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Abstract: 

Modern man’s addiction to fossil fuels or non-renewable energy is the key 

reason behind the unprecedented economic growth experienced globally over 

the past 100 years. However, by definition these energy resources are not only 

finite, but their widespread use is causing massive environmental damage 

through air pollution and its associated impact on people’s health, as well as the 

emission of greenhouse gases which are attributed to the unprecedented rate of 

global warming - And it is for this reason that international initiatives such as the 

Kyoto Protocol, (which South Africa is a signatory of), aim to mitigate global 

warming by reducing member countries’ CO2 emissions. 

Simultaneously, South Africa (SA) is experiencing its own electricity supply 

problems due to under investment in the sector. While new power plants are 

being built, they utilize non-renewable energy sources and will take time to build 

(up to 5 years). It is also important to note that due to large coal reserves, South 

Africans enjoy amongst the lowest electricity tariffs in the world, but SA is 

amongst this planet’s biggest per capita polluters.  

 

The research thus aims to identify whether high income households are 

wasteful users of electricity - due to historic low prices, lack of knowledge 

regarding energy efficiency and the impact that electricity generation has on the 

environment - while at the same time determining the group's perception of 

domestic solar water heaters (DSWH), given our country’s favourable climatic 

conditions.   

 

Findings confirm that members of the targeted group are inefficient users of 

electricity, regardless of their stated noble intents; and that in the absence of 

government policy, tax incentives and aggressive marketing, the DSWH 

industry, under current conditions, will struggle to sustain itself.  
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1 Introduction to Research Problem 

1.1 Introduction 

Man’s ability to generate and store energy is the reason for the remarkable 

economic growth the world has experienced over the last 200 years. Asimov 

and White (1991) concluded that the ability to control energy, whether it be by 

making fires or building power plants, is a prerequisite for civilization. It is also 

the key reason for the gulf between rich and poor countries (Sachs, 2005). 

 

Uninterrupted electricity is one of the key drivers of any thriving metropolis.  

South Africa (SA) is no exception. Electricity is available in all major cities and 

towns. This is not the case however in rural areas, which were largely excluded 

prior to 1994. The country’s democratically elected government has committed 

to the provision of infrastructure and services and electricity supply is a key 

component. Deputy Minister Hanekom (2006), from the department of Science 

and Technology and a member of the African National Congress (ANC) 

Executive Committee was quoted as saying “in the ANC election manifesto, 

government made a commitment that all South African households would have 

access to electricity by 2012”. 

 

SA’s abundant coal reserves coupled with a massive over-investment in power 

stations during the 1980’s, combined with low coal prices during the period, 

make SA one of the lowest cost producers in the world (Business Day, 

07/03/2006). However this ‘cheap’ power is the dirtiest of all energy resource 

types and the greatest contributor to carbon dioxide emissions (Eskom, 2006). 
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The country’s government has a mandate to incorporate all members of SA’s 

population into the economy. A mandate which must be fulfilled against a 

backdrop of re-integration into the world community after the isolation during the 

apartheid regime and the dynamics and effects of modern day globalisation. 

 

This is a challenging task made even more so by man’s continuing destruction 

of the natural environment through the unsustainable manner in which natural 

resources are secured and consumed. Sathiendrakumar (1996) identified an 

inverse relationship between economic growth and environmental quality, in the 

absence of sustainable development. 

 

The World Commission on Environment and Development (WCED, 1987) 

defined sustainable development as the ‘’development that meets the needs of 

the present without compromising the ability of future generations to meet their 

own needs’’ (WCED, 1987, p.87). To accomplish sustainability the 

measurement is not only about what resources are currently consumed and 

what resources then remain for future generations but also about the state of 

the environment that these future generations will inherit. 

 

Figure 1-1 illustrates that the current output of SA’s carbon dioxide emissions is 

the 10th highest in the world (International Atomic Energy Agency, 2003). The 

Department of Minerals and Energy (DME) say that this is due to its energy 

intensive industry and the high dependence of coal for primary energy (2004). 

The table also reflects each countries Gross Domestic Product (GDP) per 

capita, as stated by the Central Intelligence Agency (CIA, 2006). Although 

Canada (4th), the USA (6th) and Australia (10th) are heavy polluters they have 
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amongst the highest per capita incomes in the world. By dividing a country’s 

GDP figure by their annual CO2 emissions, an inefficiency rating can be 

determined. This number provides a measure of whether a country is benefiting 

economically from the activities that are producing these emissions. SA is the 

most inefficient of the countries under review. 

 

Figure 1-1 Carbon Dioxide Emissions, GDP and Inefficiency Rating per Capita 
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Source: tonnes of CO2 emissions: International Energy 
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As a signatory of the Kyoto Protocol, which sets binding greenhouse gas 

emissions targets for countries that sign and ratify the agreement, SA has 

committed to its people and the international community to work towards the 

stabilization of the concentrations of global greenhouse gases. As a non-Annex 

1 member, the classification for developing countries, it is not required to reduce 

its emission levels in the first round which ends in 2012, but it can participate in 
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the trade of certified emission reductions with Annex 1 countries- developed 

countries. (Jefferson, 2005 p.575) 

 

What can SA do to make good on its pledge to reduce its high carbon dioxide 

emission levels and not honour its 6% growth target? 

1.2 Motivation for Research

The recent black-outs in Cape Town made most economically active South 

Africans realize that the supply of uninterrupted, non-renewable electricity 

cannot be assumed or even guaranteed.  

Figures released in February, 2006 by the South African Chamber of 

Commerce (SACOB, 2006) estimated that the power cuts would cost the local 

economy more than R500 million.  

This figure does not consider social costs that arise out of prolonged blackouts. 

These include impaired emergency services, increased probability of criminal 

activities, personal discomfort to all individuals living in the affected areas as 

well as serious interruptions caused to commercial enterprises, from Small 

Medium and Micro Enterprises (SMME’s) to large industrial concerns. 

More important longer term issues include: 

• Supply: The SA economy grew at 4.9% in 2005 (Central Intelligence 

Agency, 2006) and government targets to increase this number to 6% 

(Mlambo-Ngcuka, 2006). Critics have accused Eskom of not managing the 

supply side of the equation which will facilitate this economic growth. This 

includes the generation of the additional electricity that is required, 

investments into new infrastructure and the maintenance and upgrading of 

existing infrastructure which transports it to the end consumer. Eskom has a 
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capacity of 39,810MW and current demand for 2006 winter is estimated 

between 36,000 and 38,000MW depending on its severity (Business Day, 

07/03/2006). There is very little spare capacity and any problem that puts 

additional strain on the grid may result in prolonged outages. Of greater 

concern is the lead time to expand existing or build new power stations, 

which can take between 2 - 5 years. 

• Demand: The government has promised electricity supply to previously 

disadvantaged regions as well as to invest and develop in new high usage 

initiatives such as Coega. Therefore, demand for electricity will grow at a 

higher rate than the GDP. Figure 1-2 illustrates the projected demand for 

electricity in SA and committed reserves to 2030. Other key demand side 

issues identified by the DME and Energy (2004): 

• Historical low pricing of electricity has resulted in a culture of 

inefficient use of electricity. 

• Low prices have led to business and individuals resisting major 

price increases. 

• Lack of knowledge and understanding of energy efficiency. 

• Lack of investment confidence to upgrade plants with more 

efficient equipment. This stems from political and economic 

uncertainty.    
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Figure 1-2 SA Electricity Demand and Committed Reserves Forecast

 

South Africa System Maximum Demand Forecast
and Committed Generation Expansion Plan

-

5,000

10,000

15,000

20,000

25,000

30,000

35,000

40,000

45,000

50,000

55,000

60,000

65,000

70,000

75,000

2005 2010 2015 2020 2025 2030

M
W

Available 2004 Committed De-mothballing Committed OCGT
Project Alfa Pumped Storage Demand - High GDP Growth
Demand - NIRP (2.8%)GDP Growth

Generation Capacity 
includes HCB and is 
adjusted to reflect a 
15% reserve margin

Includes committed 
international sales 
(Mozal, Swaziland etc)

Source: SAD-Elec (2006) 

• Environmental pollution: As depicted in Table 1.1 and Figure 1.1, 77% of 

SA’s electricity is provided by coal which has the highest waste by-products 

of all energy sources - sulphur and nitrogen oxides, ash, heavy metals and 

the biggest contributor to greenhouse gases: carbon dioxide. In South 

African homes, water heating consumes about 40% of the energy (Stassen, 

1996). Eskom (2006) has calculated that SA coal power stations use two 

litres of water and emit 1.1kg of CO² for every 1KWh of energy produced. 

• Health considerations: Over 2,500 years ago Hippocrates, the ancient Greek 

physician, linked air quality and climate to human health and character 

(Jefferson, 2005). In a study completed by the National Electrification Forum 

(NELF Working Group 7, 1994), it was reported that the South African health 

costs associated to upper respiratory infections caused by pollution 

amounted to R1,066 billion per year in 1994. This figure has escalated to a 
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much higher value in 2006. Furthermore, poor communities that do not have 

electricity use coal, wood and paraffin for heating and cooking. This often 

results in accidents and fire. It is estimated that paraffin use is responsible 

for putting 80,000 people in hospital and causes over 40,000 fires per year 

in SA (Cape Argus, 12/03/2006).   

• Financial costs: In February 2006, the Finance Minister, Trevor Manuel 

allocated R84bn over a five year period to Eskom (Business Day, 

15/03/2006) to be used for the generation, transmission and distribution of 

electricity. Business Day (15/03/2006) reported that Eskom itself has also 

been accessing the bond markets and aims to raise R5bn/year for the next 

five years. Although these projects will create employment opportunities 

over the short and longer term, public funds are being used to subsidise 

non-renewable and polluting power plants which include but are not limited 

to: 

• Two gas turbine stations to be built in Mossel Bay and Atlantis 

in the Cape Province.  

• Two oil fired open cycle turbine plants to be built in Port 

Elizabeth and Northern Natal. 

• The refurbishment of three mothballed coal power stations.  

1.3 The Research Problem

Current electricity demand is marginally lower than what Eskom can supply but 

it is expected that demand will exceed supply in 2007. Eskom is in the process 

of decommissioning ‘moth-balled’ stations, increasing capacity at current 

stations and building new ones. Other options are also being investigated, such 

as the Pebble Bed Modular Technology (PBMR). Although, these initiatives will 
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solve the supply problems in the medium to long term they are non-renewable 

resource solutions.    

 

The aim of this research, which is targeted at the mid to high income groups, is 

to determine first whether the promotion of the more efficient and sparing use of 

electricity can result in a meaningful reduction in non-renewable electricity 

consumption and secondly whether further significant reductions in 

consumption can be achieved if sufficient households switch from traditional 

electric water heaters to domestic solar water heaters (DSWH).  

 

The benefits to the economy will be a reduction in demand for electricity which 

can be used to supply previously disadvantaged people and a reduction in 

emissions. Furthermore it may result in the need for fewer power stations in the 

future. However this will not be addressed in this research document. 

 

The research will: 

• Determine the target groups attitude towards electricity usage, 

consciousness of energy efficiency and if they are aware of the 

environmental damage of SA’s electricity production. 

• If the target group is concerned about climate change and the causal role of 

fossil fuels, whether they believe that they’ve done everything they can or 

whether they believe that one person/household cannot make a difference. 

• Public perception of DSWH.  

• Determine whether the target group would be prepared to replace its 

conventional geyser with a DSWH, if there was sufficient evidence to show 
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that it is a worthwhile investment (environmentally and economically). 

• Evaluate schemes undertaken in other countries to determine whether they 

have been successful in achieving the estimated targets of reducing peak 

demand on the electricity grid. The findings will be used to put forward 

proposals that may be suitable for this country. 

 

Household profiles will be sourced from the South African Advertising Research 

Foundation (SAARF). The relevant Living Standard Measures (LSM) for the 

identified groups will be used to determine their growth trends over time.  

The LSM measure has been chosen to segment the population of relevance 

because it does not consider race to categorise people but groups them 

according to living standards using criteria specifically useful to this paper such 

as degree of urbanization, ownership of appliances and spending patterns. 

 

The proposals will aim to be congruent with the intended government policy on 

renewable energy, as per the Draft Energy Efficiency Strategy issued by the 

DME and Energy (2002). The policy proposals put forward to the government 

for consideration are aimed at stimulating the market for renewable energy as a 

viable and sustainable industry which will encourage operators to enter the 

market   

 

Although there are many different renewable energy sources and technologies 

available, this paper will only focus on reducing non-renewable electricity 

consumption by individuals using it more sparingly and the promotion of DSWH 

in households and small businesses. 



 

 

16 

 

 

2 Theory and Literature Review 

2.1 Climate and Fossil Fuel Pollution

Scientists believe that the degradation of the global environment through 

greenhouse gas emissions affects the climate adversely. The primary 

contributor to greenhouse gases is the essential, but often wanton, use of non-

renewable energy.   

 

DSWH is a proven renewable energy source. The variables are the quality of 

the product and the amount of direct sunlight received. South African climatic 

conditions are conducive to solar heating due to the high number of days of 

direct sunlight in summer and winter. 

2.1.1 Historic Global Climate Changes 

It is estimated that the earth’s age is approximately 4.5 billion years old 

(Dalrymple, 1992). During this time the earth has gone through many 

transformations where the gradual changing conditions produced an 

environment that allowed the evolution of the current life forms. The primary 

driver has been the prolonged and stable climatic conditions which have 

facilitated the development of plant and animal species.  

 

However, climate changes are normal as the earth interacts with the 

atmosphere, oceans, air and the amount of solar radiation it receives from the 

sun. Accurate data with regards the earth’s climate exist only for the last 140 

years. By using natural records paleoclimatologists are able to suppose prior 

climatic conditions, examples of this: 
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• Ice sheets throughout the Northern Hemisphere indicate lower climatic 

conditions (21,000 years ago). 

• Dinosaurs, coral at higher latitudes and warm climate vegetation suggest 

globally warm conditions to have occurred 120 - 150 million years ago. 

Source: National Oceanic and Atmospheric Administration 

(NOAA), 2006 

 

Siegenthaler, Stocker, Monnin, Lüthi, Schwander, Stauffer,Raynaud, Barnola, 

Fischer, Masson-Delmotte, V. and Jouze, J (2005) used ice core data to identify 

historic CO2 levels over the last 650,000 years. 230 parts per million (ppm) of 

CO2 has been identified as a transition level between glacial and inter glacial 

periods. The level has only gone beyond 290 ppm for a brief period about 

340,000 years ago. Current levels are at 380 ppm providing further evidence 

that the world has exited this cycle and is moving into a warmer climatic 

environment. This is graphically depicted in figure 2-1. 
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Figure 2-1 Levels of CO2 ppm for the last 650,000 years 

 

Source: Siegenthaler et al, (2006) 

 

The European Union (1996) adopted the following policy at the 1939th Council 

Meeting: “…the Council believes that global average temperatures should not 

exceed 2 degrees above pre-industrial level and that therefore concentration 

levels lower than 550 ppm CO² should guide global limitation and reduction 

efforts..” 

 

Meinhausen (2005) clearly illustrates in Figure 2-2 how stable global mean 

temperatures have been over the last 1,900 years. The upward shift began in 

the late 1800’s. This change coincides with the start of the industrial revolution, 

when the widespread use of fossil fuels started. This relationship presents 

strong causal evidence that the one is a result of the other.   
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Figure 2-2 Historic Global Mean Temperatures 

 

 

 

 

 

 

 

Source: Meinhausen (2005) 

2.1.2 The Greenhouse Effect 

The term ‘greenhouse’ has been coined because the gases, mainly carbon 

dioxide, which are in the earth’s atmosphere, act like the glass on a greenhouse 

which traps and retains heat.  

 

The suns rays (short wavelength radiation) penetrate the earth’s atmosphere 

and are absorbed by the earth. This process heats the earth on a daily basis. 

The absorbed radiation is converted into infrared radiation (long wavelength) 

which unlike solar radiation is trapped by the atmosphere and reflected back to 

earth. This process keeps the earth +/-33 degrees Celsius warmer than it 

should be. (Hopwood and Cohen, 1997).  The gases in the earth’s atmosphere 

that cause this ‘trapping’ are made up of carbon dioxide, water vapour, carbon 

chlorofluorocarbons (CFC’s), nitrous oxide and methane. These gases occur 

naturally in the earth’s atmosphere and have allowed the earth to retain heat 

which in turn allowed life to develop. Figure 2-3 illustrates the process. 
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Figure 2-3 The Greenhouse Effect 

 

Source: Greenhouse Gases and Society, Hopwood and Cohen 

(1997) 

 

However man’s burning of fossil fuels for energy purposes and specifically the 

unsustainable manner in which it has been occurring over the last 150 years 

has resulted in a greater concentration of these gases.  A study conducted by 

the National Academy of Science (NAS, 2005) concluded that greenhouse 

gases are accumulating in the earth’s atmosphere as a result of human 

activities and this is causing air and ocean temperatures to rise. It did state 

however that natural variability cannot be excluded. According to Winkler, 

Baumert, Blanchard, Burch and Robinson (2006) the atmospheric concentration 

of greenhouse gases have increased by 35% since the start of the Industrial 

Revolution. 
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The consequence is that the total amount of radiation striking the earth’s 

surface is increased - resulting in the phenomena known as global warming. 

Sathiendrakumar (2003) believes that global warming is due to industrialization 

and intensive agriculture where the environment is treated as a ‘free good’ and 

not a composite asset. The key contributors to the greenhouse effect are: 

• Burning of fossil fuels (oil, coal and gas). 

• Deforestation. 

• Intensive and large scale farming which uses nitrogenous fertilizers. 

• Large scale animal farming which emit huge amounts of methane. 

• The use of CFC’s in refrigeration systems. 

 

2.1.3 Scientific Evidence of Global Climate Change through 

Greenhouse Gas Emissions 

The NOAA has defined climate change as the ‘departure from the expected 

average weather or climate normals (temperature and precipitation) for a given 

place and time of year’. There is no doubt that global temperatures have started 

to increase over the last 20 - 30 years as indicated in Figures 2-1 and 2-2. The 

question raised is whether the increasing global temperatures that started in the 

1990’s and which continue are as a result of greenhouse gases or part of a 

natural cycle of climatic change? Or is it a combination of the two?  
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Figure 2-4 Increases in Global Mean Surface Temperature 

Source: Centre for Renewable Energy Sources (CRES), 2006 
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Figure 2-5 View of the Arctic Circle from Space 1979 

 

Figure 2-6 View of the Arctic Circle from Space 2005 

 

Source: Centre for Renewable Energy Sources (CRES), 2006 

 

Climatologists at the National Aeronautics and Space Administration (NASA) 

Goddard Institute for Space Studies (GISS, 2005) at Columbia University in 

New York specialise in understanding natural and man-made changes to the 
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environment which may affect the habitability of the planet. Their research and 

data collection has resulted in the following findings: 

• The highest global surface temperature in over a century occurred in 2005. 

• The second highest was in 1998, but this temperature was boosted by the El 

Nino weather phenomenon, which was not the case in 2005. 

• The five warmest years worldwide since 1890 are: 2005, 1998, 2002, 2003 

and 2004.  

• In a 115 year period the 5 warmest years occurred within 7 years of each 

other, this presents further evidence that global temperatures are on an 

upward trend. 

• The planets surface temperature has increased by 0.6°C in 30 years (refer 

to Figure 2-4) and by 0.8°C over the last 100 years. 

 

Further visual evidence of the increasing global temperatures over the last three 

decades in shown in Figure 2-6 and 2-7 (CRES, 2006). From space it is clearly 

visible that the area under ice has decreased significantly. 

2.1.4 International Concerns around Non-Renewable Energy 

and Climate Change 

The manner in which man is exploiting the natural environment is of great 

concern to current and future generations. Scientists are in agreement that the 

excessive use of fossil fuels is causing climatic change. Kessel concludes from 

his research (2000, p. 157) “that the continued use of fossil energy will lead to 

an increase of the average global temperature by 1.0 - 3.5°C in the coming 50 - 

100 years. Though the forecasts of CO2 emissions from fossil energy use as 

well as the magnitude of their influence on global warming are much disputed, 
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the impact of CO2 emissions on global warming is not”. Forecasted 

consequences of global warming include but are not limited to: 

• Sea levels will rise resulting in loss of arable or inhabited land, exacerbate 

coastal flooding and impact on human activities - ports and low lying cities 

such Amsterdam. 

• Weather patterns are becoming more extreme. A study issued by Greg 

Holland, senior scientist and director at the National Centre for Atmospheric 

Research (NCAR, 2006) in Colorado, operated by University Corporation for 

Atmospheric Research (UCAR) said, “The hurricanes we are seeing are 

indeed a direct result of climate change”.  

• Higher temperatures could result in increased evaporation which will 

increase soil erosion in vulnerable areas. 

• Impact on ecosystems and wildlife which may result in the destruction of 

their natural habitats and lead to extinction of species.  

 

There are many more instances of the expected impact of global warming. It is 

however important to note that the above are predictions based on scientific 

forecasts, current trends and probabilities. It may not be the case that all or any 

of them occur, however the likelihood increases as global temperatures 

continue to rise. 

 

Several global summits have been held in an effort to address these issues, 

notably the Rio Earth Summit of 1992, the Kyoto Protocol which was negotiated 

in 1998 but only ratified in 2005; and more recently, the World Summit on 

Sustainable Development in Johannesburg in 2002.  
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From a socio-economic and political perspective many theories and forecasts 

abound on what we can expect to happen if the world does not change the way 

it sources raw, non-renewable materials to generate energy.   

• Duncan (1989) forecast the end of the ‘industrial civilization’, which started in 

1930 and will fall in 2030. He predicts a return to the ‘stone age way of life’.  

• Darwin (1952) forecast a ‘fifth revolution when we have spent the stores of 

coal and oil’.  

• Kennedy’s (1993) outlook is that although there are major concerns for the 

future they can be overcome. 

2.2 Energy and Economics

2.2.1 The SA Scenario 

SA is in a critical phase; with GDP growth at 4.9% there are government 

initiatives, in line with the Growth, Employment and Redistribution (GEAR) 

strategy, such as the Accelerated Shared Growth Initiative for South Africa 

(ASGISA) for GDP to average 6% by 2014 and the unemployment rate to be 

halved by 2014. This was stated by the Deputy President Mlambo-Ngcuka 

(06/02/2006). 

 

The primary building block for economic growth is access to reliable and 

uncapped energy. This is illustrated in the Energy White Paper issued by the 

DME (1998 p. 17), where it states: “The energy sector has both economic and 

social functions, in that it powers productive activity and also provides basic 

energy services for households” 
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Eskom’s investment into new infrastructure has been in decline for the last 10 

years. (Business Day, 07/03/2006). The result: aging assets being used to 

produce and deliver the increased demand. The outcome: frequent outages and 

limited or delayed supply to new customers. Furthermore, the effect on the local 

economy and the costs of lost business is inestimable. 

2.2.2 Government Policy on Energy 

The White Paper on the Promotion of Renewable Energy and Clean Energy 

Development (2002) states: “It is the intention of the Government of the 

Republic to make South Africa’s contribution to the global effort to mitigate 

greenhouse gas emissions. For this purpose, the Government will develop the 

framework within which the renewable energy industry can operate, grow, and 

contribute positively the South African economy and to the global environment”. 

 

The proposed commitment to renewable energy by government is a strong and 

encouraging statement but it has not been backed up by the necessary 

initiatives or actions that are required in order for the country to reach its 

proposed targets and goals.  

As at June 2006 the following lists some of the salient points pertinent to the 

current status of the SA electricity sector:    

• The Solar Energy Market, both for DSWH and Photovoltaic panels, remains 

unregulated.  

• Imported DSWH attract an excise duty of 15%. 

• South African Energy Research Institute (SANERI, 2005) reported that in 

2005, R415 million of public funds had been assigned to the Pebble Bed 

Modular Reactor (PBMR), while only R40 million had been allocated for 
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research and development on energy efficiency and renewable energy. 

• Government allotted R84 billion to Eskom in 2006. (Chapter 1.2). These 

funds have been allocated for non-renewable energy supply projects and 

include: 

• A new coal-fired power station is to be built in Limpopo. 

• Two gas turbine stations to be built in Mossel Bay and Atlantis 

in the Cape Province. 

• Two oil fired open cycle turbine plants to be built in Port 

Elizabeth and Northern Natal. 

• The refurbishment of three mothballed coal power stations. 

• SA’s coal consumption has increased by 13.2% between 2002 and 2004 

(BP, 2005). 

• SA’s tonnes of CO2 emissions per capita increased by 37% between 2001 

and 2003 (IAEA, 2004). 

• SA’s contributes 0.9% to global GDP (International Monetary Fund, 2005) 

but contributes 1.6% to world carbon dioxide emissions from the 

consumption and flaring of fossil fuels (Energy Information Administration, 

2006). 

 

On a more positive note: 

• An energy research institute will be launched officially towards the end of 

2006. The South African National Energy Research Institute (SANERI) will 

receive funding of R100 million over three years. It has already received R20 

million. SANERI will endeavour to design and generate new ideas on 

practical renewable energy solutions (Hanekom, 2006). 
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• A low cost DSWH pilot project is being tested in Kimberly. Parts required will 

cost R350 and will be available from hardware stores (Hanekom, 2006). 

• The Solar 500 project has been commissioned, whereby 500 households 

have been partly subsidised to install a DSWH in order to monitor the results 

to determine the viability of DSWH in households. Issues around public 

perception, education, affordability and DSWH affordability will also be 

investigated (Holm, 2005). 

• A DSWH test rig has been purchased from Germany and will be used for 

testing in order to set a benchmark standard that complies with South 

African National Standards (SANS:1307 edition 3.2)  

• Eskom, the DME and the CEF have launched a nationwide energy efficiency 

campaign to educate and encourage users to be more frugal with electricity 

and thereby reduce demand during peak periods in an effort to reduce 

blackouts. (Sunday Times, 14/05/2006)  

 

On the whole there are no meaningful government incentives to promote the 

growth of the DSWH industry (Holm, 2005, p22). Jim Hickey, Director of 

Solahart SA, who has been in the local DSWH market since 1984 said: “The 

recent electricity outages and the scare of a worldwide energy crises, which has 

seen oil rise to $75/barrel, has done more for public awareness and DSWH 

sales in six months than what the government has done since the white paper 

on renewable energy was released in 2002”. 
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2.2.3 Environmental Cost Accounting and Economic 

Performance 

Traditional cost accounting systems and conventional neoclassical 

microeconomic theory do not consider the environmental cost and impact of 

business activities. The primary reason is because it is believed that the 

opportunity costs of operating in an environmentally sustainable manner will 

impact negatively on costs and profits. Henderson (2000) explains that this is 

because economic theories failed to evaluate correctly the factors of production 

with relation to the role of energy and it was included under ‘land’ or ‘capital’. 

The primary driver of these theories is to encourage economic growth but do 

not give the required weighting to the improvement of human well -being.  

 

GDP as a tool for measuring economic growth is used globally but one of its 

primary shortcomings is that it does not identify harmful growth. An example of 

this is an ecological catastrophe such as the Exxon Valdez oil spill. The 

economic activity that ensued to mitigate the disaster, in the form of capital and 

labour, is added onto the calculation of the GDP figure. Clearly in this instance it 

would have been more desirable to have had a lower GDP and no oil spill. 

 

Pearce, Barbier and Markandya (1990) state that: “as economic growth or man-

made capital rises, in the absence of sustainable development, environmental 

quality or environmental capital falls and vice versa”. This difference is borne by 

society and is referred to as the ‘external cost’. 
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To encourage a reduction in CO2 emissions and an increase in the use of 

renewable energy, Rahman and Edwards (2004) investigated the concept of the 

Polluter Pays Principle (PPP). Generating companies would be liable for the 

payment of all environmental costs and these would be passed onto the 

consumer in the form of higher tariffs. However this would not be popular with 

voters and it was shown that it would be difficult to allocate in a fair manner, it 

would however reduce CO2  emissions. 

   

The importance of sustainable development, which encompasses 

environmental responsibility, is gaining worldwide momentum at a government 

and nation level - which has been highlighted in the previous chapter. However, 

from a private enterprise perspective there is a reluctance to modify willingly or 

change operations whereby the external cost is factored into the product price, 

therefore it is often necessary for a government to impose regulations. Altman 

(2001) states that: “Neoclassical microeconomic theory maintains that 

environmental regulations are positive and reasonably high, in that costs 

increase and profits decrease, this will negatively impact per capita GDP. It also 

recognizes that the marginal social benefits may outweigh the marginal private 

costs. However, it rejects that these benefits can be obtained at economically 

insignificant costs”. Therefore in the absence of regulations, private enterprise 

cannot be expected to adopt ‘greener’ policies as no economic advantage may 

accrue. 

 

Porter (1991) challenged this viewpoint and stated that “the conflict between 

environmental protection and economic competitiveness is a false dichotomy 

based on a narrow view of the sources of prosperity and a static view of 
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competition”.  His finding was that strict environmental controls encourages 

competition and leads to innovation and upgrading which in turn translates into 

competitive advantage given the resurgence of global concern for the 

environment. It is conceded that regulations that bring about change and 

increased short term costs will be resisted by firms even over the long term for 

short run reasons. “Therefore properly constructed environmental regulations, 

which aim at outcomes and not methods, will encourage companies to re-

engineer their technology. The result in many cases is a process that not only 

pollutes less but lowers costs and improves quality” (Porter, 1991, p 168).  

 

Porter’s view is been corroborated by Eder (2001) who concludes that “now that 

energy efficiency is becoming a global imperative, Europe is finding new export 

markets for its energy technologies, which are advanced as they are diverse. 

It’s a good example of public and private agendas in step. Tough environmental 

controls by EU member states are breeding a leaner, greener energy industry.” 

 

Table 2-1 lists the external costs of energy and transport by a study released by 

the European Union (External Costs, 2003). 
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Table 2-1 Socio Environmental Damages due to Transport & Electricity

Input Category Effect 

Human health (mortality) Reduction in life expectancy 

Cancers 

Loss of amenity, impact on health 

Fatality risk from traffic & workplace accidents 

Human health (morbidity) Respiratory hospital admissions 

Restricted activity days 

Congestive heart failure 

Cancer (non-fatal) 

Lower respiratory systems 

Chronic bronchitis 

Cough in asthmatics and attacks 

Angina Pectoris 

Hypertension 

Sleep disturbance 

Risk of injuries from traffic & workplace accidents 

Building material Soiling & ageing of buildings 

Crops Yield change for wheat, barley, rye, oats, potato, sunflower 

Global warming Worldwide effects on mortality, morbidity, coastal impacts, 

agriculture, energy and economic impacts of sea level rise 

and temperature increases 

Amenity losses Due to noise exposure 

Ecosystems Acidity and eutrophication 

Source: European Union (2003) 
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The same report quantified the impact of electricity on air pollution for the EU 25 

countries in 2000, as being the cause of 3 million years of life lost in the region. 

This can be equated to 300,000 premature deaths per year. 

Spalding-Fecher and Matibe (2003) estimate that the annual external costs of 

coal powered electricity in SA is around R7.3 billion, or 4.4 cents per unit of coal 

fired power generated. Relative to electricity prices, the external costs are 

approximately 40% and 20% of industrial and residential tariffs. 

2.2.4 Government Subsidies 

From a microeconomics perspective, which focuses on the individual consumer 

or industry, Hirshleifer, (2005) defines basic supply and demand as “the most 

important model in economics”. It shows how free markets are able to allocate 

resources without instructions from a central authority. Harberger (2003) notes 

that when government enters the scene through the introduction of taxes and 

subsidies the resultant cause is that the markets become less efficient.    

Macroeconomics, which focuses on aggregate behaviour, analyses how best to 

influence government policy goals such as economic growth, full employment, 

price stability, sustainable balance of payment and strategic interests.   

With certain industries, such as electricity production and railroads, it is often 

more efficient that a single firm provide a service instead of a collection of firms. 

The primary reasons are cost, long time to market, national and strategic 

interest.  

 

Key data is used by government to determine policy direction and desired 

outcomes, however these outcomes often conflict and may result in unintended 

consequences. In such instances ‘trade offs’ have to be considered. For SA to 
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increase and maintain a GDP growth rate of 6% and rollout out electricity to all 

SA citizens by 2011 (Mlambo-Ngcuka 06/02/2006) electricity demand will 

increase. The supply will be met by “demothballing and new coal power plants 

being built by Eskom” by Minister Lindiwe Hendricks, of the DME (30/05/2006). 

This was confirmed by Eskom Chief Executive Office, Thulani Gcabashe 

(Business Day, 14/07/2006) when he announced a five year, R97bn capital 

investment programme - of which R84 billion has been supplied by the 

government. Being built is a new coal powered station, a pumped storage 

station, two new open cycle gas turbines and three mothballed coal power 

stations are being refurbished (as detailed in Chapter 2.8). 

 

The ‘trade-off’ is increased pollution, which is contrary to the DME’s 

commitment to the Kyoto protocol and its objectives as per the DME’s White 

Paper on the Promotion of Renewable Energy and Clean Energy Development 

(2002).  

 

Henderson (2000, p.398) further identifies the significant influence that heavy 

polluters have on governments to grant them subsidies for them to operate in 

their countries, benefits which renewable energy companies are unable to 

secure. She goes on to say “Money has become the curse of the democratic 

political processes in many OECD and developing countries aspiring to become 

more democratic. For example, The Economist reported that in 1991 Portugal 

paid Auto Europa, Ford and Volkswagen $254,000 per job created, while the 

US State of Alabama ‘bribed’ Mercedes-Benz with $167,000 per job created.  
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Such subsidies have propped up the fossil fuels sectors and stifled innovation of 

clean, zero-emission cars. Few such subsidies finance the small companies 

building the new sustainable ‘green’, clean energy sectors.” 

 

The situation is very similar in SA. Mercedes-Benz is threatening to shut down 

its car manufacturing operations in East London if the government does not 

extend the subsidies they receive beyond the original date agreed to by both 

parties. 

 

The government is also offering generous tax incentives to attract international 

smelters to the Coega development in the Eastern Cape. The smelter is 

expected to create between 35,000 and 50,000 direct and indirect jobs which 

will drop to around 8,000 once the smelter is operational (Coega Development 

Corporation, 2003). Smelters are heavy polluters and very high electricity users, 

by-products that the country can ill afford.  

 

Andre Otto of the DME has advised that the government has granted a subsidy 

budget of only R14.3million over a three year period for renewable energy 

projects and funding is only granted on the proviso that they can assure 

sustainability. Imported DSWH still attract a 15% excise duty. The above 

example clearly illustrates the disproportionate funding that non-renewable 

energy enjoys over renewable energy. 

 

In a case study published by the Renewable Energy Action (REACT, 2004) 

Greece has the second highest number of DSWH collector area per 1,000 

inhabitants in the world, volume growth has increased from 1.7 million square 
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metres to over 3 million in just 11 years which translates to a saving of 280 

GWh of electricity annually. The report concludes that the “main driving force 

behind the success story of the DSWH were financial reasons which were 

enhanced significantly by the tax exemption scheme introduced (in the 1980’s), 

which corresponded to an indirect subsidy of the initial investment.” A well 

organized advertising campaign was also sited as an important factor. The 

subsidy was abolished in 2003 but the industry is deemed to be sustainable as 

half of the units currently produced are for export markets. New European 

Union laws that will make energy efficiency in buildings mandatory are being 

drafted and will be promulgated by 2008. This will provide a further boost to the 

market.  

From an economic perspective no industry is desirable if it is unsustainable over 

the long term, unless it is of national interest. Tax Incentives for Renewable 

Energy, a study conducted by Clement, Lehman, Hamrin and Wiser (2005, p. 

21) state: “that the long-term objective of offering tax incentives is to develop a 

renewable energy marketplace; one that is not strongly dependent upon tax 

incentives and government subsidies to survive”.  

Two conclusions can be drawn, first that government incentives over the short-

term can create a new and sustainable renewable energy industry and secondly 

that although trade-offs are necessary in the execution of policy, it is imperative 

that the various government departments co-ordinate before passing legislation 

in order to avoid conflicting laws and policies which can confuse or cancel each 

other out.   
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2.3 Non-Renewable and Renewable Energy

2.3.1 Domestic Electricity Usage in SA (Demand Side)  

A base load power plant provides a continuous supply of power regardless of 

the fluctuations in demand. They are designed to be inflexible when it comes to 

scalability because they offer low cost generation, efficiency and safety. An 

urban centre will always have a base line electricity requirement, regardless of 

time of day or month of the year. Ideally this need is serviced by base line 

power stations. The most common and reliable are coal, nuclear and hydro 

power plants. Hydro plants are limited by the amount of water available. 

When demand increases (as illustrated in Figure 2-7) then economically it is 

better to manage the shortfall with plants that are powered by gas turbine, 

natural gas or diesel. They are more expensive to run but can be operational 

within 30 minutes if required. The greatest advantage is that they can be 

stopped once the demand has subsided, which is not the case with coal or 

nuclear energy. 

 

Holm, Holm, Lane and Van Tonder (1999) found that the biggest contributor to 

peak demand of the domestic consumer was caused by the electric geyser and 

winter space heating. Over 40% of the average urban electricity bill can be 

directly attributed to the electric geyser. 
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Figure 2-7 Total Disaggregated Load 

 

Source: Holm, Holm, Lane and Van Tonder (1999) 

 

Figure 2-7 shows the winter load profile of middle-income homes, showing the 

prominent effect of the electric geyser. It clearly illustrates the consistency of 

peak and base demand. The first one is in the morning when people get ready 

to go to work and school and the second when they return in the evenings. 

Figure 2-8 gives a 24 hour snapshot of electricity consumption in SA and 

illustrates the base and peak power periods. Electricity consumption starts 

increasing from 16h00 and peaks for a two hour period between 18h30 and 

20h30. Over 5,000MW are required during this period and it is this spike in 

consumption that should be targeted.  
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Figure 2-8 24 hour snapshot of SA’s electricity demand 
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Source: SAD-Elec (2005) 

Several international studies done on the price elasticity of electricity have 

shown that it is inelastic. Filippini (1999) found that users in Switzerland were 

price inelastic and therefore “from an energy policy point of view the results 

imply that there is little room for discouraging residential electricity consumption 

using price increases’. LIjesen (2006) confirms this by saying that there is 

limited scope for government intervention.  

 

There is a significant reduction in a households electricity demand with the use 

of DSWH. Barbados has installed 35,000 DSWH and the benefits have been 

quantified at 140 million kWh of electricity saved per year (Ince and Langniss, 

2004), which is the equivalent of 227,000 barrels of oil or $16m at the 

September, 2006 price of $70/barrel. Other benefits include the elimination of 

emissions for that energy use and a reduced capital investment by the local 
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electricity supplier in infrastructure as the capacity saved was used for other 

purposes (Headley, 2001).  

2.3.2 Energy Sources (Supply Side) 

In 2005, The World Coal Institute reported that SA has the fifth largest coal 

reserve in the world (Financial Mail, 31/03/2006) which has resulted in coal 

being the most convenient and cheapest resource for SA to use in electricity 

production. Table 2-2 shows the make-up of primary energy supplied in SA. 

Table 2-2 Percentages of Primary Energy Supplied

Energy Source Percentage 

Coal 78% 

Crude Oil 10% 

Renewables 6% 

Nuclear 3% 

Natural Gas 2% 

Hydro 1% 

Source: Financial Mail (2006) 

 

Contrary to the Department of Minerals and Energy White Paper on Paper on 

the Promotion of Renewable Energy and Clean Energy Development (2002), 

Eskom’s Managing Director, Jacob Maroga (2006) announced that “in terms of 

South Africa’s electricity generation it will continue to be dominated by coal”. 

Maroga stated that the primary drivers are SA’s abundant reserves and its 

technology base to deal with coal. This makes SA the worlds lowest cost 

producer as shown in figure 2-10. It also makes it a major polluter of CO2 

gases. Eskom’s fire stations pumped out 203.7 million tonnes of carbon dioxide 
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in the financial year ended in 2006 (Eskom Annual Report, 2006). Figure 2-9 

shows the pipeline of new projects for power generation.  

There is only one solar project and it is in the research stage. 

Figure 2-9 Eskom’s New Projects Pipeline 

 

Source: Eskom (2006) 

Figure 2-10 World Electricity Prices 

 

 

Source: UK Electricity Association (2001) 
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81% of the country’s electricity supply is generated by base load power plants, 

coal 78% and nuclear 3% (Financial Mail, 2006). However, the current power 

outages experienced around the country are during peak hour consumption. 

The decision to add four more coal powered stations will introduce further 

inflexibility on the supply side. 

2.3.3 SA Climatic Conditions 

SA possesses the necessary climatic conditions for a viable, economically 

sustainable DSWH industry. The two key requirements; reliability and intensity 

are proven, as seen in Figure 2-11. More importantly, is that SA has significant 

regions with winter radiation of > 6.5kWh/m² (Holm, 2005, p22), when electricity 

demand is at its highest. If DSWH were utilized significantly in these regions, 

then peak electricity demand can be reduced resulting in a decreased demand 

for ‘peaking power’ - refer to table 2-3 and figure 2-8. 

 

Figure 2-11 Areas of the World with High Insolation 

 

Source: Power from the Sun. Stine (1985) 
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Table 2-3 Areas with the Most Winter Radiation

Africa 95% 

Southern Africa 59% 

South Africa 21% 

Australia 4.5% 

USA 0.5% 

Europe 0.0% 

Source: Holm (2002) 

 

2.3.4 International Projects to Install DSWH 

“Even if CO2 production was stopped now it would take till the year 2100 to 

reduce the level of greenhouse gases to that of 1960” (Book, 1999). It is 

scientific projections such as this that highlight the need for the world to reduce 

its reliance on non-renewable sources for energy. 

 

Several countries and regions have instituted programs to encourage private 

individuals to use renewable energy, specifically solar water heating appliances. 

The Australian federal government has passed legislation (Electricity Act 2000) 

that aims to increase renewable energy by 2% above 1997 levels. To 

encourage participation, individuals who install solar water heating are eligible 

to earn ‘renewable energy certificates’ (REC’s) for the amount of non-renewable 

energy displaced.  

 

 



 

 

45 

 

 

The REC’s are sold to the State Government who consolidate and trade them 

on the International Carbon Trading Exchanges, which generates foreign 

exchange for the country (CO2e.com, 2004). 

 

Each state in the United States of America offers different incentives to 

encourage the installation of renewable energy. New York State offers a 

personal tax credit of $5,000 for the installation for any domestic solar energy 

system. The state of Massachusetts offers a 30% personal tax credit, which 

may not exceed $600 if a DSWH is installed. (Database of State Incentives for 

Renewables and Efficiency, 2006).   

 

The Greek DSWH market has been identified as one of the most developed 

worldwide, according to Argiriou and Mirasgedis (2003). They attribute the 

success to the collaboration between the domestic solar energy industries, the 

effective quality assurance procedures applied in the markets infancy and the 

ability of manufacturers to enter new products with quality products.    

 

A cost benefit analysis performed in the same market by Diakoulaki, Zervos, 

Sarafidis and Mirasgedis (2001) found that DSWH was superior to conventional 

electrical or diesel water heating systems. From an environmental standpoint 

the benefits were even higher due to the nature of electricity generation in 

Greece - which is primarily generated from lignite. They conclude by saying 

“even if the benefits related to employment growth and drop in environmental 

impact are ignored and the analysis is restricted to the direct visible benefits 

resulting from the saving in conventional energy sources, the cost benefit ratio 

is still greater than 1.” 
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Barbados has a successful DSWH market, with over 35,000 units installed (Ince 

and Langniss, 2004). The benefits of which were detailed in Chapter 2.3.1. 

2.3.5 Viability of Solar Thermal Markets  

As with any new product that enters a market, consumers are asked to choose 

between it and the incumbent product or technology. DSWH does not replace 

the electricity supply to the thermosyphon as it is required during winter months 

or tepid days during summer. Although DSWH’s offer a return on investment 

(ROI) - depending on the quality of the unit, its cost and the strength and 

consistency of the solar radiation received, it is over the long term which in 

Africa takes between 3-5 years (Karekezi, 2002) and (Sidaras and Koukios, 

2005). These factors make it very difficult for manufacturers and distributors to 

penetrate a market in a meaningful way. Due to the strategic importance of 

energy non-renewable electricity generators are subsidised by governments’ 

resulting in subsidised prices to residential and industrial consumers. This is no 

different in SA, and as stated government has pledged around R84 billion over 

a five year period to build new non-renewable power stations. This excludes a 

further R25 billion that is to be spent on transmission, refurbishment and 

transmission costs and detailed in table 2-4 (Department of Minerals and 

Energy, 2006). 
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Table 2-4 Electricity infrastructure rehabilitation and refurbishment programme 

Financial 
year

Connections 
costs

Bulk (Sub-
Transmission)

Rehabilitation/Ref
urbishment

Total/year

2006/7 2,016,443,330            545,000,000              500,000,000                  3,061,443,330                           
2007/8 2,177,758,797            588,600,000              570,000,000                  3,336,358,797                           
2008/9 2,351,979,500            635,688,000              649,800,000                  3,637,467,500                           
2009/10 2,540,137,860            686,543,040              740,772,000                  3,967,452,900                           
2010/11 2,525,186,940            741,466,483              844,480,080                  4,111,133,503                           
2011/12 2,002,076,657            800,783,801              962,707,291                  3,765,567,750                           
2012/13 2,074,137,600            -                             1,097,486,312               3,171,623,911                           
Totals 15,687,720,684   3,998,081,324   5,365,245,683      25,051,047,691                
 

Source: Department of Minerals and Energy, 2006 

 

To begin with solar thermal markets often operate in unregulated markets. This 

can often cause confusion and distrust amongst consumers as there are no 

guidelines for performance standards that the consumer can identify with or 

contact for further information, such as the South African Bureau of Standards. 

The Greek Solar Thermal Market started in the early 1970’s but the Greek Solar 

Industry Association (EBHE) was only created in 1978 (EBHE, 2003). 

 

In 2001 Greece was the number one country in Europe for m² of DSWH 

installed per capita in Europe and second worldwide after Israel (IEA, 2002). 

Argiriou and Mirasgedis (2003) investigated this market to determine how it 

evolved and what phases it went through several distinct phases. This was 

done to assist industry participants and less developed solar markets.  

• Phase 1: Large scale sales started in 1975 and ended 1984. The primary 

causes were the oil and currency crisis and the adoption of tax incentives in 

favour of solar systems. 
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• Phase 2: Sales were boosted further by a large scale advertising campaign 

sponsored by the government 1984 to 1986. 

• Phase 3: 1987 to 1993 saw the market stabilise and enter a period of 

decline. The Greek market remained stable while others collapsed. This was 

primarily due to its size and the quality and efficiency of the products. 

However, it then entered into a period of decline and the primary reasons 

were: 

• The end of the oil crisis and local economic constraints 

resulting in significantly lower construction rate of new 

buildings. 

• Non-renewable energy was heavily subsidised by the 

government. 

• All financial incentives in favour of solar systems were 

gradually withdrawn. 

• The industry stopped advertising. 

•  Phase 4: From 1994 to present (2003) the market has stabilised and 

increased its market share by 8%, while markets such as Germany have 

seen growth rates in excess of 150% - however these are off a much smaller 

base. 

 

Figure 2-12 shows the sales and exports of DSWH between 1989 and 1999 and 

illustrates how Greece who was an early adopter of the technology exported 

close to 140,000 units in 1999. 
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Figure 2-12 Sales and Exports of Greek DSWH

 

Source: Argiriou and Mirasgedis (2003) 

 

Argiriou and Mirasgedis (2003) and Sidaras and Koukios (2005) conclude that 

the key factors that contributed to Greece’s success were tax incentives on the 

demand side, a strong government sponsored advertising campaign and an 

industry that delivered quality products. Although tax incentives are no longer in 

place and the industry remains sustainable it is impacting on its growth. 

Incentives could be beneficial to the government as the continued growth of the 

DSWH market will reduce the peak demand load on its electricity grid as well 

decrease CO2 emissions - close to 1.2 million tonnes were avoided in 2001 

(EBHE, 2003). The industry also provides 3,000 jobs. 

 

Clement et al (2005) identified the following characteristics as being integral for 

a successful policy on tax incentives: 

• Relationship to other policy tools: Government policy tools such as 
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renewable energy quotas and feed-in tariffs have been found to be more 

effective than tax incentives. 

• Tax parity: At a minimum, all energy sources must be taxed at the same 

rate.   

• Incentive targeting: Tax incentives should be more generous to begin with 

and can be reduced as the market matures. 

 

Ernst and Young (Johns, 2006), the global consulting group perform a 

Renewable Energy Country Attractiveness Index which provides scores for 

national renewable energy markets, renewable energy infrastructures and their 

suitability for individual technologies. Table 2.4 is the long term index for 2006 

which considers natural resources, (such as wind and solar) and attractive 

tariffs. 
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Table 2-5 Long Term Index 

 

Source: Ernst and Young (2006) 

It can be concluded that for renewable energy industries in a country to become 

sustainable over the long term the following key public policy requirements are 

needed: 

• Committed policy targets such as Kyoto protocol obligations.  

• Tax incentives which can be adjusted according to the phase of the industry. 

• Sustained marketing and education campaigns. 

• Stable and regulated markets. 
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2.3.6 Competitive Advantage of Nations  

Porter (1990) introduced his ‘diamond’ model which can be used as a tool to 

understand the competitive position of nations with regards to industries or 

products from a global context. It proposes that an organization’s home 

environment is the key factor in determining whether it will be successful 

globally. 

 

The model lists four determinants and government - which acts as a catalyst to 

stimulate competition, provide the infrastructure and environment for companies 

to raise their performance.  

 

Figure 2-13 Porters Diamond Model for the Competitive Advantage of Nations  

Government 

Firm Strategy, 

Structure and Rivalry

Related and 

Supporting Industries

Demand Conditions Factor Conditions 

 

Source: Porter (1990) 
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he model has been applied to the DSWH industry to determine its status. 

 SA 

• ware of the benefits of 

• orting Industries: The DSWH market is unregulated and as at 

 

T

• Firm Strategy, Structure and Rivalry: DSWH’s have been available in

since the 1970’s but it remains a small and fragmented industry made up of 

regional players. SA is one of the lowest cost producers of electricity (UK 

Electricity Association, 2001) and the local DSWH industry does have any 

government support in terms of tax incentives - on the demand or supply 

side. In his research Holm (2005, p54) found that all the suppliers he came 

into contact with said that they had considerable surplus capacity. These 

factors make the barriers to entry extremely high.  

Demand Conditions: Consumers are largely una

DSWH. The primary reasons are minimal marketing by the industry and lack 

of government support has resulted in a very low market penetration. Holm 

(2005) found that only 1.3% of homes in SA have DSWH and SA had an 

estimated total energy value of 106 MW of installed glazed collectors in 

2003 (Weiss, Bergmann and Fanninger, 2005). Consumer interest has 

increased due to the electricity blackouts that the country has experienced 

during 2006. 

Related Supp

September, 2006 DSWH could still not be tested against national standards 

by the South African Bureau of Standards (SABS) as the test-rig had still not 

been installed. This was confirmed by Barry Bredenkamp of the Central 

Energy Fund (CEF). Manufacturers do not co-operate, communicate or join 

forces (Holm, 2005). The DSWH environment is not conducive for the 

exchange of information and ideas.  
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 Factor Conditions: SA has a large labour force, ideal climatic conditions and 

 

ccording to this model SA does not have the attributes to be globally 

2.3.7 Environmental Benefits of DSWH 

A st  of domestic solar energy 

 in terms of 

esulted in a 75% reduction in greenhouse gasses. 

 1.2 

• yback time on the emissions produced to manufacture and install a 

• DSWH is estimated at >15 years.   

•

the knowledge capital as numerous universities are involved in renewable 

energy research. Government has also shown intent through as a signatory 

of the Kyoto Protocol and the White Paper on the Promotion of Renewable 

Energy and Clean Energy Development (2002) but in the absence of 

implementation and resolve the DSWH industry is unable to generate any 

meaningful momentum.   

A

competitive in DSWH. The industry needs government backing as shown in the 

‘diamond’ model and as per the recommendations of Argiriou and Mirasgedis 

(2003) which were detailed in Chapter 2.3.5. 

udy completed on the environmental benefits

systems in Nicosia, Cyprus (Kalogirou, 2004) showed the following: 

The environmental impact of energy systems is an important factor

the environmental pollution it emits. Solar systems have the potential to reduce 

environmental pollution. 

• The use of a DSWH r

• The energy spent to manufacture and install a DSWH is recouped in

years. 

The pa

DSWH is between several months to 3.7 years, depending on the fuel used 

and pollutant considered. 

The average lifespan of a 
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r than that of a 

2.4.1 Energy Awareness and Efficiency 

Surte  manager, states that (end-

he residential sector is the second largest consumer of electricity and uses 

ited States of 

• ound that if all existing households in SA 

 

2.4 Alternatives 

• Pollution caused from the demolition of a DSWH is no greate

conventional water heating system. 

es (1993), who was Eskoms electricity demand

use) energy efficiency involves the effective conversion and utilisation of energy 

in meeting customers’ energy service needs in a manner which results in 

reduced life cycle costs for both Eskom and its customers.  

 

T

more than one fifth of the countries total production - figure 2-14. This sector 

contributes over 20% to peak power demand (Mathews, Kleingeld and Taylor, 

1997). Energy efficiency and awareness in this sector can greatly assist in 

reducing total electricity demand, as illustrated by the following:  

• Rosen and Meier (1999) identified that 3.6% of the Un

America’s (USA) total energy consumption is from television and 

videocassette recorders. 23% of this consumption is used while the units are 

not active i.e: in standby mode. 

Mathews et al.  (1997 p.513) f

insulated their ceilings, the peak demand could be reduced by more than 

2,000MW. 
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 The Energy Savings Trust, a government funded organization in the United 

n

o Pla r      

• In a study o r (1993) it was found 

 

igure 2-14 South Africa’s Electricity Demand by Sector 

•

Kingdom (2005) estimates that electrical equipment in sleep mode used 

approximately 7TWh. The estimated annual emissions from these devises: 

• Stereos   1,600,000 tonnes 

• Videos         960,000 tonnes 

• Televisio      480,000 tonnes 

• Consoles      360,000 tonnes 

• Digital Vide ye   100,000 tonnes 

• Set-top boxes                  60,000 tonnes 

 c nducted by Geller, De Cicco and Laitne

that for every job lost on the supply side due to energy efficiency, up to ten 

new jobs are created in other sectors of the economy. 

F

 

Source: Department of Minerals and Energy (2005) 
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emand side management remains difficult to achieve, because in the absence 

owever, advances in technology have resulted in new products being 

enton (1996) believes that consumers are willing to pay more for 

 

D

of legislation, manufacturers of electrical appliances are motivated by customer 

demands over energy efficiencies. Boardman (2004) states “that manufacturers 

have still not accepted that low energy consumption is a design priority”. This is 

illustrated by the ongoing research and promotion of plasma television (TV’s) 

sets that use 450W instead of the 75W of the average TV’s they are replacing. 

 

H

introduced into the market that are offer better performance and reduced energy 

consumption. The American Council for an Energy Efficient Economy (ACEEE, 

2005) reported that the average electricity of new refrigerators has declined 

from 1,725 KWh/year in 1972 to 685 KWh/year by 1999.  This is confirmed by 

Mahlia, Masjuski and Choudhurry (2001) who state that regardless of efficiency 

standards and labels, the energy efficiency of appliances tend to improve 

gradually over time due to technological advances. 

 

D

environmentally friendly goods, but Boardman (2004) counters by saying that 

although there is a segment of the population who are environmentally 

conscious, the majority are not. Therefore they do not provide a pull towards 

energy efficiency and this is usually because they are ignorant (or indifferent) to 

the range in the market, or the energy implications of their purchase. 

Furthermore, most customers understand the link between fossil fuels and 

environmental degradation but they believe either that they have done as much 

as they can to minimise their use or that one person cannot make a difference.   
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 conclusion, demand size management can play a significant role in reducing 

2.4.2 Alternative Solutions 

Altho A are conducive to DSWH, alternatives 

al (CDR):  A process whereby carbon dioxide 

• y (ZEC): A process that produces electricity 

• g the 

 

In

the countries total consumption of electricity. However this starts with 

government who need to promote energy efficiency standards by educating 

consumers and by using all the tools in their armoury - legislation for 

manufacturers, incentives to encourage and taxes to discourage offenders. 

ugh the climatic conditions in S

should be considered to ensure that options that may offer greater efficiency in 

the form of lower costs and strategic benefits are considered and can be used 

in conjunction with DSWH. 

• Carbon Dioxide Remov

emissions are captured and stored in depleted oil and natural gas fields. 

Costs may be prohibitive. CDR may increase electricity production costs by 

30-100% (Turkenburg, 1997).  

Zero Emission Coal Technolog

at 60-70% efficiency with zero emissions. The carbon dioxide is produced as 

a concentrated clean steam which can be separated. However, Slowinski 

(2005, p 1101) concludes that “difficulties are various and in a few cases 

seem impossible to eliminate without deeper changes to the concept”. 

Nuclear Energy: This is a proven energy source and peaked durin

1980’s with production of 30 GW/year. Due to a lack of public support, the 

issues around the lifetime and disposal of nuclear waste and costs 

associated with nuclear energy resulted in global production dropping to 

around 3 GW/year in the late 1990’s (Turkenburg, 1997, pS7). However, 
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•  of energy generation emits no greenhouse 

2.4.3 Exclusions 

Several studies have been performed on renewable energy use in the low 

international governments are reconsidering its use. SA is investigating the 

use of PBMR and in May, 2006 the UK Prime Minister Tony Blair announced 

that the country is considering increasing its nuclear power facilities in order 

for them to provide up to 25% of the country’s energy requirements 

(Financial Times, 17/05/2006). 

Hydro-Electric Power:  This form

gases and does not consume any water. However, at the World Summit of 

Sustainable Development held in Johannesburg in 2002 it was declared a 

non-renewable energy source. SA is a dry country and therefore has few 

opportunities to exploit this energy source. There is an initiative to exploit the 

Congolese rivers. The Inga rapids for example have the potential to produce 

40,000 megawatts (United Nations, 2005). Eskom is involved in the 

development. It must be noted that due to ongoing political problems in the 

region it may take long to develop and also prove to be an unreliable source 

should war break out. 

income, rural groups. This paper will not consider this opportunity, as it is 

believed that it is not a sustainable model due to the initial capital cost, 

maintenance, immature market phase and negative user perception. This is 

corroborated by Karekezi (2002, p18) “the bulk of DSWH in use in Africa is 

bought by high-income households, institutions and large commercial 

establishments”. 
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he research will aim to show the potential economic and social benefits for the 

An energy report issued by Deutsche Bank Research Division (Auer, 2005) 

noted that although fossil fuels can fulfil the goal of cost efficiency in present 

market conditions, the rising price for scarcer hydrocarbons over the longer 

term makes alternative energy more attractive from an economic point of view. 

This forecast has been shown to be accurate as oil prices have increased from 

$10 / barrel in 2000 to over $76 / barrel in September, 2006. 

 

 

2.5 Conclusion 

T

country by promoting renewable energy consumption amongst mid to high 

income groups. 

 

Renewable energy has many advantages, such as minimal environmental 

impact and as has been discussed in the review, their biggest advantage is that 

they are inexhaustible.  

 

South Africa is the engine driving the sub-Saharan African continent and tens of 

millions depend on our economy and have pinned their hopes and livelihood on 

us. It is therefore necessary to move away from the ‘resource-trap’ and 

implement sustainable solutions to secure a better future for all. South Africa’s 

biggest assets are not its minerals, but its high irradiation which is grossly under 

utilized. 
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3 Research Questions 

Question 1:  

Because SA is one of the lowest cost producers of electricity in the world, 

annual household energy costs can be as little as 2-4% of annual household 

income (in the mid to high income bracket). Is there a culture of wasteful and 

inefficient use of electricity?  

The answer to this question will be identified using quantitative research in the 

form of a questionnaire. 

 

Question 2:  

SA electricity is derived from coal power stations which are the biggest polluters 

of all energy sources. The question determines whether this group of individuals 

are aware that the bulk of SA’s electricity is generated from coal (78%) if they 

know that SA is a heavy polluter by international standards and the associated 

impact of the pollution. Do they believe that Greenhouse Gases (GHG) is 

causing climate change and have they done everything they can or that one 

person/household cannot make a difference?  

The answer to this question will be identified using quantitative research in the 

form of a questionnaire. 
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Question 3:  

Public perception of DSWH. To determine the level of  

Awareness 

Acceptance  

Affordability  

within the target market for DSWH. 

The answer to this question will be identified using quantitative research in the 

form of a questionnaire. 

 

Proposition 1: 

The return on investment of solar water heating is only economically lucrative 

over the longer term (4-6 years) but with government initiatives this can be 

brought down to the medium term (2-3 years) making it a more attractive 

investment opportunity. Proposals will be put forward based on research. 

 

This proposition will be answered via literature research and scenario forecasts 

based on actual data. The answers will determine whether Return on 

Investment can be reduced in order to make DSWH more attractive for the 

target market. 

  

Proposition 2:  

There are several examples worldwide where DSWH initiatives have been 

implemented successfully, as discussed in the literature review.  

Can Eskom and government benefit by promoting the DSWH industry?  
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4 Research Methodology 

4.1 Research Design / Aim

The research aimed to determine whether electricity users in LSM groups 9 and 

10 or high income households are inefficient and wasteful as a result of SA’s 

continuing low electricity prices. High income households was defined as >R20, 

000/month. The study explored whether an inference existed between a lack of 

consumer education on the importance of energy efficiency and the 

environmental effects of pollution generated from non-renewable resources and 

the electricity consumption habits of this group. 

 

The research then tested the targeted group’s awareness of DSWH and aimed 

to identify their level of acceptance and what, if any, barriers or pre-conceived 

ideas they had on the product that had stopped them from installing one. 

 

4.2 Population of Relevance

Due to the high cost of a DSWH, LSM groups 9 and 10 and high income 

households (>R20, 000/month) were targeted as they are the most likely 

candidates to be in a position to install one.  

 

The target population was all mid to high income households and LSM 9 & 10 

that reside in SA’s major cities. Major city is defined as having a population 

>500,000. However, the study was confined to Gauteng, the experimentally 

accessible population, for the following reasons: 
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• Gauteng’s residents consume the highest total volume of electricity in the 

country. 

• Gauteng is the most economically active province and the Gauteng 

Economic Development Agency reports that it contributes 34% (GEDA, 

2005) to the national GDP. Therefore there was causal evidence to support 

the supposition that a major electricity outage in Gauteng was more 

damaging to the economy than an outage in any other major urban area. 

• Gauteng accounted for 38% of the country’s LSM 9 and 10 households 

(Holm, 2005)  

 

Note: The research questionnaire in its distribution was not limited to Gauteng, 

but made available to the entire country. This was done in order not to limit the 

research or cause confusion amongst respondents. 

If a sufficiently meaningful number of responses were received from other 

provinces they would be incorporated into the research findings.  

 

For the purposes of this research, race was not be considered because the 

primary obstacle to the growth of the domestic DSWH industry is the high cost 

of the units. Secondly, the LSM classification and high income household 

specifically excludes race. 

4.3 Sampling Method Used

Quantitative research methodology was chosen to determine the validity of the 

hypotheses that were put forward as it required the measurement of consumer 

behaviour and characteristics. As there was a large population size the sample 

size needed to be responded to by as many participants as possible in order to 



 

 

65 

 

 

avoid bias and anomalies. It was deemed desirable to chart and graph the 

research findings.  

The above was possible with quantitative research. Quantitative research has 

the following strengths and weaknesses (Grossnickle and Raskin, 2000): 

Strengths 

• Reliable: When done correctly, quantitative research produces an accurate 

representation of the population being studied. 

• Large Scale: Provides increased confidence as a considerable larger 

population can be interviewed. 

• In-depth Analysis: An array of statistical techniques can be applied to the 

data. 

• Replicable and Trackable:  If done correctly, changes in trends can be 

tracked over time (longitudinally). 

• Automated: After initial set up, interviews can be conducted quickly. 

Weaknesses 

• Limited for Exploration: Standardization of questionnaires limits testing to 

pre-determined hypotheses. Therefore insights, new issues and ideas are 

often missed. 

• Response to Innovative Concepts:  Difficult to explain an innovation and its 

potential in a questionnaire.  

• Accessibility: Some people struggle to interpret quantitative data. They 

would much rather hear about someone’s experience. 

• Potentially Misleading: The greatest limitation is if the research is conducted 

poorly and construction of questionnaires can introduce bias, such as 

leading questions or sample sizes that are too small. 
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A descriptive market survey was considered to be appropriate, as it would count 

the frequency of defined characteristics within the defined group of the 

population. 

 

The sampling type was non-probability purposive sampling to begin with and it 

was hoped that the procedure and instrument used in the collection of the data 

would result in it transforming into random probability sampling. The non-

probability purposive method was chosen as there was a specific pre-defined 

group that was targeted.  

 

“Researchers rely on their ingenuity, experience to deliberately obtain units of 

analysis in such a manner that the sample they obtain may be regarded as 

being representative of the relevant population group” (Welman and Kruger, 

2001 p.63).  

 

However, Welman and Kruger (2001, p.53) also state that “random sampling is 

the most attractive type of probability sampling”.   

4.4 Defence of Methods

Holm (2003) has identified that the LSM 9 and 10 groups are the largest private 

consumers of electricity and that there are over 2.1 million households in 

Gauteng of which 465,000 belong to the target group. If a simple random was 

used the result would be that four in five respondents would be from the 

incorrect population of relevance, this would make the research time consuming 

and expensive.  
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The researcher was unable to access a list of the households that would make 

up the population group in order to target them randomly. Therefore, in order to 

increase the odds of reaching the predefined group as well as keeping the 

research costs down, purposive sampling was identified as the most suitable 

method. 

 

Whilst it was recognised that this approach ran the risk of making it difficult to 

determine the extent to which the sample was representative of the relevant 

population (Welman and Kruger, 2001) it was sampling with a purpose. 

Cluster sampling, targeting specific upmarket neighbourhoods, was considered 

but rejected because there was a risk that an unacceptable level of bias might 

have been introduced to the research for the following reasons: 

• Although in the correct LSM bracket, neighbourhoods may have had a 

disproportionately high number of a specific group, such as pensioners. 

• The research would have to be completed physically and given the 

proposed size of the sample this would have taken a lot of time and would 

have been prohibitively expensive. 

 

The internet was chosen as the distribution channel to drive the identified 

population to a website where the questionnaire could be completed. This 

medium had the potential to allow for an exponential increase in visitor 

numbers, ease of use and flexibility.  
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Respondents could forward the website address to friends and colleagues for 

participation via email at insignificant cost and time, which would have facilitated 

the snowball approach and could have led to the desired method - random 

probability sampling.  

 

The internet, although not exclusively, was regularly accessed by the targeted 

group.  This factor also motivated its use. Therefore there is a consistency 

between the target group and the method used to communicate with them. 

It was believed that in order to have a credible sample upwards of 300 people 

would be required to complete the questionnaire. If, 

N = number of cases in the sample 

N = number of cases in the sampling frame 

f  = sampling fraction n/N 

f =  300/465,000 

f =  0.06  

 

A further instrument used to ensure that the data was credible, was the use of 

periodic measurements on the consistency of the results. The response per 

question would be calculated as a percentage of the total responses.  These 

percentages would then be plotted against each other to determine whether any 

significant changes had occurred during the measurement intervals. If it was the 

case that the results varied by a margin of greater than 10%, it would be a 

strong indication that the sample size is not yet representative of the population 

views and the questionnaire would have to be completed by more respondents.   
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Contingency plan: The questionnaire was released on the 24th of July, 2006 

and it was aimed to keep it in circulation for the longest period possible to allow 

the maximum amount of time for it to have been in the public domain. If the 

responses turned out to be so few that the results were meaningless then a 

direct personal snowball approach would be adopted by the researcher. This 

would have included hiring students to question people in affluent shopping 

centres and approaching fellow students to complete the questionnaire 

4.5 Instrument Used and Procedure

The research took the form of a survey which was conducted using a 

questionnaire which can be found under Appendix 1. Fifty seven statements 

were put forward and the respondents had to choose one of three alternatives - 

Yes, No or Don’t Know. 

 

The questionnaire was posted on a private website (www.mbareality.tv). It was 

designed with ease of use as the primary requirement. Respondents would read 

the question and click on the appropriate answer. No typing was required. This 

was to ensure that the average time it would take a respondent to complete the 

entire questionnaire would be less than five minutes.  

 

The questionnaire was tested on friends for feedback and completion times. 

Due to the large sample size required this was seen as a critical factor in 

ensuring that respondents would actually complete and submit the 

questionnaire. These individuals were excluded form the survey. 
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To further encourage respondents, a R2 donation was pledged to a low income 

parent nursery school in Berea Johannesburg for each completed 

questionnaire.  

 

Once the questionnaire had been submitted by the respondent it would feed 

into a database. The purposive sampling procedure would be conducted as 

follows: 

• The researcher would identify friends, colleagues, fellow students and 

acquaintances that fit the population profile. 

• These individuals would be asked if they would forward the email requesting 

participation in the research to colleagues and acquaintances that fall into 

the same profile. Close friends would be told that they could not participate 

because their potential bias may impact on the results. 

• The email gave a short explanation as to the nature of the research, 

requested their participation which would not take longer than five minutes 

and then asked that they in turn forward the email to their friends, family and 

acquaintances. 

 

It was hoped that in this manner a sufficiently large number of people would be 

accessed. If successful, it would become random sampling. On submitting the 

form the respondent was thanked and an email address was provided if they 

wanted more information or the results of the survey. 

4.6 Data Analysis 

The questionnaire produced categorical data. To ensure that the data collected 

was reliable the following needed to be determined: 
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• Sampling error percentage. This had to be at an acceptable level. Ideally the 

confidence level would have been between 95 – 100%, but should not drop 

much less than 90%. 

• Reliability of data and an accuracy test for bias. The data as a whole could 

not show bias. If bias was detected in specific neighbourhoods this would 

validate the data as it was expected that people actively seek to live in like-

minded neighbourhoods. The question that needed to be answered was: If 

the questionnaire was administered by someone else or if a different set of 

respondents within the target group had answered the questions, would the 

results have been the same? 

• Validity of data: Did the research questions answer the research problems? 

The survey format grouped questions under specific themes. This was done 

to give the questionnaire a logical flow as well as to advise the respondent 

as to the perspective and context. The answers to each of the individual 

questions were calculated as a percentage and then rank ordered. This 

gave a clear indication where the population are united on issues and where 

they are divided. 

• Representivity. To determine whether individuals from all over Gauteng had 

participated in the survey. 

 

The data would be analysed, processed and finally presented via charts and 

graphs. The findings would then be applied to the Conscious Competence 

Model, (Burch and Gordon, circa 1975) to categorise the behaviour of the 

population according to the four stages of competence, which relate to the 

psychological states in the process of progressing from incompetent to 
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competent as a skill. The four stages, illustrated in table 4-1 and their definitions 

are listed below and were adapted for the purposes of this study: 

 

Stage 1: Unconscious Incompetence 

• The population is not aware of the existence of the findings of scientific 

research or the population is aware of the information but has not made the 

link between their actions and the problem - i.e: They do not know the extent 

of pollution caused by coal based power plants or are aware of the extent of 

pollution but do not believe that their actions can impact on it. 

• The population might deny the relevance of the scientific findings - i.e: They 

are aware of the impact of global warming but they are indifferent. 

Stage 2: Conscious Incompetence 

• The population is aware of the existence and relevance of pollution and the 

impact it is having on the environment.  

• The population is aware of the impact their conduct is having and will 

attempt to improve their energy performance by using less electricity.  

• Ideally the population has a measure of the extent of their deficiency in their 

use of energy  

Stage 3: Conscious Competence 

• Having learnt and committed to being energy efficient, the population will 

concentrate and think while performing a task or change historic behavioural 

patterns - i.e: hanging clothes to dry rather than using a tumble dryer or 

deciding on new appliances based on the energy efficiency rating.  

• The population has a level of education whereby they can educate 

individuals who are in stage 1 or 2.  
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Stage 4: Unconscious Competence 

• The behaviour becomes so practised that it enters the unconscious parts of 

the brain - it becomes 'second nature’. 

Figure 4-1 The Conscious Competence Model 

Stage 2: 

Conscious Incompetence 

Stage 1: 

Unconscious 

Stage 3: 

Conscious Competence 

Stage 4: 

Unconscious 

 

Source: Burch and Gordon (1975c) 

 

4.7 Research Limitations

The following limitations were identified: 

• Due to numerous electricity blackouts during the quantitative research 

response, bias may be present, however it is believed that this would 

prejudice the results in a negative manner. The reason for this is that if 

respondents tried to answer in a favourable manner in order to show support 

for Renewable Energy and Energy Efficiency the impact would be that the 

hypothesised answer to the Research Question, of whether high income 

earning households are wasteful users of electricity would have failed.  
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• Researcher’s bias: There is a risk that bias may have been inadvertently 

introduced while interpreting the results. The following steps were taken to 

avoid this.  

• Don’t know answers: The researcher believes that in many 

cases a Don’t Know answer is unlikely and therefore 

depending on the nature of the question should either be a Yes 

or No. An example would be: “I have wrapped a heating 

blanket around my geyser to insulate it”. Although possible, it 

is highly unlikely that if a resident did not wrap their geyser with 

a blanket that the geyser does have a blanket – especially 

when 81% of respondents answered no. The researcher has 

not changed or interpreted the status of any answers. 

• Results have been analysed from more than one perspective 

and then compared. This is to determine if the results remain 

the same which will increase their validity.  Perone and Tucker 

(2003) defined triangulation has been defined as “using more 

than one research method or data collection technique, 

because each addresses a different dimension of the topic. 

Triangulation provides confirmation and completeness. In 

using triangulation bias can be minimized and validity 

enhanced”.   

• Research was undertaken (Grossnickle and Raskin, 2000) and 

advice from statistical professionals sought to follow processes 

that would minimise internal bias. 
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However, internal bias may still exist and this must be considered when 

reviewing the research results.   

• Individuals may not have known their LSM group and opted out of the 

survey. A link was provided where respondents could perform a 60 second 

test. If the LSM group was not provided then the monthly income was used 

to determine participation in the survey. 

• Although the LSM measure was very accurate for analysis of white good 

(appliances) it was a poor measure for luxury goods, such as whisky. It was 

not known whether the targeted LSM group would be interested in a DSWH. 

However, given the going price of DSWH in the SA market it was only the 

high income earners and individuals who already had the full range of 

appliances that would most likely have considered buying one. These LSM 

groups were also the highest consumers of electricity (Holm, 2005) therefore 

they were most likely to show an interest in reducing their consumption. 

• Individuals may have indicated that they were prepared to invest in 

renewable energy infrastructure during research or an interview and may 

very well have been sincere at the time but would fail to do so afterwards 

due to the prohibitive initial set up costs or other more immediate priorities 

5 Results 

5.1 Variance of Results

Due to the limitations associated with the research, namely financial resources 

and time, the target of 350 respondents was not achieved. The questionnaire 

was completed by 244 respondents, of which 23 were excluded as they were 

not resident in Gauteng Province. In order to determine whether the results 
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remained consistent, as described in Chapter 4.6 - Validity of Data, periodic 

measurements were taken at the following intervals - 105, 181 and 221 

responses. The individual responses were summed and the total for each 

question was subtracted against the previous interval total and the percentage 

variance between the two was calculated.    

Figure 5-1 Convergence of Don’t Know Answers to Final Results 

Convergence of data results- 'Don't Know' Answers
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Figure 5-2 Convergence of No Answers to final results 

Convergence of data results- 'No' Answers
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Figure 5-3 Convergence of Yes Answers to final results 

Convergence of data results- 'Yes' Answers
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Table 5-1 High, Low and Mean Variance per Answer as a Percentage

 Don’t Know No  Yes 

Highest 2.2 3.9 2.5 

Lowest  0 0.2 0.2 

Mean 0.8 1.1 1.1 

 

5.2 Questionnaire Results by Rank Order

The questionnaire was grouped under the following sub-headings: 

• General (Demographic data) 

• Current Electricity Supply 

• Energy Efficiency 

• SA Energy Sources 

• Pollution- Environmental 
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• Solar Water Heating - Awareness 

• Solar Water Heating - Acceptance 

• Solar Water Heating - Affordability  

The results from each section, except for the demographic data, were rank 

ordered and presented in the following tables. They were grouped against the 

following measurements against the Yes answers in descending order.  

Strong Agreement   =   >80% 

General Agreement  =   61% to 79% 

Divided Views   =   40% to 60% 

Weak agreement   =   21% to 39% 

Very weak agreement  =   0 to 20%  

 

Table 5-2 Current Electricity Supply

Question 

Number 

Question Don’t  

Know  

No Yes 

13 Electricity is a commodity. If I can pay for it, it should be 

provided 

2% 17% 81% 

8 South African electricity is affordable 11% 20% 69% 

14 I feel that my household is at risk and will experience 

ongoing blackouts 

19% 39% 42% 

9 Eskom provides a reliable supply of electricity 3% 57% 40% 

10 The electricity infrastructure is well maintained 13% 71% 16% 

11 Eskom is able to meet SA's electricity demands 10% 75% 15% 

12 SA has capacity to meet the country's demand over the 

next 5 years 

14% 78% 8% 
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Table 5-3 Energy Efficiency 

Question 

Number 

Question Don’t  

Know  

No Yes 

24 Energy efficiency is important to me 6% 23% 71% 

 I make a conscious effort to conserve electricity by:    

16    Switching lights off when I leave a room 0% 18% 81% 

18     Showering instead of bathing 0% 40% 60% 

23     I have replaced the light bulbs in the house with   

energy saving ones  

1% 47% 52% 

17     Boiling the exact amount of water I need 0% 54% 46% 

19     Switching the geyser off when I go away on 

holiday/business 

0% 55% 45% 

21     My geyser is set at 55°Celcius 33% 41% 26% 

20     A deciding factor when buying an appliance is its 

energy efficiency rating 

2% 76% 23% 

22     I have wrapped a heating blanker around my geyser 

to insulate it 

8% 81% 11% 

28 Electricity should cost more after a specific 

consumption amount to encourage energy efficiency 

4% 35% 61% 

15 My monthly electricity bill is < 4% of total household 

net monthly income 

14% 28% 58% 

26 Eskom should provide more electricity to meet demand 

rather than the private sector reducing consumption 

10% 32% 58% 

25 A geyser accounts for 40% of the average electricity 

bill 

53% 14% 33% 

27 Government has done a good job in educating the SA 

public about energy efficiency 

7% 83% 10% 
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Table 5-4 SA Energy Sources 

Question 

Number 

Question Don’t  

Know  

No Yes 

 SA should build the following power generators to 

meet future demand: 

   

33     Renewable Energy Sources 9% 10% 81% 

31     Nuclear 13% 27% 60% 

32     Gas 14% 37% 49% 

34     Any- Just generate more electricity 6% 64% 29% 

30     Coal 18% 56% 26% 

37 SA’s primary energy source is coal 23% 7% 70% 

35 SA should only consider energy resources that it 

has a significant supply of 

6% 30% 64% 

36 I want to reduce my dependency on electricity with 

items such as gas heating and cookers 

5% 33% 62% 

29 Coal is an efficient energy source i.e: there is 

minimal transfer loss of energy 

38% 47% 16% 
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Table 5-5 Pollution - Environmental 

Question 

Number 

Question Don’t  

Know  

No Yes 

42 Greenhouse gases are causing climate change 14% 10% 76% 

45 SA's current pollution levels are impacting on the health 

of our population (physical health problems) 

17% 12% 71% 

39 I support the Kyoto Protocol 30% 8% 62% 

46 There are more important issues facing SA than pollution 

reduction 

8% 32% 60% 

38 SA is a heavy polluter (greenhouse gases) in relation to 

its GDP and population size 

24% 16% 59% 

44 My efforts to reduce pollution will make a difference 12% 37% 51% 

43 I have made a conscious effort to reduce the number of 

carbon emissions I produce 

5% 46% 49% 

40 Government is committed to the Kyoto Protocol 50% 24% 26% 

41 SA is making sufficient use of its renewable energy 

resources 

23% 75% 2% 

 

Table 5-6 Solar Water Heating - Awareness

Question 

Number 

Question Don’t  

Know  

No Yes 

48 Solar water heaters save electricity 7% 3% 90% 

49 Solar water heaters are environmentally friendly 6% 5% 89% 

47 Solar water heaters are cost effective 27% 22% 51% 

50 Solar water heaters are water saving devices 29% 48% 23% 
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Table 5-7 Solar Water Heating - Acceptance 

Question 

Number 

Question Don’t  

Know  

No Yes 

56 I am prepared to consider installing a solar water heater 7% 20% 73% 

55 I know someone who has installed a solar water heater 3% 54% 43% 

51 Solar water heaters should be enforced by law 15% 56% 29% 

57 I think that solar water heating is too expensive. 41% 32% 27% 

52 Solar water heaters are a status symbol 11% 76% 13% 

54 Information on solar water heaters is readily available 18% 69% 13% 

53 Solar water heaters are unreliable 36% 51% 13% 

 

Table 5-8 Solar Water Heating - Affordability

Question 

Number 

Question Don’t  

Know  

No Yes 

60 Solar water heaters should be subsidised by Government 14% 20% 67% 

64 Conventional electricity supplied by Eskom will increase by 

more than the inflation rate over the next 5-10 years 

36% 12% 52% 

59 Solar water heaters can last up to 20 years 63% 7% 29% 

58 Solar water heaters pay themselves off in 5 years 61% 12% 27% 

62 The return on investment on a solar water heater system 

takes too long 

52% 22% 26% 

61 Solar water heaters cost > R10,000 58% 19% 23% 

63 Solar water heating should not attract any Governemnt 

taxes 

15% 82% 3% 
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As stated in Chapter 4.7, questions will be answered from more than one 

perspective in order to use triangulation for valid and reliable results.  

 

5.3 Data relating to Question 1 of the Research

SA’s GDP per capita is +- $12,000 (CIA, 2005). Using August, 2006 exchange 

rates this equated to roughly R7,000 per month. The data below only 

considered households that have a monthly income of > than R20,000 per 

month - three times the average per capita figure. Table 5-9 shows that of the 

221 total participants, 117 respondents have a household income which is 

greater than R20,000/month and whose monthly electricity expenditure is less 

than 4% of monthly household income.   

 

Table 5-9 Respondents whose monthly electricity costs are < 4% of monthly 

income

Income bracket Number % of total 

<15,000 7 5% 

>15,000 < 20,000 5 4% 

>20,000 < 30,000 24 19% 

>30,000 93 72% 

 

The data from table 5-9 is further analysed in table 5-10 to only include those 

who answered ‘yes’ to Question 24: Is Energy Efficiency important to me?   
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Table 5-10 Energy Efficiency (EE) is important to me

 Number % of total 

EE Yes 89 76% 

EE No 23 19% 

EE Don’t Know 6 4% 

 

The conduct of the 89 respondents was analysed by their Yes response to the 

eight energy saving activities that were in the questionnaire. The results are 

shown in figure 5-11 which included the response of the entire population of the 

survey. 

Figure 5-4 Percentage compliance of EE activities as a percentage  
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5.3.1 Difference of Proportions – Statistical Test  

The difference of proportions test was performed between the sub group from 

table 5-4 and the entire populations’ performance on the eight energy saving 
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activities.  Using a 95% confidence level, the test will determine whether the 

proportions in the two groups that have the characteristic (energy saving 

activity) are the same or not. 

Switching off lights
Group 1 Group 2

Number with characteristic 82 178
Total Number 89 221

Calculations
p 0.921 0.805
q 0.079 0.195
pq/n 0.001 0.001
sqrt(pq/n+pq/n) 0.039

Test Statistic 2.970

Hypothesis 1: p1 = p2 vs. p1 > p2
Level of confidence 95%
Z Value 1.645
Conclulsion p1 > p2  

Where: 

p = percentage that display the characteristic 

q = percentage that do not display the characteristic 

z = test statistic 

Null hypothesis: The proportion in each group that use CFC light bulbs is the 

same. (p1 = p2) Alternate hypothesis: The proportion in the EE group that use 

CFC light bulbs is greater (p1 > p2) 

Conclusion: Based on the observed populations, the null hypothesis is rejected 

in favour of the alternative that p1 > p2. 

             

This means that the Energy Efficient sub group has a higher proportion of 

behaviour which displays that activity. Table 5-11 lists the results for all eight 

activities. 
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Table 5-11 : Results of Difference of Proportions Test  

Switching lights off when leaving a room p1 > p2 

Shower vs Bath p1 > p2 

CFC Light bulbs p1 = p2 

Boil exact water  p1 > p2 

Geyser off (holidays) p1 = p2 

Geyser set to 55°C p1 = p2 

EE on appliances p1 = p2 

Blanket around geyser p1 = p2 

  

Result: With 95% confidence, in 5 of the 8 activities the proportions of the two 

groups are the same, the null hypothesis is accepted. 

   

Figure 5-5 compares the performance of the entire sub-group defined in table 5-

10 against all respondents who participated in the survey who answered yes to 

energy efficiency being important to them. The latter sub-group has a 

population size of 156.   
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Figure 5-5 All EE Respondents versus Higher Income EE Respondents as a 

Percentage 
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Of the total population group that answered the survey, 152 respondents said 

that electricity in SA is affordable. Figure5-6 plots the results of this sub-group 

on the eight energy efficient compliance questions and also measures how 

many felt that energy efficiency was important to them. 
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Figure 5-6 Performance of respondents who believe that SA electricity is 

affordable 
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5.4 Data Relating to Question 2 of the Research

Figure 5-7 illustrates the responses of the entire population group regarding 

non-renewable energy and pollution. 
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Figure 5-7 Pollution Awareness and Views as a percentage 
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5.4.1 Sampling Error  

The sampling error test gives an estimate of the degree of confidence with 

which it can be said that the true proportion lies within the interval.  

The test was performed on the responses to the questions in graph 5.7. The 

calculation of the first question is shown and then Table 5.12 lists the results for 

the remaining questions. A 5% interval width has been used. 

Primary Energy Source is Coal
Key Input

Inputs
Number with characteristic 155
Total Number 221
Interval width 0.05

Calculations
p 0.701357466
q  (1-0.3167) 0.298642534
z  0.05*SQRT(221/(0.31*068)) 1.624129288

Confidence Level 90%  

Table 5-12 Sampling Error  
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Question Confidence Level Interval
Primary Energy Source is Coal 90% 65-75%
SA Heavy Polluter 87% 54-64%
GHG Causes Climate Change 92% 71-82%
I support Kyoto 88% 57-67%
Pollution impacting Nations health 90% 66-76%
Build more power stations 91% 21-31%  

 

Figure 5-8 illustrates the responses of the entire population from their personal 

view on energy policy. 

Figure 5-8 Energy policy views of respondents as a Percentage 
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Table 5.5 showed that 51% and 49% of respondents said that their efforts will 

make a difference (question 44) and that they are actively trying to reduce the 

number of emissions they produce (question 43). Graph 5.9 shows the 

combinations of these answers. 
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Figure 5-9 Responses to Question 43 and 44 
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A further analysis was done for a Yes response to both questions against other 

relevant questions from the questionnaire, as shown in graph 5-10 to determine 

whether they are acting on their views or whether it is an idealistic viewpoint 

that is not followed up by action. Table 5-13 lists the six questions and the 

reasons they were chosen.  
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Table 5-13 Reasons for question choice 

Question 

Number 

Question  Reason 

24 Energy Efficiency is important to me To determine the extent of the correlation 

between the three questions 

25 A geyser accounts for +- 40% of the 

average domestic electricity bill 

A guideline on awareness. Do these 

respondents know what the biggest consumers 

of electricity are? 

26 Supply side management (SSM) 

over Demand side management 

(DSM) 

DSM cannot be the entire solution, with 

population and economic growth more plants 

will have to be built, but DSM can play a 

significant role in reducing the total number 

and the frequency at which new plants are 

built. 

Secondly, this question checks the integrity of 

answering Yes to questions 43 and 44. 

28 Heavy users should be charged a 

higher rate after a certain 

consumption 

If they were heavy users, would they be 

prepared to pay more? 

22 Heating blanket on geyser This questions their awareness and actions 

20 EE rating on appliances Will these users spend more to buy an EE 

appliance? Awareness versus action 
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Figure 5-10 Actual conduct of respondents committed to reducing C02 emissions 
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5.5 Data Relating to Question 3 of the Research

Figure 5-11 is a representation of the responses with regards DSWH 

Awareness and Acceptance and has been sourced from the rank order tables 

5.6, 5.7 and 5.8. 

Figure 5-11 DSWH Awareness and Acceptance 
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5.5.1 Sampling Error 

The sampling error statistical test was performed on the Yes answers to the 

questions in figure 5-11 and recorded in table 5.14 
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Table 5-14 Sampling Error 

Question Confidence Level Interval
DSWH save electricity 99% 85-95%
DSWH are environmentally friend 98% 84-94%
I will consider installing DSWH 90% 67-77%
DSWH are cost effective 86% 46-56%
DSWH are unreliable 97% 08-18%
DSWH info available 97% 08-18%
DSWH can last up to 20 years 97% 24-34%  

The sampling error statistical test was performed on the Yes answers to the 

questions in graph 5.12 and recorded in table 5.15 

Figure 5-12 DSWH Affordability 
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Table 5-15 Sampling Error 

Question Confidence Level Interval
DSWH paid off in 5 years 91% 22-32%
Electricity to increase by more tha 86% 47-57%
ROI on DSWH takes too ling 91% 21-31%
DSWH costs > R10k 92% 18-28%
DSWH should not be taxed 100% 0-7%
DSWH should be subsidised 88% 62-72%  
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6 Research Findings 

6.1 Validity of Results

Graphs 5-1, 5-2 and 5-3 show that the differences between the final results and 

the readings taken at a population size of 105, had differences of up to 4% and 

in four instances as much as 7%. However, the differences between the final 

results and the 181 readings yield much smaller differences and show that the 

data is converging. 

There are very few instances where the answers vary by more than 4% so 

these variances are tolerated as it is believed that they do not have a material 

consequence on the overall views of the respondents. 

6.2 Question 1 

With SA being one of the lowest cost producers of electricity in the world, 

annual household energy expenses can be as little as 2 - 4% of annual 

household income (in the mid to high income bracket). Is there a culture of 

wasteful and inefficient use of electricity?  

The quantitative research and analysis of the findings yielded the following 

results: 

6.2.1 Overview of Target Group’s Attitude and Conduct 

The following has been drawn from the rank order tables of the results in 

Chapter 5.2: 

• Electricity supply is not negotiable and the population expect Eskom to 

deliver. 81% of the respondents view electricity as a commodity and are not 

concerned with electricity supply side issues. If it is required and they can 
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pay for it, they expect it to be available. This may make demand side 

management difficult to sustain over the long term. 

• Over 68% of consumers say that electricity is affordable and 58% spend < 

4% of their total household income on their electricity bill. 71% stated that 

energy efficiency is important to them. 

• There is a very grim outlook on the current and future electricity supply: 78% 

believe that the SA does not have the capacity to meet the country’s 

demand over the next five years, 71% feel that the infrastructure is not well 

maintained and 57% believe that the electricity supply is not reliable. 

 

What can be deduced is that consumers accept that SA electricity is affordable 

and its supply is not negotiable - this confirms the results from international 

studies (Filipinni, 1999) and (Lijesen, 2006) showing that electricity is price 

inelastic and that demand is not sensitive to changes in price. There is a real 

concern about its supply going forward and this could be as a result of the 

ongoing blackouts that the country experienced during 2005 / 2006 and the 

impact it had on the economy - SACOB (2006) estimated that the February 

blackouts in Cape Town cost the economy over R500 million. These events 

may have played a role in influencing the population group to start being more 

efficient with their electricity consumption. The results of the questionnaire were 

analysed from three perspectives to determine whether the consumers’ 

electricity usage is indeed efficient.  
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6.2.2 Perspective 1: Performance of High Income Groups (R20, 

000 / month) 

Of the target group of 117 (table 5-9) whose income is > R20, 000 and 

electricity is < 4% of monthly income, 76% said that energy efficiency is 

important to them - this is higher than the 71% of the total group. This sub-

groups performance was tested against eight energy saving activities that can 

be easily performed in a household and that yield significant results in terms of 

energy efficiency. The results are illustrated in figure 5-4 and the following can 

be concluded: 

• The target group performed better than the total group in all eight activities. 

• The target group’s conduct outperformed all respondents by a margin not 

exceeding 11%. A much higher differential was expected as the total 

population includes households that do not value energy efficiency. 

• If the target group is energy efficient a performance rating of or close to 

100% is expected. This is not the case and there is only strong performance 

in one activity (92%), four activities were between 50% - 75% and three 

activities were below 50%. 

•  The statistical test confirms that the EE group do not behave differently to 

the general population, except when it comes to switching lights off, 

showering and boiling the exact amount of water. 
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6.2.3 Perspective 2: Performance of all Energy Efficient 

Households  

Figure 5-5 compares the performance of the sub-group identified in Perspective 

1 against the performance of all respondents who answered Yes to energy 

efficiency being important to them. The results are almost identical and it can be 

concluded that the higher income groups or households whose electricity costs 

are < 4% of income, behave similarly. The swing factor is attitude towards 

energy efficiency, not income. 

 

6.2.4 Perspective 3: Conduct of Respondents who find SA 

Electricity Prices Affordable 

Just over 75% of respondents who said that electricity prices are affordable 

stated that energy efficiency is important to them- Figure 5-6. If their conduct is 

measured against the eight activities, the results are poor. No activities had a 

compliance of >75%, only two were above 50% and three were < than 30%. 

6.2.5 Conclusion to Question 1 

The results from the three perspectives give sufficient evidence to conclude that 

the targeted population group do not have a comprehensive understanding of 

what energy efficiency requires in terms of changing usage habits. The result is 

that the population group are inefficient users even though their intent may be 

efficiency. As such they are categorised as Stage 1 - ‘unconsciously 

incompetent’ in the conscious competence model.  
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Where the group does try to make an effort to be energy efficient it is done in 

less onerous activities, such as switching lights off when leaving a room. But 

there is a very low inclination when time, effort and money is required - such as 

buying energy efficient appliances or installing a geyser blanket.  

 

This may be because users would rather continue paying current electricity bills, 

which they believe are affordable, instead of making a capital outlay that must 

be recouped over time. 

 

The findings are consistent with those made by the Department of Minerals and 

Energy (2004) on demand side issues which are that the historical low pricing of 

electricity has resulted in a culture of inefficient use and a lack of knowledge 

and understanding of energy efficiency.  

6.3 Question 2 

SA electricity is derived from coal power stations which are the biggest polluters 

out of all energy sources. The question is to determine whether the majority of 

this group of individuals are aware that the bulk of SA’s electricity is generated 

from coal (78%) and if they know whether SA is a heavy polluter by international 

standards and the associated impact. Do they believe that Greenhouse Gases 

(GHG) are causing climate change and have they done everything they can or 

that one person / household cannot make a difference? 

 

The quantitative research and analysis of the findings yielded the following 

results 



 

 

101 

 

 

6.3.1 Perspective 1: Pollution Awareness 

Table 5.5 and figure 5-7 shows that respondents have a good understanding of 

the negative effects of SA’s high use of coal as its primary energy source and 

its impact on the local environment. This is in line with the IAEA (2005) findings 

that SA contributes 0.9% to global GDP but 1.6% to world pollution. Coal, at 

26% is the least favoured source for new electricity generation of the available 

options, while renewable energy was the highest at 81%. Nuclear was the 

second most favoured at 60% showing its global re-acceptance as an energy 

source (Financial Times, 17/05/2006). It must be noted that 60% believe that 

SA faces more important issues than pollution reduction- figure 5.8. 

 

The sampling error test done on the results shows that the data can be relied 

upon as for all questions that received a Yes response reflect that the 

population is generally in agreement - i.e. in all cases except one > 67% of the 

population answered Yes. The sentiment was further reinforced by the results 

as only 25% answered Yes to more coal power stations being built even though 

78% believe that SA’s electricity needs will not be met over the next 5 years. 

The confidence levels ranged between a high of 92% and a low of 87%. 

 

6.3.2 Perspective 2: My actions will make a Difference and I 

have made an Effort 

Seventy respondents or 32% said Yes to both questions that they make an 

effort and their efforts make a difference (Questions 43 and 44 of the 

questionnaire). Figure 5-9 shows the breakdown. This is consistent with 

Boardman’s (2004) findings on this association. Figure 5-10 tests the 
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commitment of this sub-group of 70 to determine whether their actions back up 

their statements. Table 5-13 articulates why the specific actions were chosen. 

The following observations were made: 

• There is a strong correlation with this sub-group and the idea that energy 

efficiency is important to them; however it could be higher and close to 

100% if they were consistent in their views. 

• Only 46% are aware of the high electricity consumption of the geyser, only 

40% would consider spending more on an energy efficient appliance and a 

meagre 19% have installed a geyser blanket. 

• Demand Side Management at 11% is not viewed as an option but 73% 

believe that heavy users should be penalised to encourage lower usage. 

6.3.3 Conclusion 

There is sufficient evidence to show that the targeted population group have an 

overall understanding of how SA generates its electricity, that the country is a 

heavy polluter and that there are direct and indirect costs associated with non-

renewable energy. The population is categorised as Stage 2 ‘consciously 

incompetent’ (as per the conscious competence model), because they have a 

very weak measure of the extent of their deficiency in the use of electricity.  The 

studies highlighted in the literature review, (chapter 2.4.1 on energy awareness 

and efficiency) illustrate the worldwide meaningless consumption of electricity- 

Rosen and Meier (1999) found that 23% of the electricity consumption of 

household television sets takes place when the sets are not being viewed. In 

the UK, the Energy Saving Trust (2005) found that over 10% or 7 TWh of the 

average electricity bill is consumed by electrical equipment in sleep mode.    
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There is very little evidence to support the stated conviction of those interviewed 

that believe that ‘they can make a difference and are actively doing something 

about it’. The respondents may think that they have taken steps to reduce their 

consumption but are ignorant to the implications of electricity usage and what 

constitutes meaningful energy efficiency as a result most of their efforts are 

token or futile.  

 

A further dichotomy found in the analysis is that 62% support the Kyoto protocol 

but only 26% believe that the government feels the same way. Only 2% thought 

that SA was making sufficient use of its renewable energy resources. If the 

respondents actively supported Kyoto, you would expect them to act on their 

convictions, more certainly than what has been revealed by the survey. They 

would also know what the government is doing to meet its obligations. This 

suggests that at best there is a basic understanding about Kyoto and very little 

knowledge about the actions required.   

6.4 Question 3 

The targeted group’s perception of DSWH, from the following perspectives: 

Awareness 

Acceptance  

Affordability  

6.4.1 Awareness and Acceptance 

In chapter 2.3.5 it was identified by Argiriou and Mirasgedis (2003) and 

concluded by Sidaras and Koukios, (2004) that key the factors that contributed 

to Greece’s success were tax incentives on the demand side, a strong 
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government sponsored advertising campaign and an industry that delivered 

quality products.  

 

This finding is also corroborated by Ince and Langniss (2004) in the Barbados 

experience where the DSWH rollout had strong government support resulting in 

high profile awareness campaign.   

 

Table 6-1 is a tabular representation of figure 5-11.  The results clearly show 

that the respondents understand that DSWH’s save electricity and the 

environmental benefits that they offer. 72% would consider installing one. 

Therefore a strong case can be made that DSWH technology is accepted by the 

population. However, when it comes to specific knowledge about DSWH 

(awareness), the results are in line with the above literature findings stating that 

a strong marketing and educational campaign are essential for successful 

acceptance and implementation of DSWH.  

 

The sampling error test returned very high confidence levels on very clear 

results and they are therefore accepted- (refer table 5-14). 

Table 6-1 DSWH Awareness and Acceptance

  Don't Know No Yes 
DSWH save electricity 6% 4% 90% 
DSWH are environmentally friendly 6% 5% 89% 
I will consider installing DSWH 8% 20% 72% 
DSWH are cost effective 27% 22% 51% 
DSWH are unreliable 36% 51% 13% 
DSWH info available 18% 69% 13% 
DSWH  can last up to 20 years 63% 7% 29% 
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6.4.2 Affordability 

From a financial viability perspective the respondents have very poor 

knowledge of the financial implications of installing a DSWH. This is illustrated 

in the findings shown in table 6-2. In most cases the ‘don’t know’ answers are 

the significant ones. 

Table 6-2 DSWH Affordability

  Don't Know No Yes 
DSWH paid off in 5 years 61% 12% 27% 
Electricity to increase by more than 
inflation 36% 12% 52% 

ROI on DSWH takes too long 52% 22% 26% 

DSWH cost >R10k 58% 19% 23% 

DSWH should not be taxed 15% 3% 82% 

DSWH should be subsidised 14% 20% 67% 
 

From table 1, over 72% would consider installing DSWH but more than half are 

unsure about the Return on Investment. 58% do not know how much they cost 

and 61% do not know how long it will take for the appliance to pay itself off. The 

sampling error test again confirms this with lower confidence levels, averaging 

at the 90% mark (refer table 5-15). 

 

In general, all consumers would argue against taxes and for subsidies for all 

products or services. However, the high numbers supporting DSWH’s as a non-

taxable item does indicate that the population are aware that DSWH is a viable 

alternative to electricity and therefore should not be paying a higher price, due 

to taxes.  
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They are also aware (through constant media reports) of the extent to which the 

government subsidises non-renewable energy and possibly believe that 

renewable energy should enjoy the same benefits rather than be penalised with 

a 15% excise duty tax. 

6.4.3 Conclusion 

The technology and benefits of DSWH are known and accepted by the 

population group; however that is where it ends. The group are Stage 2 

‘consciously incompetent’ and only a strong push factor will change the status 

quo - such as increased electricity costs, an increase in the number of power 

outages, an effective marketing campaign promoting DSWH or government 

policy and regulation promoting their use. A combination of the above would 

yield optimum results. 

6.5 Proposition 1 and 2

Proposition 1 (Household Perspective) 

The return on investment of solar water heating is only economically lucrative 

over the longer term (4 - 6 years) but with government initiatives this can be 

brought down to the medium term (2 - 3 years) making it a more attractive 

investment opportunity.  

 

Proposition 2 (Government Perspective) 

There are several examples worldwide where DSWH initiatives have been 

implemented successfully, as discussed in the literature review.  

Can Eskom and government benefit by promoting the DSWH industry?  
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6.5.1 Return on Investment – Household Perspective 

The following scenario forecasting tool was supplied by the Central Energy 

Fund (CEF) of South Africa and was independently reviewed by two engineers 

to ensure that the formulas are accurate and that the results can be relied upon.  

The DSWH used for the scenario is an vacuum tube model and has the 

following characteristics: 

• Made in China 

• Geyser holds 200 litres  

• High pressure system 

• Price R11,000 (including VAT) 

• The unit complies to the recently issued SANS (2005) standards 

• The unit carries a 5 year guarantee 

The following assumptions hold for the scenarios: 

• There are 3.7 occupants/household. This is the average household size as 

per the survey done in this research. 

• The household uses 1,000 litres of water per day of which 30% is heated. 

• Electricity costs are R0.45 (including VAT)/KWh. This rate was confirmed by 

Johannesburg City Council for the suburb of Parkwood on 11 September, 

2006. 

• All water to ‘hot side’ is heated to the full temperature of 50°Centigrade. 

• There are 366 days in a year. 

• Water use is uniform per day. 

• Weather patterns are not considered as it is believed that they will average 

out during the course of the year. 
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Equation 1: KWh required to heat water 

KiloJule/Kilogram°Centigrade =  4.2 

Number of litres to be heated = x 

Temperature rise required  = y 

Convert to kWh   = /1000 

Time to hourly rate   = /3600 

Equation 1    = ((4.2*x*y)/1000)/3.6 

 

Equation 2: Total MWh used from power plant 

Time (Total number of days) = 366 

KWh (Equation 1)   = x 

Number of electric geysers  = y 

Convert to MWh   = /1000 

Equation 2    = 366*x*y/1000 
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Scenario 1: No solar input is used to heat water. 

Equation 1

Annual Energy cost 
for water heating R 2,017.58

kWh required to 
Heat Water 12.3

Cost per kWh to 
household R 0.45

50
Temperature Rise ºC 35

700 300

Delivery Water      
ºC

TO - Cold Water TO - Hot Water

70% 30%

Water Supply
15 1000

Incoming Water   ºC Litres per Day

 

Scenario 2: DSWH is used to pre-heat the water to 40°Centigrade. The water is 

then delivered to an electrical geyser which heats the water to the required 

temperature 50°Centigrade. 

 

Equation 1

Delivery 
temperature from 
Solar System ºC

40

Annual Energy cost 
for water heating R 576.45

kWh required to 
Heat Water 3.5

Cost per kWh to 
household R 0.45

50
Temperature Rise ºC 10

700 300

Delivery Water      
ºC

TO - Cold Water TO - Hot Water

70% 30%

Water Supply
15 1000

Incoming Water   ºC Litres per Day
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Financial Analysis of Results: 

Year 1 Year 2 Year 14 Year 15 Total
Annual cost to heat water (Scenario A) 2,018 2,118 3,804 3,995 43,536
Annual cost to heat water (Scenario B) 576 605 1,087 1,141 12,439
Annual savings (Return) -11000 1,441 1,513 2,717 2,853 31,097

10 Years 15 Years
Cost of evacuated tube DSWH (200L) -11,000   -11000
Year is nwhich DSWH will be paid off 7 7
Annual interest rate for loan 10.50% 10.50%
Annual re-investment rate for loan 10.50% 10.50%
Return on Investment over 10 year period 9.96% 12.30%

Assumptions
5% increase in electricity costs
Cost of DSWH as at October 2006 and comes with a 5 year guarantee
DSWH is funded at bank prime rate (home loan rate)
Annual electricity savings from DSWH are paid into home loan
The Modified Internal Rate of Return formula has been used
 

The financial analysis shows that a DSWH will take just under 7 years to be 

paid off in Gauteng. This is higher than the periods quoted by (Karekezi, 2002) 

of 3 - 5 years. This finding referred to Africa as a whole and not SA specifically 

which enjoys much lower electricity prices. In the study performed by Sidaras 

and Koukios, (2004) in Greece they also found payback periods of 3 - 5 years, 

while Kalogirou (2004) calculated the payback period to is 3.7 years, but this 

country enjoyed tax incentives and an established competitive market but 

higher electricity prices..  

 

If the Value Added Tax (VAT) is removed from the price of the above DSWH 

and a government subsidy of R4, 000 is offered the cost drops to R5, 650. The 

payback period decreases to four years and the Modified Internal Rate of 

Return increases to 11.5% (10 years) and 17.4% (15 years). 
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The above calculations:  

• Do not consider the benefits to society as a result of reduced carbon 

emissions and as described in the literature review. The external costs are 

estimated at 20% of residential tariffs (Spalding-Fecher and Matibe, 2003).    

• Solar insolation in Gauteng is sufficient to heat cold tap water by 

25°Centigrade over a period of 366 days. Gauteng receives +- 6.5KWh/m² 

per annum in solar radiation (CSIR, DME, Eskom, 2004). The DSWH is 

scenario 2 has a 200L tank and the panels cover an area of 2.4m² 

(2.4X6.5KWh=15.6JWh). This is greater than the required 12.3KWh to 

increase the temperature from 15°C to 50°C as per the calculation in 

Scenario 1. 

6.5.2 Return on Investment – Government Perspective 

Geysers are most active during the defined peak periods as identified by Holm 

et al (1999).  The peak demand spike in SA is about 5,000MW (SAD-Elec, 

2005) and total consumption peaks between 32-35,000MW.  

 

As noted in the literature review, the SA DSWH is fragmented and as at 

September, 2006 remains unregulated. Sustainable Energy Africa, a non-profit 

environmental organization estimates that as at 2004 there were approximately 

94,000 installed units- fitted over a period of 30 years. This low number 

illustrates that there is no economic benefit in taxing this product- albeit that it is 

an excise duty levied only on imported units. This tax should be scrapped.  

 

The literature review has shown that SA is struggling with peak power demand 

(Business Day, 07/03/2006 and figure 1-2) and any assistance in reducing this 
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demand should be encouraged. The installation of a DSWH and the reduction 

of the household’s energy requirement are immediate whereas the construction 

of a new non-renewable power plant can take up to five years.  

 

The literature has also shown the benefits which are enjoyed by countries that 

have a mature DSWH industry- these are: 

• Close to 1.2 million tonnes of CO2 emissions were avoided in Greece due to 

the number of installed DSWH (EBHE, 2003). 

• The Greeks exported around 140,000 DSWH in 1999 which generated 

foreign exchange earnings (Argiriou and Mirasgedis, 2003). 

• The Greek DSWH industry is now sustainable and employs 3,000 people 

(EBHE, 2003). 

• Barbados has reduced its oil imports by 227,000 barrels in 2002 through the 

installation of 35,000 DSWH (Ince and Langniss, 2004). 

• The state of Massachusetts offers a $600 personal tax incentive to 

encourage the installation of DSWH (DSIRE, 2006). 

  

Active demand side management during the power blackouts experienced in 

Cape Town in February, 2006 resulted in a 400 MW reduction (DME, 2006) 

which greatly assisted Eskom in better managing the crisis. This illustrates the 

benefits that the demand side part of the electricity consumption equation can 

yield.  
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7 Conclusion 

7.1 Introduction 

"We can't solve problems by using the same kind of thinking we used when we 

created them." Albert Einstein. (German born American Physicist who 

developed the special and general theories of relativity. Nobel Prize for Physics 

in 1921. 1879-1955) 

 

The way in which energy has transformed the world is indisputable. A country’s 

ability to generate and distribute the required amount of energy reliably to all its 

inhabitants is a prerequisite for economic growth and prosperity. Non-renewable 

energy sources are able to offer consistent power that is scaleable. This 

facilitates aggressive timelines with accurate planning at a commercial level and 

ease of use at a personal level. The negative aspect to their use is that they are 

finite, heavy polluters (both in the way that they are accessed and then utilized) 

and are hazardous. As global reserves are being depleted they are increasingly 

becoming the cause of geo-political tensions. 

 

Even if non-renewable energy sources did not have a damaging impact on the 

environment by definition they are exhaustible and new alternatives would have 

to be developed. The research something is missing just how damaging their 

use is and the impact it is having on the environment through global warming. 

 

This problem has been recognised around the world and has resulted in many 

countries committing to reducing their CO2 emissions. This has been done at an 
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individual level through government policies, such as the DME’s White Paper on 

the Promotion of Renewable Energy (2002) and at a collaborative level through 

protocols such as Kyoto. These programmes have been implemented with 

varying levels of success but the research undertaken in this paper has shown 

that SA has faired poorly. It is one of the world’s heavier polluters on a per 

capita basis. Its CO2 emissions compare with that of first world countries, such 

as the United Kingdom, Spain and Belgium. But it fails to convert this energy 

consumption into meaningful GDP or economic wealth. Inefficient use of energy 

is part of the problem but the key issue for SA is that 78% of its electricity 

generation is from low-grade coal, which is by far the biggest polluter of the 

non-renewable options. It is understood and accepted that SA has large coal 

reserves and for strategic and economic considerations coal is the logical 

choice. SA also has many renewable energy resources but these make up less 

than 7% of the total.  

 

Due to under investment in power stations and infrastructure, SA is struggling to 

meet demand and continues to experience power outages. Government and 

Eskom have tackled this by announcing a R97 billion investment in both. It is 

disappointing that this supply side spend is almost exclusively on non-

renewable projects and so heavily weighted in coal power generation. A real 

opportunity existed to re-balance the mix of primary energy generation. Nuclear 

energy is viable option and SA has proved that it can run such a plant 

successfully. Government is working on a nuclear power plant, with the PBMR 

project but that is still in an exploratory phase and the best case scenario for 

power generation of the first plant, assuming the technology is accepted - is 

2014.  
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Supply side management remains an under utilized tool. Government identified 

that during the Cape Town blackouts the local community came together and 

reduced their consumption- by 400 MW. The blackouts were a national front 

page news item for several weeks. This was a real opportunity to implement an 

aggressive energy efficiency campaign that would influence users to be more 

frugal with their energy consumption. The quantitative research, which targeted 

high income households, showed that although there is an awareness or intent 

towards energy efficiency most users do not fully understand the requirements. 

The results showed that 73% were prepared to consider installing a DSWH but 

only 13% knew where to find information on this product. 

 

The importance and viability of household energy efficiency and renewable 

energy products, such as DSWH, was confirmed in the literature research and 

several examples corroborated the sustainability of such industries. Michael 

Porter argues strongly for environmental policies and controls as they 

encourage competition which leads to innovation which in turn translates into 

competitive advantage.  

 

It is the industries that operate in countries/regions that have strong 

environmental legislation that will be most likely to succeed as natural resources 

continue to be depleted. “It is difficult to get a man to understand something 

when his salary depends on his NOT UNDERSTANDING IT” Upton Sinclair. (A 

prolific American author who wrote in many genres, often advocating Socialist 

views, and achieved considerable popularity in the first half of the twentieth 

century. 1878 – 1968) 

 



 

 

116 

 

 

Globally, a fundamental mind shift is required for the world to survive. Over the 

last 50-75 years the conventional supply of non-renewable energy has been so 

convenient and bountiful that we have used it in a wasteful and reckless 

manner. It’s too inconvenient to recognise and accept personal accountability – 

so many ignore the issues. However, the stores are starting to run out and with 

an ever-increasing population new approaches need to be adopted. Energy 

efficiency and renewable energy sources in the home will form the cornerstone 

of an effective global policy in reducing CO2 emissions. 

7.2 Recommendations to Promote the Installation of DSWH 

and Energy Efficiency in the Home 

Through several studies, the literature review showed that three key 

ingredients, all of which must be government driven, are necessary for the long 

tern sustainability of a DSWH industry. They are: 

• Committed policy targets such as number of installations.  

• Tax incentives which can be adjusted according to the phase of the industry. 

• Sustained marketing and education campaigns. 

None of these are present in SA and it is recommended that government work 

towards this. The following recommendations are put forward: 

 

Policy 

• The DME has published several papers on renewable energy and energy 

efficiency (2002 and 2004) but these guidelines need to be implemented. 

Realistic targets and deadlines need to be set. 
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• To begin with the higher income groups should be targeted. They are the 

ones who can afford the investment. They are the highest users and 

theoretically, they should be the easiest to convert if the assumption can be 

made that they are more literate. 

• Government should look to implement policies that are investor-friendly 

towards renewable energy research and manufacturing. This will encourage 

businesses to enter the industry. 

• Government to take responsibility for setting up a regulatory body which will 

ensure that the industry conforms to standards and offers recourse to 

dissatisfied customers. 

• Enforce tools that will reduce excessively high electricity use in households. 

An example includes a mandatory Eskom switch installation in all houses 

whereby a geyser and oven cannot operate at the same time.  

 

Tax Incentives 

• At a minimum there must be tax parity and all energy sources must be taxed 

at the same rate. This is not the case in SA. 

• The biggest obstacle in the purchase of a DSWH is price. A subsidy must be 

offered which will make it an economically viable investment for a household 

to install. Benefits to government include an overall reduction in domestic 

electricity usage (especially during peak periods), the formation of a new 

industry which will provide new jobs, the reduction in CO2 emissions and a 

step towards reducing its reliance on non-renewable energy. 
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• The South African Revenue Service (SARS) has an exemplary and proven 

track record in managing private individual’s tax returns and they can be 

tasked to manage the personal tax rebates offered on DSWH. 

 

Marketing and Education Campaigns 

• A sustained nationwide education campaign on energy efficiency and the 

promotion of DSWH. These should be mutually exclusive. 

• The campaign must explain the benefits, the tax incentives available and 

why it is important for everyone to participate. 

7.3 Recommendations for Future Research 

The research succeeded in showing that high income households are inefficient 

users of electricity. This group would consider installing a DSWH as they 

understand and accept the benefits but say that there is insufficient information 

available. 

 

The research also looked at the economic benefits of a DSWH from a 

household and government perspective. Recommendations for future research: 

• How government should structure its marketing campaign.  

• How to promote and implement a DSWH industry in SA which is sustainable 

and creates new jobs. Can SA start exporting DSWH? As per Porter, can SA 

move to a Competitive Advantage of Nations status in DSWH? 

• Carbon credits and Clean Development Mechanisms (CDM). Annex A 

countries have to buy CO2 emission shortfalls on the open market. There is 

an opportunity for SA to trade its saved carbon emission. How big does the 

DSWH industry need to be for this to be a viable proposition?    
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• Tax incentives. Using global examples and methods to promote renewable 

energy, which ones have been the most successful and how much should 

be offered? 
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ELECTRICITY QUESTIONNAIRE

Welcome to www.mbareality.tv
Please complete the survey on Electricity, Energy Efficiency and 
Solar Water Heating.
The survey will take between 3-5 minutes to complete. 

For every completed questionnaire a R2 donation will be made to a 
low income parent nursery school in Berea, Jhb

Age Group: 21-30 31-40 41-55 56-65 66+

Total monthly household income: <15,000 >15,000 -<20,000 >20,000 -<30,000 >30,000

LSM Group 6 7 8 9 10
(To find out what LSM you are. Click on the link):
www.eighty20.co.za
Status: Single Married Family

Province where I reside: Eastern Cape Free State Gauteng
Kwazulu-Natal Mpumalanga Northern Cape

Limpopo N W Province Western Cape

Position in Household: Employed Unemployed Breadwinner

Number of people living on property:

CURRENT ELECTRICITY SUPPLY

South African electricity is affordable Yes No Don't Know
Eskom provides a reliable supply of electricity Yes No Don't Know
The electricity infrastructure is well maintained Yes No Don't Know
Eskom is able to meet SA's electricity demnds Yes No Don't Know

SA has capacity to meet the country's demand over the next 5 years Yes No Don't Know
Electricity is a commodity. If I can pay for it it should be provided Yes No Don't Know
I feel that my household is at risk and will experience ongoing 
blackouts Yes No Don't Know

ENERGY EFFICIENCY

My monthly electricity bill is < 4% of total household net monthly 
income Yes No Don't Know
I make a conscious effort to save electricity by: Yes No Don't Know
- Switching lights off when I leave a room
- Boiling the exact amount of water I need Yes No Don't Know
- Showering instead of bathing Yes No Don't Know
- Switching the geyser off when I go away on holiday/business Yes No Don't Know
- A deciding factor when buying an appliance is its energy efficinecy 
rating Yes No Don't Know
- My geyser is set to 55°Celsius Yes No Don't Know

- I have wrapped a heating blanket around the geyser to insulate it Yes No Don't Know

- I have replaced the light bulbs in the house with energy saving ones Yes No Don't Know
Energy efficiency is important to me Yes No Don't Know
A geyser accounts for 40% of the average electricity bill Yes No Don't Know
Eskom should provide more electricity to meet demand rather than 
the private sector reducing consumption Yes No Don't Know
Government has done a good job in educating the SA public about 
energy efficiency Yes No Don't Know
Electricity should cost more after a specific consumption amount to 
encourage energy efficiency Yes No Don't Know

SA ENERGY SOURCES

Coal is an efficient energy source i.e: there is minimal transfer loss of 
energy Yes No Don't Know
SA should build the following power generators to meet future 
demand: Yes No Don't Know
- Coal
- Nuclear Yes No Don't Know
- Gas Yes No Don't Know
- Renewable energy sources Yes No Don't Know
- Any. Just generate more power Yes No Don't Know
SA should only consider energy resources that it has a significant 
supply of Yes No Don't Know
I want to reduce my dependency on electricity with items such as gas 
heating and cookers Yes No Don't Know
SA's primary energy source is coal Yes No Don't Know



POLLUTION (ENVIRONMENTAL)

SA is a heavy polluter (greenhouse gases) in relation to its GDP and 
population size Yes No Don't Know
I support the Kyoto Protocol Yes No Don't Know
Government is committed to the Kyoto Protocol Yes No Don't Know
SA is making sufficient use of its renewable energy resources Yes No Don't Know
Greenhouse gases are causing climate change Yes No Don't Know
I have made a conscious effort to reduce the number of carbon 
emissions I produce Yes No Don't Know
My efforts to reduce pollution will make a difference Yes No Don't Know
SA's current pollution levels are impacting on the health of our 
population (physical health problems) Yes No Don't Know

There are more important issues facing SA than pollution reduction Yes No Don't Know

SOLAR WATER HEATING- AWARENESS

Solar water heaters are cost effective Yes No Don't Know
Solar water heaters save electricity Yes No Don't Know
Solar water heaters are environmentally friendly Yes No Don't Know
Solar water heaters are water saving devices Yes No Don't Know

SOLAR WATER HEATING- ACCEPTANCE

Solar water heaters should be enforced by law Yes No Don't Know
Solar water heaters are a status symbol Yes No Don't Know
Solar water heaters are unreliable Yes No Don't Know
Information on solar water heaters is readily available Yes No Don't Know
I know someone who has installed a solar water heater Yes No Don't Know
I am prepared to consider installing a solar water heater. Yes No Don't Know
I think that solar water heating is too expensive. Yes No Don't Know

SOLAR WATER HEATING- AFFORDABILITY

Solar water heaters pay themselves off in 5 years Yes No Don't Know
Solar water heaters can last up to 15 years Yes No Don't Know
Solar water heaters should be subsidised by Government Yes No Don't Know
Solar water heaters cost > R10,000 Yes No Don't Know
The return on investment on a solar water heater system takes too 
long Yes No Don't Know
Should solar water heating be taxed? Yes No Don't Know
Electricity supplied by Eskom will increase by more than the inflation 
rate over the next 5-10 years Yes No Don't Know
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