the cost of utilities and construction capital costs to improve 

the financial viability of an affordable house at inception and during the operational 

phase (Langston and Langston, 2008; Isalou et al., 2014). The reduction in operational 

costs will go hand in hand with the environmental pillar, which seeks to reduce 

electricity consumption and produce clean energy (Awasthi et al., 2021; Salehi, 2022). 

Whilst, a reduction in embodied carbon can result from consuming fewer materials or 

using alternative natural resources during construction (Robati et al., 2021). While the 

social pillar seeks to improve a household’s and developer’s carbon emission 

awareness and drive demand for ANZEH (Arman et al., 2009; Pomponi and 

Moncaster, 2016). Therefore, these three pillars of sustainability will improve the lives 

of affordable households through the productive use of natural resources, which will 
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contribute to social growth through economic and environmental awareness (Maliene 

and Mulliner, 2015).  

 

Figure 2.8: ANZEH sustainability framework 

Certainly, the impact of ANZEH developments will have a positive effect on the 

embodied and operational carbon of affordable housing. This 3-pillar sustainability 

model provides a macro-overview of ANZEH for developers and policy makers to 

understand the impact of NZEB on affordable housing. While the framework design 

flow expressed in the conceptual framework will focus on the NZEB characteristics 

and elements that underpin an ANZEH. 

2.9.2 Conceptual Framework 

The ANZEH framework seeks to understand the difference between CAH and ANZEH 

and determine the NZEB characteristics that will allow developers and policy makers 

to transition from CAH to ANZEHs.  

The ANZEH design framework is illustrated in Figure 2.9, which outlines the 

progression of key design principles and strategies. The figure begins by addressing 

the challenges faced by affordable housing, emphasising inefficiencies that lead to 

elevated energy consumption and increased environmental impact. Specifically, it 

highlights how poor building design results in high operational and embodied carbon. 

(Chastas et al., 2018; Ahmadi et al., 2020; Piao and Managi, 2023). The flow diagram 

then indicates the 5 main characteristics of NZEBs: 
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1. The production of renewable energy which offsets the household’s energy grid 

demands (Sartori et al., 2012). 

2. The integration of energy efficient appliances and techniques (Deng et al., 

2014). 

3. Improved building design will reduce upfront embodied carbon, and reduce the 

require energy to maintain a comfortable indoor environment (Chastas et al., 

2018). 

4. The use of alternative building materials to reduce embodied carbon (Robati et 

al., 2021). 

5. Households can improve their energy awareness to actively consume less 

energy (Zhang et al., 2010; International Energy Agency, 2018). 

The amalgamation of these characteristics will promote energy conservation in a CAH 

and support the adoption of ANZEHs. 

ANZEHs offer benefits such as reduced operational costs (Belussi et al., 2019) 

through household energy optimisation and improved tenant energy habits (Never et 

al., 2022), resulting in low operational carbon emissions (Belussi et al., 2019; 

D'Agostino and Mazzarella, 2019). The integration of renewable materials and 

material re-use will promote low embodied carbon emissions (Robati et al., 2021).
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Figure 2.9: ANZEHs design framework flow 
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This research proposes that there are 4 critical ANZEH characteristics that will support 

the transition from CAH to ANZEHs. The study adopted a sustainability change theory 

approach to summarise the impact and elements of ANZEHs in a format that can be 

easily understood by developers and policy makers. While utilising a ANZEH design 

framework encompassing a technical, social, environmental, and economic dimension 

to examine the core elements. 

2.10 Research Gap 

Despite the extensive body of literature on affordable housing and sustainability in the 

built environment, a significant gap remains in the integration of these two domains 

within the South African context. While affordability has been examined through 

various economic lenses and housing supply mechanisms, the long-term operational 

costs are often overlooked. This omission is critical in South Africa, where rising 

electricity tariffs and unemployment, compounded by persistent energy insecurity 

have a direct impact on household affordability and well-being. 

The literature also reveals a fragmented understanding of how sustainability can be 

embedded into affordable housing. Although NZEBs are gaining traction globally, their 

application in South Africa’s affordable housing sector remains underexplored. Most 

NZEB research focuses on high-income or commercial developments, with limited 

attention given to how these principles can be adapted for low- to middle-income 

households. This is particularly concerning given South Africa’s urgent need for 

housing solutions that are both economically viable and environmentally resilient. 

Furthermore, there is a lack of a unified framework that combines affordability metrics 

with sustainability indicators. Current affordability assessments often fail to account 

for broader living costs such as transportation, access to services, and utility expenses 

which influence the true affordability of a home. Similarly, sustainability assessments 

tend to prioritise environmental performance without adequately considering the 

economic constraints of the lower population. 

Policy and regulatory frameworks in South Africa have not kept pace with the evolving 

demands of sustainable affordable housing. Existing building codes, such as SANS 

10400-XA, provide the minimum energy efficiency standards but do not adequately 

support the implementation of ANZEHs. There is a need for updated, enforceable 

policies that incentivise sustainable practices while ensuring affordability for end-

users. 
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In summary, the research gap lies in the absence of an integrated, context-specific 

approach that addresses the technical, economic, environmental, and social 

dimensions of ANZEHs in South Africa. This study aims to by evaluating the impact of 

ANZEHs on the life cycle sustainability of affordable housing. It will do so by identifying 

critical success factors, assessing the role of materials, technologies, and construction 

techniques, and analysing the potential of ANZEHs to reduce life cycle emissions. 

2.11 Summary of the Chapter 

The literature review revealed that challenges around affordable housing are not only 

a South African challenge, but a global hurdle. The need for affordable housing to 

promote economic wellbeing within cities has become more pronounced, however 

high accommodation costs has resulted in the growth of informal settlements on city 

peripheries. Affordable housing seeks to overcome this financial hurdle by offering 

accommodation that does not exceed 30% of a household’s income, while being well 

located. South Africa’s large housing backlog, high construction costs, and increasing 

operating costs (i.e.: Rates and taxes, electricity, etc) has prevented the supply and 

uptake of cost-effective housing.  

Affordable housing seeks to provide dignified housing to the lower-income class, 

however the literature has revealed that in practice affordable housing does not fulfil 

its goals. A sustainable approach to affordable housing must be taken, the built 

environment is striving to improve its sustainability by adopting materials and 

construction techniques to promote economic, social and environmentally sustainable 

living. However, South Africa’s building codes do not propagate sustainable 

construction practices as seen with SANS 10400-XA which indicates the minimum 

sustainability standards that must be met. 

Subsequently, the above factors emphasise the need for sustainable affordable 

housing. Moreover, many countries around the world are encouraging net-zero energy 

housing to alleviate energy consumption. Energy is consumed throughout a building’s 

life cycle from construction to operation. A NZEB seeks to alleviate the generation of 

carbon emissions from construction, operation and demolition.  

Considering that a household's accommodation expenses cannot exceed 30% of its 

gross income, and NZEBs will not emit carbon emissions. ANZEHs aim to blend these 

principles, crafting homes that consume net-zero energy while remaining economically 
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viable. The cost-effectiveness of an ANZEH hinges on strategic design approaches 

and the efficient use of energy-saving technologies. 

The following chapter presents the research philosophy and paradigm that guided the 

study’s data collection and analysis.   
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3 RESEARCH METHODOLOGY 

3.1 Introduction 

This chapter presents the philosophy that serves as the foundation for the research, 

the chosen methodology, and the subsequent justification. Focus will then be paid to 

the interview process and the data analysis used. Finally, recognition of any matters 

pertaining to reliability, validity and limitations will be made. 

3.2  Research Philosophy 

The research philosophy underpins the entire research process, shaping how 

knowledge is developed, interpreted, and applied. As Greener (2011) explained, the 

researcher’s comprehension of a study and the logical process to draw conclusions 

stems from the research’s philosophy. In a study by Saunders et al. (2015), the 

research philosophy was described as a set of assumptions and beliefs about the 

development of knowledge. Put differently, the research philosophy serves as a 

framework for a researcher's thinking and guides the acquisition of new, reliable 

knowledge about the research subject. It forms the basis of the research process, 

including its design, execution, and analysis. For this research, which investigates the 

impact of ANZEHs on the life cycle sustainability of affordable housing in South Africa, 

a realist philosophy was adopted. 

Philosophical bases play a crucial role in influencing our perception of the world, our 

beliefs, our understanding and approach to addressing research challenges. Coşkun 

(2020) noted that the paradigmatic roots will also influence the objectivist or 

constructivist approach. Objectivist-oriented researchers must find a middle ground 

between the naturalistic and positivist approaches, emphasising that researchers can 

hold personal values but should strive for objectivity (Coşkun, 2020). In essence, the 

social reality under investigation exists independently of us, meaning that social actors 

do not shape the existence of the social world (Saunders et al., 2015). In contrast, 

constructivist researchers give precedence to logical procedures when developing 

theoretical explanations. They posit that reality emerges through social interactions, 

where social actors collaboratively establish partially shared meanings and 

interpretations (Saunders et al., 2015; Coşkun, 2020).  

However, a new modern approach has gained influence which combines these 

philosophies known as realism (Akpan, 2022). This approach combines the integration 

of values and interpretive meanings with a commitment to considering explanation as 
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a legitimate objective in social research (Hall, 2013). Given the complex 

interdisciplinary realm of the built environment and overlapping domains like 

engineering, social sciences, and management. The study embraced this 

philosophical approach grounded in realism. This approach is particularly suited to this 

study due to its ability to bridge the gap between positivist and interpretivist paradigms. 

It acknowledges that while an objective reality exists, our understanding of it is shaped 

by social, contextual, and experiential factors (Hall, 2013; Akpan, 2022). This is 

essential in the built environment, where technical, economic, and social dimensions 

intersect. Realism allows the study to explore both measurable outcomes (e.g., energy 

savings, carbon emissions) and contextual influences (e.g., household behaviour, 

policy frameworks), aligning with the research aim. 

There is significant ongoing debate among academics regarding the most appropriate 

research paradigm to adopt, which is rooted in a philosophical rather than a 

methodological approach (Krauss, 2005). The philosophical approach encompasses 

key aspects such as defining the problem statement, data collection, processing, and 

data analysis (Andriukaitene et al., 2018). While a methodological approach serves as 

the research strategy that transforms philosophical principles into guidelines that 

dictate how research must be conducted (Tuli, 2010). The chosen research paradigm 

is explored in the proceeding section. 

3.3 Research Paradigm 

The built environment is a highly intricate field that encompasses a variety of 

professions dedicated to developing, operating and maintaining structures and 

infrastructure. This involves the amalgamation of places, people, technologies and 

processes, fostering a multi-disciplinary environment incorporating the domains of the 

engineering, social sciences, and various management facets, including financial, 

legal, political, human resources, and the natural sciences (Knight and Ruddock, 

2009). Consequently, it is imperative for scholars to comprehend the paradigms that 

shape this field and align their work with the theories and practices from relevant 

disciplines (Walsh et al., 2021). Abson et al. (2017) proposed that researchers must 

draw inspirations from system thinking and prioritise transformational interventions 

with a focus on key leverage points. This thought process will provide a researcher 

with a deeper understanding of their research’s systemic relationships to enhance 

knowledge production and institute meaningful change. The realist paradigm supports 

the use of a mixed-methods approach, which combines qualitative and quantitative 
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research methods. This approach was selected to provide a comprehensive 

understanding of ANZEHs by capturing both measurable outcomes (e.g., energy 

savings, carbon reductions) and contextual insights (e.g., implementation challenges, 

behavioural influences). The integration of these methods aligns with the 

interdisciplinary nature of the research. Subsequently, to gain a thorough 

understanding of how ANZEH influences the long-term sustainability of affordable 

housing in South Africa, it is imperative to explore the interplay between the social 

aspects of ANZEH, including the necessary knowledge for its implementation and its 

feasibility within the South African context, and the reductions in GHG emissions. The 

researcher chose to employ an exploratory mixed method grounded in the 

philosophical underpinnings of realism. It further enabled the research question to be 

addressed by incorporating both qualitative and quantitative methodologies, allowing 

for a more in-depth understanding of ANZEH while acknowledging the complexity and 

depth of the built environment. 

Krauss (2005) noted that quantitative and qualitative researchers often work with 

distinct assumptions, which can result in varying outcomes and interpretations (Patton, 

2014). Thus, it is essential for the chosen paradigm to align with the most appropriate 

methods and methodology for conducting a research investigation (Alharthi and 

Rehman, 2016). However, Crossan (2003) argued that the distinction between 

different research methods and the demarcation between quantitative and qualitative 

philosophies are often exaggerated, and it is common in contemporary research to 

employ triangulation of methods. The amalgamation of these methods has the 

potential to extract greater insight and breadth in a subject matter which could not be 

achieved if only a singular approach is adopted (Almalki, 2016). The subsequent 

sections will offer a more comprehensive exploration of each individual research 

approach and how they are amalgamated into a mixed method approach. 

3.3.1 Qualitative Approach 

Qualitative research, is grounded in a constructivist paradigm where the existence of 

an objective reality is challenged (Duschl and Lythcott, 1990). It focuses on words and 

observations to convey reality and strives to depict individuals in natural situations. 

This approach fosters data richness and holism by situating results within real-life 

contexts, thus effectively capturing the experiences of people's lived realities 

(Amaratunga et al., 2002). The social world revolves around the individual, and reality 

is perceived differently by different individuals within a constructivist and interpretivist 
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paradigm (Saunders et al., 2015), supporting Duschl and Lythcott’s (1990) 

observations. 

This approach incorporates methods such as guided interviews and observations 

which are non-standardised to allow questions and procedures to alter during the data 

collection process in an interactive approach to pursue new emerging themes during 

the data collection process (Saunders et al., 2015). Given this data collection 

approach, qualitative approaches aims to ascertain how an outcome is perceived, how 

to practicality implement it or how effectively it was adopted (Proctor et al., 2011). 

3.3.2 Quantitative Approach 

Quantitative research emphasises the use of numerical and statistical data to 

investigate the research questions (Amaratunga et al., 2002). This approach embodies 

a positivist perspective, wherein assumptions are subjected to empirical data and 

statistical analysis for testing (Saunders et al., 2015). This framework stands as a 

methodological basis for researchers to uncover the causal mechanisms that underpin 

various phenomena in diverse fields, such as the built environment (Ponterotto, 2005). 

Kothari (2004) iterated that this method focusses on measuring data and it is generally 

associated with the positivist paradigm. This paradigm assumes that data is not 

manipulated when observed and aims to describe and measure observations (Krauss, 

2005). Amaratunga et al. (2002) emphasised that quantitative approaches are 

advantageous for analysing the behavioural aspect of the built environment. These 

approaches offer comparison and replicable methodologies, promote the 

independence of the observer, and facilitate the measurement of descriptive elements 

within the built environment. Therefore, this method excels in measuring variables 

such as the cost or material quantity associated with a building's life cycle. However, 

physiological and personal motivating factors play a crucial role in research on the 

built environment, and this approach does not effectively facilitate the measurement 

of human behaviour or emotions (Amaratunga et al., 2002). 

3.3.3 Mixed Method Approach 

The mixed-method approach was adopted to leverage the strengths of both qualitative 

and quantitative research. This integration allows for a more holistic understanding of 

the research problem. 

The mixed method approach is a contemporary approach that combines elements of 

quantitative and qualitative research, often considered a middle ground (Krauss, 
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2005). The fundamental elements and theoretical characteristics elicited benefits 

through the amalgamation of positivism and interpretivism theoretical frameworks 

which could never be achieved using a single method (Dawadi et al., 2021). This 

approach provides researchers with the ability to answer a research question 

extensively while generalising the findings across a population. Dawadi et al. (2021) 

further iterated that this approach unpacks the complexities of social phenomena’s, 

aids in resolving conflicting outcomes that may arise from different research methods, 

and allows a researcher to answer explanatory and confirmatory research questions 

simultaneously. In essence, this approach will allow a researcher to develop an overall 

picture of the investigation by utilising unstructured interviews or observations, and 

use quantitative analysis to evaluate the descriptive or behavioural elements of the 

built environment (Amaratunga et al., 2002). 

3.4 Research Approach 

Figure 3.1 illustrates the approach that this research adopted to investigate the impact 

of ANZEHs in South Africa. To assess the impact of ANZEH on the environmental life 

cycle sustainability of free-standing houses in South Africa, this study adopted a 

structured research approach. The research framework was shaped by the research 

aim, objectives and preliminary literature review. This was followed by a systematic 

literature review and the development of the theoretical framework that established 

the backdrop for the findings. Attention was then paid to the methodology approach 

and data collection which took a two-tiered approach. Semi-structured interviews were 

conducted with sustainable development and affordable housing experts, and content 

analysis was used to analyse the data. Secondly, the ANZEH models were generated 

based on the feedback from the interviews. The findings were used to validate the 

research conclusions and identify areas for further exploration. This research sought 

to contribute to the greater understanding of ANZEH, supporting reductions in 

embodied carbon housing design, decreasing energy consumption, raise energy 

conservation awareness, and encourage the adoption of ANZEH in South Africa. 
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Figure 3.1: Research development timeline 
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3.5 Adopted Strategy and Research Approach 

Kapoulas and Mitic (2012) contend that there is no singular correct paradigm or 

approach, and the choice of methodology depends on the research context. To 

comprehend the impact of ANZEH on the life cycle sustainability of affordable housing 

in South Africa, it is essential to investigate the relationship between the social 

constructs of ANZEH (specifically, the knowledge required to develop ANZEH and its 

practicality within South Africa) and the associated costs and reductions in GHG 

emissions. To achieve this, it is imperative to employ an appropriate research 

methodology. In selecting the most appropriate approach, the researcher considered 

several critical factors, including the primary research question, research objectives, 

the data collection methods and the type of analysis to answer the ‘what’ and ‘how’ 

questions outlined in Chapter 1, 1.5 Research Question.  

Therefore, the methodology for this study employed an exploratory mixed method 

approach comprising of qualitative and quantitative approaches. The purpose of 

employing an exploratory sequential mixed methods design is to initially gather 

qualitative data (Tashakkori and Teddlie, 2003), facilitating the exploration of a 

ANZEH. Subsequently, this is followed by the collection of quantitative data to 

elucidate and provide explanations for the relationships identified in the qualitative 

data (Tashakkori and Teddlie, 2003). Figure 3.2 provides a graphical representation 

of the exploratory mixed method approach, where qualitative data was first collected 

before quantitative data was used to elucidate relationships within the qualitative data. 

 

Figure 3.2: Exploratory mixed method approach (Subedi, 2016) 

This data combination was selected to exploit the strengths of both methods while 

mitigating their weaknesses (Frels and Onwuegbuzie, 2013). Moreover, utilising both 

methods will yield greater insight and understanding of the built environment (Dainty, 

2008). This method combination alludes to the research following a triangulation 

methodology, incorporating the constructivist approach (Questionnaires) and positivist 

approach (Building modelling) (Duschl and Lythcott, 1990; Crossan, 2003; Saunders 
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et al., 2015). Within this methodology framework, the mixed methods approach will 

derive alternative and deep insight into the workings of ANZEH within the complexities 

of South Africa’s built environment (Dawadi et al., 2021).  

3.6 Method of Data Collection 

The unit of analysis is not always the same as the unit of data collection, it represents 

what the researcher is examining (Yin, 2006). This distinction is crucial for drawing 

meaningful conclusions from the data and maintaining the research's integrity, as 

noted by Lavrakes and Roller (2015). The researcher took a phased approach 

conducting qualitative interviews and quantitative building modelling to answer the 

primary research question. 

Qualitative data was procured through in-depth semi-structured interviews conducted 

with sustainability specialists and professionals. The primary objective was to gain 

insights into various aspects of affordable housing. These discussions delved into the 

professional perception about affordable housing, the practicability and extent of 

implementing ANZEH within the South African context, exploration of the energy and 

environmental implications tied to ANZEH implementation, analysis of building 

elements significantly contributing to embodied carbon, and an examination of housing 

activities that hold substantial contributions to CO2 emissions. 

Quantitative modelling was conducted through the utilisation of Revit to generate a 

three-bedroom house design. The design was formulated based on typical affordable 

house drawing acquired from an established affordable housing organisation in Cape 

Town. Following the creation of these models in Revit, they were fed into One Click 

LCA to estimate the life cycle GHG emissions associated with the house’s design. 

Consequently, the researcher analysed the sustainability life cycle impact of ANZEH 

in South Africa, by answering of the research question, analysing the interviewee 

feedback, ANZEH attributes, and modelling an expected ANZEH. This will allow the 

researcher to identify any relationships or trends between ANZEH and the 

sustainability life cycle impact, to refute or repudiate the research question. 

3.6.1 Qualitative Data Collection 

3.6.1.1 Adopted Semi-structured Interview Method 

An interview is essentially a structured conversation interaction between a participant 

and a researcher, primarily focusing on questions related to the research study 

(deMarrais, 2003). Interviews can take various forms, but the two primary approaches 
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are structured and unstructured (Saunders et al., 2015). However, Doody and Noonan 

(2013) indicated that there is another method known as the semi-structured interview, 

which combines elements of both structured and unstructured interviews. Brinkmann 

(2014) supports this notion by indicating that there are similarities and distinctions 

between the interview methods. 

Structured interviews involve a predetermined set of questions, with little room for 

deviation, ensuring that all interviewees are asked the same questions (Corbin and 

Anselm, 2015). While this method limits the interviewees' responses and depth of data 

collection beyond the predefined questions (Fellows and Liu, 2015), it simplifies data 

arrangement, manipulation, and analysis (Dumay and Qu, 2011). 

On the contrary, unstructured interviews start with a single question, and the 

interviewee is given the freedom to narrate their story without significant intervention 

from the interviewer (Brinkmann, 2014). Chauhan (2022) observed that the prevailing 

literature predominantly perceives unstructured interviews as inferior. However, it's 

important to acknowledge that unstructured interviews provide a degree of freedom, 

as they impose minimal constraints on the formulation of questions and actively 

encourage follow-up questions. This flexibility fosters a deeper exploration of 

meanings compared to structured interviews (Chauhan, 2022). 

Semi-structured interviews combine aspects of both structured and unstructured 

methods. Interviewees are presented with a standard set of questions but can provide 

additional information they consider relevant (Mannan and Afni, 2020). This method 

allows the interviewer to interact more freely with the interviewee, pursuing emerging 

themes during the conversation (Gray, 2014). It enhances the interviewer's 

understanding of the subject matter and improves the effectiveness in conveying and 

capturing the richness of the interviewee's responses (Mannan and Afni, 2020). 

The researcher chose the semi-structured interview method due to its exploratory 

nature regarding perceptions and opinions (Mannan and Afni, 2020). Using open-

ended questions which allowed interviewees to express their thoughts comfortably and 

expansively. Moreover, the flexibility in the interview structure permitted the 

interviewer to explore topics not explicitly included in their pre-determined questions, 

fostering an engaging interview environment that generated more comprehensive 

data. 
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3.6.1.2 Interview Design 

Appendix A sets out the interview questions which were built according to the 

theoretical framework outlined in Chapter 2. The questions were created to understand 

the rationale and practicality of ANZEH in South Africa, the feasibility of developing an 

ANZEH, and the impact of ANZEH on GHG emissions. The interview questions were 

broken down into 4 sections, namely: 1) General questions; 2) Impact on economic 

sustainability; 3) Impact on environmental sustainability; and, 4) Impact on social 

sustainability. These sections allowed the researcher to gather information pertaining 

to the impact of ANZEH on the life cycle sustainability of affordable housing in South 

Africa. 

Section 1 was created to establish an affordable housing baseline, understand the 

types of housing designs adopted, the processes used to develop a sustainable 

affordable house, and the practicality of delivering ANZEH within the context of South 

Africa. 

Section 2 focused on the economics side to uncover the financial implications of 

ANZEH. These included factors relating to the most optimal cost to energy 

conservation techniques, the impact of energy efficiency techniques of life cycle costs 

and financial benefits enjoyed by the tenants. 

The basis of section 3 was to understand the environmental impact of an ANZEH. This 

looked at the embodied and operational carbon footprint of the building, alternative 

energy supplies, and the main building elements that reduce GHG emissions.  

Section 4 aimed to understand the social implications of ANZEH on tenants, barriers 

to entry, and the influence that different stakeholders have during the life cycle of an 

ANZEH. 

3.6.1.3 Sampling Strategy 

The sampling strategy for interviews was designed to select relevant industry 

professionals within the constraints of the limited availability of ANZEH experts in 

South Africa. A focus on key stakeholders directly involved in the design, construction, 

and assessment of green buildings and affordable housing developments were 

approached. This targeted strategy enabled the selection of four interviewees whose 

expertise aligned closely with the research aim and objectives. The small sample size 

reflects the nascent state of ANZEH initiatives in South Africa.  
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3.6.1.4 Data Saturation 

Data saturation was achieved despite the small sample size of four interviewees, 

reflecting the limited scope of ANZEH expertise in South Africa. Given the niche nature 

of the research topic, a purposive sampling strategy ensured that participants were 

highly knowledgeable to facilitate a comprehensive exploration of relevant themes, 

including design strategies, material choices, and challenges surrounding 

sustainability strategies and development costs. Recurrent patterns and consistent 

themes emerged across interviews, indicating that additional participants would likely 

yield diminishing returns. The depth and specificity of perspectives and practical 

knowledge enriched the study with context-specific insights and experiences.  

3.6.2 Quantitative Data Collection 

3.6.2.1 Whole Life Cycle Building Emission Modelling 

This section outlines the modelling tools, data sources, and site-specific assumptions 

used to model the whole life carbon emissions. The data collection process involved 

multiple tools and methods to quantify the whole life carbon emissions of an ANZEH. 

Carbon emissions were modelled using a combination of OneClick LCA and the Edge 

App because they were recommended through the interviews as an industry 

recognised method to calculate a residential building’s expected carbon emissions.  

The collected affordable housing design was first converted to a Revit model, as a 

medium for the OneClick LCA plug-in to capture the building elements in an accurate 

manner. Additionally, the building was modelled within Cape Town falling under 

climate zone 4 as per SANS 10400-XA (2011). More specifically, the Parklands suburb 

was selected as the site location within the Cape Town precinct because the average 

house price is R1.2m. Additionally, this suburb has affordable land, growing economic 

activity and it is expected that the city will expand past this peripheral within the next 

3 – 5 years, making it a good real estate investment. Consequently, Parklands was 

selected as the site location for calculating transport distance assumptions, with 

building material sources considered within a 30km radius. 

While the modelling in this study was conducted for a single location, it is important to 

recognise that South Africa encompasses a diverse range of climate zones. These 

zone variations influence building performance factors such as R-values, solar gain, 

and construction requirements, which in turn affect embodied and operational carbon 

emissions. By focusing on one climate zone, the study provides a focused 
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geographical analysis, however, this approach limits the generalisability of the findings 

across other regions. 

The OneClick LCA program was used to simulate the embodied carbon dioxide 

equivalent (CO2e) for modules A1 – A5, C1 - C4 and D1. The program is user friendly 

with a comprehensive database consisting of environmental product declarations that 

undergo a verification process to guarantee consistency and accurate assessments. 

However, it is noteworthy that the system lacks comprehensive South African data 

points, and comparable materials from diverse manufacturers are not widely 

accessible. This observation aligns with the feedback received from participant 1, who 

highlighted this as the program’s drawback. Energy-efficient variables, such as 

reflective solar index and R-values, were sourced from manufacturer specifications, 

while the RICS Whole Life Carbon Assessment Guide (2023) was used to estimate 

wastage and repair values when these were absent from environmental product 

declarations. Maintenance-related emissions (Module B2) were guided by the United 

Nations’ (2023) global average of 40kgCO2e/m² for South Africa. 

Furthermore, it was noted that the OneClick LCA program features a rudimentary 

operational energy calculation. This involves the user inputting a singular energy 

consumption value, which is generalised over the entire lifespan of a building. 

However, this approach does not consider potential operating energy savings that 

could arise from utilising different building materials, techniques or appliances, re-

enforcing the use of the Edge App for operational energy modelling. The operational 

energy (Module B6) was simulated using the Edge software to facilitate the energy 

consumption modelling of different ANZEH levels. The program serves to ascertain 

critical parameters such as liveable area, room type and size (e.g., bathroom, 

bedroom, and kitchen), and adjust consumption levels based on location, household 

size and building type. The software adjusts utility consumption levels based on 

building elements, materials and technologies. Given the research's scope, only 

carbon emissions stemming from electricity consumption were determined. This was 

achieved by utilising an emission factor of 1.013 kgCO2e/kWh to convert kilowatt-

hours to carbon emissions (Department of Forestry Fisheries and the Environment, 

2024). 

All carbon emissions data was captured in Excel for ease of analysis and presentation 

in Chapter 4. 
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3.6.2.2 Whole Life Cycle Cost Modelling 

The whole life cycle cost was calculated by engaging with industry professionals to 

ascertain construction and demolition rates. A bill of quantities was retrieved from a 

developer and used to estimate the Base Case costs. Alternative material costs, such 

as those for cross-laminated timber and PV panels, were obtained from suppliers. 

Maintenance costs were derived using the Chartered Institution of Building Services 

Engineers TM65 manual. This choice was made as the researcher lacked access to 

repair schedules and the RICS guide (2023) deemed it a suitable alternative. This led 

the cost of repair to be a 10% function of the total construction costs. Energy 

consumption costs were calculated by multiplying the home’s lifetime energy 

consumption by the current electricity rate (R2.6833 per kWh), extracted from a City 

of Cape Town municipal account. Demolition costs were calculated using rates 

obtained from an industry expert, and the cost of recycled materials was offset by 

multiplying the recycling ratio of the material by its cost. 

3.7 Method of Data Analysis 

The methods and techniques used to analyse the collected data are described below. 

Additionally, the presented data analysis techniques were applied to address the 

research question. 

3.7.1 Qualitative Data Analysis 

3.7.1.1 Interview Feedback Analysis 

Qualitative data equips a researcher with the essential information for crafting a 

narrative or formulating a theory on a specific topic (Yin, 2015). However, Yin (2018) 

cautioned that non-statistical analysis can pose challenges due to variations in how 

individuals interpret the data. He also emphasised that the key to a successful analysis 

lies in discerning what to look for and developing a comprehensive understanding of 

your analytical approach. Furthermore, qualitative data is often more intricate than 

many researchers realise, and there are multiple methods for its analysis (Holloway 

and Todres, 2003). 

This study will adopt the content analysis, which constitutes a systematic method for 

identifying, closely examining, and subsequently reporting the central patterns or 

themes that emerge from qualitative data (Yin, 2015). Content analysis serves as a 

robust qualitative research approach, enabling researchers to uncover and 

understand the deeper meaning and significance within their data. It involves a 
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structured process of coding and categorising information to distil the essential 

insights, thus shedding light on the descriptive elements and narratives that underpin 

the data set (Castleberry and Nolen, 2018; Williams and Moser, 2019). Amanda and 

Ashley (2018) further emphasised the importance of researchers explicitly articulating 

their thematic process within their data procedures to enhance the overall value of 

their findings.  

Therefore, the researcher employed a three-tiered coding approach (Williams and 

Moser, 2019). The initial stage involves open coding to identify broad and distinct 

concepts and themes. The second level of coding, known as axial coding, focuses on 

recognising the content themes, refining them, and categorising them with greater 

precision. Finally, selective coding will be employed to carefully select and integrate 

organised data categories from the axial coding stage, allowing for the emergence of 

a cohesive and meaningful narrative from the data (Williams and Moser, 2019).  

NVivo software was used to facilitate the data analysis process, allowing for 

organisation, coding, and categorisation of interviewee responses. A tree node 

structure was built within NVivo to represent various codes. This hierarchical node 

structure allowed for the systematic buildup of selective codes, ensuring that data 

could be categorised at different levels of specificality while maintaining context. By 

iterating the data in this manner, the analysis revealed recurring patterns and provided 

deeper insights into the complexities of implementing ANZEH in South Africa. This 

coding approach is expressed under Appendix B and Appendix C. 

3.7.2 Quantitative Data Analysis 

3.7.2.1 Whole Life Cycle Building Emission Modelling 

Building from the modelling process describe in section 3.6.2.1, this section presents 

the specific carbon emission modules assessed, the assumptions applied, and the 

calculation methods used to quantify the carbon emissions. The modelling process 

sought to quantify the estimated whole life carbon emissions generated by an ANZEH 

at three different levels, encompassing building elements and techniques that are 

typically associated with affordable housing projects. The modelling framework 

adhered to RICS whole life carbon assessment but, excluded Module A0 as it is 

considered negligible unless constructing a civil structure (RICS, 2023). Moreover, 

Module B7 and B8 will not be examined within the scope of this thesis. Further, Module 
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D2 utility exports were assumed to be zero for the purposes of this research. 

Therefore, modules A1 – A5, B1-B5, B6, C1 – C4, and D1 were evaluated. 

Modules B1 - B5 were calculated in accordance with the RICS Whole life carbon 

assessment for the built environment guide. Carbon emission absorption by concrete 

was not accounted for in this study, resulting in the emissions for Module B1 being 

recorded as null. The guide advocates for the use of life cycle cost reports, operational 

or maintenance manuals to guide maintenance related carbon emissions (Module B2). 

If these reports are not available, module B2 impacts can be quantified using a total 

figure of 10kgCO2e/m2 gross internal area to encompass all building element 

categories if the building is in the UK, or 1% of modules A1–A5, whichever amount is 

higher. It is noted that assessments conducted in other countries may adopt this 

default figure, but if a national equivalent is available, it should be utilised instead. 

Given that the UK is a first world country, the 10kgCO2e/m2 is low in comparison to 

South Africa and the global average is 40kgCO2e/m2 as reported by the United Nations 

environmental programme (2023). Therefore, the 40kgCO2e/m2 will be used to 

extrapolate the maintenance carbon emissions because it is greater than the 1% 

emissions of A1- A5. Furthermore, each scenario has the same gross internal area, 

resulting in the same maintenance emissions. The emissions for Repair (Module B3) 

were computed following the methodology outlined in the Chartered Institution of 

Building Services Engineers TM65 manual. This choice was made as the researcher 

lacked access to repair schedules and the RICS guide (2023) deemed a suitable 

alternative. This led Module B3 to be calculated as the equivalent to 25% of Module 

B2 and 10% of Module A1-A3 impacts for mechanical, plumbing, and electrician 

components. Material replacement and refurbishment (Module B4-B5) emissions were 

calculated using the expected service life of materials specified in the RICS Whole life 

carbon assessment for the built environment guide.  

Using the Edge App, operational energy (Module B6) was analysed to evaluate energy 

consumption levels for the ANZEH base case, scenario 1, scenario 2, and scenario 3. 

The analysis incorporated critical parameters, including liveable area, room type and 

size (e.g., bathroom, bedroom, and kitchen). Utility consumption levels were further 

refined by considering building elements, materials, and technologies. Within the 

scope of this research, the analysis focused exclusively on carbon emissions derived 

from electricity consumption, converted using an emission factor of 1.013 
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kgCO2e/kWh to determine CO2 emissions (Department of Forestry, Fisheries, and the 

Environment, 2024). 

3.7.2.2 Whole Life Cycle Cost Modelling 

The analysis of the whole life cycle cost incorporated construction, operational, and 

demolition rates, which were informed by industry standards, a bill of quantities, and 

expert consultation. Building material costs were extracted from the bill of quantities, 

however, these costs primarily reflect material values and do not comprehensively 

account for labour, contractor preliminaries, or professional fees. To account for this, 

a 15% preliminary rate was applied to the rate build-up. 

Repair costs were estimated as 10% of the total construction costs, while replacement 

costs were calculated based on the expected useful life of each material, multiplied by 

the number of anticipated replacements over a 50-year building lifespan. Operational 

energy costs were estimated by multiplying the lifetime energy usage (from EDGE App 

simulations) by the prevailing electricity tariff (R2.6833 per kWh). It is acknowledged 

that future changes in electricity prices were not accounted for in this analysis, and a 

constant tariff was assumed. Demolition costs were informed by rates provided by an 

industry expert, and the value of recycled materials was deducted based on the 

product of the recycling ratio and material cost. While these estimates provide a 

reasonable comparative basis for scenario evaluation, the results are subject to 

limitations due to the exclusion of inflation-adjusted labour costs, life cycle escalation 

factors, and discounted future cash flows.  

3.8 Validity & Reliability of the Data 

Saunders (2015) emphasised that reliability and validity play pivotal roles in assessing 

research quality, especially in the natural sciences and quantitative research within 

the social sciences. Validity pertains to the precision of measurements and the 

appropriateness of data collection tools, and reliability entails the consistency of 

measurements and tools used (Heale and Twycross, 2015). Maslak and Sürücü 

(2020) iterated that if a researcher focuses on the reliability and validity throughout 

their research, their research quality will be enhanced leading to more meaningful 

results. 

Yin (2018) argues that researchers should meticulously acknowledge both the 

strengths and limitations of their research, as there exist various approaches to 

exploring a subject. Aspects of one research design may complement or shed light on 
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the limitations and strengths of other research methods (Yin, 2018). Murnan and Price 

(2004) further emphasise that disclosing possible limitations is pivotal in revealing any 

potential systematic biases, whether known or unknown to the researcher. 

In the context of this study, the researcher sought to investigate the impact of ANZEH 

on the life cycle sustainability of affordable housing in South Africa. A qualitative 

approach was the primary data collection method which inherently introduced 

subjectivity into the research process. Both the interviewees and the researcher may 

have been influenced by cognitive biases stemming from their individual worldviews. 

As a result, the research findings inherently reflect the perspectives and 

understandings of the participants, but also the researcher’s interpretations. To ensure 

the reliability and credibility of the data, the interviewees were selected based on their 

expertise in the built environment. This selection process sought to capture informed 

and authoritative insights from experts who are actively engaged in the built 

environment, thereby enhancing the richness and applicability of interviewee 

feedback. Additionally, the researcher took deliberate steps to craft clear and specific 

questions, ensuring that the collected data was relevant and directly addressed the 

research questions. 

On the other hand, quantitative analysis took the form of building modelling due to the 

limited adoption of ANZEHs in South Africa. The use of building modelling provided a 

framework to explore scenarios that would otherwise be impractical or impossible to 

examine in South Africa. To ensure the reliability and validity of the quantitative data, 

the building modelling drew direction from the interviews and RICS standards. This 

approach minimised the risk of errors arising from discrepancies between the model 

and real-world conditions, as highlighted by Law (2022) who noted that simulations 

serve as substitutes for experimenting with real-word systems. By adhering to these 

parameters, the building modelling achieved results that reflected the potential 

performance of ANZEHs, enhancing the credibility and applicability of the findings.  

However, while a formal validation of the models was not conducted, the efforts stated 

above sought to ensure the credibility of the results. The research employed reputable 

and widely used tools, One Click LCA and the EDGE App, which are aligned with 

international sustainability standards. Inputs were carefully selected based on 

literature, interviews, and realistic building configurations. Nonetheless, the lack of 
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external validation represents a limitation, and future work will benefit from formal 

calibration or real-world case study comparisons. 

3.9 Ethical Considerations 

Ethics in research forms the foundation for conducting high-quality research, which 

entails the standards and values that differentiate between acceptable and 

unacceptable behaviour, as outlined by Shah (2011). Various disciplines, institutions, 

and professions maintain specific codes of conduct aligned with their unique 

objectives. These standards not only facilitate the coordination of actions and activities 

within the respective discipline but also foster trust (David, 2015). 

Several authors have expressed their viewpoints on essential ethical principles that 

researchers should uphold. These principles encompass: 1) securing participant 

consent to protect their anonymity; 2) ensuring researchers refrain from exposing 

participants to potential harm; and, 3) preserving participants' privacy while upholding 

a rigorous standard of anonymity (Donnelly and Trochim, 2001; Fouka and Mantzorou, 

2011; Resnik, 2011; David, 2015). David (2015) emphasised the significance of 

adhering to ethical norms for several reasons. First, ethical norms serve to advance 

the research's fundamental goal, which is the pursuit of knowledge while ensuring that 

there is no misrepresentation. Second, ethics play a pivotal role in promoting the 

values crucial for collaborative work, given that research often involves cooperation 

and coordination among various stakeholders. Third, adherence to ethical norms 

enhances accountability. Fourth, it bolsters trust in the quality and integrity of research. 

Fifth, ethical norms contribute to the promotion of social values and morals. 

Given the strategic importance of ethics in research, the researcher applied and 

obtained approval from the Faculty of Engineering and the Built Environment Ethics in 

Research Committee (EiRC). A copy of the ethics approval can be found under 

Appendix D. 

The interview process was preceded by a consent form, refer to Appendix E, which 

outlined the study's objectives, clarified the rights and responsibilities of the 

participants, and indicated that participant information will remain confidential and 

anonymous throughout the research. Participants were actively requested to provide 

their voluntary consent to take part in the study, and it was explicitly communicated 

that they retained the option to discontinue their involvement in the research at any 
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point. Consequently, it can be reasonably inferred that the study obtained the consent 

of its participants. 

3.10 Summary of the Chapter 

This chapter laid the foundation for the research design by explaining the 

methodological approach, data collection and analysis strategies. The mixed-methods 

approach was employed, involving the collection of both quantitative and qualitative 

data. Quantitative data was gathered through a BOQ, Revit was used to model ANZEH 

and One Click LCA was used to estimate the GHG life cycle analysis, while semi-

structured interview questions were utilised for the qualitative phase. The primary data 

collection instruments included the qualitative interview survey, and a snowballing 

interview approach, while data analysis involved Revit and One Click LCA modelling, 

and thematic analysis to generate key emerging themes. The subsequent chapter will 

discuss the qualitative findings and unpack the quantitative analysis.  
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4 DATA ANALYSIS AND RESULTS 

4.1 Introduction 

In this chapter, the analysed data from qualitative and quantitative segments is 

presented. The qualitative section presents the selective codes developed from the 

content analysis, such as sustainability, the influence of ANZEH, and their practicality. 

These selective codes were identified and defined based on the study's objectives and 

ANZEH dimensions underpinned in Chapter 2, ensuring they align with the research 

goals. The purpose of the qualitative analysis was to 1) determine the critical success 

factors that underpin an ANZEH from a professional’s viewpoint, and 2) identify the 

construction, material, technology, and building techniques that must be considered 

when developing an ANZEH. Following the exploration of the qualitative data, the 

analysis will transition into the quantitative modelling of the LCCE of an ANZEH at 

three varying degrees of sustainability. This structured approach ensures a 

comprehensive examination of the data, leading to a deeper understanding of the 

factors influencing ANZEH development and implementation. 

4.2 Participant Backgrounds 

To provide context for the insights gathered, the backgrounds of the participants 

involved in this study are summarised in Table 4.1. This table outlines the roles, 

education, and experience of the interviewees, all of whom have considerable 

expertise in the built environment. Their diverse backgrounds provide valuable 

perspectives on the development and operationalisation of ANZEH. 
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Table 4.1: Participant Backgrounds 

Participants  Role  Education  Experience  Experience  

Participant 1  

Founder and 
director of a 
sustainability 
consulting firm. 

B.Sc Electrical  
Mechanical 
Engineering  

14 years  

Specialises in 
sustainability and 
green building 
consulting for the 
built environment.  

Participant 2  

Head of 
property 
development 
for a nonprofit 
organisation.  

B.Sc (QS) and 
an M.Sc 
(Construction 
Economics and 
Management)  

30 years  

Specialises in 
affordable and social 
housing development 
within South Africa.  

Participant 3  

Sustainable 
built 
environment 
consultant.  

B. Tech 
Mechanical 
Engineering  

17 years  
Specialises in green 
buildings and energy 
efficiencies.  

Participant 4  

Environmental  
sustainability 
director.  
  

B.Sc (Honours)  
Electrical 
Engineering  

26 years  

Supported the 
development of 
GBCSA green rating 
tools.  

 

4.3 Qualitative Analysis 

This section examines the selective codes derived from the NVivo content analysis. 

The process began with six initial content codes identified from the interviews, which 

were expanded into 10 axial codes and 11 selective codes (Williams and Moser, 

2019). These codes were then refined and organised into a coherent structure to align 

the findings with the research topic and improve readability.  

The analysis is presented as follows: first, the professional perspective on affordable 

housing in South Africa is explored to provide insights into its implementation. Next, 

the concept of ANZEH is analysed from an emissions perspective and a breakdown 

of the embodied and operational carbon emission principles. This is followed by an 

evaluation of the dimensions of ANZEH, identifying the drivers and initiatives 

necessary for its development. Lastly, the building elements and their associated 

technical specifications contributing to ANZEH are summarized. 

4.3.1 Professional Viewpoint of Affordable Housing In South Africa 

4.3.1.1 Participant Understanding 

None of the participants provided a concrete definition of affordable housing, their 

consensus revolved around the understanding that it caters to a market segment 

facing financial constraints and who do not meet the criteria for RDP or social housing. 

Some participants did express their knowledge that affordability within the South 
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African context evolves around income brackets, but none of the participants could 

name the specific thresholds (These thresholds were discussed under section “2.2.2. 

What is Affordable Housing?”):  

Participant 1: “I I'm aware of formal thresholds. Umm, I don't have them the front of 
mind, but in essence it's it's housing that caters to a part of our market that's has 
limitations on the affordability and I can't remember exactly what the threshold is. 
Hopefully we'll just refresh my memory now, but really the the the point is twofold. The 
one is the the affordability in in purchasing or renting thereof, and certainly also but 
less, I think of a focus area is the total cost of ownership or occupancy rather which 
includes utilities and the like which is I guess a part that I'm particularly interested in 
that is marrying those two that we don't just throw expensive technology on it which can 
make the energy consumption, water consumption lower but would drive up the 
purchase price or the rental rates.” 

These affordable discussions encompassed various considerations such as whether 

a household should acquire, or rent, based on their level of disposable income. 

Notably, the conversations extended beyond mere upfront costs, emphasising the 

comprehensive spectrum of expenses linked to ownership or renting. Participants 

highlighted concerns regarding the overall cost of ownership, acknowledging that 

affordability encompasses not only the initial investment, but also factors such as 

ongoing utility expenses and maintenance costs:  

Participant 2: “…you should provide the best quality you can. You know, for these sorts 
of markets and you also have to try and make the design as robust as possible so that 
there's not a high maintenance cost or it won’t remain affordable.” 

These broader considerations were expressed as pivotal concerns when deliberating 

the affordability of housing projects. The various interpretations of affordable housing 

revealed in the interviews align with the literature outlined in section 2.2.2. They reflect 

the diverse range of definitions, all converging on the notion that affordable housing 

should be aimed at financially constrained families. 

4.3.1.2 Design Considerations 

Participant 2 expressed the distinctive financial nature and simplified construction 

characteristics of affordable housing compared to other housing types to reduce costs. 

The participant emphasised the importance of efficiency within several facets, 

particularly in the allocation of floor space and room sizes, which consider family 

needs, and the comfortable accommodation of multiple occupants within a limited 

space. Every square meter of an affordable property is crucial, necessitating 

purposeful design without extraneous elements like corridors or passages which 

require costly fire standards. Therefore, the primary focus must remain on optimising 

the usable and habitable space in a cost-effective manner to reduce the capital costs. 



82 
 

At the same time, in standard affordable housing developments, principles such as 

property orientation for optimal thermal energy efficiency and utility usage, are integral 

considerations due to the residents' limited incomes. The specification of finishes 

needs to align with the affordable housing standard, maintaining a balance between 

cost and quality. Additionally, designs must be robust to minimise maintenance costs 

for both homeowners and/or landlords in the long run. 

At the same time the design team and professionals with strong rapport and familiarity 

with each other's working styles must be selected as part of the development team. 

The rationale behind this approach is to avoid the communication and trust-building 

challenges that arise when teams frequently change. Participant 2 expressed that by 

maintaining team continuity, they bypass the need to continually establish teamwork 

dynamics and work habits, thus preventing the reinvention of the collaborative 

processes with every project. This approach fosters an environment where sharing 

ideas and promoting innovative initiatives becomes more comfortable due to the 

established camaraderie. Despite this, there's acknowledgment of the need to infuse 

new perspectives periodically to prevent stagnation within the team. Additionally, in 

the process of developing housing projects, market research plays a crucial role. While 

direct community engagement may not always occur, prioritising well-located areas 

with access to transportation, schools, and employment opportunities is integral to 

crafting a compelling and inclusive product for the affordable housing market. 

4.3.1.3 Household Perception Towards Affordable Housing 

Participant 1 and 2 alluded to housing perception as a critical consideration when 

designing a standard house or an ANZEH. In discussing housing preferences, there's 

a notable inclination towards a preference for single free-standing houses over units 

in complexes, reflecting a desire for ownership of a piece of land with a standalone 

dwelling rather than a sectional title. People favour physical ownership within South 

Africa, leaning away from rental arrangements and towards the possession of 

property.  

Participant 1 highlighted that perception goes beyond ownership and low-income 

individuals tend to prefer traditional materials such as brick and mortar, steering away 

from sustainability. This preference for conventional materials reflects social 

challenges regarding the acceptance of experimental or alternative housing materials. 

Echoing this sentiment, Participant 2 shared their firsthand experience, noting a 
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market preference for specific construction materials such as face brick over plastered 

walls. Notably, these preferences vary based on location. These insights underscore 

that housing decisions are heavily influenced by individual preferences and location-

specific factors beyond merely financial considerations.  

4.3.1.4 Measuring Sustainable Housing 

Participants 1, 3 & 4 all indicated that a building’s sustainability is graded using one of 

the following rating systems, GBCSA Green Star, Edge, or LEED. The rating systems 

mentioned by the participants mimic the primary green rating tools observed in the 

literature (Chapter 2.5.1), except for BREEM. Participant 1 expressed the prominence 

of Green Star and Edge, with LEED being less common in South Africa. LEED is not 

a popular tool because it is rooted in Western developed countries like the United 

States, which limits its adaptability to South Africa’s environment and economic 

condition. Comparatively, the GBCSA Green Star is regarded as a more 

comprehensive and tailored tool for the South African context, covering a broader 

spectrum of factors including ecology, transportation, indoor environmental quality, 

and social aspects. This detailed approach in Green Star, is seen as more intricate 

and demanding, leading to higher consulting fees and a more challenging certification 

process. The interviewees shared similar sentiments, by indicating that the higher fees 

and the comprehensive nature of the tool has made the Edge rating tool more 

prominent.  

Edge is noted for its simplicity with three components compared to Green Star's 

comprehensive approach, which involves about 15 elements related to green building 

practices. The choice between these tools might depend on various factors such as 

the developer's profile, available funding for consultants, and the project's specific 

needs. If the focus is on a comprehensive green building approach, Green Star might 

be preferable, whereas Edge could suit those aiming for a simpler, targeted strategy 

addressing energy, water, and embodied carbon. The decision-making process would 

likely involve considerations of the market, investors, or stakeholders involved.  

It was noted that sustainability projects often proceed without pursuing formal 

certification, focusing instead on implementing sustainable practices without seeking 

formal recognition. This tendency largely stems from the considerable expenses linked 

with obtaining certifications with one participant indicating that they had built an Edge-

ready development. The project met the Edge requirements but opted not to pursue 
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formal certification due to the cost. The emphasis on Edge efficiencies was deliberate, 

particularly because the development targeted the affordable housing sector. 

Prioritising efficiency in electricity and water usage was crucial to ensure the 

operational affordability for households renting.  

Participant 4’s insights highlight the growing interest in sustainable developments, 

particularly in achieving net-zero energy. While initially embraced by a limited group 

of leading GBCSA Green Star Accredited Professions, interest in net-zero energy 

developments has spread among significant commercial property players. Although 

not widespread, this trend denotes a move towards net-zero practices, albeit mainly 

within the leading cohort. Additionally, participant 4 highlighted that Green Rating tools 

evaluate a building at the holistic level, and if a building does not have something that 

can be measured by the tool, then it is not seen as “green”. This perception has started 

a shift in terminology towards calling it a "resource efficiency tool" instead of a “green 

rating tool” acknowledging its limitations if a facet is left out. This observation gains 

significance when assessing ANZEH, as ANZEH solely concentrates on energy 

conservation, leaving out other vital sustainability aspects. This limitation prevents 

ANZEH from achieving a green building rating within the GBCSA rating tools. 

Participant 1 expressed that the GBCSA has developed net-zero tools, namely: 1) Net 

Zero: Carbon; 2) Net Zero: Water; 3) Net Zero: Waste; and 4) Net Zero: Ecology which 

seek to resolve the above concerns. 

4.3.2 Affordable Net-Zero Energy Housing 

As indicated in the previous section, net-zero developments are beginning to gain 

traction within South Africa. However, these developments are only developed within 

a premium and niche market. Participant 1 indicated that net-zero energy 

developments has notably increased in the past two years. Initially, this interest was 

concentrated among a small group, particularly leading green star accredited 

professionals who were engaged in finding interested clients or initiating projects. 

However, interest is now spreading among the large commercial property players, who 

are experimenting with net-zero energy goals in several projects, signifying a shift 

toward mainstream adoption. 

It was also noted that the widely used general term "net zero" is misleading as it does 

not specify what aspect of the building achieves net-zero status, such as embodied 

carbon, water, or electricity. Therefore, organisations and the media must start 
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indicating the type of net-zero that a building has achieved to prevent 

misrepresentation. The following two subsections, embodied and operational carbon 

emanated from the interviews around the concept of ANZEH, illustrating that the 

participants had a distinct view between these two classifications of net-zero. 

4.3.2.1 Embodied Carbon 

Embodied carbon was described as the carbon emissions generated through 

construction which encompassed manufacturing, transporting, assembling a building 

and material replacements over the building’s life cycle. It was indicated that in South 

Africa, there's no legislation promoting active reduction in embodied carbon and only 

a hand full of net-zero embodied buildings have been constructed:  

Participant 3: “I think definitely operational carbon is seeing a much stronger focus and 
and from a legislation perspective and policy perspective, most of what's been spoken 
about is just operational carbon and there's no kind of direction in terms of embodied 
carbon really.” 

Participant 1 indicated that there are significant complexities associated with 

determining the factors and calculating embodied carbon. These challenges stem from 

the diverse typologies and materials used in the construction industry. This issue is 

not only prevalent globally but notably intricate and nearly unattainable within the 

context of South Africa. The lack of standardised tools and data availability for various 

building types and materials makes quantifying and certifying embodied energy a 

complex and demanding task. However, there are embodied carbon calculators 

challenging the market like OneClick LCA, but this is still difficult because if the inputs 

are not accurate then inconclusive results will be produced. These observations also 

allude to the above-mentioned lack of net-zero embodied buildings within South Africa. 

Considering the above, the participants indicated that a developer can pursue a net-

zero embodied house with the flooring, walling, roofing and other key housing 

elements being engaged to reduce the embodied carbon. Flooring was identified as a 

significant CO2 contributor because of the high cement usage with cement composites 

not having a significantly reduced CO2 footprint. South Africa uses clay bricks as their 

standard building material which can be substituted for hemp blocks or composite brick 

blocks. The usage of timber has experienced significant growth, as embodied carbon 

awareness increases. Participant 3 indicated that they had recently constructed a 

house with laminated timber and observed exceptional thermal properties alongside a 

reduced embodied CO2 footprint. However, this alternative material came with a 

premium cost. Yet, the interviewee indicated that there has been a noticeable surge 
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in both commercial and private residential projects utilising cross laminated timber, 

which suggests a broader rise in timber construction. 

The challenges in managing embodied carbon, especially when using materials 

beyond traditional bricks and cement, persist, requiring specialised skills and 

techniques. The focus on reducing embodied carbon primarily targets materials such 

as cement and concrete in residential developments, while steel is a significant 

concern in commercial projects. Participant 3 emphasised the crucial consideration of 

the end-of-life cycle, especially concerning composite products. Composites, contain 

materials like plastic and rubber, or timber pose a recycling challenge once they reach 

the end of their life cycle. Unlike conventional brick and cement, which can be recycled 

and reused, composite materials often end up in landfills. Timber can be reused, but 

composite materials containing rubber lack recyclability options. This presents a 

substantial challenge, especially when considering the limited local capacity for 

materials and technology. 

4.3.2.2 Operational Carbon 

The interviewees expressed their understanding of operational carbon as CO2 

emissions generated from day-to-day operations. Operational carbon arises from the 

active use of a building's systems which includes all energy used for a household to 

function and remain comfortable. This encompasses the energy utilisation by lighting, 

heating, ventilation, and air conditioning (HVAC), hot water systems, and cooking 

(Participant 1, 3 & 4). It was noted that HVAC or air conditioning systems are not a 

common feature within South African affordable housing designs. Efforts aimed at 

reducing operational carbon should focus on these high consumption users before 

other energy user elements are optimised to limit financial spending while maximising 

energy savings.  

The above approach to reducing energy consumption involves several strategies. 

Utilising energy-efficient lighting, such as LED technology, instead of incandescent or 

fluorescent bulbs. Another measure involves installing water flow rate fittings to 

minimise hot water usage. Additionally, employing alternative hot water heating 

methods like heat pumps or thermal solar geysers can significantly decrease energy 

consumption used to heat the water. The use of integrated design strategies must 

consider alternative energy sources like solar power, accounting for contextual factors 

like site location and climate specifics to maximise solar insulation (Participant 1).  
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Managing energy usage associated with cooking and appliances remains challenging 

due to household behaviour, but exploring solutions like using gas for cooking could 

be beneficial. Educating occupants about energy-efficient practices concerning 

cooking and appliance usage is pivotal for effective energy management. It's worth 

noting that lighting and hot water systems are typically responsible for the largest 

portion of energy consumption, however household behaviour will still drive their ability 

to reduce energy consumption (Participant 1 and 4). These mechanisms only focus 

on reducing energy consumption and to reach a net-zero energy goal, a house will 

have to off-set its overall energy consumption. 

Participant 3 expressed that when aiming for net-zero energy operation, the role of 

renewable energy sources, particularly solar power or other alternatives, is 

fundamental. For ANZEH to achieve a net-zero energy goal, energy consumption must 

be offset either by on-site or off-site renewable energy production. Participant 4 

expressed that achieving net-zero energy on-site is more feasible but still contingent 

on various factors. Available roof space, energy systems must be in place (such as 

battery storage), and energy efficiency systems play pivotal roles. While generating 

necessary energy from PV panels or solar hot water is plausible, cost becomes a key 

concern, particularly for affordable housing projects. Integrating PV or battery systems 

significantly escalates costs, prompting the need to strike a balance between 

functionality and affordability. Participant 4 further expressed their concerns around 

batteries, indicating that while they aid in load shedding and provide energy 

independence during non-solar periods, their inclusion escalates project costs 

considerably. Balancing cost-effectiveness with functionality becomes essential, 

possibly considering scaled-down battery systems for select components rather than 

comprehensive backup solutions. Finding cost-effective models that fulfil essential 

energy requirements while managing expenses is crucial for successful ANZEH 

initiatives. 

Participant 1 noted that achieving net-zero energy solely on-site might not always be 

feasible, especially for high-density buildings or projects lacking ample roof space for 

direct implementation. Depending on these and other factors, achieving on-site net-

zero status may vary across different housing typologies and household energy 

consumption habits. Therefore, large-scale solar or wind projects, managed by 

independent power producers, become essential in such scenarios. Wheeling energy 

from these off-site renewable energy projects to the intended site helps bridge the gap 
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toward achieving net-zero energy goals. This process is not a direct solution but rather 

an exploratory process that is adapted based on the specific nuances of each ANZEH 

characteristics.  

4.3.3 Affordable Net-zero Energy Housing Dimensions 

4 critical NZEB characteristics (Technical, Economic, Social and Environmental 

Dimensions) were explored to transform a CAH to an ANZEH. The following 4 

subsections will express the sustainable measures a developer or household may 

adopt within this framework to attain an ANZEH. 

4.3.3.1 Technical Dimension 

The technical dimension describes the physical housing features, passive energy 

efficient designs, building layout, materials, and construction techniques that will 

promote a building’s sustainability (Chen et al., 2017). The following emergent items 

resonated from the discussions such as passive designs, construction strategies, 

building modelling and legislative changes and their impacts on the industry. 

All participants indicated that passive design strategies form the foundational elements 

in achieving efficient energy use. Participant 4 noted that the project team must invest 

time in comprehending various walling types, assessing different window sizes, 

selecting appropriate glazing, and determining the efficiency of overhangs. Modelling 

these elements from both thermal comfort and energy efficiency perspectives would 

yield substantial benefits and prevent construction overruns. Other mentioned design 

strategies revolved around well-thought-out site planning and context-specific 

considerations. These interventions encompassed a range of elements, including 

orientation, shading techniques, glazing, insulation, and roof reflectivity. Building 

orientation was considered a primary passive design because it plays a pivotal role in 

energy efficiency, especially in low-income housing scenarios like RDP homes. The 

utilisation of sunlight during winter months significantly reduces heating costs. While 

effective overhangs will reduce direct insolation during summer to reduce temperature 

levels within a home. These fundamental design aspects play a crucial role in 

minimising energy consumption and optimising the efficiency of a structure. Moreover, 

these passive design principles not only enhance comfort but also serve as indicators 

of high-quality homes contributing towards a home's marketability. 

The integration of alternative building materials and construction methodologies 

presents a viable pathway to curtail a building's embodied carbon. One notable 
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method involves the utilisation of demolition materials, particularly crushed rubble, 

recognised as a straightforward means to minimise embodied carbon during the initial 

construction phase. Participant 3 emphasised the potential of crushed rubble, 

specifically in non-structural applications like gabion walls, where aesthetic riverbed 

stones are typically visible, while hidden areas incorporate crushed building materials. 

However, employing such techniques presents inherent challenges and structural 

engineers must navigate the variance in aggregate properties when specifying grades 

for elements like concrete slabs, backfilling, or foundation layers. Additionally, 

Participant 2 proposed alternative aesthetic solutions such as opting for face bricks 

instead of plastering and painting. Although face bricks come with higher upfront costs, 

they deliver long-term advantages by eliminating the need for post-construction 

treatments or repainting, consequently reducing future maintenance expenses and 

mitigating additional embodied carbon growth. While the utilisation of composite 

alternative materials presents opportunities for enhanced structural, thermal, and 

aesthetic properties compared to traditional approaches, these materials often pose 

challenges. Participant 3 highlighted that such materials might lack recyclability or 

reusability, demand specialised skills for installation, or create difficulties during 

renovation. As a result, decisions pertaining to these materials necessitate early 

consideration in the project's life cycle, requiring proactive planning to address and 

navigate these challenges. 

The interviewees acknowledge the importance of utilising software to model building 

operations during the design phase. Participant 1 and 2 both indicated that their 

professional teams use Revit, AutoCAD or SketchUp to model buildings from an 

architectural perspective. Participant 2 noted that they use the Edge App in the context 

of affordable housing to attain the ‘green’ certification acknowledgement linked to the 

tool. Additionally, the tool is affordable in terms of total intervention costs and 

certification fees. Certification involves three cost components: consultant fees, 

certifier fees, and the cost of interventions for compliance. Although EDGE has its 

glitches and operates as a somewhat opaque tool, it serves well for comparative 

analyses.  

Participant 3 indicated that in South Africa, there are only a few software tools 

predominantly used for comfort and thermal analysis, such as IES (Integrated 

environmental solutions) and Design Builder. Participant 3 and 4 primarily utilised 

Design Builder for both energy and comfort modelling, with a primarily focus on 
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thermal impacts and understanding the energy used for heating or cooling homes. 

However, it was noted that Design Builder is a more cost-effective software package, 

but IES can be integrated with Revit. Both participants emphasised the significance of 

modelling the comfort level in homes. They stressed that solely focusing on achieving 

low energy consumption without considering comfort will lead to uncomfortable living 

spaces. Prioritising comfort and health in building functionality is indispensable and 

ensuring spaces are both energy-efficient and comfortable for occupants, thus 

creating a healthy building environment. Participant 3 did indicate that for residential 

structures, these tools might be considered excessive since affordable housing 

generally doesn't consume substantial energy for heating and cooling. 

Embodied carbon is modelled using OneClick LCA to comprehend the carbon impacts 

of construction materials. Participant 1 underscored the complexities and obstacles 

involved in accurately modelling the carbon footprint owing to the diverse range of 

material types, quantities used, and the limited availability of data. These challenges 

are pervasive globally, especially within the construction sector, and it proves nearly 

impossible within South Africa. Consequently, this participant suggested that in South 

Africa's construction industry, developers should prioritise operational sustainability 

over embodied sustainability due to the intricate nature of the field, making the latter 

considerably challenging to achieve. 

The rate of sustainability adoption and drive is arguably driven by legislation and policy 

changes. There has been significant growth in sustainability awareness over the last 

few years, especially with the implementation of amended building standards like 

SANS 10400-XA. However, while this standard has transformed the market, it 

operates more as a compliance regulation rather than pushing the envelope toward 

advancing sustainability, unlike voluntary certifications like Green Star or EDGE 

(Participant 1). Most developers often focus on meeting the minimum compliance 

requirements to maximise profits: 

Participant 2: “There are lots of ways and lots of developers are constantly looking at 
how to work around the legislation, so to still achieve it. But to achieve it efficiently and. 
It's it's often that balance between, you know, getting the regulations right and. You 
know, being efficient in the cost of the design.” 

Participant 1 indicated that despite the updates to SANS 10400-XA two years ago, it 

was not stringent enough and came after a prolonged wait of about 12 years. This 

delay and perceived leniency make it seem too little, too late. Thus, initiatives like 

Green Star and EDGE seem more effective in driving market transformation from the 



91 
 

forefront, particularly EDGE, which integrates the financial world by collaborating with 

the International Finance Corporation (IFC). Through these collaborations, better 

development finance options, lower interest rates, and green home loans have been 

made available, promoting sustainable building practices in South Africa. 

There are various avenues to enhance sustainability within the industry such as 

regulatory changes, voluntary rating systems, product standards, supply chain 

training, and fostering sustainable products through business incubators (Participant 

4). Participant 3 noted that the push towards sustainability within affordable housing 

will not only arise from legislation, but also the impact of load shedding, and a growing 

marketing trend that promotes Green Star ratings as aspirational and “feel-good 

endeavours”. These elements collectively create a “perfect storm”, propelling the 

sustainability movement.  

Implementing these initiatives could potentially have both positive and negative 

economic or social consequences within the South African context. On the positive 

side, companies adhering to sustainability standards could gain opportunities, while 

those unable to meet these standards might lose out on projects, potentially leading 

to job losses or retrenchments. This shift demands industry transformation to stay 

relevant and competitive. Additionally, challenges related to skill levels and 

qualifications might arise, necessitating skill imports and the local industry not being 

fit to handle such changes during rapid transition periods. Thus, while sustainability 

initiatives bring benefits, they also demand industry-wide adaptation and may affect 

employment and skills within the sector. Participant 3 noted that to promote 

sustainability in affordable housing there will need to be a supporting drive for alternate 

technologies, skill transfers within communities, and implementing a coherent 

sustainability framework for affordable housing deliveries. 

4.3.3.2 Economic Dimension 

Economic discussions were centred on analysing the financial impacts associated with 

various construction practices and operational strategies aimed at achieving both 

affordability and energy efficiency in homes. The focus was on evaluating the costs 

and financial implications involved in implementing alternative building methods and 

household operational approaches to facilitate ANZEHs that are not only cost-effective 

but also energy efficient. 
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Participant 2 emphasised the importance of assembling a cohesive team of 

consultants within any affordable housing project whether it is a house or a block of 

flats. Maintaining consistency within teams offers substantial benefits as it cultivates 

trust, familiarity, and efficient communication among team members. A consistent 

team dynamic minimises the learning curve associated with new collaborations, 

enabling greater productivity and a more streamlined workflow. This will prevent cost 

overruns, improve design cost efficiencies and support the sourcing of cost-effective 

materials. 

Participant 3 expressed a similar sentiment, however within the sustainability space 

stating that when considering cost-effective sustainable development building 

materials, the method of construction significantly influences the process. Questions 

arise regarding whether on-site assembly, material transportation, prefabrication, or 

modular designs offer better cost efficiency. Addressing these concerns typically 

involves input from multiple project team members, including structural engineers, 

architects, and quantity surveyors, who often rely on tried-and-tested solutions. The 

importance of having a strong and coherent team will prevent delays and resolve 

uncertainties arising from alternative building materials. By the same token, the team 

members will be more willing to incorporate alternative or cost-effective building 

materials and/or designs stemming from their confidence within each other.  

The above passages underscore the considerable financial impact of a proficient 

construction team and its capability to facilitate positive financial decisions. However, 

this synergy within the team extends from their social dynamics. Effective 

communication and adept educational skills within the team play a pivotal role in 

fostering unity among stakeholders. These interpersonal attributes not only aid in 

aligning decisions but also in nurturing a collaborative environment where parties 

synergise their efforts towards shared goals. This collaborative relationship will be 

further explored under the social dimension.  

Conventional "innovative" building techniques, when employed in construction, can 

expedite building times, resulting in earlier project completion for homeowners. This 

acceleration will affect various aspects of the overall construction program, spanning 

from labour expenses and consultant fees to material costs. Participant 2 specified 

that the adoption of precast slabs and staircases has emerged as a cost-effective 
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alternative to pouring concrete. These precast solutions significantly reduce 

construction time, allowing for faster completion of structures: 

Participant 2: “…If you're putting up 100 square meter slab, for example, you'd have to 
build the formwork, you'd have to fix the steel, you'd have to pour the concrete… Then 
concrete gets to full strength after 28 days, but after seven days you can strip the 
formwork. Say your your length of time that it takes to put all of that up means that 
you're construction program of 80 months could be reduced to 14 months. So it means 
your monthly PNG and for you management of the site goes down by four months, 
which can be a substantial saving.” 

Participant 2 further articulated that they have explored other conventional materials 

like lightweight bricks or fire-resistant hebel bricks to reduce building weight, 

subsequently lowering foundation costs and expedites construction timelines because 

lighter bricks are easier to handle during construction. Participant 1 conveyed that 

using innovative strategies like incorporating crushed building materials into 

construction has been a practice they have employed since their initial project in 2011. 

This approach effectively upcycles waste materials, curbing embodied carbon, and 

economises expenses by negating the necessity to procure new materials. 

The changing dynamics within construction materials have introduced a range of cost-

effective alternative sustainable building materials. These materials are aimed at 

improving both embodied energy and thermal performance, surpassing the 

capabilities of conventional building materials. Among these alternatives, laminated 

timber stood out as a pivotal choice amongst the participants, showing the potential to 

reshape pre-conceived notions within the industry. However, despite its promising 

attributes, the recent surge in timber prices has hindered its immediate viability as a 

cost-effective option for affordable homes. Furthermore, the implementation of such 

materials necessitates the expertise of specialised consultants and developers that 

come at a cost premium. Participant 1 highlighted the potential use of composite 

materials, integrating recycled elements such as plastic, rubber, or timber. Such 

innovative integration can serve as substitutes for aggregates or could be incorporated 

into the composition of bricks. However, it's important to note that the cost implications 

could vary based on the manufacturing technique or the specific material substitutes 

employed. Depending on these factors, the cost of the materials could either decrease 

or increase, thus influencing the financial aspects of alternative materials. 

Furthermore, these materials may not be reusable at the end of a house's life cycle 

and might require additional costs to dispose of in comparison to conventional building 
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materials, thus inhibiting the financial benefits derived from avoiding the purchase of 

new materials. 

Before considering alternative or composite building materials it is important to 

recognise that traditional construction methods and materials offer a straightforward 

and cost-effective approach to reducing construction expenses. Strategies focused on 

optimising construction processes and material usage play a significant role in 

promoting cost savings within the context of affordable housing. In some cases, these 

conventional approaches may be more beneficial than sourcing low embodied carbon 

materials. 

From a household operational financial perspective, hot water was the main energy 

consumer expressed by all the participants followed by lighting and cooking. Heating 

and cooling were also expressed as high energy consumers, however these systems 

are not commonly built into affordable homes.  

Participant 1 highlighted the substantial influence of water usage on hot water 

consumption, directly correlating to the electricity bill. Implementing straightforward 

measures such as optimising faucets in key areas like the kitchen, bathroom basins, 

and shower can significantly impact water heating expenses without necessitating 

extra costs. Water-saving faucets or integrated flow rate attachments typically cost the 

same as non-water-saving faucets. Moreover, these interventions not only curtail 

heating costs but also contribute to lowering the overall water bill. These sustainable 

initiatives are primarily propelled by the conscious thinking and influence of the project 

team, extending beyond mere cost considerations to encompass the broader aspects 

of socioeconomic benefits and the cost of occupancy. Participant 3 indicated that 

implementing alternative domestic hot water heating systems offers a direct way of 

cutting down on hot water heating expenses, nevertheless, they involve a relatively 

high initial capital expenditure to install. While households can expect a return on 

investment over time, the upfront cost might be prohibitive, particularly for those in 

lower-income brackets. For this reason, it was further recommended that households 

should rather invest in thermal solar energy solutions over PV heating solutions 

because of their significantly lower capital cost. 

Artificial lighting has seen significant market transformations which has led to the 

evolution of lighting technologies like LEDs becoming cost effective lighting options, 

with incandescent and compact fluorescent lamps being phased out. The costs of 
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these eco-friendly alternatives have substantially decreased over time with their 

operational life improving over incandescent bulbs and compact fluorescent lamps. 

This shift in the market landscape encourages competition, driving prices down and 

offering a wider range of affordable choices. 

No alternative cooking methods arose from the discussion to reduce a households 

energy cost. However, it was noted that a household should be educated in their 

appliance usage, and the impact this will have on their energy bill. In affordable 

residential homes, heating and cooling systems are typically not integrated into the 

construction due to cost-cutting measures. Consequently, households resort to using 

standalone heating and cooling appliances during specific seasons, substantially 

adding to their energy expenses. However, addressing this issue doesn't necessarily 

require extra expenditures; instead, it involves strategic planning, optimising building 

orientation, and implementing effective insulation methods, all of which are relatively 

cost-effective measures: 

Participant 3: “You know, people plug in heaters and their homes in winter and and in 
that case it doesn't cost you anything to reduce that. You know, it's just about planning 
better orientating your building North you know those kind of things. Insulation is very 
cheap really. So no cost impact there…” 

The above passages have expressed the financial concern surrounding the capital 

and operational cost implications of ANZEH. Despite the numerous cost effective 

energy saving initiatives available to households, there remains a financial concern 

around the high capital cost of water heating solutions, construction techniques and 

alternative building materials. The interviewees iterated that the adoption of 

sustainable building practices and operations can facilitate the unlocking of green 

financing options through banks, which offer better interest rates for residential 

projects. The IFC’s involvement has significantly influenced South Africa’s financial 

landscape by leveraging connections with major financial institutions to introduce 

green bonds, finance, and enhanced sustainable development funding.  

The participants further iterated that accessing green financing options for sustainable 

projects can be challenging, especially for smaller developers compared to larger 

players, who possess more leverage with financial institutions. Participant 1 suggested 

that smaller construction firms or individual home purchasers may struggle to access 

these advantages, because these schemes are often tailored towards larger 

companies. Further, the current green bond setup tends to favour bulk certification 

schemes, making it challenging for smaller developers or single homes to qualify for 
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the more favourable interest rates offered by green home loans. Certification fees, 

which don't scale proportionally per unit, create financial hurdles for smaller projects, 

whereas larger developments can benefit from economies of scale. 

Participant 3 expressed a similar sentiment, indicating that there seems to be a barrier 

preventing easier access to green bonds or financing options for smaller developers 

or individual homeowners, possibly due to banks being slower in developing products 

for the individual consumer:  

Participant 3: “…I think it may just it may be that the banks haven't necessarily created 
those products yet in the consumer space… And I think banks are only now starting to 
sort of put across consumer products. That's why I think the delay has been that the 
products haven't been developed by the banking industry.” 

Noting the above green financing challenge, it is evident that large developers 

currently enjoy improved access to favourable bonds within the sustainable sphere. 

Initiatives like Edge are supported by the IFC through the World Bank which has long 

emphasised climate and green finance for commercial developments. Consequently, 

Edge projects can leverage these financing opportunities, securing improved interest 

rates. However, this approach is not as feasible or accessible for small developers or 

individual homeowners due to scale limitations and certification fee costs. 

4.3.3.3 Environmental Dimension 

The primary motivation for sustainable initiatives is financial returns, with the 

environmental impact following closely. An intriguing observation was the 

interconnectedness of financial and environmental impacts, wherein installing energy-

efficient fittings to diminish energy consumption, resulted in decreased operational 

CO2 emissions and reduced energy procurement needs because less energy was 

consumed. 

From a construction perspective, components such as bricks, mortar, foundations, 

steel, and finishes, contribute to the overall CO2 emissions of a home. Participant 2 

indicated that straightforward and traditional construction approaches can help 

mitigate CO2 emissions, without relying on intricate material composites or advanced 

building methods. For instance, incorporating precast slabs into construction practices 

minimises material wastage. These slabs can be manufactured to thinner dimensions 

than concrete pours, thus further conserving materials and subsequently reducing 

embodied energy. This becomes important particularly for concrete as it is known for 

its high embodied carbon content. Further conventional techniques involve utilising 
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hollow bricks, requiring less material, or employing hebel bricks that eliminate the 

necessity for additional fire-resistant insulation, along with the use of demolition 

materials for infills or recycling building materials (Participant 1 and 2). These 

approaches effectively reduce both the quantity of construction materials used and the 

associated embodied energy. 

Alternative embodied energy reduction approaches employ integrating recycled 

materials into conventional building elements. This seeks to create composite 

materials with improved embodied energy and thermal properties. Laminated timber 

stood out as a new upcoming building material within South Africa to significantly 

reduce embodied carbon. Moreover, it weighs less than steel and concrete, leading to 

a reduced requirement for reinforcement in foundations, further contributing to the 

reduction of embodied carbon. This approach will significantly reduce the embodied 

carbon footprint of buildings, providing an opportunity to cut down on the 

environmental impact of using virgin materials, and create a sustainable solution for 

future building practices. However, it was emphasised that when addressing a 

building’s life cycle these materials might not be reusable and will have to be sent to 

a landfill. Consequently, developers or homeowners may find it challenging to offset 

the embodied carbon at the end of a building's life through up-cycling. This dilemma 

poses a significant challenge for developers striving to create net-zero embodied 

carbon projects.  

Alternative hot water heating solutions like solar or thermal heating systems can nearly 

mitigate the need for grid tied power. It was recommended that a homeowner seeking 

to install solar panels for household energy production should invest in heat pumps to 

maximise roof space for PV cells. Given sufficient roof space, going entirely for solar 

PV to electrify a home, incorporating efficient electrical systems for cooking and 

heating water, could be a practical choice. For homeowners operating on a budget, 

thermal solar heating systems are suggested as a more cost-effective alternative 

compared to a PV system. Participant 3 noted that solar thermal panels can reach a 

70% efficiency compared to around 15% for solar PV panels in extracting energy from 

the sun, however thermal solar systems tend to have higher maintenance and life 

cycle costs. 

The role of renewable energy sources, particularly solar power, in achieving the net-

zero energy operational goal was highlighted by participant 4. Participant 4 further 
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suggested that many homes might need to rely on offsetting energy due to limitations 

in achieving net-zero energy solely through on-site renewable energy production. 

Factors like limited roof space, especially in high-density apartments, often restrict on-

site net-zero energy goals. Therefore, large-scale wind or solar projects located 

elsewhere are crucial, enabling the wheeling of energy into projects to reach net-zero 

energy.  

For single residential houses, achieving net-zero on-site is more feasible depending 

on factors like available roof space, existing energy systems, and the presence of 

storage like batteries compared to apartments. Batteries play a pivotal role in 

addressing a significant drawback of PV systems, which cannot generate power during 

periods without sunlight, such as in the evening. However, residential houses pose a 

challenge because solar power is generated during the day, while the main energy 

consumption periods for households typically occur in the morning and evening. 

Participant 4 highlighted that although batteries offer benefits, their cost implications 

might label them as a luxury. To manage costs, models could involve scaling down 

the batteries or selectively applying them to specific systems rather than across the 

entire household. Consequently, integrating PV panels and batteries for on-site power 

generation and offsetting CO2 generated power will raise overall costs, potentially 

creating affordability challenges. 

4.3.3.4 Social Dimension 

Considering the energy-centric nature of ANZEH, their success in development, 

delivery, and operation hinges significantly on the social aspects of stakeholders. The 

interviewees emphasised that the sustainable knowledge of the client, homeowner, 

consultants, professional teams, and contractors will ultimately drive the delivery of 

ANZEH. Participant 3 noted that in high-income sectors, there's often a trend-driven 

demand for green solutions, whereas in lower-income segments, it's more about 

meeting national requirements for inclusive housing and sustainability standards. 

Moreover, the GBCSA and Edge sustainability rating tools also plays a vital role by 

exposing contractors and suppliers to sustainable approaches, creating a ripple effect 

across various projects. However, these tools are often perceived as luxuries, and low-

income housing projects typically veer away from such sustainability standards, 

focusing solely on meeting the basic legislative requirements. 
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The level of sustainability awareness amongst stakeholders were summarised into 

three levels by participant 4. Firstly, there's a committed and transparent group that 

confidently discusses sustainability and actively seeks to drive the development of 

sustainable homes. The second group tends to embrace 'greenwashing,' portraying 

eco-friendly images without substantial backing. These individuals might invest or 

implement basic sustainability concepts to attract a “green” image. Lasty, there is the 

group that is disinterested in sustainability and solely focused on selling a product to 

net maximum returns.  

Unpacking the sustainable and net-zero development approaches revealed the 

intricate relationship between construction professionals such as the design teams, 

management teams, and contractors, who influence a building's successful delivery. 

Participant 4 emphasised the importance of transferring design intent accurately from 

the professional team to the construction contractors. Misinterpretations or 

misunderstandings during this process can lead to errors or incomplete work that 

affects the overall construction quality and costs. Additionally, the successful transfer 

of information from the construction team to the operators or homeowners is equally 

vital. This transfer of knowledge and understanding allows for the proper operation of 

the space as intended, ensuring that the building functions optimally, to achieve the 

preconceived operational efficiency standards. 

Participant 2, a specialist in affordable and social housing, emphasised the universal 

desire for a return on investment as a foundational aspect in any housing venture. 

Even organisations like [Company name redacted], aiming for affordable and social 

housing solutions, must consider financial returns to sustain their operations. 

However, the participant noted that some people are more inclined toward civic-

mindedness and might prioritise affordable housing despite lower profit margins: 

Participant 2: “…So even [Company name redacted] needs a return on investment. 
Otherwise, we can't keep the whole business going, so there are people though, who 
are more civically minded and will want to do affordable housing for a lower margin.” 

This observation indicates that the feasibility of a project will take preference over a 

building’s level of sustainability. Nevertheless, participant 2 indicated that this provides 

an opportunity for government intervention in setting alternative standardised ANZEH 

requirements and linking these requirements to subsidies. This could foster the supply 

of affordable housing, while simultaneously promoting sustainable developments and 

living. It is essential to expedite the provision of social and affordable housing to 
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address the growing housing issues caused by an increasing population and the slow 

rate of housing development. 

Participant 3 did critique the potential economic, environmental, and social 

consequences associated with the development of sustainable buildings. A study 

conducted by their team, of a green retrofit project, showed inefficacies due to 

inadequate support and maintenance of installed sustainability products, such as solar 

water heaters and ceiling materials. These shortcomings led to malfunctions because 

the residents did not have the required mechanisms to replace or repair the damaged 

products. Participant 3 further emphasised the importance of embedding alternative 

building materials into communities to facilitate local builders' familiarity and utilisation 

of these products. Skill development and knowledge transfer were highlighted as a 

crucial shortfall which had unintended consequences of disempowering homeowners 

from their residences. 

ANZEH framework was critiqued by participant 3, who noted, that if only the sole focus 

was on achieving net-zero carbon emissions, one might overlook the broader scope 

of sustainability, which encompasses various aspects crucial to people's well-being. 

Social elements such as transportation, even though it's harder to influence at a 

building level, plays a pivotal role in affordability. Aspects such as access to food, the 

internet, and employment opportunities are encompassed within the domains of 

sustainability and affordability. These factors highlight the considerable social impact 

of comprehensive sustainability initiatives beyond achieving net-zero emissions. 

Participant 4 highlighted the long-term outlook of ANZEH on reducing South Africa’s 

built environment carbon footprint and pressure on the national energy grid. Moreover, 

at the micro-economic level, the financial benefits for homeowners could potentially 

result in elevated disposable income and improved living standards. 

4.3.4 Attributes and Characteristics of an ANZEH 

Table 4.2 summarises the attributes and characteristics of ANZEH identified through 

the qualitative analysis. This table outlines the various building elements and their 

associated technical specification that contributes to ANZEH. Each entry details the 

impact of the technical specification, including whether it involves conventional 

construction techniques, its affordability for implementation, and its effect on embodied 

carbon, operational carbon, or both types of carbon emissions. 
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Technical specifications marked with asterisks were not evaluated in the reviewed 

literature but emerged during the interviews, highlighting additional strategies for 

achieving ANZEH.  

The information presented will guide the subsequent quantitative modelling process, 

which aims to estimate the embodied and operational carbon impacts of incorporating 

these techniques and building elements.
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Table 4.2: ANZEH attributes and characteristics summarised 

Building Element Technical Specification Impact 
Construction Method Financial Impact Carbon Emissions 

Conventional Innovative Affordable Expensive Embodied Operational 

Passive Design Building modelling* 
Create virtual model of building to evaluate expected embodied and 
operational carbon 

     

Passive design Building orientation Optimise indoor thermal environment      
Passive design Cost effective finishes* Limits capital cost for homeowners      
Passive design Design for longevity* Minimise maintenance costs      
Passive design Efficient housing design* Maximise liveable area in a cost-effective manner      
Market Strategy Green bonds Improved finance options and lower interest rates.      

Passive design Legislation and policies* 
Mandatory sustainable built environment policies will drive “green” 
initiatives. 

     

Passive design  Strong professional team* Prevents miscommunication and promotes consistency      
Passive design Property location Access to public transport, schools and employment opportunities      
Passive design Composite material* Reduce embodied carbon, but might not be re-cyclable at end of life      

Passive Design Face brick finish* 
Exterior walls are not plastered and painted to reduce maintenance 
costs 

     

Passive Design Hollow bricks* 
Lighter than conventional bricks – Reduces foundation costs and 
construction times. 

     

Passive design Laminated timber* Reduced embodied carbon and improve thermal properties      

Passive Design 
Recycle demolition 
materials* 

Re-use demolition materials in non-structural applications to reduce 
embodied carbon 

     

Passive design Precast elements* 
Precast building elements will reduce construction time, material usage 
and waste. 

     

Passive Design Shading techniques Installation of overhangs to limit indoor direct insulation      

Passive Design Glazing 
Reduces heat gain from direct insulation and heat loss during cold 
periods 

     

Passive Design Insulation Improves indoor environmental thermal comfort.      
Passive Design Roof reflectivity* Paint a roof white to minimise heat absorption      

On-site Renewable Energy offset 
Non-renewable energy consumption must be offset by renewable 
energy production 

     

Electrical Storage Energy storage Stores renewable energy for non-solar hours.      

Off-site Renewable Energy wheeling 
Purchaser of renewable energy instead of non-renewable energy for 
consumption 

     

Energy Management Heat pump Heat pump will reduce electrical energy required to heat hot water      
Psychological 
Strategies Household education 

Educating individuals about energy efficient behaviours and how to 
reduce appliance energy usage. 

     

Fixtures LED Reduce energy usage      
Energy Management Thermal geysers Thermal geyser will reduce electrical energy required to heat hot water      

Water fitting Water flow rate fittings 
Reduce consumption of hot water, thus less energy will be required to 
heat hot water. 

     
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4.4 Quantitative Analysis 

This section seeks to demonstrate the various sustainable techniques and building 

materials that can be implemented to achieve an ANZEH. Findings from the qualitative 

analysis were used to guide the embodied and operational energy modelling. This 

section begins with presenting the ANZEH scenario, followed by an overview of the 

implemented sustainability components, calculations and analysed embodied and 

operational energy results.  

4.4.1 Affordable Net-zero Energy House Case Structure 

A 3-bedroom house base case was use because it was identified as a common 

housing typology in South Africa. The house plan was transposed into Revit and 

displayed in Figure 4.1 and Figure 4.2 provides a three-dimensional render of the 

house.  

 

Figure 4.1: Affordable 3-bedroom house floor plan 
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Figure 4.2: 3D model of the 3-bedroom affordable house 

The house is free-standing, consisting of 3-bedrooms, a living room, a kitchen, a 

bathroom and an attached water closet room, whose size specifications are presented 

in Table 4.3 below. 

Table 4.3: Room dimensions 

Typology Element Area (m2) Area Ratio 

Kitchen 14 16% 

Living Room 36 40% 

Bedroom 1 15 17% 

Bedroom 2 17 8% 
Bedroom 3 7 8% 
Bathroom 1 5 6% 
Bathroom 2 6 7% 
Lettable Area 90 100% 

 

The house is orientated in a North facing direction to maximise sunlight exposure and 

in accordance with SANS guidelines. The foundation rests on strip footing, and the 

external façade comprises a clay-brick half wall. Moreover, the wall has been plastered 

and painted. The internal walls are half brick composed of clay bricks, plaster and 

painted. The floor is concrete with a linoleum finish, the doors and windows (Single 

glaze) are wooden, and the roof comprises of wooden trusses with clay tiles. 

This base case’s energy performance served as the foundation for three ANZEH 

scenarios, and by extension the benchmark for evaluating the scenarios. Each 



105 
 

scenario introduced varying degrees of energy-saving strategies, with the aim of 

reducing energy demand and, by extension, carbon emissions. 

Scenario 1 represented an entry-level ANZEH, incorporating basic energy-saving 

measures accessible to developers and utilised conventional construction techniques 

which follows the cost and material reduction techniques expressed by Participant 2. 

Additionally, easily available energy reducing materials and fixtures were incorporated 

to reflect an entry level ANZEH. This scenario sought to accommodate the lack of 

skills, expertise and knowledge of sustainable techniques, materials and technologies, 

highlighted by the interviewees. Simple embodied energy reduction methods were 

used such as 10% fly ash in ready-mix concrete, hollow bricks to construct walls, and, 

limiting painting to only the interior walls. Additionally, leaving exterior walls bare 

mitigates the accumulated embodied energy gained with repainting a building over its 

lifespan. These construction materials with other simple energy reduction techniques 

such as using compact fluorescent light bulbs and the adoption of a thermal solar 

geyser reduced Scenario 1’s carbon emissions. 

Scenario 2 sought to blend conventional building techniques with a few innovative 

embodied and operational energy reducing techniques. This method was selected for 

developers who have begun to embrace new construction methodologies and are 

familiar with the principles of sustainable development. These materials encompassed 

insulating the floor with cellular insulation, installing hot water flow rate fixtures 

(Participant 1), utilising cross laminated timber external and internal walls, adopting a 

monologic roof system, using 30% fly ash ready-mix concrete, and switching wooden 

single glaze windows to double glaze aluminium windows. The installation of double 

glaze windows resulted in higher embodied carbon emissions, however, the expected 

operational energy savings outweighed the additional embodied emission. 

Operational energy followed the same modelling as Scenario 1 except, scenario 2 had 

50% solar energy production. The solar system was configured to supply 1,500 KWh 

which utilised 450W panels (Marthinusen, 2023). The following equation was utilised 

to determine the solar system size: kW system = Daily kWh usage / Average daily 

peak sunlight hours * 1.25 (Efficiency factor) (Next Renewable Generation, 2023). This 

resulted in the following calculation and output: (2,935kWh per annum / 12 / 30) / 4.7 

(Western Cape peak sunlight hours per day (Climatebiz, 2023)) * 1.25 = 2.17kW 

system. Therefore, a 3kW system sized specification was utilised and occupying 

approximately 12m2 of roof space. 
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Scenario 3 models a scenario where all energy saving construction techniques, 

materials and technologies have been embraced to achieve an ANZEH. This approach 

assumes that a developer or homeowner is well versed in sustainable development 

and the utilisation of alternative buildings materials or sustainable technologies. The 

construction technique followed Scenario 2 except the external and internal walls 

utilised autoclaved aerated concreate solid blocks, and the addition of re-used EPS 

insulation in the cavity walls to enhance insulation as well as the adoption of energy 

efficient appliances. Further, a wooden roof truss, hemp cladding tile system, with 

cellulose ceiling insulation, was adopted. The operational energy parameters 

remained consistent with those of Scenario 2, but all electrical energy will be 

generated by on-site solar systems. The solar system was configured to supply 3,600 

kWh which utilised 450W panels (Marthinusen, 2023). The following equation was 

utilised to determine the solar system size: kW system = Daily kWh usage / Average 

daily peak sunlight hours * 1.25 (Efficiency factor) (Next Renewable Generation, 

2023). This resulted in the following calculation and output: (3,600kWh per annum / 

12 / 30) / 4.7 (Western Cape peak sunlight hours per day (Climatebiz, 2023)) * 1.25 = 

2.6kW system. Therefore, a 3kW size system was utilised, occupying an estimated 

12m2 of roof space. 

The Tables 4.4 and 4.5 below summaries the modelling parameters used within the 

OneClick LCA and Edge App software’s. Each table outlines key inputs related to 

construction materials, energy consumption, operational efficiency, and carbon 

emissions, which are crucial for assessing both embodied and operational carbon. 
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Table 4.4 indicates the embodied materials used by the base case and scenarios. 

Table 4.4: OneClick LCA material input parameters 

Element Base Case 
(Conventional) 

Scenario 1 Scenario 2 Scenario 3 

Strip footing Concrete Ready-mix 
concrete - 
10% fly ash 

Ready-mix 
concrete - 30% 
fly ash 

Ready-mix 
concrete - 30% 
fly ash 

External wall  Solid terracotta 
half brick wall 
(110mm) 

Hollow 
terracotta 
half brick 
wall 
(110mm) 

Cross 
laminated 
timber (80mm) 

Cavity 
autoclaved 
aerated 
concrete solid 
block wall with 
EPS insulation 
recycled 
panels 
(250mm) 

Internal wall Solid terracotta 
brick wall 
(110mm) 

Hollow 
terracotta 
brick wall 
(110mm) 

Cross 
laminated 
timber (60mm) 

Gyproc 
Rhinoboard 
(Gypsum 
plasterboard) 
on wooden 
frame (76mm) 

Exterior and 
interior walls 
painted 

Alkyd emulsion-
based paint 

Only interior 
painted - 
Alkyd 
emulsion-
based paint 

Only interior 
painted - Alkyd 
emulsion-
based paint 

Only interior 
painted - Alkyd 
emulsion-
based paint 

Floor slab Concrete slab Concrete 
slab – 10% 
fly ash 

Concrete slab 
– 30% fly ash 

Concrete slab 
– 30% fly ash 

Floor Linoleum finish Ceramic 
glazed tile 

Cellular glass 
insulation with 
ceramic 
glazed tile 

Cellular glass 
insulation with 
laminated 
flooring 

Ceiling Particleboard  Gypsum 
ceiling 
boards 

No ceiling Gypsum 
ceiling boards 

Roof Wooden roof 
truss, clay tiles 
with rock wool 
insulation 

Wooden roof 
truss, clay 
tiles with 
rock wool 
insulation 

Monologic roof 
system – 
Cross 
laminated 
timber 

Wooden roof 
truss, hemp 
cladding tiles 
with cellulose 
insulation 

Windows Steel frame & 
single glaze 

Wooden 
frame & 
single glaze 

Wooden frame 
& double glaze 

uPVC frame & 
double glaze 

Doors Wooden Wooden Wooden PVC 
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Table 4.5 indicates the operation energy scenario parameters inputted into Edge.  

Table 4.5: Edge App material and technological parameters 

Sustainability 
Component 

Scenario 1 Scenario 2 Scenario 3 Pictures 

Energy Efficient Measures 
Reflective roof  0.61 0.53 *Reflective roof 

 
Natural ventilation  

✔ 
 
✔ 

 
✔ 

 

Domestic water heating 
system 

Thermal solar geyser Thermal solar 150L 
geyser 

150L geyser *Thermal solar geyser 

 
Lighting  Compact fluorescent 

bulb 
LEDs LEDs *LED light 

 
Electrical smart meter  

✔ 
 
✔ 

 
✔ 

*Smart electrical meters 
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On-site renewable 
energy production 

0% annual energy 
consumption 

50% annual energy 
consumption 

100% annual energy 
consumption 

*Photovoltaic roof system 

 
Water Efficient Measures 

Water efficient shower 
heads 

  
4L/min 

 
4L/min 

*Aerated shower head 

 
Bathroom sink water 
efficient faucet 

  
6L/min 

 
6L/min 

*Aerated sink fitting 

 
Kitchen sink water 
efficient faucet 

  
6L/min 

 
6L/min 

*Aerated sink fitting 

 
Materials 

Floor finish  Linoleum Finish Linoleum Finish *Linoleum floor finish 
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Roof Clay tile on timber rafters Cross laminated timber Hemp cladding on 
timber rafters 

*Clay tile on timber rafters 

 

External walls material Brick wall internal and 
external painted 

Cross laminated timber Autoclaved aerated 
concrete solid block wall 
exposed and internal 
painted 

*Aerated concrete solid block wall 

 
Internal walls Terracotta brick wall Cross laminated timber Autoclaved aerated 

concrete solid block wall 

*Cross laminated timber 
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Window frames Wooden Aluminium uPVC *uPVC Window 

 
Window glazing Single Double Double *Double glaze window diagram 

 
Roof insulation Rock wool insulation  Cellulose insulation *Cellulose insulation 
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External wall insulation Air gap Air gap EPS insulation *EPS insulation 

 

Floor insulation   Cellulose insulation *Cellulose insulation 

 
 

  



113 
 

The preceding discussion highlighted the primary deviations between the base case 

and the various scenarios. The following paragraphs will outline how Scenario 1’s 

LCCE was calculated. 

Initially, the Revit building plan was uploaded to OneClick to capture the building 

materials and quantities. The building materials in OneClick were updated based on 

South African information, except for the uPVC window frame parameter. There was 

no carbon emission data for this parameter and OneClick’s UK uPVC window frame 

dataset was utilised.  Additionally, material transportation distances were manually 

inputted by measuring the distances, using Google Maps, between various material 

sources and the development site. These parameters enabled the software to 

generate the CO2e emissions for Modules A1 - A5.  

Modules B1 – B5 were calculated manually, with Module B1 set to zero, as carbon 

absorption was not measured in this research. Due to the unavailability of operational 

and maintenance guides, the carbon emissions for maintenance (Module B2) were 

computed by multiplying 40kgCO2e/m2 by the gross internal area. The emissions for 

repair (Module B3) were determined by summing 25% of the product of Module B2 

and 10% of the product of Module A1-A3. The emissions for Modules B4 - B5 were 

calculated using the expected service life of materials, as specified in the RICS Whole 

Life Carbon Assessment for the Built Environment guide. For instance, hardwood 

windows have an expected lifespan of 30 years, while the building lifespan adopted in 

this research was 60 years. Therefore, the carbon emissions from windows amounted 

to 1,180kg CO2e, which was then multiplied by 2 to determine the B4 – B5 emissions, 

resulting in 2,360kg CO2e. This process was repeated for each individual building 

element.  

The emissions for Module B6 were calculated using the Edge App software. The 

building's dimensions and specifications were uploaded to the App, and South Africa’s 

electricity emission factor of 1.013kg CO2e/kWh was applied to convert kilowatt-hours 

to carbon emissions (Department of Forestry Fisheries and the Environment, 2024). 

The software then generated a monthly estimate of 0.33 tCO2e, which was annualised 

and forecasted over the building’s 60-year lifespan. Module B7 and B8 were not 

examined within the scope of this thesis. 

Modules C1–C4 and D1, Module D2 utility exports were assumed to be zero for the 

purposes of this research, were modelled using OneClick LCA, which operates under 
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several key assumptions. The program assumes standard demolition and 

deconstruction practices, incorporating typical machinery and techniques suitable for 

the building type and material composition. Additionally, the model allows users to 

specify the waste processing method for the different building materials. For instance, 

in Scenario 1, conventional building waste practices were adopted, with construction 

materials modelled as landfilled, while items such as wood and glass were recycled. 

Further, the program accounts for energy use and efficiency at recycling facilities and 

considers typical disposal methods, including emissions from material incineration. 

4.4.2 Cross Scenario Analysis Overview 

A clear link between the level of ANZEH and a reduction in whole LCCEs emerged 

from the findings. However, the weighting of carbon emissions though out a scenario’s 

life cycle varies. The base case generated the highest LCCEs (560,091kg CO2e) 

LCCE, followed by Scenario 1 (491,920kg CO2e), then Scenario 2 (270,719kg CO2e) 

and Scenario 3 (35,915kg CO2e). This LCCE decreasing trend follows the improved 

level of ANZEH attributes. Table 4.6 provides a summary of each case LCCEs. 

Upon initial evaluation, Scenarios 1 and 2 outperformed Scenario 3 in terms of 

embodied carbon emissions across Modules A1-A5, as indicated by the green 

highlights. All scenarios, however, exhibited identical outcomes in Modules B1-B3 and 

D2, denoted by the blue highlight. Modules B3-B6 presented more variability; Scenario 

1 achieved the greatest reduction in CO2 emissions across all these modules, whereas 

Scenario 2 demonstrated reductions in B3 and B6 only, and Scenario 3 achieved 

savings exclusively in B6. Notably, only Scenario 2 exceeded the base case in 

Modules C1-C4, marked by the red highlight. Conversely, Scenario 1 was the only 

case to decrease carbon emissions relative to the base case in Module D1. 
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Table 4.6: Whole life cycle carbon emissions assessment for the 3 ANZEH scenarios 

 

*Green highlights indicate the case study performed better than the base case. 

*Blue highlights indicate the case study performed the same as the base case. 

*Red highlights indicate the case study performed worse than the base case. 

 

Focusing on the upfront embodied carbon emissions attributed to material production, 

transportation, construction and installation. The construction material carbon 

emissions were the largest contributor across all scenarios, averaging 83% of the total 

emissions for module A. 

In Scenario 1, upfront carbon emissions decrease to 11,051kg CO2e, reflecting a 10% 

reduction compared to the base case. This decrease is primarily due to optimisations 

in conventional construction materials, such as incorporating 10% fly ash in ready-mix 

concrete, utilising hollow bricks for walls, and restricting painting to interior walls only. 

These measures resulted in a reduction of 1,206kg CO2e in carbon emissions. Carbon 

emissions attributed to transportation, construction and installation marginally 

decreased because conventional construction techniques were adopted. 

Scenario 2’s, upfront carbon emissions decreased to 6,005kg CO2e, representing a 

51% decrease compared to the base case. The adoption of laminated timber resulted 

in a potential global warming biogenic 9,397kg CO2e sequestration, and the monologic 

roof system resulted in the further reduction of building materials. However, the 

inclusion of solar panels constituted an additional 4,680kg CO2e embodied emissions, 

leading to a construction material emission of 4,748kg CO2e (Module A1-A3). 

Transport and construction carbon emissions reduced by 23% because lighter and 

less materials were used. 
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Scenario 3’s carbon emissions exceeded the base case by 815kg CO2e. The use of 

autoclaved aerated concrete solid block, hemp cladding instead of tiles resulted in 

8,375kg CO2e of construction material. The inclusion of solar panels resulted in the 

construction material emissions exceeding the base at 12,155kg CO2e (Module A1-

A3). Carbon emissions attributed to transportation decreased by 40% and construction 

carbon emissions diminished by 50%. The reduction in both modules was driven by 

the substitution of heavier materials with lighter alternatives, such as autoclaved 

aerated concrete solid blocks and hemp cladding. 

Carbon emissions attributed to transportation, marginally change between the base 

case and scenario 1. This trend arose due to both scenarios adopting similar 

construction materials. However, Scenario 2 and 3’s transport emissions decreased 

due to the use of lighter materials. 

These scenarios illustrate the impact that different material choices have on managing 

embodied emissions. Figure 4.3 illustrates the carbon emission percentage difference 

between the base case and the scenarios for upfront carbon. 

  

Figure 4.3: Upfront carbon emission savings against the base case 

In the In-use phase, the base case constituted the largest carbon emission generation 

at 544,417kg CO2e, with energy consumption accounting for 97% of this total. 

Moreover, the in-use carbon emissions are 37 times higher than the combined carbon 

emissions from modules A, C and D. This elevated emission generation was seen 

across all the cases, emphasising the importance of developing for in-use phase 
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carbon emission reduction. Since the maintenance carbon emissions were calculated 

using the RICS kg CO₂e/m² gross internal area methodology, and all cases had the 

same typology, the carbon emissions were identical across the cases. 

Scenario 1 achieved a 12% carbon emission reduction driven by the reduction in 

energy consumption. The 7% and 17% carbon emission reduction in the maintenance 

and repair module only constituted 1,371kg CO2e savings, a negligible reduction. This 

indicates that the adoption of simple sustainable techniques, such as a thermal solar 

geysers and compact florescent bulbs will support operational carbon emission 

reduction as indicated by Participant 1. 

Scenario 2 achieved a 53% carbon emission reduction, also driven by the reduction in 

energy consumption. However, the adoption of solar panels to produce 50% of the 

household’s energy resulted in energy consumption dropping to 230,400kg CO2e 

(57% reduction). This saving overshadowed the additional carbon emissions 

generated from material replacement and refurbishment compared to the base case, 

which constituted a 210% gain in emissions. The high material replacement emissions 

were due to solar panels only having an average life expectancy of 25 years. 

Scenario 3 boasted the highest in-use carbon emission savings of 96%. The 

scenario’s total energy consumption was covered by solar generated power, 

effectively reducing electricity consumption carbon emissions by 532,800kg CO2e. 

Unlike scenario 2, where repairs, and material replacement and refurbishment were 

negligible, these items constituted the total carbon emissions for module B. 

Notability, the carbon emissions generated using electricity constituted the highest 

carbon emissions, followed by replacements, and then repair. This indicates that fossil 

fuel generated electricity must be targeted for a house to aim for net-zero energy. 

Figure 4.4 illustrates the carbon emission percentage difference between the base 

case and the scenarios in-use phase. 
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Figure 4.4: In-use carbon emissions savings against the base case 

The end-of-life carbon emissions, expressed in Figure 4.5, encapsulates demolition 

and waste processing, with the base case generating the highest carbon emissions at 

3,906kg CO2e. Scenarios 1 and 3 had 21% and 83% carbon emission reductions. 

Scenario 2’s carbon emissions increased by 146%. The higher emissions were driven 

by the waste processing steps attributed to laminated timber and solar panels. 

 

Figure 4.5: End of life carbon emissions savings against the base case 

Module D, information beyond construction works life cycle presented in Figure 4.6, 

encapsulates carbon emissions off-set by re-cycling materials. No scenario exported 
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utilities and thus all off-set emissions are a function of internal impacts. Scenario 1 had 

the lowest carbon emission off-set. Scenarios 2 and 3 achieved 345% and 343% 

improved savings against the base case. These improved savings were driven by the 

re-use of solar panels, converting bricks and concrete to aggregate and the 

incineration of organic materials such as wood and hemp. 

 

Figure 4.6: Information beyond construction works life cycle carbon emissions savings against the base case 

An analysis of the modules indicates that Module B1-B6 is the predominant contributor 

to carbon emissions in the base case, accounting for 97% of the total emissions. This 

significant contribution diminishes the relative impact of the other modules, with 

Module A1-A5 responsible for only 2%, followed by Modules C1-C5 and D1-D2, whose 

contributions are minimal. 

However, shifting the focus towards reducing the property's energy consumption 

through the installation of PV panels, demonstrated in Scenario 3, the carbon 

emissions form Module B1 - B6 decreased from 544,417kg CO2e to 24,357kg CO2e, 

marking a reduction of 520,060kg CO2e. This reduction lowered the proportion of 

emissions from Module B1-B6 from 97% to 68%. Despite this marked decrease, 

Module B1-B6 remains the primary source of carbon emissions for Scenario 3, largely 

due to the need for solar panel replacements throughout the building's life cycle.  

Furthermore, Module A1-A5 emerged as the second-largest contributor to total carbon 

emissions in Scenario 3, now constituting 36% of the overall emissions. This finding 

highlights the importance of utilising alternative, carbon-neutral building materials to 
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further mitigate the building’s carbon footprint. The variations in emissions across the 

different modules are depicted in Figure 4.7, underscoring the areas where developers 

and homeowners should focus their efforts to enhance sustainability and reduce 

environmental impact. 

 

Figure 4.7: Whole life cycle carbon emission module breakdown 

4.4.3 Embodied V Operational Carbon Emission Analysis 

The modelled embodied carbon emissions throughout the building’s life cycle never 

reached zero in any scenario. However, Scenario 1 demonstrated a modest reduction 

in embodied carbon emissions, achieving a 12% reduction compared to the base case. 

In contrast, both Scenarios 2 and 3 achieved higher embodied carbon emissions than 

the base case, with increases of 48% and 32%, respectively. This increase is 

attributed to the use of solar panels, while reducing operational carbon, contributed to 

higher embodied emissions. 

The results, as shown in Table 4.7, highlighting the complexities involved in reducing 

embodied carbon. Although Scenario 1 achieved some savings, Scenarios 2 and 3 

exceeded the base case emissions due to trade-offs between operational efficiency 

and material selection. This illustrates the need for a balanced approach that considers 

both operational and embodied carbon when pursuing sustainable building designs. 
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Table 4.7: Embodied carbon emission savings 

 

Operational carbon emissions decreased as the sustainability level improved with 

each Scenario. Scenario 1 achieved the lowest energy savings of 12% compared to 

the base case, reflecting limited operational carbon emission reductions. In contrast, 

Scenario 2 resulted in a more substantial reduction of 57%, indicating a significant 

enhancement in energy performance. Scenario 3 achieved the highest level of 

sustainability, with a 100% reduction in operational carbon emissions, effectively 

reaching a net-zero operational carbon footprint. 

This progression underscores the impact of integrating renewable energy solutions, 

such as solar panels, in achieving substantial reductions in operational carbon 

emissions. Scenario 3, which utilised solar panels to generate one hundred percent of 

the household’s energy, exemplifies how adopting renewable energy sources can 

eliminate operational carbon emissions entirely. 

The results are summarised in Table 4.8, which provides an overview of the 

operational carbon emission savings across the different scenarios. 

Table 4.8: Operational carbon emission savings 

 

As expressed earlier, operational carbon emissions significantly exceed embodied 

emissions, as illustrated in Table 4.9. In the Base Case, Scenario 1, and Scenario 2, 

operational emissions, far surpass embodied emissions. Scenario 1 implemented 

basic energy-saving measures which did not proportionally reduce operational 

emissions because embodied emissions remained at 5%. Scenario 2, which included 

PV panels covering 50% of energy needs, reduced operational emissions from 95% 

in the Base Case to 85%, representing a 10% reduction. 

In contrast, Scenario 3, which employed PV panels to generate 100% of the building’s 

energy, eliminated operational carbon emissions. This highlights the critical 

importance of sourcing 100% of operational energy from renewable sources to attain 
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net-zero operational carbon emissions. The limited improvements seen in Scenarios 

1 and 2 underscore the need for more comprehensive sustainability measures. This 

expresses the concern that partial approaches are inadequate to effectively address 

the predominance of operational carbon emissions. 

Table 4.9: Embodied v operational carbon emissions 

 

4.4.4 Whole Life Cycle Cost Analysis 

The whole life cycle cost analysis provides a high-level overview of the financial 

implications of the 3 Scenarios, incorporating the initial construction costs, operational 

costs, and demolition costs. This analysis will provide an economic overview of 

pursuing higher levels of sustainability in building designs. 

The initial findings are summarised in Table 4.10, which presents the whole life cycle 

costs for the three ANZEH Scenarios. The Base Case was the least viable building 

approach, costing R2,265,150. This was followed by Scenario 1 at R1,949,737, 

Scenario 2 at R1,662,305, and Scenario 3 at R1,055,603. 

Table 4.10: Whole life cycle cost of the modelled scenarios 

 

Scenario 1 reflected the base case, utilising conventional building practices that 

resulted in modest 14% cost savings compared to the Base Case. However, Scenario 

2, which incorporates PV panels to cover 50% of the energy needs, showed an 

increase in construction costs, 21% premium against the Base Case, due to the 

additional investment in the PV system and the added costs attributed to the cross-
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laminated timber. Despite the higher construction, maintenance, and replacement 

costs, Scenario 2 reduced whole life cycle costs by 27%. Scenario 3 achieved 100% 

renewable energy sourcing, resulting in the greatest long-term savings by eliminating 

electricity costs. This resulted in Scenario 3 reducing whole life cycle costs by 53% 

even though construction, maintenance, and replacement costs exceeded the Base 

Case. 

While the initial investment for greater levels of sustainability are higher, as seen in 

Scenarios 2 and 3, the long-term benefits in terms of operational cost savings and 

environmental impact make the additional upfront investment viable. The whole life-

cycle cost analysis underscores the importance of considering both initial and 

operational costs when making decisions around ANZEH, highlighting that 

sustainability measures can lead to financial benefits over the building's life span. 

4.5 Discussion of the Findings 

The findings from the study showcase a strong alignment with the observations in the 

literature review, particularly regarding the sustainability challenges and opportunities 

within the South African construction industry. 

Affordability emerged as a multifaceted concept, with participants emphasising not 

only the cost of acquisition but also long-term operational expenses, including energy 

and maintenance costs which follows Ibrahimu et al.’s (2018) observations. This study 

highlighted the importance of considering the total cost of ownership, incorporating 

utility and operating costs rather than just the upfront purchaser price. This broader 

view aligns with the need for durable, low-maintenance housing that minimises long-

term financial burdens on occupants (Gan and Hill, 2009; World Economic Forum, 

2019). An insight that arose from the findings which wasn’t discussed in the literature, 

was the role consumer perception. Participants expressed that consumers have an 

inclination for free-standing houses over apartments and households tend to prefer 

traditional building materials making the adoption of alternative cheaper or sustainable 

materials harder. This cultural and psychological inclination presents a significant 

barrier to the adoption of alternative, more affordable or sustainable materials. The 

resistance to non-traditional housing forms and materials suggests that affordability 

strategies must also address perceptions and preferences, not just economic or 

technical feasibility scenarios. 
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All participants agreed that a building’s degree of sustainability is measured using a 

“green” rating tool (Griffiths et al., 2020) because South Africa’s building codes do not 

promote sustainable development. Both the findings and literature emphasized the 

inadequacies of South Africa’s building codes which provide only minimal energy 

efficiency standards. Zuo and Zhao’s (2014), and Moghayedi et al. (2022) highlighted 

similar issues, underscoring the lack of progressive legislation or policies that 

incentivise sustainable building practices. The findings also reflect this limitation, as 

participants pointed to the absence of embodied carbon guides and the complexities 

involved in measuring embodied carbon due to the diverse materials used in 

construction. Participants indicated that the preferred rating tool to use is Edge 

because it is less intricate and affordable in relation to comparable tools like the 

GBCSA Green Star tool. It was also highlighted that these tools are limited in grading 

the level of sustainability by their measures, which has resulted in an industry shift 

from calling them “green rating tools” to “resource efficiency tools”. This observation 

gains significance when assessing ANZEH, as ANZEH solely concentrates on energy 

conservation, leaving out other vital sustainability aspects, like water.  

The interviews revealed that South Africa’s building codes do not focus on embodied 

carbon emissions with no formal embodied carbon guide. Moreover, the diverse nature 

of materials in the construction industry makes measuring embodied carbon a complex 

and intricate task. The limited embodied carbon information, expressed in the 

interviews, were also experienced within the modelling portion of the research. The 

qualitative embodied v operational analysis revealed that the use of conventional 

construction techniques and materials only reduced embodied carbon by a maximum 

of 12% (Scenario 1), substantiating the participants claims. While operational carbon 

is the main focus of SANS 10400-XA (2023), with a comparable energy saving of 12% 

(Scenario 1). Operation energy reductions achieved through conventional construction 

techniques using SANS 10400-XA was limited to 12%. This was due to the building 

code only providing minimal energy efficient standards, following Moghayedi et al. 

(2022) observation that South Africa’s lack of sustainable building codes, legislation 

and policies has hindered the development of a sustainable built environment. The 

findings also add nuances to the literature by demonstrating how geographic and 

regulatory contexts, as highlighted by Lima et al. (2021), shape sustainability 

outcomes. In South Africa, where building codes like SANS 10400-XA offer only 

minimal energy efficiency standards, the potential for operational carbon reduction is 
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limited unless supplemented by renewable energy systems. This contrasts with 

findings from regions with more stringent codes, where baseline performance is 

already higher. These observations and literature context underlines the significant 

legislative and building code policy changes that will be required to advance South 

Africa’s minimum sustainability requirements. However, the pros and cons of 

aggressive sustainability policies must be carefully weighed, as rapid changes could 

adversely affect smaller developers lacking the resources and skills to adapt. 

Another noteworthy parallel lies in the reliance on renewable energy systems, 

especially solar panels, as a means to achieve substantial operational carbon 

reductions. The adoption of innovative construction techniques and materials 

exponentially improved the energy savings, with the adoption of solar panels reducing 

the largest portion of carbon emissions. Scenario 2, where solar panels supplied 50% 

of the household’s energy need, reduced operational energy by 50%. Scenario 3, 

achieved a 94% carbon reduction by generating 100% of its operational energy 

demand, demonstrating the role of renewable energy in approaching an ANZEH. 

However, none of the scenarios fully achieved net-zero energy, with only Scenario 3 

coming close. This underscores a key insight for an ANZEH to be realized, and that 

the total annual energy consumption must be offset entirely by clean, renewable 

generation through decentralised systems like solar PV. This requirement is especially 

important in South Africa’s high-carbon grid context, where grid-supplied electricity 

undermines energy neutrality. 

These findings highlight that while passive design and efficient materials contribute 

meaningfully to energy reduction, achieving true net-zero energy hinges on the full 

integration of renewable energy systems. Moreover, the success of Scenario 3 

illustrates that ANZEH is technically feasible, but its widespread adoption will depend 

on addressing cost, policy, and infrastructure barriers to renewable energy 

deployment. 

The material selection has an influence on embodied carbon and overall sustainability 

outcomes. Upfront embodied emissions (Modules A1–A5) were primarily driven by 

material production and construction. Scenario 2 achieved the greatest embodied 

carbon reduction (51% lower than the base case) using laminated timber and a 

monologic roof system, which offered both lightweight efficiency and biogenic carbon 

sequestration. In contrast, Scenario 3, despite employing low-carbon materials such 
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as autoclaved aerated concrete and hemp cladding, exceeded the base case’s 

embodied carbon due to the inclusion of a solar PV system. Additionally, the use of 

lightweight, renewable, and locally sourced materials (e.g., laminated timber and hemp 

cladding) reduced transport and construction emissions, highlighting the role of 

logistics and material density in upfront carbon performance. Scenarios incorporating 

recyclable or reusable materials also achieved notable offsets in Module D, 

demonstrating the value of modular design and circular economy strategies. Although 

maintenance-related modules (B2–B5) contributed minimally, the durability and 

replacement cycles of key components, like solar systems, proved more impactful over 

time.  

Understanding the NZEB critical characteristics that promote the development of 

ANZEH will help a developer and household to implement and measure their 

sustainability impact. The role of passive design strategies was another shared theme 

between the literature and findings. Participants stressed the importance of 

incorporating design elements such as orientation, glazing, insulation, and roof 

reflectivity to optimize energy efficiency, which echoes insights from the literature 

(Pacheco et al., 2012; Fantucci and Serra, 2019; Wang et al., 2021). The need to 

optimise space allocation, embrace energy-efficient designs, and building orientation 

were cited by the participants as crucial design concepts. The use of software will 

improve these designs and allow developers or households to identify operational and 

embodied carbon emission trends before construction takes place.  

Participants discussed both the opportunities and challenges of integrating 

sustainability into affordable housing. These observations align with the literature on 

the variability of carbon emissions across building types and contexts. As Tejero et al. 

(2018) and Minunno et al. (2021) explained that the carbon footprint and energy profile 

of a building is influenced by several interrelated factors, including building type, 

intended use, material selection, construction methods, geographic context, and 

occupant behaviour. These variables create significant differences in both embodied 

and operational emissions, necessitating a context-specific approach to sustainable 

construction. This complexity is reflected in the participants’ feedback, where the 

integration of sustainability into affordable housing was seen as both an opportunity 

and a challenge. While the long-term benefits of net-zero energy designs were widely 

acknowledged, high upfront costs, particularly for technologies like solar panels or 

alternative building materials were identified as barriers to entry. Despite these 
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challenges, participants noted that these initiatives could lead to substantial reductions 

in operational costs and emissions over the long-term. These observations are 

supported by the whole life cycle cost analysis which showed that improving the 

sustainability of a home can result in up to 53% financial savings. This reinforces the 

literature’s observation for a “total cost of ownership perspective”. This approach 

considers not just initial capital outlay but also long-term operational savings which is 

an essential consideration in affordable housing contexts where utility costs can 

undermine affordability over time. 

The four ANZEH dimensions (Technical, social, environmental, and economic 

dimensions) discussed in the literature helped serve as a guiding framework for the 

critical success factors needed to transform a CAH into an ANZEH, and these findings 

reflect and extend these dimensions through both the participant insights and scenario 

modelling. The technical dimension, which includes passive design, building 

orientation, and material selection (Biyik et al., 2017; Chen et al., 2017), was evident 

in the participants’ emphasis on orientation, glazing, insulation, and roof reflectivity.  

Scenario 2 achieved the greatest embodied carbon reduction using laminated timber 

and a monologic roof system if you exclude the additional of the PV system, validating 

the literature’s emphasis on lightweight, modular, and biogenic materials (Cortesão et 

al., 2023). The social dimension, which focuses on occupant behaviour and 

environmental awareness (Never et al., 2022), was reflected in the cultural resistance 

to non-traditional housing forms and materials, a barrier not widely discussed in 

existing literature, highlighting the need for psychological and structural strategies 

(Steg, 2008) to shift perceptions. The environmental dimension, centred on renewable 

energy and low-carbon materials (Wells et al., 2018; Wu and Skye, 2021), was 

reinforced by Scenario 3’s 94% operational carbon reduction through solar PV, though 

it also revealed the trade-off with increased embodied carbon. The economic 

dimension, which emphasised energy-efficient technologies and financial incentives 

(Deng et al., 2014), was evident in participants’ concerns about high upfront costs and 

the limited accessibility of green bonds, despite whole life cycle cost analysis showing 

up to 53% savings, reinforcing the need for a total cost of ownership perspective. 

These findings not only validate the literature but also contribute new insights, such 

as the role of consumer perception, the embodied-operational carbon trade-off, and 

the need for inclusive financial tools, offering a comprehensive, context-specific 
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understanding of how ANZEH principles can be implemented in South Africa’s 

affordable housing sector. 

The use of conventional building techniques such as using prefab, or the use of 

conventional lighter building materials will reduce building times and material costs 

without high upfront costs. While, strategies to reduce heating, lighting and cooking 

costs will target high housing energy consumers during a building’s lifespan, 

supporting Cheung (2017) and Tsioumas (2018) observations. The installation of 

LEDs and water flow rate restrictors are non-cost evasive items that help curb the 

energy consumption of geysers and lights. The introduction of green bonds will 

enhance the viability of ANZEH. However, these bonds, which offer lower interest 

rates, primarily target large developers, leaving homeowners and small developers 

without significant benefits. Policymakers and financial institutions engaged in 

affordable housing initiatives should leverage sustainability index tools that 

encompass all spheres of stakeholders (Moghayedi and Awuzie, 2023). By doing so, 

they can encourage designers and developers of affordable housing projects to adopt 

more sustainable building practices regardless of project scope or size. Consequently, 

the integration of advanced sustainable technologies and techniques will be required 

to achieve ANZEH, their long-term operational cost reductions must be weighed 

against their high initial capital to overcome barriers to entry. 

ANZEH falls within the scope of sustainable innovative affordable housing, 

emphasising the necessity for novel construction methods and materials to address 

housing deficits in developing regions, particularly Southern Africa (Moghayedi and 

Awuzie, 2023; Moghayedi et al., 2023; Moghayedi et al., 2024). Similarly, Moghayedi 

et al. (2023) explores various sustainable design techniques, materials, and 

technologies suitable for the South African climate. Their research demonstrates 

significant reductions in energy consumption using passive designs and the 

generation of on-site renewable energy, validating the effectiveness of ANZEH 

techniques. Further, the need for alternative construction approaches presented in the 

ANZEH modelling to reduce embodied and operational carbon emissions is 

fundamental to overcoming the shortfalls of conventional building practices. This 

observation is supported by Moghayedi and Awuzie (2023) findings that traditional 

construction methods in affordable housing projects fail to tackle sustainability-related 

issues in Southern Africa. It is evident that stakeholders need to measure their level 

of sustainability to ascertain their building’s whole life cycle impact. Additionally, a 
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study by Moghayedi et al. (2022) titled Appraising the nexus between influencers and 

sustainability-oriented innovation adoption in affordable housing projects identified the 

internal and external factors influencing the adoption of innovative sustainability 

techniques. It highlights challenges such as high costs, lack of technical knowledge, 

and regulatory barriers that impede the widespread adoption of such techniques in 

affordable housing. It was evident from the interviews that the professionals face 

similar challenges and industry wide strides will be required to synergise these 

spheres. Furthermore, Moghayedi et al. (2024) underscores the correlation between 

the limitations of conventional construction methods in addressing Africa's housing 

crisis and the potential of innovative practices, such as 3D printing, as pioneering 

solutions. By quantifying the advantages of these alternative approaches, 

stakeholders will have the foundation to make educated decisions when adopting and 

implementing sustainably orientated innovations. 

The environmental impact of ANZEH was clearly expressed by the participants and 

within the quantitative model. Additionally, the interconnectedness of financial and 

environmental impacts, wherein installing energy-efficient fittings to diminish energy 

consumption resulted in decreased operational CO2 emissions and reduced energy 

procurement needs. The adoption of simple conventional construction techniques, 

such as the use of precast slabs, hollow bricks and using re-cycled demolition material 

marginally decreased embodied carbon emissions. This approach was modelled 

within Scenario 1 which resulted in a 12% embodied carbon emission reduction, 

indicating that developers do not have to adopt innovative construction techniques or 

materials to reduce embodied emissions. While Scenarios 2 and 3 exhibit higher 

embodied emissions, with increases of 48% and 32%, respectively. These increases 

stem from the materials and technologies used, such as solar panels, which, while 

lowering operational emissions, raised embodied carbon due to their material 

demands and replacement needs throughout the building's life cycle. The integration 

of renewable energy, solar panels, significantly reduced operational carbon emissions 

with PV solar generation being the widely adopted renewable energy generation 

method. 

In contrast, operational carbon emissions decrease progressively across all scenarios. 

Scenario 1 achieved a modest 12% reduction, while Scenario 2, which incorporates 

PV panels covering 50% of energy consumption, delivered a 57% reduction. Scenario 

3, which relied entirely on solar energy, eliminated operational carbon emissions, 
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demonstrating the significant impact that renewable energy technologies will have on 

reducing operational emissions. The qualitative analysis also confirmed the necessity 

of renewable energy, particularly solar panels, to achieve net-zero operational carbon 

emissions. This input was reflected in the modelled scenarios, where PV panels were 

integral at reducing operational carbon, supporting Kumar’s (2020) findings. This 

alignment between qualitative feedback and quantitative modelling emphasised the 

need to adopt renewable energy sources. 

This underscores the trade-off between operational energy savings and the additional 

embodied carbon from incorporating advanced technologies. While Scenario 3 

effectively eliminates operational carbon, embodied carbon remained a critical issue. 

Developers must focus on both operational and embodied emissions, particularly by 

using sustainable materials, to minimise the overall carbon footprint of ANZEH. The 

continued reliance on conventional materials in Scenario 1 provides a more affordable 

pathway to reducing emissions but highlights the limited potential for significant carbon 

reductions without renewable energy technologies. Renewable energy technologies, 

especially solar panels, play a crucial role in reducing operational carbon emissions. 

Therefore, a balanced approach is necessary to minimise both embodied and 

operational carbon emissions, emphasising the need for renewable energy while 

managing material impacts. However, to achieve a true net-zero energy house, 

innovation in both materials and construction techniques is essential to address 

embodied carbon.  

4.6 Summary of the Chapter 

This chapter presented and discussed the qualitative and quantitative findings. The 

qualitative analysis revealed insights into the sustainability techniques and practices 

adopted by industry professionals to deliver sustainable housing designs. The key 

techniques and materials emanating from the interviews were used to guide the 

modelling of varying levels of ANZEHs. The modelling sought to assess the 

effectiveness of different approaches in reducing embodied and operational carbon 

emissions by employing different construction techniques and building materials. By 

addressing both qualitative and quantitative aspects, the study provides a holistic 

understanding of ANZEH’s life cycle carbon impacts and offers pathways to making 

sustainable, affordable housing a reality. 
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The following chapter will draw conclusions based on the findings to address the 

research aim, and objectives. The chapter will further outline the research’s 

contribution to knowledge, recommendations and avenues for further research. 
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5 CONCLUSION 

5.1 Introduction 

This chapter will offer an overview of the research objectives, research questions, and 

research aims, as well as an assessment of their attainment. Subsequently, it will 

present the research proposition outlined in Chapter 1. Finally, the chapter will 

conclude with recommendations. 

5.2 Revisiting Research Questions, Aim, and Objectives 

The research aim was stated in Chapter 1 as: 

This study aims to evaluate the impact of affordable net-zero energy house on the 

environmental life cycle sustainability of affordable housing in South Africa. 

The research aim was achieved through the literature review, interviews and 

quantitative modelling. The primary research question was: 

What impact will an affordable net-zero energy house have on life cycle sustainability 

of affordable housing in South Africa? 

This question was achieved with the quantitative analysis in Chapter 4.3 revealing that 

carbon emissions can be reduced by up to 94% within the South African context. It 

was further revealed in the findings that increasing the number and level of sustainable 

initiatives will enhance the life cycle impact of ANZEH. The adoption of solar 

installations and move towards 100% renewable operational energy had the largest 

impact on reducing carbon emissions. However, the cost component of ANZEH and 

the skill set of South Africa’s built environment industry was identified as a limiting 

factor. Therefore, the adoption and integration of ANZEH will reduce a building’s life 

cycle emissions, but as sustainability sentiments evolve and ANZEH becomes more 

common, the ANZEH space will build traction and drive a new wave of housing 

development in the country. 

To further address the primary research question, the following secondary research 

questions and corresponding research objectives were evaluated: 

Research Question 1: What are the critical success factor mechanisms that underpin 

an affordable net-zero energy house? 

Objective 1: Identify and analyse the critical success factor mechanisms that form the 

foundation of an affordable net-zero energy house. 
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This was achieved by performing a literature review and quantitative analysis. The 

literature revealed that 4 ANZEH dimensions, namely technical, social, environment, 

and economic dimensions underpin the critical characteristics of ANZEH. Table 4.2 in 

Chapter 4.2 summarised the attributes and characteristics identified from the 

interviews that defined an ANZEH. These findings guided the quantitative modelling, 

which provided an LCCE analysis of three varying levels of ANZEHs. The analysis 

indicated which building elements and techniques were most effective in reducing 

carbon emissions. This multi-faceted approach allowed for a holistic understanding of 

the necessary factors impacting ANZEHs. 

 

Research Question 2: What are the construction, material, technology and building 

technique factors that must be considered in achieving affordable net-zero energy 

house? 

Objective 2: Determine the construction, material, technology and building technique 

factors that must be considered in achieving affordable net-zero energy houses. 

These factors were highlighted in the literature review and identified through the 

interviews, which were used to guide the modelling process. It was further noted that 

South Africans prefer conventional building techniques favouring brick and motor 

homes. By a similar token, South Africa’s construction industry has only adopted 

sustainability building techniques and materials in partial aspects, favouring 

conventionally sustainability approaches. Further, the integration of innovative building 

materials, like hemp cladding, aerated concrete and solar panels must be utilised to 

achieve an ANZEH. 

Research Question 3: What impact will affordable net-zero energy house have on 

reducing South Africa’s life cycle emissions? 

Objective 3: Evaluate the state and potential influence of the affordable net-zero 

energy houses on South Africa's life cycle emissions. 

South Africa’s building regulations do not elude themselves to aggressive 

sustainability measures, but rather rudimental sustainability requirements. SANS 

10400-XA focuses on the minimal required energy efficiency of real estate. It was 

noted that South Africa’s building standards do not provide any guidance on embodied 

energy. Therefore, the drive towards ANZEH will educate industry professionals on 

aggressive embodied and operational carbon reduction methods and techniques and 
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open the market to a new sustainability driven demand. This study demonstrates that 

ANZEHs can drastically reduce both embodied and operational emissions, offering a 

more aggressive and effective response to climate change than current standards. By 

shifting industry practices and building consumer demand, ANZEHs could lead to 

transformative reductions in the built environment’s environmental impact and align 

housing development with long-term sustainability goals. 

Objective 4: Evaluate the economic life cycle performance of an affordable net-zero 

energy house in South Africa. 

The whole life cycle cost analysis demonstrated significant cost savings over the 

lifespan of an ANZEH. Although the initial construction costs were higher due to the 

integration of innovative building materials and sustainable construction techniques, 

these costs were offset by substantial operational savings post-construction. 

Moreover, the adoption of green financing options could reduce the initial investment 

required for ANZEH projects, thereby lowering the barrier to entry and facilitating wider 

adoption. Green financing includes incentives such as lower interest rates, grants, and 

subsidies for sustainable building practices, which can make ANZEHs more 

accessible and attractive to developers and homeowners alike. The findings validate 

the objective and ANZEHs can enhance the economic sustainability of the residential 

sector in South Africa, making them a viable and attractive option for future housing 

developments. 

5.3 Significance of the Research 

Despite the overwhelming evidence in support of ANZEHs stated earlier, many 

developers have been opposed to embrace sustainability techniques, materials and 

methods in their housing projects due to their limited understanding and the pursuit of 

lower building costs. For this reason, it is vital to understand how to accelerate the 

implementation of ANZEHs and their impact on the sustainability life cycle. This 

research will provide the resources to guide and evaluate the holistic nature of 

ANZEHs for developers and policy makers. This research will boost the sustainability 

mindset of affordable housing from the design phase through to the operational phase, 

ultimately improving the sustainability and dignified nature of affordable housing. 

Consequently, this dissertation contributes to the development of ANZEHs research 

and bridges the educational gap between ANZEHs, developers, policy makers, and 

the end user by providing a novel approach to the achievement of ANZEHs. This 
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dissertation will guide property developers and policy makers towards cost-effective, 

environmentally friendly, and economically viable housing for low-income households. 

Therefore, this dissertation will facilitate developers and policy makers in the decision-

making and implementation stage of ANZEHs that will enhance the sustainability of 

the urban environment and promote the economic prosperity of households. 

5.4 Conclusion 

The findings of this study have provided significant insights into the energy and 

environmental sustainability implications of ANZEH in South Africa. The findings 

clearly demonstrate that the implementation of ANZEH enhances the environmental 

and economic sustainability within the residential built environment. 

There’s a critical need for affordable housing in South Africa, driven by rapid 

urbanisation, housing shortages, and economic challenges. Affordable housing is 

intended for individuals who cannot afford market-related prices or do not meet the 

criteria for social housing. Accordingly, this dissertation defines affordability as 

households spending no more than 30% of their income on gross housing expenses. 

At the same time, the built environment has also been identified as a major contributor 

to negative environmental impacts, particularly through embodied and operational 

carbon emissions.  

Energy consumption, particularly from fossil fuel-based grids like South Africa’s, is a 

primary driver of operational carbon emissions. Therefore, reducing energy demand 

through passive design and meeting energy needs with clean, renewable sources not 

only achieves energy neutrality but also significantly lowers operational carbon output. 

However, the relationship between embodied and operational energy is not linear. 

Technologies that enable net-zero energy, such as solar panels, carry embodied 

carbon costs due to their manufacturing and replacement cycles. This introduces a 

trade-off that while operational energy is minimised, embodied emissions may rise. 

Further, as operational energy use decreases through efficiency and renewable 

energy, the embodied energy and its associated carbon footprint become 

proportionally more significant.  

Although none of the scenarios examined in this study achieved complete net-zero 

energy emissions, Scenario 3 approximated this goal with a 94% reduction in carbon 

emissions. These results highlight the substantial progress ANZEH can make towards 

addressing the environmental crisis and the housing challenges in South Africa. The 
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qualitative analysis revealed that the adoption of ANZEHs is influenced by various 

factors, including the availability of sustainable building materials, the level of 

awareness and knowledge among stakeholders and homeowners, and the financial 

viability of sustainable housing projects. The literature corroborates these findings, 

indicating that the successful implementation of ANZEHs requires a holistic approach 

that considers technical, social, environmental, and economic dimensions. The 

significance of these findings lies in their potential to drive a paradigm shift towards 

more sustainable and energy-efficient practices in the development of affordable 

housing. 

One of the key challenges identified in the study is the high upfront cost of sustainable 

building materials and technologies. This challenge is consistent with the literature, 

which highlights the need for financial incentives and support mechanisms to promote 

the adoption of sustainable housing practices. The study suggests that green financing 

options, such as green bonds and sustainability-linked loans, can play a crucial role in 

addressing this challenge and making the initial ANZEH cost more financially viable. 

Furthermore, this research underscores the importance of considering the specific 

needs and challenges faced by low-income housing groups in South Africa. While the 

country has established green residential rating systems to promote net-zero carbon 

buildings, these systems do not adequately address the economic constraints, social 

circumstances, and environmental aspirations of low-income communities. 

Compounding this, is the preferential use of conventional building materials by this 

income group over sustainable options. There’s a need for increased awareness of 

the benefits of sustainable materials to reduce carbon emissions and improve long-

term operating costs. 

Additionally, there is a need for skills transfer and the integration of sustainable 

technologies into local communities and construction companies. By fostering small 

business specialisations and increasing ANZEH awareness, skill development can be 

enhanced. Governmental policies must also establish a foundation for robust 

sustainability frameworks during the planning, construction, operational, and end-of-

life phases of low-income housing projects. Such frameworks provide clarity and 

consistency, reduces uncertainty and facilitates long-term planning for developers. 

This, in turn, will stimulate investment in ANZEH practices, driving down costs and 

enhancing competitiveness within the sustainability landscape of the built 
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environment. By addressing the economic limitations, social considerations, and 

environmental objectives of low-income communities, the apprehension and 

implementation of ANZEH will improve. This holistic approach will increase the supply 

of ANZEH in South Africa, providing a sustainable and affordable housing solution that 

aligns with the diverse needs of the population while contributing to a more 

environmentally friendly built environment.  

In summary, this dissertation provides a foundational understanding of the significant 

benefits and challenges associated with the implementation of ANZEH in South Africa. 

By addressing both environmental and economic perspectives, the research offers a 

holistic approach to evaluating ANZEH models, thereby equipping homeowners, 

developers, and policymakers with the knowledge necessary to make informed 

decisions. Ultimately, the adoption of ANZEH has the potential to transform the 

residential built environment, fostering a more sustainable nation. 

5.5 Contribution to Knowledge 

ANZEHs have remained relatively unexplored within the South African context, 

especially noting the lack of ANZEHs adoption. South Africa does have established 

green residential rating systems that aim to promote the creation of net-zero carbon 

buildings. However, it is worth noting that these existing systems do not adequately 

cater to the specific needs and challenges faced by low-income housing groups. 

As a result, there is a pressing need for a more comprehensive understanding of 

ANZEHs that considers not only the economic constraints of low-income individuals 

and families but also their social circumstances and environmental aspirations. This 

holistic perspective is crucial for overcoming the barriers to ANZEH adoption in South 

Africa. 

By addressing the economic limitations, social considerations, and environmental 

objectives of low-income communities, the apprehension and implementation of 

ANZEHs will improve. Such an approach will increase the supply of ANZEHs in South 

Africa, offering a sustainable and affordable housing solution that aligns with the 

diverse needs of the population while also contributing to a more environmentally 

friendly built environment. 

Theoretically, the research provides a deeper understanding of sustainable housing 

practices and their environmental impacts, particularly within the South African 

context. It highlights the importance of integrating life cycle carbon assessments and 
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advanced building modelling techniques into the planning and construction phases of 

affordable housing projects. This addition to the literature emphasises the need for a 

holistic approach that encompasses technical, social, environmental, and economic 

dimensions to effectively implement ANZEHs. Practically, the study underscores the 

necessity of financial incentives and support mechanisms, such as green financing 

options, to overcome the high upfront costs associated with sustainable building 

materials and technologies. The study also recommends educational programs and 

workshops to bridge the knowledge gap among developers and homeowners, 

demonstrating the long-term benefits of ANZEHs. By fostering government policies 

that establish robust sustainability frameworks and encouraging skill transfer within 

local communities, the implementation of ANZEHs can be significantly enhanced, 

leading to a more sustainable and affordable housing solution that aligns with the 

diverse needs of South Africa's economy. 

5.6 Recommendations 

The interviews revealed a persistent financial challenge in developing sustainable 

homes, along with unique approaches taken to balance costs and sustainability. The 

qualitative analysis provided an estimated carbon emission savings for various levels 

of sustainability adoption, showing that a focus on mitigating operational emissions will 

yield the largest carbon emission savings. Therefore, if a developer has a tight budget, 

a focus on renewable energy should be prioritised. Furthermore, the whole life cycle 

cost analysis revealed that, in the long term, the savings on electricity costs will exceed 

the initial investment. 

Life cycle carbon assessment should be integrated into the planning stage to evaluate 

the total carbon emission of a building over its expected life. Premium development 

techniques such as building modelling should be adopted into affordable housing 

designs. This will provide a visualisation and analysis of building components, helping 

to optimise both design and construction processes before physical construction takes 

place. By adopting these advanced techniques, affordable housing developers can 

create more efficient, sustainable, and cost-effective housing solutions that meet the 

diverse needs of homeowners while also contributing to a sustainable built 

environment. 

There is a need to address the existing gap in knowledge and awareness among both 

developers and potential homeowners regarding the long-term benefits of ANZEHs. 
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Educational programs and workshops can play a crucial role in this regard, highlighting 

the environmental and economic advantages of sustainable housing. Implementing 

demonstration projects and real-world case studies can further illustrate the tangible 

benefits and feasibility of ANZEHs, thereby encouraging broader adoption. 

Acknowledging that the assessment of a housing project’s environmental impact is 

voluntary beyond SANS10400-XA, there is a need for greater regulatory interventions. 

South African policy makers should design and phase in more aggressive 

sustainability building regulations. These policies should seek to help subsidise 

alternative sustainable techniques and technologies for low-income developments 

improving their feasibility amongst developers. Moreover, there is a need for skill 

transfer and the integration of sustainability technologies into local communities, 

fostering small businesses specialisations to increase ANZEH awareness and skill 

development. Lastly, governmental policies must propagate a foundation for robust 

sustainability frameworks during the planning, construction, operational and end of life 

phase of low-income housing projects. Robust regulatory frameworks provide clarity 

and consistency, reducing uncertainty and facilitating long-term planning for 

developers. This, in turn, will stimulate investment in ANZEH practices, driving down 

costs and enhancing competitiveness in the sustainability space of the built 

environment landscape. 

5.7 Recommended Further Research 

The scope of this thesis examined the residential housing sector, specifically aimed at 

assessing the life cycle sustainability of ANZEHs in South Africa. It is important to 

acknowledge that the researcher’s focus is on the life cycle of carbon and did not 

encompass an in-depth analysis of social sustainability aspects and building costs. 

The study's scope is confined exclusively to residential buildings within the confines of 

South Africa and their embodied and operation energy consumption requirements. 

The prevalence of ANZEHs in the South African remains low and resulted in limited 

available knowledge and resources pertaining to ANZEHs within the context of South 

Africa, thereby influencing the extent and depth of the research findings. 

This study’s modelling was conducted for a single climatic zone within South Africa. 

While this approach allowed for a focused analysis, it limits the generalisability of the 

findings. South Africa encompasses a diverse range of climatic zones, each with 

distinct thermal performance requirements that influence building characteristics. 
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These variations affect both embodied and operational carbon emissions. As a result, 

the conclusions drawn from this study may not fully represent the performance of 

ANZEHs in other regions. Future research should consider simulating ANZEH design 

across multiple climatic zones to evaluate how regional differences impact carbon 

performance and cost-effectiveness. 

The three modelled scenarios were simulated using data from OneClick LCA which 

will inherently have some degree of variability in terms of the modelled CO2e 

emissions. Consequently, the findings from these simulations should be considered 

indicative rather than definitive, serving as a preliminary analysis. It is recommended 

that further research be conducted, particularly through case studies, to gain a 

nuanced understanding of the CO2e emissions associated with the construction and 

operation of an ANZEH. This extended research should not be limited to the energy 

and environmental sustainability impact alone but should also evaluate the financial 

dimensions of ANZEH projects. A financial analysis will ascertain the economic 

feasibility and potential cost-benefit implications of implementing ANZEHs on a 

broader scale. 
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APPENDICES 

Appendix A: Questionnaire 

Interview Questions 

1 - General Questions 

1) To set an affordable baseline understanding – What is your view of affordable 
housing/ How would you classify affordable housing within the context of 
South Africa? 

2) Do you have a common affordable net-zero energy housing design, if not 
what type of design do you use to reduce the operational energy use of a 
house? 

3) Why did you selected the ‘mentioned’ housing design? 
4) What types of software/programs do you use to model and/or measure the 

energy efficiency of your designs/projects? 
a) Do these models enhance your ability to design and construct 

affordable net-zero energy housing? 
5) What rating tools have you use to measure your developed housing’s 

sustainability level and why? 
6) Can you provide examples of building materials and construction practices 

commonly used in affordable net-zero energy housing projects? 
a) Which elements did you find help reduce the cost of delivering an 

affordable net-zero energy house? 
7) Do your suppliers, company partners, consultants and contractors promote 

affordable net-zero energy housing practices? 
8) What are some of the challenges you faced when adopting affordable net-

zero energy housing designs, initiatives or techniques? 
a) What obstacles currently hinder/prevent the adoption of affordable net-

zero energy developments & practices? 
9) Are there any potential unintended economic/environmental/social 

consequences associated with the development of affordable net-zero energy 
housing, and if so, how can they be mitigated? 

2 - Impact on Economic Sustainability 

1) Tell me about the type of energy efficient technologies or passive designs you 
feel are the most practical and beneficial? 

a) Which efficient technologies/passive design have reduced/saved the 
most energy? 

2) How has the adoption of energy efficient techniques and methods impacted 
your ability to construct/operative/ability to sell the house? 

a) Has the adoption of affordable net-zero energy housing positively 
impacted the tenant/ purchaser?  
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3) Has the adoption of affordable net-zero energy housing projects unlocked 
alternative financing streams to support your developments, if so, to what 
extent has this improve the viability of your projects? 

3 - Impact on Environmental Sustainability 

1) Do you focus on the embodied carbon when designing an affordable net-zero 
energy house? 

a) If yes - How has the development of affordable net-zero energy 
housing reduce the embodied carbon footprint? 

2) To what level does the development of affordable net-zero energy housing 
promote energy efficiency and conservation of resources? 

3) What are the main building elements that will reduce operational energy 
demanded the most? 

4) What role does solar power, wind power, or other renewable energy sources 
play in net-zero energy affordable housing projects? 

4 - Impact on Social Sustainability 

1) Do you engage with clients/purchasers during the planning, construction, 
and/or management of affordable net-zero energy housing projects? 

2) Has the development of affordable net-zero energy housing helped educate 
your client base? 

3) What are the potential social benefits for vulnerable populations, such as low-
income individuals, families, or seniors, in having access to affordable net-
zero energy housing? 

4) Can you discuss any challenges or barriers to achieving positive social impact 
through affordable net-zero energy housing, and how can they be addressed? 

5) Considering the potential of net-zero energy households to alleviate financial 
stress on low income earners and grid demanded energy. Do you agree that if 
a building is affordable and net-zero energy, it will enhance South Africa’s 
housing industry and promote economic growth? 

a) What impact do you believe affordable net-zero energy housing will 
have on South Africa’s macro-economic climate? 
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Appendix B: NVivo Tree Node Structure 

Name Files References 
1. Affordable Housing Understanding 4 5 

a. Perception 3 4 

b. What makes housing affordable from 
developer perspective 

1 3 

2. Cost of Going Green 2 2 

3. Green Rating Tools 3 5 

a. Green building can be sustainable without 
rating 

1 1 

4. Interview Background 3 3 

5. Net Zero 2 2 

a. Benefits 1 1 

b. Challenge 2 8 

c. Definition 1 1 

d. Embodied Carbon 3 7 

i. Challenge 2 5 

ii. Program to Calculate 1 1 

iii. No single approach to achieving Net 
Zero 

1 1 

iv. Only aim for a single net zero 2 2 

e. Operational Carbon 3 7 

i. Example 2 2 

ii. Off-setting 2 2 

6. Sustainability Techniques 1 1 

a. Environment 1 1 

i. Building Materials 1 1 

ii. Electricity 3 7 

iii. PV 2 2 

● Thermal PV Challenges 1 1 

iv. Water 1 1 

b. Financial 1 4 

i. Building Cost 2 8 
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● Design to reduce cost 1 4 

● Loans and Financing 3 5 

ii. Electricity 2 3 

iii. Top three contributors 2 2 

c. Social 0 0 

i. Affordable Housing Education 2 3 

ii. Awareness at the Development Level 3 9 

iii. Challenges 3 8 

iv. Impact of affordable housing 2 2 

v. Indoor Environmental Health 2 2 

d. Technical 0 0 

i. Building Technique Challenges 2 7 

ii. Drivers of sustainable developments 1 2 

iii. Indoor Environmental Health 1 1 

iv. Legislation 4 9 

v. Modelling Programmes 3 5 

● Need to take comfort into 
account 

1 1 

vi. Operational Maintenance Cost 
Reduction 

1 1 

vii. Passive Building Design 3 5 

viii. Substitute Materials 2 4 
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Appendix C: NVivo Tree Node Map 
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Appendix D: Ethics Clearance 
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Appendix E: Consent Form 

 

 

 

Dylan Hübner (Mphil Candidate) 

University of Cape Town 
Room 5.08, Fifth Level 
Snape Building, Engineering Mall 
Upper Campus 
Rondebosch 7701, 
Cape Town 
Cell: +27 76 150 5156 
Email: 
HBNDYL001@myuct.ac.za 

 
Consent Form 

 
To whom it may concern,  

Title of research project: Evaluating the Sustainability Impact of Affordable Net-zero Energy 
House Within South Africa 

Name and position of the researcher: Dylan Hübner, Mphil candidate, Construction 
Economics & Management, University of Cape Town  

You are invited to participate in an affordable housing research study conducted by Mphil 

student Dylan Hübner. The research will be supervised by Associate Professor Kathy Michell 

of the University of Cape Town and Dr Alireza Moghayedi of the University of West England. 

The dissertation’s results will be presented to the department of Construction Economics and 

Management in fulfilment of the requirement for the completion of the degree of Master of 

Philosophy in Construction Economics & Management. 

If you have any queries regarding the research, please feel free to contact the student or 

supervisor.  

Student contact details: 
 Dylan Hübner - 076 150 5156 - HBNDYL001@myuct.ac.za 
 
Supervisor contact details: 
 Dr Alireza Moghayedi - Alireza.Moghayedi@uwe.ac.uk 

Prof. Kathy Michell - kathy.michell@uct.ac.za 
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Purpose of the Study 
The primary objectives of this research are to: 

 Identify and analyse the critical success factor mechanisms that form the foundation 

of an affordable net-zero energy house. 

 Determine the construction, material, technology and building technique factors that 

must be considered in achieving affordable net-zero energy houses. 

 Evaluate the state and potential influence of the affordable net-zero energy houses on 

South Africa's lifecycle emissions.  

 Access the impact of affordable net-zero energy houses on both the lifecycle costs of 

affordable housing and their environmental effect on CO2 emissions. 

This study aims to ascertain the nature, degree, and benefits introduced by affordable net-
zero energy housing and its impact on the lifecycle sustainability of affordable housing in 
South Africa. 
 
Procedures 
Your participation in this study is voluntary and should you volunteer to participate in this study, 
please advise me as to the time and place that would be suitable for an interview to be 
conducted. Should you wish to withdraw from the research or refuse to answer any questions 
you may do so without any consequences. Additionally, secondary supplementary data will 
also be collected to further substantiate the interview. 
 
Potential Benefits to the Participant  
The findings will be shared with you upon the completion of the dissertation. 
The findings in this dissertation may be applicable to your company and may help with 
generating more informed decisions regarding the implementation of affordable net-zero 
energy housing. 
 
Confidentiality  
All information will remain confidential, participant names (Optional) and company names
(Optional) will be addressed as A, B, C etc. and 1, 2, 3 etc, respectfully. A copy of the 
questionnaire/ interview recordings/ supplementary data will be provided free of charge on 
request by the participants or their company with permission from the participant in question. 
Collected data will be processed manually and with the use of software (eg: NVivo) where 
necessary. Upon submission of the dissertation all recorded information and statistics will be 
destroyed and erased. 
 
Rights of Research Participant  
Your participation during the interview may be terminated at any time during the answering of 
the questions in the interview. Your consent preceding the interview may be revoked with no 
consequences and all your information and shared statistics will be terminated immediately. 
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Interview Procedure 
Interviews may be conducted either online or face-to-face at your discretion. Furthermore, you 
may choose your preferred online medium for the interview. In the case of face-to-face 
meetings, you may choose your preferred physical location to meet with the researcher. 
Moreover, interview sessions will be an hour long to ensure an adequate amount of time will 
be allocated to the interview. 
 
Please indicate below by ticking the appropriate box your preferred method by which the 
interview will be conducted: 
 

□ Face-to-face meeting 
 

□ Online meeting 
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