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ABSTRACT 

In addition to international energy concerns, South Africa is facing its own electricity generation 

challenges. Periodic load shedding leads to a decrease in national revenue as the production of 

goods and services comes to a halt and investor confidence in the country declines. This 

particularly affects small businesses and contributes to unemployment. Many South African 

government buildings are old with poor energy management practices. These buildings tend to 

consume more energy than necessary, making the buildings highly energy intensive, thus 

compounding the energy demand on the grid. The country’s energy challenge and the lack of 

energy efficiency in commercial buildings adds to excessive and wasteful consumption of energy, 

which negatively impacts the environment and the already hurt economy. The aim of this research 

was to evaluate energy efficiency in a public commercial building and identify the drivers and 

barriers to energy efficiency to improve energy management practices and ensure electrical and 

mechanical systems are energy efficient.  

The outcome from this research indicates that energy consumption can be improved and reduced 

by using energy efficient technology, implementing energy efficient design techniques for systems 

design, and incorporating energy conservation measures where possible. Effective energy 

management of a commercial building involves operation and maintenance of electro-mechanical 

equipment and continuously improving energy consumption by monitoring the buildings energy 

use. Another important outcome from this research is that government regulations, building 

policies and other regulatory documents play an important role in encouraging the implementation 

of energy efficiency as well as monitoring and improving energy usage. A review of energy 

efficiency in heating, ventilation, and air conditioning (HVAC) systems indicated that energy 

efficiency can be implemented from the design stage, where the designer selects energy efficient 

technology so that energy efficiency of the system is optimised. A review of various articles 

concluded that energy efficiency of lighting systems and miscellaneous electrical loads (MELs) 

can be improved by the use of energy efficient light bulbs, occupancy sensors, day/night switches 

and other novel energy efficient technologies. The review on drivers and barriers to energy 

efficiency showed that drivers and barriers to energy efficiency can be found in various stages of 

a building’s life cycle, and in some cases decisions made at the inception stages affect the energy 

consumption during the operation of the facility. The experimental results showed that the energy 

conservation measures implemented in the buildings in this study were relatively cost effective 

and produced a significant improvement in the consumption of electrical energy.  
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CHAPTER 1:  INTRODUCTION  

1.0 Introduction 

The world is currently facing a dilemma of finite fossil fuel reserves as well the threat of global 

warming. In addition to international energy concerns, in 2008 South Africa began experiencing 

periodic power outages (also known as load shedding) from the national electricity supplier, 

Eskom [1], [2]. Such power outages lead to a decrease in national revenue over the period of the 

power outage, as the production of goods and services comes to a halt, and investor confidence in 

our country declines. This particularly affects small businesses and contributes to unemployment. 

Load shedding affects the lifestyle of households and the lifespan of electrical equipment in these 

households. In commercial and industrial facilities, load shedding affects production time, 

damages electrical equipment due to power surges, and is recorded as downtime in the business. 

Since 2008 Eskom has faced challenges in providing the country with a stable energy supply.  

According to the fourth assessment of the Intergovernmental Panel on Climate Change (IPCC), 

buildings play an important role in climate change and have the largest potential for significantly 

reducing greenhouse gas emissions [3]. Emissions from buildings consist of operational (carbon 

emissions emitted resulting from operation of the building) and embodied (carbon emissions 

resulting from the material fabrication for construction and the construction processes of the 

building) emissions which account for about 33 % and 8 % of the total annual global greenhouse 

gas (GHG) emissions respectively [4]. 

Many of the South African government buildings are old with poor energy management practices. 

These buildings tend to consume more energy than necessary, making these buildings highly 

energy intensive, thus compounding the energy demand on the grid. There is poor maintenance on 

these facilities, which often leads to “make shift equipment” to keep the system running. These 

practices often lead to inefficiencies in the system and poor energy management. Implementation 

of energy efficiency measures will assist in reducing the load on Eskom, reduce operating costs 

of state buildings, and contribute to the reduction of GHG emissions into the atmosphere, thus 

improving investor confidence in South Africa.  

This study of energy efficiency in a state-owned commercial building aimed to determine the 

amount of energy consumed by the building and the associated losses of energy in the building 

operation. The overall outcome of this research can provide information on the use of electrical 

energy in commercial buildings, providing insight to the barriers and drivers of energy efficiency. 
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The results have been analysed to come up with practical and attainable recommendations for 

energy efficiency opportunities in state owned commercial buildings.  

1.1.  Rationale  

Commercial buildings make up one of the biggest consumers of electricity in South Africa. 

According to studies carried out by Deloitte Consulting Pty (Ltd) in 2017, the commerce and 

public services sector consumes approximately 15 % of the electricity generated and is the 3rd 

largest electricity consumer in South Africa  (Graph 1) [5].  

 

 

Graph 1: Electricity consumption, 2012[5] 

 

Considering the amount of electricity consumed by the commercial field, it is essential to pursue 

energy efficiency in such buildings. Energy efficiency is seen as the easiest and most cost-effective 

way of reducing energy consumption. The implementation of energy efficiency practices in 

commercial buildings can potentially reduce operating costs of these facilities thereby contributing 

to mitigation carbon emissions.  

The benefits of energy efficiency will be discussed below in relation to commercial buildings 

owned by the state. The benefits obtained from energy efficiency is also dependent on a country’s 
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legislation and on whether the country is aware of energy efficiency and promoting energy 

efficiency.  

 

A. Reduction of greenhouse gasses in South Africa 

The World Resource Institute (WRI) conducted research on the GHG emissions produced by 

South Africa and the results in Graph 22 show that 84 % of total GHG emissions is produced by 

the South African energy subsectors and more than 60 % of this is from the production of 

electricity and heat [6].  

 

 

Graph 2: GHG emissions by sector in South Africa in 2012 [6]  

 

South Africa is one of the highest GHG emitters on the African continent, with a high energy 

intensity (ratio of GHG emissions to Gross Domestic Product). For this reason, the South African 

government is actively participating in initiatives to mitigate GHG emissions. In 1994 South 

Africa ratified the UNFCCC (United Nations Framework Convention on Climate Change), 

acceded to the Kyoto protocol in 2002, and participated in  Conference of Parties (COP 21) held 

in Paris in 2015 [4]. The National Energy Efficiency Strategy (NEES) of South Africa, first 

published in 2005 and later updated in 2008, provided a target of 12% for energy efficiency 

improvement by 2015 [4]. In 2006, the Energy Research Centre (ERC) was commissioned to 

examine the potential of mitigating national GHG emissions [4]. The UNFCC and the Kyoto 

protocol led to the development of the National Climate Change Response Policy (NCCRP) by 
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the government. The NCCRP has two objectives: the first objective involves managing the impacts 

of climate change, and the second is to contribute to the international efforts to alleviate GHG 

concentrations in the atmosphere [4]. Crucial to the built environment, the South African 

Department of Minerals and Energy initiated the  South African National Standards (SANS) 204 

Energy Efficiency in Buildings to ensure that the building sector contributes to the energy 

efficiency targets in the NEES [4].  

South Africa is committed to reducing GHG emissions as the government has instituted standards 

for the country to conform to. However, the measures that South Africa has introduced are taking 

a while to become fully executed throughout all industries and buildings. It is the responsibility of 

society, developers, companies, the government and entrepreneurs to ensure that they comply with 

these measures.  

B. Sustainability 

In the context of sustainability, energy efficiency plays a major role as an energy resource. This 

perspective looks at energy efficiency as being the negative use of energy. According to Sebitosi 

[7], energy efficiency is one of the best energy resources. The concept of energy efficiency in the 

built environment has a wide application from the inception stage of the building till close out 

including its operational life. With the implementation of energy efficiency measures, one can 

ultimately achieve sustainability.  

The implementation of energy efficiency not only refers to technical applications – energy 

efficiency can be achieved through better organisational structure and management and improved 

economic efficiency [8]. Energy efficiency has been identified as a means to address issues such 

as energy security, social and economic impacts of high energy prices, and climate change 

concerns. Research has also identified energy efficiency as cost effective and as a stimulus for 

corporate competitiveness [8].  

C. Environmental contribution 

One of the greatest environmental benefits resulting from energy efficiency is the reduction of 

carbon emissions into the atmosphere. The use of less energy also curbs outdoor pollution by the 

reduction of fossil fuel pollution (such as sulphur dioxide, particulate matter, unburned 

hydrocarbons and nitrogen oxides) created by power generation [9]. By reducing air pollution, 

resilience to climate change increases thus reducing the effects of climate change and prolonging 

the climate change process [9]. 
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Energy efficiency helps reduce the pressure that currently is placed upon the limited non-

renewable natural resources. The need to explore challenging locations for natural resource 

extraction, such as ultra-deep offshore, the arctic and shale, is minimized. Energy efficiency 

indirectly reduces the cost of such projects as well as reduces any environmental uncertainties 

associated with natural resource extraction [9].  

Energy efficiency plays an indirect role in the preservation and sustainability of the natural 

environment. With the use of energy efficient technology and activities, time is bought for research 

and development in renewable energy as well as net zero-energy buildings for further elimination 

of the natural environment degradation as well as for the benefit of human health.  

The amount of energy used by government practicing energy efficiency will contribute to the 

prevention of degradation of the natural environment and will assist in stalling the effects of 

climate change, as well as contributing to providing a more sustainable environment for future 

generations. 

D. Social Responsibility 

Social benefits of energy efficiency play an important role in human interaction and response to 

the environment, including the health benefits experienced by people resulting from energy 

efficiency.  

Energy efficiency within buildings can significantly reduce ill health and death related to air 

pollution. Energy efficient buildings offer better ventilation than conventional buildings. The 

reduction of air pollution (indoor and outdoor) can decrease the incidence of illnesses such as 

asthma and lung cancer, as well as minimize the rate of premature deaths [9].  

Implementing energy efficient activity or behavior among building occupants and staff will help 

the state reduce costs and the energy efficient traits instilled are then carried into their families. 

Implementing such measures in universities can result in such traits being carried by students into 

the corporate world as well [9].  

E. Economic Viability 

The financial benefits of energy efficiency can be found in almost all energy efficient activities or 

operations and energy efficient equipment. It is one of the most rewarding aspects for corporate 

companies and industries. Government buildings, being part of a business venture, also reap the 

rewards of implementing energy efficiency activities and energy efficient technologies.  
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According to the South African Development Community [10], private companies enjoy financial 

benefits from lowered running costs because building energy efficiency reduces infrastructure 

costs and building expenses [10]. Reducing the operating costs can save a significant amount of 

money for government buildings as well. For example, finances can be saved by replacing all 

incandescent light bulbs with compact flourescent light bulbs which require less energy but 

produces the same amount of light, thus the state will pay for less energy used resulting in a saving. 

Efficiency improvements in energy and resource use eliminate a cost that the government does 

not need. Building efficiently also reduces building costs, and building for the first time offers 

large economic opportunities. 

Figure 3 is a Venn diagram indicating most of the financial benefits of energy efficiency which in 

relation to commercial buildings. Energy efficiency reduces energy expenses by decreasing the 

amount of energy used for the same output. The state can therefore pay less for energy usage and 

as a result have a surplus of finances for other priorities. Making the state a better environment 

and improving the Indoor Environmental Quality (IEQ) for occupants will also improve staff 

productivity[11]. Being an energy efficient government, the government will have an edge in 

regard to rising energy prices. Lower operating costs from energy efficient measures allows for an 

increase in the operating budget. Energy efficiency can be associated with lowered operating costs 

and better indoor comfort for occupants and give staff a better environment to work in. This 

increases the building value and reduces financial risk, thus sparking the interest of investors and 

increases competitive differentiation [12].  
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3. Identify factors that are influencing the adoption of energy efficiency measures in a state 

owned building, that is, to study barriers and drivers to energy efficiency methodologies 

in this industrial sector. 

4. Quantifying the energy efficiency of energy conservation measures of the retrofits 

implemented. 

1.3. Research questions 

The following research questions were answered in order to fulfil the objectives: 

1. Where are the energy losses in a public commercial building prevalent? 

2. What are the technical energy efficient opportunities for a commercial building? 

3. What are the factors inhibiting energy efficiency? 

4. What are the factors driving energy efficiency? 

5. What are possible cost effective energy efficient measures to reduce the consumption of 

electrical energy? 

6. What impact does the implementation of energy efficient measure, mentioned in point 5, 

have on cost and reduction of energy consumption? 

1.4. Limitations 

This study was constrained by the following limitations: 

1. The availability of a suitable public commercial building to use as an experimental case 

study.  

2. Gathering sufficient data as the public domain is known to have poor documentation 

management.  

3. The lack of resources and knowledge on the scope of this research may be a challenge. 

4. Cost implications to carry out the study may involve hiring of equipment or service 

providers to carry out specialised tasks.  

5. The quality of data may be compromised due to the lack of proper record keeping and 

documentation.  

1.5. Layout of thesis 

This thesis consists of the following chapters: 

1. Chapter 1 provides the background to this research, the rationale, research questions, aims 

and objectives, the limitations and the layout of this research.  
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2. Chapter 2 presents the background of factors that affect the rate and intensity of energy 

efficiency in commercial buildings. 

3. Chapter 3 is a review of energy flow in heating, ventilation and air conditioning (HVAC) 

systems and energy efficient technologies and strategies for centrifugal water-cooled 

chiller systems in commercial buildings. 

4. Chapter 4 presents a critical review of the energy efficiency opportunities for lighting and 

miscellaneous electrical loads (MELs) in commercial buildings and the current lighting 

and MELs control strategies that have been used to reduce energy consumption of lighting 

and MELs so that the potential for improving energy efficiency for lighting systems and 

MELs can be identified and implemented.  

5. Chapter 5 presents identification of barriers and drivers to energy efficiency in occupied 

commercial buildings, thereby producing a systematic classification and explanation of 

barriers and drivers to energy efficiency. The identification of these barriers and drivers 

can be used by policy makers to further implement regulations that enhance and promote 

energy efficiency. Chapter 5, further explains the impact of barriers as well as energy 

efficiency drivers and proposes a taxonomy of potential barriers and some drivers that may 

be prevalent.  

6. Chapter 6 presents experimental findings of the quantitative analysis of the energy savings 

after retrofitting of Energy Conservation Measures (ECMs) implemented in a state-owned 

commercial building to determine the electrical energy savings, the effectiveness of energy 

efficient retrofits, and the correlated cost implications. The chapter also provides identified 

barriers to energy efficiency such as: Lack of funding, resources and knowledge as the 

most prevalent barriers. 

7. Chapter 7 presents the conclusions drawn from the research, and recommendations for 

future work.  
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CHAPTER 4: ENERGY EFFICIENCY OPPORTUNITIES 

FOR LIGHTING SYSTEMS AND MISCELLANEOUS 
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REVIEW 
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CHAPTER 5: POTENTIAL BARRIERS AND DRIVERS TO 

ENERGY EFFICIENCY IN COMMERCIAL BUILDINGS 
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CHAPTER 6: IMPLEMENTING ENERGY CONSERVATION 

MEASURES: A CASE STUDY ON RETROFITTING A 

COMMERCIAL BUILDING IN SOUTH AFRICA 

 

This chapter provides detailed results, discussions and conclusion after implementing cost 

effective energy conservation measures in a commercial building in South Africa. The study 

shows that the energy conservation measures implemented have a low capital cost and a high 

return due to the prevalent barriers in such building. 
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CHAPTER 7: CONCLUSION AND FUTURE 

RECOMMENDATIONS 

This chapter provides concluding comments related to achievement of the aim and objectives of 

this research.  

7.1. Conclusion 

The aim of this research was to evaluate energy efficiency in a public building and identify the 

drivers and barriers to energy efficiency to improve energy management practices and ensure that 

electrical and mechanical systems are optimally energy efficient. The aim was achieved by 

accomplishing the following objectives: firstly, identify energy losses in public facilities and 

studying energy consumption patterns in the facility used in the experimental case study; secondly, 

identify suitable energy efficiency measures that can be implemented in public facilities without 

affecting service delivery; thirdly, review barriers and drivers to energy efficiency to gather 

information on these factors and how they affect energy efficiency, thus finding suitable solutions 

to enhance the impact of energy efficiency; and fourthly, evaluate the energy conservation retrofits 

implemented to determine the effectiveness of cost-effective energy conservation measures and 

the long-term financial feasibility of it. The following paragraphs provide the concluding 

comments for each chapter.  

Chapter 2 reviewed factors affecting energy efficiency in commercial buildings, providing a 

holistic approach to energy efficiency in commercial buildings. This chapter concludes that energy 

consumption can be improved and reduced by using energy efficient technology, implementing 

energy efficient design techniques for systems design, and incorporating energy conservation 

measures where possible. Energy management is another important factor that affects energy 

consumption. Effective energy management of a commercial building involves operation and 

maintenance of electro-mechanical equipment, and continuously improving energy consumption 

by monitoring the building’s energy consumption. Government regulations, building policies and 

other regulatory documents also play an important role in encouraging the implementation of 

energy efficiency as well as monitoring and improving energy consumption.  

One of the major energy consuming systems in a commercial building is the HVAC system. 

Chapter 3 reviewed how energy efficiency can be improved in HVAC systems. The conclusion is 

that energy efficiency in HVAC systems must be implemented from the design stage, where the 

designer selects energy efficient technology and utilises it in such a manner that energy efficiency 

of the system is optimised.  
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Lighting and MELs consume the second highest amount of electrical energy in a commercial 

building. Chapter 4 reviewed energy efficiency of lighting systems and MELS. The energy 

efficiency of lighting systems and MELs can be improved by the use of energy efficient light 

bulbs, occupancy sensors, day/night switches and other novel technology. The review concluded 

that smart control systems are becoming more popular within commercial buildings and intelligent 

lighting systems are gaining popularity in research.  

Energy efficiency is ultimately affected by factors that enhance the impact of energy efficiency or 

by factors that retard energy efficiency outcome. Chapter 5 reviewed the drivers and barriers to 

energy efficiency prevalent in public commercial buildings. It is concluded that drivers and 

barriers can be found in the various stages of a building’s life cycle and in some cases, decisions 

made at the inception stages affect the energy consumption during the operation of the facility. 

Drivers and barriers during the operation stage was the focus and it was found that energy 

management, government and social dynamics play an important role in optimising energy 

efficiency of a commercial building.  

Chapter 6, the experimental chapter, concludes that ECM retrofits saved an average of 

398 431 kWh of electrical energy per month amounting to a 67 % improvement in energy 

efficiency. The ECM retrofits reduced the EUI of the building to 1.9 kWh/m2. The ECM 

implemented were relatively cost effective and produced a dramatic improvement in the 

consumption of electrical energy. The most prominent barrier identified was the lack of energy 

management of the facility which stemmed from poor resources and knowledge pool. Building 

occupants were not encouraged to get involved with energy conservation practices, resulting in 

behavioural barriers to energy efficiency.  

7.2. Research contributions 

This dissertation explored energy efficient practices and technology implemented in commercial 

buildings. The following research contributions have been made: 

1. The major energy consumer in a commercial facility is the heating, ventilation and air 

conditioning system, followed by lighting and miscellaneous electrical loads. In the HVAC 

system, the compressor accounts for most of the energy in the system.  

2. It was found that the major barrier to energy efficiency in the commercial building was 

human behaviour. Human behaviour influences the energy consumption patterns and it 

also affects the maintenance and servicing of energy intensive systems. 
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3. The greatest factor driving energy efficiency is financial savings that can be made. From 

my research, it is common for commercial building owners and investors to be focused on 

the financial savings that can be made from energy efficient measures.  

4. The older commercial buildings in South Africa are highly energy intensive for 2 primary 

reasons among other contributing factors; 1. The design of the facility and 2. Poor facility 

management. The energy consumption of these commercial buildings can be improved by 

simply retrofitting the building with occupancy sensors, day night switches for outdoor 

lights, variable speed drives (VSD’s) or variable frequency drives (VFD’s) and the use of 

switches to switch on/off the HVAC system as part of a building management system 

(BMS) have shown that a commercial building can reduce its overall energy consumption. 

It was found that these retrofits are inexpensive to purchase and easy to install (and replace 

when necessary) yet these measures had a big impact on the amount of energy saved. 

7.3.Future recommendations 

To improve research results from energy efficiency in commercial buildings the following 

research topics should be considered: 

1. Evaluating the energy efficiency of lighting systems using smart control systems or 

intelligent control systems.  

2. Looking into various design techniques and strategies to improve the energy efficiency of 

HVAC systems by means of a smart control.  

Investigate the effectiveness of using photovoltaic panels to run lighting and HVAC systems and 

how this reduces reliance on electricity from the grid.  
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