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Profile: 
Leake S Hangala 
ManagIng DIrector, 
NamPower (Pty) Ltd 

Between 1990 and 1995, Dr Hangala was the Perma
nent Secretary of Namibia's Ministry of Mines and 
Energy . From this energy background , he was 
appointed as Managing Director of NamPower in 1995. 
On the 1 July 1996, NamPower (Namibia Power Cor
poration (Pty) Ltd), formerly SwaWek (Pty) Ltd, was 
officially launched by Dr Sam Nujoma, President of 
Namibia, under its new name and logo. 

Born in 1953, Dr Hangala grew up in turbulent times 
in what was then South West Africa, a part of South 
Africa. He was very active in the activities of the South 
West African People's Organisation (SW APO) which 
was fighting for Namibian independence. After 
matriculating from Oshigambo High School, he 
worked as a teacher at a SW APO Education Centre, as 
well as a broadcaster for the Voice of Namibia, based 
in Zambia. Thereafter, he went to Finland, where he 
was secretary-general and president of the African 
Students Association. 

After studying at the University of Helsinki and 
obtaining a B.Sc.(majoring in geology and mineralogy) 
and M.Sc. in 1981 and 1983 respectively, Dr Hangala's 
involvement in the energy field could be said to have 
begun in 1984 when he worked at the Natural Resource 
and Energy Division of the U.N. Secretariat based in 
New York. In 1987, he obtained his Ph.D. in economic 
geology and mineralogy. At that time, he was working 
as a geologist at the Geological Survey of Finland. 

With political activity intensifying in the then South West Africa, 
Dr Hangala returned to Africa, working at SWAPO's Depart
ment of Education in Luanda, Angola, in 1988-1989. As inde
pendence elections drew closer, Dr Hangala worked for the 
election campaign at SW APO headquarters in Windhoek. He 
represented SW APO at many national and international con
ferences before independence, and thereafter as a member of the 
government of Namibia. 

In 1993, Dr Hangala was awarded a Certificate in Management 
from the John F Kennedy School of Government, Harvard 
University, U.S.A. 
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Some of the other positions that he holds include deputy chair
man ofNAMDEB and chairman of the board ofPandu Holdings. 
He also sits on the boards of Sanlam Namibia and TransNamib. 
He is a member of the board of trustees of the Rossing Founda
tion, the University Foundation and KA YEc. 
Dr Hangala is the author of a book, Structure of the Nambia 
mineral industry: Strategy option of the institutional framework 
for mineral sector development for independent Namibia , pub
lished by University Printing Press, Helsinki in 1985. 

He is married to Letta Nekulilo, and they have four children. His 
hobbies include football and reading, with his main interest in 
economic and political developments, particularly in the South
ern Africa region. 
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An overview of the photovoltaic, wind 
power, solar water heating and 
small-scale hydropower supply 
industries in South Africa up to 1994/95 
* G STASSEN and * *D HOLM 

Received 5 March 1997 
Revised 22 April 1997 

This paper contains a broad overview of the South African photovoltaic, solar water heating, wind 
power and small-scale hydropower industries. Against the general lack of a comprehensive 
national database on renewable energy supply and demand, this overview attempts to provide 
general background information on these commercial industries, market trends, local sales figures, 
export volumes and installed capacity estimates. It also identifies the industries major constraints, 
as well as their future outlook. 

Keywords: photovoltaic industry; solar water heating industry; wind power industry; small
scale hydropower industry; market trends, sales figures; installed capacity esti
mates; constraints; future 

Introduction 

South Africa is richly endowed with 
renewable energy sources that have the 
potential to make a substantial contribu
tion to the energy economy, yet they only 
contribute about 1 0,4% to primary energy 
and approximately 20,4% of final energy 
consumption on the national base. 
Against this background, the paper pres
ents a broad overview of the South Afri
can photovoltaic, solar water heating, 
wind power and small-scale hydropower 
supply industries which, in general, 
reflect the following characteristics(1): 

• They are fledging and lack the overall 
capacity in terms of skills, technical 
back-up and customer service orienta
tion; 

The estimated contribution of these 
industries amounted to about R 190 
million or 0,05% of GDP in 1994; 

• Approximately 2 300 persons were 
employed in these industries by the 
end of 1995; 

• The main barriers experienced in the 
market place by these industries in
clude (i) the high initial capital outlay 
of these technologies; (ii) unequitable 
competition in the energy market; 

• Development Bank of Southern Africa, POBox 
1234, Halfway House 1685, South Africa 

•• Division of Environmental Design and Manage· 
ment, University of Pretoria, Pretoria 0002, 
South Africa 
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(iii) a lack of access to appropriate fin
ance; (iv) a lack of decision-making 
and consumer awareness; (v) the 
tainted image of various sectors within 
the industry, and (vi) a lack of clear 
Government policy and programmes 
on energy in general and renewable 
energy in particular; 

• Very limited resources (in general, 
negligible) are allocated by the indus
try for research and development 
(R&D) within the industry; and 
Renewable energy technologies avail
able on the commercial market, in 
general, appear to be appropriate for 
application in South Africa's harsh 
local environment and are considered 
to be the least-cost option for a range 
of energy services in the domestic, in
stitutional and agricultural consump
tion sectors. 

The photovoltaic (PV) 
industry 

Suppliers of PV equipment in South 
Africa fall into three broad categories, 
viz.: local assemblers, importers and 
distributors/installers. Some forty-eight 
companies were active in this field at the 
end of January 1995. Local assembling of 
PV modules started in 1992 with a 
production capacity of 1,5 MW per single 
shift per year. During August 1995 
another PV module assembly plant was 

commissioned in South Africa with an 
annual operating capacity of 0,5 MW per 
single shift. In general, PV modules are 
imported from the U.S.A., Europe and 
Japan. The majority of the balance of the 
system's components, however, are 
manufactured locally (for example, 
batteries, regulators and inverters). The 
Customs and Excise Division of the 
Department of Finance records PV 
imports by means of very vague product 
categories and codes. This means that the 
exact number of PV modules imported 
into South Africa to date cannot be ascer
tained with any certainty. The annual 
turnover of the PV industry for 1990-
1994 is shown in Table 1. 

Year Annual turnover in 
. Rands (million) 

1990 14,9 
1991 17,2 
1992 15,2 
1993 16,1 
1994 31,0 

Note: The annual turnover excludes 
satellite industries to the PV 
industry. 

Table 1: Estimated. annual turnover 
of the PV industry for 1990-
1994(1) 

It is estimated that approximately 1 500 
persons in total were employed in the 
three categories of the PV industry during 
1994(1). The estimated combined sales 
volumes for the PV industry for the period 
1977-1994 are given in Table 2. 

As can be seen from this table the PV 
industry in South Africa enjoyed a fairly 
progressive growth rate over the past 
eighteen years. The deep economic 
recession experienced by South Africa in 
1992 and 1993 also had a marked effect 
on PV sales volumes for the correspond
ing period. The dramatic upturn in sales 
figures for 1994 is mainly due to the 
acquisition of some 8 000 PV systems by 
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Year Total sales volumes 
(kWp) 

1977 4 
1978 8 
1979 15 
1980 23 
1981 68 
1982 128 
1983 172 
1984 338 
1985 237 * 
1986' 273 * 
1987 314 * 
1988 362 * 
1989 416 * 
1990 478 * 
1991 550 * 
1992 450 
1993 460 
1994 800 

Note: *The figures for this period are 
based on the growth assumption 
by Botha(2) 

Table 2: Estimated total sales vol
umes for the South African 
PV industry, 1977-1994(1) 

PV technology Year 

Silicon: 1991 
Monocrystalline 
Polycrystalline 
Amorphous 

Silicon: 1994 
Monocrystalline 
Polycrystalline 
Amorphous 

CdTe* 

Telkom for communication purposes at 
polling stations in off-grid areas during 
the general election in April 1994. Com
pared to the world PV market of 
69,44 MW for 1994(3) the South African 
PV market in 1994 constituted about 
1,2% of world production(l) 

The breakdown of PV sales per module 
technology for monocrystalline, polycry
stalline, amorphous silicon and CdTe 
(cadmium telluride) is given in Table 3. 
It is interesting to note that there has been 
a significant increase in the use of mono
crystalline silicon modules in the local 
market since 1991 at the expense of both 
polycrystalline and amorphous silicon 
module sales. The average sales price for 
pY modules in 1994 amounted to about 
R22/Wp, and it is not u~common to find 
price mark-ups of up to 55% for the big
ger distributors/installers and up to 100% 
for the smaller distributors/installers. 

PV systems are also exported, mainly to 
Sub-Saharan countries, such as Zim
babwe, Botswana, Mozambique, Malawi, 
Namibia, Kenya and the Commores. It is 
estimated that approximately R3 million 
or 10% of the PV industry's turnover for 
1994 can be ascribed to export earnings. 

Sales volumes (kWp) % or total 

253 46 
198 36 
99 18 

488 61 
208 26 
96 12 

7 -1 

Note:* For high technology market applications only. 

Table3: Breakdown of PV sales volumes per technology for 1991 and 1994(1) 

Telecommunications 
55kWp ____ _ 

Lighting, water pumping 
and refrigeration 24 kWp 

Figure 1: PV export sales volumes (kWp) per application for 1994(1) 
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The export sales volumes for 1994 are 
shown in Figure 1. 

The total installed PV capacity in South 
Africa at the end of 1994 was about 
5,1 MW, which represents 0,013% of the 
total power station nominal capaCity of 
37840 MW in 1994(1). Another estimate 
by the Department of Minerals and 
Energy(4)put the total installed capacity at 
3,1 MWp in 1993. 

A breakdown of the installed PV capacity 
per application at the end of 1994 is given 
in Table 4. It is also clear from this table 
that the three dominant applications in the 
local market are telecommunications, 
domestic lighting systems and water 
pumping for both potable water supply 
and irrigation purposes. Assuming that 
the average domestic PV lighting system 
is based on a 40 W module, the figure of 
1,581 MW translates to some 39 500 
domestic systems for South Africa, which 
represents a domestic market penetration 
of less than 0,5%. 

Several major constraints currently face 
the local photovoltaic industry which also 
reflect the situation of the wider renew
able energy industry in South Africa. 
These are(l): 

(1) The high initial capital outlay ofPV 
systems. This is one of the key growth 
inhibitors in the PV market. The high 
capital costs ofPV systems, which render 
them un affordable to many potential con
sumers in off-grid areas, can mainly be 
ascribed to: 

• The unfavourable Rand exchange rate, 
which severely inflates the costs ofPV 
modules; 

• Rapidly escalating production costs of 
locally manufactured balance-of
system components; 

• Marketing practices, where agents do 
the actual sales and installations in the 
field, and, in many instances, are 
solely responsible for setting highly 
inflated retail prices to consumers; and 

• The overdesign of PV systems for 
specific applications, resulting in 
underutilised capacity. 

(2) Unequitable competition in the 
energy market. The energy market in 
South Africa reflects a situation where 
conventional grid electricity is given an 
unfair advantage over renewable energy 
sources. This is evident through, amongst 
others: 

• The price structure of conventional 
grid electricity, that aims to provide 
electricity at some of the cheapest rates 
in the world by utilising enormous 
cross-subsidisation within the elec
tricity industry as part of the electrifi
cation drive. The fact that current 
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electricity prices do not reflect the true 
costs to society is also apparent when 
one considers that externalities, such 
as environmental pollution and the 
depletion of the country's coal 
reserves, are not discounted for. From 
an economic point of view, this leads 
to gross distortions in the energy mar
ket. This has a negative effect on the 
gradual change-over to a sustainable 
development system in South Africa, 
of which the application of renewable 
energy sources to their full potential 
will be one of the cornerstones. 

• The preferential treatment, over the 
years, of the conventional electricity 
supply fraternity in the form of: 
- huge amounts of R&D funding from 

outside and within the industry; 
- Government guarantees for over

seas loan funding for Eskom; 
- the exemption of Eskom from 

paying tax; 
- vested interest lobbying power by 

the financially strong, well
organised, centralised and monopo
listic electricity supply fraternity; 
and 

- mutuality of interests with coal 
mines. 

(3) Lack of access to appropriate 
finance: This factor appears to be the 
most important constraint to the PV 
industry at present. Although finance is 
available to the end-consumers of energy, 
mainly as instalment sale agreements 
with short-term financing periods and 
high interest rates, it is not deemed appro
priate against the inherent characteristics 
of PV energy supply options and the 
needs of disadvantaged communities in 
South Africa. Moreover, financing pack
ages for conventional grid electricity 
supply are structured, in general, around 
the economic lifespan of the assets (20-
25 years) to be funded while this is not the 
case for PV as indicated above. 

(4) Lack of decision·makers and con· 
sumer awareness: At present there exists 
a lack of general awareness amongst 
decision-makers and consumers in the 
South African energy market with regard 
to performance, reliability, durability, 
availability and cost-effectiveness of PV 
applications under local conditions. 

(5) Tainted image of the PV industry: 
Customer confidence in certain quarters 
(such as, domestic and clinic applications) 
has been eroded over the years, resulting 
in a negative perception regarding PV 
applications. These negative perceptions 
in the market can be mainly ascribed to 
the following: 

• fly-by-night SWH companies who 
installed badly designed and poor 

May 1997 

Application Installed capacity (kWp) % of total 

Telecommunications* 2550 50 
Lighting: 

Domestic 1581 31 
Schools, clinics, etc. 153 3 

Water pumping 714 14 
Recreational 102 2 

Total 5100 100 

Note:* Includes applications for Telkom (80%), Transnet and the National Defense· 
Force. 

Table 4: Estimated total installed PV capacity per major application area -1994(1) 

quality solar water heaters and who did 
not uphold guarantees created a very 
unfavourable perception of solar 
water heating. Since there is.a lack of 

public awareness, the PV industry is 
very often associated with SWH. This 
is reflected in the word of mouth 
approach commonly found in the 
market that 'solar' does not work; 

• several badly designed and installed 
PV systems which did not operate 
reliably, efficiently and economically, 
clearly revealed a lack of proficiency 
and technical hack-up as a major short
coming in the local PV industry. The 
lack of technical back-up also shows 
that the PV industry is still a long way 
off . from becoming a fully fledged 
service-orientated industry; 

• a severe lack of adopting a common 
goal approach within industry to pro
mote the application of solar energy in 
general. This is further evident in a 
lack of formal cooperation and coordi
nation within the PV industry, result
ing in disjointed marketing and an 
inability to control poor quality PV 
products being offered to the market; 

• a multitude of trading levels caused by 
numerous agents/installers operating 
in series leads to artificially high prices 
and fragmentation of the market. 
Moreover, with so many makes ofPV 
modules available on the local market, 
the cil~tomer is confused rather than 
provided with a multiple choice. 

(6) Lack of clear Government policy 
and programmes on energy in general 
and renewable energy in particular: 
South Africa still lacks a comprehensive 
renewable energy policy and pro
grammes which will provide clear direc
tion for the industry. These would assist 
it in identifying and prioritising areas of 
development support, the channelling of 
resources for that purpose, and the 
creation of capacity within industry to 
sustain these development processes. 

Considerable growth is foreseen for the 
world PV market and it is envisaged that 
the South African market will also experi
ence sound continued growth provided 
that the above market barriers are 
removed. The industry envisages a 
growth rate of approximately 20% per 
annum in the foreseeable future. The 
biggest market growth areas are strongly 
linked to reconstruction and development 
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Year Total sales volumes 
(m2) 

1975 2160 
1976 3340 
1977 9800 
1978 10000 
1979 14500 
1980 18600 
1981 21939 
1982 24166 
1983 27786 
1984 20077 
1985 14100 
1986 12000 
1987 15000 
1988 26000 
1989 32700 
1990 40981 
1991 43652 
1992 47117 
1993 47688 
1994 52983 

Table 5: Total annual sales volumes 
for the South African SWH 
industry, 1975-1994(5,7) 

initiatives, and includes PV electrifica
tion for telecommunications, schools 
(including distance education), clinics, 
households and water pumping. (~ con
siderable increase in export opportunities 
for PV systems into Africa and other 
developing countries is also foreseen. 

The solar water heating 
(SWH) industry 

It is likely that individual enthusiasts put 
together homemade SWH systems before 
any organised research, development or 
manufacture was done in South Africa. A 
few commercial systems were available 
before the 1973 energy crisis. However, 
since 1973 SWH became freely available 
on a commercial basis in South Africa. 
The number of companies that imported, 
manufactured, distributed and/or 
installed SWH totalled about 85 in 1977, 
59 in 1985 and 47 by January 1995(5,6). 

Domestic SWH systems (glazed) Total domestic % of total 
Year 

Integral (ml) Close coupled (m2) SWH (m2) SWHsales 

1975 - - 1560 72,2 
1976 - - 2840 85,0 
1977 - - 4500 45,9 
1978 - - 5700 57,0 
1979 - - 12000 82,8 
1980 - - 16600 89,2 
1981 - - 19250 87,7 
1982 - - 21100 87,3 
1983 3400 21520 24920 89,7 
1984 1600 16550 18150 90,4 
1985 - - 12705 90,1 
1986 - - 6600 55,0 
1987 - - 6800 45,5 
1988 - - 10400 40,0 
1989 - - 11450 35,0 
1990 357 8160 8517 20,8 
1991 485 6086 6517 14,9 
1992 307 8039 8346 17,7 
1993 1362 8130 9492 19,9 
1994 1662 10 565 12227 23,1 

Table 6: Approximate annual sales volumes of glazed domestic SWH, 1975 -1994 (5,7) 

Domestic 
swinmling pools 

(76,3%) 

Commercial & 

Indust,·ial 
(1,6%) 

SWH 

(20,9%) 

Domestic 
swimming pools 

(73,3%) 

1994 

Commercial & 

ImluslJial 
(1,8%) 

no~n .. stic SWII 
(23,1%) 

Figure 2: The market share of the various SWH applications for 1990 and 1994(5) 
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During 1994 seventeen companies were 
active in the market as SWH manufac
turers and importers(7). Out of these 
seventeen companies, nine deal only in 
unglazed SWH collectors comprising 
five importers and four local manufac
turers. Of the thirteen companies dealing 
in glazed SWH collectors, in significant 
volumes, ten are local manufacturers and 
three import systems. The estimated 
annual turnover for the South African 
SWH industry in 1994 amounted to about 
R143 million. It is further estimated that 
close to 700 persons were employed in the 
SWH-related industry in 1994(1). 

The 1973 and 1979 energy crises, and the 
subsequent escalation in conventional 
energy costs in South Africa, resulted in 
a relatively high public interest in SWH 
during the late 'seventies and early 
'eighties. However, the technical sophis
tication, design and quality of most of the 
available products were low. Also, the 
systems were often installed by unscrupu
lous agents during this so-called 'band
wagon' phase in the history of the SWH 
industry(5). A substantial number of SWH 
companies disappeared from the scene, 
during this so-called 'shake-out' phase, 
particularly over the last ten years. 

Up to 1983, the market for SWH experi
enced tremendous growth. Although no 
official sales volumes are available for 
the period 1985-1989, indications by 
sources within the industry are that this 
period was characterised by a heavy 
decline phase (1985-1986) and a slow 
recovery phase (1987-1989). According 
to the latest market survey conducted and 
completed by March 1995 on behalf of 
the Department of Minerals and Energy, 
the SWH industry enjoyed an average 
growth of about 6% per annum for 1990 
to 1994(7). 

Approximate total SWH sales volumes 
comprising domestic, commercial and 
pool heating systems for 1975 to 1994 are 
given in Table 5. 

The approximate annual sales volumes of 
domestic SWH systems for 1975-1994 
are shown in Table 6. As can be seen from 
this table, close coupled SWH accounted 
for between 85%-95% of total domestic 
SWH sales during the last five years. 
Although the sales of integral SWH sys
tems have risen steadily from approxi
mately 4,2% in 1990 to about 13,6% in 
1994, this is still well below the 1983 
figure of 3 400 m2• Approximately 75% 
of domestic solar water heaters are locally 
manufactured, with an annual percentage 
increase of 25% in this sector from 1991 
to 1994. It is also interesting to note that 
the total domestic SWH sales declined as 
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a percentage of total SWH sales from as 
high as 90% in 1985 to 23,1% in 1994(7). 

The annual commercial and industrial 
SWH sales accounted for as much as 
54,1 % oftotal SWH sales in 1977 but that 
figure has since decreased to approxi
mately 1,8% in 1994, as reflected in 
Table 7. 

The estimated total unglazed SWH sales 
volumes for 1986 to 1994, primarily for 
domestic swimming pool heating and 
greenhouse heating in agriculture, is 
shown in Table 8. 

As can be seen from Table 8, approxi
mately 73% of all SWH sales for 1994 
occurred in the domestic swimming pool 
heating market, which is regarded as a 
luxury market category. This trend has 
emerged strongly over the last 9-10 years. 
The unglazed SWH market averaged a 
5% growth rate per annum for 1990 to 
1994. In 1990 about 60% of all unglazed 
SWH systems sold were manufactured 
locally, with the balance imported. Since 
then this trend has been reversed, with 
imports accounting for 64% of all 
unglazed SWH system sales in 1994(5). 

In summary, the individual market share 
of the various SWH applications for 1990 
and 1994 is shown in Figure 2. 

SWH systems are mainly exported to 
Sub-Saharan countries, such as Zim
babwe, Namibia, Botswana, Lesotho and 
the Seychelles. The export sales volumes 
for both glazed and unglazed SWH 
systems for 1990 to 1994 are shown in 
Table 9. 

The export volumes as a percentage of 
total SWH sales volumes for 1990 to 1994 
is presented in Figure 3. As can be seen 
the SWH export market enjoyed a fairly 
constant growth rate since 1990. 

The estimated SWH collector area 
installed in the various SWH market 
segments is shown in Table 10. 

Based on an average domestic SWH col
lector area of 3 m2, the installed collector 
area at the end of 1994 represents some 
73 000 domestic SWH systems, with the 
overwhelming majority being installed in 
the mid-high income household category. 
Based on the projected housing stock of 
8,9 million for 1994(6), this figure repre
sents a market penetration of3,5% for the 
formal mid-high income household cate
gory, and a penetration of only 0,8% for 
the total housing stock in South Africa. 
The latter figure highlights the market 
decline of SWH systems over the last ten 
years when compared to the market pene
tration rate of 1,3% at the end of 1984(3). 
Assuming an average collector area of 
20 m2 for domestic swimming pool col
lectors, some 11 000 systems had been 
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Table 7: 

Year 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

Table 8: 

Year Total commercial and % of total SWH sales 
industrial sales volumes (m2) volumes 

1975 500 23,2 
1976 1500 44,9 
1977 5300 54,1 
1978 4300 43,0 
1979 2500 17,2 
1980 2000 10,7 
1981 2689 12,3 
1982 3066 12,7 
1983 1866 10,3 
1984 1927 9,6 
1985 1349 9,6 
1986 1020 8,5 
1987 1 125 7,5 
1988 1040 4,0 
1989 800 2,5 
1990 642 1,6 
1991 708 1,6 
1992 693 1,5 
1993 745 1,6 
1994 976 1,8 

Estimated sales volumes of SWH in the commercial and industrial sectors, 
1975-1994(3.5) 

Domestic pool % of total Agricultural % of total Total unglazed 
heating (m2) SWHsales applications (m2) SWHsales SWH sales (m2) 

4380 36,5 - - 4380 
7050 47,0 - - 7050 

14560 56,0 - - 14560 
20440 62,5 - - 20440 
31260 76,3 472 1,2 31 732 
35893 82,2 480 1,1 36373 
37868 80,4 210 0,4 38078 
36891 77,4 560 1,2 37451 
38850 73,3 930 1,8 39780 

Estimated total unglazed SWH sales volumes for the domestic swimming 
pool and greenhouse heating market, 1986(5) 

Export volumes (m2) -. 
Year 

Glazed Unglazed Total 

1990 1405 890 2295 
1991 2019 1040 3059 
1992 2528 1 190 3718 
1993 3281 2160 5441 
1994 2651 1663 4314 

Table 9: Total SWH export volumes for 1990 to 1994(5) 

12 
11,4% 

10 
fIl 8 
'" C 

6 .. :: .. 4 Q.. 

2 

0 

1990 1991 1992 1993 1994 

Year 

Figure 3: Export SWH volumes as a percentage of total SWH sales volumes, 1990-
1994 
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Market segment Installed collector area (m2) % of total installed area 

Domestic SWH 220000 45,5 
Domestic swimming pool 227000 46,9 
Commercial & Industrial 34000 7,0 
Agriculture 2600 0,6 

Total 483600 100 

Table 10: Estimated SWH collector area installed in South Africa up to 1994(1) 

Year Solar stills sales volumes (m2) 

1993 20 
1994 60* 
1995 200 - 300** 

* Approximately 70% of sales are for producing drinking water for humans (predomi
nantly) and animals in arid regions, such as the Kalahari farming areal). The balance 
of 30% is for telecommunication purposes (Telkom) employing PV systems with 
storage (batteries). 

** Projected figures. The bulk of sales (80%) would still be for human and animal 
water consumption purposes. 

Table 1 r: Solar stills sales volumes, 1993-1995(1) 

Concentrating solar cookers Retail price (including VAT) Number of 1m2 and 2 m2 

(parabolic dish reflector) (Rands) systems sold per annum 

Size: 1m2 395 12 
Size: 2m2 625 

Note: The retail price ex.cludes the cost of transport. 

Table 12' Typical costs of concentrating solar cookers for the first quarter of 1995(1) 

installed in the formal mid-high income 
group by 1994. Based on the national 
figure of 450 000 domestic swimming 
pools, the 11 000 systems represents a 
market penetration of 2,4%. 

Imported domestic SWH systems (about 
3 071 m2 in 1994) and pool -heating SWH 
products (close to 25 000 m2) available 
on the local marketoriginate from various 
countries, such as Switzerland, the 
u.s.A., Australia, Israel and Germany. 
Actual sales and installation in the South 
African SWH market are done mainly by 
independent agents, who purchase from 
the various manufacturers and importers 
and ultimately set the prices to 
consumers(5). The general tendency, as 
found in the 1980s(3) and which is still 
continuing to this day, is that the average 
mark -up for domestic SWH systems from 
manufacturing/importation to the fully 
installed price, as set by agents, is in the 
order of 200%. 
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Other solar heating 
products 

The local solar industry also supplies 
solar stills and solar cooker/ovens as 
commercial products. There is currently 
only one local manufacturer of solar stills 
in South Africa. The technology 
employed, one which was developed in 
collaboration with the Council for Scien
tific and Industrial Research (CSIR), is 
based on an inclined wick still. This solar 
still is (i) light and easily portable, (ii) has 
an expected lifetime of 15 years plus, 
(iii) if properly maintained, has an effi
ciency of about 30%, and (iv) provides for 
a daily distillate output of2-5/m2, depend
ing on solar radiation levels. The solar 
still retails (distributor price, V AT inclu
sive) for about Rl 175, which translates 
into R839/m2. However, the cost of water 
from such a still (R170 - R420/litre) pre
cludes its use for, any thing other than pro
ducing water for human and animal 

consumption(l). The estimated sales vol
umes (m2) for solar stills for 1993-1995 
are shown in Table 11. 

Solar cooking devices which are avail
able on the local market fall into two 
categories, viz., solar concentrators and 
solar ovens. There is currently one manu
facturer of concentrating cookers which 
is active in the market. The design of this 
system is based on the use of a parabolic 
dish reflector made of fibreglass covered 
with aluminium foil. Although the system 
is robust, it is bulky, making it cumber
some to transport and also negatively 
affecting the transport cost thereof. The 
costs and sales volumes of these systems 
are shown in Table 12. 

Locally manufactured solar ovens, on the 
other hand, are essentially boxes consist
ing of wooden or plastic bases and sides 
(painted black or covered with aluminium 
foil), with glazed acrylic opening lids, 
which are well insulated on the inside to 
prevent heat loss. At least two manufac
turers of solar ovens are currently active 
in the local market and the prices of solar 
ovens in 1995 ranged from RlOO-R251 
per oven. Approximately 3 000 systems 
are being sold annually(l). The solar oven, 
which requires much less attention than 
the concentrating solar cooker, has been 
more accepted and is more 'widely' used 
in the local market as a cooking device in 
the recreational market (affluent camping 
fraternity) and within some rural com
munities. In the latter situation, it is used 
as a supplementary cooking device to 
conventional and traditional cooking sys
tems. The costs of locally available solar 
cookers are presently too high for many 
of the poor residing in the rural areas of 
South Africa, especially taking into con
sideration that solar cookers cannot per
form all the functions of traditional 
cooking systems as perceived by these 
communities. 

The major constraints faced by the local 
SWHindustry are similar in nature and 
extent to those pertaining to those already 
described for the PV industry. Very 
limited growth is foreseen for the local 
SWH industry in the near future as it is 
predominantly locked into the mid-high 
income housing category. One of the 
major contributing factors to this obser
vation is the marketing approach being 
employed by the SWH industry, resulting 
in exorbitant cost structures. However, 
should the constraints inhibiting the 
growth be adequately addressed and 
removed, and SWH becomes an integral 
part of an energy demand-side manage
ment strategy for South Africa, then a 
substantial diversification of growth 
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areas into the other housing categofi~s 
could well be realised in the future. It is 
foreseen that swimming pool SWH appli
cations will remain the mainstay of the 
industry for the meantime. Commercial 
and industrial ~pplications will probably 
remain dormant, fluctuating around the 
8% market share level, as they have to 
compete with low cost coal and electricity 
in a distorted energy market. 

The wind power il1ldustry 

The wind power industry in South Africa 
is comprised of two components, viz.: a 
wind"driven water pumping component 
employing windmills, and a wind turbine 
component for remote area power supply 
(RAPS). Windmill use in South Africa 
dates back to the previous century during. 
which time all windmills were imported 
mainly from the U.S.A., Australia and the 
United Kingdom. The demand f~r wind
mills continued and during W orid War II 
the local manufacturing of windmills 
commenced. There are currently four 
reputable manufacturers of windmills in 
South Africa which distribute/install 
them through many outlets. The esti
mated annual turnover for the windmill 
industry in 1994 amounted to about 
R8 million, and it is further estimated that 
some 100 persons are employed' in the 
production of windmills by the local 
industry. Total sales volumes dropped 
from about 6 000-7000 units in 1985 to 
about 1 200 in 1994. Virtually no growth 
has been experienced in the market over 
the period 1990-1 ~94. Approximately 
3% of total sales are exported to a number 
of African countries. The total production 
capacity of the industry is severely unqer
utilised at present by approxim!ltety a 
factor of three(1). 

Some 280 000 windmills were. in oper
ation throughout South Africa by 1985(7). 
Assuming a growth rate of 2,0% per 
annum for 1986-1989 some 303 000 were 
installed by 1990 and a total of 309 000 
by the end of 1994, based on average sales 
volumes of 1 200 units per annum for the 
period 1990-1994. If it is further assumed 
that 90% of all windmills installed are 
fully operational, then some 278 000 
windmills were in operation by the end of 
1994. A recent survey in the Eastern Cape 
has shown that approximately 1 200 
windmills have been installed, of which 
less than 11 % are operational largely due 
to lack of maintenance(8). The estimate of 
278 000 windmills also correlates with an 
earlier estimate that there were some 
300 000 farm windmills operational in 
South Africa, Namibia, Botswana and 
Zimbabwe by 1991(9). 
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Hydropower category Turbine type Total installed capacity (MW) 

Micro hydro (<100 kW): Pelton 0,200 
Cross-flow 0,188 
Francis 0,Q3 
Centrifugal pumps 0,05 0,468 

Mini hydro (100 kW): Cross-flow -
Francis -
Pelton 1,450 

Small hydro (<10 MW): Francis 62,800 

Grand total 64,720 

Table 13: Estimated total installed capacity of small-scale hydropower in South 
Africa up to 1993(/) 

Domestic 0,72 MW (1,1%) 

National grid 
connected 
electricity 
generation 
62,84MW 

Agriculture 1,16 MW (1,8%) (97,1 %) 

Figure 4: Estimated breakdown of small-scale hydropower installed capacity by 
1993(/) 

Windpumps are applied in South Africa 
to supply water for small-scale irrigation 
(very limited application), human 
requirements and livestock. It is also 
interesting to note that in certain areas of 
South Africa, especially the North West 
Province, a tendency has developed over 
the last number of years to make more 

. extensive use of windmills for com
munity water supply projects vis-a.-vis 
livestock requirements. The static sales 
tendencies experienced by the windmill 
industry over the last five years are mainly 
ascribed to: (i) the economic recession; 
(ii) the inroads made by the national elec
trification drive; (iii) PV water pumping 
in the traditional windmill market. 

The future out190k for the local windmill 
market, however, should be put into 
proper perspective, particularly as seen 
against the national electrification drive, 
which will most definitely impact nega
tively on possible' future growth in the 
windmill industry. Nevertheless, it is 
foreseen that some growth could be 
experienced in the export market as this 
market is presently relatively underde
veloped.1t is also envisaged that the tend
ency to employ more windmills for 
community water supplies in certain 
areas in South Africa will continue for the 
foreseeable future. 

There are currently four active impor
ters/distributors/installers of horizontal 
axis wind turbines in South Africa. One 
company in the mid-1980s locally 
developed and marketed a small wind 
turbine (l kWand 3 kW), known as the 
Aerogen, which was not successful and 
was subsequently withdrawn from the 
local market. The majority of small 
machines are imported from the U.S.A. 
and Denmark, and range from 50 W up to 
10 kW in size. The local market for wind 
turbines never experienced real growth 
and is regarded as a dormant and even 
declining market. The major applications 
are predominantly for remote farmhouse 
power supplies, the leisure marine market 
(yachting) and telecommunication 
purposes. Total wind turbine sales 
volumes were in the order of 30 kW in 
1994 with an estimated turnover of close 
to RIO million. Approximately 50% 
(15 kW) of the sales were for telecom
munication and the leisure marine 
market. It is envisaged that sales could be 
close to 40 kW for 1995 (1). This is well 
below the sales figure of 86 kW reported 
for 1984(7). 

The total installed capacity of small wind 
turbines in South Africa at the end of 1985 
was about 200 kW(7). Estimates for the 
total installed capacity by 1994 ranged 
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from 200kW to as high as 1 MW(l). Other 
forecasts put the total installed capacity at 
800 kW by 1990(7). However, in view of 
declining sales volumes and based on 
average sales volumes of about 25 kW per 
annum for the period 1986 to 1993, a 
more realistic estimate appears to be in 
the order of 430 kW by the end of 1994. 

The small-scale 
hydropower industry 

Some four local designers and manufac
turers of micro-scale hydropower (on 
demand) have been active in the local 
market for more than ten years. One com
pany has been active since the late 1970s 
in the local development, manufacturing 
and installation of the Pelton wheel and 
cross-flow turbines in South Africa 
(mainly in the Eastern Cape). Imported 
turbines, such as Ansaldo and ass berger 
turbines, are also available on the local 
market on demand. Eskom, through their 
Rotek subsidiary, is considering the com
mercialisation of a locally produced 
Francis turbine with a load capacity of 
5 kW. The Department of Agricultural 
Engineering has also been active in the 
development of cross-flow turbines and 
the application of centrifugal pumps as 
turbines. In order to get an idea of the 
extent of the local small-scale 
hydropower market, it is necessary to 
quantify the total installed capacity of 
hydropower installations in South Africa. 
A summary of this quantification is 
presented in Table 13. 

The estimated percentage breakdown of 
the total installed capacity per application 
sector is given in Figure 4. 

Total installed costs forlocal micro hydro 
plant were in the order of Rl 500/kW by 
1989 and running close to R4 OOO/kW by 
1995(1). A typical percentage cost break
down for local micro hydro installations 
would vary as follows: 
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Mechanical and electrical 
equipment 40 - 50% 
Penstock 20 - 30% 
Civil work 15 - 20% 
Engineering supervision 8 -10% 

Although it is very site specific, it appears 
that in many instances small-scale hydro
power at a typical unit cost of 22 c/kWh 
would be the least-cost option for remote 
area power supply. There appears to be at 
least 6 000 to 8 000 potential sites for 
micro hydro applications employing 
mainly a range of low head turbine 
types(lO). From these observations, it is 
clear that the South African market for 
micro hydro applications holds signifi
cant potential. There also appears to be 
sigI1ificant export potential for these 
applications into Sub-Saharan African 
countries. 

Conclusion 

A number of important trends, market 
constraints and opportunities in terms of 
local market growth and exports have 
been highlighted. It is clear from this 
overview that the South African renew
able energy-jndustry is still in a fledgling 
state and faces serious development 
constraints. However, it has the inherent 
potential to make a significant contribu
tion to economic and human development 
within the overall South African develop
ment context. 
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Clea.n coal technology choices relating to 
the future supply and demand of 
electricity in Southern Africa 
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The finalisation of the United Nations Framework Convention on Climate Change (UNFCCC) 
has catalysed a high degree of debate and interest in the future of coal-fired power generation. 
Fossil fuel combustion is responsible for a significant percentage of pollutants emitted globally, 
and coal will continue to playa major role in the energy p'ortfolios of many countries. This is 
particularly true for developing countries. 

This fact has resulted in a major focus on technologies which improve the efficiency of coal 
combustion and conversion to electrical energy, as well as technologies which directly or indirectly 
reduce overall emissions. The issues around clean coal technologies (CCT) and their evolution, 
development and uptake in both developed and developing countries are complex. This paper 
addresses these issues in a Southern African context, viewed from the policy perspective of 
developing countries and presented in the framework of electricity supply and demand consider
ations in the region. 

The principal climate change policy elements proposed for South Africa are presented in the 
context of the current electricity supply and demand situation in the region. 

The means of addressing the supply and demand needs of the region are presented in the context 
of Eskom's Integrated Electricity Planning (IEP) process including the environmental consider
ations inherent in decision-making processes. The potential future role of CCT, barriers to their 
introduction and potential measures to facilitate their accelerated adoption are discussed. 

Keywords: clean coal technologies; electricity supply; electricity demand; Southern Africa; 
Eskom; integrated electricity planning; forecasts; demand-side management; 
power station emissions; carbon dioxide; climate change; South Africa 

Introduction 

The finalisation of the United Nations 
Framework Convention on Climate 
Change (UNFCCC) has catalysed a high 
degree of debate and interest in the future 
of coal-fued power generation. Whilst it 
is accepted that fossil fuel combustion is 
responsible for a significant percentage of 
pollutants' emitted globally (>50%), it is 
also recognised that coal will continue to 
playa major role in the energy portfolios 
of many countries. This is particularly true 
for developing countries with their primar
ily fossil-based energy reserves and a 
limited technological, financial and skills 
base to deploy more advanced alternatives. 

This fact has in turn resulted in a major 
focus on technologies which improve the 

• Research Division, Technology Group, Eskom, 
Private Bag 40175, Cleveland 2022, South Africa 
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efficiency of coal combustion and 
conversion to electrical energy, as well as 
technologies which directly or indirectly 
reduce overall emissions. The issues around 
these so-called clean coal technologies 
(CCT) and their evolution, development 
and uptake in both developed and develo
ping countries are complex. This paper 
addresses these issues in a Southern African 
context, viewed from the policy perspective 
of developing countries and presented in the 
framework of electricity supply and 
demand considerations for the region. 

It must be stressed that this study, as well 
as the figures presented, do not necessarily 
reflect fully the quantitative picture of the 
region due to the difficulty in accessing 
data The figures for South Africa are accur
ate. However, the regional assessments are 
at best qualitative. In addition, whilst every 
attempt has been made to obtain comment 
on this document, the views reflected are 
primarily those of the author. 

A background to climate 
change policy in the 
region 

The perspective presented in this study 
needs to be viewed in the context of the 
major climate change policy elements of 
developing countries. As such, decision
making criteria would clearly be 
fundamentally different to those applied 
in developed countries. 

The principal elements of a national 
climate change policy proposed for South 
Africa are(l): 

• A holistic approach, recognising that a 
proposed action in one area, e.g. local, 
could impact on another area, e.g. 
regional or global. 

• Sustainable development as a goal 
which dictates the wise use of renew
able and non-renewable resources in 
developing the country. In this regard 
emphasis would be placed on the 
socio-economic development priorities 
of SOJ.lth Africa. 

• The 'win-win' approach, which is 
based on the principle of no regrets. 
This is defined as taking timely action 
based on current knowledge that is 
justified on environmental, economic 
and political grounds whether climate 
change impacts are significant or not. 
Implicit in this approach is the under
standing among developing countries 
that the responsibility for major 
precautionary actions and costs rests 
with the developed countries. 

• Legislation and control should be used 
only as a last resort and should be 
guided by national priorities. 

• Long-term projects should take the 
possibility of climate change-induced 
impacts into account but not be driven 
by these considerations. 

• Energy policy should promote the 
wise use of electricity and high
priority electrification programmes. 
At the same time the potential to reduce 
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EMISSIONS 

TARGET 

TIME 

(a) 

EMISSIONS 

TIME 
(b) 

Figures 1(a) and J(b): Non-optimised and optimised positions regarding emissions 
in developed and developing countries 

Hydro & Geo- % of Country Thermal pumped Nuclear thermal Total 
total storage 

Angola 125 201 - - 326 0,71 
Botswana 172 - - - 172 0,38 
Congo 18 89 - - 107 0,23 
Kenya 100 570 - 45 715 1,56 
Lesotho 2 3 - - 5 om 
Malawi 25 165 - - 190 0,41 
Mauritius 278 54 - - 332 0,72 . 
Mozambique· 97 2293 - - 2390 5,21 
Namibia 147 240 - - 387 0,84 
South Africa 30612 2249 1840 - 34701 75,66 
Swaziland 10 40 - - 50 0,11 
Tanzania 139 375 - - 514 1,12 
Zaire 38 2442 - - 2480 5,41 
Zambia 84 1670 - 20 1774 3,87 
Zimbabwe 1056 666 - - 1722 3,75 

Total (MW) 32903 11 057 1840 65 45865 100 

* includes Cahora Bassa 

Table I: Net maximum generating capacity (MW) 

Country Gross Imports Exports Total % of Peak kWh Total-
domestic available total demand per electricity 

production (MW) capita sold 
(GWh) 

Angola 1042 0 0 1042 0,50 138 99 902 
Botswana 1017 382 0 1399 0,67 204 999 1208 
Congo 354 166 0 520 0,25 ? 226 336 
Kenya 3678 187 0 3865 1,86 605 148 3222 
Lesotho 0 435 0 435 0,21 80 217 380 
Malawi 861 0 1 860 0,41 149 108 731 
Mauritius 1047 0 0 1047 0,50 201 952 899 
Mozambique 365 608 0 973 0,47 104 56 701 
Namibia 1259 767 0 2026 0,97 277 1447 1 795 
South Africa 174715 172 3047 171840 82,70 25133 4373 153547 
Swaziland 110 597 0 707 0,34 118 862 603 
Tanzania 1 791 11 0 1802 0,87 ? 68 1523 
Zaire 5379 53 1278 4154 2,00 ? 110 ? 
Zambia 8116 0 1067 7049 3,39 1 108 766 6171 
Zimbabwe 7811 2312 46 10077 4,85 1617 969 9036 

TOTAL 207545 5690 5439 207796 100 - - -

Table 2: Production and trade of electricity (GWh) 
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costs and increase competItIveneSs 
through improved energy efficiency 
will ensure compatibility with climate 
change issues. 

• Public awareness, education and train
ing are essential in ensuring the 
success of any policy. 

• Factual information is a prerequisite 
for decision-making. As such, 
research and monitoring are important 
components of policy. 

• International and particularly regional 
cooperation are important mechan
isms for responsible development. 

• Technology transfer and development 
are essential in avoiding the mistakes 
of developed countries and in ensuring 
that development is achieved with an 
optimised increase in emissions. 

In essence, the policy position of develo
ping countries is to focus on local and 
regional issues, especially in the localisa
tion and/or regionalisation of climate 
change impacts, and determining how to 
anticipate, adapt to and, if possible, take 
advantage of such impacts. At the same 
time they need to maximise international 
cooperation to ensure that development is 
optimised and that ultimately the objec
tive of the UNFCCC is met without 
compromising their development. This 
cooperation should include the transfer of 
CCT from developed countries. 

This position is illustrated in Figure 1(2), 
where Figure 1 (a) indicates a non-optimal 
position with developing countries' 
emissions overshooting before stabilis
ing. In this case the errors of developed 
countries are rep,eated. Figure 1 (b) 
reflects an optimised situation where 
state-of-the-art technology is accessed 
during development, with full incremen
tal costs being borne by the developed 
countries, and 'Activities Implemented 
Jointly' (AlI) are credibly and effectively 
applied. In this context it is clear that 
advanced and highly efficient CCT for 
power generation have an important role 
to play. 

The current electricity 
supply and demand 
situation in 
Sub-Saharan Africa 
(1995 figures) 

Tables 1 and 2 reflect the 1995 situation 
for electricity supply and demand in the 
Sub-Saharan African countries listed(4). 
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Eskom's Integrated 
ElectriCity Planning 
process 

In order to clarify the position presented 
in the following sections, it is considered 
useful to place this information in the 
context of Eskom 's Integrated Electricity 
Planning (IEP) process. 

The role ofIEP is to: 

• provide the context for business plan
ning 

• identify short-, medium- and long
term resource needs 

• operate as a planning matrix across 
generation, transmission and distribu
tion 

• act as a mechanism to test options hol
istically and recommend an optimal 
development plan. 

In particular, the objectives of IEP are to: 

• align supply and demand options with 
goals and priorities 

• provide an accurate and documented, 
least-cost package of options 

• satisfy customer needs by providing 
the optimal value of electricity 

• ensure the financial viability of the 
utility. 

The process of IEP is as follows: 

• Forecast energy and load shape 
A forecast cone (range) is developed 
for both maximum demand and load 
factor. This forecast is undertaken on 
the basis of a base case which excludes 
interventions such as demand-side 
management (DSM). 

J, 
• Identify demand-side options 

The potential means of modifying cus
tomer behaviour and usage patterns 
are identified and cos ted out. 

J, 
• Identify supply-side options 

All viable means of meeting demand 
with new capacity are identified and 
costed out. 

• Determine least-cost combination of 
the supply and demand options 
The relative merits of all options are 
assessed and a least-cost package of 
supply- and demand-side options is 
compiled. The impact of these options 
on the demand forecasts is quantified 
and modelled. 

• Evaluate risk and uncertainty 
The risks and uncertainties inherent in 
the least-cost package are assessed to 
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determine the probability of the suc
cessful implementation of the plan. 

J, 
• Evaluate environmental impact 

The positive and negative environ
mental impacts of both the demand
and supply-side options are quantified 
and costed out iflOSSible. 

• Select and justify the preferred plan 

In applying the IEP process, a rigorous 
analysis is undertaken of all possible 
options open to the industry. In this regard 
it is clear that CCT are assessed using the 
same criteria as all other options. This 
leads to the logical conclusion that the 
uptake of CCT is a direct function of their 
ability to compete with other options 
(both supply and demand) on a cost, avai
lability and reliability basis. 

It should be noted that there are dis
cussions at government level regarding 
the desirability of opening up the genera
ting sector to private and foreign owner
ship, as well as restructuring the 

Actual 

1995 

Capacity required (MW) 29500 

Capacity available (MW) 36314 

Annual maximum demand (MW) 25133 

Energy (GWh) 153547 

distribution sector. This would clearly 
impact the IEP process. 

The supply and demand 
projections 

The figures in Table 3 assume a long-term 
economic growth rate of between 1,5% 
and 3,5% for South Africa. The midpoint 
of these economic projections has been 
used. The Southern African perspective is 
presented in a qualitative sense only. 

These figures include a possibly optimis
tic reserve margin of 12% but exclude 
DSM measures aimed at reducing peak 
demand by 7 300 MW by 2015. 

The increase in electricity demand in the 
region is expected to be a relatively small 
percentage over and above the figures 
presented in Table 3 due to the far lower 
demand in other countries in. Southern 
Africa. 

In addition to the above, it should be 
noted that significant overcapacity exists 

Projected 

2000 2005 2010 2015 

32000 39500 47000 53200 

30000 35250 41500 47500 

180000 220000 240000 270000 

(Source: Eskom Integrated Electricity Plan - 5) 

Table 3 : South African electricity demand projections 

Gas 

350 

Nuclear 
53000 

'" Coal 

100000 

TOTAL 380 000 MWe 

Figure 2: South African energy reserves (MW e) 

Hydro 

7500 (includes 
pumped storage) 
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Potential reserves (MWe) Current installed capacity 
(MW) 

Thennal 36826 

- coal 160000 

- oil 2130 

- gas 7600 

Nuclear 70000 1840 

Hydro 142000 9206 

Geothennal ? 50 

Table 4: Energy reserves and electricity capacity for Sub-Saharan Africa 

DSM technique Impact by 
2015(MW) 

Interruptibility 200 

Load shifting 600 

Energy efficiency 500 

TOTAL 1300 

Table 5: Demand-side management 
targets 

in the region as a whole. This would 
enable utilities in the region being able to 
sell their excess capacity to utilities in 
neighbouring countries, thereby avoiding 
the construction of new power generation 
plant in those countries. 

Electricity capacity 

Under the current scenarios it is unlikely 
that additional capacity will be required 
in the region before the year 2010. In 
particular, the excess capacity in the 
region may be optimally utilised via the 
Southern African Power Pool. Issues such 
as the reliability of long transmission 
lines, coupled with individual national 
priorities could, however, result in addi
tional capacity being built before 2010. 
In about 2014 additional peaking plant 
could be required in South Africa once 
plant in storage has been recommis
sioned. This is likely to be pumped stor
age. Mid-merit/peaking plant, however, 
may be required before this date, depend
ing on the success of planned DSM inter
ventions. 

Coal is likely to remain the primary 
source of electricity in South Africa given 
the significant low cost reserves avail
able, as illustrated in Figure 2. This figure 
relates the electricity-based energy poten
tial of reserves in South Africa, with the 
potential for nuclear generation also 
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being significant. Clearly the potentialin 
South Africa for gas and hydro is limited. 
Other renewable energy sources have not 
been included. 

In Southern Africa the primary growth is 
likely to be in hydro power, with some 
(limited) potential for growth in natural 
gas, and some coal-based capacity in 
Botswana and Zimbabwe. 

The current energy reserves and elec
tricity capacity for Sub-Saharan Africa 
are reflected in Table 4. 

Meeting future 
electricity demand 

The prime source for meeting electricity 
demand in the region in the short to 
medium term is the current excess 
capacity in the region. Any increase 
beyond this capacity will, in all likeli
hood, be met predominantly by coal in 
South Africa and by hydro power in the 
other Southern African countries. 

In addition, a DSM programme in South 
Africa has targeted certain alternatives to 
capacity expansion shown in Table 5. 

In spite of this situation, future supply
side options for South Africa are currently 
being evaluated for future application. In 
particular, the highly uncertain range of 
potential growth in demand dictates a 
proactive and flexible approach to 
supply-side alternatives. 

These options being evaluated fall into 
three main categories: 

(1) Plant in storage 
The technical and commercial basis 
for recommissioning some 3 540 MW 
of mothballed plant is being estab
lished. 

(2) Established technologies for new 
plant. 
Options are evaluated on the basis of 
life cycle costs, unit size and lead 

times. These options currently 
include: 
• Conventional (supercritical) coal-

fired 
• Combined cycle gas turbine 
• Conventional nuclear (PWR) 
• Hydro 
• Independent power production 
• Cogeneration 
• Power imports. 

(3) New technologies 
This category assumes a new capac
ity requirement in the first or second 
decade of the next century and con
sists of the evaluation of a variety of 
new (for South Africa) and emerging 
technologies with the objective of 
reducing: 
• lead time 
• capital and operating costs 
• environmental impacts 

and optimising unit size and 
load-following capability. 

Technologies to be investigated 
include: 

Fluidised bed combustion plant 
(utilisation of discard coal) 

• Integrated gasification combined 
cycle (lGCC) plant 

• Gas-cooled (pebble bed) nuclear 
reactor plant 

• Underground compressed air en
ergy storage plant 

• Underground high head pumped 
storage plant 

• Coal-fired gas turbine plant 
• Municipal and industrial waste: 

Combined heat and power plant 
• Solar thermal power plant. 

Important factors in 
technology choice 

The choice of technology for future 
capacity is guided by numerous decision
making factors. These are listed in 
approximate order of importance below: 

• Capital and operating cost 
• Plant reliability and availability 
• Access to indigenous, low cost fuel 
• Lead times 

Operational flexibility (base load 
versus peaking etc.) 

• Water availability 
• Environmental considerations (likely 

to move up in order of importance with 
time) 

• Security of fuel supply 
• Local capacity to sustain technology 

(skills, infrastructure etc.) 
Funding availability 

• Political considerations. 
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Environmental 
considerations in 
capacity choice 

Environmental considerations play an 
extremely important role in expansion 
planning. In developing countries, this 
role fs at a far more operational level than 
for developed countries. In this regard, 
the focus is on local and regional environ
mental impacts and benefits, with lower 
priority being given to global impact. For 
example, the introduction of low-smoke 
coals to reduce urban air pollution will in 
effect increase CO2 emissions because of 
the energy required in the devolatilisation 
process, as well as the lower energy con
tent of the product. The primary environ
mental issues are presented with a South 
and Southern African perspective(3). It 
should, however, be noted that the atten
tion given to environmental matters 
varies considerably from country to 
country in the region. 

These issues clearly receive varying 
attention as components of environmen
tal impact assessments on a project by 
project basis. 

• Water quality and availability 
The availability of water is one of the 
critical environmental issues in South
ern Africa. Water supplies are highly 
variable, both in terms of quality and 
quantity. Technology choices are 
often strongly influenced by the 
amount of water used as well as the 
impact on water quality. 

• Land management/ecological impacts 
Whilst land is generally readily avail
able, the ecological impacts of a par
ticular technology require assessment, 
especially in areas where ecotourism 
is an important consideration. The 
inundation of land by hydro projects is 
an issue which requires particular 
attention. 

• Air quality 
Power plant emissions receive varying 
degrees of attention. In general, a hol
istic approach is adopted with respect 
to air quality. In South Africa air 
quality is assured via the use of a 'best 
practicable means' approach. This 
implies that primary attention is paid 
to particulate removal, and then the 
impacts of SO,and NO, are managed 
via ambient air quality requirements. 
The Department of Environmental 
Affairs and Tourism is currently inves
tigating this management process. 
Acceptable air quality levels are main
tained via the combustion of low
sulphur coals and the use of tall stacks. 
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It should be noted that extensive 
research into air quality has been 
undertaken in the main power 
generation region, Mpumalanga, over 
a 15-year period. This research has 
clearly demonstrated the efficacy of 
the current air quality management 
processes in containing local and 
regional air and rain qualities to 

acceptable levels. Air quality in this 
area has improved by an average of 4% 
p.a. for the last 10 years, greatly alla
ying concerns related to exceedance of 

local and regional air pollution stand
ards. WHO levels for ambient air 
quality are rarely exceeded. 

• Waste management 
The production of waste, especially 
large quantities of fly ash from the 
combustion of high ash coal, requires 
careful management. Ash disposal, 
utilisation and rehabilitation of dispo
sal sites is an important component of 
technology assessment. In addition, 
the water used in waste transport and 
disposal is an important consideration 
in technology choice. 

• Socio-economic impacts 
Socio-economic development is the 
highest priority in the region. As such 
the choice of a supply-side option and 
the attendant environmental controls, 
is strongly dependant on its impact on 
society as a whole. For example, if it 
is a matter of choice between utilising 
resources for an electrification pro
gramme versus fitting additional pol
lution control equipment, where such 
equipment is an environmental luxury , 
then the former has precedent. The 
term 'environmental luxury' implies a 
'nice to have' which is not justified on 
scientific or economic grounds. This 
example is well-illustrated in South 
Africa where, due to the combustion of 
low-sulphur coal, coupled with tall 
stack dispersion, air and rain quality 
levels are maintained· at acceptable 
levels. As such, the motive to install 
additional environmental controls, 
e.g. desulphurisation, is limited, espe
cially when one considers the alterna
ti ve application of resources. In 
particular, it has been shown that, in 
the long term, electrification of urban 
areas results in a significant improve
ment in currently unacceptable pollu
tion levels due to the domestic 
combustion of coal. In this regard, 
electrification may be regarded as a 
CCT. 

It should be noted that a significant 
percentage of people (69%) are 
unlikely to get rid of their coal stoves 
in the short to medium term, even after 
electrification. Therefore, in the 
interim (medium-term) an integrated 
approach of continued electrification, 
fuel optimisation (low-smoke fuel and 
combustion appliance improvement) 
and housing energy efficiency (insula
tion) will be followed to reduce the 
unacceptable urban residential air pol
lution levels. 

• Servitudes 
The routing of transmission lines 
through ecologically sensitive areas is 
the subject of comprehensive environ-
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mental impact assessments in some 
countries in the region. Some projects 
to increase the capacity of other coun
tries to undertake such studies are 
currently underway. Soil erosion 
initiated by poor servitude manage
ment can be a particular problem, as 
can the impact of structures and power 
lines on the local ecology, especially 
wildlife, such as birds. 

• Global impacts 
As developing countries, the issue of 
CO2 emissions from generating plant 
receives relatively limited attention. 
The approach typically adopted is one 
of striving to improve plant efficiency, 
reliability and availability, with 
attendant CO2 emission reduction 
benefits. There is little motivation to 
select·a technology which produces 
less CO2 merely for the sake of it or at 
a cost premium. 

Whilst policies are still being formu
lated, it is considered that, if full 
incremental costs are covered by the 
developed countries, CO2 emission 
technologies could be viewed with 
more favour. 

Some potential 
developnlents to 2015 

Industry restructuring will play an 
important role for the next five years. 

• Environmental pressures, regulation 
and requirements will increase. 

• The Southern African Power Pool will 
play an important role in balancing 
supply and demand. 

• Natural gas may be used for power 
generation. 

• Coal and hydro will continue to be the 
main sources of primary energy for 
power generation. 

• CCT will only be introduced once 
increased capacity is required and if 
they meet cost and reliability criteria. 

Barriers to the 
introduction of 
advanced coal-fired 
power generating 
technologies 

Clearly the most significant barrier to the 
uptake of CCT in Southern Africa is the 
current excess of generating capacity in 
the region, coupled with generally energy 
intensive economies and a significant 
potential for financially viable demand-
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side measures. It should, however, be 
noted that projections for economic 
growth in the region are highly variable 
with 'aspiration figures' as high as 6% 
being quoted. Given the fact that 
economic growth and electricity demand 
growth are still directly correlated, a 6% 
growth rate would create the need for 
major capacity expansion (up to 
2300 MW p.a.) from the year 2004. This 
clearly offers immense opportunities for 
economically competitive CCT. 

If one assumes such opportunities for 
CCT, then consideration must be given to 
other potential barriers to their introduc
tion. These include: 

• Perceptions of unreliability and high 
operating costs 

• Limited local skills to adapt to new 
technologies 

• Limited support infrastructures to 
cater for new technologies 

• Competition from other technologies 
and fuels, such as hydro, gas, and 
possibly nuclear 

• Need to assess performance in a 
Southern African environment, e.g. 
combustion of local low-grade coal 
etc. 

• The relative efficiency of current plant 
(34,3% average for 1995). 

It is considered unlikely that .cCT will 
displace existing plant, especially given 
current plant efficiencies. 

The relatively young age of current oper
ational coal-fired power stations in South 
Africa (II-IS years) precludes their 
upgrading to CCT without efficiency or 
water consumption penalties. It is there
fore necessary for CCT to replace this 
plant once it requires replacement, i.e. on 
decommissioning or to penetrate the 
growth market. CCT could also replace 
current older plant which has been in stor
age (mothballs) for several years now and 
which could be usefully repowered with 
a technology such as fluidised bed com
bustion. 

It should further be noted that the current 
South African practice of burning low
grade (high-ash, low-sulphur) coals for 
power generation, results in extremely 
low primary energy costs. This makes it 
difficult for competing technologies 
utilising other fuels to penetrate the 
power generation market - as they are 2-3 
times more expensive on life cycle cost
ing. Clearly CCT combusting low-grade 
coal, with more favourable capital costs 
and efficiencies, will receive serious con
sideration for replacement plant. 

Clearly the major energy resources in 
Southern Africa are coal and hydro. As 
such, the focus in the region outside of 

South Africa will be on hydro develop
ment. Individual national priorities and 
non-optimal commercial attitudes can, 
however, act as obstacles to this develop
ment. 

Political issues are considered to present 
a minor, non-resistant barrier to the intro
duction of CCT. Resources, especially 
funding, are often major constraints in 
any supply-side option in Sub-Saharan 
Africa. In this regard innovative funding 
options/aid packages are required. 

Role and measures for 
government in 
accelerating the 
adoption of CCT 

In assessing the options open to both 
government and industry in facilitating 
the rapid uptake ofCCT, it is assumed that 
the need for additional, or replacement, 
capacity exists. This is clearly not the case 
in Southern Africa given the current 
excess capacity, potential for DSM and 
the hydro capacity in the region. Never
theless, some ideas from the perspective 
of a developing country are presented 
below. 

• Catalyse economic growth 
In a Southern African context It IS 
obvious that economic growth is an 
important driver in increased elec
tricity demand, which is an obvious 
precursor for the uptake of CCT, once 
excess capacity is exhausted. As an 
important component of this growth, 
international trade protocols and the 
need to avoid discriminatory trade 
practices, especially on environmental 
grounds, require attention. 

It should, however, be stressed that 
catalysing economic growth by gov
ernment and industry in developing 
countries is no guarantee that CCT will 
be adapted to meet electricity demand. 
There are numerous selection criteria 
(as detailed in previous sections of this 
study) which will be applied. Some of 
the measures which follow are pro
posed to enhance CCT in the selection 
procedures. 

• Application of the United Nations 
Framework Convention on Climate 
Change (UNFCCC) 
Two of the most important criteria for 
power generation technology selec
tion are cost and reliability. In this 
regard developing countries feel that 
the UNFCCC should be far more 
rigorously applied by the governments 
of developed countries in meeting the 
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full incremental costs of more efficient 
CCT over current conventional tech
nologies. If this involves additional 
costs of redundancy to ensure relia
bility levels equivalent to current 
plant, then such costs should also be 
covered. 

It is not considered appropriate or 
equitable for the governments of 
developing countries to fund the 
'premium' costs ofCCT. 

In addition, the current pilot phase of 
'Activities Implemented Jointly' (AU) 
should include an assessment of the 
potential for CCT to be used as future 
AU projects. 

• Research, development aUld 
demonstration 
Whilst it is accepted that virtually all 
CCT are at or beyond the advanced 
pilot or demonstration stages, it is 
essential that such programmes be 
undertaken in a variety of countries. 
The perceptions around costs, availa
bility and reliability will only be 
addressed if pilot projects are under
taken in the countries of final applica
tion, especially developing countries. 
This will also allow CCT to be tailored 
to meet unique local conditions and 
develop enabling capacity for ultimate 
application. It is thus essential that 
incentives for CCT pilot plants in 
developing countries be developed. 

• Technology transfer 
In most countries, especially develo
ping countries, current technological 
infrastructure and capacity are aligned 
with current technologies. There are 
limited skills available to develop 
parallel capacity in CCT. As such, it is 
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suggested that intensive technology 
transfer p'rogrammes are entered into 
to develop this capacity. Technology 
transfer from developed to developing 
countries must take into consideration: 
- funding 
- long-term training in the receiving 

nation 
- development of a technological 

support infrastructure 
- technology adaptation to local con

ditions 
- life cycle funding. 

It must be stressed that technology 
transfer has to be applied in the most 
holistic sense possible. It is necessary 
to have systems in place that support 
the technology for its life cycle, not 
merely to the commissioned stage. In 
this regard, the ongoing capacity 
building component of technology 
transfer is a critical success factor. 

• Costs, availability and reliability 
In order for CCT to penetrate the 
market they must clearly demonstrate 
business advantages over current tech
nologies. Thus further efforts to 
reduce costs and improve availability 
and reliability should be intensified. 
CCT must demonstrate significant 
advantages over current technologies 
before they will be widely applied in 
developing countries. In this regard 
the pilot programmes mentioned 
above could have an important role to 
play. 

• Direct intervention 
In developing countries, the govern
ment is often the main catalyst of new 
energy development, motivated by a 
variety of political factors and rarely 

driven by economic considerations. 
Whilst direct intervention is obviously 
a potential mechanism to increase the 
speed of application of CCT, it is 
generally non-sustainable in economic 
terms, especially where excess capac
ityexists. 

• Development of human capacity 
In many utilities in developing or 
underdeveloped countries, significant 
efficiency improvements are possible 
via the effective application of current 
technologies, i.e. what is already in 
place. Therefore more attention needs 
to be placed on the training of skilled 
technical and managerial personnel. In 
particular, organisational skills in 
initiating and managing inter-utility 
projects across national boarders need 
to be developed. The greater local 
availability of such skills would be 
extremely useful in optimising effi
ciencies in a region such as Southern 
Africa. 
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The micro hydropower supply scheme in 

Figure 1: Ntonyelana dam site 

Figure 2: Ntonyelana turbine site 

Figure 4: Dam construction 
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the KwaZulu-Natal Drakensberg 

Figure 6: Completed dam viewed from 
downstream 

Figure 8: Turbine and generating 
plant 

Figure 9: Single Wire Earth Return Transmission line 
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Implementation of a micro hydropower 
s~pply scheme in the KwaZulu-Natal 
Drakensberg 
* GR DOOGE 

Received 25 February 1997 
Revised 29 April 1997 

Eskom has implemented a 5 kW micro hydropower supply scheme in the KwaZulu-Natal 
Drakensberg. The scheme supplies electrical power to five schools using a Single Wire Earth 
Return (SWER) transmission line. This paper describes the implementation of the scheme and 
covers the social aspects, the mechanical, civil and electrical works, and also scheme economics. 
The main aim of this project was to obtain experience in the design and implementation of a micro 
hydro system, both technologically and socially, so that the technology could be used with 
confidence in Eskom's non-grid electrification programme. 

Introduction 

This paper describes the implementation 
of a micro hydropower supply scheme in 
the KwaZulu-Natal Drakensberg. The 
scheme produces 5 kW of electrical 
power that is used to supply electricity to 
five schools. Electricity is distributed at 
12,7 k V by means of a Single Wire Earth 
Return (SWER) transmission line system. 

Eskom has committed itself to the electri
fication of schools as part of the South 
African Government's Reconstruction 
and Development Programme (RDP). 
Many of these schools are situated far 
from the national electricity grid, which 
makes the use of remote area power supply 
systems (RAPS) the most cost-effective 
option for electrification. Presently 
photovoltaic (PV) modules coupled with 
battery storage are mostly used for this 
purpose. Although photovoltaic technol
ogy is tried and tested and widely 
accepted it is not necessarily the most 
cost-effective option in all cases. It is 
therefore necessary to investigate other 
RAPS options which could be suitable for 
this electrification programme. One such 
option is the use of a hydro-powered 
turbine driving .an electrical generator. 
Due to the small load demands of the 
schools, the turbines considered are 
relatively small and are known as micro 
hydro turbines. The applicability of 
hydropower is determin\!d by the site, 
with a constant supply of water falling 
through a reasonable head being necessary. 

• Technology Group, Eskom, Private Bag 40175, 
Cleveland 2022, South Africa 
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In order to determine whether micro 
hydropower is a feasible option for 
remote area power supply in Southern 
Africa it was deemed necessary to imple
ment such a system as a pilot project. The 
main aim of the project was to obtain 
experience in the installation and imple
mentation of a micro hydro system, both 
technologically ·and socially, so that the 
technology could be used with con
fidence in Eskom's non-grid electrifica
tion prognullme. 

It was decided to concentrate on the area 
known as the Upper Tugela Location in 
the KwaZulu-Natal Drakensberg during 
the site selection process. This area is the 
only area of the KwaZulu-Natal Drakens
berg with a permanent population. It is 
extremely underdeveloped, even for an 
area in the foothills of the Drakensberg. 
Sites in the area were visited and investi
gated as to their suitability for the appli
cation of the technology. 

For the successful implementation of the 
scheme a great deal of effort had to be put 
into gaining the acceptance of the local 
community. Due to the remoteness of the 
area and the fact that the community 
would have to maintain the scheme, a 
sense of ownership of the scheme had to 
be instilled. This was done by using local 
labour during the construction phase, and 
by making the labourers and community 
feel part of the decision-making process. 
Where possible low cost, labour-intens
ive technology was used in the construc
tion of the scheme, including the 
utilisation of local labour. 

The feasibility of micro hydropower as a 
RAPS option is dependent mainly on the 
costs of implementing, operating and 
maintaining such a system. The costs are 

presented as a unit energy cost that is 
compared to other electrification options 
suitable br the area, such as grid exten
sion and photovoltaics. 

Site selection 

As part of Eskom's non-grid electrifica
tion programme, schools without elec
tricity were identified across South 
Africa. Some of these schools were 
located in an area of the KwaZulu-Natal 
Drakensberg known as the Upper Tugela 
Location. As already mentioned, this is 
the only area in the Drakensberg with a 
permanent population. Two main rivers 
flow through the area, namely, the 
Mnweni and Ntonyelana. Consultation 
with the local population, the study of 
topographical maps and documented hy
drology data(3) showed areas that could be 
considered favourable for micro hydro 
application. 

Mnweni River 

An investigation conducted in 1992 by 
Eskom had found a site on the Mnweni 
River suitable for a micro hydro applica
tion. This site was surveyed and a scheme 
designed(4). Electricity was to have been 
supplied to a group of nine dwellings in 
the vicinity of the site. The scheme was 
not implemented for reasons discussed 
below. 

With Eskom's non-grid electrification 
programme for schools becoming a 
priority in 1995, it was decided that the 
site surveyed in 1992 would be ideal for 
the implementation of a micro hydro pilot 
project. Electricity would be supplied to 
a school (the Nsetheni Primary School) in 
the vicinity, instead of to the dwellings 
previously ·earmarked for electrification. 

With the permission of the local com
munity the site was surveyed and a 
scheme designed. Construction began in 
October 1995. Late in November 1995 
the area experienced heavy rainfalls with 
severe flooding. The Mnweni River could 
not be crossed to gain access to site and 

Journal of Energy in Southern Africa 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



work had to be stopped. The floods-also 
showed that any dam built on the Mhw~ni 
River would have to be a properly 
designed and constructed concrete struc
ture. The dam planned for this scheme 
was to be a low cost weir constructed 
from gabions and rocks that could be 
installed and maintained by the local 
community. It became apparent that if 
low cost technology was to be used a new 
site had to be found. It was decided that 
although the Mnweni River had at first 
appeared suitable, it was too large and 
uncontrollable for micro hydro applica
tion. 

Ntonyelana River 

After investigating various other sites 
pointed out by the local community and 
not finding any of these suitable, a 
1 :50 000 topographical map was studied 
and a few sites on the Ntonyelana River 
eal)Tlarked for further investigation. A 
dam site particularly suitable for utilising 
low cost materials in construction was 
found approximately 3 km from the Nto
nyelana School. At this site a dam could 
be built parallel to the main river that 
would greatly reduce the chances of dam
age from flood waters and rocks brought 
down by these flood waters. Another fea
ture of the site was that the river was 
partially blocked off with large boulders 
that could be used to support the dam: wall 
(Figure 1). 

From the topographical maps it was 
determined that the river fell 20 m in 
800 m. This was checked using an 
altimeter. Once a preliminary site for the 
turbine had been decided upon the route 
was surveyed using a dumpy level. The 
turbine site is shown in Figure 2. 

The pipeline route was marked out using 
string and pegs once the hydraulic gradient 
had been plotted and the head confirmed. 

Social aspects 

In 1992 Eskom began negotiations with 
the local community on the implementa
tion of a micro hydro scheme on the 
Mnweni River, close to the settlement of 
Nsetheni. The area is inhabited by the 
Amangwane tribe. It was proposed that 
the scheme would supply power for light
ing to dwellings situated on a hill above 
the scheme. Following an extensive site 
survey a scheme was designed and 
presented to the community for approval. 
After discussions with various parties 
attached to the tribe, the scheme was 
rejected. The main reasons for the rejec
tion of the scheme were that the com
munity was not consulted as to whether 
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they even wanted such a scheme, nor was 
the technology properly explained to 
them. Another factor influencing the 
decision was that only a small section of 
the community would benefit from the 
scheme, which seemed unfair to those 
that would not. 

In March 1995 Eskom Community 
Development, based at the Drakensberg 
Power Station, organised a demonstra
tion of micro hydro technology using the 
test site at the power station. Repre
sentatives of the local population in the 
area where the technology was felt to be 
applicable were invited to attend. 

The technology was demonstrated by 
powering a TV set, a kettle and an electric 
heater. The principles of micro hydro
power were explained to the repre
sentatives. Great interest was shown and 
the suggestion was made to Eskom that 
such a system be installed on their river. 
The representatives would, however, first 
have to discuss this with the community. 

Six months of negotiations with the 
community and various community
appointed committees were necessary 
before permission was obtained to imple
ment a micro hydropower supply scheme. 

Due to the remoteness of the area and the 
fact that no Eskom technical support 
structure was presently in place to assist 
if any problems were experienced in the 
running of the scheme, it was imperative 
that the local community be involved in 
the implementation process. 

The Upper Tugela Location is populated 
mainly by subsistence farmers. It was felt 
that by using local labour two main objec
tives could be met. Money spent on 
labour would directly benefit the com
munity and the labour force would gain 
experience in the installation of a micro 
hydro scheme. This experience would be 
invaluable if the system was to be main
tained by the local community. The use of 

~ 
Surge Tank 

local labour would also enhance the feel
ing of ownership. 

A team of labourers, with a foreman, was 
organised through the Mabulisini Devel
opment Committee (MDC). It had been 
decided between Eskom and the MDC 
that any decisions pertaining to the pro
ject would be relayed through a com
munity-appointed representative. The 
chairman of the MDC was chosen as this 
representative and would also double as 
the foreman. By working through the 
Committee, Eskom was perceived to be 
helping the community implement the 
scheme rather than forcing the scheme on 
the community. Eskom could thereby 
also detach itself from any local politics, 
and the effect of Eskom's limited experi
ence in local customs and traditions 
would be minimised. 

In addition to the 'permanent' labourers, 
others had to be employed to transport the 
pipes to the site. These labourers were 
organised by the foreman and were paid 
per pipe delivered. 

Throughout the duration of the project, 
technical decisions were relayed to the 
labour force and an explanation given as 
to why certain decisions were made. This 
generated a basic understanding of the 
engineering principles of micro hydro
power generation, which was necessary if 
the community was to maintain the 
scheme in the future without external 
help. A sense of having an input other than 
just manual labour was also generated in the 
workforce by means of this process, thereby 
enhancing the sense of ownership. 

Civil works 

Description of the scheme 

From the survey, the length of the water
ways was determined to be 806 m.· This 
consisted of a headrace of a 250 mm 
diameter pipe, 746 m long, a surge tank 

Figure 3: Components of the Ntonyelana micro hydro scheme 
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consisting of three lengths of 250 mm 
diameter pipe and three lengths of 
400 mm pipe, giving a total surge tank 
length of 36 m. The penstock is 60 m long 
and was construCted from 200 mm 
diameter pipe. 

A 2,1 m high dam feeds the water intake 
to the pipeline. A valve was fitted at the 
dam in case it is ever found to be necess
ary to shut down the water supply. 

A net head of 17 m is obtained and with 
a flow rate of 56 litres/second the power 
output at the generator is 5,9 kW. The 
design of the scheme is described in detail 
in another publication(l) by the author. 

The dam 

The dam collects diverted flow from the 
river at sufficient depth for the water 
intake to draw water without the creation 
of vortices. The dam wall is approxi
mately 20 m long and the dam is 2 m deep 
at the water intake. It was constructed 
using labour-intensive, low cost techno
logies and consists of rock-filled gabions 
covered in plastic sheeting. 

Sediment and rocks on the river bed 
behind the natural dam were removed and 
a trench cut into the right bank of the dam. 

A rock footing was packed on the dam 
floor in order to obtain a level surface on 
which the dam could be built 

The gabion was cut so as to sit flat on the 
rock footing and is supported from behind 
by the two large rocks forming the natural 
dam. The gabion was filled with rocks 
collected from the river bed (Figure 4). 

The intake screen was constructed using 
two 1m high gabion pods fitted one on top 
of the other. The bottom half was filled 
with rocks to keep the screen in place. The 
screen was then covered in wire mesh. 
Figure 5 shows the dam before the fitting 
of the plastic dam lining. 

Plastic dam lining material was used to 
seal the dam wall. A trench was dug in the 
river bed into which the lining was 
placed. This was then packed with rocks 
so as to prevent water from flowing 
through under the'dam. 

The dam wall was covered with rocks to 
protect the plastic sheet from UV radia
tion and also to add strength to the dam. 
Also, the rocks make the dam seem less 
obtrusive from an environmental point of 
view (Figure 6). 

During construction most of the dam side 
water flow was channelled back into the 
river. For dam filling purposes the water 
was channelled into the dam. The inflow 
into the dam is controlled by channels 
formed with packed rocks. 

56 

Water intake 

The water intake is the inlet to the 
pipeline. It consists of a custom-made 
bellmouth fitted to a 90' bend of a 250 
diameter uPVC pipe. 

The water intake was fitted in between the 
two layers of gabion (wire cage). The top 
gabion was cut to fit around the pipe. The 
bell mouth inlet was fixed by means of a 
bolt only after the dam lining and intake 
screen had been fitted. 

The valve 

The valve is installed in case it becomes 
necessary to shut down the flow, for 
example, if maintenance on the pipeline 
or turbine is undertaken. The valve is of 
the lever-operated butterfly type. 

The valve was the last component to be 
fitted. A thrust block was cast with pro
truding brackets in place. These brackets 
would keep the valve in place and transfer 
opening and closing forces to the thrust 
block and not to the pipe. 

The pipeline 

The headrace is a low pressure pipeline 
that conveys water from the dam to the 
surge tank. The headrace is 746 m long 
and consists of a 250 mm diameter uPVC 
Class 4 pipe. 

After completing the survey of the 
pipeline route, the route was marked with 
line and pegs. A 760 m long trench, 400 
mm deep by 400 mm wide, was dug in 
which to lay the pipeline. Excavation was 
done by hand, using only shovels and 
picks. 

Most of the route is relatively flat, except 
for the penstock section. Rocks were 
removed by hand with the aid of a crow
bar. Rocks too heavy to be lifted from the 

- trench were moved into holes dug to one 
side. Part of the route runs through a 
section of the river that is dry for most of 
the time, except when the river is in flood. 
The pipeline route through this area was 
made to hug the river bank and a retaining 
wall was built to protect the pipe. 

A 10m long sandstone ledge at the dam 
had to be excavated to a depth of 0,5m. 
This was done using electric breakers 
powered by a portable generator. 

The pipeline was installed using a crow
bar and a wooden block. Once positioned 
the pipes were pushed home. 

Backfilling was done by using soil 
removed from the trench that was 
replaced and tamped thoroughly. Care 
was taken to ensure that no rocks were in 
contact with the pipeline. 

The penstock is the pipe that conveys 
water under pressure to the turbine. For 
this scheme the penstock is 60 m long and 
constructed from a 200 mm diameter 
uPVC pipe. 

From the surge tank, the penstock route 
runs down a hill of 17,5' before crossing 
3 m of flat terrain and then dropping to the 
turbine. The penstock was installed from 
the turbine side and ends at the cast iron 
T-piece for the surge tank connection. 

Vacuum breakers are required immedi
ately downstream of the isolating valves 
and at high points along the pipeline route 
to expel air during the partial or complete 
emptying of the pipeline. The vacuum 
breakers consist of 2 inch pipes, open to 
the atmosphere. The pipe height is deter
mined so as to be level with the full supply 
level of the dam. 

The surge tank 

The surge tank regulates flow variation 
and is required for the stable operation of 
the turbine/generating plant. It is manu
factured from uPVC Class 4 pipe. Three 
6 m lengths of 250 mm diameter pipe are 
connected by means of a specially manu
factured reducer to three lengths of 400 m 
diameter pipe. The opening is covered 
with a mesh screen upon which rocks are 
packed. 

The surge tank was installed on a hill of 
22.7'. A cast iron T-piece connected the 
surge tank to the penstock. A mesh
covered welded grid was fitted to the open 
end of the surge tank, which was then 
covered with rocks. 

Mechanical design and 
works 

The turbine 

In this application the turbine used was a 
locally developed Francis turbine. 
Instead of the spiral casing usually found 
on Francis turbines, a less expensive front 
barrel design was used. Water flow into 
the runner is controlled by means of 
adjustable guide vanes. These guide 
vanes are set for optimum performance at 
a specific site and are not meant to be used 
for governing purposes. The runner was 
manufactured from cast aluminium 
bronze. The turbine is of a standard 
design suitable for a head range of 
between 15 m and 35 m. 

Typical performance figures for full load 
are shown in Figure 7. 
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Mechanical works (Turbine 
installation) 

The turbine foundation was constructed 
in three steps. Holes were drilled into the 
base rock into which steel reinforcing 
bars were grouted. The reinforcing frame 
was constructed by fixing horizontal sup
ports to the vertical bars with wire. A 
chipboard shutter was placed around the 
reinforcing on the rock. Concrete for the 
foundation was made using cement, clean 
river sand and pebbles. The reinforcing 
for the thrust block was left open. After
wards the turbine was fitted into place and 
the thrust block cast. 

The turbine was installed in the middle of 
the rainy season. With the river in flood it 
was found that the turbine was covered by 
water. Although the water would not 
reach the generator, this state of affairs 
was considered unacceptable. In order to 
obtain a drop in the water level it was 
decided to widen the river at the turbine 
site. Approximately three meters of the 
river bank was removed. It was also 
noticed that during floods a part of the 
river would travel straight across the bank 
furthest from the turbine, joining the rest 
of the river further downstream. A shal
low channel was thus cut into this path 
making it easier for the water to flow 
straight over the bank. This channel was 
opened up substantially by further floods. 
Since effecting these modifications, tur
bine submergence has not reoccurred. 

Commissioning of the turbine and 
pipeline 

In order to remove any debris that might 
have collected in the pipeline, the line was 
flushed, with the turbine removed for a 
period of 24 hours. After flushing, the 
turbine was replaced. 

The turbine was run without the generator 
during commissioning. A head of204 kPa 
was obtained. This was measured with a 
calibrated pressure gauge attached to the 
turbine. 

Once it had been determined that the 
pipeline was leak-free, all uncovered pipe 
was covered with rocks. This is necessary 
to protect the pipe from UV radiation. An 
added benefit of the covering is that the 
system makes very little visual impact on 
the environment. 

After commissioning, the generator, 
dummy load and electronic load control
ler were fitted. A shelter was constructed 
to offer a degree of protection from the 
elements. This shelter was not enclosed 
as damage during floods was feared. The 
turbine and generating plant is shown in 
Figure 8. 
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Net head (m) Turbine speed (rpm) Flow rate (litre/s) Alternator (kW) 

15 2126 52,7 4,4 

20 2 155 60.8 6,7 

25 2745 68,0 9,4 

30 3007 69,4 11,5 

35 3248 59,5 11,5 

Figure 7: Full load performance figures for the turbine 

Electrical power 
generation and 
transmission 

Overview 

The turbine shaft power is transmitted to 
a single-phase synchronous generator by 
means of a flat belt and pulley drive. This 
arrangement enables the individual 
speeds of both turbine and generator to be 
optimised by changes in pulley diameters. 
The generator speed and frequency are 
controlled using an electronic load con
troller that presents a constant electrical 
load to. the generator. This is done by 
employing a 'dummy' load into which all 
or part of the generator output can be 
'dumped' using a frequency-sensing 
thyristor controller. The sum of the actual 
load and the 'dumped' load is always 
constant. In this particular case the 
dummy load is a 6 kW water-cooled 
heater element. The constant electrical 
load is converted by the generator into a 
constant mechanical load that, with fixed 
turbine guide vane settings and fixed 
water supply head (pressure), will result 
in constant speed. 

The electrical power generated is fed at 
230 V, 50 Hz to a pole mounted step-up 
transformer. The voltage is stepped up to 
12,7 kV and transmitted by means of a 
Single Wire Earth Return transmission 
line to the five schools. The line is con
structed using steel staywire as conductor 
that is strung on 11 m poles using conven
tional mounting hardware. The earthing 
for the earth return is obtained using an 
earth electrode at each transformer. The 
start of the transmission line at the turbine 
is shown in Figure 10. 

The line and generator are protected using 
a current monitoring relay that will dis
connect the system from the generator if 
pre-set current and time values are 
exceeded. In the event of such a discon
nection the turbine and generator will 
continue to run at normal speed with the 
entire power output being dumped into 

. the water-cooled resistor. Lightning pro-

tection is provided by using lightning 
arrestors on the high v·oltage line at each 
transformer. 

The system has the capacity to provide 
each school with 1 kW of power. This 
allows for lighting in six classrooms (4 x 
20 W fluorescents per classroom, a total 
lighting load of 480 W per school) and 
also for educational appliances, such as a 
TV (150 W), a VCR (150 W) and an 
overhead projector (300 W). Load 
limiting is provided on the socket outlet 
circuits througq the use of 2,5 ampere 
circuit breakers used in conjunction with 
the earth leakage protection units. This 
provision will limit long-term power con
sumption to approximately 1 kW at each 
school. The turbine and generator have 
adequate excess capacity to cater for the 
starting loads of devices such as overhead 
projectors. The high voltage transmission 
system has capacity for double the output 
that can be obtained from the present 
turbine and generator combination. This 
situation is not intentional but came about 
because smaller transformers were not 
readily available at the time of line con
struction. The school wiring is Conven
tional and is done strictly in accordance 
with SABS specification 0142(5). 

The line was installed by a contractor. 
Local labour was used for the diggirtg of 
holes, pole planting and transport of 
poles and equipment. 

The electrical configuration is shown in 
Figure 10. 

System economics 

It is necessary to justify the financial fea
sibility of the scheme ifrnicrohydro is to 
be taken seriously as a RAPS option. The 
Ntonyelana micro hydro plant is com
pared to grid electrification and photovol
taic systems that could also have been 
used to electrigy the schools. The costing 
methodology used was obtained from 
Cowan et a!.(1) 

The following assumptions are made for 
the calculations of the unit energy cost: 
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TURBINE 

BWG Hydro, RSA 
17m Head 
2264 rpm 

SINGLE PHASE INDUCTION 
GENERATOR 
Me<: Aile Spa, Italy 
V=22IN 
BlNA@36A 
Power Fae10r = 0,9 lagging 
Speed.= :laD r pm 

SCHOOL (5X) 
1 kW Load 

+ 
Transformers 
(5x) 

TRANSFORMER 
Pole Mounted 
ZD12.7kV 

ISWERUne I 

5'1(, Impedance 
l(J(VA 

Figure 10: Basic electrical configuration of the scheme 
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Figure 11: Comparison of electrification costs for schools in the Ntonyelana Valley 

The load requirement is for 365 days 
per year, 

• For the micro hydro scheme a value of 
R5 000 is allowed for system mainten
ance every five years, The capital costs 
of R500 000 used in the calculation is 
the sum that was spent on the research 
project. This value could be halved on 
a pure implementation project. 
For the photovoltaic systems, a value" 
of R3 000 per school is allowed for 
maintenance every year, which is in 
line with what is being paid on the 
NGE school electrification pro
gramme, A capital cost of R50 000 per 
school is used,. 

• The distance used for the grid exten
sion is 20 lan, which is the distance of 
the school furthest from the grid, The 
closest school is 13 km. Eskom rural 
tariff "D" is used to calculate costs, 

• A discount rate of 5% is used, 
• An operating lifetime of 20 years is 

used in the cost calculations, 

Figure 11 compares the unit energy costs 
of micro hydropower generation, photo
voltaicsand grid extension for the five 
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schools electrified in the Ntonyelana 
Valley, 

Conclusion 

Discussion 

-The benefits of the scheme 

Although the Ntonyelana micro hydro 
project was in effect a case study, the 
technical methodology followed for 
implementation could be applied to simi
lar projects, Technical experience gained 
in implementing the scheme could be 
used as the basis for the implementation 
of other such schemes. The social experi
ence gained was invaluable and the 
lessons learned should be applied in 
Eskom's non-grid electrification pro
gramme. 

From Eskom's point of view, the good
will and trust that has been established in 
the community can be used to Eskom's 
advantage for the implementation of 
other RAPS projects, The scheme and its 
implementation can also be used as an 

example of Eskom's commitment to the 
RDP. 

Eskom's capital investment in electri
fying the five schools by means of hydro
power was approximately double what it 
would have been to supply photovoltaic 
sy~t~ms of the same size as installed at 
other rural schools. It must, however, be 
borne in mind that much of the cost is 
associated with meeting the research 
goals and the learning curve in installing 
such a system, If a structure existed 
within Eskom that concentrated on elec
trification using hydropower and it had all 
necessary resources at its disposal, the 
costs would be greatly reduced and would 
compare favourable with other options on 
a captial cost basis, Notwithstanding the 
above and using the total research project 
value as the basis, the costs per kWh were 
less for the hydro scheme than for other 
electrification options, The added 
benefits gained from the scheme such as, 
water pumping and battery charging 
capabilities, possible development of 
small factories, increased peak load capa
bility and community self-sufficiency in 
terms of maintenance costs, can be con
sidered as the justification for the high 
capital costs. 

By using, in this case, the most cost-effec
tive option for its non-grid electrification 
programme, Eskom is keeping its man
date to its customers to strive to keep 
down the real price of electricity, 

Eskom has committed itselfto the electri
fication of rural schools and clinics as part 
of the RDP, Most of the funding used is 
aid funding and it is therefore imperative 
that these funds be used so as to obtain the 
most benefits for all parties concerned, 
The system economics show that in this 
case the scheme is the most cost-effective 
way to supply electricity to the area, The 
use oflocallabour created employment in 
an area dependent on subsistence farming 
for making a living, Also, by keeping the 
community informed on all aspects of the 
project, a sense of ownership of the 
scheme was instilled within the com
munity, The performance of semi-skilled 
tasks as described in the text can be con
sidered as training and thus could be use
ful when members of the community 
involved apply for employment in the 
private sector. Although the full impact of 
the electrification of the schools cannot 
be measured at this stage, approximately 
two thousand pupils are likely to benefit. 
They will have an improved environment 
in which to learn and access learning aids 
such as, TV, videos and overhead projec
tors, It will now be possible to implement 
after-hours adult education projects, as 
well as providing the community with 
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suitable centres that can be used for enter
tainment and meetings. In addition to the 
obvious benefits of having battery charg
ing centres in the area, the community 
,will have the means to generate its own 
funds for the maintenance of the system 
and. other >development work. Water 
pumped to reservoirs at the schools would 
greatly alleviate the arduous task of draw
ing water from the river. Permanent 
employment can be created for a team of 
people who would be in charge of scheme 
maintenance and battery charging. 

The technical environment 

Site selection 

In retrospect the site selection procedure 
followed prior to the choosing of the Nto
nyelana site cannot be considered ideal. 
Although two sites were visited at the 
start of the project, the fact that a design 
had already been completed a couple of 
years previously for a scheme on the 
Mnweni River, made this site a favourite. 
This resulted in the investigation as to its 
suitability being conducted with a bias 
and the potential of other sites not being 
fully investigated. As discussed earlier in 
the paper, this site was later found to be 
unsuitable for various reasons. By this 
time, a new design had already been for
mulated, along with a substantial amount 
of work in planning for the implementa
tion of a micro hydro scheme at this site. 

The techniques and materials employed 
for the construction of the scheme proved 
effective. Although some problems were 
encountered these were surmounted in all 
cases. 

The construction phase of the project was 
implemented in the summer months of 
November 1995 to April 1996, duringthe 
rainy season. The rainfall experienced in 
South Africa in 1995/1996 was the hea
viest in years. The wet conditions made 
travelling to the site extremely difficult, 
with roads usually only being negotiable 
by means offour-wheel drive vehicles. In 
order to get to work, most of the work
force had to cross rivers in flood. Under
standably, this was not always possible 
and many man-days of work were lost due 
to a reduced workforce, or none at all. If 
it rained at the site, personnel would 
invariably have to either work in the rain 
or stand around under what shelter they 
could find. This made for extremely 
unpleasant working conditions. Tasks 
such as the construction of the dam and 
the installation of the turbine could not be 
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performed with the river in flood, leading 
to a delay in the completi( ,} of the project. 

Logistics 

The remoteness of the area and the nature 
of the terrain made site visits and the 
transport of equipment to the site 
extremely difficult. A truck or pick-up 
can travel the dirt road to Ntonyelana 
School under dry conditions; but if rain 
falls, within two days, the road becomes 
very slippery and can only be negotiated, 
albeit with difficulty, by means of a four
wheel drive vehicle. Under such condi
tions, the 4 km from Ntonyelana School 
to the turbine site could only be nego
tiated by a four-wheel drive vehicle. 

f 

Pipes were transported to Ntonyelana 
School by truck. The first truck, supplied 
by a courier service, had to be towed 
along the 60 km dirt road by tractor. A 
second truck, supplied by the Drakens
berg Power Station, delivered the last 
batch of pipes under drier conditions. 

From Ntonyelana School 136 pipes were 
carried to the site on foot. These pipes 
weigh 40 kg each and are 6 m long. The 
pipes for the surge tank, 6m long, weigh
ing 80 kg and being 400 mm in diameter, 
could not be carried and were transported 
on the back of a four-wheel drive vehicle. 

Future work 

The technology has proved to be techni
cally and economically feasible as a 
RAPS option. It should be implemented 
as part of Eskom's non-grid electrifica
tion programme. Areas deemed suitable 
for micro hydropower generation should 
be earmarked. This could be done by 
either studying topographical maps and 
identifying suitable sites or by corre
sponding with Eskom representatives in 
various areas and requesting them to 
identify potential sites. These sites should 
then be investigated for possible applica
tion 

The concept of using mini-grids for the 
transmission of remote area electricity 
from a central supply should also be 
investigated further. 

The use of battery charging centres and 
other options, such as mills, as means of 
job creation and giving a community the 
means to earning an income, should be 
investigated. 

Conclusion 

The implementation of a micro hydro
power supply scheme on the Ntonyelaila 

River can be considered a success, both 
from a physical point of view and also in 
the meeting of the research goals. Not
withstanding problems with the weather 
and an unsuitable research environment 
the project implementation ran smoothly. 
The cooperation of the local population 
and enthusiasm of the workforce were 
major factors contributing to the project's 
success. The work could not have been 
done without the help of role-players, 
such as Eskom Community Develop
ment, BWG Hydro Developments, 
Eskom's Distribution Group and 
Eskom's Technology Group. The import
ance of the social aspects in this type of 
work was stressed. Without this phase 
being conducted properly the project 
would not have got off the ground. 
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SHORT COMMUNICATION 

Energy complacency threatens 
sustainability: WEe message 1997 
Keywords: sustainable energy; developed countries; developing countries 

The global energy scene 

For most people in industrialised coun
tries, energy supplies may not seem much 
of a problem. They have rarely been so 
plentiful. Reserves of fossil fuels are 
abundant. They appear exploitable 
throughout the next century provided 
technology advances sufficiently and 
adequate capital is available. Consumers 
are therefore complacent - energy 
supplies are not their concern. The trouble 
is that the many major issues are not being 
sufficiently highlighted. 

Despite the apparent abundance of fossil 
fuels, 40% of the world's population -
over 2 billion people - mostly in the 
developing countries, have no access to 
today's commercial energy and therefore 
cannot satisfy their basic needs. For them 
suggestions of complacency are 
meaningless. These communities are 
unable to even consider economic devel
opment as they are obliged to rely on 
fuelwood and wastes to supply their 
energy requirements. 

Because the world population is likely to 
double over the next century, with most 
of the increase being in the developing 
countries, the stresses caused by a lack of 
energy will increase unless tackled with 
determination. If they are not addressed 
successfully, the deteriorating longer
term situation could have profound geo
political consequences, as well as 
severely adverse environmental impacts, 
such as deforestation and soil erosion. 

However, assuming success in making 
commercial energy available, most of this 
additional demand will be taken up by' 
today's developing economies. Develo
ping countries account for 35% cif world 
energy consumption. Many already suf
fer the effects of poor local air quality. By 
2050 they are likely to use over 60% of 
the world's primary energy. Today the 
industri!llised countries contribute more 
than any other group of countries to 
atmospheric emissions from the burning 
offossil fuels. By 2020, the primary emit
ters will have become the developing 
countries, and their share will continue to 
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grow, although at lower per capita 
emissions levels than in the industrialised 
countries. 

Even with big improvements in energy 
efficiency, the world will consume much 
more energy in the coining decades. 
Work undertaken by the WEC indicates 
at least a doubling by 2050 in most scenarios. 

With the continuing advancement of 
technology and with the investment of the 
necessary financial resources, there 
would appear to be adequate accessible 
oil, gas and coal to supply most of these 
future needs. There are also non-C'nnven-

tional oil and gas resources on which to 
draw. However, fossil fuels will continue 
to dominate energy use into the foresee
able future. 

In order to reconcile the increasing use of 
energy in support of economic and social 
development with protection of the envi
ronment, greater efforts are required. 
These are: 

• to improve the environmental per
formance of fossil fuels; 

• to raise more rapidly the efficiency 
with which all forms of energy are 
provided and used; 

• to increase the use of non-fossil forms 
of energy. 

Action now 

The reconciliation of economic and social 
development based on increased energy 
use and the protection ofthe environment 
is often referred to as the 'pathway to 
sustainable development'. It calls for a 
truly global effort led by the industrialised 
countries. 

The WEC therefore advocates: 

• Creating rapid and effective 
measures to raise global energy effi
ciency. The energy intensity rate (that 
is, the energy required to produce one 
unit of gross domestic product) con
tinues to decline at the long-term rate 
of only I % in many countries. This 
performance is far from what is 
possible by using today's technology 
more efficiently. Means to achieve 
increased efficiency include: 
- greater efforts to be given to 

national education and publicity 
campaigns; 

- incentives to increa~e vehicle and 
electricity generating efficiency; 

- encouragement to industry and end
use consumers to invest in new, 
energy-efficient capital equipment. 

• Expanding institutional action to 
improve the transfer of state-of-the
art energy and environmental 
protection technologies between 
nations. Successful examples of exist
ing schemes include the recent elec
tricity Group of Seven initiative and 
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aspects of the European Union Phare 
project. 

• Encouraging energy prices to con
sumers to converge on market 
prices. This may take time in many 
countries, especially if it involves 
phasing out subsidies. But only full 
market prices will, in the end, discour
age waste and inefficiency - and 
enable the necessary flows of capital 
to occur which will finl!.nce the infra
structure investments required. 

• Making more effective use of 
research and development expendi
ture. By 2050 the world will need to 
use all fonns of energy to satisfy its 
requirements and continued techno
logical advancement is accordingly 
required for all fonns of energy. Par
ticular attention should be paid to the 
research, development and demon
stration (RD&D) projects and the 
financing of renewable (solar, wind, 
biomass, etc.) forms of energy, as 
these are not yet fully developed com
mercially. With adequate support the 
share of new renewable energy 
supplies, currently only 2%, could 
reach 5%-8% of increased world 
supply requirements by 2020. This 
may be of particular value in many 
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developing co.untries, and especially 
relevant in Africa. 

Taking cost-effective precautionary 
measures to curb atmospheric 
emissions. In ,particular, accelerated 
improvements to the environmental 
perfonnance of fossil fuels are needed 
through clean coal technology, less 
polluting petrol and diesel engines, 
more efficient power stations and. 
better pollution abatement. 

• The extension of the 'polluter pays' 
principle, and determJned efforts to 
achieve widely accepted standards 
of measurement, with regard to 
environmental impacts and costs. 

• Establishing conditions under 
which nuclear energy could make 
an increased contribution to energy 
supply. This means securing high 
safety perfonnance and good opera
ting practices, and demonstrating that 
nuclear waste can be managed safely. 
The nuclear industry needs to ensure 
that these facts are communicated suc
cessfully and comprehended by the 
general public. 

The actions proposed can provide the 
essential basis for future sustainable 
energy development. 

A global commitment is 
needed 
The future resources needed for technol
ogy development, project financing, the 
management of the expansion of energy 
demand due to population increase and 
economic development, and improving 
access to commercial energy supplies for 
the 2 billion people worldwide without 
them, are huge. The scale of the require
ments means that energy systems can 
only be changed gradually. Tomorrow's 
systems will take many years to develop. 
It takes decades for energy projects to 
build up the required critical mass to 
impact on a global scale. Unless action is 
taken now to accelerate these processes, 
the future sustainability of energy pro
duction and use runs the risk of being 
badly compromised - to the disadvantage 
of all. 
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SHORT COMMUNICATION 

South African National Energy 
Association (SAN EA) 

Keywords: SANEA 

The South African National Committee 
of the World Energy Council (SANC
WEC) was recently renamed the South 
African National Energy Association 
(SANEA). SANEA is the South African 
member committee of the World Energy 
Council (WEC). 

SANEA's mission 

SANEA's main mission is to support the 
objective of the WEC by promoting the 
sustainable supply and use of energy for 
the greatest benefit of all. It ardently 
supports the WEC and its initiatives, with 
a focus on South Africa. It also dissemi
nates current energy information through 
papers and publications, and through 
forums and stimulating informed 
discussions creates an awareness of the 
energy situation and future scenarios. 

SANEA is active on several WEC 
committees, and has permanent repre
sentation on the following: 

• Financing the global energy sector -
The task ahead 

• The benefits and deficiencies of 
energy sector liberalisation 
Global energy perspectives to 2050 
and beyond 

• Rural energy project 
Performance of thermal generating 
plant 
Global transport and energy develop
ment: The route to the future. 

SANEA's focus 

Emphasis is placed on energy supply-side 
aspects and on providing a forum for 
interaction amongst representatives of all 
sectors within the South African energy 
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industry. Special consideration is given to 
overarching energy issues (such as, 
energy efficiency, environment, sustain
able energy supply, etc.) and, the role that 
energy provision plays in a developing 
nation. 

SANEA's strategies 

The following strategies summarise the 
role which SANEA anticipates in and for 
the South African energy industry: 

• to provide an advisory body on energy 
matters to the National and Provincial 
Governments, as well as Southern Afri
can regional and other organisations 

• to create a credible umbrella associ
ation representing all energy sectors in 
South Africa - thus facilitating inter
action and cooperation amongst all 
energy players 

• to establish a forum for consultation 
for the energy industry, the National 
and Provincial Governments and other 
organisations on issues of mutual and 
public interest 

.' to, create a channel for energy industry 
opinion 

• ,to. provide a conduit and network 
through which support around the 
world, regionally and nationally, may 
be obtained or given on energy matters 

• to disseminate energy information to 
SANEA members and throughout the 
Southern African energy industry 

• to act as a catalyst for the stimulation 
of projects, -'studies, research and 
adequat.e training to ensure the conti
nued strength of South Africa's energy 
industry 

• to align SANEA's mission and 
strategies with those of other Southern 
African WEC Member Committees 
and with regional cooperation 

activities (e.g. via the Africa Energy 
Programme) 

• to facilitate the harmonising ofprovin
cial, national and regional energy 
policies, strategies and programmes 
on the basis of common interest 

• to form collaborations and alliances 
with organisations involved with 
sustainable energy development 
within South Africa, regionally and 
internationally, e.g. 
- the SADC Energy Sector's Techni

cal and Administrative Unit (TAU) 
- E7 Group ofleading energy services 

and suppliers 
- environmental organisations 

SANEA membership (as 
at April 1997) 

Chairman 

Mr AJMorgan 
Chief Executive 
Eskom 

Director 

Mr M R V Corrigall 
POBox 785673 
SANDTON 2146 
SOUTH AFRICA 

Tel: +27 (11) 883-8884 
Fax: +27 (11) 883-8885 

Secretary 

Mr B TCrookes 
Executive Director (Generation) 
Eskom 

Communication & Administration 
Officer 

Ms W A Izgorsek 
POBox 785673 
SANDTON 2146 
SOUTH AFRICA 

Tel: +27 (11) 883-8883 
Fax: +27 (11) 883-8885 
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Organisation Represented by 

Eskom Mr AJMorgan 
Mr B T Crookes 

Department of Minerals and MrJ A Basson 
Energy (DME) Dr A Surridge 

Atomic Energy Corporation (AEC) MrKBrown 

CSIR MrD Krueger 

GEC Alsthom International MrKMaxted 

Industrial Machinery Supplies MrHBerger 
(lMS) MrC Birch 

South African Institute of Mrs M Davison 
Electrical Engineers (SAIEE) MrB Jackson 

Amcoal MrH Stacey 
MrRCohen 

South African Institute of Professor R K 
Mechanical Engineers (SAIME) Dutkiewicz 
Energy Research Institute, Professor R K 
University of Cape Town Dutkiewicz 

Organisation Represented by 

Siemens Limited Mr F Schutte 
MrDMaurer 

Fluor Daniel SA MrMSterne 

NEIAfrica Mr J Kempster 
MrRDean 

Rotek Industries Mr B Perizhorn 

Ingwe Coal Corporation MrERorke 
MrJ Pain 

Sasol Technologies Mr J Marriott 
MrFBotha 

Babcock Africa MrB McCabe 
MrG Heale 

Liquefied Petroleum Gas Safety MrCBain 
Association of Southern Africa 

GEA Aircooled Systems Mr F Vogt 

ABB Powertech Transformers MrKPlowden 

Shell SA MrJDreyer 

Southern African Institute of MrNRoberts 
Energy MrATew 

Department of Labour MrB French 

Mr W Benjamin 

Howden Africa MrJMoodie 
Mr J van den Bergh 

Steinmuller Mr J P Schneider 

Minerals and Energy Policy Mr R Crompton 
Centre (MEPC) MrV Lopes 

GEC Alsthom South Africa Mr A Tshabalala 

OBSERVERS 

Cigre Mr J Gosling 

SADELEC Mr I Israelsohn 

Position 

Chief Executive 
Executive Director (Generation) 

Chief Director, Energy 
Director,. Electrical Energy 

Senior Manager 

Manager, Technology for 
Development (Lubisi Project) 

Resident Director 

Executive Chairman 
General Manager 

Immediate Past President 
Member 

Marketing Director 
Consultant: Energy 

Member 

Director 

Position 

Divisional Managing Director 
Business Development Manager 

Marketing Manager, Power & 
Maintenance Services 

Group Managing Director 
Board of Directors 

Chief Executive 

Group Manager Projects 
Senior Project Engineer 

General Manager 
General Manager 

Managing Director 
Marketing Director 

Managing Director 

Managing Director 

Deputy Chief Executive 

Managing Director 

President 
Immediate past president 

Director, Electrical and 
Mechanical Engineering 
Deputy Director, Electrical and 
Mechanical Engineering 

Group Director 
Executive Director 

Managing Director 

Managing Director 
Senior Policy Analyst 

Group Commercial Manager 

Technical Resources & 
Development Manager (Eskom) 

General Manager 

SANEA draws its membership from all 
segments of the South Mrican energy 
community - energy producers, energy 
users, energy associations, financial 
organisations, engineering firms, educa
tional institutions, equipment manufac
turers, and government departments. 

Membership of SANEA 
offers: 

• opportunities to influence the energy 
policy of South Africa by providing 
input via the South African National 
Energy Association 

• access to networking opportunities 
with energy decision makers, both 
nationally and internationally 

• rapid access to current and authorita
tive information on energy statistics 
and policies 

• awareness of energy issues in South 
Africa and around the world -

• being part of the association which is 
representative of the country's energy 
needs across the full spectrum 

• becoming actively involved in the 
WEC and SANEA's energy projects 
and studies. -

SANEA is a non-profit organisation 
funded by its membership and largely 
based on WEC principles. 

Further information or any enquiries may 
be directed to: 

Ms W A Izgorsek 
SANEA 
POBox 785673 
SANDTON 
2146 
SOUTH AFRICA 

Tel.: +27 (11) 883 8883 
FlI:x.: +27 (11) 883 8885 
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ENERGY STATISTICS 

COMPARATIVE ENERGY COSTS IN SOUTH AFRICAN CITIES RELATED TO HEATING VALUE 

MAY 1997 

Energy 
Consumer prices Cost of energy *Relative heating costs 

Heating 
source Coast Inland Units (c/MJ) value 

C.T. Jhb Dbn C.T. Jhb Dbn 

Coal A 317,00 91,20 R/fon 1,13 0,33 0,73 3,48 1,00 2,24 28,0 MJ/Kg 
(Peas) 

Elect. 22,54 24,43 c/kWh 6,,26 6,79 6,25 19,22 20,84 19,19 3,6 MJ/kWh 

Heavy 95,83 115,78 c/litre 2,34 2,82 2,34 7,18 8,67 7,18 41,0 MJ/litre 
Furnace 
Oil 

lllum. 127,26 140,82 c/litre 3,44 3,81 3,44 10,56 11,69 10,56 37,0 MJ/litre 
Paraffin 

Petrol 215,00 222,00 c/litre 6,20 6,40 6,20 19,02 19,64 19,02 34,7 MJ/litre 
(Premium) 

Diesel 209,65 221,05 c/litre 5,40 5,70 5,40 16,59 17,49 16,59 38,8 MJ/litre 
(Heating) 

Power 180,12 194,14 c/litre 4,80 5,18 4,80 14,75 15,89 14,75 37,5 MJ/litre 
Paraffin 

LPG 145,72 166,78 c/litre 5,33 6,09 5,33 16,35 18,69 16,35 27,4 MJ/litre 

Gas 
SasolGas - 19,95 RlGJ - 1,99 - - 6,13 - - -

This table shows comparative energy costs (in SA cents/MJ) in selected South African cities (coastal and inland) based on a range of 
energy sources. The following criteria were taken into consideration in the calculation of the cost of energy: 

(I) Transport costs for coal were obtained from Spoornet. Railage of coal was calculated from Saaiwater to Cape Town and from 
Saaiwater to Durban respectively. 

(2) The energy cost has been calculated on the bulk delivered price for consumers, i.e. includes 14% V AT and other charges. 

(3) All figures for electricity have been based on energy requirements for large commercial users. 

(4) Electricity prices have been based on typical mombly accounts-for large users (see Table 5 in the Energy Price List in Selected 
Energy Statistics: South Africa). 

(5) A 75% load factor has been used in the calculation of the Sasol Gas prices. 

(6) *The relative heating costs are shown in relation to the cheapest source, i.e. coal in Johannesburg. 

(Source: Selected Energy Statistics: South Africa, No. 41, May, 1997) 
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ESKOM STATISTICAL OVERVIEW 

Assets in commission at 31 December 

National capacity (MW) 
Net maximum capacity (MW) 
Powerlines, all voltages (Ian) 

Operations 

Electricity produced (GWh net)(all stations) 
Electricity sold (GWb) 
Coal burnt in power stations (Mt) 
Water consumed by power stations (Mlitre) 
Peak: demand on integrated system (MW) 

Emissions 
Emissions from coal-fired power stations 

Carbon dioxide (C02) (Mt) 
Sulphur oxide (SO.) (000 t) 
Nitrogen oxide (NO. as N02) (OOOt)i 
Particulates (000 t) 

Emissions from Koeberg nuclear power station 

Radiation (mSv)2 

Liquid discharges from Koeberg 

Silver 110M (GBq)3 
Cobalt 60 (GBq) 
Cobalt 58 (GBq) 
Zinc 65 (GBq) 

Water 

Transgression of the Water Act (Mlitres) 
Incidents of unscheduled water releases6 

Waste 

Ash at coal-fired stations 
Ash produced (Mt) 
Ash sales (Mt) 
Non-nuclear hazardous waste 
Hazardous waste (kg) 
Koeberg nuclear power station 
Low-level waste (m3) (steel drums) 
Intermediate-level waste (m3) (concrete drums) 
General waste 
Scrap metal (t) 
Building rubble (m3) 
Garden refuse (m3) 

(Source: 1996 Eskom Environmental Report, pp. 30-31) 

Figure calculated 
Millisieverts (Authorised annual limit is 0,25 mSv) 
Gigabecquerel 

1996 1995 

38497 37840 
36563 35951 

255745 241802 

178855 164 834 
165370 153547 

85,4 79,4 
215 199 214329 

27967 25133 

159 147 
1295 1 198 
647 603 

112,1 115,3 

0,0006 0,0004 

1,4245 1,504 
7,6664 4,705 
6,6859 7,488 
0,Q176 0,0431 

14,55 387,02 
4 16 

22,2 23,0 
0,995 0,943 

677 783,7 499116,3 

109,06 73,29 
35,69 28,76 

8825 103791 
20446 19587 
14057 19671 

4 Liquid discharges for Koeberg in 1993 not shown, as a different calculating method was applied 
Figure for generation only 
Incidents in 1993 and 1994 for power stations only 

1994 

37840 
35936 

240972 

160293 
149443 

76,9 
213 220 

24798 

143 
1 167 
582 
122 

0,0005 

2,509 
2,535 
10,42 

0,00149 

n/a 
66 

22,1 
0,818 

499116,3 

85,5 
43,0 

18175 
14973 
23980 

ESKOM RESIDENTIAL ELECTRIFICATION CONNECTIONS 

Year Connections RDP targets . 

1991 - 1992 178078 -
1993 208801 -
1994 254383 250000 
1995 313 179 300000 
1996 307047 300000 

Total 1261488 

(Source: 1996 Eskom Environmental Report, p.29) 

May 1997 

1993 

39746 
37636 

238964 

154260 
143800 

75,9 
223650 

23169 

141 
1134 
582 

122,2 

0,0297 

4 

n/a 
86 

20,9 

101,0 
38,0 

n/a 
n/a 
n/a 
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ELECTRIFICATION STATISTICS 

Status of electrification as at 31 December 1995 

Province Type Population Houses Houses Houses % Houses % Houses 
elec. notelec. elec. not elec. 

EASTERN RURAL 4475073 897436 51874 845562 5,78 94,22 
CAPE URBAN 2 149715 495315 333053 162262 67,24 32,76 

TOTAL 6624788 1392751 384927 1007824 27,64 72,36 

FREE STATE RURAL 1300293 241852 78633 163219 32,51 67,49 
URBAN 1500167 357266 241532 115734 67,61 32,39 
TOTAL 2800460 599 116 320165 276953 53,44 46,56 

GAUTENG RURAL 315213 68560 37262 31296 54,35 45,65 
URBAN 6827915 1682288 I 307335 374953 77,71 22,29 
TOTAL 7 143 126 1750848 1344 597 406251 76,80 23,20 

KWAZULU RURAL 5188023 987 188 138 120 849068 13,99 86,01 
NATAL URBAN 3396259 808552 636551 172 001 78,73 21,27 

TOTAL 8582282 1 795740 774671 1021069 43,14 56,86 

MPUMALANGA RURAL 2080631 393279 146442 246837 37,24 62,76 
URBAN 887545 195637 116253 79384 59,42 40,58 
TOTAL 2968176 588916 262695 326221 44,61 55,39 

NORTH WEST RURAL 2440829 480919 98703 382216 20,52 79,48 
URBAN 1081 723 229120 160 053 69067 69,86 30,14 
TOTAL 3522552 710 039 258756 451283 36,44 63,56 

NORTHERN RURAL 263247 64076 30007 34069 46,83 53,17 
CAPE URBAN 546799 188977 90516 28461 76,08 23,92 

TOTAL 810046 183053 120523 62530 65,84 34,16 

NORTHERN RURAL 4661202 936598 221931 714667 23,70 76,30 
PROVINCE URBAN 487023 118799 84596 34203 71,21 28,79 

TOTAL 5148225 1055397 306527 748870 29,04 70,96 

WESTERN RURAL 574270 136086 64010 72076 47,04 52,96 
CAPE URBAN 3276825 797227 702351 94876 88,10 11,90 

TOTAL 3851095 933313 766361 168952 82,11 17,89 

GRAND TOTAL RURAL 21296781 4250994 866982 3339012 20,61 79,39 
URBAN 20153971 4803161 3672 240 1130941 76,45 23,55 
TOTAL 41450752 9009175 4539222 4469953 50,38 49,62 

(Source: National Electricity Regulator. Electricity supply statistics for South Africa 1995, p.37) 

ELECTRICITY STATISTICS FROM SELECTED SOUTHERN AFRICAN COUNTRIES 1990-1995 

Utility 1990 1991 1992 1993 1994 1995 

Botswana Power Corp. 
Maximum demand (MW) 159,60 179,50 193,90 186,90 194,70 n/a 
Energy sold (GWh) 1021,10 1 128,50 1 197,20 1240,60 1 106,00 n/a 

SWAWEK (Namibia) 
Maximum demand (MW) 225,00 240,00 246,00 270,00 251,00 277,00 
Energy sold (GWh) 1790,00 1 919,00 1 747,00 1 747,00 1 753,00 2015,00 

Swaziland Electricity Board 
Maximum demand (MW) 92,00 100,00 103,00 112,00 115,00 117,50 
Energy sold (GWh) 444,10 493,60 523,80 555,20 545,80 603,20 

Zambia Electricity Supply Corporation 
Maximum demand (MW) 926,10 943,20 993,30 1003,00 n/a nla 
Energy sold (GWh) 6412,57 6375,42 6624,99 6779,69 n/a n/a 

Zimbabwe Electricity Supply Authority 
Maximum demand (MW) 1575,70 1607,70 1478,30 1 553,60 1615,80 1 744,00 
Energy sold (GWh) 8992,00 9248,00 7731,00 8412,80 9035,90 9364,80 

Sources: Botswana Power Corporation, Annual Report, 1994. 
SWA WEK Annual Report, 1991, 1995 
Swaziland Electricity Board, Annual Report, 1993, 1995 
Zambia Electricity Supply Corporation. Statistical Report, 1993/94 
Zimbabwe Electricity Supply Authority. Annual Report and Accounts, 1993, 1994, 1995, 1996 

Reprinted from: (Selected Energy Statistics: South Africa, No. 41, May 1997) 
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Energy news in Africa 
Coal 
The government in Mozambique is plan
ning to restore the Moatize coal mines in 
the central part of the country which have 
been closed for nearly ten years. The first 
step in the programme is a $30 million 
project for the restoration of the Nacala 
Port in the northern province of Nampula. 
This will include the construction of new 
facilities and a railway line linking the 
mines with the port. The new facilities 
will enable the port to handle about 
1 000 tons/hom: of coal. 

Another part of the refurbishment plan is 
the $300 million rehabilitation of the 
Moatize-to-Beira railway line scheduled 
to begin later this year. Moatize i's 
regarded as an important railway centre 
as it is situated at the end of the line 
linking the town of Zambezi to Beira, 
Malawi and Zambia. Once the railway 
line is restored it wjll be possible to begin 
selling the more than 150 000 tons of coal 
lying on the mine sites. It has been esti
mated that there are nearly 200 000 tons 
of coal stockpiled, worth more than $2,25 
million, waiting to be marketed. 

(Source: Mining Mirror, April 1997) 

Electricity 

Niger 

Nigelec has been marked down for an 
IMF/World Bank-type privatisation, 
together with the water company SNE, 
and oil storage firm, Sonidep. Seventy 
percent of electricity used in Niger comes 
from Nigeria's NEPA, which is also to be 
privati sed. 

Plans are already underway to have oper
ating models for the sector and rates to be 
drawn up by technical and legal consult
ancies between June and August. The 
invitation to tender will be issued in late 
September. The final choice of those on 
the short list is scheduled only for 
February 1998. 

The World Bank and IMF want decisions 
on points like the technology to be used 
for rural electrification and rates to be 
made at the beginning of the process. This 
also applies to negotiating a reasonable 
price formula with NEP A. It is hoped that 
Niger will eventually invest in hydroelec
tric schemes. However, the Kandadji pro
ject is likely to remain on the shelf even 

May 1997 

though the African Development Bank 
examined it two years ago. 

(Source: African Energy & Mining, 
19 March 1997) 

Rwanda 

GEC-Alsthom has begun renovating the 
diesel-powered Ntakura power station 
situated near Ruhengeri, close to the bor
der with Uganda and Zaire. The power 
station has been out of service since 1993 
when it was sabotaged. Funding was pro
vided by the Caisse Francaise de Devel
oppement, Germany's KfW and the 
European Investment Bank. Since 1993, 
Rwanda has been able to generate only 
60% the country's required electricity. 

(Source: African Energy & Mining, 
19 March 1997) 

Hydroelectricity 
There has still been no agreement on 
Cahora Bassa. Portugal had hoped to 
reach agreement on the price of the elec
tricity at a meeting held in March. 

There have also been delays in complet
ing the rebuilt HV line. Some I 500 of 
2 000 masts have been installed over a 
distance of 600 km and conductors have 
also been installed on part of the section. 

(Source: Africa Energy & Mining, 
19 March 1997) 

Agreements were recently signed 
between the South African and Mozam
bique's energy ministers. The first-one 
concerned the Mozal project for an alumi
nium smelter (245 000 t), which would be 
built by Gencor. The second one provided 
for Eskom to launch a feasibility study on 
the Mepanda Ucuea hydroelectric project 
downstream from Cahora Bassa on the 
Zambezi River. This latter agreement was 
signed in Maputo on 20 March 1997 by 
Penuell Maduna, South African Minerals 
and Energy Minister and his Mozambican 
counterpart. 

In the meantime, Eskom is involved in the 
rehabilitation of the transmission line 
from Cahora Bassa to South Africa. 
Success at Cahora Bassa will have a 

significant effect on what happens at 
Mepanda Uncua. 

(Source: Africa Energy & Mining, 
2 April 1997 
Eskom Public Affairs document) 

Oil and gas 
In a recent survey published by Wood 
Mackenzie on the oil industry in West 
Africa (covering seven countries, from 
Cameroon to Namibia but excluding 
Nigeria), it has been estimated that their 
recoverable reserves amounted to 
6,98 billion barrels (end of 1996). The 
breakdown was as follows: 

Zaire 103 million barrels 
(7 years' production at last 
year's rate) 

Cameroon- 298 million barrels 
(7,4 years) 

Equatorial 330 million barrels 
Guinea (13 years) 

For the bigger producers the totals were: 

Gabon 1055 million barrels 
(8,1 years of output) 

Congo 

Angola 

I 591 million barrels 
(16,4 years) 

3 601 million barrels 
(14,2 years) 

The estimates concerning reserves are 
assumptions when they concern recent 
discoveries, and where operators have not 
communicated any numbers. Production 
startups this year will concern fields 
totalling peak output of 132 300 barrels/ 
day. 

(Source: Africa Energy & Mining, 
19 March 1997) 

Senelec, the Senegalese utility, is to get 
additional gas from a new gas field 
discovered near the town of Gadiaga, 
estimated at 10 billion m3• There is a 
50 MW power station built on a BOT 
basis by GTI with GEC-Alsthom. Sene
lec's other site at Bel Air has been 
renovated. 

Other gas will be provided by Tullow 
whose earlier Diam Nadio discovery 
supplies a 20 MW turbine used at peak 
times at Cap de Biches. 

(Source: Africa Energy & Mining, 
19 March 1997) 

67 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



The uncertainty over where a DRI smelter 
using gas from the Pande gas field would 
be located has been cleared up. The 
Industrial Development Corporation 
(IDC) has put forward a project for a 
slurry 'Pipeline to carry 260 million tons 
of lodestone stored at Phalaborwa to 
Maputo, where the plant will be built. The 

pipeline will have a capacity of 6 million 
tons/year, which corresponds to 4 million 
tons/year of cast iron. The cost is esti
mated to be R900 million compared to 
R 7 50 million for a gas pipeline running to 
the Phalaborwa plant. The smelter is now 
estimated at costing over R5 billion com
pared to the initial R2,5 billion estimate. 

Details of Authors 
DOOGE GR 

B.Eng.(Mech) (Pretoria) 
Engineer, Non-Grid Electrification, 
Technology Group, Eskom, Private Bag 
40175, Cleveland 2022, South Africa 
Tel.: (011) 6295171 
Fax: (011) 629 5361 
Email: G24495@rvtnfs01.eskom.co.za 

Gareth Dooge joined Eskom's Technol
ogy Research and Investigations (TRI) 
(now known as the Technology Group) 
after graduation in 1991. Between 1991 
and 1994 he worked at TRI as an engineer, 
specialising in fluids and thermody
namics. In 1994, he joined the Technol
ogy Group's Non-Grid Electrification 
section, doing research in the fields of 
micro hydro power and photovoltaic/diesel 
hybrid power supply systems. 

HOLM D 

B.Arch.(Pretoria), M. Arch.(Pretoria), 
D. Arch.(Pretoria) 
Professor and Director of Postgraduate 
Study and Research, Division of Environ
mental Design and Management; University 
of Pretoria, Pretoria 0002, South Africa 
Tel.: (012)4202182 (w); 

083 255 8536 (Cell) 
Email: htjth@cis.co.za 

After graduating from the University of 
Pretoria with a B.Arch. degree in 1960, 
Dietrich (Dieter) Holm undertook several 
study and research tours to Europe, Scan
dinavia, Israel and the U.K. Since 1975 
his interest in energy-effective design of 
buildings and the use of solar energy 
came to the fore. 

Students of architecture at the University 
of Pretoria would have benefited enor
mously from his experiences through his 
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teaching in the Department of design, 
building science, climatic design and his
tory of the environment. He was appointed 
lecturer in the Department in 1967 and Pro
fessor and Head of Department in 1985. He 
is presently Professor and Director of Post
graduate Study and Research at the Univer
sity of Pretoria' s Division ofEnvironmental 
Design and Management. . 

Between 1973 and 1980, Professor Holm 
was on the SABS' Committee for modu
lar coordination, specification of steel 
windows and doors. He was also on the 
Education Advisory Committee of the 
South African Council for Architects. He 
has been external examiner at several 
universities, such as, University of the 
Free State (Design) and University of the 
Witwatersrand (Design and History of 
Building Technology). In 1994 Professor 
Holm received an Eskom Energy Effi
ciency Design A ward for his entry on the 
thermal upgrading through passive solar 
design of former squatter settlements. 

Professor Holm has held prominent posi
tions in several institutions. He was presi
dent of the Solar Energy Society of 
Southern Africa (SESSA), board member 
of the International Solar Energy Society 
(lSES) and recently, director of ISES 
Africa. 

His main expertise lies in the teaching of 
and research into energy-effective build
ings. He was recently featured in the 
SABC TV environment programme, 
50/50, which covered thermal efficiency 
in low cost housing. Professor Holm also 
lectures extensively to specialist and the 
lay public in South Africa and abroad on 
the promotion of energy effectiveness, 
which also forms the main subject of his 
research. He has published widely, both 
locally and internationally. He received 
the Austin Whillier A ward for his book, 
Energy conservation in hot climates. 

Pande's development has been estimated 
at R4 billion. Since another pipeline may 
be necessary for carrying water from 
Maputo, as well as a storage dam at the 
"mineral pipeline's" starting point, the 
final cost could reach RIO billion. 

(Source: Africa Energy & Mining, 
2 April 1997) 

London: Architectural Press, 1983, and is 
the co-author of three other related books. 

He lives in a self-designed energy-auton
omous house. His hobbies include 
playing the violin and ·sketching. One of 
his five children is also an architect and 
an expert in his own right in solar passive 
design. 

LENNON SJ 

B .Sc.(N atal), M.Sc .(Eng,)(Wits), 
Ph.D.(Wits), Senior Management Pro
gramme (Stellenbosch) 
Research Manager, Technology Group, 
Eskom, Private Bag 40175, Cleveland 
2022, South Africa 
Tel.: (011) 629 5051/2 
Fax.: (011) 629 5500 
Email: lennon@tri.eskom.co.za 

Steve Lennon completed a Ph.D. at the 
University of the Witwatersrand on 
research into turbine disc cracking. In 
1986 he joined the Metallic Corrosion 
Group at Eskom's TRI, where he was 
appointed Head of the Corrosion and 
Non-metallic Group. In 1989 he was 
appointed Scientific Investigations Man
ager, making him responsible for the 
chemical, materials and environmental 
tests, investigations and research at 
Eskom. In 1991 Dr Lennon was 
appointed Eskom's Scientific Services 
Manager and in 1993, his present position 
of Research Manager, where he reports to 
the Executive Director (Technology). He 
is also involved in strategic research plan
ning, research project management, the 
technology transfer of research outputs 
and international technical research 
liaison. More recently Dr Lennon has 
become involved with the Southern 
African Electricity Research Network, 
the provision of a Corporate Advisory 
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Service. and research development and 
incident investigation. He also serves on 
the Southern African Power Utility 
Research Advisory Board. He is very 
involved in the establishment of the 
Power Technology Institute where he is 
responsible for industry-wide research 
management and standardisation 
(technical). 

Dr Lennon's interest in environmental 
matters is reflected further in some of the 
offices he has held in the past and currently 
holds. He was past president of the S A 
Corrosion Institute and past chairman of 
the S A Electrolytic Corrosion Committee. 
He is presently the chairman of the 
Energy Use Task Group of the Interde
partmental Coordinating Committee for 
Global Climate Change. 

Dr Lennon is also member of the Council 
for the Environment, the S A Global Cli
mate Change Committee, and the S A 

May 1997 

Delegation to Climate Change Negotia
tions (New York and Geneva). 

He is vice-chairman of the Working 
Group of the National-Science & Tech
nology Forum, and a member of the 
Advisory Committee for National 
Research and Technology Audits and the 
South African Board for the International 
Council of Scientific Unions. 

He has also published widely, locally and 
internationall y. 

STASSEN G 

B.Sc.(RAU), B.Sc. (Hons.)(RAU), 
M.Phil.(RAU), Ph.D.(Pretoria) 
Policy Business Unit, Development Bank 
of Southern Africa, POBox 1234, Half
way House 1685, South Africa 
Tel.: (011) 313 3469 

Fax.: (011) 313 3533 
Email: deons@dbsa.org 

Deon Stassen obtained a Ph.D. from the 
University of Pretoria for research under
taken in the renewable energy policy 
field. In 1986 he joined the Development 
Bank of Southern Africa as an energy project 
leader and is currently attached to the 
Policy Business Unit as a senior policy 
analyst. 

Besides publishing and presenting 
numerous papers on energy research and 
development, mainly in the field of 
renewable energy, Dr Stassen has served 
on several national committees and has 
participated in a number of energy policy 
initiatives at the national level. He is also 
the current chairperson of the Solar 
Energy Society of Southern Africa. 
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Forthcoming energy and energy-related 
conferences: 1997/1998 

1997 

SEPTEMBER 1997 

1 - 3 
LIGHTING IN DEVELOPING COUN
TRIES Durban, South Africa 

Enquiries: Angie Vermeulen 
P.R. & Event Management Specialists 
t/aPROFS 
POBox 2529, Bedfordview 2008, 
South Africa 

Tel.: +27 (11) 622 2176 
Fax.: +27 (11) 622 5579 
Email: durex@icon.co.za 

1998 

MAY 1998 

24-26 . 
EFFICIENT ENERGY UTILISATION 
AND MANAGEMENT: A SEMINAR 
Johannesburg, South Africa 

Enquiries: Rhona CampbelV 
Pam Rooney, J H Isaacs Group, 
POBox 5575, Johannesburg 2000, 
South Africa 

Tel.: +27 (11) 28 1066 

70 

SEPTEMBER 1998 

13-18 
11 TH WORLD CLEAN AIR CON
GRESS AND ENVIRONMENTAL 
EXPOSITION Durban, South Africa 

Theme: Interface between developing 
and developed countries 

Enquiries: Congress Secretariat, Mrs 
Ammie Wissing, POBox 36782, Menlo 
Park, Pretoria 0102, South Africa 

Tel./Fax.: +27 (12) 46 0170 

16-19 
SOUTH AFRICAN TRANSPORT 
CONFERENCE Johannesburg, South 
Africa 

Theme: Transport policy: Vision to 
reality 

Enquiries: Conference Planners, 
POBox 82, Irene 1675, South Africa 

Tel.: +27 (12) 63 1681 (Cilla Taylor) 
Fax.: +27 (12) 63 1680 
Email: confplan@iafrica.com 

21-25 
CODATU VIII Cape Town, South Africa 

Theme: Urban transportation policy: A 
sustainable development tool 

Enquiries: CODATU VIII - Scientific 
Committee, 
9/11 Av. de Villars 75007 
Paris, France 

Fax: +33 (1) 44187804 
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JOURNAL OF ENERGY IN SOUTHERN AFRICA 
INFORMATION FOR AUTHORS 

Contributions to the Journal of Energy in Southern 
Africa from those working in the energy field are 
welcomed. 

1. All contributions should be submitted in 
English. 

2. Only original work will be accepted and 
copyright in published papers will be vested in 
the publisher. 

3. The suggested length for articles and research 
notes is 2 500 to 5 000 words, and for book 
reviews, approximately 1 000 words. 

4. The contribution and references should be 
typed with a wide left-hand margin and 
single-sided using one of the available word 
processor packages listed at the end. The 
name and version of the word processor 
package used must be indicated on the disk. 
Illustrations, photographs and diagrams 
should be submitted on separate sheets. 

5. Tables should be numbered consecutively in 
Arabic numerals and given a suitable caption. 

6. All graphs, diagrams and other drawings 
should be referred to as Figures. These should 
be numbered consecutively in Arabic 
numerals and placed on separate sheets at 
the end of the contribution. Their position 
should be indicated in the text. All illustrations 
must have captions, which should be typed on 
a separate sheet. Graphs, diagrams, etc. 
should be printed with a laser printer, using the 
high quality option. If possible, all graphs 
should be produced with Harvard Graphics, 
Quattro Pro or Lotus123. 

7. The Journal uses the numeric system of 
referencing, where a number, in superscript, 
indicates the reference, as shown below: 

Louw (2) states that ... 

Full references for books and journals must 
appear at the end of the article in numerical 
sequence. For references to books, all 
relevant information should be provided: that 
is, author(s) surname and initial(s), full title 
(and sub-title, where applicable), edition, 
place of publication, publisher, and date. For 
conference proceedings, the date, the full title 
of the conference and the place where the 
conference was held must also be specified. 
For journal references, the author(s) surname 
and initial(s) must be provided, full title and 
sub-title (if applicable) of the article, title of 
the journal, date, volume number, part, and 
pagination. Numbers identifying all references 
at the end of the contribution should be 
enclosed in brackets. 

8. Standard international (SI) units must be used. 

9. All mathematical expressions should be 
type-written. Greek letters and other symbols 
not available on the typewriter should be 
carefully inserted in ink. Numbers identifying 
mathematical expressions should be 
enclosed in parentheses. A list of symbols 
marked for the use of the Production Editor, if 
not included in the body of the text, should 
accompany the contribution on a separate 
page. A nomenclature defining symbols must 
be included, where applicable. All tables and 
mathematical expressions should be 

arranged in such a way that they fit into a 
single column when set in type. All table 
columns should have an explanatory heading. 
Equations that might extend beyond the width 
of one column should be rephrased to go on 
two or more lines within the column width. 

10. Line drawings (not photocopies) and 
accompanying lettering should be of sufficient 
size to allow for reduction if necessary. 
Photographs of equipment must be glossy 
prints and should be used sparingly. 

11. The body of the contribution should be 
preceded by an abstract not exceeding 500 
words, which should be a resume of its 
essential contents, including the conclusions. 
Below the abstract, a maximum of six 
keywords should be included which reflect the 
entries the author(s) would like to see in an 
index. The keywords may consist of more than 
one word each, but the entire concept should 
not be more than 30 characters long, including 
spaces. 

12. No contribution or figures will be returned 
following publication unless requested by the 
author(s) at the time of original submission. 

13. In a covering letter, the author(s) must state 
that the contribution has not been published 
or is being considered for publication 
elsewhere, and will not be submitted for 
publication elsewhere unless rejected by the 
Journal of Energy in Southern Africa or 
withdrawn by the author(s). 

14. Authors must supply the following personal 
information: surname, initials, ·address, 
qualifications, occupation and/or employment 
for the Details of Authors section of the 
Journal. 

15. Authors whose contributions are accepted for 
publication will receive 3 free copies of the 
issue in which their contribution appears. 

16. Neither the Editorial Committee nor the 
Publisher accept responsibility for the 
opinions or viewpoints expressed, or for the 
correctness of facts and figures. 

17. The Editorial Committee reserves the right to 
make editorial changes to all contributions. 

18. All contributions and enquiries should be 
addressed to: Production Editor, Journal of 
Energy in Southern Africa, Energy Research 
Institute, University of Cape Town, POBox 
207, Plumstead 7801, South Africa. 

Contributions may be submitted in one of the 
following formats: (1) on a 51/4 inch floppy disk; 
(2) on a 31/4 inch disk (stiffy), (3) via e-mail to the 
following email address: 

yvonne@eri.uct.ac.za 

Use should be made of one of the following 
preferred word processor packages: 

Microsoft Word (MS Word) 
Wordperfect 
XyWrite 

If any other word processing package is used, 
other than those listed above, the file should 
submitted in ASCII format. 

The disks must be adequately packed for postage. 
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"Change in South Africa 

"VIrou't only be deter.uined bV 

bow :much e n e .. 9 y vve have, 

but ho'VV 1IV'eil -"we use it . " 

If you are familiar w-ith the enormous electrification programme being conducted 

by Eskom together w-ith our partners in industry, commerce, and the smallest of 

communities, you'll understand w-hy the energy w-e are most proud of, is the energy 

w-e are helping to generate in individuals everyw-here . By reaching out to the far 

corners of our country, Eskom is helping to provide people w-ith an outlet and an 

w-ays that w-i1l have an impact far beyond the borders ~ 
oppor t unity to channel their energy in undiscovered 

of their ow-n community . It's the ingredient that w-ill 

help our energetic nation enjoy a w-onderful future . 

ESKOM 
Let's D1ske the D10st of our e n erg i e s 
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