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1 Energy efficiency – an overview 

 

 

 

 

 

 

 

 

 

 

 

 

 

Meeting global energy needs, while limiting the effects of climate change, will require a 

move to low-carbon fuels and the adoption of more energy-efficient technologies. This 

chapter serves as an introduction to fossil fuels and their anthropogenic effect when 

harnessed to meet energy needs. 
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1.1 Introduction 

 

Between 2006 and 2050 energy demand in developing countries will grow almost 4 times as 

rapidly as it has during the last four decades. International Energy Agency (IEA) projections 

indicate that by 2050, developing countries will consume more than half the world's energy 

as opposed to about a one-third share today [1]. The IEA projects a rapid growth in oil 

demand, greater reliance on coal for power generation and an increase in the use of coal to 

produce liquid fuels. The projected primary consumption of the developing world can be 

seen in Figure 1 below. 

 

 

Figure 1: Projected primary energy consumption for developing countries [1] 

 

The burning of fossil fuels is widely regarded as one of the major sources of the human-

induced greenhouse gases contributing to climate change. Carbon dioxide is regarded as the 

most potent greenhouse gas. Even with the full implementation of currently proposed clean 

energy policies, energy-related emissions are expected to increase by 52% by 2030, 

compared to 1990 levels [2]. This expected rise in energy-related 2CO emissions is illustrated 

in Figure 2. 
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Figure 2: Energy related 2CO  emission by region [3] 

 

The IEA estimates that world-wide energy investments over the next 3 decades will be in the 

order of US$20 trillion. The electricity sector will require a US$11 trillion investment - 56% 

of the total energy sector [4]. The Intergovernmental Panel on Climate Change estimates that 

the additional costs of reducing greenhouse gas production to meet the global energy 

requirement in a sustainable way, will range between US$1O billion and US$200 billion per 

annum. 

 

Global carbon markets are currently evolving, with the graded values of carbon emission 

reductions increasing from over US$1O billion in 2005 to US$30 billion in 2006 [41]. A 

robust and truly global carbon market, offering significant financial incentives for carbon 

emission reductions, can contribute to achieving a reduction in greenhouse gas emissions and 

sustained economic growth. Carbon finance is a significant source of investment funds and 

can promote economic growth in developing countries along a sustainable path. 

 

Existing carbon, energy and financial markets will not produce the required level of 

investment in energy infrastructure and technology, nor will they reduce greenhouse gas 

effects without additional assistance. ESCos were initially developed by national utilities to 



Chapter 1: Introduction 
 

 
A unique energy-efficiency-investment-decision-model for ESCos 4 

address electricity supply constraints through demand-side energy efficiency interventions. 

Together with the threats of climate change and supply constraints of electricity, the drive 

behind energy efficiency has become twofold.  

 

Before this study proceeds with the in-depth analysis of what market position an ESCo 

should assume to gain maximum benefit from the existing global energy crisis, the root of the 

problem is first discussed. Only when the cause of the problem is understood can solutions be 

addressed, based on sound engineering principles. The remainder of this chapter takes an in-

depth look at the human and natural drivers of climate change. 

 

1.2 Fossil fuels and their anthropogenic effect 

 

Assessments of global coal, oil, and natural gas occurrences usually focus on conventional 

hydrocarbon reserves, i.e. those regions that can be exploited with existing technology and 

market conditions. The focus on these reserves has seriously underestimated long-term global 

hydrocarbon availability. Greenhouse gas emissions based on these estimates may convey the 

message that the world is running out of fossil fuels and as a result 2CO  emissions would be 

reduced automatically.  

 

If the vast unconventional hydrocarbon occurrences are included in resource estimates and 

predicted rates in technology are applied, the potential accessibility of fossil sources 

increases with production costs not significantly higher than the present. Hydrocarbon 

resource availability will thus not wean the global energy system from the use of fossil fuels 

during the next century [5]. 
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1.2.1 Coal reserves 

 

Coal is the largest source of fuel for the generation of electricity world-wide. The downside 

is it is also one of the largest sources of carbon dioxide emissions, which is considered the 

primary cause of global warming. The official energy statistics of the US Government 

according to the EIA, reported the following emissions for 2005 in million metric tons of 

carbon dioxide [6]: 

 

• Coal: 11,357.19; 

• Oil: 10,995.47; and 

• Natural gas: 5,840.07. 

 
The energy value of the entire world's recoverable coal is 27 zeta joules, which is expected to 

last 200 another years. At the existing global total energy consumption of 15 terawatt, there 

is enough coal to provide the entire planet with all of its energy for 57 years [8]. The proved 

coal reserves of the world at the end of 2005 are represented in Figure 3. 

 

 

Figure 3: Proved coal reserves at end 2005 [9] 
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1.2.2 Oil reserves 

 

In contrast to a widely discussed theory that world oil production will soon reach a peak and 

then go into sharp decline, a new analysis of the subject by Cambridge Energy Research 

Associates (CERA) finds that the remaining global oil resource base is 3.74 trillion barrels. 

This is three times as large as the 1.2 trillion barrels estimated by the Hubbert’s Peak Oil 

theory [11]. The proved oil reserves of the world at the end of 2005 are represented in Figure 

4.  

 

 

Figure 4: Proved oil reserves at end 2005 [9] 

 

Note, these figures are coherent with the Hubbert estimates but still give a good picture of the 

supply distribution of oil. 
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1.2.3 Natural gas reserves 

 

Despite high rates of increase in natural gas consumption, particularly over the past decade, 

most regional reserves-to-production (r-t-p) ratios are substantial. Worldwide, r-t-p ratio is 

estimated at 65 years. Central and South America has an r-t-p ratio of about 52 years, Russia 

80 years, and Africa 88 years. The Middle East’s r-t-p ratio exceeds 100 years. The proved 

natural gas reserves of the world at the end of 2005 is represented in Figure 5. 

 

 

Figure 5: Proved natural gas reserves at end 2005 [9] 

 

Figure 6 shows the combined energy consumption of coal, oil and natural gas per capita. This 

is a very important graph that forms the basis of climate change policies and basically points 

the finger at the polluters.  
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Figure 6: Primary energy consumption per capita [9] 

 

1.2.4 Sources of 2CO  

 

A carbon footprint is the total amount of carbon dioxide (CO2) and other greenhouse gases 

emitted over the full life cycle of a product or service. The carbon footprint is usually 

expressed as grams of CO2 equivalents which account for the different global warming 

effects of various greenhouse gases [13]. 

 

Figure 7 shows the relative fraction of man-made greenhouse gases coming from each 

category of sources, as estimated by the Emission Database for Global Atmospheric 

Research (EDGAR) [16]. These values are intended to provide a snapshot of annual global 

greenhouse gas emissions for the year 2000. In most industrialized countries, electricity is 

generated from burning low grade coal. This non-renewable source of electricity is 

responsible for the highest percentage (21.3%) of carbon dioxide omission in the world. 
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Figure 7: GHG emissions by sector [16] 

 

The direct correlation between energy consumption in Figure 6 and greenhouse gas (GHG) 

emission is reflected in Figure 8.  

 

 

Figure 8: Greenhouse gas emissions per capita by country [17] 
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1.3 Climate change  

1.3.1 Global warming 

 
The term "global warming" is a specific example of the broader term climate change, which 

can also refer to global cooling. In common usage, the term refers to recent warming and 

implies a human influence [24]. The United Nations Framework Convention on Climate 

Change (UNFCCC) uses the term "climate change" for human-caused change, and "climate 

variability" for other changes. The term "anthropogenic climate change" is sometimes used 

when focusing on human-induced changes.  

 

Greenhouse gases trap heat in the Earth’s lower atmosphere, resulting in the overall rise in air 

temperature. This is called the greenhouse effect and is graphically illustrated in Figure 9. 

 

 

Figure 9: The Greenhouse effect 
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The Intergovernmental Panel on Climate Change (IPCC) drew attention to new evidence that 

most warming observed over the last 50 years is attributed to human activity. The IPCC 

predicted a rise of between 1.4 to 5.8 ºC in global mean surface temperatures over the next 

100 years [18].  

 

The global atmospheric concentration of carbon dioxide has increased from a pre-industrial 

value of about 289 ppm (parts per million) in 1750 to 385 ppm in 2008. The atmospheric 

concentration of carbon dioxide in 2008 exceeds by far the natural range over the last 

650,000 years (180 to 300 ppm) as determined from ice cores samples [18] [19].  

 

This chapter aims to establish the direct correlation between the concentration of 

anthropogenic greenhouse gases and the mean surface temperature of the earth. The IPCC 

fourth assessment report (AR4) is the motivation behind all energy efficiency initiatives 

designed in this study. 

 

1.3.2 Greenhouse gases and radiative forcing 

 

GHGs control energy flows in the atmosphere by absorbing infra-red radiation emitted by the 

earth. They act like a blanket to keep the earth’s surface approximately 20°C warmer than it 

would be if the atmosphere contained only oxygen and nitrogen. The trace gases that cause 

this natural greenhouse effect comprise less than 1% of the atmosphere [20].  

 

GHG levels are determined by a balance between sources and sinks. “Sources” are processes 

that generate greenhouse gases and “sinks” are processes that destroy or remove them. Apart 

from industrial chemicals like CFCs and HFCs, greenhouse gases have been naturally present 

in the atmosphere for millions of years. Humans however, are affecting these levels by 

introducing new sources or by interfering with natural sinks [25]. 

 

Carbon dioxide equivalent (CO2e) is an internationally accepted measure that expresses the 

amount of global warming of GHGs in terms of the amount of 2CO  that would have the 
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same global warming potential [26]. The six most important greenhouse gases with their 

global warming potential is shown in Figure 10. 

 

Gas Source 

Global 
Warming 
Potential 

(GWP) 

Carbon dioxide (CO2) 
Biomass respiration and burning, land-use 
change, energy, transport, industry, etc. 

1 

Methane (CH4) 
Energy, landfills, ruminants, waste treatment, 

rice agriculture, biomass burning, etc. 
21 

Nitrous oxide (N2O) 
Transport, industry, livestock and feed, biomass 

burning, etc. 
310 

Hydrofluorocarbons 
(HFCs) 

Refrigeration and air-conditioning industries, fire 
fighting agents 

140 - 11,700 

Perfluorocarbons (PFCs) Electronics industry processes 6.500 - 9,200 

Sulphur hexafluoride (SF6) Dielectric gas for high voltage applications 23,900 

Figure 10: Global warming potential of greenhouse gases 

 

Carbon dioxide levels, as measured in Antarctic ice cores, have risen and fallen in step with 

global temperatures and sea levels over the past 400,000 years. The record shows that long 

ice ages have gripped the planet, interrupted by shorter warming periods. The warm spells, or 

interglacials, occur approximately every 100,000 years and last about 10,000 years, driven by 

changes in earth’s orbit and orientation.  

 

Historically, temperatures rose and then 2CO  accelerated temperature rise. Sea levels 

followed in turn. What makes the present situation unpredictable is that never before has 

2CO  increased so rapidly to such high concentration levels during an interglacial, ahead of 

temperature increases. Temperatures and sea levels are rising; how quickly they will continue 

to rise is uncertain [27].  
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1.3.3 Recent climate change observations 

 

The IPCC observed the following:  

 

Eleven of the last 12 years (1995–2006) rank among the 12 warmest years in the instrumental 

record (since 1850) of global surface temperature. The updated 100-year linear trend (1906 - 

2005) of 0.74°C is therefore higher than the corresponding trend of 0.6°C for 1901 - 2000 

given in the TAR (Third Assessment Report). 

 

The linear warming trend over the last 50 years (average of 0.13°C per decade) is nearly 

twice that of over the last 100 years. The total temperature increase from 1850–1899 and 

2001–2005 is 0.76°C. Urban heat island effects are real but local, and have a negligible 

influence (less than 0.006°C per decade over land and zero over the oceans) on these values.  

 

The global average sea level rise was 1.8 mm per year over the period of 1961 - 2003. The 

rate was faster between 1993 and 2003 - about 3.1 mm per year. There is evidence that the 

rate of observed sea level rise probably increased from the 19th to the 20th century. The total 

20th-century rise is estimated to have been 0.17 m. 

 

For the period between 1993 and 2003, the sum of the climate contributions is consistent, 

within acceptable uncertainties, with the total sea level rise that was directly observed. All 

the above estimates are based on improved satellite and in situ data now available. For the 

period 1961 - 2003, the sum of climate contributions was estimated to be smaller than the 

observed sea level rise. Figure 11 gives a summary of the recent climate change observations 

since 1900. 

 

Using gridded data sets the Climatic Research Unit at the University of East Anglia (UEA) 

demonstrated that anthropogenic climate change is responsible for warming at the Arctic and 

Antarctic. The IPCC AR4 notes that anthropogenic climate change has been detected in 

every continent except Antarctica making this research of great value [42]. 
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Figure 11: Global and continental temperature change 

 

Even with dramatic cuts, 2CO  emissions will cause an additional temperature rise of 2°C 

over the next century. Though a few regions such as Russia and northern Europe will benefit 

from warmer years, most of the world will suffer, particularly the tropics and poorer nations 

without the funds to adapt. If 2CO  emissions are not reduced, temperatures could rise by 

5°C, a likely tipping point altering all ecosystems and causing massive population 

displacement [27]. 
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1.3.4 Future change in climate 

 

2CO  molecules stay in the atmosphere for as long as 200 years. If emissions were held at 

today’s rate, 2CO  levels would still reach 525 parts per million by 2100. Business as usual 

could push 2CO  levels above 800 ppm, triggering temperature rises of up to 5ºC and 

possibly preventing the ability of many species to adapt [27]. 

 

Since the IPCC’s first report in 1990, assessed projections have suggested global average 

temperature increases between about 0.15°C and 0.3°C per decade from 1990 to 2005. This 

can now be compared with observed values of about 0.2°C per decade, strengthening 

confidence in near-term projections. Figure 12 illustrates the expected ranges of surface 

warming for six different market scenarios presented by the IPCC’s “Special Report on 

Emission Scenarios (2000)” in the AR4.  

 

 

Figure 12: Projected global surface warming 
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1.4 Cost effective initiatives 

1.4.1 Mitigation using existing technologies 

 

Scientists warn that existing CO2 emissions should be cut by at least half over the next 50 

years to avert a future global warming disaster. Princeton researchers Robert Socolow and 

Stephen Pacala have described 15 “stabilization wedges” to realize this goal, using existing 

technologies. Each carbon-cutting wedge would reduce emissions by a billion metric tons a 

year by 2057. Adopting any combination of these strategies that equals 12 wedges could 

lower emissions by 50 % [21]. 

 

Each strategy listed in Table 1: Stabilizing wedges to reduce 2CO  emissions 

 would reduce annual carbon emissions by a billion metric tons by 2057. Also see Figure 13. 
 

Efficiency and conservation 

1 Improve fuel economy of the two billion cars expected on the road by 2057 from 12km/l to 
25km/l 

2 Reduce kilometres travelled annually per car from 6,250 to 3,125.  

3 Increase efficiency in heating, cooling, lighting, and appliances by 25% 

4 Improve coal-fired power plant efficiency from 40 percent to 60% 

Carbon capture and storage 

5 Introduce systems to capture and store it underground at 800 large coal-fired plants or 
1600 natural-gas-fired plants 

6 Use capture systems at coal derived hydrogen plants producing fuel for a billion cars 

7 
Use capture systems in coal derived synthetic fuel plants producing 30 million barrels a 
day 

Low-carbon fuels 

8 Replace 1400 large coal-fired power plants with natural-gas-fired plants 

9 Displace coal by increasing nuclear power to three times today’s capacity 

Renewables and bio-storage 

10 Increase wind-generated power to 25 times existing capacity 

11 Increase solar power to 700 times existing capacity 

12 Increase wind power to 50 times existing capacity to make hydrogen for fuel-cell cars 

13 Increase ethanol bio fuel production to 50 times existing capacity. About one-sixth of the 
world’s cropland would be needed 

14 Stop all deforestation 

15 Replace ploughing, which releases carbon by speeding decomposition of organic matter, 
with tillage of all cropland 

Table 1: Stabilizing wedges to reduce 2CO  emissions 
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Figure 13: Stabilizing wedges to reduce 2CO  emissions [21] 

 

Unfortunately these mitigation technologies will only have an impact on emission levels if 

they are driven by market-based incentives. 
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1.4.2 Mitigation through market-based solutions 

 
Climate change emerged on the political agenda in the mid-1980s. The increasing scientific 

evidence of human interference in the global climate system became apparent with growing 

public concern about the environment. The United Nations Environment Programme (UNEP) 

and the World Meteorological Organization (WMO) established the Intergovernmental Panel 

on Climate Change (IPCC) in 1988 to provide policy makers with authoritative scientific 

information [29]. 

 

The IPCC published its first report in 1990 concluding that the growing accumulation of 

human-induced greenhouse gases in the atmosphere would enhance the greenhouse effect. 

Negotiations to formulate an international treaty on global climate protection began in 1991 

and resulted in the completion of the United Nations Framework Convention on Climate 

Change (UNFCCC) by May 1992. 

 

The UNFCCC was opened for signature in June 1992 during the UN Conference on 

Environment and Development (the Earth Summit) in Rio de Janeiro, Brazil, and became 

enforced in March 1994. The Convention sets an ultimate objective of stabilizing 

atmospheric concentrations of greenhouse gases at safe levels. To achieve this objective, all 

countries have a general commitment to address climate change, adapt to its effects, and 

report their actions to implement the Convention. 

 

The Convention established the Conference of Parties (COP) as its supreme body with the 

responsibility of overseeing the progress towards the aim of the Convention. During COP 3 

in Kyoto, Japan, a legally binding set of obligations for 38 industrialized (Annex I) countries 

and 11 countries in Central and Eastern Europe was created, to return their emissions of 

GHGs to an average of approximately 5.2% below their 1990 levels over the commitment 

period 2008-2012. This is called the Kyoto Protocol to the Convention. 

 

The targets cover six main greenhouse gases: carbon dioxide ( 2CO ), methane (CH4), nitrous 

oxide ( ON 2 ), hydrofluorocarbons (HFCs); perfluorocarbons (PFCs); and sulphur 
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hexafluoride (SF6). The Protocol also allows these countries the option of deciding which of 

the six gases will form part of their national emissions reduction strategy. Some activities in 

the land-use change and forestry sector, such as afforestation and reforestation, that absorb 

carbon dioxide from the atmosphere, are also covered. 

 

Negotiations continued after Kyoto to develop the Protocol’s operational details. While the 

Protocol identified a number of modalities to help Parties reach their targets, it does not 

elaborate on the specifics. After more than four years of debate, Parties at COP 7 in 

Marrakech, Morocco agreed to a comprehensive rulebook – the Marrakech Accords – on 

how to implement the Kyoto Protocol. The Accords also intend to provide Parties with 

sufficient clarity to consider ratification. 

 

1.5 The South African energy profile 

1.5.1 Energy supply 

 

South Africa is the African continent's largest energy consumer and second largest energy 

producer. As a major coal producer and exporter, South Africa also has a highly developed 

synthetic fuel industry and small reserves of oil [32]. Coal is the primary fuel produced and 

consumed in South Africa. The country has the world's seventh largest amount of 

recoverable coal reserves (54.6 billion short tons), approximately 5% of the world total. The 

energy resources of South Africa is segmented in Figure 14. 

 

The parastatal company Eskom, one of the largest utilities in the world, generates 96% of 

South Africa's electricity. Eskom's 35,060 megawatts (MW) of nominal generating capacity, 

which is primarily coal-fired (34,532 MW), includes one nuclear power station at Koeberg 

(1,930 MW), two gas turbine facilities (342 MW), six conventional hydroelectric plants (600 

MW), and two hydroelectric pumped-storage stations (1,400 MW) . 
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Figure 14: Energy resources of South Africa [33] 

 

Eskom's generation capacity, assuming a 50-year plant life, is indicated in Figure 15. The 

graph indicates that existing plants are scheduled to be operational until at least the year 

2020. The red demand line in the figure indicates that further electricity generation plants 

would be required by 2007. 

 

 

Figure 15: Installed electricity capacity of South Africa [34] 
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South Africa is extremely energy-intensive for a number of reasons. These include a lack of 

awareness of energy efficiency and Demand-side Management (DSM) and the low cost of 

electricity which in turn contributes to the poor financial viability of energy reduction 

projects. After the year 2020 and the following 3 decades thereafter, generating capacity to 

replace the existing 37 000 MW still needs to be addressed.  

 

1.5.2 Energy demand 

 

In 2000, industry consumed approximately 41% of the total energy used in South Africa. In 

2001 South Africa had the 26th largest Gross Domestic Product (GDP) in the world and was 

the 16th largest consumer of energy, according to the Department of Minerals and Energy’s 

report in 2005 [35].  

 

The average growth in peak demand over the period 1990 - 2003 was 3,3%. This means that 

electricity demand in South Africa is currently estimated to be growing by approximately 

1000 MW per annum. However, a serious problem in the existing Electricity Supply Industry 

(ESI) is the peculiar pattern of the distribution curve. The electricity demand is not stable 

throughout the day, but shows two distinct peaks, one in the morning from 06:00 to 10:00, 

with a second, and higher peak during the afternoon between 18:00 and 21:00. This is shown 

in Figure 16. 

 

Power outages in 2006 and 2007 due to higher than expected demand and a diminishing 

reserve capacity, have brought into focus the vulnerability of the power system. The reserve 

margin for generation capacity has shrunk to between 8% and 10% compared to the 

international benchmark of 15% [43]. 
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Figure 16: SA's electricity profile showing peak periods [22] 

 

Figure 16 also shows that during winter, both the morning and evening peak demands are 

more pronounced than during summer, since there is a significant increase in the evening 

peak demand due to the need for heating. At night, the demand decreases to an average of 

about 69% of the peak demand (78% in summer and 70% in winter) [34]. 

 

These figures encapsulate the problem of electricity supply in South Africa. Electricity 

demand in low-income urban areas, however, tends to be heavily skewed towards the peak 

periods of power demand in the mornings and evenings, although total electricity usage per 

household is often low. Therefore, although the demand by the residential sector is only 

responsible for 17% of the total electricity consumed, as seen in Figure 17, it is responsible 

for 35% of the maximum demand, and this is where the real problem lies. 
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Figure 17: Electricity use by sector [37] 

 

1.5.3 Energy solutions 

 

Various opportunities and techniques exist for reducing energy consumption, for example, 

efficient lighting, variable speed drives, solar hot water systems etc. These technologies 

reduce demand, help in lowering high peak prices and also reduce greenhouse gas emissions 

due to less stress on generating plants, as seen in Figure 18. 

 

 

Figure 18: DSM energy efficiency [38] 
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Investing in energy efficiency (EE) is often cheaper, cleaner, safer, faster, more reliable and 

more secure than investing in new supply. In addition to reducing the need to construct new 

generation transmission and distribution facilities, improving efficiency also reduces 

maintenance and equipment replacement costs, as many efficient industrial technologies have 

longer lifetimes than their less efficient counterparts [39]. 

 

Relying on efficiency also avoids a number of costly risks associated with electricity 

generation, such as lack of demand, cost overruns, interest rate risk, volatile fuel costs, 

technological obsolescence, failure and political and national security risks. EE can come 

online much faster than expanding energy supply by constructing a new power plant. 

 

Load management programmes involve reducing loads on a utility's system during periods of 

peak power consumption or allowing customers to reduce electricity use in response to price 

signals. Figure 19 shows DSM through load-shifting/clipping. This implies that by optimised 

scheduling the electricity usage is moved to a lower demand period, which decreases peak 

demand. Load management is energy neutral, as seen in Figure 19.  

 

 

Figure 19: DSM load management 
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Load management programmes use mechanisms like interruptible load tariffs, Time-of-Use 

rates (TOU), Real-time Pricing (RTP), direct load control and voluntary demand response 

programmes. Load management programmes are largely short-term responses that buy 

valuable time for the supplier before new power stations have to be built. 

 

To improve load management, suppliers should expand the price differential between the 

peak and valley hour tariffs in order to encourage load-shifting. This means greater electricity 

cost savings for those clients that participate in load management. In South Africa the 

MegaFlex tariff structure is available to electricity-intensive industrial clients and is shown in 

Figure 20. 

 

 

Figure 20: Time of use electricity profile 

 

Peak prices in the high demand season (winter) may be six times those of off-peak prices, 

and in low demand season this factor is about 3.5 times, as shown in Table 2. 

 

 

Table 2: Real-time electricity pricing 
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1.6 Aims, contributions and outline of this study 

1.6.1 Introduction 

 

The aim and contributions have been incorporated into the outline of this study in order to 

distinguish between the aim and contributions of each chapter individually. This outline is 

illustrated as a flow diagram and shown in Figure 21. 

 

From the top of this flow diagram, it can be seen that there are two distinct energy-related 

problem statements. On the left is human-induced climate change, the Kyoto Protocol and 

CDM as an answer to this problem. On the right is electricity supply constraints, and DSM as 

an answer to the problem. Energy efficiency is the universal solution to both these problems. 

ESCo can now choose to make use of CDM funding or DSM funding mechanism’s. Each 

mechanisms project lifecycle complete with problem statement, policy, procedures, 

technologies, stakeholders and risks are illustrated in the flow diagram. 

 

Parallel with and in the centre between the CDM and DSM lifecycles, is the ESCo with its 

cross functional technologies applicable to both the CDM and DSM project activity. From 

this position the ESCo needs to decide where its money, time and technology will realize the 

highest return on investment. This question can only be answered with a unique energy-

efficiency-investment-decision model. 
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(Outline of this thesis)

A UNIQUE-ENERGY-EFFICIENCY- INVESTMENT-DECISION-MODEL 
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Figure 21: Outline of this thesis 
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1.6.2 Chapter 1: Energy efficiency – an overview 

 

The aims of this section are: 

• To give the reader a thorough understanding of the amount of fossil fuel reserves 

which are needed and show that limited resources is not the driver behind energy 

efficiency; 

• To show that human-induced climate change is real and that there is a quantitative 

correlation between 2CO  produced from burning fossil fuels and rising surface 

temperatures; 

• To give a brief introduction on the mitigation potential of the Kyoto Protocol and 

other carbon markets like the CDM; 

• To explain the motivation behind demand-side management (DSM) in a capacity 

constraint environment and the benefits thereof; and 

• To illustrate that ESCos could expand their business portfolios beyond that of DSM 

and are well positioned to explore the potential of the CDM. 

 

The contributions of this section are: 

• Key aspects of 3 different research topics: namely, fossil fuel reserves, anthropogenic 

effect of rising 2CO levels and the electricity supply constraints of utilities are 

highlighted into one comprehensive literature review; and 

• By combining these research topics and highlighting the financial benefits of funding 

mechanisms like CDM and DSM, energy efficiency is shown to be a lucrative 

industry.  

 

1.6.3 Chapter 2: Energy efficiency markets and business models  

 

The aims of this section are: 

• To explore the various protocols, mechanisms and markets that were created from 

cap-and-trade policies like the Kyoto Protocol under the UNFCCC; 
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• To highlight how these markets interact, and identify which are the most suitable for 

the South African industry; 

• To identify energy-efficiency business models that could hold advantages for the 

South African industry, South African ESCos especially; and 

• To give an overview of DSM; where it originated from; and how DSM is 

complementary to CDM. 

 

The contributions of this section are: 

• Extracting the relevant carbon market information into a condensed literature review 

to serve as a guide to executives and managers wanting to invest in energy efficiency 

markets; and 

• Initial price comparisons are made between certified emission reductions (CERs) and 

Eskom DSM rand per megawatt savings. 

 

1.6.4 Chapter 3: Pre-implementation procedures of DSM and CDM 

 

The aims of this section are: 

• To create a complete procedural guideline for the implementation of CDM; 

• To highlight timeframes and costs of the pre-implementation procedures of CDM that 

are not always well documented; and 

• To create a complete procedural guideline for the implementation of DSM. 

 

The contributions of this section are: 

• More realistic timeframes and associated costs are shown for DSM and CDM based 

on case studies; 

• A new energy-efficiency methodology is developed under the CDM modalities and 

procedures, that will enable various industrial equipment and systems to make use of 

an existing methodology. This generic methodology for industrial demand-side 

management will reduce the cost associated with the development of equipment 

specific baseline and monitoring methodologies; and 
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• A new DSM procedure is developed that will speed up the Eskom DSM procurement 

process and reduce the manpower needed for Eskom to evaluate, measure and verify 

these energy saving projects. 

 

1.6.5 Chapter 4: ESCo technologies – HVAC International case study 

 

The aims of this section are: 

• To identify the existing technologies and support systems developed by ESCos and 

highlight how these technologies are suitable for the development of CERs under the 

CDM. 

 

The contributions of this section are: 

• A real-time energy management system (REMS) is developed that determines the 

emission reductions over the lifetime of a project intervention applied to an existing 

energy system. This new product is called REMS-CARBON; 

• An on-site information management system (OSIMS) developed by HVAC 

International (Pty) Ltd is adapted to satisfy the requirements of the  baseline and 

monitoring methodologies under the CDM modalities and procedures; and 

• REMS-CARBON and OSIMS will reduce verification costs of the designated 

operations entity (DOE). 

1.6.6 Chapter 5: Identification and development of a project activity 

 

The aims of this section are: 

• To identify a project activity on an industrial site and to implement an energy-

efficiency intervention that could be developed as a DSM project or a CDM project; 

and 

• To collect sufficient data from this pilot study that will later be used in the energy-

efficiency-investment-decision model. 
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The contributions of this section are: 

• A new control philosophy is developed on the clear water systems of Kopanang gold 

mine. This project activity involves the automation of pumps, control valves and 

implementation of the newly developed REMS-CARBON; and 

• This project activity results in the reduction of clear water that needs to be pumped 

out of the mine. The reduced runtime of these pumps lowers the electricity baseline 

and is classified as an energy efficient system. 

 

1.6.7 Chapter 6: DSM and CDM risk and sensitivity analysis 

 

The aims of this section are: 

• To list all the possible attributes of a DSM or CDM business case that could influence 

the decision making and quantify their risks; and 

• This will include a study of the dynamics of carbon pricing, variation of registration 

costs and time constraints. 

 

The contributions of this section are: 

• This analysis puts certain risks in perspective that could easily have been overlooked 

when DSM or CDM projects were considered; and 

• A complete risk assessment is done for each attribute and quantified by multiplying 

the likelihood of occurrence with the weighted impact. 

 

1.6.8 Chapter 7: Optimal ESCo business strategy  

 

The aims of this section are: 

• To develop a unique energy-efficiency-investment-decision model to assist 

executives with their decision between applying DSM or CDM as different funding 

options; and 

• To incorporate the risk assessment and cost benefit analysis into a decision tree to 

answer the question with highest probable success. 
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The contribution of this section is: 

• A unique energy-efficiency-investment-decision model for energy services 

companies in South Africa to reduce or hedge investment risk in energy funding 

mechanisms. 

 

1.6.9 Chapter 8: Conclusion and future energy-efficiency protocols 

 

The aims of this section are: 

• To design the architecture of a global cap-and-trade system to mitigate 

2CO emissions; and 

• To establish the above cap-and-trade system that gives developing countries the 

opportunities to grow but also take on emission reduction strategies. 

 

The contribution of this section is: 

• Creating a global emission reduction policy that would minimize the economic 

impact of mitigation and adaptation of human-induced climate change. 

 

1.7 Conclusion 

 

Contrary to popular belief, the drive behind energy efficiency is not the possible depletion of 

fossil fuels (coal, oil and natural gas). Although these resources are finite they do not pose an 

immediate threat to economies and will satisfy demand for at least another 200 years. The 

reason for this is that technological advances are making previously unrecoverable fossil fuel 

reserves recoverable.  

 

The world’s addiction to fossil fuels has led to another problem – climate change. Between 

1990 and 2004 global emissions increased by 70%, with 2CO , quantitatively the most 

significant greenhouse gas, increasing by 80%. The Fourth Assessment Report (AR4) of the 

Intergovernmental Panel on Climate Change (IPCC) calculates that if mitigation strategies 
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stabilize 2CO at 450 - 550 ppm up to 2030, it would result in an average global warming of 

2° to 3°C compared to pre-industrial times. 

 

A variety of procedures are being implemented to reduce carbon emissions and reduce the 

risk of climate change. These range from efforts by individuals and firms to reduce their 

carbon footprints to initiatives at city, state, regional and global levels. Among these are the 

commitments of governments to reduce emissions through the 1992 UN Framework 

Convention on Climate Change and its 1997 Kyoto Protocol, and Europe’s carbon constraint 

for electricity generators and industry under the European Union Emissions Trading Scheme 

(EU ETS).  

 

On a national level, the parastatal utility of South Africa, Eskom, is faced with capacity 

constraints due to inadequate planning. Eskom’s 35,060 MW of nominal generating capacity 

that is primarily coal-fired, reached peak demand in 2007. This has led to the implementation 

of DSM measures.  

 

Creating an environment that encourages investment in climate-friendly technologies, 

requires improved decision-making. Appropriate investment by the private and public 

sectors, combined with the incentives provided by energy and technology markets are also 

necessary. 

 

Demand-side solutions are attractive because they are significantly less expensive than 

supply-side solutions and can be mobilised in significantly less time than it takes to construct 

a conventional power station. The benefits of demand-side energy efficiency include: 

operational cost savings for the clients, reduction of demand for a capacity constraint utility 

and numerous environmental benefits. 

 

ESCos, which originated from the DSM initiative, are well positioned to take advantage of 

the carbon market. ESCos are not always familiar with the CDM process and inherent risks 

associated with the development and selling of CERs. This has led to the need for an energy-
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efficiency-investment-decision model to establish whether the CDM or DSM will be the 

most lucrative investment from an ESCos perspective. 
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