UNIVERSITY OF THE WITWATERSRAND, SCHOOL OF ARCHITECTURE AND PLANNING

Investigating the climate change
mitigation contributions made by
building efficiency tools used in the
formal South African residential
sector

Cornelia Malan Mey (née Oberholzer)

Supervisor: Dr B. Boshoff

A research report submitted to the Faculty of Engineering and the Built Environment,
University of the Witwatersrand, Johannesburg, in partial fulfilment of the requirements

for the degree of Master of Architecture (Sustainable and Energy Efficient Cities).

Johannesburg, 2020



CANDIDATE’S DECLARATION

| declare that this research report is my own unaided work. It is being submitted for the
Degree of Master of Architecture in Sustainable and Energy Efficient Cities to the
University of the Witwatersrand, Johannesburg. It has not been submitted before for

any degree or examination to any other University.

22 October 2020



ABSTRACT

The building sector’s levels of greenhouse gas emissions and energy consumption is a
significant contributor to South Africa’s overall carbon emissions. This influences SA’s
ability to meet its Paris Agreement commitments, which aims to limit the effects of
global climate change. This research focuses on the climate change mitigation strategies
that are employed by the building sector, specifically the potential impact of mandatory
and voluntary building energy efficiency regulations, standards, initiatives, and
certifications common to South Africa’s residential market. Internationally, research on
the impact of green building tools tends to focus on the commercial sector rather than
the residential sector, due to limited energy data availability. Within this context, and
given the exploratory and evaluative nature of this research endeavour substantial
reliance has had to be made on various grey literature for this research. A review of the
South African building efficiency tools shows that there is potential for a 16% reduction
in the energy intensity of the residential sector by 2030. This will, however, be offset by
the projected increased building floor area and is as such insufficient to meet our Paris
Agreement commitments, thus more ambitious targets are required. Given the growth
of the residential sector and the potential impact of the various tools, a focus on
improved and timeous mandatory regulations for new builds is crucial so as to meet our

climate commitments.
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1. INTRODUCTION AND CONCEPTUAL FRAMEWORK

1.1. Introduction

“[T]he one thing we need more than hope is action. Once we start to act, hope is

everywhere.” (Thunberg, 2018)

The above was the concluding statement of a TEDx talk by climate activist Greta
Thunberg, which has been viewed over five million times to date. In this talk, she
emphasised that the technologies to solve the climate crisis have existed for a long time.
It is the will to take urgent, decisive, and far-reaching action that is needed and lacking.
This research report examines the actions that are being taken to mitigate the climate
change impact of cities, and specifically the impact of the suite of mandatory and
voluntary building efficiency tools in South Africa’s residential market. Urban cities have
been chosen as the focus of this research report, as it is projected that 66% of the world’s
population will live in cities by the year 2050 (WRI, 2016). The world’s level of
urbanisation is important as countries’ levels of carbon dioxide emissions, and hence
climate change impact, are anticipated to increase with increased population levels (Li

& Lin, 2015 ; Zhang, et al., 2017; Bai, et al., 2019).
1.2. Background

The World Health Organization has called climate change “the greatest threat to global
health in the 21st century” (WHO, 2015), and this may necessitate a global response to
the climate change crisis, akin to that required of the COVID-19 pandemic (Bir, 2020).
Disadvantaged and vulnerable populations, especially the poor in Africa and Asia, will be
hardest hit by climate change, with an increased risk to their “health, livelihoods, food
security, water supply, human security, and economic growth”, as detailed in an
Intergovernmental Panel on Climate Change (IPCC) special report (IPCC, 2019, p. 11).
These risks are due to the hot extremes projected for most places and the anticipated

future severe droughts or heavy precipitation, depending on the region. The world’s



ecosystem itself is being disrupted, with the increase in pests and diseases being

observed, and the extinction of vulnerable species (Scholes, et al., 2015).

Globally, cities are responsible for more than 70% of carbon dioxide emissions (UN-
Habitat, 2016) and with increasing urbanisation “there will be a deadly collision between
urbanization and climate change” (UN-Habitat, 2011, p. 183). While urban centres are
seen as major environmental culprits given their high resource requirements and
greenhouse gas emissions (UN-Habitat, 2016), they are also seen as a critical part and
potential driving force towards climate change mitigation (Graham & Rawal, 2019). As
will be discussed in the literature review, compared to other sectors, the building sector
presents the most significant opportunity for low-cost energy and emission reduction
(WRI, 2016). Given that buildings last for generations and have long renovation cycles,
there is a “need for early and rapid investment to prevent locking in carbon intensive
investments” (CBI, 2017, p. 12). This research report focusses specifically on the
residential building sector, as the International Energy Agency (ibid.) has projected that

residential floor area will increase by 75% between 2015 and 2050.

In South Africa’s built environment, several mandatory and voluntary building efficiency
tools aim to reduce the energy usage and carbon footprint of the sector. Several
significant or common tools are discussed in this report, as summarized in Figure 1
below. From a national policy point of view, the key policy document is the National
Energy Efficiency Strategy (NEES). The NEES aims to tighten the mandatory National
Building Standards (SANS 204-1, 2008) and its energy efficiency requirements as
provided in SANS 10 400 XA, to broaden the scope of Energy Performance Certificates

(SANS 1544, 2014), and to raise the minimum standards for household appliances.

Voluntary measures include self-generating clean energy for self-consumption, green
building certifications, and green financing. Typical green building certifications in South
Africa include the Green Star Certification and Net Zero tools by the Green Building
Council of South Africa (GBCSA), and the EDGE certification (‘Excellence in Design for
Greater Efficiencies’) tool by the International Finance Corporation. Green financing

includes green bonds, such as those issued via the Climate Bonds Standard and
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Certification Scheme, which aim to provide investment vehicles into low or zero-

emission buildings.

Post-2015 National Energy

Voluntary and/or Market

driven tools

Efficiency Strategy

Colour code:

Household appliances - mandatory Mandatory - National

Tightening labelling, minimum energy ) . strate
National Building performance standards, energy Green financing 8y
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Energy Incentivise Small Scale Volunta Certificati
Educational improved Embedded Green home oluntary - Certifications
programmes m’;{nc:g: thermal Generation such loans (Sl i
performance as PV solar

Figure 1 —Mandatory and voluntary building efficiency tools in the South African built environment discussed in this
report
Source: Author’s own summary

1.3. Problem statement and rationale for the study

With the continued increase in urbanisation, cities have the opportunity to act as centres
for positive sustainable growth, through the advancement of low carbon, energy-
efficient cities (UN-Habitat, 2016). There is, however, no ‘silver bullet’ to meet this
challenge, but instead, a range of interventions are needed in the built environment
(Graham & Rawal, 2019). Interventions include stand-alone impactful measures such as
a decarbonised electricity grid (Hawken, 2017), or packaged tools such as mandatory
and voluntary building standards and certifications. These packaged tools typically

require or incentivise a bundle of smaller energy efficiency measures.

This research firstly examines the building efficiency tools South Africa is employing in
the formal residential sector to, in part, meet our climate change commitments, and
secondly assesses the impact of such tools. The intent is to determine which of the
commonly used tools have the largest carbon reduction potential, and whether it is
sufficient in both scope and urgency to meet our commitments, especially given the

continued growth in the residential sector.



While this research report focusses on the specific energy efficiency tools and their
potential impact, it is important to note that several barriers to the implementation of
such tools often exist. While it is outside of the scope of this report to evaluate these
barriers, some of the typical barriers that become evident in the analysis of the South
African policies include a lack of political commitment and inadequate cooperation

between political actors (Clar, et al., 2013).
1.4. Research Question

The key research question is what the contribution of mandatory standards and policies,
voluntary certification schemes, and green financing in the South African residential

sector are towards climate change mitigation.
The sub-questions that stem from the central theme above include the following:

e What carbon reduction targets has South Africa committed to and how do these
green building efficiency tools align with those targets?

e Which building efficiency standards and policies, and certification schemes, are
commonly utilised in South Africa?

e What is the composition and growth projection of the residential market and
how does this influence a tool’s impact?

e Are the energy intensity reduction targets that have been set achievable?

e Are mandatory OR voluntary building efficiency tools more impactful?
1.5. Research methods

Qualitative research methods were employed for this research report, primarily through
the application of desktop research and secondary data analysis. Relevant materials
used in this review consisted of articles, theses, reports, and other documents obtained
from the WITS Library database and on the internet. As an initial search, relevant
documents were identified through the application of a database keyword search for

terms associated with the climate change mitigation potential of green building tools.



Search terms included climate change, Paris Agreement, building sector, residential
sector, green building tools, and building efficiency. Preference was given to more
recent literature so as to reflect current research on and approaches to the topic. To
expand the relevant literature for review, several of the references used in the initial

texts were additionally evaluated for their relevancy to this topic.

My position as a professional working in the South African building sector as a ‘green
building and sustainability’ consultant, with a specific focus on voluntary green building
certifications provided the starting point for this research. It was evident from the initial
search for relevant academic material that internationally, research on the impact of
green building tools tends to focus on the commercial sector, rather than the residential
sector. This may be due to the fact that residential energy consumption data are limited
across the world (CBI, 2017) and this worldwide trend of limited energy data availability,
and subsequently research output, is evident in South Africa too. The paucity of relevant
literature that relate specifically to the South African residential sector, and the
exploratory and evaluative nature of the present research endeavour, required a heavy
reliance on grey literature for its review. This documentation primarily consists of
reports and policy documents from both governmental and non-governmental agencies,
which were identified and sourced either through internet search terms, or because

they were referenced or referred to in the sourced journal articles.

Itisimportant to note that this review utilises sources with varying degrees of credibility,
and this may influence the final accuracy and validity of results obtained. For example,
statistics and assessment reports by the Intergovernmental Panel on Climate Change are
considered highly credible, as the IPCC assesses and summarises published climate
change research that has been undertaken worldwide. This could be contrasted with
statistics provided by state-owned entities regarding residential energy and electricity
consumption, which are inconsistent (UNEP-SBCI, 2009). Thus, educated assumptions
need to be made regarding which data to use. Data obtained from Statistics South Africa
and the Quantum database, which were used in this study, are considered to be

accurate, although they may contain some unknown biases.



In the final chapter the formal building efficiency tools common in the South African
residential market are analysed to determine what their actual or potential impacts are
towards climate change mitigation. The tools’ impact, in terms of the energy intensity
reduction of the residential building sector, is evaluated based on several factors. The
factors considered are the emission reduction focus areas that the tools align with, and
the tools’ recency, target market and reach, and finally targeted or achievable savings.
The emission reduction focus areas considered are energy efficiency, low carbon energy
supplies and the use of low carbon building materials. The targeted or achievable savings
(in energy intensity reduction of the overall residential market) has been calculated by
considering the composition and growth projections of the residential market that the
specific tool targets or typically reaches, and the potential savings offered by each tool,

based on the literature reviewed.



1.6. Conceptual framework and research report structure
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Figure 2 - Research Report conceptual framework and overview, with coloured dots indicating topic linkages
Source: Author’s own summary

As illustrated in Figure 2 above, the literature study in Chapter 2 provides an
international background with the climate change mitigation commitments made under
the Paris Agreement. Then the carbon emission impact of the building and residential
sector is discussed, creating the impetus to focus on this area. The chapter further looks

at the climate change mitigation tools used in the building sector internationally and



their impact on the mitigation of climate change. Finally, an overview is provided of the
financial and other co-benefits that accrue to building owners and operators who

choose to ‘green’ their buildings and portfolios.

Chapter 3 delves into the mandatory and voluntary building efficiency tools utilised in
the South African residential sector that can mitigate climate change. These include a
detailed overview of the post-2015 National Energy Efficiency Strategy and the
voluntary or market-driven measures used in the private sector. Chapter 4 provides
context to the South African residential sector, by examining our commitments under
the Paris Agreement, the carbon footprint of our national energy supplier, and the

residential sector’s energy demand, composition, and growth projections.

The final chapter, Chapter 5, brings the two preceding chapters together by analysing
the building efficiency tools utilised or proposed in South Africa, within the context of
the size and composition of the residential market. It also concludes the research report

by providing an overall view on the climate change mitigation impact of these tools.



2. LITERATURE REVIEW

2.1. Introduction and overview

This literature study intends to provide an international background and introduction to
the chapters to follow, as the impact of and response to climate change is similar in
South Africa than the rest of the world. Firstly, the climate change mitigation
commitments made under the Paris Agreement are summarised and the scope and
impact of these commitments clarified. This study focusses on the building sector, its
climate change impact, and the mitigation tools used in response. The section considers
the global growth of the building sector and how it impacts the climate and the tools
used internationally to combat it. Lowering the energy intensity, and subsequently, the
carbon footprint of buildings is, however, not solely done in response to the climate
crisis. There are several financial and other co-benefits to ‘greening’ a building, and this

is considered in the final section of this chapter.

2.2. The Paris Agreement and Nationally Determined

Contributions

The impacts of global warming on natural and human systems have already been
observed (Scholes, et al., 2015), and some of the projected impacts may be long-lasting
or even irreversible. If global temperatures continue to increase at the current rate,
global warming is likely to reach +1.5°C between 2030 and 2052, which will result in hot
extremes in most places, heavy precipitation in several regions, and droughts in others
(IPCC, 2019). The Intergovernmental Panel on Climate Change (IPPC) states that
disadvantaged and vulnerable populations will be hardest hit by climate change, as they
have a reduced capacity to deal with the increased risks to “health, livelihoods, food
security, water supply, human security, and economic growth” (IPCC, 2019, p. 11).
Countries in Africa would need to devote 5% to 10% of their Gross Domestic Product

just to adapt to these negative impacts (DPW, 2018).



These global warming and climate change risks and impacts can be addressed through
increased, accelerated and far-reaching climate mitigation action (IPCC, 2019), which is
the intent of the Paris Agreement (Climate Focus, 2015; Paris Agreement, 2015). The
Paris Agreement was adopted by parties at the UN Framework Convention on Climate
Change (UNFCCC) on 12 December 2015, with 195 countries having ratified the
agreement by October 2019 (United Nations Treaty Collection, n.d.). The agreement
aims to hold “global average temperature to well below 2°C above pre-industrial levels”
and to pursue “efforts to limit the temperature increase to 1.5°C above pre-industrial
levels” (Paris Agreement, 2015, p. 29). Additionally, greenhouse gas emissions are to
peak as soon as possible, with a rapid reduction afterwards (Paris Agreement, 2015, p.

30).

All parties to the agreement were to develop their own country-specific climate
mitigation plans and commitments and must provide progressively more ambitious
Nationally Determined Contributions (NDCs) every five years (Climate Focus, 2015).
Intended NDC’s (INDCs) were submitted by 97% of Parties to the UNFCCC by 18 April
2016, representing 94.6% of carbon dioxide (CO2) emissions worldwide (UNFCCC, 2019).
In May 2016, the UNFCCC secretariat published a report on the aggregate effect of the
submitted INDCs, which shows that the current INDC’s are insufficient to meet the least-
cost 2°C scenarios by 2025 and 2030. It goes on to state that “much greater emission
reduction efforts” will be required to hold temperatures below the 2°C level (UNFCCC,

2016, p. 13).

Similarly, a study by Fawcett et al. (2015, p. 1169) concludes that a continuation of
current weak policies that target a 2% annual improvement in CO, emissions per unit of
GDP, provides no chance to limit warming to +2°C. It shows that while current NDC
pledges stabilise the total yearly global CO, emissions, they only provide an 8%
probability of limiting warming to +2°C. If the NDC pledges are “progressively tightened”
from 2030 onwards, as per the intent of the Paris Agreement, the probability increases

to 30%. The study (Fawcett, et al., 2015) references literature that indicates that a

10



probability of over 66% is feasible, but would require negative global emissions?,

requiring large-scale use of bioenergy and carbon capture and storage.

The UNFCCC itself has been criticised (Ciplet & Roberts, 2017), with its progress and
potential for climate change mitigation challenged by Chandra Bhushan, New Delhi’s
deputy director-general of the Centre for Science and Environment (Bhushan, 2019). He
argues that its move from a top-down legally binding Kyoto Protocol to the bottom-up
voluntary Paris Agreement has weakened the global effort towards climate change

mitigation and that efforts should be redirected elsewhere.

On 4 November 2019, the Government of the United States formally submitted their
intention to withdraw from the Paris Agreement, effective 4 November 2020. The global
community had been prepared for this since U.S. President Trump’s election (Zhang, et
al., 2017), with Trump having announced his intentions on 1 June 2017. This withdrawal
comes as an addition to the roll-back of several U.S. policies targeting climate change,
which is projected to result in greenhouse gas emissions being at least 3% higherin 2030
than with the policies still in place (Climate Action Tracker, 2019a). Despite this, Climate
Action Tracker still estimates that by 2030, U.S. emissions will be 13% below 2005 levels.
This is due to the increased emissions from rollbacks being offset by lower emissions
from their electricity generation sector, where lower-cost gas and renewable energy
continue to replace coal-fired generation. New solar PV installations accounted for 40%
of new generation capacity in the U.S. in 2019, with residential solar installations
achieving a 15% annual growth, its highest level to date (SEIA, 2020). Despite the U.S.’
withdrawal from the Paris Agreement, it is anticipated that global transformation
towards climate change mitigation and the development of low-carbon technologies will

continue, despite lower investment from the U.S (Zhang, et al., 2017).

4 Achieving ‘negative global emissions’ require the active removal of greenhouse gasses from the
atmosphere, beyond that of reduced or zero emission strategies and technologies.
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2.3. The climate change impact of the building sector

Global levels of urbanisation have increased rapidly from about 29% to 49% in the last
half-century, and South Africa was already 66% urbanised by 2018 (Statista, 2020).
Global emissions from fossil-fuel burning have increased by almost 500% in the same
period, with 2016 being the hottest year in recorded history, exceeding 2019’s level by
just 0.04°C. Urban cities are essential in the conversation about global emissions as they
account for between 60% and 80% of the world’s energy consumption and generate
70% of the human-induced greenhouse gas emissions (UN-Habitat, 2016). The
construction and operation of buildings is a leading contributor to these emissions,
accounting for 36% of the world’s energy use and 39% of the carbon dioxide emissions

in 2017, as illustrated in Figure 3 below (IEA & UNEP, 2018, p. 11).

Non- resldentla\

Non-| reswdentla\ (direct)
Emissions
Residential
22%

Non- resldentla\ (indirect)
Resldentlal (dlrect)

Residential (indirect)

11%

Other
6%

Constructnon industry Construction industry

11%

Figure 3 - Global share of buildings and construction final energy and emissions in 2017
Adapted from IEA & UNEP (2018, p. 11)

The International Energy Agency (CBI, 2017, p. 10) has projected that residential floor
area will increase by 75% between 2015 and 2050, with similar growth levels projected
for non-residential buildings. Africa, Asia and India are expected to show particularly
rapid building growth, with floor area in Africa expected to more than triple by 2060, as
seen in Figure 4. Despite improved energy efficiency of buildings globally, the energy
needs of the building sector as a whole continue to increase due to the floor area growth

outpacing the improvements achieved (CBI, 2017, p. 10; UNEP & IEA, 2017).
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Figure 4 - Floor area additions to 2060 by key regions
(UNEP & IEA, 2017, p. 8)

The built environment can be viewed as high-inertia infrastructure, where investment
and construction decisions made today can lead to a detrimental lock-in of carbon
intensive investments for decades to come (Akerman & Hojer, 2006; UNEP & IEA, 2017).
This is because buildings tend to last decades, sometimes generations, with the thermal
envelope® and roofs receiving very infrequent renovations during the usable life of

buildings (CBI, 2017).

The Global Alliance for Buildings and Construction (GlobalABC) states that the current
building stock will represent around 65% of the global stock by 2060 (CBI, 2017, p. 10;
UNEP & IEA, 2017), thus highlighting both the massive growth of new construction
projected, and the importance of low carbon strategies not only for new builds but for
existing buildings too. Retrofitting existing buildings offers the most substantial
potential for greening the building sector in so-called ‘developed countries’, such as the
Organisation for Economic Co-operation and Development (OECD) countries. With the
massive increase in floor area projected in non-OECD countries (see Figure 4), in part
due to the significant housing deficit currently experienced, a focus on high performing
new builds should be prioritised in those regions (UNEP, 2011). Existing residential

buildings in the European Union (EU) that are between 40 and 75 years old have the

5 In countries where there is a large temperature difference between the inside and outside of buildings,
thermal insulation of the envelope elements, such as walls, roofs and windows, becomes a key means of
passively reducing the energy required to maintain comfortable temperatures inside (Szokolay, 2014).
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highest energy use in the sector (Caceres, 2018), and overall residential buildings
represented 70% of the total building energy use in 2017 (IEA & UNEP, 2018). Figure 3
above illustrates this substantial contribution residential buildings make to the final

energy use and total emissions globally.

To stay within the +2°C limit set by the Paris Agreement®, the International Energy
Agency (IEA) is advocating that the current rate of building retrofits be tripled to 3% per
year, with a focus on “deep retrofits” (CBI, 2017, p. 10). “Deep retrofits” aim to increase
the energy efficiency gains above the 10% to 15% levels typically achieved by standard
upgrades, to improvements of between 50% and 70% (GlobalABC & UNEP, 2016; UNEP
& IEA, 2017). The objective of building retrofits should be to upgrade the current stock
to highly efficient and low carbon buildings. The IEA is also calling for all new builds to
be net zero operating emissions by 2025 in cold climates, and by 2030 in hot climates
(GlobalABC & UNEP, 2016). The World Green Building Council ‘Advancing Net Zero’
project sets the target as 2030 for all new builds and 2050 for existing buildings
(WorldGBC, 2017a).

2.4. Mitigating the climate change impact of the building sector

As urbanisation brings about fundamental changes in cities’ production and
consumption patterns, cities can be both part of the problem, and also the solution to
climate change. It offers many opportunities to develop mitigation and adaptation
strategies, with the economies of scale making it less expensive and easier to take action
to minimise both emissions and climate hazards (UN-Habitat, 2016). As illustrated in
Figure 5 below (WRI, 2016), bottom-up studies have shown that compared to other
sectors, the building sector presents the most substantial opportunity for cost-effective

energy and emission reduction by 2030.

6 The Paris Agreement aims to hold “global average temperature to well below 2°C above pre-industrial
levels” and to pursue “efforts to limit the temperature increase to 1.5°C above pre-industrial levels” (Paris
Agreement, 2015, p. 29).
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Figure 5 - Estimated economic mitigation potential by sector in 2030
(WRI, 2016, p. 17)

It has long been recognised that no single technology or intervention can provide all of
the mitigation potential required, irrespective of the sector considered (IPCC, 2007;
UNEP, 2011). Well known carbon emission reduction strategies in the built environment
include stand-alone and impactful measures such as decarbonising the grid (Hawken,
2017), or a package of measures such as mandatory and voluntary building standards

and certifications that require or incentivise a bundle of individual measures.

In the World Resource Institute’s report titled “Accelerating Building Efficiency: Eight
Actions for Urban Leaders” (WRI, 2016, p. 56), the first four of the eight actions identified
as ways to deliver accelerated building efficiencies are (1) Building Efficiency Codes and
Standards, (2) Efficiency Improvement Targets, (3) Performance Information and
Certifications, and (4) Incentives and Finance. These speak directly to the building
efficiency tools that are the focus of this research report and are elaborated upon in the
subsections that follow. These priorities broadly align with the key strategies identified
by other institutes, including the roadmap provided by the Global Alliance for Buildings
and Construction (UNEP & IEA, 2017).
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2.4.1. Building Efficiency Codes and Standards

Voluntary and mandatory energy codes or certification schemes for the building sector
have been in use in over 80 countries across the world for the last 30 years (Wong &
Kruger, 2017; IEA & UNEP, 2018), with the rise correlated to the oil crisis of the 70s
(Caceres, 2018). A precursor to building certification and energy rating schemes was the
implementation of household appliance efficiency ratings, which provide accurate

energy consumption information of the appliances (Wong & Kruger, 2017).

As of 2018, 69 countries worldwide have mandatory or voluntary building energy codes
or standards (see Figure 6 below), but this still leaves two-thirds of countries without
either (IEA & UNEP, 2018, p. 20). More than half of the new buildings expected to be
constructed between now and 2060 are projected for so-called ‘developing countries’
that do not have any mandatory building codes requiring minimum energy efficiency

levels in place (UNEP & IEA, 2017, p. 8).

I Mandatory for entire sector
Il Mandatory for part of sector

% ) »
Voluntary for part of sector
Mandatory for part of sector
in major city
[l Code in development ;
£

Figure 6 - Building energy codes by country in 2017-18
Adapted from IEA & UNEP (2018, p. 20)

Created with mapchon nel
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2.4.2. Energy Efficiency Improvement Targets

Of the 194 nationally determined contributions (NDCs) submitted as part of the Paris
Agreement, only 70% referenced the building or construction sectors (Figure 7), despite
these sectors contributing to nearly 40% of the global greenhouse gas (GHG) emissions
(UNEP, 2018a). Over 50% of NDCs referenced building energy efficiency, while 26%
mentioned low carbon energy supplies (IEA & UNEP, 2018), and only 5 NDCs (2.5%)
mentioned low carbon construction, despite it providing a third of the carbon reduction
potential (CBI, 2017). Most of these do not provide specific targets or policy actions on
reducing the impact of buildings, even for those countries that have such policies in
place (UNEP & IEA, 2017). The lack of targets was identified as a critical gap to be
addressed as part of the support provided by the GlobalABC to countries in the update
to their NDCs (IEA & UNEP, 2018).

NDC submissions and building
specific coverage

NDCs I 194
Buildings [N 136
Energy efficiency [ INNNINIGE 104
Renewables [IIIIEGEGE 51
Embodied carbon | 5

0 . 197
Number of parties

Figure 7 - NDC and buildings policy coverage for 2017-18
Adapted from IEA & UNEP (2018)

The European Union (EU) does not provide any building-specific targets or measures
(UNEP & IEA, 2017) but offers economy-wide targets in the form of their ‘20/20/20
climate/energy targets’ (European Commission, 2010), adopted in 2008 as part of their
Europe 2020 strategy. The EU targets set for the year 2020 and 2030 respectively is a

20% and 32.5% increase in overall energy efficiency compared to business-as-usual
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(BAU), increasing renewable energy use to 20% and 32%, and a GHG emission reduction

of 20% and 40% compared to 1990 levels (European Commission, 2018, p. 66).

The EU is on track to exceed its 2020 GHG emission reduction target, and its use of
renewable energy doubled to 17% between 2004 and 2016. Overall, energy demand did
however increase in 2015 and 2016 due to higher heating demands attributable to
colder winters (European Environment Agency, 2017). The increased energy demand
also resulted in lower average efficiency levels, and the EU must subsequently reduce
energy consumption by 3.9% in the four years between 2016 and 2020 to meet its 2020

targets (European Commission, 2018).
2.4.3. Building Efficiency Performance Information and Certifications

Quality building performance information can provide stakeholders with the ability to
make informed decisions on actions to improve their buildings’ efficiency. Certifications,
which are often voluntary, can provide public recognition and increased value to highly
efficient buildings (WRI, 2016, p. 74). Green building rating tools or certifications are
used in 85 countries and focus on evaluating the design (expected) or operational
(measured) energy use of buildings. They are broadly voluntary outside of the EU, but
the uptake is growing amongst the high-end building sector (IEA & UNEP, 2018). Where
building codes typically provide the minimum (often mandatory) building standard,
several voluntary rating tools offer certification against best-practice standards (DPW,

2018).

Energy Performance Certificates (EPCs) provide performance information as well as
certification and have been used across the world to improve building energy efficiency
and inform stakeholder decisions since the 1990s by providing transparency to both
owners and potential buyers (Pasichnyia, et al., 2019). EPCs serve to benchmark
buildings against regulatory standards or industry benchmarks and to establish a
database of building energy performance. Mandatory EPCs have been implemented in
all 28 EU member states (Buildings Performance Institute Europe, 2014), and are used

worldwide, including in the United States (‘Energy Star’), Australia (NABERS and
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NatHERS), Singapore (‘Energy Smart’), Japan (‘Energy Smart’), Brazil (RTQ-C), Turkey,

and India (‘Energy Conservation Building Code’).

In the EU, EPCs are required when buildings are newly constructed, or advertised for
rent or sale, and must be placed in a visible location in public buildings (Wong & Kruger,
2017). EPCs using estimated ratings based on the building features, or measured ratings
determined through energy meter readings, typically provide a grade between A and G
(most to least efficient). EPCs intend to provide accurate and valuable information with
regards to building energy performance (Caceres, 2018), and a true reflection of this can
only be obtained through energy consumption data. Studies have shown that design
ratings are rarely an accurate reflection of energy performance, although more accurate
estimates are possible based on the estimation methodology used (Wong & Kruger,
2017). Given consistent assumptions between buildings, design ratings do however
allow for the comparison of the relative potential energy efficiency of different building

designs.

Globally, green building certifications are typically voluntary, and they intend to
promote and reward environmental sustainability in buildings (Yigit & Acarkan, 2016).
The World Green Building Council (WorldGBC) has around 70 member Councils around
the world, which together administer 54 different green building rating tools
(WorldGBC, 2019b). Internationally there are several additional tools used that are not

managed by WorldGBC.

The World Green Building Council has committed to supporting the goals of the Paris
Agreement through the development of their global ‘Advancing Net Zero’ project. The
dual goal is that all new buildings achieve a 40% reduction in embodied carbon emissions
and have an operational energy consumption of net zero’ by 2030, and all existing
buildings should operate net zero by 2050. The fundamental principles of this project

are to measure and disclose carbon emissions firstly, secondly to prioritise and improve

7 ‘Net zero’ requires that a building produces at least as much emission-free energy, from sources such as
PV solar, as it uses from emission-production sources.
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energy efficiency, then supply the remaining energy need through renewables, and
lastly to expand the programme to include embodied energy and zero water and waste
(WorldGBC, 2018a). The requirement that the actual impact is quantified and verified
through the use of metered consumption data counteracts the criticism that modelled
predictions do not correlate well with actual emission intensity reductions (CBI, 2017;
Wong & Kruger, 2017; Khosla & Janda, 2019). As of September 2019, the commitment
has been signed by 63 organisations, including 31 businesses, 6 states and regions and
26 cities (WorldGBC, 2019c) representing over 130 million people globally (IEA & UNEP,
2018).

2.4.4. Building Efficiency Incentives and Finance

Incentives and financing promote the uptake of green new builds and the energy-
efficient retrofitting of existing buildings, by alleviating the burden of the additional
upfront costs whose benefits tend to only accrue over time (WRI, 2016). Section 2.5
below delves deeper into the perceived and actual size of this upfront ‘green premium’

and the benefits that are linked to green buildings.

Financial incentives can take the form of grants (such as the German ‘Kfw Energy-
Efficient Renovation’ programme), rebates (Singapore’s ‘Design for Efficiency Scheme’),
tax incentives (Brazil’s ‘Qualiverde Program’) and green mortgages (pilot by 37 European

banks) (Climate Action, 2018).

Non-financial incentives are often aimed at developers of new builds in high-density
cities, where green features or energy efficiency measures are encouraged. The
incentive can take the form of allowing extra height or floor area, such as Delhi’s
‘Sustainable Buildings Incentive Scheme’ which can award a bonus 1% to 4% coverage

(WRI, 2016, pp. 80-82).

Internationally, the year 2017 saw a slowdown in the rate of energy efficiency
investments with a 4.1% increase (2.5% adjusted for inflation), compared to the 6-11%

annual growth rates from 2014 to 2016. Overall energy efficiency accounts for only

20



around 8% of total spending on buildings, with residential buildings receiving only half
of the total investments, despite contributing to three-quarters of the global building

energy use (IEA & UNEP, 2018).

The Climate Bonds Initiative (CBI) is an organisation with the stated objective to promote
investment into projects that support climate change mitigation, through the
development of a large and liquid green bond market. This is intended to make it less
expensive to finance climate projects and reduce fragmentation in different sectors

while supporting governments in accessing debt capital markets (CBI, 2017, p. 2).
2.5. The financial case for energy-efficient building design

The case for green buildings is often not only made based on emissions mitigation
requirements but also with the financial cost/benefit or ‘Total Cost of Ownership’ of it
presented in support of the business case, especially in the absence of mandatory

requirements (UNEP, 2011, p. 20).

There is a widespread perception that green buildings attract a cost premium as high as
15% to 20%, which has hampered the progress of green buildings globally (Hoffman,
2016; Bruni, 2017). Internationally, the typical cost premium for green buildings is in
actual fact only between 0% and 4%, based on studies in the last decade (WorldGBC,
2013). A study of 170 green buildings in the USA showed a green premium of only 1.5%
(UNEP, 2011). By considering a building’s ‘Total Cost of Ownership’, the upfront costs
may be shown to be offset by reduced long-term operational costs and other additional
benefits, with a payback period of between 5 and 10 years (UNEP, 2011). An extra CAPEX
investment of only 2% has been shown to provide a return on this green investment of
10 times the initial cost (WorldGBC, 2013; IFC, 2017), with the building itself

commanding a higher market value due to its operational efficiency.

Recent South African research on the GBCSA’s Green Star SA Office vl and v1.1 tool has
also shown that the perceived cost premium of over 15% is not an accurate reflection of

the average green building costs in South Africa. It has been shown that the ‘cost of
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building green’ is typically only around 3.9% of the total project cost (ASAQS, GBCSA &
UP, 2019). As shown in Table 1 below, there is also a strong negative correlation
between green costs premium and construction size, with larger projects having a much
lower average premium than smaller projects, at an average ‘green premium’ of 2.4%.
Early indications via the GBCSA’s EDGE Residential tool, show an additional green cost
premium of 3%, although they also clarify that this would vary with project specifications

(GBCSA, 2017).

Table 1 - Correlation between construction size and ‘green premium" in South Africa

Dl [plE 70 Average 3
Total 1.1% 3.9% 14.2%
<5000 m? 3.4% 5.1% 12.2%
<10 000 m? 1.7% 4.0% 14.2%
< 25 000 m? 2.7% 5.2% 12.0%
< 50 000 m? 1.1% 3.2% 5.0%
> 50 000 m? 2.0% 2.4% 3.9%

Adapted from ASAQS, GBCSA & UP (2019)

Much research has been done on the benefits different stakeholders receive from green
buildings throughout the building life-cycle, many of which are deemed significant or
compelling (UNEP, 2011; WorldGBC, 2013; IEA & UNEP, 2018). Financially, owners and
owner-developers benefit from green buildings through increased building value
(between 0 and 30%) due to higher rental rates (0% to 17.3%), lower operating expenses
(e.g. 25% to 50% energy savings) and higher occupancy rates (0 to 23.1%) (WorldGBC,
2013; Bruni, 2017). Research by MSCI (2018) on the South African commercial office
market showed that Green Star certified prime and A-grade offices had a total return of
11.6% in 2017 versus 8.0% for non-rated offices, enjoyed higher capital growth, higher

net income and lower vacancy rates.

The International Energy Agency (IEA) has produced an extensive report on the “multiple
benefits” or “co-benefits” of proposed or implemented energy efficiency measures,
intended to allow policymakers to evaluate suitable options (IEA, 2014, p. 8). The report
has a list of 15 prominent benefits, but notes that different countries have different
economic and social conditions which would influence the value and relative importance

that they assign to the various benefits. So-called ‘developing countries’ with emerging
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economies often focus on poverty reduction and sustainable growth, which can be aided
through energy-efficient designs. These focus areas can be achieved through improved
access to existing energy infrastructure, economic growth, due to improved industrial
productivity, improved affordability of services such as lighting and cooking, reduced

local pollution and enhanced climate change resilience (IEA, 2014, p. 23).
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3.  BUILDING EFFICIENCY TOOLS UTILIZED IN THE SOUTH AFRICAN

RESIDENTIAL SECTOR

In support of climate mitigation through lowered energy intensity, there are several
mandatory and voluntary building efficiency tools and measures in the Republic of South
Africa (RSA), including codes, certifications, and market factors used in the country. Of
specific interest to this study are those used in the residential sector. This chapter will
provide an overview of some of these tools, as outlined in the diagram below, with the

final chapter analysing their role in meeting RSA’s Paris Agreement commitments.

Post-2015 National Energy

Voluntary and/or Market

driven tools

Efficiency Strategy

Colour code:

; (e ez ialtd) e e = e Ry Mandatory - National
Tightening labelling, minimum energy ) ) strate:
National Building performance standards, energy Green financing 8y
Standards endorsement labels, scrappage
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Educational Energy Ipcerr\u'tlvvei;e S:Ema&fmaega Green h Voluntary - Certifications
ucational mpi m reen home =
programmes mﬂncgg: thermal Generation such loans Green bonds
performance as PV solar

Figure 8 - Chapter outline, split into mandatory and voluntary building efficiency measures
Source: Author’s own diagram

3.1. Mandatory / National Energy Efficiency Strategy

The Post-2015 National Energy Efficiency Strategy (NEES) was developed to respond to
the dual scenario of increased energy demand and a commitment to a reduced
environmental footprint, as per South Africa’s National Development Plan 2030 and its
Paris Agreement commitments. The Post-2015 NEES aims to “encourage continued
growth by reducing energy inefficiency as a barrier to future progress” (emphasis in

original), through the promotion of energy efficiency as a ‘first fuel’® (DEA, 2016, p. 3).

8 The “first fuel’ concept is one that evolved from considering energy efficiency as a ‘hidden fuel source’,
as the ability to use energy more efficiently allows the unused portion to be applied to other needs. As
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The Post-2015 NEES document was published on 23 December 2016 for public
comment, a follow-up on the NEES first published in 2005 and updated in 2011 (DEA,
2016).

The Post-2015 NEES document address several sectors, and for the residential sector
provides a targeted overall energy intensity reduction of 33% by 2030 from a 2015
baseline. The overall target of 33% comprises of a targeted 20% improvement of the
average energy performance of the residential stock overall, and a 33% improvement in
the energy efficiency of new household appliances. Measures to improve the energy
performance of the residential stock include progressive tightening of the building
efficiency standards (see section 3.1.1), issuance of energy performance certificates
(section 3.1.2), financial incentives for improving the thermal performance, and
educational programmes (section 3.1.4). The measures related to household
appliances (see section 3.1.3) include mandatory labelling, the successive tightening of
minimum energy performance standards, energy endorsement labels, and a scrappage

scheme for old inefficient appliances.

It is concerning that the National Energy Efficiency Strategy document intended to
provide the path from 2015 onwards was only published in December 2016 for public
comment, approved in November 2018, and not yet promulgated as of end 2019. It has
been deemed a “partial achievement” by the DoE’s 2018-2019 Annual report
(Parliamentary Monitoring Group, 2019). Given that the strategy document’s
implementation plan designates 2016-2017 as year 1 for implementation (DEA, 2016, p.
38), it is clear that the targets set are already in jeopardy. The time it takes for policy
documents and legislation to be passed and subsequently updated creates an
impediment in achieving the aims of these documents and dilutes their impact. This

‘dilution’ is discussed in more detail in the section that follows.

the energy use avoided by IEA member countries in 2010 was larger than any one fuel source, including
coal, energy efficiency can be considered as the ‘first’ or largest fuel (IEA, 2014).
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3.1.1. National Building Regulations and Standards

Successive tightening of the building efficiency regulations and standards constitutes a
large portion of the targeted 20% improvement in the average energy performance of
the residential sector, as it is based on a 38% tightening of the South African National

Building Regulations (NBR) energy efficiency standards by 2030.

In September 2011 the South African National Building Regulations (NBR) were updated
to include a section on the required energy efficiency, designated ‘Part XA — Energy
Usage in Buildings’. This section requires that all new buildings or major refurbishments
are designed and built so that their passive design (orientation, shading, services, and
building envelope) ensure efficient use of energy, and that at least 50% of hot water
generation (by volume) take place without the use of electric resistance heating®. These
minimum requirements are to be met through the methods detailed in national
standard SANS 10400-XA, with the intent that this standard is updated every five years
to become gradually more stringent (Ecolution Consulting, 2019). There are suggestions
that even the best-practice norm of 3 to 5 years between updates is not optimal (Gray
& Covary, 2015). The update of the NBR is currently overdue, as eight years have passed
since the promulgation of the previous version, with the Department Public Works
stating that an update is “urgently needed” (DPW, 2018, p. 15). In January 2020 a draft
version of the updated standard was released for public comment, with comments

closing on 24 March 2020.

Holm, Johannsen, and Harris (2007) were commissioned by the RSA Department of
Minerals and Energy to review the proposed 2011 update to the NBR before its
promulgation. They estimated that the proposed standard provided an energy

improvement of between 32% and 58% over the existing residential stock at that time.

° The conventional approach to water heating for domestic use uses an electrical element inside a geyser
to heat water (‘electric resistance heating’). SANS 10400—XA Regulations requires that all new buildings
utilise other means of heating at least 50% of the water, such as solar water heaters, heat pumps and gas
geysers.
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The final details of the promulgated standard (SANS 10400-XA, 2011) differed to the
version studied by Holm et al. but it is estimated that the updated standard still provided
an energy improvement of at least 16% (Ecolution Consulting, 2019). The current
standard is however losing effectiveness in providing continued energy savings, as the
current standard is at times less stringent than what is becoming the industry
construction norm. A proposal to update certain sections of the current version
commissioned by the GIZin 2015 (Gray & Covary, 2015) showed that for the commercial
sector, the annual maximum energy consumption is too generous to be effective in
improving the market’s energy efficiency, and using these values as a compliance path

is problematic.

Gray and Covary’s study showed that the average business-as-usual new-build office in
2015 was already 33% more efficient than the maximum energy consumption
allowance, with a sample of hotels using on average only half of the allowed maximum,
despite the inclusion of operation energy (which is excluded from the allowance). In the
current draft version of the standard, which closed for public comment on 24 March
2020, the proposed maximum annual electricity consumption for a Johannesburg office
drops from a current maximum allowance of 200kWh/m? to 110kWh/m? in the new
draft version. A hotel in Johannesburg’s energy consumption allowance has an even
larger drop from 650kWh/m? for the current standard, to 110 kWh/m? in the proposed
(SANS 10400-XA (draft), 2020). Maximum annual energy consumption is not specified
for residential buildings in either of the two SANS 10400-XA versions, with these
buildings are required to meet minimum efficiency requirements that relate to their

passive design and hot water generation.

Municipalities are responsible for assessing and approving building plans and their
adherence to the NBR, and concern has been expressed about the ability of officials in
smaller municipalities to assess compliance (SEA, 2017; Ecolution Consulting, 2019). This
is due to a lack of capacity, experience and understanding, funding, and willingness (Gray
& Covary, 2015). In addition to major capacity building by the construction industry (SEA,
2017), through the C40 programme (ASHRAE SA Chapter & SEA, 2020) and the Swiss
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Development Corporation (Gray & Covary, 2015), there has been a recent proposal to
investigate the use of the EDGE modelling software tool (‘Excellence in Design for
Greater Efficiencies’) to simplify SANS compliance checking (GBCSA, 2019a). The NEES
also proposes the use of Energy Performance Certificates (EPCs) as a “simple means” of
checking NBR compliance but does not elaborate on how this would be achieved (DEA,

2016, p. 25).

As of 2014, low-cost state-subsidised housing has been required to meet NBR standards
as well, after the release of the improved norms and standards for stand-alone
residential dwellings built by the government (DHS, 2014). For 20 years prior, these
houses were constructed without insulated ceilings and weather-proofing, thus
providing inferior thermal insulation to the homes. The updated standard requires the
installation of ceilings and insulation, plastering or rendering of walls, and smaller

windows with energy efficiency safety glass panes (SEA, 2017).
3.1.2. Energy Performance Certificates

The minimum efficiency requirements of the NBR apply only to new buildings and to
major refurbishments of old buildings, but not to the existing buildings that make up the
overwhelming bulk of the South African market (SEA, 2017, p. 72). To address the need
for energy efficiency improvements in the existing building market, residential Energy
Performance Certificates (EPCs) are proposed. EPCs are proposed in conjunction with
medium-term financial incentives for undertaking thermal retrofits. For lower-income
groups, such as those who received state-subsidised housing, direct grants for thermal
retrofits are being considered. Additional financial incentives under consideration

include rebates against Transfer Duty, low-interest loans, and partial grants (DEA, 2016).

Energy Performance Certificates (EPCs), as discussed in section 2.4.3 of the literature
review, is a tool used worldwide that requires the owners of buildings to display the
energy performance of a building, providing either estimated or measured energy
consumption per unit of measurement. South Africa’s Department of Energy published

draft EPC regulations for public comment in 2018 (Parliamentary Monitoring Group,
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2018b). EPCs would allow landlords to systemically analyse their building’s stock energy
performance while populating a country-wide energy intensity database of the building

sector and supporting the government’s national energy efficiency strategy.

The proposed mandatory EPCs (SANS 1544, 2014) are not required in the residential
sector and are for existing commercial buildings used for entertainment, public
assembly, theatres, indoor sports arenas, places of instruction, and offices only. These
buildings must be operational for at least two years and have a total net floor area of

over 2 000 m? for government buildings and 1 000 m? for private buildings.

EPCs are however used extensively in the residential sector in several countries, and it
may extend to the residential sector in South Africa too in the future, as per the
measures to be assessed for feasibility under the post-2015 NEES. EPCs have been
shown to not only improve the energy efficiency for residential buildings, but highly
efficient residences attract a sales premium of up to 10% acting as economic incentives
for developers to innovate further (Wong & Kruger, 2017). An EPC’s effectiveness in
reducing energy intensity can be increased through the provision of cost-effective
recommendations on how to improve the building’s energy efficiency (Wong & Kruger,
2017; Caceres, 2018), something which is not required in the current South African

scheme.
3.1.3. Appliance minimum energy performance standards

As perthe post-2015 NEES strategy document (DEA, 2016, p. 19), the goal is to transform
the market for appliances to more energy-efficient models, through the application of
both push and pull strategies. The four specific strategies are minimum energy
performance standards (MEPS) that are successively tightened, a scrappage scheme for
old inefficient appliances (the ‘push’ strategies), mandatory labelling, and energy
endorsement labels (the ‘pull’ strategies). The target is to ensure that all new appliances

purchased by 2030 consume on average 33% less energy relative to a 2015 baseline.
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Energy efficiency labels have been used in over 50 countries for decades, and have been
shown to have a positive effect on overall residential energy efficiency (Wong & Kruger,
2017). In South Africa, mandatory energy efficiency labelling requirements were put into
place in 2014 (dti, 2014), which are intended to allow consumers to make informed
decisions about the relative energy efficiency of an appliance, before making a purchase
(DEA, 2019). Another measure that is under consideration is the introduction of energy
endorsement labels, such as the “notable” American government-backed ‘Energy Star’
programme (Wong & Kruger, 2017, p. 310), which label appliances as top-performing,

or not, in their category.

As part of the introduction of mandatory labelling in 2014, minimum energy
performance standards (MEPS) were introduced for air conditioners, heat pumps,
dishwashers, electric ovens, refrigerators and freezers, tumble dryers, washer-dryer
combinations, and washing machines. Appliances that do not meet the MEPS are
prohibited from entering the South African market. To remain effective, MEPS must be
reformulated and tightened regularly so that inefficient products are no longer available
on the market, which is part of the post-2015 NEES measures. The NEES intends to

announce the trajectory well in advance so that manufactures can respond in time.

As a measure to remove old inefficient appliances, the NEES proposes an incentive
scheme to scrap old appliances. This would be specifically aimed at the second-hand
appliance market, which lower-income households may consider due to its lower

upfront cost, despite its higher long-term operations costs.
3.1.4. Public energy efficiency educational programs

There are many campaigns with information to allow homeowners to improve the
energy- and water efficiency in their own home, whether these are new or existing. The
order in which energy efficiency priorities should ideally be addressed for the most cost-
effective approach is often demonstrated through the use of a pyramid structure (Vieira,
2006; Matt Power for Green Builder Media, 2016; SEA, 2017). In these tiered structures

(see Figure 9 below), a good architectural passive design that minimises the need to use
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energy for heating/cooling and lighting forms the basis, followed by energy-efficient
equipment and energy conservation, and lastly the use of renewable energy. This is in
line with the GBCSA’s (Green Building Council South Africa) definition of Net Zero Carbon
buildings, which require firstly a “building that is highly energy-efficient, and the
remaining energy use is from renewable energy” (GBCSA, 2019b). This is also reflected
in the three priorities of embodied energy, energy efficiency and low carbon energy

sources for low emission buildings by the (CBI, 2017), as discussed in section 4.1.

Renewable energy ]

Active design

e Energy efficiency - appliances, lighting, heating
and cooling, ventilation, water heating

* Energy conservation - HVAC programming, motion
sensors, BMS control

Passive design

¢ Minimising energy needs through architectural design
—Home location, orientation, shading, size

—Passive elements such as building materials, window selection,
natural lighting, insulation

Figure 9 - Hierarchy of interventions for energy-efficient buildings, with the most cost-effective at the base
Adapted from Vieira (2006), Matt Power of Green Builder Media (2016) and SEA (2017)

At a city level, the City of Cape Town has a campaign and educational website aimed at
household energy efficiency, which additionally lists resources from sources such as the
GBCSA, Eskom’s 49M campaign, and the local authorities of eThekwini Municipality and
Nelson Mandela Bay Municipality (City of Cape Town, 2018). A home-owner resource
efficiency education drive, named the ‘My Green Home’ campaign, was conducted by
the GBCSA in 2014, with the main co-funding from the German government through
the South African-German Energy Programme (GBCSA, 2014). The focus of this
campaign was household energy efficiency, the main focus of the major funder,
although water efficiency and other sustainability-related issues were also addressed.
Nedbank has released the second edition of their ‘Smart Living Guide’ (Nedbank Limited,

2017) aimed at middle to high-income homeowners, which provides a range of
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behaviour change and technology interventions to allow homeowners to reduce their

ecological footprints and save resources.

3.2. Voluntary / Market-driven Energy Efficiency strategies

3.2.1. Solar PV — Small Scale Embedded Generation

The pace of newly installed small and medium scale private generation of solar
electricity in South Africa is increasing, with 150 to 200 MW, capacity'® estimated to
have been installed in 2018, from an overall installed capacity of around 430 MW, just
the year before. This is due to two key factors, namely the above-inflation increases of
electricity prices of over 300% in the last decade, and the fall in the international price
for solar PV installations, to around a quarter of what they were seven years ago. Locally
the cost of PV for both residential and commercial (sub-utility) is projected to drop

below the cost of an ESKOM supply by 2020 (GreenCape, 2019).

The Draft Integrated Resource Plan 2018 (IRP) had an annual cap on embedded
generation of 200 MW, which was flagged as a concern during the public hearings on
the IRP (Parliamentary Monitoring Group, 2018a). Stakeholders were of the opinion that
the allocation was insufficient, had no technical basis, and was already exceeded by
pending applications at the National Energy Regulator of South Africa (NERSA). On 2 May
2019, the RSA Energy Minister authorised NERSA to process the licenses of pending SSEG
projects of a combined 500 MW capacity, without requiring the developers to request
permission from the Minister to deviate from the IRP (SAPVIA, 2019). After this, the
promulgated IRP 2019 was updated to increase the Small Scale Embedded Generation

(SSEG)*! cap to 500 MW per annum (DME, 2019).

10 MW, which denotes megawatt peak, is a typical measure of a solar PV plant generating capabilities
under standard test conditions.

11 Small Scale Embedded Generation (SSEG) typically refer to PV solar systems installed at residential,
commercial, or industrial sites, where the electricity generated by the systems is intended to be consumed
onsite.
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As the on-selling of electricity makes up a large portion of municipalities’ income and
can be used to cross-subsidise poor households, municipalities may not have an
incentive to promote the use of alternative fuel sources out of concern of the impact.
However, appropriately developed cost-reflective tariffs reduce the effect of reduced
electricity sales to less than 2% of total revenue. Some municipalities require that PV
systems contain reverse—feed blocking so that excess PV power cannot be fed back into
the grid, but this can be counterproductive, as this can lead to systems that are installed

without official permission and grid defection (SEA, 2017).

The South African-German Energy Programme is offering several rounds of municipal
SSEG Programme Development support. It focusses on municipal capacity building,
establishing their SSEG application and approval processes, and adapting their funding
and operating models in response to increased SSEG installations and the potential loss
of income due to inappropriate tariff structures (SAGEN, 2019). As per the South African
Local Government Association (SALGA), by October 2018, forty-two municipalities
allowed SSEG installations, up from only ten in 2016. This represents 25% of the

municipalities with distribution licences issued by NERSA (GreenCape, 2019).
3.2.2. Green Building Certification

Sustainability consultants, green building specialists and GBCSA Accredited
Professionals provide specialised insights, solutions and consulting services for a variety
of industries and building types. In the residential sector, it tends to focus on resource
utilisation audits, technical sustainability consulting and green building certification.
While individual upper-income households can and do pursue green building
certification, certifying entire residential developments provides the benefit of scale
given the fixed cost involved (Ecolution Consulting, 2019). The commercially available
residential green building certifications available in South Africa include the GBCSA’s
‘Multi-Unit Residential’ (MUR) tool and ‘Net Zero’ certification, the US Green Building
Council’s (USGBC) ‘LEED v4 for Homes or Multifamily Midrise’ and the International

Finance Corporation’s EDGE Residential tool (‘Excellence in Design for Greater
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Efficiencies’). EDGE certification for residential properties is locally facilitated by the

GBCSA.

Table 2 - Summary table of Residential Certification tools and their uptake in South Africa

Number of

Ratings Residential rating Launch ; . Trends observed
Body system date reSI,de,ntlal Quoted from (Ecolution Consulting, 2019)
buildings
GBCSA Green Star New 2011 Six projects - Low uptake
Build MUR Tool consisting of a - High-end property market
total of 315 units
USGBC LEED for Homes or 2005 None in South - Low uptake
through Multifamily Midrise Africa - High-end property market
GBCI
GBCSA EDGE Residential 2017 11 148 certified - Significant growth in uptake in a short
units, with at period
least another - Global players
16 000 registered | - Lower cost and simpler implementation
in 2020 and documentation
GBCSA Net Zero 2017 One residential - Interest from industry, especially in the
project with 5 commercial sector
units - Showcases environmental leadership,

aligns with global carbon reduction goals,
and direct support by World Green
Building Council

Adapted from CSS (2019) and Ecolution Consulting (2019)

As per Table 2 above, only EDGE has seen a significant uptake in South Africa, notably in
the gap or affordable housing market (CSS, 2019). The EDGE certification and other
‘design’ ratings derive their rating levels from estimated or modelled energy
performance based on building features, which is poorly correlated to actual operational
performance or emission intensity and has been criticised on this basis (CBI, 2017; Wong
& Kruger, 2017; Khosla & Janda, 2019). Given consistent energy modelling assumptions,
‘design ratings’ do however allow for the comparison of the relative potential energy

efficiency of different building designs.

Research by MSCI (2018) showed that Green Star certified prime and A-grade offices
consumed only 1% less electricity, but 24% less water than non-certified offices. Green
Star awards projects points for proposing or installing systems that reduce the building’s
energy consumption, it is not mandatory to reach a minimum amount of points in the
energy section to achieve certification. EDGE requires a minimum of 20% electricity
savings to achieve certification, although these savings are calculated based on a

simplified energy model.
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Operational green building ratings, such as Net Zero Carbon, which validate their energy
performance or emission intensity through actual energy meter readings are considered
preferable to design ratings (CBI, 2017; Wong & Kruger, 2017; Khosla & Janda, 2019).
Net Zero certifications carry additional support in that it is compatible with the rapid
decarbonisation of the building sector to meet the targets of the Paris Agreement
(CICERO, 2015; CBI, 2017; WorldGBC, 2017a). Both of these certifications can be used
for either residential or commercial buildings, and are accepted certification standards

or proxies for inclusion in CBI green bond portfolios (see section 3.2.3.2 for details).

3.2.2.1. EDGE certification

EDGE certification (‘Excellence in Design for Greater Efficiencies’) is used in 140
countries across the world, developed by the IFC to stimulate the update of energy-
efficient buildings in developing countries. EDGE positions itself as both a free online
assessment tool and a certification system, so that architects and engineers can quickly
identify low-cost, high-return design alternatives before (or instead of) committing to
perusing certification. EDGE can thus help determine, at a concept level, the financial

viability of a project’s green building initiatives early in the design stage (GBCSA, 2017).

The online assessment tool has been localised for South Africa concerning the local
climate, utility costs, standard construction and system specifications, in addition to
building regulations, thereby allowing it to accurately calculate a building’s inputs and
consumption (IFC, 2018a). The EDGE assessment tool then presents the building’s
potential utility savings and its reduced carbon footprint against a base case (IFC,
2018b). To pursue certification the EDGE standard of 20% less energy use, 20% less
water use, and 20% less embodied energy in materials compared to a base case building
must be achieved, which is then independently verified and certified by the GBCSA. In
2019, additional levels of certification became available in the form of EDGE Advanced
and EDGE Zero Carbon, which require 40% less energy use and 100% carbon neutral,

respectively.
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Current notable names in the field of EDGE residential certification in South Africa
include International Housing Solutions (IHS), the Development Bank of Southern
Africa’s Green Fund, in collaboration with Nedbank (Nedbank Limited, 2017), the
Housing Impact Fund of South Africa (HIFSA), Old Mutual Alternative Investments
(OMAI) and Balwin Properties. In 2019 there were 29 registered EDGE projects with the
GBCSA (representing nearly 10 000 residential units), and many of them have a link to
the companies and funds mentioned above (CSS, 2019). In 2020 Balwin Properties
announced the EDGE registration of another 16 000 residential units, in conjunction
with a ‘green home loan’ product from ABSA (Engineering News, 2020a). The total
number of units is over and above the projects making use of the free tool for high-level

assessments and design optimisation.

3.2.2.2. Net Zero certification

Net Zero Carbon buildings have net zero emissions, typically by being a highly energy-
efficient building with very low energy demand, the remainder of which is met through
zero carbon energy sources such as PV solar. While there are a variety of definitions for
Zero Energy or Zero Carbon buildings (D'Agostino & Mazzarella, 2019), they typically all
require that a building produces at least as much emissions-free energy as it uses from

emission-production sources (CBI, 2017; GBCSA, 2019b; WorldGBC, 2019e).

The South African National Development Plan Vision 2030 (NDP 2030) set the objective
of creating a zero emission building standard by 2030, through the progressive
strengthening of energy efficiency standards of the National Building Regulations
(Government of South Africa, 2012). The GBCSA’s (Green Building Council South Africa)
Zero/Net Positive certification programme that was launched in 2017 aims to accelerate
the transformation of the market towards this goal. Projects in South Africa can pursue
Net Zero certification as part of other certifications offered by the GBCSA, such as Green
Star or EDGE, or as a stand-alone submission. As of March 2018, there had been six
certified and four registered projects with the GBCSA, one of which was an upper-

income multi-unit residential project in Johannesburg (GBCSA & WorldGBC, 2018). As
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of May 2019, there have been 388 buildings certified as Net Zero in nine countries across

the world (WorldGBC, 2019a).

The GBCSA’s Zero/Net Positive certification scheme allows various levels of, and
pathways to certification. The levels relate to whether the energy consumption is
modelled on the base building emissions only or whether it is modelled or measured for
both the base building and the tenants’ emissions combined. The pathways reflect the
GBCSA’s preference that Zero/Net Positive certification be achieved first through energy
efficient buildings, then on-site renewable energy production, before considering off-
site renewables or carbon offsets. New builds and major refurbishments able to pursue
modelled certification based on the design or as-built specifications, and existing
buildings are able to pursue certification based on actual measured energy consumption

data (GBCSA, 2019b).

Johannesburg, Tshwane, eThekwini and Cape Town in South Africa have committed to
developing net zero carbon policies and bylaws to enable the achievement of net zero
carbon for all new buildings by 2030 and all buildings by 2050. These policies and
municipal bylaws are currently in development and planned for implementation end
2020. These enabling bylaws and policies, alongside appropriate National Building
Regulations could allow net zero buildings to be realised at scale (ASHRAE SA Chapter &
SEA, 2020; Terblanche, 2019).
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3.2.3. Green financing aimed at improved residential energy efficiency

3.2.3.1. Green home loans

Green home loans (or green mortgages) are the financing of new homes or homes that
want to pursue renovations, where the home has some existing or targeted energy
efficiency or sustainability rating. Banks would typically offer improved rates or
increased loan amounts due to reduced insolvency risks associated with such properties.
The risk reduction is due to an improved ability by the owner to repay the loan due to
lower utility bills, and increased property values due to its ‘green value’ (WorldGBC,
2017b). Research in several countries with established rating systems such as Energy
Performance Certificates shows that the ‘green value’ or ‘green premium’ can be up to
10.2% for the most efficient buildings, and homes are easier to sell. Correspondingly a
decline in energy efficiency has been shown to lower the sales price (Wong & Kruger,

2017).

The EU’s building stock is dominated by existing buildings, and improving the energy
efficiency of existing residential homes are considered essential to achieving their
carbon emission targets (United Kingdom , 2019). As part of this, green mortgages are
being piloted to encourage residential retrofits and improve their energy efficiency. The
minimum performance threshold for new builds is ‘nearly net zero’ buildings or a 20%
improvement over national standards, or a 30% energy demand reduction for
renovations (WorldGBC, 2018b). In South Africa, no national incentives exist, although
two banks are offering ‘green loans’. Nedbank is offering an extension to their home
loan product, where renewable and energy-saving products from a specific supplier can
be rolled into home-owners’ home loans (Nedbank Limited, 2019). Most recently, ABSA
and Balwin Properties have announced the ‘Absa Eco Home Loan’, which provides
preferential interest rates on the 16 000 EDGE Certified homes (see section 3.2.2.1)
under development by Balwin (Engineering News, 2020a). The homes are aimed at the
middle- to upper-income segment, as it is priced between R 700 000 and R 1 600 000
(BusinessTech, 2018; Balwin Properties, 2020).
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3.2.3.2. Green bonds

Green bonds are financial instruments that allow the raising of debt to finance eligible
green projects or activities. Of the $46 billion capital that has been raised on the green
bond market, 28% has been allocated to the building sector. In South Africa, three bonds
have been issued under the Johannesburg Stock Exchange’s green bond requirements
since its launch in late 2017, of which one was for a certified green building portfolio
(CSS, 2019). Green bonds benefit the issuer in that they are often oversubscribed, allow
a company to market its ‘green credentials’, and can often be sold at a premium. In
return, the proceeds are ringfenced for socially responsible activities, as per the bond

mandate (Bagnoli & Watts, 2019).

To prevent possible ‘greenwashing’ of the proceeds from green bonds (Blanding, 2019),
the Climate Bonds Initiative (CBI) established a standards and certification scheme to
ensure that CBI certified bonds finance only low carbon projects that are consistent with
the rapid decarbonisation path needed to meet the Paris Agreement targets (CBI, 2017).
This sets stricter requirements than those of the Green Bond Principles developed by
the International Capital Markets Association (ICMA) (CSS, 2019). The CBI's preferred
pathway to certify low carbon buildings requires that a property portfolio is within the
top performing 15% of buildings in the market (in terms of the baseline emissions
intensity), and its performance is such that at the midpoint of the bond term, itis on a
trajectory to net zero carbon by 2050. Ongoing independent monitoring and verification

of the portfolio’s carbon reduction impact is required on an annual basis (CBI, 2017).

To establish an initial baseline emissions intensity for a city and sector (residential, non-
residential), a representative sample of buildings is required for the sector in the city.
Operational data for the residential sector are however very limited across the world,
and as such, the CBI provides alternative methods of showing compliance with the

decarbonisation criteria. A residential portfolio must either commit to significant
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upgrades that result in emission reductions of between 30% and 50% (depending on the

bond term), or all the buildings must be certified under an approved proxy? (CBI, 2017).

eProjects that are in oppositionto the long-term vision of a low carbon and climate resilient
future.

eExamples include new infrastructure for coal

*Projects and solutions that are environmentally friendly but do not by themselves represent or
contribute to the long-term vision.
eExamples include efficiency in fossil fuel infrastructure that decreases cumulative emissions

eProjects and solutions that represent steps towards the long-term vision, but are not quite there
yet.

eExamples include plug-in hybrid busses, and buildings that have good, but not excellent efficiency
ratings

J
*Projects and solutions that correspond to the long-term vision of a low carbon and climate
resilient future
eExamplesinclude wind and solar energy projects with a governance structure that integrates
PDLANNCINAAN  cnvironmental concerns. Zero emission buildings may be included too )

Figure 10 - CICERO Shades of Green classification
Adapted from CICECO (2015) and CSS (2019)

In South Africa there are two proxies, namely confirmed compliance to SANS 10400-XA
or the IFC’s EDGE certification, with the GBCSA’s Net Zero Carbon certification approved
as an eligible standard (Ecolution Consulting, 2019). These three represent progressively
higher levels of emission reduction performance, and sustainability focussed investors
may prefer higher levels of emission reduction performance above the minimum
requirements of the building regulations (CSS, 2019; Walker, 2019). This is in line with
the ‘CICERO Shades of Green” methodology (Centre for International Climate Research),

that provide second opinions on the “environmental quality” of green bonds. As per

12 The CBI allows certification through a proxy method, selected from an approved set of green building
certifications or national building standards. This option is only possible where representative energy
consumption data is not available for creating a city baseline and portfolios using this approach are
typically limited in bond term.
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their classifications, bonds are rated from ‘brown’ up to ‘dark green’, as their long-term
impact towards a low carbon future improves (CICERO, 2015). Figure 10 above provides
details of the different levels. On this scale, SANS 10400-XA would likely rate as ‘light
green’, EDGE certification as ‘'medium green’, and Net Zero carbon certifications as ‘dark

green’.
3.3. Concluding summary

This chapter discussed both the mandatory and voluntary building efficiency tools and
measures commonly utilised in South Africa. The South African National Energy
Efficiency Strategy (NEES) represents the most detailed mandatory energy efficiency
strategy that deals directly with residential energy consumption. Its focus areas include
the progressive tightening of the building and household appliance efficiency standards,
the issuance of energy performance certificates for residential buildings, financial
incentives for improving the thermal performance of building envelopes, and public
educational programmes on energy efficiency. The focus areas align well with
international efforts on building energy efficiency as discussed in detail in subsections
of section 2.4, and if implemented would represent a comprehensive push towards
lowered residential energy intensity. A detailed analysis of the potential impact of the

NEES is discussed in the final chapter, but swift implementation is urgently required.

Post-2015 National Energy Voluntary and/or Market
Efficiency Strategy driven tools

Colour code:
Household : . 4 -
Tightening labelling, minimum energy . . M‘nd!::;.yte National
National Building performance standards, energy Green financing gy
Standard: dk labels,
scheme
Ed | B e Tmbedied Green h Voluntary - Certificati
ucational improy m| e reen home oluntary - Certifications
programmes. Performance thermal Generation such loans Green bonds

Certificates performance as PV solar

Figure 11 - Chapter outline, split into mandatory and voluntary building efficiency measures
Source: Author’s own diagram

Voluntary or market-driven energy efficiency tools can be seen as complementary to the
mandatory tools, but also as the vanguard of new ideas and improved standards. Green

building certifications, while often limited to upmarket developments, are becoming
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more common and have the potential to showcase the positive impact of and business
case for green developments. Green financing supports these certifications as well as
standalone energy efficiency improvements by alleviating some of the burden of the
additional upfront building and certification costs. While green home loans are still
nascent in South Africa’s residential market, the recent ABSA and Balwin Properties
collaboration on a 16 000 unit residential development, may raise the market profile of
both green building certifications and green home loans. With the pace of privately
installed solar PV systems increasing, it too is becoming a more mainstream addition to
homes and residential complexes, providing a buffer against rising electricity prices

while encouraging municipalities to develop conducive SSEG policies.
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4. SOUTH AFRICA’S RESIDENTIAL SECTOR PARIS COMMITMENTS

AND GHG EMISSIONS

4.1. RSA’s Nationally Determined Contributions

The Paris Agreement requires countries to submit their Nationally Determined
Contributions (NDCs) to indicate their planned action towards climate change
mitigation, as detailed in section 2.2 of the literature review. South Africa ratified the
Agreement on 1 November 2016, having already provided its Intended NDC (INDC) by
25 September 2015. The main targets of the INDC (Government of South Africa, 2015)

are that:

e emissions will range within 398 and 614 Mt CO,-eq*® between 2025 and 2030;
e the emission profile will peak between 2020 and 2025, plateau for a decade and
then decline in absolute terms from there onwards; and

e targets apply to all sectors of the economy.

In 2018, South Africa released the draft Climate Change Bill for comment (DEA, 2018),
which seeks to establish a legal framework by which a national emissions reduction
trajectory is determined, and setting carbon budgets and sectoral emissions targets
(DEA, 2019). While South Africa is one of the few countries that provided absolute
targets in its INDC, the commitment is insufficient to place the country on a pathway
that will limit warming to +2°C or less (Climate Action Tracker, 2019b). This is consistent
with the findings in the report by the UNFCCC (United Nations Framework Convention
on Climate Change), that stated that the aggregate effect of all the INDCs by countries

worldwide is insufficient to meet the target warming level limit (UNFCCC, 2016, p. 13).

13 Mt CO,-eq denotes ‘metric tons of carbon dioxide equivalent’, which is used to quantify the global
warming impact of emissions from different greenhouse gases, standardized to that of one unit mass of
carbon dioxide.
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Climate Action Tracker’s analysis does however note that RSA’s current policy
projections show that it may be on track to meet the upper range of its target band for
2020 (Climate Action Tracker, 2019b). There is thus scope to provide more ambitious
targets for 2030, in line with the Paris Agreement’s five-year revision cycle of
progressively more ambitious targets (Paris Agreement, 2015). A UNEP report (2018b)
notes however, that RSA’s current 2030 upper target would be reached only if the
country’s future energy mix decarbonises as per the 2019 Integrated Resource Plan (IRP
2019), which came into effect in October 2019. South Africa’s INDC makes specific
reference to the significant impact our energy sector plays in our current GHG emission
levels and that substantial investment in transforming the sector away from coal is
required. The energy sector and its future as per the Integrated Resource Plan of 2019

is discussed in detail in section 4.2 below.

Except for the recognition of the large impact of the energy sector and the need for a
lower-carbon supply (section 4.2), no sector-specific targets or plans are provided in
RSA’s INDC. Similarly, RSA’s three update reports to the UNFCC (BUR-1 to BUR-3)
focussed on the emissions and mitigation actions in the industrial sector including
energy production, mining, and manufacturing, with no specific focus on the building
sector (DEA, 2019, p. 70). To investigate the potential emission impact of the building
sector, section 4.3 examines the energy demand and carbon emissions of the South

African residential sector, while section 4.4 details its makeup and current growth.
4.2. The carbon footprint of the RSA energy mix

South Africa has a very high carbon economy due to our heavy reliance on coal-
generated energy (IPEEC, 2018), and RSA has the highest CO, emissions per GDP in
Africa and the 5% highest in the world (Global Carbon Project (2018) citing (Boden, et
al., 2017; BP, 2018; UNFCCC, 2018)). As per the 2019 South African Integrated Resource
Plan (IRP 2019), coal-fired plants represented 72% of the total installed generation
capacity in 2018, with an additional 7% being derived from gas or diesel peaking plants

(DME, 2019). The IRP 2019 recognises in its introduction that South Africa’s INDC has
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committed to an emission profile that peaks, plateaus and declines from there onwards,
and the shift in the energy generation mix is summarised in Figure 12 below
(Government of South Africa, 2015). The emission profile shift is supported by the new
higher efficiency coal power stations Medupi and Kusile being brought online in the next
five years, and the decommissioning of 26%, by capacity, of end-of-life coal power
stations by 2030. It also includes a fourfold increase in the current installed renewable
energy capacity, while discounting any embedded generation through lowered demand

assumptions.

IRP 2019 Long term plan — Installed capacity mix

‘Gas/Diesel

7%
Hydro Nuclear
4% 4%
Coal Wind
72% 4%

Total installed capacity = 51 605 MW

Gas/Diesel
9%

Coal
43%

Total installed capacity = 78 284 MW

Figure 12 - Comparison between the 2018 and planned RSA installed capacity mix for 2030
Calculated from DME (2019)

Despite this, the share of coal will still constitute the bulk of the installed capacity by
2030 at 43%, with gas or diesel peaking plants contributing 9% of the mix. Fossil fuel
based generation capacity will thus constitute more than half of the mix. On an annual
energy contribution basis (% of MWh14), coal will contribute 59% and peaking plants 1%
by 2030. In absolute terms, the installed coal plant capacity drops only 10% from 37 149
MW? in 2018 to 33 364 MW in 2030. Renewables will make up 46% of the capacity mix,
up from 17% in 2018, providing 34% of the total energy in MWh by 2030 (DME, 2019, p.
44). It is thus clear that coal-generated power will remain dominant in South Africa in
the short to medium term, although the construction of new coal power plants is likely

to be muted due to funding limitations imposed by OECD countries (Organisation for

4 MWh denotes a megawatt hour, which is a measure of total power generated over an amount of time
15 MW denotes a megawatt, which is a measure of the electrical generating capacity of a plant at one
point in time
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Economic Cooperation and Development) on greenfield coal projects that are not highly
efficient (OECD, 2015). Despite international pressure, several local banks continue to
fund coal-fired power stations (Fin24, 2017), although several published updated
thermal coal financing policies in 2019 and early 2020, increasing transparency in this
regard (BusinessDay, 2020). Under ABSA’s new sustainability policy they will continue
to finance existing coal sector clients, but funding of new greenfield projects will only
take place under “extenuating circumstances”, and ABSA will consider the OECD

guidelines as part of their due diligence processes (Engineering News, 2020b).

On a longer time frame, the decommissioning of an additional 24 100 MW coal plants
capacity is proposed for between 2030 and 2050, leading to coal contributing less than
30% of energy by 2040 and 20% by 2050 (DME, 2019). Eskom has in the past experienced
fierce opposition from labour unions at the suggestion of mothballing power plants

(Njobeni, 2017), and it remains to be seen how this transition will be managed.

To stay within the limit of +2 degrees or below?®, the energy-carbon intensity of the
world’s building sector needs to be below 20 tonnes!’ CO, per terajoule®® (TJ) before
2050 (IEA, 2017). Due to South Africa’s heavy reliance on coal, its building-related
emissions exceeded 150 tonnes CO; per terajoule in 2015 (Figure 13), thus currently

placing it far from the targeted value of less than 20 tonnes CO; per terajoule.

16 The Paris Agreement aims to hold “global average temperature to well below 2°C above pre-industrial
levels” and to pursue “efforts to limit the temperature increase to 1.5°C above pre-industrial levels” (Paris
Agreement, 2015, p. 29).

7 Tonnes is a metric ton, which is equal to 1 000 kilograms.

8 T) denotes a terajoule, which is the Sl-unit of measure for power utilised over an amount of time, where
3.6 terajoules (TJ) is equal to 1 000 megawatt hours (MWh).
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Figure 13 - Carbon intensity of the building sector in 2015
(UNEP & IEA, 2017)

4.3. Residential sector energy demand

South Africa’s statistics on energy consumption per sector are limited, and estimates
can vary, even in the same report, such as the Integrated Energy Plan 2016 (DoE, 2016).
For example, estimates on the energy consumption of the residential sector as a

percentage of the total, include:

19.3% (DME, 2006) as quoted in (UNEP-SBCI, 2009, p. 25)
9% (DME, 2006) values adjusted by (UNEP-SBCI, 2009, p. 26)
9% (DEAT, 2007) as quoted in (UNEP-SBCI, 2009, p. 26)
20% (DoE, 2009b; DoE, 2016, p. 92), as quoted in (DEA, 2014, p. 108)
17% (DEA, 2014)
14% (DoE, 2016, p. 108)
25% (DEA, 2016)
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The estimates on electricity consumption appear to be more consistent amongst

sources, with:

17% ESKOM obtained values for 2006 quoted in (UNEP-SBCI, 2009, p. 28)
18% (DME, 2006) values adjusted by (UNEP-SBCI, 2009, p. 28)

17% (DoE, 2009a) as quoted in (DEA, 2014)

20% StatsSA 2013 data quoted in (Deloitte, 2017, p. 20)

Estimates on fuel types used also vary considerably and are at times questionable, with
the Integrated Energy Plan 2016 (IEP 2016) providing estimates for the use of wood as
a residential fuel source of both ~20% and ~45%, and another report quoting 50% (DEA,
2014). Both these reports seem to be quoting the same source that also states that, in
contradiction to the amount of wood reportedly used in the sector, electricity
constitutes 73%, coal 29%, and petroleum products 7.4% of energy fuel use in the
residential sector. The UNEP-SBCI (2009) report noted similar discrepancies and inflated
values for coal and wood in (DME, 2006) data, specifically when compared to the Stats
SA’s 2007 General Household Survey’s (HHS 2007) data on the dominant use of

electricity in domestic cooking and heating.
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My calculations, based on an analysis of this survey data for 2017 (Stats SA, 2017), show
that electricity constitutes around 70% of the total energy consumption in the
residential sector (as calculated in Table 3 below). This calculated value is in line with
the energy consumption according to fuel used as reported in (UNEP-SBCI, 2009), which

estimated a use of 69% electricity, 10% wood, 1% coal and 19% petroleum products.

Table 3 — Calculating the percentage of residential energy sourced from electricity

saouedde

Suneay aseds
Suneay Ja1ep\
|B214303]3 J3Y30

Source

% of people who use mains 87% | 80% | 38% | 81% | 100% | N/A Q531a from
electricity as primary energy source HHS 2017

for specific use
Residential energy end-use split 5% | 38% | 28% | 21% 8% | 100% | IEP 2016

Calculated % of electricity use by 4% | 31% | 11% | 17% 8% | 70% | Own
end use calculation
Data from Stats SA (2017) and DoE (2016)

With the use of emissions coefficients, which estimate the greenhouse gas emissions
per fuel type, the carbon emissions per sector is then determined in the UNEP-SBCI
report (2009, p. 33), calculating the building sector’s carbon emissions in 2006 as 23%
of the total, with the residential sector contributing 13% of the country’s total

emissions, as per Table 4 below.

Table 4 — The building sector and the residential market’s carbon emissions in 2006

South African CO; emissions per sector in 2006 %

Commercial 10%
Commercial
Residential 13% 10%
Building sector subtotal 23%
Transport 16% 5 .
Residential
Industry 40% 13%
Mining 11%
Other 10%
Total 100%

Adapted from UNEP-SBCI (2009, p. 33)
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4.4. Residential building sector composition

South African Reserve Bank data shows that the annual growth in the building sector
investment has remained relatively stable over the last decade, but is almost 50% higher
than the three decades that preceded the building boom around the year 2000 (see
Figure 14 below). It also indicates that in 2018 investments in the residential sector
equalled that of the non-residential sector (Table 5 below), with private residential

making up the largest portion of investments at 49% (South African Reserve Bank, 2018).

Building investment at constant 2010 prices
(Rm)

80000

60000

40000

20000

1970
1973
1976
1979
1982
1985
1988
1991
1994
1997
2000
2006
2009

2003
2012
2015
2018

=== Non-residential buildings = Residential buildings

Figure 14 - Building investment at constant 2010 prices in million Rands
Adapted from data series KBP6110 and KBP6114 from the South African Reserve Bank (2018)

Table 5 - Investment in the building sector in 2018

Investment in the building sector in 2018

Other non-

Sector R millions % residential Private
Government + residential

Residential R 13850 1% 49%
Public

Residential Private 84236 49%

Non-residential | Covernment * 35270 21%
Public

Non-residential Private 49118 29%

Private non- Other

residential residential
170474 100% 1%

Calculated from data series KBP6110 to KBP6117 from the South African Reserve Bank (2018)

A survey of residential buildings reported as completed (after the submission of building
plans to municipalities) show that for the different building types there has been little

shift over the last decade in the relative percentage of number of units, areas, and
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investment values, as per Table 6 below (Stats SA, 2018). It does not seem to indicate
that there has been a shift towards flats or townhouses at the expense of individual
dwellings in the last decade, despite what was suggested in earlier reports (UNEP-SBCI,
2009). It does highlight that the bulk of the floor area growth and private investment
lies in individual dwellings larger than 80m? and flats/townhouses, while dwellings

smaller than 80m? has the largest increase in number of units.

Table 6 — Annual investment in residential buildings split per building type for 2007 and 2017

Residential building type Units (Number) Area (m?) Value (R'000)

Year of completion 2007 2017 2007 2017 ‘ 2007 2017

Dwelling-houses < 80 m? 56% 58% 24% 25% 11% 13%
Dwelling-houses >= 80 m? 21% 20% 48% 48% 54% 52%
Flats and townhouses 23% 22% 27% 23% 32% 29%
Other residential buildings (incl. 1% 0% 2% 4% 3% 6%
tourism accommodation and casinos)

Calculated from data set P5041.3 of Stats SA (2018)

Private sector investment as above does not capture the split between formal and
informal dwellings in South Africa, which stood at over 16 million dwellings in 2018. Of
this, 74% can be classified as formal and 26% as informal in 2018 (see Table 7 below),
from a 57% formal, 43% informal split in 1993. On a year-on-year basis, formal housing
has been increasing at an average of 3.1% per year since 1993, while informal housing
has increased by only 0.1%. Overall, the number of dwellings has increased by an
average of 2% per year (Quantec, 2018). The South African population growth rate was
1.4% for the period 2018-2019, with the rate showing an increasing trend, having been
1.0% for the period 2002-2003 (Stats SA, 2019). This shows that the South African
housing market is increasingly more formalised, at a rate that is higher than the

average population growth.
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Table 7 - Dwelling types in South Africa in 2018 split between formal and informal

Formal 74% 57%
House or brick structure on a separate stand or 10357 930 65%

yard

Flat in a block of flats 811 446 5%
Town/cluster/semi-detached house (simplex, 632 577 4%

duplex or triplex)

Informal 26% 43%
Traditional dwelling/hut/structure made of 1174 872 7%

traditional materials

House/flat/room, in backyard 486 984 3%

Informal dwelling/shack, in backyard 834 800 5%

Informal dwelling/shack, NOT in backyard, e.g. in 1466 344 9%

an informal/squatter settlement

Room/flatlet not in backyard but on a shared 135193 1%

property

Other/unspecified/NA 143 832 1%

Total 16 043 979 100% | 100% | 100%

Adapted from Quantec (2018)

4.5. Concluding summary

In summary, it has been shown that the residential sector is responsible for around 20%

of South African’s electricity and contributes around 13% of the country’s total

greenhouse gas (GHG) emissions. It also continues to become more formalised, and the

number of dwellings is growing at a rate in excess of the South African population

growth rate. If the number of households continues to rise, along with an increase in

average household incomes (Deloitte, 2017), it is anticipated that the sector’s electricity

consumption will continue to rise. To limit this increase, and subsequently, the GHG

emissions, both the residential energy intensity (energy consumed per household) and

carbon intensity of the national energy supply must be reduced. South Africa’s ability to

effect this change, within the context of the current and proposed mandatory and

voluntary tools are discussed in detail in the chapter that follows.
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5.  FINDINGS, ANALYSIS AND CONCLUSIONS

In order to decarbonise the building sector and stay within the +2°C limit'?, the Climate
Bond Initiative (CBI) advocates a focus on ‘total building emissions’, not just on
improved energy efficiency. The International Energy Agency (IEA) states that only
around a third of the required carbon reduction can be achieved through building
efficiency alone (net zero buildings and deep renovations). The remaining two-thirds
reduction requires a low carbon energy supply and the use of low carbon building

materials (CBI, 2017).
5.1. Impact of individual building energy efficiency tools

The mandatory and voluntary building efficiency tools are discussed individually in the
sections to follow, firstly to see which of the three ‘total building emission’ reduction
areas they align with, and then to detail their recency, target market and reach, and
finally targeted savings and calculated achievable impact. A summary of the analysis is

provided in section 5.1.9.

Projected savings and impacts are given as compared to 2015 as the reference year, as
used in the post-2015 National Energy Efficiency Strategy (NEES). Thus, market growth
is calculated from this date to determine reach, although efficiency improvements are
set against those of the mandatory energy efficiency standards for the National Building
Regulations (NBR), if applicable. EDGE also models its saving projections as a function of

exceeding the NBR requirements.

1% The Paris Agreement aims to hold “global average temperature to well below 2°C above pre-industrial
levels” and to pursue “efforts to limit the temperature increase to 1.5°C above pre-industrial levels” (Paris
Agreement, 2015, p. 29).
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5.1.1. Impact of National Building Regulations and Standards

The table below provides an overview of the influence of the proposals in the post-2015

NEES in terms of the National Building Regulations and thermal retrofit incentives.

Aduaidiyye ASiauz
A843ud uoques moq

ASaaua palpoquiz

a1epdn jseq

19)4BA |eUBPISDY

National Building Regulations and Standards

Yes Limited
to
water
heating

No

September
2011

Significant
update
required by
2021 to
meet NEES
target

Thermal retrofits incentives

Yes No

No

Only
proposed in
NEES as a
supplement
to EPCs

New builds
and major
renovations
only

Applicable
to both
rental and
bonded
market

Existing

pueq awodu|

All housing
that requires
building plans
must comply,
but
governmental
subsidised
housing has
only been
included since
2014

Different
incentive
types, from
direct grants
for low income
to rebates for
higher income

19s 198ue)

38% energy
consumption
reduction by
2030 from
2011 NBR -
requires a 72%
actual
reduction in
water and
space heating
from 2011 NBR

15% energy
intensity
improvement
for existing
homes by 2030
through
thermal
retrofits —
requires a 65%
reduction in
the electricity
expended on
space heating

10to 15%
improvement
from multiple
measures
more typical

yoeay

Applicable to
all new builds,
new stock built
after 2015
assumed to be
20% of 2030
stock

Applicable to
all existing
buildings, with
those built
before 2015
assumed to be
80% of 2030
stock.

1to 2% annual
refurbishment
rate more
likely, resulting
ina maximum
30% of building
stock
refurbished by
2030

yoeaus uo paseq
1oedwi 3|qenalydy

7.6%
reduction in
the energy
intensity of
the 2030
residential
building stock
if ambitious
targets are
met

12%
improvement
of the energy
intensity of
the 2030
residential
building stock
if ambitious
targets are
met.

1% reduction
in the energy
intensity is
considered a
more
achievable
target

NBR - Focus area — The National Building Regulations and Standards’ primary focus is

‘energy efficiency’, as the ‘Environmental Sustainability’ portion (part X) of the national

standards currently pertains only to ‘Energy usage in buildings’ (part XA), specifically the

efficient use of energy. The embodied energy of the material used in construction is not
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addressed, and the carbon intensity of the energy used is only considered as part of the
hot water heating requirement. While the use of solar energy for water heating can be
considered a low carbon energy source, other suggested technologies such as heat

pumps are also energy efficiency measures.

Reach — The NBR requires that all new buildings or major refurbishments are designed
and built so that their passive design (orientation, shading, services, and building
envelope) ensure efficient use of energy, and that at least 50% of hot water generation
(by volume) take place without the use of electric resistance heating??, such as solar

water heating (dti, 2011).

Target - To achieve its targets, the NEES (DEA, 2016) requires (1.) a 38% reduction in
household energy consumption in new builds, through tightening of the current
National Building Regulations (NBR) energy efficiency standards by 2030, with the
assumption that (2.) at least 20% of all buildings in 2030 will be built after 2015 or the
introduction of the new standard. If met, it could result in a total impact of 7.6%
reduction of energy consumption per square metre of 2030 residential building stock

(excluding plug loads).

It is important to note that raising the minimum standards of the NBR by the proposed
38% would not guarantee an equivalent energy consumption reduction in the new
homes implementing the improved standard. This is because implementing the
requirements of the standard would only ensure that the notional energy use of
buildings is improved, but no measurements are required to confirm or prove savings

expected.

(1.) To achieve an overall reduction of 38%, a significant tightening of the NBR is

required, as it currently mandates only efficiency requirements for hot water

20 The conventional approach to water heating for domestic use uses an electrical element inside a geyser
to heat water (‘electric resistance heating’). SANS 10400—XA Regulations require that all new buildings
utilise other means of heating for at least 50% of the water, such as solar water heaters, heat pumps and
gas geysers.
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(2.)

systems and the passive design (orientation, shading, services, and building
envelope insulation). As water and space heating accounts for only 53% of the
energy consumed in urban medium- and high-income households (UNEP-SBCI,
2009, p. 29), it would require an average efficiency improvement of 72% for

these two systems to meet the 38% target.

Analysis of available data (Quantec, 2018) indicates that 26% of overall and 33%
of formal households projected to have been built by 2030, will be built after
2015. The NBR is however applicable only to formal dwellings, and with medium-
and high-income households responsible for 89% of total electricity
consumption (UNEP-SBCI, 2009, p. 29), the homes built from 2016 will consume
23% and 30% of electricity respectively. As per the last column in Table 8 below,
in order to achieve the requisite minimum 20% of formal new housing for the
target, the NBR standards must be tightened by the proposed 38% by 2021 at
the latest.

In January 2020 a draft of an updated version of the standard was released for
publiccomment. While the maximum annual energy consumption of commercial
buildings is set to be reduced significantly if the standard implemented in its
current form, it is yet unclear to what extent the proposed update will influence

the energy intensity of residential buildings (SANS 10400-XA (draft), 2020).

Table 8 - Increase in housing between 2016 and 2030

. Total % of households in % energy in 2030
Type of Increase in households . .
. households 2030 which was from homes built
dwelling between date and 2030 .
at the date built from date after the date
2016 2021 2030 2016 2021 2016 2021
(projected) (projected)
Overall 5517 645 3818 889 20980 686 26% 18% 23% 16%
Formal 5628 1172t | 3954 887 16 880 580 33% 23% 30% 21%

Calculated from Quantec (2018)

21 The increase in number of formal households is larger than the increase in overall households as the
absolute number of informal housing is falling.
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Thermal Retrofit Incentives - Focus area — As an interim measure for buildings that are
existing or built before the proposed NBR update, financial incentives are proposed to

encourage the undertaking of thermal retrofits.

Reach and target - The NEES targets a 15% improvement for existing homes, which

would amount to around 80% of the residential building stock in 2030.

Achievable impact - Globally, the typical renovation rates are about 1% to 2% of the
building stock per year, with an overall energy intensity improvement of 10% to 15%
from multiple improvement measures (GlobalABC & UNEP, 2016; IEA & UNEP, 2018). It
is thus unlikely that the 15% improvement of the total existing stock would be achieved
by 2030. If met, it would result in an overall impact of 12% reduction of energy
consumption, which conflicts with a report cited in the NEES that states that the
potential for energy intensity improvements from passive thermal design is limited to
5% (DEA, 2016, p. 12). In order to achieve the target of 15% improvement, it would
require a 65% reduction in the electricity expended on space heating, as space heating
accounts for only 23% of households’ average electricity consumption (UNEP-SBCI,

2009).

Assuming an optimistic average renovation rate of 2% per year, with a 10% energy
intensity improvement starting in 2020, a more realistic, if bullish, target for South Africa

is a 1% improvement in the residential stock’s energy intensity due to thermal retrofits.
5.1.2. Impact of Energy Performance Certificates

Focus area — Energy performance certificates (EPCs) report on the energy intensity of a
property and serve as an informative tool for both owners and occupiers, on the energy
efficiency of a building. Because EPCs have been shown to improve the sales and rental
price of properties, they drive improvement in energy efficiency and alternative energy
sources. An overview of the influence of EPCs, as proposed by the post-2015 NEES is

provided in the table below.
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lowers the existing rented or = energy transfer — although energy
overall sold efficiency property intensity
energy renovations, turnover improvements only
consumption but arange of = may take seen later.
and improves 2 to 3% may between 10
rating be possible and 20 The national
years database of
residential energy
May be intensity, track the
mandatory impact of building
for rentals policies and
—46% of implementation of
the market minimum energy
efficiency

requirements

Reach and target - The NEES envisions the use of EPCs for both newly constructed and
existing residential stock, with different strategies for owners and renters. As per the
2017 Household Survey (Stats SA, 2017), 56% of households own the dwellings they
occupy, while 30% rent and 14% occupy rent-free. For owners, the NEES may explore
the use of incentives such as rebates on Transfer Duty if made voluntary, or making EPCs
mandatory upon transfer of a property. If South African tenure trends are similar to
other countries (Moon & Miller, 2018; GBCSA, 2018), it takes between 10 and 20 years
for properties to change hands, the point at which a mandatory EPC on transfer would
be required. The majority of properties could thus feasibly have an EPC by 2030,
although the energy intensity impact may only be felt later as the market matures its
response to EPC ratings (DEA, 2016). EPCs may be made mandatory for rentals (up to
44% of the market), due to the split incentive that exists, as the tenant receives the

benefits from lower utility bills, instead of the owner.

Achievable impact - International studies show a broad band of possible impacts of
implementing EPCs, with the most conservative in the range of 2% to 3% energy
consumption reduction (Wong & Kruger, 2017). The NEES provides no targeted energy

intensity improvement as a result of EPC implementation, and this may be due to the
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difficulty in separating the impact due to policies and standards, or wholly due to the
market incentive created by the EPCs. As EPCs serve as a national source of information
on the energy intensity of properties, they can also be a tool used to track the impact of
building policies and the implementation of minimum energy efficiency requirements

(BPIE, 2014)
5.1.3. Impact of Appliance Minimum Energy Performance Standards

The table below provides an overview of the influence of the post-2015 NEES proposal
of successively tightened minimum energy performance standards (MEPS), a scrappage

scheme for old inefficient appliance, mandatory labelling, and energy endorsement

labels.
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Yes No No November All Middle to All new 75% of current appliances will be 15% MEPS
2014 upper appliances replaced at least once by 2030. tightening by
purchased 2021 would
NEES Lower may by 2030 No further efficiency gains from the | resultina4
target decide on consume current standard, thus tightening of =~ 10.6% o
requires second on average MEPS are required. reduction in
two hand — 33% less residential
successive incentiveto ~ €N€T8Y 54% of equipment in households by =~ "¢ &Y
tightening scrap relative to 2030 will be more efficient if MEPS intensity by
of MEPS a 2015 updated by 2021 2030.
before baseline
2030

Focus area — Energy efficiency only, thus measure does not seek to address any of the

other focus area

Reach and target - Minimum Energy Performance Standards (MEPS), combined with
energy labels, have been shown to be an effective method to encourage appliance
energy efficiency (Gotz, et al., 2016). Up to 77% of electricity is consumed by lighting
and appliances used for water heating, cooking, cold storage, and laundry in urban high-
medium income households in South Africa (UNEP-SBCI, 2009). It is this large segment

that is being targeted by the MEPS and energy labels (Figure 15), with the NEES targeting

59



an overall 33% reduction in average specific energy consumption of new household

appliances purchased by 2030 (DEA, 2016).

Other Water
16% heating

30%
Lighting
10%
Cooking Space
o "
(o]

Figure 15 - Urban high-medium income household electricity consumption patterns
Adapted from UNEP-SBCI (2009)

Achievable impact - As appliances typically have a lifespan of between 7 and 20 years
(CBI, 2017), short-lived appliances only have one or two upgrade cycles between now
and 2030. Recently purchased appliances with long lifespans may not be replaced by
2030 at all. To reach the 33% NEES target, it proposes that two successive tightening of
the MEPS take place before 2030. Assuming a uniform distribution of appliance lifespans
and purchase dates, 75% of current appliances will be replaced at least once by 2030. A
study by Gotz, Tholen, Adisorn and Covary (2016) on the impact of the South African
MEPS that came into effect in 2015, showed that the majority of appliances already met
the minimum standard by 2014, indicating that no further efficiency gains can be

expected unless the current standard (2015 MEPS) is raised.

On the assumption that a 15% MEPS tightening takes place by 2021, 54% of equipment
in households by 2030 will be based on the new MEPS, resulting in an average specific
energy consumption reduction for appliances of 8%. Given that 77% of total household
energy consumption is from appliances in Urban High-Medium Income homes, the
improved MEPS could result in a 6% reduction in residential energy intensity by 2030.
With 30% of energy consumption in these homes due to water heating (UNEP-SBCI,

2009), there may be an overlap and double accounting of the savings targeted under the
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improved MEPS and the improved NBR discussed in section 5.1.1. Discounting any
improvements in the water heating category to account for possible overlap in savings,
would then provide a potential 4% reduction in residential energy intensity by 2030 due

to improved MEPS.
5.1.4. Impact of public energy efficiency educational programs

In the 2017 General Household Survey (Stats SA, 2017), when asked what the top three
priorities of the Department of Energy should be, households placed energy security as
the top priority. The International Energy Agency defines ‘energy security’ as “the
uninterrupted availability of energy sources at an affordable price” (IEA, 2019). This is
captured in the top responses, which dealt with the cost of electricity, the provision of
free electricity to poor households, and avoiding load shedding (in order of priority).

Providing information on how to save electricity was rated 4™ on the list of priorities.
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The NEES states that campaigns to provide energy conservation and sustainable energy
information should continue, so that consumers can positively respond to market
signals, such as the labelling of energy-efficient appliances. It does, however, recognise
that these programmes are often aimed at middle- and upper-income groups, and
suggest that municipalities develop programmes specifically aimed at low-income

groups. These groups often spend a disproportionate amount of household income on
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energy and suffer from the health consequences associated with using biomass for

cooking and heating (DEA, 2016; SEA, 2017).

It is often impossible to separate the energy improvement due to behavioural changes
from equipment replacement (Lopes, et al., 2012) and the NEES does not set an energy

intensity reduction target based on this proposed measure.
5.1.5. Impact of Small-Scale Embedded Generation

The table below provides an overview of the potential influence of the SSEG in the South

African residential market, followed by a detailed discussion of its content.
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Focus area — While the installation of solar PV or other alternative energy sources does
not equate to improved energy efficiency, energy efficiency improvements are often
promoted as the first step before progressing to solar energy. Lower energy
consumption due to energy efficiency improvements reduces the size and cost of the
alternative energy system required (Vieira, 2006; Matt Power for Green Builder Media,

2016; SEA, 2017; GBCSA, 2019b; D'Agostino & Mazzarella, 2019).

Reach - Solar PV has a much better business case in commercial applications than

residential applications, due to a mismatch between residential peak electricity demand
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and peak solar power generation, with some local suppliers advising against a solar
system ifitis not grid-tied (Green Energy Solutions, 2019). Solar PV is also more common
with owner-occupied properties than rental properties as the benefit primarily accrues
to the occupant. Some commercial property developers and managers in both the
residential and non-residential sector do however install PV solar on their properties for
on-selling the solar energy to the tenant, and to improve the ‘green’ characteristics and
marketability of the property. The property developers and managers who have
previously installed such systems include Similan Properties, International Housing
Solutions, Balwin Properties, Johannesburg Housing Company, Attacq and Atterbury

(Harms, 2020).

Achievable impact - Depending on the system size and tariff structure, residential solar
PV projects can have a typical payback period from 12 to over 20 years. Commercial
projects typically have a payback period of 10 years or less, giving PV projects in this
sector a more reasonable business case. Due to these factors, residential SSEG market
penetration tends to be low, with world leader Australia having achieved a penetration

rate of 15% by 2015, while Belgium has a rate of 7% (SEA, 2017).

While Section 12B of the Income Tax Act allows companies to accelerated capital
depreciation of renewable energy assets, there are currently no tax incentives aimed at
the homeowner in the residential market. A potential residential SSEG consumer can
either be incentivised or discouraged through the SSEG tariff structure that
municipalities develop, but a cost-reflective SSEG does not pose a significant threat to a
municipality’s financial sustainability, even at penetration rates as high as 20% (SEA,

2017).

The IRP 2019 currently places a cap of 500 MW additional SSEG capacity per year (DME,
2019) and the market is expected to grow to this saturation point from the current rate
of around 200 MW of new systems per year (GreenCape, 2019). If this point is reached
in the next five years, the overall installed SSEG capacity will by around 5 GW in 2030,

equating to 6% of the total installed generating capacity in the country. Assuming the
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residential sector remains at 15% of the installed systems (GreenCape, 2019), it would

represent a 1% reduction in the energy intensity of the sector by 2030.
5.1.6. Impact of EDGE certification

The table below provides an overview of the potential influence of EDGE certification in

the South African residential market, followed by a detailed discussion of its content.
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Focus area —To pursue certification, the EDGE standard of 20% less energy use, 20% less
water use, and 20% less embodied energy in materials compared to a base case
building?? must be achieved, which is then independently verified and certified. This
makes EDGE one of the only green building certification schemes that explicitly address
the embodied energy or ‘upfront carbon’ of constructing buildings. In 2019, additional
levels of certification became available in the form of EDGE Advanced and EDGE Zero
Carbon, which require 40% less energy use and 100% carbon neutral, respectively. Low
carbon energy sources are not required for the standard EDGE certification, although
achieving EDGE Zero Carbon would involve either renewable energy sources or carbon

offsets.

22 EDGE models its saving projections as a function of exceeding the consumption of a base case building
with the same overall dimensions, which in South Africa would be a building that meets the National Building
Regulation requirements.
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Reach and achievable impact — Many local residential EDGE certifications locally are
being pursued by developers in the affordable or gap housing market, primarily due to
the social co-benefits that have attracted funding by Development Finance Institutions,
but also for market differentiation. The International Housing Solutions Fund Il has
enabled the development of 5 000 EDGE certified residential units, of the nearly 10 000
certified units between 2017 and 2019 (CSS, 2019). With between 40 000 and 50 000
residential buildings being completed annually, EDGE certified units could represent up

to 10% of all new homes being constructed annually.

By 2030, 32% of the formal housing would have been built after 2030 (Quantec, 2018),
meaning that up to 3% of the total housing stock could be EDGE certified. As EDGE
certification requires buildings to be at least 20% more efficient than the local building

codes, it could equate to a 0.5% reduction in the energy intensity of the sector by 2030.

5.1.7. Impact of Net Zero certification

The table below provides an overview of the potential influence of Net Zero certification

in the South African residential market, followed by a detailed discussion of its content.
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Focus area — Energy efficiency and low carbon energy are generally required for Net Zero
certifications, which will typically set a minimum level of energy efficiency. Only once
this level is reached can the remainder of the energy needs be produced from low
carbon energy sources, such as PV solar, or by purchasing carbon offsets. Embodied
energy is not currently included as a focus area in most Net Zero certifications, although

it may be included in future versions (WorldGBC, 2019d).

Reach and achievable impact - To meet the 2-degree goals?? provided by the IPCCC, net
zero emissions for all sectors must be reached by 2050 or earlier. In support of this,
several organisations are calling for net zero buildings, with typical targets set as 2030
for all new builds and 2050 for existing buildings (GlobalABC & UNEP, 2016; WorldGBC,
2018a). Currently, net zero new builds make up less than 5% in most markets (IEA &
UNEP, 2018). While the South African National Development Plan Vision 2030 set the
objective of creating a zero-emission building standard by 2030, the post-2015 NEES
only targets a 38% energy consumption reduction due to improved NBR requirements.
Municipal bylaws that mandate net zero buildings are currently in development, but in
the absence of current specific government-mandated net zero requirements for the
residential market, it is assumed that South African new builds will not currently exceed
the typical 5% penetration rate. As PV solar is typically key to generating the energy in
net zero building, it is assumed that the residential vs non-residential split in net zero
buildings will be similar to that of the PV spread in South Africa, where only 15% is due

to the residential market.

Thus, a residential penetration of net zero is assumed as reaching a maximum of 0.75%
of the market. Analysis of Quantec data (2018) indicates that 33% of formal households
projected to have been built by 2030, will be built after 2015, meaning up to 0.25% of

all formal houses could be net zero in 2030. As Net Zero certification requires a building

23 The Paris Agreement aims to hold “global average temperature to well below 2°C above pre-industrial
levels” and to pursue “efforts to limit the temperature increase to 1.5°C above pre-industrial levels” (Paris
Agreement, 2015, p. 29).
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to produce as much emission-free energy as it consumes, it could equate in a 0.25%

reduction in the energy intensity of the sector by 2030.
5.1.8. Impact of Green financing

Internationally, there is a robust appetite for green bonds which is evident in the scale
of oversubscription and other benefits when they are issued (CBI, 2017; CSS, 2019;
Walker, 2019). These bonds are accessed by aggregators, including residential property
investors and home loan providers, such as banks and home loan companies (CSS, 2019).
Green home loans and green bonds facilitate the investment into technologies that
reduce energy intensity, whether through energy efficiency, renewable energy, or
thermal envelope upgrades. Some have argued that in the absence of a global carbon
pricing scheme, green bonds are key to financial climate change mitigation projects
(Blanding, 2019). Still, questions have been raised as to whether those projects would
not have taken place, despite the availability of green bonds (Walker, 2019). The impact
of green financing is thus poorly defined, and no energy intensity reduction is quantified

based on this measure, as per the summary table below.
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5.1.9. Summary table of the impact of common residential building efficiency tools in South Africa

Tool Energy Low carbon
(paragraph) efficiency energy
source
NBR Yes Limited to No
(5.1.1) water
heating

Thermal Yes No No
retrofits
incentives
(5.1.1)

Embodied

Last update

September
2011

Significant
update
required by
2021 to meet
NEES target

Only proposed
inNEES as a
supplement to
EPC’s

Residential
Market

New builds and
major
renovations only

Applicable to
both rental and
bonded market

Existing

Income band

All housing that
requires building
plans must
comply, but
governmental
subsidised
housing has only
been included
since 2014

Different
incentive types,
from direct grants
for low income to
rebates for higher
income

Target set

38% energy
consumption
reduction by
2030 from 2011
NBR - requires a
72% actual
reduction in
water and space
heating from
2011 NBR

15% energy
intensity
improvement for
existing homes by
2030 through
thermal retrofits
—required a 65%
reduction in the
electricity
expended on
space heating

10 to 15%
improvement
from multiple
measures more
typical

Reach

Applicable to all
new builds, new
stock built after
2015 assumed to
be 20% of 2030
stock

Applicable to all
existing buildings,
with those built
before 2015
assumed to be
80% of 2030
stock.

1to 2% annual
refurbishment
rate more likely,
resulting in a
maximum 30% of
building stock
refurbished by
2030

Achievable impact based on
reach

7.6% reduction in the energy
intensity of the 2030 residential
building stock if ambitious
targets are met

12% improvement of the energy
intensity of the 2030 residential
building stock if ambitious
targets are met.

1% reduction in the energy
intensity is considered a more
achievable target
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Tool
(paragraph)

EPC
(5.1.2)

Appliance
MEPS (0)

Energy
efficiency

Yes

Yes

Embodied
energy

Low carbon
energy
source

Yes — No
promotes
solarin
that it
lowers the
overall
energy
consumptio
nand
improves
rating

No No

Last update

Only proposed
for residential

by NEES

November
2014

NEES target
requires two
successive
tightening of
MEPS before
2030

Residential Income band
Market
Newly All formal
constructed and housing that is
existing rented or sold

All

Middle to upper

Lower may
decide on second
hand —incentive
to scrap

Target set

No target is set,
asEPCis
supportive of
energy efficiency
renovations, but
arange of 2 to
3% may be
possible

All new
appliances
purchased by
2030 consume on
average 33% less
energy relative to
a 2015 baseline

Reach

May be
mandatory on
property transfer
— property
turnover may
take between 10
and 20 years

May be
mandatory for
rentals —46% of
the market

75% of current
appliances will be
replaced at least
once by 2030.

No further
efficiency gains
from the current
standard, thus
tightening of
MEPS are
required.

54% of
equipmentin
households by
2030 will be more
efficient if MEPS
updated by 2021

Achievable impact based on
reach

The majority of properties could
have EPC by 2030, although
energy intensity improvements
only seen later.

A national database of
residential energy intensity,
track the impact of building
policies and implementation of
minimum energy efficiency
requirements

15% MEPS tightening by 2021
would result in a 4% to 6%
reduction in residential energy
intensity by 2030.
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Tool

(paragraph)

Education (0)

Solar PV
(5.1.5)

EDGE
certification

(0)

Energy Low carbon
efficiency energy
source
Yes Yes
No — Yes
typically
encouraged
to reduce
costs of PV
install
Yes Not
required,
but
encourage
to achieve
EDGE
Advanced
or EDGE
Zero

Embodied
energy

No

No

Yes

Refurbishes
get
recognised
for material
reuse

Last update

Ongoing
programmes

No government
incentives for
residential
solar, although
local
municipalities’
SSEG tariffs are
under
development

Savings are
measured
against NBR;
thus tightening
requires an
update of NBR

Residential
Market

Existing

All

More typical in
owner-occupied,
unless property
manager does
on-selling of
generated PV
electricity

New and major
refurbishments

Currently seen in
rentals supported
by developmental
funds

Income band

Middle to upper,
but suggestion to
provide
information
specifically
tailored to low-
income groups

Middle to upper
for private

purchase —long
payback periods

May be installed
in residential
complexes, then
gap market and
up

From affordable
housing and up.

Local market
dominated with
multi-unit
residentials in the
affordable sector

Target set

None

IRP 2015 caps
maximum to 500
MW new capacity
per annum

Min 20%
reduction in each
of the categories
— electricity,
water, embodied
energy

Reach

Maximum 15%
residential
penetrationin
mature markets

Up to 10% of new
build formal
market.

New formal stock
built after 2017
assumed to be
32% of 2030
stock

Achievable impact based on
reach

None quantified

Up to 1% reduction in
residential energy intensity by
2030.

Up to 0.5% reduction in the
energy intensity of the sector by
2030.

70



Tool
(paragraph)

Net Zero
certification
(5.1.7)

Green home
loans
(5.1.8)

Green Bonds
(5.1.8)

Energy
efficiency

Yes

Yes

Yes

Low carbon
energy
source

Yes

Yes

Yes

Embodied
energy

Last update

Not current
certification
focus, but will
be included in
future
versions

No mandatory
requirement

No Market-driven

Yes Market-driven

Residential
Market

New and major
refurbishments

Potentially in
rentals supported
by developmental
funds

New and existing
bonded homes

Utilised by
residential
property
investors and
home loan
providers

Income band

High income if
self-funded.

Potentially in gap

market rentals if
supported by
developmental
funds

Middle to upper-
income
homeowners

From affordable
housing and up

Target set

Net Zero requires
zero emissions

Improve the
building
efficiency
renovation rate

Improved access
and reduced cost
for green
financing

Reach

Up to 0.75% of

new build formal

market.

New formal stock

built after 2015
assumed to be
33% of 2030
stock

Still a small
market even
internationally

Green bonds
constitute 1% of
bond markets,
28% of this
allocated to
green buildings

Achievable impact based on
reach

Up to 0.25% reduction in the
energy intensity of the sector by
2030.

Facilitates the investment into
technologies that reduce the
sector’s energy intensity, impact
not quantified

Facilitates the investment into
technologies that reduce the
sector’s energy intensity, impact
not quantified

71



5.2. Conclusion - Overall climate mitigation contribution

This section concludes the research report by summarising the key findings of the
analysis conducted on the common residential building efficiency tools in South Africa

and my interpretation of their impact within the context of the provided background.

Given the analysis of the current proposed energy efficiency improvements as per the
post-2015 NEES and commonly used voluntary tools in the residential market, it is
possible that by 2030 there could be up to a 16% reduction in the energy intensity of

the residential sector.

Mandatory tools

Thermal retrofit
incentives
1%

Solar PV
1%

Net Zero

Voluntary tool
oluntary tools 0,25%

EDGE
0,50%

0% 2% 4% 6% 8% 10% 12% 14% 16%

Figure 16 - Energy intensity reduction potential of different building efficiently tools commonly used in South Africa

If the South African residential market continues to grow at its current pace of around
2% per year, the housing market will be nearly 40% larger in 2030 than it was in 2015.
This means that the projected 16% reduction in the energy intensity (measured as
energy consumed per square metre) will be more than offset by the increased building
floor area. This shows that the current targets are insufficient to meet the peak, plateau
and decline trajectory of our INDC as they relate to building emissions specifically, and
that more ambitious targets must be set and implemented within a reasonable time

frame.
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The projected massive growth in the South African housing market over the next decade
and beyond, shows that tools focussed on the new residential market are critical. Over
80% of the total potential for energy intensity reduction can be derived from the
mandatory tools that focus on the new build sector, namely the National Building

Regulations and minimum performance standards for appliances.

The dominance of the potential impact by mandatory tools seems to confirm what
others have stated, in that voluntary green building certifications do not directly
contribute to a significant change in the residential sector’s emissions, although they are
becoming more common and demonstrate the tangible feasibility of low or zero carbon
buildings (IEA & UNEP, 2018, p. 36). Mandatory regulations must thus continue to be
updated timeously with standards (based on scientifically obtained targets) being
tightened , and enforcement of it strengthened. These areas are often sorely lacking in
the South African sphere, where draft documents can linger in limbo while their
potential impact fade, and they are no longer able to provide the desired positive

impact.

While the projected energy reduction due to small scale embedded solar is relatively
small in the medium term, the impact of a decarbonized electricity grid is significant. If
the IRP 2019 is followed, coal-generated electricity will contribute 60% of the energy
mix in 2030, down from the current level of 90%. This could result in a 35% reduction in

the carbon emissions of the residential sector due to fuel switching alone.

Finally, despite providing a third of the carbon reduction potential, the embodied
energy of materials remains a poorly understood and a largely ignored improvement
area, only featuring in two of the voluntary tools and not in any of the mandatory tools.
Within this context, in late 2019 the World Green Building Council launched a “Bringing
Embodied Carbon Upfront” campaign to create a conversation around embodied energy
and to further stimulate embodied carbon reductions. This is an area that deserves

additional focus by all, given its large untapped potential.
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Further research should be done on the potential impact of the updated energy
efficiency standard of the South African National Building Regulations that was publish
for comment in early 2020. This should include both the extent to which the new
standard is able to reduce the energy consumption of the residential sector, and the
ability of the sector to meet these requirements. Similar research could also be
conducted on the net zero carbon building policies and municipal bylaws currently in

development by the C40 cities and planned for implementation end 2020.

-END -
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