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Abstl'act 

The objecti\'e of this study was to investigate the use of solar waler healers (S\VII) in South Ati'ica, 

and identify policies and measures that \vould promote their use. It bs been found that conditions are 

appropriate for the development and lise of SWH in South Africa. but the current market for this 

technology still remains small. 

The findings of surn:}' data collected in Lwandle shows that the interviewees appreciate the usc of 

SWI J technology pnwided by the local authorities. However, they complained of problems during 

winter, as there was no backup system for these units. This was considered as one of the limitations of 

the proj eet. 

A comparative analysis between solar home systems (SHS) and solar water heaters in South Africa 

was made. The findings showed that SHS is well disseminated compared to S\VH. The electrification 

programs in the country accelerated the dissemination of SHS. Government and Eskom are fully 

committt'd to the project with signiticant investments on the electrification in the remote areas. On the 

other hand, SWH were not financially or subsidised by the government. International donors and 

NGO's are still promoting the use of this technology. These two technologies are still expensive for 

many people in South Africa. Furthermore, SHS were subsidised \vhik SWH were not and thiS has 

affected the dissemination of SWH in the country. 

This study gives some recommendations for policies and measures for the future wider dissemination 

of SWH in South Ati·ica. 
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Chapter One 

INTRODUCTION 

The rel1t!\\'uh/e L'lIerg1' jJo/emia! oj'South Aj;'iUl should he ([S,IL',I'sed ill the cOlltext of' 

the clirren! Sou/h o'ljricall (,Ilerg)' eCOI/OJ/ll' ({lid ami/ah/o' resources \\'i/hill SOllth 

Aj;'iCll ifW!tUI/(! ill rhe SlIh-.)·llharall regioll (Izak Kotzt:. 1997: 196), 

Since the first oil crisis ill 197.\ many countries around the world started to search for alternative 

energy sources to crudt: pt:troleul11. Renewable energy \vas one of tht: leading sources that was found 

to bt: attracthe because it is not only environmentally frit:ndly but also available in almost every 

country in tIle world, Karakezi and Rania (1997: I) argue that Africa has substantial new and 

rene\\able energy resources. with more than 3,1..f0 T\Vh of exploitable technical hydro-power 

potential, more than 9.000 megawatts of geothermal potential. abundant biomass potentiaL substantial 

solar potential and. in some countries. ficant \vind potential. South Africa is one of the countries 

in Africa \vith significant renewable energy resources. Many provinces in South Africa have the 

potential to den:lop solar energy and use solar energy technologies. This work will analyse the 

dissemination of one such technology, the solar water heating system in South Africa. 

is crucial for the overall development of any country. Both the developed and developing 

countries around the world are increasingly focussing on the potential of renewable energy sources. 

I he rationale behind this growing attention is the helief that they are 1110re environmentally friendly 

than other sources of energy. particularly those that are fossil fuel based such as coal. Moreover. 

renewable energy can contribute to the mitigation of climate change, one of the recent glohal 

environmental problems currently attracting global attention. For example, the use of solar water 

heaters (S\VI-J) can replace the use of electrical geysers that are powered with electrification from 

energy sources that emit a signi licant amount of greenholl~e gases, \\ll1Ch arc believed to be the main 

calise of climate change, 

South Arnca. which this \\(lrk is restricted to. IS one of the countries in Africa with abundant energy 

resources. including cnal. uranllll11 and significant rCl1c\\'abk cnergy sources (solar, wind LInd 

hlomass), These cncrgy Sl)llrCCS playa major role in the socio-('l'ollol11ic de\dopment of the country: 

coal. for cxample plays a central role in the generation \)1' \.'1cctricity. 
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The Whik Paper 011 Lnergy Policy 01' the South Africa (199X: 90) states that, renewable energy 

const itute~ ;0 I) of Soul h /\ fnca's pri mary energy resources. These resourc;,:s are biomass, solar energy, 

wind and h.'t1ropo\\l;;r. The use or these renewable SOlllTes of energy has th\..' pott:'ntial to address the 

energy needs of the rural communities \\'ho do not have access to the national electricity grid. 

Curre11tly, the 1110st \\idely used renev,able energy in South Africa is biomass ruel wood in rural 

areas, and charcoal u~e in urban meas lor leisure activities. According to White Paper on Energy 

Policy, hydroelectric power constitutes approximately I "" or the electricity generation, rnostly 

through pumped storage. HOwever, the development of renewable energy technology in South Africa 

has mainly tended to focus on ways of giving people living in rural areas and in the periphery of urban 

areas access to electricity, !(Jr example, through the use or solar photovoltaic systems. This could be 

one of the possihilities for the development of rural areas in the country, and may result in a 

~ignificant change in the social life of the poor peopk living in those areas. Solar home systems also 

provide power for schools, clinics, water pumping and telecommunications. 

Another major application of solar energy is solar water heaters (SV·iH). Many observers helieve that 

the potential of this technology is underdeveloped. For example, the White Paper on Energy Policy of 

the South African Government (199R: 90) states that although more than 4R4 000 m2 of solar water 

heater panels haw been installed. this hmvever constitutes less than 1 '~'O of the potential market. The 

total installed capacity of photovoltaic systems was estimated in the White Paper to be approximately 

5 MW peak of which 50o~) is used for telecommunications. 

I. t Statement of the problem 

The purpose of this study is to investigate how solar water heaters are disseminated in South Africa 

and to identify factors that will enhance their usc. The major focus of this \vork is to examine the lise 

of solar water heater with the aim of exploring their wider application in the future. Hence, this work 

will attempt to answer the following questions: 

• Why are solar water heaters not widely disseminated in the country, especially when 

compared to Solar Ilome Systems (SHS)? 

• \Vh"t lessons can he learnt I'wm the dissemination of Solar Ilome Systems In order to 

impnne the dissemination of Solar water Heating (SWll) Systems'! 

The objective of this study, thererore, is to answer the above questions by undertaking the following: 

• A study or the e:\lent to vvhich S\VH have been disseminated in South Africa. 

• Identitlcation or I~lctors lhat affect dissemination orSWI-I. 

• Comparison of the dissemination strategy of SIIS with S\VII systems. 
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• Identification of !~lctors that will result 111 the \\ide usc of Solar \Vakr lIeaters in South 

Africa. 

1.2 SignifIcance of the study 

This study is of significance for the Ciowrnment 01' South Africa because it has been declared in the 

\Vhite Paper on the Lnergy Policy and several other gO\ernment papers that the development of 

renewable energy systems is one of their priorities in the energy sector. Among the technologies 

prioritised for den:lopment is solar water heating. More specifically, the following benefits can be 

gained from this work: 

• GO\ermnent and linancial institutions can be provided with better means of assessing the risk 

associated with the implementation of Solar Water Heater systems in South Africa. 

• The information from this work can provide a better understanding of the use of Solar Water 

Heater systems by customers. 

• A comparative analysis of the implementation of Solar Water Heater systems in SADC 

countries can provide some guidance for appropriate gowrnment support measures to 

promote v,ider use of Solar Water Heating systems. 

1.3 Methodology 

In this project, a qualitative case study method will be use to il1\estigate the use of the Solar Water 

I kater systems in South Africa, as this gives a more accurate result of activities in the field. However, 

the details of methodology used in this study is discussed in chapter !()lIr. 

1.4 Report outline 

The study is di\ided into seven chapters. Chapter one is the introduction, and it outlines the study and 

give a general discussion of Solar Water I katers. A statement 01' the study is also given to 

contextual ise the use 0 I' So lar Water Heaters in South A frica as we II as the researc h questions that the 

study will address. 

Chapter two provides a literature review on Solar 'Nater I !eaters and Solar Home System around the 

world. The re\iew of South African literature is emphasised because it wi!1 improve the understanding 

of past work done in the country. 

Chapter three focuses on an international survey on the dissemination of Solar \Vater Heaters. It is 

divided into t\VO sections . the tirst section focllssing on de\eloping countries and the second section 

on economically ad\anced countries. 
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Chapter four focuses on a survey of Solar Water Heaters and on the analysis of data collected in the 

Lwandle community in Helderberg. The method and techniques used during the survey an discussed 

in detail. 

Chapter five provides a comparative analysis of the use of solar home systems and solar water heaters 

in South Africa, and explores the differences in the development of the two systems in the country. 

Chapter six suggests policies and measures for SWH, and finalJy chapter seven provides a conclusion 

of the study and some recommendations for future studies. 
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Chapter Two 

LITERATURE SURVEY 

2.1 Introduction 

Domestic solar water heaters are one of the technologies normall y referred to as new renewable 

energy technologies, that aim at the substitution for consumption of electricity or other fuels at 

household level. In most countries, especially in the developed world, the use of solar energy is 

promoted for the divers ification of energy consumption and also for environmental concerns such as 

curbing the threat of climate instabi lity. This is because energy production and use has been identified 

as the primary emitter of greenhouse gases whose concentration accounts for the predicted change in 

the world's climate. 

In households using electric water heaters, the heating of water can be responsible for a large 

proportion of the electricity bill and particularly if the electricity is produced from coal, then it is 

. indirectly res~onsible for greenhouse gas pollut.ion. According ·to the International Energy Agency 

(lEA), water heating represents the major portion of an average home's energy consumption and solar 

water heating systems can lead to a reduction of up to 50% or more. It has been estimated that the 

energy savings ach ieved by an average family converting from electric water heating to solar system 

could reduce harmful greenhouse gas emissions by 2-3 tonnes each year (lEA, 2001: 4). This explains 

the interest in solar water heate rs in severa l countries including South Africa. 

This review wi 1.1 not only be confined to solar water heater and solar photovoltaic (PV) systems in 

South Africa, but will include commentary on other countries with a main focus on solar water 

heati ng The reason for also exa mining the use of solar PV systems in South Africa is to provide some 

comparisons between solar PV and SWH, and to unders tand why government subs idies are g iving for 

so la r home systems, as opposed to solar water hea ters. The rev iew wi II inc 1 uue some perspectives 

from international literature in addition to South Africa. 

2.2 Solar water heating systems 

As reported in the Renewable Energy World, Solar Water Heating technology has matured over the 

last 20 yea rs and is now widely used in most te mpe rate c limate areas. The displacement of daytime 

elec tri c power by sola r heaters exceeds 500 MW in a number of countries. T he deve lopme nt of 

quality and performance standards by the Inte rnational S tandard s Organisation has prov ided the bas is 

for ensu ring product quality and hence the consumer co nfidence necessa ry for the wide-scale adoption 

of so lar ,vater heaters (2000: 183). Solar water heater tec hnology is widely deve loped in Europea lJ 

Union C(l lilltnes, USA, Austra li a and other technologically adva nced count ries . So me or the 
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developers in these countries build houses with an integrated solar water heater system. More broadly, 

the lEA suggests that solar technologies could supply energy for all building applications - heating, 

cooling, hot water, light and electricity without the harmful effects of greenhouse gas emissions 

produced by conventional energy sources. Solar technology is appropriate for all building types: 

single family homes, office and industrial buildings, schools, hospitals, and other public buildings as 

well as being applicable anywhere in the world (lEA, 200 I: 2). 

The United States of America Department of Energy (USDOE) studied the use of solar water heaters 

by installing them in selected prisons. The main reason for this study was to reduce electricity 

consumption in prisons. The USDOE entered into a long-term performance contract with a local 

company, Industrial Solar Technology Corporation (lSTC) that agreed to install and operate the solar 

domestic water heating system. As a result, electricity consumption was reduced. The USDOE 

encouraged the project as it demonstrated the value of using solar energy for water heating. It also 

proved the effectiveness of long-term energy savings performance contracts (lEA, 2001:2). It will be 

significant if the use of solar water heaters could be introduced in South African prisons and other 

similar institutions as this would lead to a reduction in electricity consumption. On the other hand, 

savings on electricity use can be ac hieved with the use of solar water heaters in households. This 

might playa major role in low cost housing projects. 

The application of solar water heating may result in substantial savings, thereby avoiding the building 

of another power plant. It is also important to note that such a programme could reduce the mitigation 

of greenhouse gases in the country. 

The implementation of the SWH programme should be encouraged between the South Africa 

Government and the Sustainable Energy Society of Southern Africa (SESSA). The programme could 

also meet the requirements for consideration as a joint implementation programme, which would 

attract investors to the country. Karekezi and Ranja explain that South Africa has more than 136 000 

square metres of solar water heating and there is a manufacturing history dating back to the 1970s. In 

1977, there were approximately lS5 manufactures, distributors and installation companies for solar 

water heaters. However, in 1985, only 59 companies remained (Karakezi & Ranja, 1997: 35). 

According to the South Africa Department of Minerals and Energy COME), the energy savings and 

environmental benefits that may acc rue from the introduction of Solar Water Heating at the national 

level, even if only in the domestic sector, is so significant that it may warrant the enactment of 

appropriate legislation to ensure its implementation, as is tbe case in Israel (DME, 200 I :22). In 

particular, Stich a programme could be timed to coincide with the depletion of excess capacity in the 

electricity sector, thereby deferring high capital expenditure on additional power plant. The 

implementation of solar water heating systems around the country might reduce the load of electricity 

during peak times especially at night. Changing, therefore, from electricity powered heating system to 
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sol3r water heat ing can have important economic and environmental advantages. Schemer (1991: 10) 

concluded that, so lar photovoltaic is already the most reliable :Jnd one of the most widely llsed sources 

of off-grid dectricity. Passive solar des ign of building and solar pool heating are durable and highly 

cost effective so lar technologies. Solar water heating will become more reliable and cost effective if 

given more high level professional attention in South Afric a. In this rega rd , the new improved South 

Africa Bureau of StandJrds (SABS) specification can plJy a key role . FUlther, SABS can playa role 

in providing a good standard, which mi ght reduce the pri ce of so lar water hea ter in future. 

However the market for SWH in South Africa is yet to be developed. Stasse n ami Holm, (1997 : 40) 

outline the way the market developed as follows: it is likdy that individual enthusiasts put together 

homemade SWH systems before any organised research , development or manufacture was done in 

South Africa . A few commercial sys tems were available before the energy crisis. However, since 

1973 SWH became free ly available on a commercial bas is in South Africa. The number of companies 

that imported, manufac tured, distributed and or installed SWH totalled about 85 in 1977,59 in 1985 

and 47 by January J 995. This demonstrated the decrease of companies interested in manufacturing, 

di stribution and installation of SWH in South Africa. Some of the companies closed their business 

because few households were buying SWH. It is also known that SWH is ve ry expensive for the 

majority of poor people in South Africa . 

In addition, Stassen and Holm (1997: 40) explained that technica l problems sometimes arose during 

the period when the local SHW market was expanding, between 1973 and 1979 a period of energy 

crisis around world. That situation had subsequent escalation in conventional energy in South Africa. 

During that period many countries started to be interested in SWH. However, the technical 

sophi stication, des ign and quality of most of the available products we re low. Also, unscmpulous 

agents often installed the systems during thi s so-called 'band- wagon' phase in the hi story of the SWH 

industry. A substantial number of SWH companies disappeared frolll the scene, during th.: so-ca lled 

"shakeout phase", particular ly over the last ten years . Currently, there are b~lter technical sta ndards 

for SWH, which could sa tisfy consumers. The main factor aff~cting SWH sales now is the high price. 

Without price reduction or go vernment subs idies it will be very difficult for this technology to be well 

disseminated. 

The 1\ational )'.nergy Council (NEe) suggested that, considerable savings ca n be achieved through 

th~ use of solar water heating for domestic purposes. It can play an important role especially in low 

cost housing sc hemes. In suc h applications, cost of heating water electrically is largely avoided, and 

thiS will have a favourable intluence on the affordability of electricity. Solar water heating systems 

an: commercially freely available. The cost factor of SWH is, how·ever, a s ignificant ohstacle, 

particularly in low cost housing (NEe, 1990:36). The current s ituati on however is that SWH are st ill 

ex pens ive for many peo ple arou nd the country. Thi s may indicClte a need fo r governmeut policies and 

measures to promote the lise of SWH. One proposa l for considerMinn is that the South AfricCln 
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Government through the Department of Minerals and Ener2!y target lower-income houses to promote 

this technology. 

In 1998, the volume of SWH installed in South Africa was ~stimated to be about 4R4 000 m
2

. It is 

interesting to compare estimates for Botswana and Namibia, which have similarly favourably climatic 

condition. A study done in Botswana shows that there are 10000 solar water heaters in the country. 

Botswana Housing Corporation was the largest single operator, followed by the Jwaneng mine that 

has around 2000 installations. Most of the hospitals in Botswana use solar water heaters according to 

Botswana Energy Affairs Division (BEAD). An example of such a system is one that supplies 

Deborah Relid hospital in Mochudi with 2000 litres of hot waler per day from a 28 m} SWH system 

(BEAD, 2000: 23). 

Another study conducted in Namibia by the Energy and Development Group (EDG) reported that, 

solar water heating was introduced in 1970. The total amount of solar water heater systems installed is 

estimated at approximately 24 000 m} with a total of 1950 systems in the country. The system size is 

mostly 12 m"; 1110st of the large systems belong to the government and are for schools, clinics, 

military bases and camps. According to the Energy and Development Group, the current market has 

shifted to smaller domestic units averaging 2 m2
, with about 200-300 units per year being installed, 

with a significant portion (estimated at 30%) of these being installed in rural areas remote from the 

grid (EDG, 1997: 2) . 

2.3 Photovoltaic systems 

The Government of South Africa decided to integrate the utilization of off-grid technologies into the 

national ekctrification programme. Thorn (2000: I) states that, "a concerted effort to extend the 

electricity grid to the majority in South Africa began in 1991". The National Electrification FOnlm 

developed a range of scenarios for the national electrification programme. Electrification in the rural 

areas st ill lags behind: less than 50% were electrified at the end of 1999. For thi s programme to be 

achieved, the South African Government allocated funds to subsidise the poor communities. 

Studies show that the use of solar home systems requires that consumers understand the operation and 

maintenance of the photovoltaic (PV) system . Lasschuit argues that suppliers should consider thi s 

because it is a major factor for success. Many projects have special folders or posters specially 

uesigned to satisfy these requirements for the users of the system. For effective communication, thi s 

information could be written in the local language of the users with illustrations including drawings, 

images and pictures. Such illustrations should include the basic use of the system including the 

cleaning of the module and regular loading of batteries with distilled water. This will enable the 

consumers to understand the instructions in the booklet. It \-vas di scove red that if such instructions are 

not demonstrated properly, then the image of the PV system could be damaged (Lasschuit cited by 

Nieuwenhout ef af, 2000:64). 
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Furthermore, studies undcr(,I1cen in South Africa and Guatemala indicated that most of the training on 

th~ use of so lar PV was provided only to the men though women are the main users of the system. 

The South African study shows that women were not familiar with the basic operations of the SHS. 

The training was aimed at the household members involved in the loan agreement. In the Guatemala 

study of the Zacapa projects, it was explained that Foundation Solar (state company) provided group 

training. This training was provided on the use and maintenance of the systems before the equipment 

was installed in the community. During the installation, the company provided additional training and 

monitored the system at intervals of30, 60 and 180 days. The majority of the system users attend the 

training sessions CAPAS, Alvares cited by Nieuwenhout et aI, 2000: 12). For a proper understanding 

of the use of SHS, it is important to analyse the ability and willingness of the end users to pay. It is 

evident that the ability to pay is one of the key limiting factors in the dissemination ofSHS to the low

income households. 

The ability to pay for this system is very important. Primarily, research in the field shows that the 

provisions of credits or rental schemes increase the number of potential users significantly. A study in 

Swaziland demonstrated that 40% of all SHS users bought their system on cash, and 50% on credit 

terms, the remainder of respondents either received the system as a gift or did not respond, even 

though the PV systems bought on credit were 90% more expensive (Lasschuit cited by Nieuwenhout 

et aI, 2000:64). According to the findings in Swaziland, the community did not select the preferred 

system because of a lack of money. 

Research done in Namibia shows that 93% of the people using SHS preferred a credit facility for 

acquiring SHS because consumers prefer to own the system. Furthermore, similar results were 

recorded for a remote area in Swaziland in 1996. It was found that 95% of users prefen'ed a credit 

scheme to rental. However, if they expected to be connected to the grid, they considered the rental 

scheme as the ideal interim solution (Nieuwenhout et aI, 2000: 64). 

Willingness to pay is a vital aspect in assessment for the di ssemination of the PV. Several studies 

done to assess the potential for willingness to pay by potential PV customers concluded that people 

who do not own a PV system could not suggest a price they would be willing to pay (Green &Lepele 

cited by Nieuwenhout et aI, 2000: 65). The problem of willingness to pay is that Llsers might have 

different perspectives of pricing. Maybe ill cases where grid connections are possible in the future, 

users are reluctant to pay twice. first for an off-grid system and later for a grid connection. 

Research conducted in the Philippines demonstrated that the willingness to give down payments or 

contributions toward servicl! Jnd maintenance strongly depend on users satisfaction. It was seen as a 

guarantee mechanism, since most users stop paylllg if the system docs not function properly, or 

service not delivered. (Nieuwenhollt ef a/, 2000: (2). This is the caSe for the Philippines when 

consumers have no intention to pay when the system is not rcliablt;. This can be compared to a 
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housing project in South Africa, where the building company installed a PV system in the house. The 

owner was not given a choice as to whether he should buy the SHS or not, and so it is not clear 

whether the user should pay for the system. 

2.4 The designs of SWH 

In general. different designs of SWH exist in South Africa, but most of them are based on a single 

principle that is illustrated in figure 2. J. An illustrated design of an electrical geyser system powered 

from conventional energy sources is included in figure 2.2. These figures are not discussed further as 

the technical aspects of these technologies are outside the scope of the work. 
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Figure 2.2 Closed (unvented) water heater with pressu re 
control va lve and separate expansion control valve 
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2.5 Conclusion 
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The second chapter looked at different projects on the use of solar water heaters and solar home 

systems internationally and in South Africa. Most of the work repolted were done out of South Africa, 

but their findings can be applic:d to this country. The studies done in South Africa shows that this 

technology is expensive for many people. Promotion of this technology is going to help energy 

savings for households and ~nvironm~ntal benefit to the country. International experience shows that 

SWH has matured over two decades and many countries are now using this technology. It was 

demonstrated that SWH can be appropriate for all building types, single fami Iy homes, office and 

industrial buildings, schools ~tc. 
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Regarding the use of the PV system, most of the studies argue that people can maintain the system 

when they clearly understand the system through instructions given in booklets. It was observed that 

most of the training concerning the use of the PV system in the different projects focused only on 

men, whereas women are the main users of the system in the household. The dissemination of the PV 

system should go hand in hand with the willingness to pay, because this could have a major impact on 

the sales of the PV system. When cLlstomers have better information about the system, it will be easy 

for them to buy the PV system. Moreover, users will be willing to pay for the PY system if it is 

reliable. This applies for both SWH and PY. If the SWH is more reliable than the electrical geyser, 

many people will shift to solar water heater for household use. 
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Chapter Three 

INTERNATIONAL APPLICATION OF SOLAR WATER HEATING 
SYSTEM 

3.1 Introduction 

14 

This chapter provides international experience of the use of solar water heating systems drawn from 

both developing and developed countries. These examples can provide suggestions for the wider 

dissemination of SWH in South Africa, as SWH can assist to reduce household energy consumption. 

Different developed countries are involved in the development and use of SWH; the main motivating 

factor is its capacity to reduce carbon dioxide (CO:,) emissions and thus improving their 

environmental performance. However, this chapter will not discuss the reduction of CO2 emissions 

but will focus on the development and use of SWH. The chapter is divided into two sections. The first 

section will focus on developing countries, with Botswana and India as examples. The second section 

will focus on developed countries that are more advanced in the development of solar energy. 

Experiences from the European Union (EU) and the USA will contribute towards understanding how 

solar water heating systems are disseminated in developed countries. 

3.2 Developing countries 

The use of renewable energy is promoted allover the world because it is considered as a clean source 

of energy and is environmentally friendly compared to other types of energy such as coal. Because of 

this factor and other reasons, some developing countries have introduced this technology in their 

respective countries. Two such developing countries are Botswana and India, and they will be used to 

demonstrate how governments in those countries are promoting the development of solar water 

heaters. 

Botswana receives more than 3200 hours of sunshine yearly with an average daily radiation on a 

horizontal surface of 21 MJ/m2 day, thus making the country one of the highest solar radiation zones 

in the world. An estimated 4 450 000 PJ,' year or about I ~OO million GWh/ year solar energy falls on 

the entire land area of Botswana and with a useful energy conversion efficiency of only 10%, the solar 

energy resource is 130 million GWh/ year or 445 000 PJI year. The 1996/97 total primary energy 

supply in Botswana \VdS only about 60 PJ, a mere 0.0] ~% of the solar resource availability if utilised 

at only 10~ 'o conversion efficiency (BEAD, 2000: 2). 

The above reason supports the implementation of SWIl in Botswana . Many of the SWH systems in 

Botswana have been installed in rural clinics and health centres around country. In addition, the 
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Lniversity of Botswana has large solar water heaters for the student residence There are also a 

number of schools under the Ministry of Education that use solar water heaters. 

Tn the case of India, solar water heating is one of the main technologies being promoted with a 

subsidies scheme. According to the Ministry of Non-Conventional Energy Sources (2000: 2), the 

India Renewable Energy Development Agency (lREDA) put in place a committee of five cooperative 

banks in Maharashtra as financial intermediaries to offer soft loan for solar water heaters to 

households. The majority of systems being financed by the banks are in residential areas and the 

capacity of system is between 100 to 300 litres. They are also other customers who require 500 to 

2000 Iitres in the commercial and industrial sectors. The banks have reported that there is an 

increasing demand for loans for domestic solar water heaters. 

By examining the involvement of the Botswana and Indian Governments in disseminating solar water 

heaters at different level of society, their experience wi II assist in suggesting policy and measures for 

future dissemination of solar water heating systems in South Africa. 

3.2.1 BOTSWANA 

To understand the development of SWH in Botswana, it will be necessary to give a brief background 

of SWH in the country. The implementation of SWH started in 1976 with the support of the Ministry 

of Commerce and Industry. Then the first solar water heater company known as Kgalagadi Resources 

Development Company was established. This company started to promote and sell SWH in Botswana. 

According to Magotsi (1999: 1), around 1980/81, Botswana Housing Corporation started specifying 

solar water heating systems for its low cost housing units. At about the same time, the Department of 

Architectural and Building Services (DABS) also requested solar water heaters for institutional 

housing. These actions increased the demand for SWH in the country. Many companies from South 

Africa and other countries started to be involved in Botswana's market. The negative side of the 

involvement of the foreign-based companies was that spare parts for solar water heaters had to corne 

from outside the country. The only company that deals with SWH and based in the country then was 

Solahart. 

Promotion of SWH technology ill Botswalla 

The Government promoted the use of this technology in public institutions around the country. Some 

private companies are using solar water heaters in their hostels, such as the Jwaneng Mines. Currently 

there is no recent data on the entire number of SW H insta lied in Botswana. However, some of the data 

shown below reflect major consumers. 
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Table 3.1 Major consumers of S\VH in Botswana 

Institu tion No. of units 

D EM S/Government > 5 000 

Jwaneng Mine 2000 

Oth~rs < 5 000 

Source: Magotsl 1999:2 

According to the Energy Affairs and Division of Botswana (BEAD), there are 10 000 solar water 

heaters installed in the country. The J waneng mine has installed 2000 SWH and some were installed 

in public hospitals. Most of the solar water heaters installed in Botswana have been assembled 1\1 

Botswana, and others were imported from South Africa and elsewhere. 

Problems of SWH ill Botswana 

Many of the so lar water heater systems used in private hous~s and in public institutions faced s~vere 

technical problems. However, BEAD (2000: 2) repolted that the defects are similar to those found in 

coal fired hot water systems. These problems are result of improper design such as a lack of freezing 

protection; poor engineering and manufacturing; improper installation and poor workmanship; 

insufficient maintenance and inadequate technical backup by the suppliers. The manufacturers of 

SWH in Botswana need improvements to become more competitive with international companies. 

The quality of SWH in Botswana is very poor and the companies are not worried about maintaining 

high standards due to a lack of competition within Botswana. 

The Botswana Energy Affairs Division investi gated the poor performance of solar water heating 

systems in the country, and the following problems were identified: 

• Cheap heaters were used without due consideration for quality. 

• Lack of accountability by solar producers or suppliers mainly because they were not involved in 

the installation of the SWH. 

• Lack of spare parts because some of the installation companies were not based in Botswana. 

• Install ation of direct systems in areas with hard water failed because of calcification of collector. 

• Inadequate freezing protection of the collector in some parts of the country. Drain valves used 

proved unre liable in most cases . 

• Use of di ss imilar material in the system, for example copper and galvaniscd pipe leading to 

galvanic corrosion. 

• The use of non-UV resistant materials such as acrylic for glazing. These materials tend to 

deteriorate over a short pcriod thus lowering the overall performance of the system. 
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After identifying these problems the government introduced a code of practice for domestic solar 

water heaters and all the companies were required to comply with the code. Magotsi (1999: 2) states: 

"the Energy Unit recommended to Botswana Technology Centre (BoTeC') that one of the pre

requisites for the registration of so lar water heat ing companies should include the local presence of a 

workshop and trained personnel to effect after sale service". As a result of these activities "f1y by 

night" suppliers were greatly reduced. This strategy b~nefited the consumers and made the 

manufacturers to produce good qual ity solar water heating systems. 

Government's Sl:i1eme 10 promote solar water heating systems 

The government suggested the adherence to better standards to consumers of SWH. The govemment 

advised consumers about the quality of water especially water in the location where SWH would be 

installed. This is important to decide "vhether a water softener or a desa linate is necessary or whether 

some additive is required in the water so as to overcome problems of hardness. 

BEAD (2000:8) has embarked on an exercise to list down solar companies, completed projects in the 

country and then monitored their performance based on the des ired output of the system. They also 

conducted a survey on all council houses to find out the condition of systems installed and the 

companies that did the installation. This process was good because it provide checks on the 

performance of the system and identifies whether there was a backup system. This exercise can 

identify any follow-up service after the company installed the system. The government of Botswana 

stipulates that a guarantee of five years should be given by the installer for the entire system including 

va Ives and electric elements and for the performance and functioning of the system. 

3.2.2 INDIA 

India has long hours of sunshine, with an annual average insolation varying from 4-7 kWh per m" per 

day with 250-300 clear sunny days per year. There are different types of solar thermal devices in 

India. These include solar water heaters, solar cookers, solar st ills and solar dryers. India also uses 

solar energy in the cold areas of the country specifically for heating purposes (Ministry of Non

Conventional Energy Sources, 2000: I) . However, this sect ion will focLls only on the use of solar 

water heating systems. According to the Ministry of Non-Conventional Energy Sources Annual 

Report (2000:2), solar thermal systems are used for heating water for domestic and industrial 

purposes. In the industrial sector, these systems preheat boiler feed water to the boilers that supply 

direct process heat . The resultant savings are mainly in terms of boiler fuel. In the domestic sector, 

SWH systems primarily replace electric geysers. The capacity of domestic solar water heaters used in 

India is almost 200 litres per day. The application of SWH in India assists the country in reducing 

electricity consumption substa ntially and also reduces the peak demand Significantly. Roughly, the 

use of 1000 solar water heaters (2000 111" of collector area) can contribute to a peak load saving of I 

MW. In 199R1] 099, the SWH capacity insta lled in India was approximately 450000 1112 The growth 
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000 m2
. The growth of solar water heaters in India is presented in figure 3.1. At the year 2000, 3 

million square meters of solar thermal systems have been installed providing 15 million litn.:s per day 

of hot water. 

Fig 3.1 Growth of SWH systems in India from 1988 to 1999 
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3.3 Developed countries 

Developed countries are much more advanced in the development and use of renewable energy than 

developing countries. Many developed countries are encouraging people to use solar water heating 

systems for different reasons. For instance, the promotion of this technology can contribute in 

ass isting these countries to meet their targets as stipulated in the Kyoto Protocol of UNFCCC for 

greenhouse gas (GHG) emission reduction. The developments of solar energy in developed countries 

is not only concerns for the COo reduction, but to assist users to shift to a more environmentally 

friendly technology. Thi s section will focu s on European Union (£U) countries, and the Uniteu States 

of ,\merica (USA). 
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\-yater heating systems in the EV is through a project called Soltherm. This provides a platform for 

cooperation among the different groups working on SWH in the EU. According to Out and Van Der 

Leun (200 I: I) , the short-term goal of the SolthcrIn initiative is to realise 15 million m2 of solar water 

heating in 2004. Presently, the market si tuation show that solar thermal market development strategy 

is replacing water heatel-s in single houses and in collective wal~r heati ng syst~ms in all EU countries 

with solar space and water heating and sing le solar water heaters. An important development of solar 

water heating in EU countries is the promotion of information in the market. Provision was made to 

enSLlre that the buyer gets adequate informat ion and be directed for appropriate training if needed . 

This process has increased sales in the EU. 

A general discLlssion of solar water heater systems in EU is presented below as this will provide some 

lessons for the dissemination of SWH in South Africa and other countries in SADC. The current state 

of solar water heating systems in European countries can be summarised as follows : 

• Installed surface in the EU through 1999 was 9 000 000 m2 which is 240 cm? per inhabitant or 600 

cm2 per household. 

• In the past ' 20 years, the growth rate of the EU collector market varied considerably per 'year, 

varying from-20% in 1987 to +50% in 1992 with an average growth rate of 13% since 1990. 

• Collector sales in 1999 were 9 00 000 m2
- of which 90% were flat plate and 10% vacuum tube 

collectors. 

• Sales in Germany represented 50% of the annual EU collector sales in 1999. 

• Market growth per country in 1999 varied from 0% to below 20% 

The yearly sales of solar collectors vary among countries in the EU, depending on the available 

financial support in the countly. The growth of the SWH market in EU countries depends on many 

factors. For example 0-10% market growth in countries like Sweden, Luxembourg, Denmark and 

Switzerland is mainly due to the lack of funding and stimulation programs such as information 

campaigns, while the increase rate of 20% in other countries such as ltaly, Spain, France, United 

Kingdom and Germany has been due to new stimulation programs in these countries (Out & Van Der 

T ,eun, 2001: 1). 

Solar water heater industries lind installers 

The SWH industry in the EU is characterised by sma ll and medium enterprises. [t is stated by Out and 

Van der Leun (200 I :2) that the European heating industry is taking over sola r manufacturers in order 

to extend their product range. Components of the solar thermal system like absorbers and pumps are 

traded internationally. The market lor complete solar thermal systems (collector, storage uni t and 
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to extend their product range. Components of the solar thermal system like absorbers and pumps are 

traded internationally. The market for complete solar thermal systems (collector, storage unit and 

controls) is still mainly done nationally. The installation of SWH in single households vanes 

depending on the installers of the system and the source of the different components. 

In all EU countril's, the accountability of the installer is very important because they are often the 

final link in the distribution chain, including the actual sales and installation process. According to the 

European Commission (Fe), the number of installers actively selling and installing solar heaters is 

still relatively small. For example in Germany the national installer's organisation, 7,VSHK, has 36 

OUU members . At annual collector sales of collector surface 420 000 m2 and an average collector 

surface per system of 6m2
, the annual solar system sale per 7,VSHK member is almost 2 (Ee cited in 

Out & Van Der Leun, 2000:2). The EU countries are targeting a level of 100 million m2 of collectors 

by 2010 and an annua I market growth rate of 25%. Attaining this level of dissemination wi II increase 

the demand in all countries as well as the corresponding sales and installation services to cope with 

the demand. This means that a framework is needed in which all actors playa role including the 

European Commission, national and local authorities, and local installers. In the short term, the EU 

wants to realise 15 million m2 collector surfaces by 2004. 

Solar water heaters for single houses 

The installation of SWH in single houses in the EU increased the market significantly. According to 

the data, EU in 1999 there were 150 million households with solar water heaters and 75% of these 

were single houses. It has been estimated that there is a strong potential for installing 50% of solar 

water heater in those houses (Weiss cited in Out & Van Der Leun, 2000: 3). Out and Van Der Leun 

(200 I :3) state that the most opportune time to install a solar water heater is to combine it with the 

replacement of the existing old water heater, which happens about every 15 years. Table 3.2 below 

shows an increase in the demand of SWII in single households in the EU. 
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Table 3.2 Collector area instaJled in 1999 and potential annual area based on water 

heater replacement in single houses 

Co llector area Potential 
Installed 

Country insta lled 1999 replacement area 
potential (%) 

(1000m2
) 1000 m2 

United Kingdom 9 1 606 2 

Germany 420 J 171 36 

France 6 1069 2 

Italy 22 589 4 

Netherlands 30 364 8 

Spain 33 338 10 

Belgium 1,5 265 1 

Portugal 4,5 173 3 

Sweden 9 162 6 

Austria 141 156 90 

Greece 160 154 100 

Denmark 14 118 12 

Finland 7 92 8 

Ireland 0 89 0 

Total 958 6346 14 

Source: Out and Van Der Leun (2001:3) 
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Table 3.2 above shows that the areas largest potentials with solar water heaters are in the UK, 

Germany and France. In most of the EU countries only a small percentage of the potential is currently 

exploited. Exceptions are Germany, with one third of the potential already exploited, and Greece and 

Austria where the renovation market potential is about the same as the annual sales. 

Based on this strategy, the dissemination of SWH in the EU is growing. The South African 

Government can follow the example of these different countries to promote the use of SWH in lower 

income and middle class households. 

Some experiences of collective water heating system 

A large number, possibly half, of European households consist of flats and most of them use electrical 

geysers for hot water. It has been suggested by European Union cited by Out and Van Deur Leun 

(2001:4) that the top floor of the building could be used for solar water heater system. However, due 

to financial constraints it is difficult to connect SWH to local electrical geysers in the numerous floors 

in an existing apartment block. Out and Van DeUl' Leun (2001:4) argues that collective hot water 

systems seem to be prd~rable for the appl ication of solar water heaters. Other interesting potential 

applications for collective solar water heaters can be found in the tertiary sector, sports and recreation 

sectors. In all these sectors, the integration in the existing water heating system is important but there 

arc competing techniques like combined heat and power (CHP) generation. 
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Structure of Soltherm Europe 

The structure below in figure 3.2 gives a broad picture of the European Union solar water heater 

market and its organisation jn all the countries of the Union .. \ccording to figure 3.2 sales and 

installation companies not only s~11 and install systems, but also co-operate with the information 

centre. They receive information through information centres and give reports of sales to the centre. 

This process allows access to the amount of sales of SWH and the quality of service by solar 

companies. This method is achievable when there is a strong co-operation between sales and 

installation organisations. Out and Van Der Leun (2001:7) argues that in order to achieve maximum 

efficiency the activities of Solthenn Europe Initiative should spread over the various levels in the 

organisational structure. The main activities and the organisation responsible for carrying them out are 

shown in figure 3.2. Sales and installation are the main tasks for the installers; extra tasks are 

minimised as much as possible and mainly consist of training and participating in the quality control 

procedures. 
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Figure 3.2 Main tasks and organisations in the SoJtherm Europe Initiative 

Info centre level Sales and inslaUatioll level 

National facilitating partners, national 1.0 .. Installers, distributors, manufacturers, national 

industry partners, organising partners 

• Organise information campaigns 

• Gather and distribute leads 

• Qual ity control sales and installation 

orocesses 

,Vationallevel 

• 1""-----1 .. ~ 

! 

I ndustry Partners 

• Sales and installations 

• Inform and assist the client with handling 

subsidies 

• Adopt quality schemes 

Organising Partners, national facilitating Partners, national Industry 

Partners 

• Analysis national market situation 

• Inform the EU level about all national activities 

• Establish (based on the EU-level guidelines): 

• System, sales and installation quality labels 

EU level 

European co-ordinator, Organising Partners, EC stakeholders, EU Facilitating Partners, EU industry 

Partners 

• Analysis EU and national potentials and targets, (successfully) market development approaches, 

financial incentives (including procurement) 

• Establish guidelines for: information campaigns, system quality, qualification schemes for sales 

and installation companies, quality control procedures for the complete information, sales and 

installation process, financial instmments, monitoring methods for system performance in 

practice. 

• Co-ordination of EU activities, national activities orgal1lSll1g partners and international 

knowledge transfer 

• Evaluation and benchmarking of sales, information campaigns, quality control procedures, 

financial incentives, monitoring results. 

Source: Out and Van Der Leun (2001: 6) 
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Promotion (1·h.J!brid SWH ill EU lIalural gas with solar water healing systems 

This case study shows the successful promotion of solar water heating systems through non-solar 

energy companies in single households, in Midt NOlth, Denmark. The company involved is a gas 

company that has an advantage in the selling of SWH because the customers already trust the 

company for the supply of gas services. The positive result has been because of the company's ability 

to sell combined gas/ solar systems to 10% of their potential customers in that area (lEA 200 I :3). 

Also, the gas company has the added advantage of selling more gas since 60% of buyers would not 

otherwise have bought only gas based system. Although the gas company sold more gas than the 

SWH component, but it made an impact in the promotion of the use of solar water heater in areas 

studies. 

The main objective of the case study was to expand the market of energy sales by involving energy 

supplying companies in the promoting and sale of solar installations in combination with regular 

systems. Another objective was to make the solar energy systems cheaper and thereby more attractive 

for the household. 

In addition, there was co-operation between the Danish Energy Agency and Denmark gas companies 

concerning the sale of solar water heating systems. According to the Danish agency (cited by lEA 

1998: 2), solar water heating systems could be sold mostly at half price, because the installation of 

both systems at the same time was more efficient with the natural gas companies responsible for the 

marketing of the system while the installers and the manufactures made special offers. The reason 

behind this project was to sell more solar energy systems and to gain experience concerning 

procurement of solar energy system through energy supplying companies and for the gas companies 

to selJ more gas. This program is on going and 2000 to 2500 systems have already been sold in that 

particular region. 

3.3.2 USA 

Florida State experiel/ce 01/ solar water heater for low iI/come house/tOld 

This case study d()monstrales the installation of solar water heaters in low ll1come households in 

Florida. This proj()ct, th() Solar Weatherization Assistanc() Program (SWAP), is a joint effort between 

the US Department of En()rgy (USDOE), the Florida Department of Community Affairs and the 

Florida Solar Energy Centre (FSEC). The impol1ance of this case study is to illustrate how 

government could promote solar water heaters while targding the low-income community. The aim 

of this project is to supply solar water heating systems for low-income households in Florida because 

most of the low·income families cannot pay their electricity bills. FSEC (200 I: I) argues that low

income families incur daily bills purchasing neccssities, whIch are a drain on the family's budget, 

lherefore coping with electricity bills becomcs difficult. This is a burden for low· income and elderly 

residents on a fixed income. Their major conccrn for those people was thc affordability of the 
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electricity bills . Introduction of SWH will reduce energy and power bills for low income residents, 

savings on investments, and providing a niche market for the soJar industry. A positive aspect of the 

programme was th~ monItoring of the SWH systems after insta lJation. 

Table 3.3 An example of SW AP monitoring program outcome 

Parameter Pre Solar Post Solar 

Average fami Iy size 4.7 4.4 

Average water heating energy consumption (kwh per 3100 1500 
system, per year) 

Water heating costs per year (£.08 per kwh) $ 250 $120 

Savings to investment ratio ($.08 per kwh) N/A l.0 

Solar fraction (percentage of hot waler heated by solar) N/A 0.53 

Average system coefficient of performance 0.73 1.4 

Average SWAP solar system installed cost N/A $1 550 

Gallons used family per day 63.8 62.5 

Gallons used-per person per day 13.6 14.2 

Average hot water temperature (f) 119 119 

Source:( httpl/www.caddet .org CIted by FSEC, 2001:3) 

3.4 Conclusion 

This chapter demonstrated the dissemination of SWH in the developing and developed countries. The 

Botswana government was the leading force behind the promotion of solar energy in the country. This 

was under the control of the Ministry of Commerce and Industry. The demand for solar water heaters 

was high but most of the installation companies were not based in Botswana. Government and other 

private companies, especially the mining companies, promoted the dissemination of SWH in 

Botswana. The current situation does not give accurate data on the entire number of SWH installed in 

Botswana. The Botswana government placed strong policy measures to promote the standard of the 

SWH used. When a customer neeJs to buy SWH systems, the customer must specify the type of solar 

system required . The government advised that people should know the quality of the water where the 

SWH is to be installed. 

Regarding the dissemination of SWII in India, the systems are used for heating water for domestic, 

institutional and industrial purposes. The current situation in India is that about 3 million square 

meters of solar thermal systems have been installed, providing 15 million litres of hot water per day. 

The EU took the initiative in developing solar energy by encouraging people to start using solar water 

heaters as a means to reduce GHG emissions. The dissemination of SWH in EU does not only 

concern CO2 reduction, but also for the consumer to shift to another type of technology, which is 
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much more environmentally friendly. In the seleckd case study from Florida, USA, solar water 

heating systems were installed in lower income households to reduce electricity consumption. This 

promotion of SWII in USA was a combination of the USDOE and other energy organisations. A 

positive aspect of this program in USA was that professional teams monitored the installation and 

performance of the solar water heater systems. 
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Cha pter Four 

A CASE STUDY OF SOLAR WATER HEATER 
FOR LOW-INCOME HOUSEHOLDS 

4.1 Introduction 

27 

In order to investigate the use of SWH in South Africa, a survey was originally planned in two 

provinces, Gauteng and WesLern Cape. The work in Gauteng was supposed to be carried out at the 

Midrand municipality hut was ca ncelled because it was found that no SWH had been installed in 

Midrand . This was confirmed by otTicials at the DME in Pretoria. The work done in Ivory Park, 

Midrand was only a bus iness plan to find out if solar water heaters could be installed at a future date. 

The projecL had proposed to target 40 000 new houses in Ivory Park and other low income houses in 

the Midrand municipality area. There was a small demonstration project of SWH in Ivory Park, using 

a pOltable solar water heater. Also, from the business plan, it appeared that the installation of solar 

water heaters was not intended to be targeted at the low income households in the area. Thi s was 

probably because low income households had other priorities such as clean water, and the price of 

SWH, which is about R6 482 (current price) was too high. According to a market assessment done in 

Midrand, many people living in low income houses cannot afford to pay for SWH. Hence, the deta iled 

survey was concentrated in the Western Cape. 

4.2 Survey of Lwandle community 

A survey was conducted at Lwandle location in the Helderberg Municipality in the Western Cape. 

The installation of SWH was done by a company (Solardome SA based in Stellenbosch), the project 

started in 199R. The people interviewed use SWH daily and were renting rooms in the hostel which 

belongs to the Helderberg Municipality . Thirty people were chosen in the different blocks of the 

hostel for the interview. Lwandle Township was chosen because the objective of the survey was to 

identify the problems affecting the dissemination of SWH, and to improve understanding of the 

implementation strategy emrloyed in the installation of SWH in South Africa. 

The solar water heater project in the Western Cape Province is implemented in a hostel at Lwandle in 

Helderberg municipality. The Helderberg municipality owned the hostel in Lwandle and 305 solar 

water hea ters were installed. There T.wandle hostel had ~41 communal showers and semi-communal 

showl!r locations for which water was req uired . The ti eldwork focused on ten blocks of the hostel. In 

each block of thl.! hostel, three people were chosen to be interviewed relating to the use of SWH . The 

overall number of the people intervievved in ten blocks was therefore thirty. Furthermore, fOllr people 

were sharing one shower in each block. 
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The study uses a convenience sample to collect the field data. The convenience sample means a small 

number of people were selected for interviews, according to their availability to communicate in 

english . 

4.2.1 Problems encountered during survey 

During the survey, language problems were encounkred , as most people living in Lwandle speak 

either only Xhosa or Afrikaans, and this created problems for the interviews. It was decided to 

interview people who could communicate in english. There was also a general scepticism from the 

locals regarding the effectiveness of such a study as many such activities have been carried out before. 

However, it was explained to the community that this work was for educational purposes, and not a 

politically motivated activity. 

4.2.2 Comparison group: low-income households without SWH 

In addition, to the 30 people interviewed in the hostel twenty-five people that use electricity living in 

lower income houses were interviewed from different locations, such as Guguletu, Khayelitsha and 

Cape Flats "coloured area". This investigation provided information for comparing the results of those 

using SWH with persons using electricity. The responses included different opinions from different 

people in rclation to the use of SWH. These opinions were collected to help identify factors for the 

future prospects of SWH in South Africa . 

Also, apart from the 55 people interviewed, officials from the DME were also interviewed to find out 

the opinion of the government and to understand the policy of government in relation to the 

dissemination of the SWH. 

The public authorities were also contacted to get information concerning the implementation of SWHs 

in the country. SWH suppliers were interviewed to establish the potential mark.et for SWH by 

enquiring about possible sales of SWII in the market. Table 4.1 gives the sample of people 

interviewed. 

4.2.3 Method and technique of survey 

The method used was essentially a qualitative case study approach to provide the information required 

to analyse SWH dissemination in South Africa. This study is in agreement with the suggestion made 

by Shawn (1991: 11), who defines a qualitative case study as an intensive, holistic description and 

analysis of a single entity, phenomenon, or social unit. Case studies are particularistic, descriptive, 

and heuristic and rely heavily on inductive reasoning in handling multiple data sources. The 

qualitative case study approach wi II enable the researcher to select and identify problems associated 

with the use of solar water heaters in South Africa. 
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An interview, a widely accepted tool for obtaining information, was used to obtain field information 

from the users and others. The importance of an intervie\v in this context is that it creates the 

possibility of direct communication with the consumers that have used solar water healers in the past 

as well as currently. The direct communication will provide insight into people's appreciation 

concerning the application of solar water heater. 

A questionnaire was constructed and administered to the end users, and to organisations that were 

involved with the implementation of solar water heating systems. Most of the questionnaires used had 

open-ended questions so that non-structured answers could be obtained. The aim of these 

questionnaires was to give the respondent the opportunity to express their opinions in relation to the 

use and operation of SWH. See appendix A for a copy of the questionnaire. 

The results of this survey were divided into five sections. Each section deals with one particular 

category of people. The discussion below represents the data elicited from the interviews. In all, a 

total of 60 people were interviewed in this study. 

Table 4.1 Sample of people interviewed 

Group Sample size 

interviewed 

SWH users 30 

People without 25 

SWH 

DME official 1 

Director of SABS 1 

Western Province 

Council 1 

Municipality (WP) 

Suppliers 2 

Total 60 
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4.3 Results of survey 

People without SWH 

The workplace was chosen to conduct this fieldwork, especially to avoid some of the rroblems such 

as language barriers. 

How many people have a source ojincome? 

All 25 non -users of SWH interviewed were working full time at University of Cape Town (UCT) 

selected for interview due to easy communication in english. Two different categories of workers 

were chosen, the first group consisting of cleaners of UCT residences, and were divided according to 

the area they live. The second group of workers were people working in the maintenance section of 

U(T. These two groups form categories of lower income households. Most of the respondents were 

unwilling to mention their monthly income. 

Table 4.2 Income levels of comparison group 

Income categol"ies Respondent 

Less than R 1 000 12 

RIOOO - 1500 1 

RI500 - 2500 5 

R2500-3000 7 

Total 25 

From the survey results shown in table 4.2 above, 25 people interviewed earned a monthly income of 

less than R3000. Only 7 of the people earned between R2500-3000 per month . Some of the income 

given is a combined salary of both husband and wife. 5 of people interviewed earned between R1500-

2500 monthly. Only one person earned between RIOOO - 1500 monthly, and about half 12 of the 

people earned less than R I 000 per month. 

Number ojpeople using different energy services? 

Fifteen out of the twenty-five respondents use electricity in their homes. Three people used wood for 

cooking, and two people used candles for Jighting. four people use paraffin to heat water. One person 

use gas for cooking. 

Would you like to use a solar water heater'? 

As shown in figure 4.1 below, 44% of the people interviewed were not interested in using SWH, 

possibJy becausl! they were unaware of the solar water heater. Further 32% would like to start using a 

SWH as they were of the opinion that it would reduce electricity consumption in their households. 
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While 24% had never heard about SWH , and needed to see it before they could give their opinion on 

it. 

Figure 4.1 The views of people on whether they would like to use a SWH 

How much money are you prepared to pay for the system? 

According to the survey, 72% interviewed could not afford to pay for SWII, and did not have any idea 

about the performance of the SWH. Only 20% of the people said they were willing to pay between 

R50-100 per month because they had already heard about the benefits of SHW. Two people said they 

were willing to pay between R[OO to [50 per month if they could be sure that SWH would work 

properly. 

Figure 4.2 Willingness to pay for SWH 
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Do YOli lise all electric geyser? 

From the survey, it was found that, as shown in figure 4.3, 48% used electricity but were not using 

electric geysers in their houses. Most of them heat water using an electrical kettle or paraffin stove. 

Only 52% were using their electric geyser in their houses. 

Figure 4.3 Percentage of people using an electric geyser 

4.3.1 Households using solar water heaters 

The general project back!?rOtllld 

During the interview sessions with the representatives of consumers in the Lwandle location, some 

questions were asked about the SWH. They responded that the fund to install the SWH in Lwandle 

came from the Housing Body in the Helderberg Municipality, however, the Development Bank of 

Southern Africa (DBS.\) funded the project. The community applied for funds from the Housing 

Body to upgrade the hostel when the living conditions in the hostel became unbearable. Before the 

upgrading of the hostel there was no privacy for most of the people staying in the hostel, but with the 

upgrading of the hostel, life of the occupants improved. The IIousing Body, in collaboration with the 

DBSA, provided R16 million for the upgrading of the hostel. R12 million was spent on the upgrading 

of the hostel, while the remaining R4 million was spent on the installation of SWH. 

According to the local authorities, the installation of SWH was good for the occupants of the hostel. 

They do not pay for electricity for geysers, as they are using SWH. The local authority confirmed that 

SWH systems belong to the Helderberg Municipality. The rental for the system was R17,50 per 

month, but was increased by the Municipality to R23 monthly in September 200 I. 

Univ
ers

ity
 of

 C
ap

e T
ow

n



33 

It was confirmed during the interview that there was no backup system for SWH. ,\ccording to the 

authorities, funds were not enough for the developer to install a backup system. This is one of the 

main problems of this SWH installation. With no backup system, it is very difficult for the users who 

stay in the hostel to have hot water during winter. Therefore, in winter the SWH is of little use for the 

people who live in the hostel. 

In terms of the maintenance of SWH, the local authority recognised that maintenance is minimal. 

People from the municipality are responsible for the maintenance of SWH systems, but according to 

those interviewed, no municipality agent has ever been seen maintaining the system. It was reported 

that the project started to operate in 1995; however the installation of SWH in Lwandle only 

commenced in 1998. A problem identified by the local authority is the position of SWH on the roof. 

The SWH are damages due to high wind speeds, but this were not confirm by other stakeholders. 

Interviews with people who stay in the hostel 

Is the solar water heater working? 

According to the survey, 100% of the people interviewed said that the SWH were working properly. 

The problem encountered by most was the lack of a backup system, which prevented them from 

having hot water during winter when SWH did not function well. 

Why did you choose the solar water heater? 

According to the people interviewed, only one person said he chose SWH, the remaining 29 people 

said that they did not make the choice. They stated that it was the plan of the Helderberg Municipality 

to install solar water heaters in the hostel without any consultation. 

Did you buy it? 

Most of the people stated that the SWH belonged to the local municipality (Helderberg Municipality). 

They do nut belong to the people who rented the tlats or the rooms in the hostels. 

It is shown in figure 4.4 below that 47% of the people interviewed believed that the SWH had been 

subsidised by the government. However, this was their personal view and not based on any 

information from the public officials. In addition, 17% of the people did not have any idea about the 

ownership of the solar water. Thus 36% of the people knew that the SWH belonged to the 

municipality. 
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Figure 4.4 View on ownership 

HolV much money do you pay every month for SWH? 

According to the people interviewed, differences emerged concerning the payment of SWH. figure 

4 .5 shows that 20% of the people said that they were paying: R17, 50 per month. 47% declared that 

there was no payment on solar water heaters as SWH belong to the municipality. The remaining 33% 

said that they did not have any idea about the fees of the solar water heater. Interestingly, however, 

most of the women interviewed knew the renting cost of the SWH. While, most of the men were not 

aware of the rental fee for the SWH. 

Figure 4.5 The rental fee for SWH 
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Who mailltains the SWH? 

The findings of the survey confirmed by all int~rviewed that there was no maintenance of SWH. The 

lucal municipalities were supposed to maintain the system but currently maintenance needs are few 

because the SWH are still n~w. Since the installation of SWII, the consumers confirmed that they 

have never seen anyone from the Municipality following up on the installation. 

What impact does the SWH have on your household? 

The impact of solar water heaters in summer was much better, as expressed by all the people 

interviewed, because they have hot water during summer. The only complaint received was that one 

tank is shared by four people. The hot water was not enough for all the people who share the 

bathroom. In winter, the people complained that there was no hot water. SWH in winter is of little use 

because the developers and the authority from the municipality did not install backup systems. In 

winter, people have hot water depending on the weather. 

Do YOIl have allY source of income to maintain the system? 

The majority, 57%, of people who have a source of income are willing to pay for maintaining the 

system, but they do not have any idea about the amount of money they would have to spend for the 

maintenance of the system. The 43% represents people who do not have any employment but stay in 

hostels are not willing to pay. 

Figure 4.6 Views on maintaining the system 

What is your mOllthiy income? 

Table 4.3 below shows the reported monthly income levels for the 30 people interviewed in J ,wandie 

location in Hddcrberg Municipality. Six people interviewed earn a salary between R1500 and 3000 

monthly, and eight people were earning between RJ 500 and R2500 monthly . Unly three people were 
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earning between RI000 and 1500 every month. The majority of people were earning an income less 

than RI000 per month. All 30 people interviewed were responsible for supporting their families . 

Table 4.3 Categories of income for people interviewed in Lwandle 

Income categories Respondent 

R500- 1000 13 

RIOOO-1500 3 

R1500-2500 8 

R2500-3000 6 

Total 30 

How /Ililch mOl/ey do you spend 011 food in your household each mOl/th? 

There was variation among the people staying in the hostel in monthly expenditure on food . From 

table 4.4, of the 30 people interviewed, none spend R2000 monthly on food. five people were 

spending R1500 every month, 8 were spending RI000 monthly. And seven people were spending 

R500 - R800 every month. A large number of the people interviewed (l0) spend less than R500 every 

month. These categories represent the people who were not working; and for them sustaining their 

families was a big problem. 

TabJe 4.4 Different categories on monthly spending 

Categories on money spending Respondent 

Less than R500 10 

RSOO-800 7 

RIOOO 8 

R1500 S 

Total 30 

What problems do you have with the SWH during the willter? 

The Western Cape has a Mediterranean type climate, meaning that most of the rain is during the 

winter months . Because this area is also towards the southern tip of Africa (latitude 33 0 59' 

lungitude), the angle of the sun is quite low, and a lot of cloud cover makes it more difficult to utilise 

solar energy effectively. (See appendix 2 a table AJ and A2 for climatic data for Cape Town and 

Pretoria). 
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In Twandle, with reduced sun. hot water from SWII is not available, hence people complained about 

the lack of hot water during winter. They were forced to boil water using electric kettles. Others said 

the SWH were not working properly and most of the pip~s of the water tank were leaking on the roof. 

Ihe majority of the people interviewed complained that the leaking of the black pipes was because the 

pipes used in the instalJation were of poor quality. 

What is your electricity bill during winter? 

According to the work done in r wandie, meter boxes were used for measunng the electricity 

consumed. It \\-as found that no one paid more than R400 a month for dectricity. 10% of the people 

interviewed spend R300 monthly for electricity bills. Only 30% of the people interviewed spend R200 

every month. The majority of the people interviewed, about 60% pay less than RI00 for electricity 

monthly. 

Q) 
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Figure 4.7 Monthly electricity bills of Lwandle 
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Socio- economic characteristics of the two groups interviewed 

Jt was found during the fieldwork that the socia economic profi les of two groups were quite different. 

The first group of people interviewed were working at UCT. This is quite different compared to the 

second group who lived in f.wandle location. 

The group of workers from UrT had a r~gular income. All the cleaners interviewed said that they 

earned less than a thousand rand per month. The second group of 30 people, who lived in the hostel, 

17 worked for different companies in the Helderberg region and each one earned more than a 

thousand rand per month. The remaining 13 people were doing small jobs in different places in the 

Helderberg region, and their incomes were less than a thousand Rands per month. Members from both 
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groups were rather reluctant to reveal their actual income. In general most members of both groups 

did not complain about their social life. 

4.3.2 Suppliers of SWH 

During the fieldwork. two companies that produce SWH were visited . One company was in Benoni, 

22 km from Juhannesburg in Uauteng province. The Director of the company was interviewed. 

Another company based in Western Cape was contacted Solardome SA, based in Stellenbosch. 

The view of the two compallies 

The producers stated that solar water heater is expensIve equipment, and if the South African 

Government wants to promote or encourage the use of SWH like in Israel, Australia and USA, then 

they should provide subsidies for solar water heaters. Private people with adequate funds can afford to 

pay for the system, but poor people cannot afford to pay, and in rural areas, hot water is a lUxury. 

According to the producer of solar water beaters in Benoni, poor people were I iving without hot 

wClter. 

Many customers are from Botswana because tbeir government is promoting SWH in some places 

around tbe country. The producer does not have any idea of the subsidy that customers get from the 

Botswana government. In South Africa, there is no subsidy for solar water heaters from government. 

There is a potential market for solar water heaters in South Africa, but reduction of the cost is required 

and this needs government attention . 

In addition, Solardome SA said they were supplying mostly people in Saint Helena Island in Atlantic 

Ocean. They supply big companies, individual and general public in Namibia, and also in South 

Africa. However, both companies recognised SWH technologies are still expensive to many people in 

South Africa. 

It was recorded that currently there were no job opportunities created by SWII as the companies were 

working with very few people. Most middle class people who can afford SWH and have the means to 

buy the system are not prepared to buy SWH as they can afford to pay for electricity. However, those 

who need SWII cannot afford to pay for it, and will need government assistance. 

4.3.3 Technical standards for SWH 

According to the Director of the South African Bureau of Standards (SABS) of the Western Cape, 

there is no specific technica I standard for solar water heaters in the country. In general, the industry 

responds to consumers needs, and the consumer should decide on the standard that is the best in 

comparison with the money they are willing to spend. In additiun, in the case of South Africa, the user 

or consumer takes the South /\.fric~n standard, but there is no best standard. This depends on the 

interest of the developer or the industry that is involved in the project. 
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4.4 Conclusion 

['his chapter summarises the review of the users of SWH in r ,wandIe location. Most of the people 

inll::rviewed claimed that the SWH _vorks only in summer. There were complaints regarding the 

sharing of showers among four people which does not allow them to get hot water. 

Tn winter, the SWH does not heat the waler properly, and most of the people interviewed agreed that 

SWH is not helpful. The developer or the Heldeberg Municipality did not instaJl a backup system. If 

the municipality had installed a backup syslem, the SWH install ation in I.wandle could have been a 

more successful project. The users in the hoste l are paying a monthly rental fee which was increased 

from R17.50 to R23 per month . 

In the Gauteng province, the survey was supposed to be conducted in the Midrand Municipality area . 

Unfortunately, the fieldwork was cancelled because the developer of EcoCity never installed any 

SWH in Ivory Park and it wa s confirmed by the public official in the Department of Minerals and 

Energy in Pretoria. The study done in Midrand in Ivory Park was a Business Plan to check the 

feasibility of SWH. The project L.Hgeted 40,000 new houses in Ivory Park and other lower income 

houses around the Municipality . 

According to the suppliers of SWH, there is a markd for solar water heaters in South Africa. 

Nevertheless, the government, in collaboration with the private sector (SWH supplies) should reduce 

the cost of SWH by providing incentives. At present, the government has not plan for providing 

subsidies for SWH. According to SABS, there is no best technical standard for SWH. They support 

discussion between the user and the developer. Normally the user makes their agreement based on 

affordability. 
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Chapter Five 

COMPARATIVE ANALYSIS OF SOLAR HOME SYSTEMS AND 
SOLAR WATER HEATERS IN SOUTH AFRICA 

5.1 Introduction 

40 

This chapter provides a comparative analysis of solar home systems and solar water heaters in South 

Africa. These two technologies are very important to South Africa because of their impact on energy 

diversification, energy security and environmental performance. Recent events show that the 

govemment has been promoting SHS but not SWH. Therefore, this comparison will attempt to 

improve the understanding of the application of both SHS and SWII in South Africa. 

This chapter is divided into two sections. The first section discusses SHS and the second section 

focuses on SWH. The two sections will look at the development of the two technologies, the cost of 

the systems, the barriers preventing their wider LIse, the maintenance of the systems and their 

standards. This will provide an improved understanding of the dissemination of these two 

technologies in South Africa. 

5.2 Solar Home System 

After the democratic elections in 1994, the Government of South Africa established the 

Reconstruction and Development Programme (RDP). One aim of the RDP was to electrify the homes 

of the majority of the disadvantaged people who did not have access to electricity during the 

.\partheid era. This included millions of people who stay in rural areas with little access to grid 

electricity. The govemment, in collaboration with Eskom, took an initiative that targeted the homes of 

300 000 people annually from J 994 to 2000 (White Paper on the Energy Policy of South Africa, 

199R: 50). This national e1ectrification programme was successful in meeting the targets set for grid 

electrification up to 2000, and the electrification program is continuing. The programme is now 

designed to include grid and non-grid electrification options, the latter mainly by means of providing 

subsidised solar home systems. 

According to Martens et at (200 I: 57), the government's intention is to ensure that low-income 

households in remote areas are provided with SHS. The DME developed a mechanism to provide 

electricity to those communities where the government do not have immediate plans to connect them 

to the national electricity grid, the Non-grid Rural Electrification Programme. This programme started 

ill 1999 and aims at providing energy services to 300000 households with off-grid renewable energy. 

The promotion of this technology is in relation to the electrification programme in remote areas of 
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South Africa and it has the potential to greatly enhance the dissemination of SHS and renewable 

technologies in the country . 

5.2.] The wide-scaJe use of SHS 

By the end of the 1980s, several thousands ofSHS had been installed in peri-urban and rural areas of 

South Africa. The sales were mainly by private sector companies, without any subsidies. However, 

this section of the PV market almost collapsed in the 0arly 1990s, when the national electrification 

programme raised hopes that grid electricity would soon be widely available. However, off-grid 

electrification programmes for public institutions such as schools and clinics, and for 

telecommunication systems in rural and remot0 areas, contributed to the wider application of PV 

systems. 

Towards th~ end of the 1990s there was renewed interest in establishing large-scale SHS projects, 

partly because of the high cost of providing grid electricity in more remote rural areas. Plans were 

subsequently made by government to award non-grid concession areas to a number of companies or 

consortia. These were geographic areas where the concessionaire companies would be expected to 

install up to 50 000 SHS per year, supported by a government subsidy for each SHS installed. The 

first new SHS project, which was underway before the government subsidy plans were finalised, was 

initiated by an Eskom-Shell Joint Venture Company. The joint project by Eskom and Shell Company 

to electrify the poor households in the Eastern Cape province also hdped to promote SHS in South 

Africa. They intendeJ to install 50 wp photovoltaic systems (PV) in 50 000 households through a 

phased approach. They have electrified about 6000 households with SHS since inception (Qase & 

Annecke, 1999: 1). This project is important because it is the first in the country by Eskom and Shell. 

The project employed certain business principles in its operation for example, the communities were 

supposed to pay a fee before the installation of SI-IS. This system has an effect on the communities 

who wanted to have the SHS installed in their households. For instance, it means that with installation 

of SI-IS, the Eskom-Shell payment system requires consumers to pay a monthly fee, even if they have 

not used SHS. 

In 2001, further projects on the use of SHS started in other provinces such as Northern Province and 

Kwazulu Natal. The subsidised off-grid electrification programme is one of the elements which is 

now spreading the use of SHS in the country. Because of the high cost of SIIS for poor families, and 

high expectations of eventually getting grid electricity, the spread of SHS could have been very 

difficult without assistance from the Government and !::skom. The main drive has been the need for 

producing electricity for lighting in rural homes, and media appliances like TV and radios. 

People expected that their energy problems would be reduced by the introduction of solar home 

systems. However, it was also hop0d that SHS would help communities to develop some productive 

3ctivities. Solar home systems do have social benefit in the household and terms of acc~ss to 
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electricity. Regarding education, solar home systems assisted students with their studies at home. Also 

this system could assist to expand adult education in remote areas. Another possible benefit could 

include communities with adequate funds can stalt a small business by purchasing a refrigerator that 

is powered promoted from the SHS for selling drinks and for the conservation of food. 

5.2.2 Cost of SHS 

Without subsidy from the government, the initial cost of SHS in South Africa is expensive for people 

who stay in rural areas. The use ofSHS in South Africa involves a large subsidy from the government 

to the poor people that use the systems, so that they can have access to electricity. This is not the case 

with solar water heaters. An example of the national rural electrification programme subsidy is 

presented below. 

Table 5. 1 Breakdown of SHS price and maximum power 

Current Price Rands Sources 

Selling price (50 WP) 2496 Solardome SA 2003-01-17 

Battery 470,60 Solardome SA 2003-01-17 

Controller 356 Solardome SA 2003-01-17 

Government subsidies per unit 3500 EDRC/ UCT 2003 

User up front cost 150 EDRC/UCT200J 

Repayment period (year) 10 years EDG (1997) 

Interest rate 20% EDG (1997) 

Monthly instalment 50 EOG (1997) 

Default 10% EOG (1997) 

.\ccording to the EDG report (1997), the monthly repayment for SHS could be reduced but there is 

no evidence that this was done. 

The solar home' system is 4uite expensive for the consumer who needs it and is a very significant 

barrier regarding the dissemination of SHS in South Africa. Presently, there is no mass production of 

SIIS in South :\frica, which might lower the price due to the economy of scale. Therefore, without a 

subsidy from the government through Eskom, the spread of SHS in the country especially in rural 

an.:as will be very difficult. 

5.2.3 Maintenance of SHS 

The maintenance of SHS has proved to be a problem in many SHS projects world\\ ide . The Energy 

and Development Group (EDG, 1997: 5) recommended that the supplier of the systems should 

include maintenance cost as a percentage of the system cost. This suggestion could prove to be 
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problematic because of its impact on the viability of a project. However, making allowance for 

maintenance is also very important for the success of SHS projects. 

SHS suppliers often prefer to give a guarantee of the system for a specific period after purchase, 

instead of having the mainknance cost included in the price. However, because of the knowledge base 

of the users, it may be important for the same company that installed the system to carry out 

maintenance, as SHS is a new technology to many people in the country. One of the main reasons 

why the government has encouraged a fee-for-service approach in its SHS electrification programme 

is that this approach should lead to more reliable maintenance. The SHS equipment remains the 

property and responsibility of the supply company, so it is in their interest to make sure that 

maintenance is carried out and budgeted for. 

5.2.4 Standards for SHS 

The manufacturers and installers of SHS in South Africa's non-grid electrification programme are 

expected to adhere to standard specifications which are compatible with the international Global 

Accreditation Programme (GAP). The South African standards for PY systems have been developed 

over many years, with the assistance of local and international research organisations such as Energy 

and Development Research Centre in South Africa, and CIEMA T in Spain, Eskom's non-grid 

electrification and National Rationalisation of Standards groups, and the PY industry. Large-scale 

programmes encourage the development and implementation of improved technical standards. 

5.3 Solar water heaters 

Solar water heaters have not gone through the same dissemination strategy as solar home systems. 

The reason is that SHS were promoted in conjunction with the rural electrification programme. Until 

now there is no such national dissemination program of SWH in the country through, there are few 

pilot SWH projects in the country. Therefore, this analysis will highlight some of the parameters of 

SWH, that are different from SHS. 

5.3.1 Technologies used 

Different types of solar water heaters systems are used in South /\frica, but the basic technology is 

simple. Solar radiation strikes an absorber surface that is within a solar collector and get heated up. 

The heat transfer fluid (water), which flows through tubes attached to the collector, absorbs the heat 

from absorbs surface. The heated water is stored in a separate tank or a conventional water heater tank 

until it is needed. If additional heat is required, a backup system can be used. In South Africa, 

sometimes there is no backup system, for example in the case of the Lwandle proj ect in the 

Helderberg Municipality. For reliability of solar water heater systems, a backup system is needed . By 

reducing the amount of heat that must be provided by a normal e lectrical geyser, the solar water 
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he:lting system directly substituks renewable energy with conventional energy. The use of electricity 

or fossil fuel can be reduced by more than 60%, according to international country experience of 

using solar water heating systems. 

5.3.2 Types of S\VH 

Two common types of solar w:lkr heater collectors available are the flat-plate glazed collector and 

integral collector storage. 

Flat -plate {(lazed collector 

A basic flat-plate collector consists of a metal enclosure, an absorber plate and flow tubes, insulation, 

and a glass covering. The absorber absorbs the radiation and then takes in the sun's energy, transfer 

the heat to the water flowing through the tubes attached to the absorber. 

Integral collector storage (ICS) 

An ICS consists of large tubes, often 4 inches in diameter, in which potable water is both heated and 

stored in the combined heat storage and in the collection unit. As with the flat- plate collector, an IeS 

unit also usually consists of a metal enclosure, insulation and a glass covering. ICS units are avai lable 

in sizes ranging from 30 to 50 gallons, and can range from 4 feet in width to 8 feet in length to 10 

inches in depth (SABS, 1992: 4). The ICS is the model which was used in the Lwandle project in the 

Heldeberg Municipality. Heat loss from the collectors is reduced by insulating the absorber plates at 

the back and by the glass cover in front facing the sun. 

5.3.3 Characteristics of the domestic solar water heater in South Afdca 

Various international standards have been developed to assess the performance of SWH. The SABS 

standard focuses mainly on reliability, construction and materials, but includes provision for a system 

thermal performance. Solar collectors can perform differently when installed in a different system 

configuration . In addition, the other components such as tank pump controller selected for a particular 

unit can have an effect on the overall performance of the SWH system. 

The characteristic standard of the solar water heater at homes is different from those used for other 

purposes such as swimming pools as well in the industry. Not all the characteristics of the different 

types used are given in this report. but the most important that will facil itate the understandings of the 

technical parameters of the SWH used in homes are presenkd in this thesis. Most of this information 

is based on SABS technical guideline (SABS, I Y02: 3). 
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Operating system 

The operating system must adhere to the standards required by SABS, and should consist of an 

integral system, in which hot water is stored in the body of the collector or in a system. Hot water is 

stored in a separate but close-coupled storage tank. 

Thermal performance 

The highest performance of SWH should be in agreement with SABS; the daily heat output should 

not be less than 10 MJ m2 days. SABS also specifies that all materials of domestic SWH should have 

relevant surface protection. The method of application should be such that they perform their 

respective functions in an acceptable and durable manner. 

5.3.4 Widespread use of SWH 

There is a move by the South African Government to promote the use of solar water heaters in the 

country for em ironmental concerns. At present, there are 484 000 m2 solar \vater heater panels 

installed in South Africa, and that constitutes less than 1 'Yo of the potential market. In comparison 

with SHS, SWH are poorly integrated into the main enagy sector of the country. The installed 

capacity of SHS systems is about 5MW, with the teleconununication industry accounting about for 

50% (White Paper, 1998: 90). The promotion of SWH needs measures from the government to 

promote widespread use in households. Without government involvement, SWH cannot attain the 

same level of dissemination as that of solar home systems. The improvement of this technology 

within the country requires participation of government and private sectors. In order to promote SWH, 

there is a need for joint ventures with other partners including external partners, esrecially those with 

significant experience in the use of SWH. Any such programme should be undertaken through 

collaboration with the electricity utilities, the National Electricity Regulator and the Sustainable 

Energy Society of Southern Africa (SFSSA). The progranune should focus on installing SWH in new 

dwellings and retrofitting of existing dwellings in order to maximise the impact over the ShOlt term. 

5.3.5 The cost of SWH 

The price in 2003 or current of200 litres of SWH could cost up to R6 482 for one unit, and 150 litres 

R5 678 per unit including value added tax (V AT). SWH is expensive for the poor and some middle 

class households. There is no government subsidy for those who are likely to purchase solar water 

heaters, and the banks do not give loans to customers who want to purchase SWH, hence this price is 

very high when compared to SHS that the government promoted for providing electricity to poor 

people in the rural areas. If SWH could be promoted on the same level as SHS, then SWH could 

become more \videJy used in the country. 
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5.3.6 Barriers to the widespread use of S'''H 

There are some barriers in South Africa concerning the dissemination of SWH, which include: 

• Low electricity price. 

• Small market size. 

• Expensive syskms (capital cost) . 

• Limited awareness. 

• Other press ing needs of low-income household. 

The system is still expensive for many people in South Africa. Due to a lack of promotion of SWH 

countrywide, most peopk are not aware of this solar technology. There is a lack of knowledge of the 

benefits of lIsing SvVH in comparison with using an electric geyser. 

Table 5.2 Comparing the difference in parameters between SHS and S'VH 

Parameters SHS SWH 

Price R2 496 (current price) R6 482 (current price) 

Standards GAP as applied in S-A SABS 

Maintenance Included as part of system package Suppliers of the SWH would be 
cost requested to train the local 

members 
-

Implementing Shell company, various concession Join venture between SWH 
organisation companies and Eskom suppliers and local developers 

mainly private sector 

Purpose Basic elcctric lighting, TV, Hot water 

Communication 

Market Well developed Still small 

Knowledge of Technology not well known Technology is still new to many 
users potential users 

5.4 Lessons from the development and use of SHS and SWH 

SHS and SWH systems have been lIsed in the country for several decades. SHS have been promoted 

because of the rural electrification programme and are being used by more people around the country. 

PV systems have also been installed in many clinics and schools and other public buildings in rural 

areas. Without the RDP target including rural electrifica tion for lower income househo lds, SHS 

programme c0uld not have been developed as it is now. For this programme, government gave 

::;ubsidie::; to a large number of people around the country in order for them to have access to 
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electricity. The Eskom-Shell Joint Venture project in the Eastem Cape provided the first piloting of 

large-scale SHS dissemination. However, this is not the case with solar waler heaters. The 

government has not subsidised SWH development in th~ country. 

In conclusion, both technologies are very expensive for lower income households. Any d~velopment 

of the two solar energies needs assistance from the governmenl and other financial institutions. SWH 

systems could reduce electricity consumption for users, more especially for people staying in the 

urban areas, and using th~se two systems solar energy technologies may improve the quality of life of 

rural communities. 
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Chapter Six 

SUGGESTED POLICIES AND MEASURES 
FOR SWH IN SOUTH AFRICA 

6.1 Introduction 

4i) 

The dissemination of SWH In the energy market of South Africa can be greatly enhanced by 

introducing adequate policies and measures. Hence, based on the information presented in earlier 

chapters, the contents of thi s chapter will concentrate on suggesting suitable policies and measures 

that can be considered for promoting the use of SWH in South Africa. 

The purpose of the policies and measures suggested wi II mainly be to provide advice to the 

government on dissemination and use of SWH in South Africa . As already stated , this technology is 

not well diss~minated in the country when compared with other renewable technologies such as solar 

home system. Therefore, the ensuing comments presented in this chapter will aim at assisting the 

future role of the government in the dissemination of SWH. 

This chapter is divided into two sections. The first section deal with the future prospects of SWH in 

the country, while the second section looks at the policies and measures for the improved 

di ssemination of SWH. 

6.2 Future prospect of SWH in South Africa 

According to the government's White Paper on Energy Policy, there is willingness by Government to 

promote SWIJ in the country, but there are still some problems in translating thi s desire into practice. 

There are more than 484 000 m2 of SWH already installed around the country, which is estimated to 

constitute less than I % of the possible market (White Paper, 1998:90). Exploiting the potential will 

government to undertake a major promotion programme of SWH in the country. 

The future prospect of SWH in South Africa will depend an overcoming key barriers already 

identified in the previous chapter such as high SWH cost especially for lower-income households. 

Therefore, expanding SWH market will need to increase market size and lower the cost of SWH. 

The future prospects of SWH around the country will be based on the climatic data for the particular 

location that the system will be installed. It is not advisable to implement SWH in regions where solar 

radiation is poor. Tables in the appendix 2 which is the climatic data for Cape Town and Pretoria 

respectively can provide such information . This will assist to understand where solar water heaters 

could be introduced in South Africa. 
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The Western Cape has a Mediterranean climat ic with warm summers and cool winters. Because of the 

southerly latitude and the decreased sola r irradiations in wimer months, SWH need to be titted about 

60° to the horizontal in Cape Town, if the a im is to maximise the total heat gains in the worst month 

of the year. However, the aim is to maximise the tOial annual heat gain, an appropriate tilt angle is 

about 35° (Cowan et aI, 1992: 19). In addition, the position of so lar heaters in Western Cape must 

1~) lIow a 60 degree horizontal daily solar irradiation. This helps to absorb more heat gain in the solar 

angle. Any implementat ion of so lar water heaters must take these criteria into consideration. The 

radiation data for Pretoria provide a useful co mparison. The radiation data is set out in appendix 2. 

Using radiation data for the cities of Cape Town (coastal winter rainfall areas) and Pretori a (inland 

summer rainfall area in appendix 2), some estimates can be made for the amount of heating energy 

that a SWH can save in these different locations, depending on the assumed energy conversion 

efficiency. In Pretoria, a tilt angle of about 30° wiJl maximi se the heat gain of a SWH, both in the 

worst month of the year, and also on an annllal bas is. Cape Town and Pretoria provide example of two 

distinct climatic zones in SOllth Africa. Comparison for a wider range of location in South Africa and 

Namibia are provided in table 6.1, drawn from Greyvenstein and Van Niekerk (1999:87). 

Table 6.1 Comparative heats gains for selected areas in South Africa 

City Allllual heat Kaill Annual heat gain ( Solarhart GJ111l2) 
(Calculated GJ 1m2) 

"-
Bloemfontein 5.06 4.76 

--
Cape Town 4.46 4.30 

Durban 4.19 3.66 

Johannesburg 4.64 -

Port Elizabeth 4.19 4.05 

Pretoria 4.69 4.44 

Windhoek 5.53 5.15 

Source: Greyvenstelll and Van Nlekerk (1999: 87) 

Therefore, to promote SWH in South Africa, the Government should consider radiation availability. 

Where solar irradi a tion is no t good, a backup system is needed for in sta llation of SWH. 

6.2.1 Environmental perspectives 

The use of solar water heater::; in South Africa ha s the potential to reduce household electricity 

consumption, since electricity is mainly produced using coal, h~ l1Ce sLlch sav ings mean indirec t 

sav ings on coal, which will ul timatel y reduce the carbon emissions from the combustion of coaL The 

Global Environmental Facility (GEF) is funding a solar wakr hea ter proj ec t through the DME in 

Midrand, an area with no prev ioll s SWI I ins tallation. The funds witl be used to support the developers 
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expected to provide SWH at a lower cost. The DME annual report (2000-2001: 102) staled that, " 

heating water is the most em~rgy intensive activity in the domestic sector (approximately 40% and 

more of household energy consumption)". The cost of building a new power station could cost 32 

billion Rand or more depending on the size of the plant. SWH can be used as an instrument for energy 

efficiency by reducing electricity consumption in households. The benefit for the South African 

Government would be the reduction of the adverse emissions. 

6.3 Suggested policies and measures for promotion of SWH 

The aim of this section is to suggest policies and measures to the Government for the future 

development of the solar water heater market in tbe country. However, the implementation of these 

policies will depend on several factors that govern the South Africa Government's decisions- making 

process. 

6.3.1 Views from government 

A government official was contacted to find out the general government pol icies on the promotion of 

the use of solar water heaters in South Africa as stated in the Energy White Paper (interview with 

Golding 200 I at DME, Pretoria). The outcome of the interview was that there are new government 

decisions pending on solar water heaters but not yet made public. It was revealed in the interview that 

the main problem concerning poor dissemination of SWH in the country is the relatively low price of 

electricity in South Africa and this is making it very difficult to implement SWH in the country. Some 

of the constraints for the development of SWH in South Africa were identified as follow: 

• The market for solar water heater is very small, hence production is also small 

• The unit price of SWH is very high. 

• Potential low-income users of SWH do not qualify for bank loans because either of 

unemployment or the job are low paid not enough to afford the interest rates. 

Presently, there is no none mechanism from the government to support SWH for lower-income 

households. It has been reported that government will soon introduce a Renewable Energy Act, and 

also that the South /\frican Government is preparing a new strategy for the manufacturers, which may 

include tax rebates, so that lower taxes could result in a reduction of the price of SWH. However, the 

producers are yet to be informed on how the government programme will assist lowcr- income 

households. 

Univ
ers

ity
 of

 C
ap

e T
ow

n



51 

0.3.2 Policies and measures for SWH 

Policies suggested will fall into the following categories: 

• Dissemination strategy 

• Financial policy subsidy 

• Backup system for SWH 

• Consultation with consumers 

• Maintenance and service 

Dissemination strategies 

Poor use of SWH can be due to a lack of public awareness regarding the benefits of using SWH by 

the majority of the people. To improve this situation, there is a need for information campaigns for the 

general public and for professionals as well. 

At present, some companies are ignorant about the use of SWH and they need education or 

information on SWH. To develop programmes around the country, there is a need for investments by 

both government and the private sector. The manufacturing capacity is quite developed in South 

Africa, but according to the suppliers, some of the cllstomers were from outside the country. 

According to the DBSA and ISES (1999: 53), SWH is the renewable energy technology most 

involved in regional trade of locally manufactured products. There is considerable potential for 

market growth. The envisaged growth however, depends on specific electricity sector and macro 

policy developments that need to be monitored. Government should come up with policies to 

encourage people potential SWH users as this will lead to wider penetration of the technology. 

A mechanism, which Government can consider for promoting the installation of SWH is to install 

such unity in selected government buildings. For example. Government can targd the institutional 

correctional services around the country, especially the new ones. In the United States of America, the 

{JSDOE demonstrated the value of using solar energy for water heating in prisons. Applying such a 

strategy will be an incentive to other players, mostly developers of building new houses, that can 

install the SWH in these houses. This might improve the effectiveness of the long-term energy 

savings for the user and the utility company. Dissemination strategies are set of measures that 

government can use to promote the use of a new technology in the mar\s:et. 

The implementation of SWH at present around the country is mainly in single houses. Installing solar 

water heating systems on top of a block of flats may present some difficulties because of the size of 

the unit and the space that may be required by the solar collector and its accessories. These are some 

of the negative elements concerning the inspllation of SWH in tlats. Therefore, the installation of 

SWH within the country should mainly target single houses until these problems have been addressed. 
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Policy actions 

• The Government should use public buildings as demonstration projects for installing SWH. This 

effort will reduce the electricity consumption in such buildings and hence lead to savings that can 

be allocated to other areas . 

• The public utility, Eskom should playa major role in the dissemination of SWH by advi sing 

consumers to lise SWH through demonstrations that clearly show the possible benefits. This will 

lead to reduction of electricity consumption in households. 

• The DME in collaboration with the private sector should create an information centre, which will 

provide information on the sales of SWH in the country and information on the companies selling 

SWII. This would be ;In incentive for companies that want to integrate SWH market. 

Maintenance and service 

The maintenance of SWH should be a permanent process throughout the life of SWH. There should 

be specific companies involved with the maintenance of SWH systems. 

Policy action 

• The DME should ensure the maintenance of SWH by insisting that it is part of the installation 

contract and there should be a guarantee system for a specific period. This will help to promote 

trust among consumers. The cost of maintenance should preferably be included in the price of the 

unit. IIowever, in the long run, the consumers must pay for the maintenance cost of the system. 

Consultation with consumers 

Consultation with consumers is very important for the promotion of SWH. The DME, in collaboration 

with Sustainable Energy Society of Southern Africa (SFSSA) should advise most of the companies 

who sell and manufacture SWH to include consultation with prospective consumers at the start of the 

project. As a marketing strategy, consultation can playa major role because during consultation, the 

consumer will be able to ask different questions concerning the operation of SWH. Similarly, 

operators in the renewable energy industry will have the necessary k..nowledge to inform prospective 

users about the usefulness of SWI I especially in terms of savings. 

Policy actions 

• DME should encourage solar energy companies to consult with consumers about SWH, as this 

should be a requirement for most of the companies who are involved in the manufacturing and 

installation of SWH. 

• Solar energy companies should be encouraged to host workshops in the different suburbs and 

townships for the people to become aware of this technology. They should explain the advantages 
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and disadvantages of this technology along with possible savings in household electricity 

consumption to consumers. 

Financing policy for SWH 

A major constraint to the widespread use of SWH in South Africa among poor households is the high 

cost, which is above their earning capacity. The price of a SWH unit of 200 litres is R6 482, and will 

he higher if initial capital is borrowed and repayments include interest on the loan. 

The financing policy for SWH would depend on the accessibility of resources for financing. If the size 

of the SWH market can be significantly increased, the unit cost of SWH could come down. However, 

the initial cost would still be expensive for the majority of prospective consumers. 

The Government should create a well-defined targeted subsidy scheme for SWlI to reduce the price. 

Eskom, as a public utility company can work with the government in setting up such a scheme as this 

will greatly assist consumers who are willing to use SWH. 

Another aspect to be considered is financial institutions, especially banks. Banks are not usually 

prepared to give loans to the people who want to buy SWH. Government should encourage banks to 

give loans to prospective users. It is important that the government help to establish a better 

mechanism, possibly through a guarantee fund to reduce the risk of SWH loans. 

The South African Government should work with developers and builders to encourage the 

installation of SWH in new homes. This will target single privately owned houses. Furthermore, the 

builders, Eskom and the Department of Minerals and Energy should collaborate and set up schemes 

that can offer tax credit and utility rebates to encourage the use of SWH for residential and 

commercial building projects. 

Policy actions 

• The Government should create tax incentive/subsidy schemes for consumers of SWH. Such a 

scheme should assist the prospective user to overcome the high initial cost of SWH. This will be a 

way to disseminate SWH in the country. The DME and the Department of Revenue Service can 

work together to proceed with this kind of tax incentive. 

• Subsidies from the government should first target the lower-income communities who need SWH 

but cannot afford them due to the high initial cost. Middle class owners can also benefit from tax 

incentives, as this will promote sales among this group of potential buyers though the poorer 

communities need it more. 

• The Government should develop a new strategy to encourage finance through the banks for 

people who want to buy solar water heaters. 
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• The Govemm~nt should provide incentives to suppliers, as this could reduce the cost of SWH, 

and could help the suppliers to produce more SWH systems. 

• One way of financing a solar water healer system is to include it as pJlt of a home loan, with 

long-term repayment of 10 to 20 years or more. The monthly savings from using the solar system 

wiiJ normally be greater than the monthly loan payment for the solar system. Hence, a system can 

be established to link the savings with the repayment plan. 

Backup system for SWH 

Provision of a backup system will promote the use and reliability of SWH. Backup system is 

advisable, especially in places where solar radiation is sometimes problematic. Electrical backup for 

SWH is normal in systems installed for higher income households, but not always for low~r-income 

installations, as was the case in Lwandle . 

Policy actions 

• The DME III collaboration with the SABS should encourag~ SWH developers install backup 

systems as part of the installation of SWH as this will avoid problems of changing seasons. 

• DME together with SABS should ensure standards and labelling on the annual performance of 

solar water heater systems. This will minimise problems with the installers. 

• DME should ensure that all SWH companies (manufacturers and installers) abide by prescribed 

standards for construction, materials, and thermal performance practices. 
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Chapter Seven 

CONCLUSION AND RECOMMENDATIONS 

7.1 Conclusions 

The main purpose of this study was to investigate the usc of SWH in South Africa, and to identify 

policies and measures that would enhance its use. This study also explored the limits and prospects of 

this technology in the country. This sec tion will draw conclusions based on the major findings of this 

study. 

This study shows that the conditions are suitable for the development and use of the SWH in South 

Africa, but the present market for this technology still remains small. A wider market will require full 

participation of the government and private sector, South Africa should be prepared to learn from the 

international experiences on SWH. However, government has to be the main faci litator of the 

dissemination of SWH in the country. The government should facilitate the contribution of the private 

sector and NGOs in the disseminate of this technology. 

Chapter two provided a general literature review on solar water heaters and solar home systems in 

South Africa, and around the world . It was found that the use of SWH could contribute to the 

reduction of electricity consumption and could avoid the construction of new rower plant. The 

international experience on SWH shows that the use of solar technology contributed to the reduction 

of electricity consumption in the household. Developed countries did not only focus on the reduction 

of electricity consumption but also on environmental concerns such as curbing the climate instability 

threat. However, this work do not focus on environmental concerns as much as on the use of SWH. 

Chapter three provided a general experience of the use of SWH in developing countries and also in 

developed countries. The findings indicate that in most of these countries, government plays a maj or 

role concerning the dissemination of SWH. In the case of developing countries, the governments of 

Botswana and India play an important role concerning the di ssemination of SWH. 

Many government buildings in Botswana and other public institutions installed SWH. This was a 

strategic solution for the private sector to replicate government actions. The results of the Botswana 

experi ence show that solar 'vvater beating system installed had technical problems such as poor 

engineering and manufacturing. However, the government of Botswana developed an adequate 

strategic solution to resolve these problems of SWH, mainly by instituting higher standards for SWH 

systems. 
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The installation of SWH in India assisted in reducing electricity consumption substantially and also 

helped reduce the electricity peak demand significantly. The government of India estimated that 1000 

solar water heaters (2 000 m2 of collector area) could contribute to a peak load saving of IMW. The 

findings concerning the promotion of SWH in developed countries indicated that they are mainly 

targeting action that would assist them in achieving their goals as stipulated by the Kyoto protocol. 

The findings in chapter four mainly focused on a survey of data on SWH in the Western province of 

South Africa. The results of the survey show that 305 SWH units were installed in hostels at Lwandle 

in IIelderberg Municipality. Furthermore, the interviewees appreciated the technology provided but 

complained about it during winter, as there was no backup system for the units. This is considered as 

one of the limitations of the project. [n Gauteng province, no SWH has been installed; the project is 

expected to be carried out in the Midrand Municipality. 

Chapter five provided a comparative study of SHS and S\\'H in South Africa. The analysis shows that 

SHS is well disseminated as compared to SWH in South Africa. The electrification programs around 

the country accelerated the dissemination of SHS. Government and Eskom were fully committed to 

the project with significant investments for the electrification programme in the remote areas. 

According to the DME, the intention of government is to ensure that low-income households in 

remote areas are provided with SHS, while SWH has never been sponsored or subsidized by the 

government. International donors, private companies and NGO's are still promoting this technology. It 

was found that these two technologies are very expensive for many people in South Africa. Moreover, 

SHS were subsidized while SWH were not and this affected the dissemination of SWH in the country. 

In chapter six, it was found that SWH systems must be promoted in regions where there are good 

annual heat gains from the sun. SWH systems cannot be implemented in an area with poor solar 

radiation. Government is presently preparing a new strategic document concerning the manufacturing 

of solar devices in solar industries. One issue that is being considered was a tax rebate as this can 

reduce the price of SWH, but the producers or the general public do not yet know this. 

The policies and measures suggested that government should work hand in hand with developers who 

construct new houses to get these systems integrated into their buildings. Moreover, if government 

encourages the installation of SWH in public service buildings and prisons, such a demonstration of 

commitment will assist greatly in disseminating SWH in the country. The provision of incentives to 

potential consumers will encourage users to use SWH. The government support of subsidy programs 

should therefore be encouraged. 

In conclusion, this study notes that there are solid bases for dissemination of SWH around the 

country. Government, in collaboration with SESSA, utility companies, and renewable energy 

industries, can synergise their efforts in order to develop a strong strategic solution concerning the 

future prospects of SWH in South Africa. 
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7.2 Recommendations for further studies 

The study have prompted two recommendations that need further research to improve the use of SWH 

in South .\frica. These are: 

• Exploring the pricing of SWH and to identify the exact way of intervention for government 

assistance. 

• Exploring the export production of SWH in the SADC region and beyond . 
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Appendix 1 

Type of questionnaire 

1 Comparison group 

• Number of people using different energy services (General) 

Wood, Paraffin, Candle, and Gas 

• Would you like to llse the solar water heater? 

Yes (Why?) 

No (Why not?) 

• How much money are you prepared to pay for it? 

• How many people have a source of income? 

List them 

• Do you use an electric geyser? 

• Do you lise other appliances? 

List them 

2 Households who are using solar water heater 

• Is the S01ar Water Heater working? 

If not why? Since when has it not been working? 

• Why did you choose SWH? 

• Did you buy it? 

If yes, how much? From whom? , When? 

• Did government subsidize SWH? 

• How much money do you pay every month for SWH? 

• Who maintains SWH? 

• What impact does the SWH have on your household? 

• When was the last maintenance service? 
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• Do you have any source of income to maintain SWH? 

• Who is working in your family? How much money do you get each month? 

• Who supports your family? 

• How much money does you spent on your household each month for food? 

• What problems do you have with SWH during the wintertime? 

• What is your electricity bill during winter? 

4 Questionnaire for public official at DME 

• What are the benefits of SWH in the South African environment? 

• Is there is any problem for government to implement SWH in the country? 

• What are the futures prospects for the use of SWH in South Africa? 

• What is govemment policy relating to SWH? 

• Are there any mechanisms to support SWH to lower income houses? 

5 Questionnaire for the supply of S\VH 

• Who are your customers? 

• How do you see the future of SWH in South Africa? 

• Is there any job opportunity relating to the sale of SWH in South Africa? 
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• The government encourages you to supply SWH around the country? (If yes, how?) Does 

the government encourage you to supply SWH in the country? 
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Appendix 2: Climatic data 

Table At Climatic data for Cape Town 

Jan Feb Mar Apr May JUll Jul Aug Sep Oct Nov Dec Ave 

Maximum 26 26 25 23 20 18 18 18 19 21 24 25 21,97 
average 
monthly 
temperature 

Maximum 15 15 14 12 9 8 7 8 9 11 13 15 11 ,38 
average 
monthly 
temperature 

Average 15 16 20 41 67 93 82 77 40 33 16 16 43,08 
monthly 
rain fall 
(mm) 

Source: Holm (1996: 14) 

Horizontal daily solar irradiation kwh/m2/day 

Jau Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Global 7956 7177 5887 4207 2946 2390 2684 3462 4707 6291 7552 7952 

Diffuse 1836 1636 1447 1250 1010 871 979 1250 1670 1888 2145 2076 

Source: Eberhard (1990:36) 

Horizontal daily solar irradiation on tilted surface 60" kwh m2 
/ day 

Degree Jan Feb Mar Apr May Jun Jut Aug Sep Oct Nov Dec Annual 

Mean 

60 5383 5918 6275 6096 5109 4702 5003 5275 5591 5711 5442 5129 5469 

Source: Eberhard (1990:36) 
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Table A2 Climatic data for Pretoria 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ave 

Maximum 28,6 28 27 24,1 21 ,9 19,1 19,6 22,2 25,5 26,6 27, 1 28 24,81 
average 
monthly 
temperature 

Maximum 17,4 17,2 16 12,2 7,8 4,5 4,5 7,6 11,7 14,2 15,7 16,8 12,13 
average 
monthly 
temperature 

Average 136 75 82 51 13 7 3 6 22 71 98 110 56,17 
monthly 
rainfall 
(mm) 

Source: Holm (1996: 67) 

Horizontal daily solar irradiation kwhhn2/day 

Jail Feb Mar Apr May JUIl Jul Aug Sep Oct Nov Dec 

Global 6346 5940 5293 4574 4177 3908 4142 4909 5748 6236 6377 6908 

Diffuse 2494 2389 1968 1469 971 824 860 1057 1419 1764 2233 2308 

Source: Eberhard (1990:36) 

Solar irradiation on tilted surface (30
0

North) kwh m2 
/ day 

Degree Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Mean 

30 5652 5774 5732 5742 5934 5984 6163 6668 6624 6289 5818 5967 6029 

Source: Eberhard (J 990048) Univ
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