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ABSTRACT

In the early 1990s, about two-thirds of South Africans were without eectricity,
reying on dirtier and less convenient fud such as cod. As a result, urban ar is
severdy degraded, with hedth guiddines for concentration of particulate materids
being exceeded. Eskom dominates the eectricity market of sub-Saharan Africa
generates about 95% of South Africas dectricity. Electricity generation has been
showing an upward trend in South Africa, with an incresse of approximatdy 40%
between 1990 and 2000. More than 85% of the coal produced in the country is used to
generate eectricity. Energy prices in the country do not reflect the impact of pollution
and other externdities, and hence undermine investment decisons that could favour
less polluting technologies.

The study will invedigate factors determining the demand of energy in the dectricity
sub-sector and evaluate the man environmental issues associated with dectricity
production in the country. The research will dso investigate possble long run shifts in
production technology.

EXECUTIVE SUMMARY

Introduction

The issue of the rdaionship between trade, sudtainable development and the
environment has gained momentum over the last couple of decades, especidly with
the globad dimaic changes and massve environmenta degradation that have been
occurring over a long period of time. Energy environmenta issues in South Africa, as
in many pats of the world, have to do with amospheric pollution caused by the
burning of fossl fuels. As a sgnatory to the Kyoto protocol on climate change, South
Africais committed to the reduction of greenhouse gases.

Eskom, the state-owned energy utility of South Africa, began as the Electricity Supply
Commisson in 1923, and is now one of the largest utilities in the world. Eskom
dominates the dectricity market of sub-Saharan Africa, generating about two thirds of
the eectricity produced on the African continent.

What isthe problem under investigation?

The production, trandformation and use of energy generate substantia environmenta
impacts in South Africa In the country, the cod fud cycle is the dominant source of
ar pollution and overall waste generation. Cod mining, processng and converson
into power have various adverse effects on the environment, ranging from direct
hedth hazards, to accidents, ecosystem disruptions, and air and water pollution. The
buning of cod redeases lage quantities of sulphur dioxide, nitrogen oxide,
particulates and carbon dioxide into the air, which damages the ozone layer.

With the advent of the Kyoto Protocol, the globa trend has been a movement away
from the buning of fossl fuds (cod, oil, gas) so as to reduce the emisson of
greenhouse gases and decrease globad warming. The objective of the UNFCCC is to
dabilise greenhouse gas concentrations to levels that would prevent dangerous
anthropogenic (human induced) interference with the climate change system.



Cod is the main fud produced and consumed in South Africa, with more than 85% of
the cod produced being used to generate ectricity. Cod is aso used by other sectors
incduding gold mining, the cement indudry, the brick ad tile indudry, the
metallurgica industry and for domestic use as a source of energy.

Concarns for the environment can however collide with goas for expanding
economic activities in a country like South Africaa  Cabon dioxide emissons ae
closdly reaed to economic growth, indudridization and overal energy consumption.
Until the last decade, the advanced countries were the largest contributors to the
carbon dioxide emissons.

The study will therefore investigate factors determining the demand of energy in the
eectricity sub-sector and evaduate the man environmenta issues associated with
eectricity production in the country. The research will dso invedigate possble long
run shiftsin production technology.

Electricity Trade

Up to two-thirds of the dectricity generated in South Africa goes to parts of the
continent. Exports are showing an increasing trend, reaching a pesk in 1997, before
dropping a little. They have been congant since. Imports started picking up in 1998
and are expected to continue in light of Southern African Power Pool (SAPP), which
was established in 1995 with a view to cooperation in terms of eectricity generation
and digribution within the SADC region. Most of the exported dectricity goes to
Botswana, Lesotho, Mozambique, Namibia, Swaziland and Zimbabwe. South Africa
has along higtory of active trade in dectricity with its neighbours.

The environmental impact of Eskom’s electricity production and trade

South Africa ranked 14™ out of 170 countries on a cumulative aggregate tonnage of
CO, emissons for the period 1950-1995, and ranked 22 out of the same number of
countries in terms of energy consumption per unit GDP. One of the reasons for such a
high-energy intengity is the country’ s reliance on therma power.

There was an annud increase in Green House Gas (GHG) emissons during 1993 to
2000. This can be attributed to an increase in the amount of cod burnt during the
eectricity production process. The high volume of waer used during dectricity
production is attributed to the wet cooling system. Dry-cooled power dations use
relatively less water than wet-cooled ones but emit more particulates.

Alternative Energy Sources

With the advent of the Kyoto Protocol, South Africa is under pressure to consder
other forms of energy, besdes therma cod-fired energy, which are less harmful to
the environment. The South Africen Bulk Renewable Energy Generdion (SABRE-
Gen) research programme was initiated in 1998 by Eskom with a view to evduating
the feeshility of mult-MW, grid connected generation systems and to determine
whether they could provide viable solutions to South Africa’s future dectricity needs.
The long term energy demand in South Africa is driven by rapid urbanisation and the
growth of energy intengve indudries. Coupled with growing export demands, this
places pressure on South Africa to seek more environmentdly friendly sources of
energy. SABRE-Gen, is focused on the adoption of multi-megawait renewable-energy



generdting technologies. There are many forms of renewable energy sources, namey
solar energy, wind energy, wave energy, tidd energy, biomass, geothermd energy
and hydro power. However the most likely sources of economical, efficient and safe
energy at present are solar, nuclear, micro-hydro and wind.

The Research Programme

The implications of energy trade and sectora trandformation on the environment is
largdy unexplored teritory in South Africa This research ams to investigate the
forces driving pollution emissons in the country and assess the implication of shifting
from therma eectricity generation source to ancther, in particular, the nuclear energy
option. This will enable us to determine the implications for policy formulation and
implementation. The following are some of the model s to be developed in this study:

1 The fird modd will rdate varidions in per cgpita emissons of different
pollutants to key indicators of the weight of different energy types in the
country’s energy sysems. In the process, we will determine whether
nucleer power has a role to play in reducing pollutants emissons in the
country.

2 The second will be a modd of emissons linking four key varigbles as
indruments to achieving reductions in greenhouse gas emissions.

The sudy will andyse the driving factors of energy-related carbon and other emission
patterns using the “ Kaya ldentity” decomposition format.
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1. INTRODUCTION

The issue of the rdationship between trade, sudtainable development and the
environment has ganed momentum over the last couple of decades, especidly with
the globd dimaic changes and massve environmenta degradation that have been
occurring over a long period of time. This has led to the polarisation of relations
between North and South, government and civil society, trade and environment (Law
& McDaid: 2001). In December 1997, more than 160 nations met in Kyoto, Japan, to
bind themselves to limit the emissions of greenhouse gases for the developed nations,
pursuant to the objectives of the United Nations Framework Convention on Climate
Change (UNFCCC) of 1992. The result of the meeting was the Kyoto Protocol, in
which the developed nations agreed to limit their greenhouse gas emissons, relative
to the levels emitted in 1990. Energy environmental issues in South Africa, as in the
ret of the world, have to do with amospheric pollution caused by the burning of
fossl fuds. As a dsignatory to the Kyoto protocol on climate change, South Africa is
committed to the reduction of greenhouse gases.

2. INDUSTRY BACKGROUND

Eskom, the dtate-owned energy utility of South Africa, began as the Electricity Supply
Commisson in 1923, and is now one of the largest utilities in the world. Eskom
dominates the eectricity market of sub-Saharan Africa, generating about two thirds of
the dectricity produced on the African continent, even though South Africa accounts
for just 4% of the continent's land mass and 8% of the population. It generates about
95% of South Africds dectricity, with private generators and municipdities
producing the remainder between them.

With a production cost of 2 cents per kilowatt-hour, Eskom is one of the lowest-cost
producers of eectricity in the world. The company operates 20 power stations with a
generating capacity of 35200 MW. Nomind generating capacity for the company is
39,154 MWe, with generating cepacity of 4,201 MWe currently mothballed
(USDOE:2002). In 1998 Eskom generated about 192.0 billion kilowatt hours of
eectricity, of which 176.8 bkwh was thermal, 13.6 nucler and 1.6 hydrodectric.
Electricity generation has been showing an upward trend in South Africa, with an
increase of approximately 40% between 1990 and 2000.

Table 1: Electricity Generation and Consumption in South Africa, 1990-2000
(in billion kWhr)

1990 | 1991 | 1992 [ 1993 | 1994 | 1995 [ 1996 | 1997 | 1998 | 1999 | 2000
Net Generation 2476 | 256.2 | 2473 | 2584 | 2723 | 2884 | 297.1 | 324.6 | 3220 | 320.2 | 326.1
Hydroelectric 10 20 0.8 0.1 11 05 13 21 16 0.7 13
Nuclear 84 9.1 9.3 7.3 9.7 113 [ 118 [126 [ 136 [ 128 | 130
geo/solar/wind/biomas | n/a n/a n/a N/a N/a n/a N/a n/a n/a n/a n/a
Conventional Thermal | 1466 | 1478 | 1471 | 1559 | 160.0 | 164.2 | 1739 | 1811 | 1765 | 173.3 | 180.0
Net Consumption 1438 | 146.1 | 1446 | 1494 | 156.2 | 1609 | 1683 | 1756 | 1758 | 1760 | 1815
Imports 0.3 0.3 0.3 0.1 0.1 0.1 0.0 0.0 26 6.7 5.3
Exports 16 19 18 26 2.6 30 5.6 6.6 51 45 4.5

Source: DOE/EIA
n/a - not applicable ; generation components may not add to total due to rounding.
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Among Eskom’'s domedtic customers are commercid farmers, a large number of
resdentid consumers, locd municipd authorities who didribute to consumers within
their boundaries, manufacturing and mining industries. Manufacturing is the largest
consumer of dectricity in South Africa, accounting for 44% of consumption. Mining
and residentiad customers each account for 18% of demand, with another 9% going to
commercid cusomers. Resdentid consumption is experiencing the fastest growth
due to the ocountry's success with rurd dectrification. Having more resdentid
consumers connected to the grid has in turn heightened demand during pesk periods
and has had the biggest effect on the shape of the country’ s load profile.

In the early 1990s, about two-thirds of South Africans were without dectricity. The
dtuation varied dgnificantly from region to region; whereas about 80% of households
in the Gauteng Province had access to dectricity, under 20% of households in parts of
Kwazulu Nata were connected. Van Horen, Eberhard, Trollip and Thorne (1993)
atribute the variation in dectrification to the politics of the country. They suggest that
the high levd of inequdity which characterises the South African political economy is
reflected in the country’s petterns of energy use and consequent environmenta
impects. In spite of the dgnificant overcgpacity of the nationd dectricity grid, two-
thirds of households do not have access to dectricity, and rey on dirtier and less
convenient fud such as cod. As a reault, urban ar is severdy degraded, with hedlth
guiddines for concentration of particulate materials being exceeded. Adverse effects
on resdent’s hedth have been observed. On the whole, the impacts of nationd
eectrification initistives are likely to be pogtive, dthough a complete switch to
electricity may not occur immediately.

It is the policy of the government to extend the benefit of dectrification as rapidly as
possble. The am was to dectrify some 245 million households in the country
between 1994 and 2000, raising the rate of eectrification from 36% to 72%. In order
to meet this objective, an annua connection rate of 450,000 homes through 1999 was
required. The rate of connections was expected to decline after the year 2000 such
that by the year 2012, about 79% connection was expected to be achieved.

Table 2: Eskom’selectrification plans

Y ear 1994 1995 1996 1997 1998 1999 2000
New connections(000) 254 300 300 300 300 300
270

Operating cost(Rm) 260 308 375 430 479 495 523
Operating cost/

customer/month(R) 28 23 21 20 19 17 16
Capitd (Rm) 885 1008 945 828 719 690 621

Capita cost/connection(R) 3484 3360 3151 2761 2396 2300 2300
Sdes/customer/month(kwWh) 80 81 89 96 104 111 114

Source |EA (1996)
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Edtimates of the totd cost of the dectrification programme ranges from R12 hillion to
R14 billion. It is expected that most of this will be provided by the industry assuming
a limited degree of cross-subgdization. The substantid subsdies which exig in South
Africa not only drain the economy but dso negdively affect the environment. The
impact of which will be the focus of the study.

By ensuring that energy prices fal to reflect the impact of pollution and other
externdities, they undermine invesment decisons that could favour less polluting
technologies.

3. THE ENERGY SECTOR AND THE ENVIRONMENT IN
SOUTH AFRICA

The production, trandformation and use of energy generate substantia environmenta
impacts in South Africa In the country, the cod fud cycle is the dominant source of
ar pollution and overdl waste generation. Liquid fuels in the transport sector are the
second mgor source of ar pollution whereas in the rurd areas the mgor pollution
relaed problem among households is rdated to indoor pollution resulting from the
inefficient burning of low qudity fuds, manly wood and cod which affect hedth and
vighility adversdly.

Cod mining, processng and conversion into power have various adverse effects on
the environment, ranging from direct hedth hazards, to accidents, ecosystem
disruptions, and air and water pollution (TIPS: 1999). The burning of cod releases
large quantities of sulphur dioxide, nitrogen oxide, particulates and carbon dioxide
into the air which damages the ozone layer.

With the advent of the Kyoto Protocol, the globa trend has been a movement away
from the burning of fossl fuds (cod, oil, gas) s0 as to reduce the emisson of
greenhouse gases and decrease globad warming. The objective of the UNFCCC is to
dabilise greenhouse gas concentrations to levels that would prevent dangerous
anthropogenic  (human induced) interference with the climate change sysem. South
Africa is dasdfied as a nonannex 1 dgnatory to the Convention, tha is as a
developing country it is not subject to the same commitmerts as developed countries.
One of the main obligations placed on developed countries, such as the USA, EU 15,
Austraia, and Canada, is to reduce their greenhouse gases (GHGs) to an average level
of 5% below the 1990 leves by 2012. The first three greenhouse gases are carbon
dioxide (CO2), Methane (CH4) and Nitrous Oxide (N20) (USDOE: 2002).
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Table 3 Fossil Fud-rdated Carbon Dioxide Emissionsin South Africa, 1990-2000
(in millions of metric tons of carbon)

Component | 1990 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 1998 1999 2000
CO, — 9385 | 6967 | 6975 | 71.36 | 7119 | 7819 | 7348 | 8974 | 9423 | 8562 | 86.12
Coal

CO, —| 0.00 000 (002 |09 |104 |104 |098 | 0% 0.85 0.82 0.82
Natural gas

Co, —| 1493 1596 | 1643 | 1611 | 1625 | 1652 | 16.85 | 16.39 17.46 1834 | 1891
Petroleum

Total CO, | 108.79 | 8563 | 86.20 | 8843 | 8348 | 95.75 | 91.31 | 107.09 | 11254 | 104.79 | 105.85
Fossil fuels

Source: DOE/EIA
note: components may not add to total due to rounding

Table 3 aove shows tha burning cod releases the highest amount of carbon dioxide
reltive to other fossl fuels. Although there was a decrease in cod-related carbon
dioxide emissons between 1991 and 1997 before pesking in 1998 and dropping again
in 1999 and 2000, the levels are il rdatively high in internationd terms.

Table 4: Coal Production and Consumption in South Africa, 1990-2000 (in
millions of short tons)

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
Production 24758 | 256.20 | 247.28 | 25841 | 272.30 | 28839 | 297.12 | 324.56 | 322.00 | 320.15 | 326.08
Anthracite 6.05 4.90 6.08 5.72 4.45 3.60 3.92 441 290 2.72 341
Bituminous 24153 | 251.29 | 241.20 | 25269 | 267.85 | 284.79 | 29320 | 320.14 | 319.10 | 31744 | 322.67
Lignite n/a N/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
Consumption 19348 | 153.13 | 15179 | 15623 | 15809 | 172.83 | 16571 | 17813 | 186.99 | 174.62 | 176.30

Source: DOE/EIA
n/a - not applicable

South Africa is regarded as a compardively energy and carbon intensive country in
relation to other African countries as well as rdative to many developed countries. Of
the tota energy consumption in 1998, 78% was from cod. This shows a high reliance
on a highly carborrintendve fossl fud with negative impacts on the environment
(EIA: 2001). Table 4 shows the total amount of coa produced and consumed in South
Africa between 1990 and 2000. As shown in the table, cod is the main fue produced
and consumed in South Africa, with more than 85% of the cod produced being used
to generate dectricity. Cod is dso used by other sectors including gold mining, the
cement indudry, the brick and tile indugtry, the metdlurgicd industry and for
domestic use as a source of energy.

South African cod is in demand, making the country the second largest cod exporter
in the world after Audtrdia and the second bwest-cost producer behind Indonesia. Up
to 60% of the coa exported goes to the European export market. Countries aong the
Pecific Rim buy the remainder (USDOE: 2002). The cod industry generaied sdes in
1998 of US$3 hillion, contributing 16.5% of South Africa's minerad exports and 4.3%
of the GDP. This makes cod the country's second largest foreign exchange earner
after gold. As shown in Table 4, Bituminous cod production is higher than the other
types and remains South Africads man export cod, with anthracite having to be
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imported, due to diminishing reserves. The latter type of cod has a low ash content
which makesit dtractive in terms of the environment.

While South Africa has congderably reduced particulates emisson from power plants
over the past decades, the country’s sulphur dioxide and nitrogen oxide levels are
consderably higher than those of any other country in the African continent. South
Africa produces one-third of Africals totd energy-related carbon dioxide emissons
though the country produces less than 1.5% of the globd totd. As a smple function
of increesed energy use aone, pollution levels may grow rapidly over the next few
decades despite improving efficiency and enhanced production techniques.

Concerns for the environment can however collide with gods for expanding
economic activities in a country like South Africa Carbon dioxide emissons are
closly related to economic growth, industridization and overdl energy consumption.
Until the last decade, the advanced countries were the largest contributors to the
cabon dioxide emissons In due recognition of this, policies and ingruments for
reducing carbon dioxide emissons were ingdtituted in severa advanced indudtridised
countries resulting in their share of carbon dioxide emissons declining. Since 1991,
the deveoping countries have been respongble for more than 50% of the world's
cabon dioxide emissons. This share is expected to increase with greater
indudtridisation and increased energy use per capita that accompanies the process.

The ability of developing countries, like South Africa, to respond to concerns about
climate change are complicated by the fact that a greater mgority of South Africans
need to increase ther living standards and this may depend on increased energy use
per capita and this may depend on increased reliance on fossl and other solid fud like
woods which have large carbon dioxide emissons.

In order to implement policies that can benefit both devdopment and the
environment, it is important to understand the various subcomponents of the process
causing the increase in carbon dioxide emissons as well as the trends in fud mix due
to the positive correlation between energy use and living sandards.

4. ELECTRCITY TRADE

Up to two-thirds of the dectricity generated in South Africa goes to pats of the
continent. Exports are showing an increasing trend, reaching a pesk in 1997, before
dropping a little. They have been congant since. Imports started picking up in 1998
and are expected to continue in light of Southern African Power Pool (SAPP), which
was established in 1995 with a view to cooperation in terms of eectricity generation
and digribution within the SADC region. Most of the exported dectricity goes to
Botswana, Lesotho, Mozambique, Namibia, Swaziland and Zimbabwe. South Africa
has a long higory of active trade in dectricity with its neighbours. In 1999, Eskom
exported 1 564 GWh to Lesotho, | 564 GWh to Zimbabwe, 934 GWh to Botswana,
562 GWh Namibia and 68 GWh to Mozambique. Electricity export sdes from South
Africaincreased by more than 100% between 1990 and 2000 (EIA: 2001).
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5. ALTERNATIVE ENERGY SOURCES

With the advent of the Kyoto Protocol, South Africa is under pressure to consder
other forms of energy, besdes therma cod-fired energy, which are less hamful to
the environment. The South Africen Bulk Renewable Energy Generation (SABRE-
Gen) research programme was initiated in 1998 by Eskom with a view to evaduating
the feaghility of mult-MW, grid connected generation systems and to determine
whether they could provide viable solutions to South Africa’s future dectricity needs.
The long term energy demand in South Africa is driven by rapid urbanisation and the
growth of energy intensve indudtries. Coupled with growing export demands, this
places pressure on South Africa to seek more environmentdly friendly sources of
energy. SABRE-Gen, is focused on the adoption of multi-megawait renewable-energy
generating technologies (Gordon: 2002). There are many forms of renewable energy
sources, namdy solar energy, wind energy, wave energy, tidd energy, biomass,
geotherma energy and hydro power. However the most likely sources of economicdl,
efficient and safe energy at present are solar, nuclear, micro-hydro and wind.

5.1 Nuclear

South Africa is presently the only country in Africa that has a commercid nuclear
power plant. The Koeberg Nuclear Power Plant, operated by Eskom, is located near
Cape Town and was commissioned in 1984. Koeberg accounts for about 7% of South
Africas dectricity generation. The plant utilizes pressurized-water reactor (PWR)
technology and has a licensed generating capacity of 1,840 MWe. The Nationd
Nuclear Regulator is the government agency responsible for overseeing South Africas
nuclear industry. The primary objective of the agency is worker and public safety, and
its control extends over inddlaion safety, fue, radioactive waste, and the mining and
processing of uranium.

Eskom is in the process of developing and testing a nuclear reactor for distributed
goplications. The pebble-bed modular reector (PBMR) is a rdativdy smdl (110
MWe) nucler power dation, utilisng helium coolant, a grgphite moderator, and
ceramic fud pelets, which alow the reactor to operate a higher temperatures,
thereby increasng its efficiency. The PBMR theoreticdly dso creates less spent fud
than PWRs like Koeberg. There have been edtimates that the technology could result
in a USH3 hillion industry. A hdf-scale mode of Eskom's PBMR is operating d the
Kurchatov Ingtitute in Moscow.

Law & McDaid (2001) look at the role of the proposed Pebble-Bed Modular Reactor
(PBMR) in the susainable development of South Africa They contend that sSince
there is not enough demand for PBMRs in South Africa, the key vaidble in the
equation is the export market. Eskom’s long term demand projections are banking on
a switch to nuclear power as a way of moving away from fossl fud-dependent
energy. However there are arguments that subgtituting nuclear for thermd is as good
as subgtituting one environmental problem with another. There is strong oppodtion
from environmenta lobbies in South Africa to the development of another nuclear
plant. Critics are ds0 questioning both the practicdity and overdl expense of the
PBMR project (snce South Africa currently has excess generating capacity), and that
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there is no market for the reactors given South Africas rich reserves of cod, abundant
wind and solar resources, and recent discoveries of offshore natural gas deposts.

Among the benefits of nudear energy, Robinson (nd) lists the following:

1) it is environmentdly friendly- does not produce greenhouse gases like cod, oil
and naturd gas

2) it is chesp — this owes to large supplies of uranium and the dability of nuclear
energy prices. Qil pricesfluctuate dl thetime

3) it is sofe — few deaths have been directly linked to nuclear energy use — as
compared to desths from coa mining and oil well exploration.

4) Nucler waste products are sealed and confined for permanent storage or until
reprocessing — wade paticles from fossl fuds are reeased directly into the
atmosphere

5) The volume of waste from nuclear energy is reativey smdl compared to fossl
fuds

Stoppard (2000) on the other hand argues againgt the use of nuclear technology with
specific reference to the South African context for the following reasons.

1) It produces a lot of dangerous radioactive waste. This is supported by Law and
McDaid (2001) who contend that nuclear energy generates up to 4 to 5 times
more greenhouse gas than renewable technologies over itsfull life cycle

2) ovr and &ove radio active waste, nuclear dations dso release low,
intermediate and high-level solid and liquid waste.

3) the capitd outlay required for a nuclear power plant can run into hbillions of
rands, meking the initid investment much higher for a nudear power plant
than for any other kind of power plant

4) the projected job creation and foreign currency earnings are speculative and
cannot be guaranteed

5) nudear plantsin developing counties are seen as ‘white elephants’.
the projects usudly span long periods of time before operations can Sart

5.2 Hydroelectric Power

South Africa has a grest potentid for renewable energy with 10% of its current
primary energy supply consdered to be renewable. The South African government
fully supports efforts amed a developing renewable energy technologies both on a
gndl and large—scale application. The Orange river that flows westward into the
Atlantic ocean and the Limpopo river flowing eastward into the Indian ocean form the
two mgor river sytems in South Africa There are many other smal rivers and
tributaries which dlow the congruction of dams for water conservation. This makes
possible the application of micro-hydro sysems. There is an estimated 6000 to 8000
potential dtes for smal hydro projects with a capacity of about 100Mwe, most of
them located in KwaZulu Natal and the Eastern Cape. The largest hydrodectric power
plant in South Africa is the Drakensberg Pumped- Storage Facility, which is pat of a
larger scheme of water management bringing water into the Vad watershed from the
Tugda River. It is a 1,000 Mwe facility. The second-largest pumped-storage
hydroelectric power plant islocated on the Palmiet River not far from Cape Town.
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5.3 Solar Energy

Eskom has proposed the launch of a solar dish engine sysem. The solar dishengine
gysdems ae sad to convet sunlight into eectricity a higher effidencies than any
other solar technology (Gordon: 2002). Solar energy is considered idea because it is
chegp and environmentdly friendly. Most areas in South Africa recelve an average of
more than 2,500 hours of sunshine per year. Solar radiation levels range between 4.5
and 6.5 kilowathours (kWh) per square meter, on average, every day. A solar
equipment indudry is taking off with a number of companies involved in
manufacturing solar weater-heaters. The solar part of the SABRE-Gen program, the
SABRE-Gen Solar Thermd Project, is evauding the potentid for usng solar for
eectricity generation, for both grid-connected and off-grid applications. South Africa
has the potentid to produce the lowest cost solar dectricity in the world. In November
1998, Shel Solar South Africa and Eskom began a multi-million dollar project to
supply solar energy to 50,000 low cost housing units. These two companies will
provide the infrastructure, while the communities will establish various ventures for
supply and maintenance. As of the end of 2000, the joint venture has ingalled 6,000
sola home systems, bringing dectricity to an estimated 30,000 people in the area. To
make the systems affordable for residents, the joint venture is charging customers $10
amonth rather than billing customers for the cost and ingdlation of the units.

54 Wind Energy

The fird experimentd wind-energy farm is under condruction a Klipheuwe in the
Wegsern Cape. Wind energy has grown enormousy worldwide and can be a
competitive source if the wind cogt premium is reduced. Generating dectricity from
wind requires the same principle as used in windmills, except the use of a generaor.
The advantages of using wind energy are that it is chegper than other forms, it is safe,
saves energy and coexists peacefully with wild life and other naturd resources. South
Africa does not yet commercidly generate eectricity from wind power. The
government is currently looking into wind farms as a means of addressng pesk loads
on the nationd dectricity grid. Current uses of wind power include about 300,000
wind pumps for livestock and community weater use.

5.5 Biomass

The man northydro renewable energy source in South Africa is biomass. One-third
of the populaion depends on firewood for their household hesting and cooking needs.
Firewood collected from forests as wel as waste from sugar and lumber processing
are the man supplies. There are five rdaivey smdl power dations in South Africa
that use process waste (bagasse) mixed with cod as fud. These are adl cogeneration
fecilities located a the sugar mills, and produce steam and dectricity for captive use
by those sugar mills they produce about 0.2% of the eectricity consumed in South
Africa
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6. ESKOM’SENVIRONMENTAL POLICY

The White Paper on Energy Policy for South Africa, points out that South Africa is
blessed with an abundance of natural resources such as cod and that it will continue
to use cod in the long tem, whilsg exploring diverse energy options. The
commitments placed on the developed countries in terms of the Kyoto Protocol have a
direct impact on the South African economy in terms of the coa export market, and
thus an effect on the job market dependant on the coa industry. Developing countries
ae more vulnerable to climate change because of limited infradructure messures.
Typica impacts for South Africa of burning fossil fudsindude:

* “ The migration of diseases that thrive in warmer dlimates, such as maaria
and ydlow fever with the expanson of mosguitoes and other disease-carrying
organians

» Eroson of beaches and coastd wetlands, and increased vulnerability of
coadd aress to flooding from storm surges and intense rainfdl due to riang
saleves

* Intengfication of the water cycle will produce more severe drought in some
places and floods in others. Africa's ability to adapt to climate change impacts,
like flooding, is severdy limited by its poor infrastructure, such as dam wadls.
In addition, severe drought will have a knock-on effect on industries and other
activities largely dependent on water

« A wamer climate would reduce flexibility in crop digribution and increase
irrigation demands. Agricultura systems in the developed countries are highly
adaptable and can probably cope without dramétic reductions in yidd. It is the
poorest countries in Africa, dready subject to hunger, that are the most likely
to suffer sgnificant decreases in agricultura productivity ” (Eskom: 1999).

7. THE ENVIRONMENTAL IMPACT OF ESKOM’S
ELECTRICITY PRODUCTION AND TRADE

South Africa participated in and ratified the United Nations Framework Convention
on Climae Change (UNFCCC) in 1998 wherein government delegates, NGOs,
busnesses and civil society bound themsdlves to reducing and sabilisng greenhouse
gas (GHG) emissons bdow leves that would prevent dangerous human-induced
cdimate change. Eskom identified focus arees for immediate atention including: the
devdopment of a dimae change policy; the evaudion of potentid Clean
Development Mechanism (CDM) projects and the adoption of an integrated eectricity
planning, anong other things. Many sudies in the literature find that dangerous gas
emissons cause changes in temperature and precipitation with serious consegquences
for ecosystem functions and huge losses of terrestrial and marine biodiversity.
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Aridification will cause a drinkage of those regions well suited for the country’s
biomes to dmost hdf their current size. Infrastructure damage is dso likely to occur
owing to sealeve rise and the increased threst of storms. Increased hydrology is a
breeding ground for maaria and other water-borne diseases. These effects will feed
into the tourism sector which may be affected by climate change due to a loss of
habitats and biodiversity, and due to changes in temperature, humidity and maaria
risk. The burden of an increased incidence of diseases on dtate hedlthcare expenditure
will be enormous. Consequently, productivity and therefore economic growth are
likely to dedline.

South Africa ranked 14™ out of 170 countries on a cumulative aggregate tonnage of
CO; emissons for the period 1950-1995, and ranked 22 out of the same number of
countries in terms of energy consumption per unit GDP. One of the reasons for such a
high-energy intendty is the country’s reliance on therma power. It can be argued that
in the presence of internationd multilateral agreements such as the Kyoto Protocal,
potentid barriers to trade and restricted access to markets via the application of
environmental sandards as wdl as civil ressance to products on environmenta
grounds, industries could be motivated to use cleaner dectricity, and Eskom might be
compelled to adopt technologies for cleaner energy.

Table 5 indicates mgor emissons and consumables used in the production of
lkilowatt-hour of dectricity. This is an equivdent of usng a 100 wait light bulb for
ten hours or ten 100 wett light bulbs for one hour. The table shows a dight decrease in
the amount of eements used or emitted in the production of 1KW hour of dectricity
from 1999 to 2000 except for Nitrogen dioxide.

Table5: Environmental Implications of Usng 1 KW Hour of Electricity

Element 1999 2000
Water usage 1.25litres 1.21itres
Cod usage 0.5kg 0.49kg
Ash produced 1.34g 130g
Ash emitted 0.37g 0.35g
SO2 Emissions 8.0g 7.950
NO2 Emissons 3.0g 3.569
CO2 Emissons 0.96kg 0.85kg

Source: Adapted from Eskom Environmental Reports 1999 & 2000

Table 6 shows an increase in GHG emissons from 1993 to 2000. This can be
atributed to an increase in the amount of cod burnt during the eectricity production
process. The high volume of water used during eectricity production is attributed to
the wet cooling sysem. Dry-cooled power dtations use relatively less water than wet-
cooled ones but emit more particulates.

In 1998, Eskom’'s cod-fired power stations consumed a tota of 228 759 megalitres
of water from government water schemes to produce 189 307 Gigawatt-hours of

10
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electricity, compared with 223 650 mega-litres of water that was used to produce 154
260 Gigawatt-hours of dectricity in 1993. The mining of cod impacts negaively on
the environment, through the leaching of chemicd subgtances from cod dumps which
might contaminate water (Eskom: 1998). Water pollution dso comes from oil spills
and ash gpills. For ingtance, in 1998 Eskom had eight water-related contraventions of

legidation. There were four ash soills, two ol spills from subgations and  two
underground cable oil spills (Eskom: 1998).

Eskom operates an ar qudity management system with a network of 43 particulate
emissons monitors. The ability to keep track of particulate emissons on a continuous
contributed to a 46% reduction in particulate emissions from 1993 to 2000.

11
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Table 6: Other environmental aspects of Eskom’s activities

Opera| Unit | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000
tions
Electricity Giga | 154260 | 160293 | 164834 | 178855 | 187811 | 183093 | 181818 | 189307
produced by | w-
sations hours
net
Total Giga | 143800 | 149443 | 153547 | 165370 | 172550 | 171454 | 173422 | 178192
eectricity sold | w-
hours
Cod burntin Millio | 759 76.9 794 85.4 90.2 87.2 885 923
power stations | ntons
Water Millio | 223650 | 213220 | 214329 | 215199 | 224754 | 224457 | 226387 | 228759
consumed by | n
power stations | litres
Emissions
from Coal
Fired Power
Stations
Nitrous Oxide | Tons | N/a N/a 1864 2004 2085 | 2031 2010 | 2093
N20
Carbon Millio | 1410 | 1430 | 1470 | 1590 | 1690 | 1630 | 1594 | 161.2
dioxide CO2 n tons
Sulphur Thous | 1134 1167 1198 1295 1382 1583 1506 1505
dioxide SO2 tons
Nitrogen oxide | Thous | 582 582 603 647 688 669 673 674
NO2 tons
Particulate Thous | 1222 | 1220 | 11563 | 1121 | 8343 | 6521 | 67.08 | 66.08
Emissions tons
Ash at Coal
Fired Power
Stations
Ash produced | Millio | 20.9 221 23.0 222 23.7 247 243 24.6
ntons
Ash sales Millio | N/a 0.818 | 0943 | 0995 | 1.117 | 1175 | 1.114 | 1.126
n tons
Koeberg
Nuclear
Power Station
Radiation Millis [ 0.0297 | 0.0005 | 0.0004 | 0.0006 | 0.0006 | 0.0006 | 0.0006 | 0.0005
release (target | ievert
less than | s
0,0025 mSv)
Low levd | Cubic | 100.80 | 85.47 | 73.29 | 109.06 | 10754 | 61.25 | 70.77 | 68.81
waste  (sted | metre
drums) S
Intermediate Cubic | 3765 | 4300 | 2876 | 3569 | 2310 | 2277 | 4121 | 276
level waste metre
(concrete S
drums)

Source: Adapted from Eskom Environmental Reports 1998-2000
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8. STATEMENT OF THE PROBLEM

South Africa, like many other countries, has had a higory of not including al codts,
including externd codts, into the pricing of production inputs and the determination of
national accounts. Such an omission in the past has had digortionary effects and in
the future could potentidly have far reaching implications with regard to achieving
the gods and objectives of sugtainable equitable growth anticipated by the South
African government's Growth, Employment and Redistribution (GEAR) strategy.

The energy sector is centra both to improving societd wel-being as wel as
enhancing economic performance. It has dgnificant impacts upon the macro-
economy, through enhanced or deteriorating production and socid consumption and
productivity, as well as the environment not only in its own right but dso in terms of
the effects of the relationship between the sector and an aray of other sectors which
use energy asasggnificant input.

Effident energy production, relidble avalability and esse of utilisstion in the
industrial, mining and other sectors are crucid to sudained growth in the economy.
In the South African context ‘chegp’ dectricity derived from cod combustion has been
and will continue to be for the foressesble future the preferred option. The
environmentd  impact of the energy production and consumption ‘chain’ is
consderable, in terms of air and water pollution, and associated hedlth hazards.

At macro policy levd pricing and regulaion are two indruments avaladle to guide
practice towards these objectives. However if maximum socid and economic utility is
to be obtaned from these ingdruments then much greater clarity around key issues
needs to be forthcoming.

A new and more specific plan to didribute eectricity was unvelled by the government
in August 1997. Under this plan, South Africa would be divided into five regiond
eectricity digtributors (REDS), which would be joint ventures formed by Eskom
(which dready currently didtributes nearly 60% of the dectricity it generates directly
to end-users) and loca authorities. The REDS would purchase dectricity from
generators (Eskom and independent power producers) on the bass of wholesde
purchase tariffs established by the NER. To hdp finance the REDS, the Electricity
Redtructuring  Inter-departmental Committee  (ERIC), which formulated the REDS
proposa, has suggested that a tax be placed on dectricity charges, this levy would
only last until the dectrification programs are completed.

9. THE RESEARCH PROGRAMME

The implications of energy trade and sectord trandformation on the environment is
largely unexplored territory in South Africa This research proposd ams to
investigate the forces driving pollution emissons in the country and assess the
implication of ghifting from therma dectricity generation source to ancther, in
particular, the nuclear energy option. This will enable us to determine the implications
for palicy formulation and implementation.

13
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10. SPECIFIC OBJECTIVESOF THE STUDY
The study objectives will be as follows:

0] The firgt section of our research will provide a description of the current status
of energy provison and demand in the dectricity sub-sector of the country.

(i) The research will dso investigate factors determining the demand of energy in
the dectricity sub-sector. In the process, we would conduct econometric
andyses and test gppropriate hypotheses on the possble implications of the
sectord reform.

(ii).  The research will determine the main environmenta issues associated with
eectricity production in the country and identify ways of mitigating them. We
will analyse trends in emissons of the key pollutants in terms of their annud
pollution flows, these pollutants being sdected in terms of ther environmenta
rdevance and data avalability. This will laer lead to a decompostion of
factors driving the hitorica trend of the selected environmenta pollutants.

(iv). The research will ds0 invedigate possble long run shifts in production
technology, output level and compostion that may be consequent on these
macroeconomic reforms. South Africa has a specific commitment to limiting
greenhouse gas emissons in terms of the requirements of the agreements of
the Kyoto convention on climatic change. The ressarch will modd key
indicators of energy to ascertain the weght that nuclear, hydro, solar and
theemd energy sources have in the South African energy sysem and in the
process examine the implications of shifts from one energy source to another.

) We would draw gppropriate policy implications from the findings of the study.

11. RESEARCH METHODOLOGY

Data will be collected on various vaiables of interest including those on eectricity-
generding sector output, inputs, pollution, the degree of subgdization and their
potentid influence on the environment. Price and output indices will be cdculated for
the sector. These would asss us to caculate price and income eadticities which
would enable us better understand overal sectoral responses to the proposed
meacroeconomic reform.

12. TESTING FOR UNIT ROOTS AND EVIDENCE OF
COINTEGRATION

Regressions based on levels of variables of interest may produce spurious results. A
valid reason for esimating in firg differences raher than leves is that the variables
included in the regressons may be nondaionay variadles. If each of the variables

14
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possesses a sngle unit root, then firg differencing would render them dationary, and
regresson based on changes in the variables would not exhibit the spurious
correlation problem. Our research will test for unit root tests in the variables included
in our model with a view to determining the order of dationarity and smilarly test for
cointegration among them. Where evidence of cointegration is found, our modd will
employ the technique of error correction in order to arive a the short and long run
solutions to the models specified.

13. SOME OF THE MODELSTO BE DEVELOPED

The energy sector in South Africa has a dgnificant environmental impact a locd,
regiona and globd levels. At the locd levd, the issue of ar pollution in the domegtic
sector is extremely serious, even where dectrification has occurred. In many such
aress, dectricity use remains low, as consumption habits have not dtered. Research
has indicated that suspended particulates and sulphur dioxide in non-eectrified homes
exceeded acceptable levels by a massve margin. Acute respiratory disease is a mgor
cause of child mortdity for African children, a a rate 720 times that of children in
Western Europe. Deforestation in rurd areas is a second environmental problem
arisgng from lack of dectrification.

At a globd levd, the mogt dgnificant environmental impact of the energy sector is
that it contributes haf of South Africas subgantid emissons of greenhouse gases.
South Africa is respongble for 1.5% of the globd totd emissons, the 3rd highest
contributing country on a per capita bass.

Thefollowing are some of the modelsto be developed in this study

1 The fird modd will rdate vaiaions in per cgpita emissons of different
pollutants to key indicators of the weight of different energy types in the country’s
energy sysems. In the process, we will determine whether nuclear power has a role
to play in reducing pollutants emissons in the country. Other dtudies suggest that
nuclear power have played an important role in the reduction of carbon dioxide
emissons in Spain while increased use of therma energy provides the opposite result
(Roca, et d, 2002). Smilar exercises will be carried out to ascertain the role that
hydrodectric and solar energy sources can play in the reduction of greenhouse gas
emissonsin South Africa

2 The second modd will be a modd of emissons linking four key variables as
indruments to achieving reductions in greenhouse gas emissons. Vaious dimate
change policies affect emissons through their effect on one or more of these
vaiadles. In ample dgebraic terms, emissons are a product of total energy use and
emissons per unit of energy. The literature on the demand for energy suggests that
red GDP, the price of energy and an autonomous time trend explan variations in
energy use. A reduced form equation will be formed to enable us generate income
and price dadicities of demand for eectricity energy for South Africa The trend
vaiable represents the compodte influence on energy use of dl nonrandom
variables, other than energy price and real GDP. This trend reflects the influence of
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changes in the gructure of the economy, such as shifts away from the more energy
intengve indudries to less energy intendve ones. It dso reflects the influence of
policy varigbles such as energy consarvation programmes and the adoption of new
technologies encouraged by research and development programmes.  Attempts will be
made to decompose this trend dement by separately examining evidence of structura
breaks in the data and capturing such structural bresks by means of dummy varigbles.
Smilaly, the adoption of new technologies, which are less energy intensve will be
captured by the specification of own dummy variable.

3 Kaya I dentity: Decomposition of Carbon and other pollutant emissions

In many fidds of socid sciences, decompostion techniques ae used to hep
disantangle the impact of various contributing factors.  An andyss of the driving
factors of energy-related carbon and other emisson patterns can provide useful
information for further policy studies on nationad drategies and the use of flexible
ingruments in cdimate policy. This study will introduce the “Kaya Identity” and work
through the four contributing factors or components i.e, carbon/dectricity energy,
electricity energy/GDP, GDP/population and population) over the period for which
data are avallable. For smdl to moderate changes in the Kaya variables between any
two years, the sum of the percentage changes in each of the variables closdy
goproximates the percentage change in the pollutant emisson between these two
years. Kaya identity will be summarised over the 1970 — 2001 period by determining
the factors affecting emissons during 1970-1980, 1981-1993, 1994-2002 periods.

Trandformation within energy, involving changes in pricing and regulatory regimes,
will impact on sectors within the "MEC" which rdy on energy as a dgnificant input.
These same sectors - mining, manufacturing and transport - are the focus of current
trade and indudria policies amed a increesng the growth rate of the economy,
enhancing outward orientation and increesng exports, especidly of manufactures.
These policies are embodied in the Spatid Development Initiatives (SDIs), which are
a s of dealy demarcated regions within which government is actively encouraging
investment projects. Several of these projects - planned or dready initiated - are large
capital-intensgve, and energy-intensve, materias processng plants, so tha the SDI
process, if successful in raisgng the economic growth rate, can be expected aso to
dggnificantly increese the demand for energy, and the rdiance of South African
industry on chegp dectricity.

The firg two ‘Kaya ldentity’ factors therefore, will later be decomposed over five
economic sectors namdy, agriculture, mining, manufacturing, trangport, and services.
The am is to reved the importance of distinct sectora components thet drive
higoricd pollution emisson data. The relaive weight of each factor in the observed
change can provide rdevant information for policy measures. Examples of the use of
this method are contained in Dougher (1999) and Albrecht (2001), among others.
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