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Abstract 

The long-awaited birth of political denwcracy in South Africa in 1994 has led to a 

fundamental re-dsses;,mL'nt of pt1licy in most sectors of society Although the energy sector 

has witnessed a dc,1f shift awa~.- from the self-sufficiency concerns of the apartheid era, to 

more universal gt),1ls of economic efficiency, social equity and t:m·ironmental sustainobility, 

there has, as yet, been very little analysis of problems at the energy-€nvironment interface. 

In this context, this thesis investigates en\'ironmental externalities arising in South Africa's 

energy sector. T\\'tl questions are posed: first and foremost, which environmental problems 

give rise to the !11t)St significant social costs? Secondarily, how helpful is an environmental 

economic analysis in this context? With respect to the first question, it is hypothesised that 

the externaJ costs nrising from two sectors are significant: the electricity generation sector, 

and the low-income, unelectrified household sector. Of these t\vo, it is suggested that 

externalities in the latter are most serious. 

After reviewing the literature l1n externalities and environmental valuation, the thesis 

undertakes an empirical in\·estigation of external costs in both energy sub-sectors. A 

classification system is developed and used to select those externalities in each sector which 

are potentially serious and regarding which there is sufficient information for quantification 

purposes. After reviewing a ·larger number of impacts, data are collected from both 

published and unpublished sources for four environmental externalities in the electricity 

sector, and six in the household sector. 

The results include quantitati\·e estimates of total external costs, average external costs and 

marginal external costs for ead1 external effect. These empirical results show that the 

external costs in the household sector are far in excess of those in the electricity sector, 

especially if damages attributed to greenhouse gas emissions are excluded. 

With respect to the second question posed, a number of limitations inherent in an analysis of 

this kind are pointed out. It is suggested that an environmental economic approach can 

make an important contribution to sound policy in South Africa (and developing countries, 

more generally), but that limitations of the approach need to be taken explicitly into account. 

An important conclusion is that strategies which are aimed at mitigating external costs in the 

household sector may bring about significant improvements. measured against both 

economic efficiency and social equity objectives. This convergence is especially pertinent in 

the context of South . .\frica's ne\,. development imperatives. 
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Chapter One 

Introduction 

1. The changing policy context in South Africa 

The political transition from apartheid to democratic government in South Africa has been 

accompanied by wide-ranging reviews of policy, across sectors and at all tiers of 

government. The shift in policy orientation in the energy sector has been significant, yet 

considerable uncertainty remains in numerous areas. One such area is at the energy

environment interface, where there has been no systematic prioritisation of problems, nor of 

possible abatement options. This question - of the relative significance of environmental 

problems in the energy sector· - lies at the heart of this thesis. 

The energy sector during the apartheid era was characterised by a policy environment in 

whicI:. the state was highly interventionist, and in which the objectives of energy security or 

national self-sufficiency were paramount. This policy led to the investment of considerable 

public resources in large-scale energy supply infrastructure: beginning in the 1950s with the 

Sasol synthetic fuel processes which produced petroleum from coal, followed by an 

indigenous nuclear fuel (and weapon) production cycle which provided the feedstock for the 

Koeberg nuclear power station, and including most notoriously, the Mossgas oil-from-gas 

facility. Arguably, the over-investment during the 1980s in coal-fired electricity generation 

capacity could be attributed not only to over-estimates of the economic growth rate, as 

conventional wisdom would haYe it, but should be seen in the context of the dominant 

policy view of ensuring the country's energy security. 

These massive investments which were made over a period of more than three decades, 

were undertaken directly, or under the influence of, the government of the day, with scant 

regard for the economics underpinning them. The economic consequences were (and indeed 

still are) significant: firstly, in the case of the synthetic fuel industry, a complex regulatory 

system was put in place to protect Sasol and, more recently, Mossgas, effectively 

guaranteeing them a market for their synfuels products. The net effect is that every litre of 

petrol, diesel or other petroleum-based product sold in South Africa is subject to a levy (3.4 

cents in the case of petrol in 1992) which is granted to the synfuels industry (McGregor 1994: 

10). Secondly, in the case of the nuclear industry, enormous subsidies have been granted to 

the industry since the 1970s, averaging about two-thirds of the annual budget of the 

Department of Mineral and Energy Affairs (DMEA). This public subsidy has delivered 

highly questionable results: nuclear fuel for Koeberg po\,·er station, which could alwavs 
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have been imported at a lower price. and, indeed~ a number of nuclear bombs. Thirdly, the 

effect of over-investment in large coal-fired power stations was seen in higher electricity 

prices throughout the economy, particularly since the public utility financed these 

investments through commercial borrowings at high real interest rates. 

Three points need to be made, therefore, regarding the energy policy environment duri.ng 

the apartheid era. Firstly, as suggested alread~·, the driving force in the sector was the state's 

desire to reduce the country's dependence for its energy needs on an international 

community which was becoming increasingly intolerant of its apartheid policies. The 

economic .performance of the resulting energy investments featured poorly in decision

making. Secondly, the state was highly-interventionist in these sectors, notwithstanding 

rhetoric to the contrary. Indeed, it is most improbable that the synfuels and nuclear 

industries would have developed without this state support. Thirdly, the direct involvement 

of the government in increasing national energy self-sufficiency stands juxtaposed against 

the neglect by the state and institutions under its control, of the energy needs of the majority 

of the population. In other words, equity concerns did no_t feature on its agenda. This is in 

contrast to many other developing countries at the same time where governments were 

actively assisting in the extension of national infrastructure (such as the electrieity grid) to 

towns ar.d rural areas. One measure of the opportunity cost of the mega-investments in 

energy security, was the low level of household access to preferred energy carriers such as 

electricity: 

It was against .this background that the post-1990 political transition took place. In some 

respects, the policy shift has been fundamental, yet in other ways, it remains constrained by 

inertia and vested interests. Energy self-sufficiency is no longer the dominant force it was; 

instead, other forces are manifesting themselves at the policy level. In terms of stated energy 

policy, at least, three goals have been presented as the new imperatives: 

• social equity: in other words, improving the access of the poor to adequate and 

affordable energy services; 

• economic efficiency: improving the effieiency and competitiveness of the economy by 

providing cheap and reliable energy services; and 

• environmental sustainability: reducing the negative environmental impacts arising from 

energy use and, in the long term, moving away from the country's non-renewable 

resource base to ecologically sustainable options (DMEA 1995: 7). 

These three goals - equity, efficiency and sustainability - are sometimes presented as the 

basic pillars of sustainable development. In the government's energy policy development 

process, which commenced with the writing of an Energy Policy Discussion Document (or 
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"Green Paper') in mid-1995, and which was followed by a White Paper in early-1996, these 

three goals are highlighted as the basic goals of the country's energy policy (ibid). 

Whilst it is not difficult to find these goals agreeable, they are relatively general and hide the 

fact that there may be significant trade-offs to be made between them. It is therefore worth 

considering briefly how each of these objectives has been manifested in the South African 

political-economy. 

Firstly, the aspirations of the poor have clearly moved up the policy agenda, encapsulated at 

the most basic level by the African National Congress' (and now the Government of 

National Unity's) Reconstruction and Development Programme, or RDP (ANC 1994). The 

RDP suggests that one of the government's ·key challenges is to meet the basic needs of the 

poor, and outlines a number of strategies to achieve this. It is interesting to note how the 

RDP very rapidly became the dominant social and economic statement of intent in many 

sectors of South African society subsequent to the April 1994 elections. Indeed, RDP-jargon 

became dominant in the political and economic discourse in the post-election period, to the 

extent that terms such as 'redistribution' virtually disappeared from the public discourse.' 
I': 

In the energy sector, the shift in policy objectives towards the basic needs of the poor was 

anticipated by Eskom,' and some local authorities, who launched an accelerated 

electrification programme in 1991. By the end of 1995, more than a million new connections 

had been made to low-income households in both urban townships and rural villages (Davis 

1996). Likewise, in government, the Department of Mineral and Energy Affairs re-organised 

itself and established an 'Energy for Development' directorate, whose aim was to develop 

policy for low-income households, an area which had received negligible attention prior to 

the 1990s. 

Thus 'equity' or redistributive objectives now occupy a rung high on the ladder of 

competing policy objectives. At the same time, the forces of economic competition and 

efficiency have become more dominant. It might have been expected that these forces would 

have injected. themselves mo:..·e quickly and forcefully into the policy arena, especially as 

South Africa re-engaged with the global economy. For instance, competitive forces might 

have been expected to expose and unravel the intricate protective measures developed to 

cushion (inter alia) the synfuels and nuclea_r industries from the harsh realities of a 

' This is not to say that the RDP is without its critics: during 1995, a number of critical views 

began to appear in the press and to be voiced in key forums (for example, Nattrass 1995). 

: Eskom is the main public electricity utility in South Africa; it is described in more detail in 

Chapter Three. 



Page4 . Chapter one: Introduction 

competitive economy. This, however, is an area in which the policy shift has been less than 

radical or dramatic. Reasons for this include the strong ,·ested interests which have been 

built up over many years by these protective measure'>, as well as the constraints inherent in 

a coalition government intent on maintaining goodwill and not threatening ·national 

reconciliation'. The lat,ter factor is particularly relevant in the energy sector, since its ministry 

was allocated after the April 1994 elections to the J\ational Party (which governed South 

Africa from 1948 to 1994). Thus old alliances and rel,Hionships have not been directly 

challenged in this sector. To take just two examples, there were no major structural changes 

in the first two years of democratic government with respect to the subsidy to the nuclear 

industry; secondly, it took almost two years for government to take the decision to reduce 

tariff protection on Sasol's synfuels. The forces ofeconomic efficiency and competitiveness, 

therefore, have been relatively slow to manifest themselves, although the scope for ignoring 

them is smaller than ever before. 

In the area of environmental sustainability, much remains to be seen as to how 

environmental objectives will fare in relation to equity and efficiency goals. Environmental 

concerns feature relatively prominently in most policy pronouncements of the new 

government. The RDP base document gives prominence to environmental criteria (ANC 

1994: 38), and the chapter on human rights in the draft constitution places up-front 'the right 

to a clean and healthy environment'. As noted abo\·e, the Energy Policy Discussion 

Document places environmental quality and sustainability alongside the other fundamental 

goals of equity and efficiency. One of the document's cross-cutting themes was 

'environment, health and safety' which received an equivalent amount of space in the 

document to the gas supply sector, or the transport demand sector (DMEA 1995: 169-177). 

Thus, on paper at least, 'environment' is an important priority. 

In practice, however, the first two years of democracy have seen few occasions - in the 

energy sector, at least - on which environmental goals have been put to the test. 3 This is not 

to say, though, that energy-environment challenges do not exist or have not received much 

attention. Indeed, there are several issues which have received considerable attention from 

the public, policy-makers. and analysts: for instance, the air pollution impacts of power 

stations on the one hand (for example, Clark 1991: 15), and township combustion of coal on 

3 Outside of the energy sector, however, there have been at least two major tests: first the 

long-standing question over the possible extension of Richards Bay Minerals' titanium 

mining area in St Lucia, and secondly, the possible construction of a steel mill at Saldanha 

Bay. Although neither of these issues have been fully resolved, indications are that ·both will 

im·olve a compromise agreement between environmental and de\·elopment interests. 
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the other hand (Terblanche et al 1992a); the possible introduction of environmental control 

technology, such as scrubbers, in coal power stations (IDRC 199'1: 56 ); and the role of the 

energy sector as a major source of greenhouse ~as emissions (Scholes & van der Merwe 

1995). As noted already, assessing the relative importance of some of these problems is one 

of the key themes of this thesis. 

Before concluding this broad survey of the policy context at the energy-environment 

interface, it is worth describing briefly an initiative of the Department of Environmental 

Affairs and Tourism (DEAT) to promote the use of environmental economics in dealing with 

environmental problems.' The DEAT has established a programme, under the rather clumsy 

title of Environmental Resource Economics, in which it seeks to identify a range of market

based approaches to solve environmental problems (DEAT 1994). Considerable resources 

have been directed by the DEA T to the production of a number of base documents 

surveying the discipline, and outlining the possible application of its an:alytical and policy 

tools in various sectors of the South African economy. To-date, however, there have been 

few demonstrable results from this programme, and it remains a relatively academic 

exercise. Unless the DEAT is promoted from its historical status of 'poor cousin' in 

government, it is difficult to imagine it having the strength or authority to introduce 

strategies (for example, tradable emissions permits) as done by environmental regulators in 

industrialised countries. What is more likely from a policy perspective, is that the DEA T will 

be able, at best, to support initiatives originating in other sectors or line departments. Thus, 

for instance, the introduction of pollution taxes on industrial emissions is most unlikely to be 

driven by the DEA T in the current institutional scenario; if anything, they would be 

introduced by the ministries overseeing energy and trade and industry. The analysis in this 

thesis is perhaps an example of such an exercise: one which is firmly located within the latter 

sectors, and which might represent a practical analysis of what the DEAT has proposed for 

some time but not yet accomplished. 

' Significantly, the Ministry of Environmental Affairs and Tourism is also held by the 

Nationalist Party in terms of the negotiated coalition Government of National Unity. The 

allocation of ministries amongst political parties reflects many factors, not least of which the 

priority attached to that sector for purposes of ser>ing each party's constituency. It is 

interesting in this context, that the energy and environment ministries were not amongst the 

ANC's highest priorities. 
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2. The research questions and hypotheses 

The questions addressed in this thesis are posed against the background of an energy policy 

which has al read\' undergone a fundamental shitt away from energy self-sufficiency to rnon' 

universal goals ot efficiency, equity and sustainability, and i.n which, at the same time, there 

remains considerable uncertainty over the appropriate plact' d environmental goals vis-a-vi~ 

other national objectives. This thesis sets out to address two key questions, the first of which 

is of primary significance: 

• Which are the most S€rious energy-em·ironment problems in South Africa? Put 

differently, which are the problems with the most significant costs to society? 

• How nelpful is the discipline of environmental economi..:s in addressing this question in 

the contexts of South Africa specifically and developing countries more generally? 

The first of these questions has direct relevance for South Attica's energy and environmental 

policy insofar as resources available for intervention and abatement options can then be 

targeted to those problems currently imposing the highest .:osts on society. The question is 

posed, from the perspective of a national policy-maker, who has limited resources at his or 

her disposal, and who wishes to effect the greatest possible improvement in welfare. The 

second question is more relevant from a methodological cir analytical point of view, and 

involves a critical consideration of the responses to the fir~t question. The principal focus in 

this thesis is on .the first question; the process of addressing that question raises a number of 

methodological issues which, in tum, are rele\·ant to the second question. 

In considering ·which of the energy-environment problems are most important, it is clearly 

necessary to narrow the range of options to allow for meaningful analysis of each. Given the 

pervasive nature of energy in the economy, it is necessary to adopt a systematic approach to 

. identifying and screeriing the range of energy-environment issues. One such approach is to 

distinguish between four scales of impacts, correspondin~ to household, national, regional 

and global impacts (see, for example, Pearson 1993: 100). Using this distinction, the 

follow.mg impacts can be identified: 

l. Household energy-environment impacts: ~ese problems include air pollution emissions 

from large numbers of low-income consumers who ·'15€ coal and wood to meet their 

basicenergy needs. Also at this scale, are health and safety hazards .such as p?raffin 

poisoning, bums and damages from accidental fires. and the social costs of increasing 

fuelV.·ood scarcity. 

2. National energy-f11"i.'iro11me11t impacts: at this scale, a key energy-related environmental 

problem concerns the impacts of electricity generatior. in terms of air pollution and other 

effects. Secondly, the effects of transportation - partiG.1larly the extensive use ofpri\·ate 
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modes of transport - are not insignificant in terms of air pollution emissions, opportunity 

costs of time spent commuting and resource depletion to support transportation 

activities. 

3. Regional energy-enviro11111mt impacts: at present, problems may exist in respect of trans

boundary transport of air pollution from South Africa tt) its neighbl)Urs, although the 

extent of this problem is not clear. In the medium-term, however, important policy 

questions will arise when decisions have to be taken regarding the next source of bulk 

energy supply for South .Africa. In the new political environment pre\·ailing in Southern 

Africa, the range of supply options is wider than ever: hydro-el€\:tric power from 

Mozambique, Zambia, Zimba!;>we, Zaire and An:gola; natural gas from the Pande fields 

in Mozambique and the Kudu fields in Namibia; and coal power in South Africa and 

Zimbabwe. Each of thes_e options will have their own environmental consequences and it 

is most likely that these will play some role in future decisions. 

4. Global energy-environment impacts:- ·.although there is considerable uncertainty 

surrounding the issue of global climate change, there is little doubt that it will remain a 

feature of the international political economy for the foreseeable future. The energy 

sector in South Africa and internationally is one of the major sources of greenhouse gas 

emissions, and it is widely believed that these could have a major impact on global 

climate patterns. 

All of these issues have policy-relevance, although their urgency and scales differ. Of all the 

issues mentioned, this thesis focuses on two main environmental issues: 

• the impacts of electricity generation - that is, a national scale impact, and 

• the impacts of household energy consumption - a household scale impact. 

It appears that significant social costs may exist at these two levels; moreover, the policy 

choices and trade-offs are particularly acute within and between these levels. Focusing on 

these two issues, however, does not mean that others are irrelevant or unimportant. For 

instance, significant environmental questions arise in the context of regional energy trade 

and investment, since the resource endowments of countries in the sub-continent span the 

range of supply options, e.3.Ch with their attendant environmental impacts: hydro, coal, gas 

and nuclear. This notwithstanding, the policy debate in .this area lacks the immediacy of 

decisions to be made about household energy and national electricity policies. Likewise, 

South Africa's policy choices regarding global environmental impacts have received 

relatively little attention in their own right. Since global issues can generally be traced back 

to their causes at the local and national scales, they will be partially addressed in an analysis 
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' of the latter micro-scale problems. The focus of the rem\1inder of the thesis is therefore on 

environmental problems arising in the electricity generation and household energy sectors. 

Importantly, eneq;y-e1n-ironment issues at these two s(ales are not unrelated. In man\" 

respects, both are a result of the political economy of apartheid. On the one hand, apartheid 

government ensured that the interests of white households were served by supplying them 

with clean and safe energy sources. Likewise, the economic interests of mines, industries and 

the commercial sector were catered for with an abundant supply of affordable electricity. 

These interests were met through the efforts of the state to build up a large electricity supply 

industry, based as it now is, on the production of electricity by Eskom from coal and nuclear 

resources. 5 On the other hand, apartheid policies meant that the interests of bla(k 

households were, at best, ignored and, at worst, actively opposed; one effect of this is that 

these households were, by and large, left to consume energy sources which generate serious 

environmental problems. Thus, the inheritance of South Africa's first democratic 

go,vemment includes the environmental burdens arising from these sectors: an electricity 

supply industry which was supported by its predecessor and which served the interests of 

the enfranchised minority, at the expense of the disenfranchised majority. The 

environmental costs in these two sectors are, in many respects, two sides of the same coin, a 

coin which was struck by the apartheid government. 

At this stage, two hypotheses can be offered corresponding to the research questions posed 

earlier. First, it is postulated that the potential economic gains from mitigating energy

environment problems at the household scale are highly significant in aggregate, and ·that 

this area demands the highest priority for policy-making. This runs somewhat counter to the 

greater preoccupation of policy-makers and analysts in the past two decades with 

environmental problems in the power generation sector. Significantly, if this hypothesis is 

correct, then not only will effective mitigation strategies yield economic efficiency gains, but 

they will also deliver equity benefits by improving the welfare of low-income households. 

Thus the potential exists for convergence between efficiency and equity objectives, both of 

which enjoy a high priority at a political level in South Africa. 

The second hypothesis is concerned with methodology: it is suggested that an environmental 

economic analysis of externalities can make an important contribution to the development of 

sound energy and environment policy, and can assist in the re-orientation of South Africa's 

development path along more efficient lines. At the same time, however, it is suggested that 

'Christie (1984) offers a comprehensive analysis of the ways in which the electricity supply 

industry developed in response to the interests of capital and the white minority. See also 

Horwitz (1994). 
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there are likelv to be serious limitations inherent in such an ,malysis, both at a technical level 

- due mainly to data constraints - and at a fundamental len'l. particularly with respect to 

questions of income Lfo;tribution and equity, which are of central concern in South Africa's 

policy discourse. Thus it is postulated that .1 cautious dt'l-'lnyment of an environmental 

economic frame·work is warranted. 

3. Originality and methodology 

There are two respects in which this· thesis contributes to the body of economic and 

development literature. Firstly, there have been very few em·ironmental economic studies of 

externalities in South Africa's energy sector n('r, indeed, in other developing countries. This 

is the first time externalities in South Africa's household energy sector have been analysed in 

any depth; apart from one prior analysis: the same applies to the electricity generation 

sector. There have certainly been no comparative studies to-date of externalities in these 

energy sub-sectors. It is also the first time air pollution modelling has been undertaken in 

South Africa with a view to performing an economic evaluation of air quality impacts.
7 

As 

such, this study is therefore unique in South Africa and. at the least, unusual amongst 

developing countries. 

Secondly, almost the entire body of economk literature on externalities and related issues 

originated outside of developing countries, mostly in North America and Europe. Social and 

economic conditions differ considerably in these contexts and this, inevitably, has important 

implications for the application of the theory to developing country contexts. This thesis, in 

its attempt to apply the theory to South Africa's energy sector, offers perspectives which 

have not been particularly well-documented in the environmental economics literature. 

The methodology followed in the thesis is drawn, in the first instance, from mainstream 

environmental economics thinking. The body of the thesis comprises two empirical 

applications of environmental economic. techniques to the electricity generation and 

household consumption sub-sectors. Subject to constraints of data availability, the analysis 

follows relatively conventional approaches for externality evaluation. In addition to this, 

however, the thesis also considers the weaknesses and limitations of adopting such an 

approach in the particular political-economic context of South Africa, as a typical middle

income developing country. 

'Dutkiewicz & de Villiers (1993) made a comparison of the social costs of various generation 

options; this study, however, was very brief and did not in\·olve serious economic analysis. 

This stud:• uses an air quality model, contained in a larger computer model, called EXMOD 

- this is de5-<:rib€d in Appendix 3, and appli.:-d in Chapte~ Three and Four. 
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An important methodological consideration relates to the question of the breadth and depth 

of the analysis. Given that the research questions involw a comparative study of 

externalities in two sectors, the tendency in the thesis is unavoidably towards greater 

breadth. In making this trade-off, clearly the depth of analysis is less than it would have 

been had only one sector been analysed. Nonetheless, both sectors are analysed in sufficient 

(but not exhaustive) depth to permit meaningful comparisons to be made and conclusions to 

be drawn. 

The subsequent chapters contain significant amounts of data regarding both sectors; the 

research methodology reflects a balance between primary data collection and the use of 

existing data sources. The breadth of the study precludes the collection of large amounts of 

primci.ry data for any single external effect: beyond a certain minimum amount of data, the 

diminishing returns resulting from in-depth investigation in '}ny single area militate against 

this approach. In order to make explicit the criteria for inclusion and exclusion of 

externalities in each sector, a classification methodology . has been developed and is 

described in more detail in Chapter Three. 

With regard to environmental valuation, there have been very few (if any) efforts to value 

environmental elements of any kind_ in South Africa. In North America, by contrast, there 

have been hundreds (even thousands) of valuation studies, with the result that extemality 

studies there can draw upon a large existing data set. The paucity of such studies in South 

Africa poses particular challenges for extemality quantification exercises such as the present 

one; this theme is addressed again in the final chapter when methodological issues are 

considered. 

Finally, it should also be noted that the definition of 'environment' employed in this analysis 

is one which explicitly includes humans and their surroundings. Thus a human-centred 

conception of the envirofl1l1ent is adopted, not to the exclusion of the natural environment 

(:birds, bees, trees and the like) but explicitly including the human living environment. 

Indeed, as will become apparent, this anthropocentric view informs much of the subsequent 

analysis. This is seen to be appropriate for the specific context in which South Africa finds 

itself at present. 

. 4. Outline of the thesis 

This thesis sets out to analyse the external costs of energy production and consumption in 

South Africa through a critical application of environmental economics theory to the energy 

sector. To begin with, Chapter Two reviews the literature. focusing on the large body of 

writing which has emerged in recent years on the theory and application of environmental 
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economic approaches to externalities. Sttidies of energy extemalitit.>s reported in the 

literature are also reviewed. 

The focus of analysis then narrows, with Clupt.er Three identifying and describing the main 

externalities arising ~ South Africa's electricity gene.ration sector. The following chapter 

quantifies, in economic terms, the ~1ain externalities for which sufficient information exists, 

producing a range of monetary estimates. 

In the following two chapters (Chapters Fi\·e and Six), the focus shifts away from electricity 

generation and addresses externalities arising from the consumption of energy by low

income households. In Chapter f'ive, the most significant environmental impacts are 

described and analysed, and in the next chapter, they are_quantified in economic terms. 

Having assessed and made monetary estimates of externalities in the electricity generation 

and household consumption sectors, the discussion broadens again in ChaEter Seven to 

consider the implications of the preceding an;ilyses: firstly, in terms of energy-environment 

policy, and secondly, in terms of limitations and criticisms of the methodologies adopted. 

This critique is informed in many respects by a political economic perspective. The final 

chapter also draws together the preceding analysis, making explicit the implications of the 

analysis for the two key questions which were presented in this chapter. 



Chapter Two 

Externalities and environmental valuation: 

a literature review 

l. Introduction 

There are many ways of taking account of environmental considerations in development 

policy, perhaps as many ways as there are intellectual traditions. This chapter reviews the 

conceptual approach suggested by the environmental economics literature, with particular 

reference to the issue of externalities. The review addresses three aspects of the literature: 

firstly, the theory of externalities and environmental regulation, secondly, the valuation of 

environmental services and damages, and thirdly, practical studies of energy sector 

externalities. 

Although it is only in the past two to three decades that environmental issues have been a 

central concern of economic analysis, the concern with the ~nvironment and natural 

resources is not new. In many respects, environmental and resource issues have been a 

major concern of .economists since the emergence of the modern discipline in the 1700s. The 

fundamental problem in economics involves the satisfaction of large or infinite demands in 

the face of limited. resources. This concern with scarce resources has always been at the heart 

of economic thinking and can be traced back to the work of the Classical economists in the 

late eighteenth and nineteenth centuries. From the inquiries of Malthus (1798), Ricardo 

(1817) and Mill (1865), who concerned themselves with absolute and relative resource 

scarcity, to the interest of twentieth century economists in natural resources and their 

optimal rates of extraction, resource issues have been at the centre of economic thinking. 

Notwithstanding this long history, it was only with the birth of an environmental 

consciousness in industrialised countries in the 1960s, that many economists discovered an 

interest in environmental problems. In contrast with the focus of the Classical economists, 

however, the problem began to be identified increasingly with 'the environment' per se, as 

opposed simply to the question of resource scarcity. 

The effect of the increased intellectual activity among economists concerned with 

environmental problems was the emergence of a new sub-discipline devoted to addressing 

these issues, namely resource and environmental economics. This branch of economics been 

an area of rapid intellectual advance and practical application, with the result that it has now 

de\·eloped a clear identity as a separate sub-discipline within the economics tradition. Whilst 
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much of the writing in this discipline has its roots in tht' neo-classical tradition, many 

economists have presented strong critiques of existing modes of analysis and production, 

and some have suggested alternatives. Significant amongst tlw critiques of existing models 

of economic activity, are economists such as Daly (1973, 1990) and Georgescu-Roegen !1966, 

1971) who, taking the second law of thermodynamics as their point of departure, have 

argued that the finite nature of the earth's resources means that 'sustainable growth' is not 

possible, and that it is necessary to accept limits to the continued growth of the global 

economy in its present fom1. 

In similar vein, some have taken a 'materials balance approach' to the analysis of economic 

activity (for example, Kneese et al 1970). In this view, waste produc~s and externalities are 

seen not as 'freakish anomalies' but as inherent and normal parts of production and 

consumption activities, which should be dealt with not only through improved measures of 

their external costs, but also through more systematic and comprehensive analysis of these 

stocks and flows in economic activity (1970: 14). 

Although there has been considerable intellectual activity since the 1970s around issues such 

as these, all under the broad title of 'resource and environmental economics', the 

mainstream of environmental economics activity has been concerned with the analysis, in a 

neo-classical framework, of more conventional issues such as air and water pollution (for 

example, Baumol & Oates 1975, Kneese 1984), utilisation of renewable and non-renewable 

resources (for example, Barnett & Morse 1963, Dasgupta & Heal 1979, following early 

classics such as Hotelling 1931) and environmental valuation (for example, Freeman 1993, 

Johansson 1987, Pearce 1993). Although almost all of these areas are relevant to the energy 

sector, in view of its resource-intensive base, its pollution impacts and materials flows, and 

its pervasiveness in the economy, it is necessary, for present purposes, to focus on the 

literature which has greatest relevance to the questions addressed in this thesis. 

Consequently, this chapter reviews the literature as it pertains to environmental externalities 

in terms of the following divisions: 

• the theory of externalities and environmental regulation; 

• the valuation of environmental services and damages; 

• practical examples of extemality studies in the energy sector. 

Each of these areas represents a huge body of knowledge and experience which cannot be 

comprehensively reviewed here; instead; a brief overview of the main concepts and 

approaches in each area is pro\·ided. Specific aspects of the literature are explored in more 

detail in later chapters, alongside the relevant extemality analyses. 
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2. The theory of externalities and environmental. regulation 

2.1 Externalities, private and social costs 

A central concept in the economic analysis of envirnnment.1 l impacts is that of an externality. 

A considerable body of literature has accumulated on this subject. Externalities were first 

analys~d in depth by Pigou (1920), but have received much more attention in the latter half 

of the century (Mishan 1971, Baumol & Oates 1975, Fisher & Peterson 1976, Comes & 

Sandler 1986, Johansson 1987, Cropper & Oates 1992). 

An externality or external effect caTI be either positive or negative, although policy is most 

frequently concerned with the latter because of the implied welfare loss. In its earlier usage. 

the term was sometimes defined so broadly as to include most sources of market failure 

(Mishan 1971: 6, Baumol & Oates 1975: 16), although in its more contemporary usage, it 

generally refers to a situation where two conditions are met: 

• One individual's (or entity's) utility is directly affected by variables determined bv 

another agent, who acts without particular attention to the effects on the other's welfare; 

more formally, the first entity's production function includes variables whose values are 

determined by the second entity. 

• Also, the decision-maker causing this change in welfare does not compensate or 

appropriate this change in the utility of those experiencing it (Baumol & Oates 1975: 17). 

Thus an extemality arises, for example, where a productive facility causes the emission of 

pollutants or waste products which, in tum, impact upon human health or environmental 

elements which have value for humans (such as agricultural crops), where the costs of those 

impacts are not captured in the market relationship between the producer and its customers, 

and those who bear the costs are not compensated in any way. 

Several types of externalities may be identified. One distinction is between private 

(depletable) and public (undepletable) externalities (Baumol & Oates 1975: 19, Hartwick & 

Olewiler 1986: 386).' In principle, private externalities are those in which only two or a small 

number of agents are involved, and the external diseconomies are fully absorbed or 

appropriated by the party or parties. However, examples of negati'v~e private externalities are 

not common· in practice since they are easily internalised through bargaining between the 

agents. 

Public externalities, by contrast, are characterised by their non-excludability or non

appropriability: in other words, consumption of the good (or bad) by one individual does 

.' Baumol & Oates prefer the terminology gi\·en in parentheses because of the multiple and 

ambiguous interpretations accorded the terms ·public' and· pri•·ate goods' (1975: 19). 
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not reduce its availability to others. For example, a view which is impaired by pollution from 

power stations is a public extemality, since one person's consumption of the view does not 

decrease the consumption possibilities of any other person. In practice, most externalities are 

of a public nature since negative effects usually impact upon a _large number of individuals 

simultaneously. Th~ relevance of this is that private negotiation (between affected parties) is 

not effectiv~, or is very costly, and therefore some kind of government action is called for to 

internalise the external effectS. 

A special case of a public good (or bad) is kno~n as a Tiebout good (after Tiebout 1956): in 

this case, the effect is not shared evenly between people (as in the case of a pure public good 

- such as a view). Rather, the good (or' bad) is uneve~ly distributed, so that its quality may 

change, for example, according to distance from a source of emissions. Moreover, Tiebout 

goods can generally be more easily valued with reference to secondary markets, such as 

property prices which reflect the degree of exposure to a source of pollution. 

A further distinction which is sometimes made in the literature, is between technological and 

pecuniary externalities (Baumol & Oates 1975: 28). The former are considered 'true' 

externalities which direetly affect the allocation of resources and which usually cause a shift 

in a victim's production function - and a consequent misallocation of resources if the 

externality is not internalised. Pecuniary externalities, on the other hand, refer to the 

changed financial circumstances of one individual as a result of changes in prices of inputs 

or outputs caused by another agent in the economy. In many respects, these effects reflect 

the normal competitive mechanism through which resources are reallocated in response to 

changing prices (ibid: 30). Because pecuniary externalities do not cause .a misallocation of 

resources, they are generally not analysed in detail; attention is usually focused on 

conventional (technological) externalities. 

In addition to the above distinctions, an externality is said to be 'Pareto-relevant' if it 

prevents the necessary conditions for Pareto-optimality from being achieved, the latter being 

defined as an economic state in which an increase in utility cannot be achieved without 

decreasing someone else's utility (Baumol & Oates 1975: 18). Thus Pa~eto-relevant 

externalities may lead to outcomes which are less than ideal: the presence of an externality 

represents the failure of the pricing system to reflect all the costs of producing a given item, 

and therefore consumption decisions will be based on sub-optimal prices. Consequently, it is 

possible that resource allocations could be inefficient, that is, less will be produced than is 

possible with given inputs. 

Pareto-irrelevant externalities are less common, but do exist. If the transaction costs of 

internalising an externality are greater than the external costs themselves, the continuation of 

an ·uncorrected' extemality may be consistent with a Pareto-optimum. Using an old 

example from Baumol & Oates ( 1975: 23), in the case oi coal whJCh fell from trains tra\'elling 
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. through the country-side, the costs of collecting it or of pren'nting individuals from doing so 

for their own purposes, may have been higher than the value of the coal itself (the" external 

cost of its loss) and therefore it would be efficient to ignore that loss - in other words, the 

extemality is Pareto-irrelevant.: A more relevant example for present purposes would arise 

wh~re the costs of monitoring and controlling emissions from multiple non-point sources 

exceed the costs imposed by those emissions. 

A further distinction which has been made in the lit~rature, is between stock externalities 

and flow externalities (Pearce 1976: 101). The latter refers to conventional external effects 

where the relevant variable is the flow of pollution into the environment. In the case of a 

stock externality, by contrast, the relevant varia:bJe is the stock of the pollutant in the 

environment: for instance, cadmium. is hazardou's to human health, but only after it has 

accumulated to a particular threshold level in. the food and water chain. Thus, marg~al 
damages from additional flows of cadmium intd the environment will depend upon whether 

they occur below or above the threshold level. This prese!'ts difficulties for cost-benefit 

analyses, since the marginal damage function will intersect the horizontal axis at a non-zero· 

level and, moreover, where the environment's assimilative capacity is zero, it is difficult or . . . 

impossible to reduce the stock of cadmium. Abatement strategies are therefore ~eriqusly 

cons trained.' 

An important way of defining externalities for purposes of this thesis, is with reference to 

the divergence between private and social costs (Pigou 1920, Pearce & Turner 1990: 66). 

Private costs are those costs which are borne by the producer of the good, whereas social 

costs go further than this to include the full costs of producing or consuming a commodity, 
; 

which may be borne not only by the producer but also by other groups in society at large. 

The difference between private and social costs, tJ;ten, represents the external cost or the 

extemality which is borne by society at large. This means that the market-based relationship 

between the producer and consumer, as reflected in the price, does not reflect external costs 

~ This example was .alSo used by Baumol & Oates as.an illustration of a private (depletable) 

externality: dearly, collection of the coal by one individual reduces the amount available for 

other individuals (1975: 20). 

' In some respects, greenhouse gases can be considered to be stock externalities, since it is 

less the flow of gases into the atmosphere which is relevant, than the total stock which has 

accumulated over time. Because the assimilative capacity of the environment (in particular, 

forests and oceans) is low in relation to the curr~nt rate of emissions, the existing stock of 

gases. can be taken as ginin for the foreseeable future. Of course, from an ecological 

perspective, the optimum 'requires the stock of greenhouse gases to be reduced. 
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since these are borne by other members of society. Frequently, the distribution of these costs 

is such that they are not borne equitably by society as a whole, but fall more heavily on some 

groups or classes than others. 

The principles of external costs are illustrated graphically in Figure 2.1. An individual 

producer in a competitive product market faces a horizontal marginal revenue curve (MR) 

equivalent to the price of the commodity, and a marginal private cost curve as shown by 

MPC. If the producer seeks to maximise its surplus, it will clearly produce at' the point 

where its marginal revenues and costs are equal: point B, that is, at a level of output equal to 

Q1 • With the assumption that it seeks to maximise profits, it makes little sense to deviate to 

either side of that point. The marginal external cost at any level of output is given by the 

vertical difference between the MSC (marginal social cost) and MPC lines, and so the total 

external cost at the individual's optimum (Q1 ) is equal to the triangle ODB. 

Revenue 
or cost 

0 

MSC 

D 

MPC 

MA 

Quantity 

Figure 2.1 Illustrative marginal revenue (MR), marginal private cost (MPC) and marginal social cost 

(MSC) curves in a competitive market' 

Whilst this may be optimal from the individual producer's perspective, it is not ideal for 

society as a whole. The socially optimum level of output will be at a lower point, that is, 

'The figure illustrates the less common situation of a competitiw market. In the case of non

perfect competition. the marginal revenue curve would slope downwards - exactly the same 

principles would apply in that case. 
.- .~-o 

.. 
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point A, where the marginal benefit equals the marginal s1.Kial cost, equivalent to a level of 

output of Q,. At this point, the benefits to society are exa1.:tly equal to the costs to society of 

producing the commodity, and so, if the objective is to m.1\.imise social welfare - rather than 

individuals' surpluses - then it does not make sense to denate to either side of Q1 . 

Whilst this represents a simple application of marginal an.1!~1sis using conventional economic 

logic, it. is significant that the economic optimum will still t"'t.' associated with a non-zero len~l 

of pollution, the external costs of which are shown by the triangle OAC in the figure. This 

economic optimum will frequently not coincide with an environmental optimum. The latter 

would generally occur at, or close to, a point of zero f'1.)llution (corresponding with zero 

activity), if the criterion for environmental quality is related in any way to a natural or 

pristine {that is, uninhabited) environment. These alternative points of departure may 

account, to some extent, for the different stereotypical . approaches of economists and 

environmentalists to the issues of the 'limits to growth' and steady-state economies.j 

The theory as outlined above, therefore suggests that e.xtemalities constitute an important 

source of market failure: in the first instance, because or their potential to hinder a Pareto

effitient outcome. Secondly, although generalisations on this score are risky, the burdens of 

external costs are seldom spread equitably across socie:y and often fall disproportionately 

on social groups which are least able to afford them. Thus the distribution of income may be 

further skewed in the presence of externalities .. 

Thirdly, a higher rate of productive activity usually translates into more rapid consumption 

of resources, including non-renewable ones, and this undermines goals of environmental 

sustainability. Collectively, the effect of externalities may therefore be in conflict with goals 

of economic efficiency, social equity and environment.al sustainability - the three criteria 

which are often taken to constitute the foundati .. ..,ns of 'sustainable development'. 

Consequently, some policy response is usually war~ante<l if.these goals are to be pursued. 

2.2 Achieving the optimal rate of pollution 

A range of possible responses exists to deal with exterr..alities, and environmental economic 

analyses are frequently used to assess the relative merit5- of these. For present purposes, four 

5 At a· slightly more sophisticated level, ii the dyr..arn.ic nature of the environment is 

accommodated by recognising its assunilative·capacity and adaptive abilities, then it may be 

that the :'.environmentally optimal' level of pollution will be above zero and thus not as 

widely divergent from the economically optimal !eve: of pollution (Pearce & Turner 1990: 

65). 
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such broad approaches can be identified: Jaissez:fairc bargaining options, environmental 

standards, pollution taxes and subsidies, and marketable emissions permib. 

2.2.1 Coasia11 bargai11i11g options 

The first and most extreme polluhon control approach entails an entirely free market 

fesponse and stems from the analysis of Coase (1960). Th<: Coase Theorem suggests that if a 

pollu!er and pollutee could bargain over the level of pollution and output. then the s~cially 

optimal level of output will be achieved without any need for government intervention. This 

occurs regardless of whether property rights over the environment vest in the polluter or 

pollutee, because, in theory, each party would be able to compensate the other for any~ 

incre.ase in environmental costs suffered or revenue lost by them, as the case may be. 

While the theoretical basis of the Coase Theorem has received some minor criticism," its 
-· 

laissez-faire approach has been more seriously 0allenged from a practical perspective. 

Although a full critique of the Theorem need not .be restated here, the following problems 

have been documented in the literature: 

• First, it cannot apply where there are large numbers of polluters and pollution victims, let 

alone where .the pollution emitters cannot easily be identified, because of the high 

transaction costs involved in bringing parties together to make their bargains. This case 

has also been referred to as one involving 'many receiver diseconomies' (Zeckhauser & 

Fisher 1995: 119). If these costs are so high as to offset a party's possible bargaining gains, 

then it would be 'optimal' for that party to withdraw from the process and accept its 

environmental costs. This represents an 'unfalsifiable theory' since an optimal situation 
" results whether a bargain takes place or not (Pearce & Turner 1990: 75) and makes little 

intuitive sense. 

• Secondly, the Theorem is based on an assumption that markets operate efficiently, and 

specifically that price equals marginal revenue (P = MR). The theoretically optimum level 

of output occurs where marginal external costs (MEC, borne by the pollutee) equal 

marginal net private benefits (MNPB, accruing to the polluter); the latter, in tum, equals 

the difference between price and marginal cost (MNPB = P - MC) and represents the 

polluter's bargaining curve, determining the amount it should pay or accept as 

compensation. However, under imperfect market conditions price and marginal revenue 

"The Theorem implicitly assumes zero wealth effects: in other words, it ignores the fact that 

conferring property rights to one or other party represents a transfer or wealth to that party, 

and could therefore shift his. or her demand curve to the right, thereby affecting the 

bargaining outcome (Tietenb€rg 1994: 47). 
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diverge, so that the requirement at tJ1e optimum level (for MNPB to equal MEC) will no 

longer be valid (ibid: 73). 

• Thirdly, it is impossible for parties to bargain with each other where some of thnst' 

affected by pollution are from future generations, who cannot possibly be representt'd 

themselves and on whose behalf prt-sent generations may not act ideally (Helm & Pearcl' 

1990: 6). 

• Where a pollution victim compensates the polluter for reducing its levels of output, the 

situation is opened for threat-making, whereby other potential polluters can also extraLt 

compensation by threatening to increase their pollution. Apart from questions of 

distributive justice, this cannot represent a Pareto-efficient use of scarce resources 

(Tietenberg 1994: 48). 

• Finally, in conte:cts where property rights are not clearly defined, and especially where 
' there are common property resources, it may benefit some polluters to pollute beyond 

the 'socially optimal' level if they can get away with it - the 'free rider problem' (Helm & 

Pearce 1990: 6). 

In summary then, the Coasian market-based bargaining approach to reaching the socially 

optimal level of pollution has little applicability to pollution problems because its theoretical 

requirements are seldom matched by conditions in practice. This explains the relative 

scarcity of case studies of the bargaining approach compared to other approaches such as 

those outlined below. 

2.2.2 Environmental standards 

A second response to pollution problems, occupying the opposite end of the scale to the 

Coasian option, entails the setting of standards, which are usually established on the basis of 

health-related criteria (Baumol & Oates 1975: 134, Tietenberg 1994: 219, Pearce & Turner 
. 

1990: 102). These are the most commonly applied form of pollution control in practice, and 

may take the fon:n, for example, of a maximum concentration of pollutants to be emitted in a 

power station's flue gases (often measured in parts per billion, ppb, or in micrograms per . 
I 

cubic metre, µgm .. '). Alternatively, the standards might relate to the maximum permissible 

ambient concentrations of pollutants. based on estimates of pollutant concentrations which 

are damaging t~ human health. 

Environmental standards have one major advantage, which probably accounts for their 

widespread application in . practice, namely their relative simplicity and ease of 

ilnplementation. Standards are usually employed by government regulators in three 

circumstances: firstly. where the marginal external costs of pollution are relatively high and 

abatement costs relatively low (Cropper & Oates 192: 730); in other words, where the risk of 
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over-control is low. Secondly, st~ndards are frequently used where markets are weak or 

non-existent so bargaining solutions are: not feasible, and where little institutional capacity 

exists in·go\·ernments and regulatory a~.encies to devise. implement and operate systems \)f 

pollution taxes. This is an important reason for their use in practice, especially where other 

more complex and perhaps more efficient pollution control regimes cannot be implemented. 

Thirdly, standards may be the socially optimal approach where the pollutant concerned is so 

~angerous as to require an outright ban on its use. 

However, strong theoretical arguments exist to show that standards seldom result in an 

economically effident solution, except perhaps by chance (Baumol & Oates 1975: 135, 

Tietenberg 1994: 414~ Pearce & Turner 1990: 102-106). This is largely because the standards 

cannot easily be set at a level which encourages pollu'ters to produce at the economically 

·optimum level (Q2 in Figure 2.1), due to the lack of information on the part of regulators. 

Secondly, the imposition of standards coupled with penalties for transgressors will be less 
~ . 

than effective if the enforcement function is poorly performed. In other words, polluters 'Nill 

assess. the probability of being caught and having to pay the penalty, and base their 

production decisions on that assessment. In most cases where standards are applied in 

practice, the monitoring and enforcement of those rules and related penalties suffers from 

severe resource constraints, which further undermines the efficiency of the system.' A third 

disadvantage of environmental standards is that they provide polluters with no incentive to 

reduce pollution at levels of production below the acceptable limit, even though the 

marginal damage costs are usually positive below the point at which a penalty becomes 

payable. 

On the whole, standards are not fa\'oured by environmental economists because of the 

significant additional abatement costs which often result from their use as compared to 

approaches which make explicit reference to the costs and benefits of abatement. However, 

the advantages of standards-based approaches, which were alluded to above, are also 

acknowledged in the literature, leading to a recognition of the need for a mixture of policy 

r~sponses depending on the specific circumstances (Cropper & Oates 1992: 699, 730). 

2.2.3 Pollution taxes and subsidies 
' . 

A third category of responses to environmental pollution, which falls between the extremes 

of the /aissc.}aire bargaining option and the standard-setting option, centres around the use 

~ In South Africa, for instance, there are only seven pollution control officers who are 

responsible for ·monitoring and enforcing pollution control standards across the entire 

country - thus the probability of being caught transgressing standards is extremely low (not 

to mention that the costs of being so caught are also low). 
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of taxes and subsidies to correct for social (or external) costs not accounted for in private 

·decision-making (Baumol & Oates 1975: 172, Helm & Pearce 1990: 5). This intellectual 

approach, developed from tht:' work of Pigou (1920), entails the imposition of a tax to bring a 

polluter's cost functil1n into line with the full s?cial costs l1f productilm, includin~ any 

external costs, and thus encouraging the producer to adjust output to the socially desirable 

level (Pigou 1920). This is the logic underlying the more contemporary term, the ·polluter 

pays principle': Clearly, government agencies play a central role in the imposition and 

~ollection of taxes, and this represents a more interventionist response than that suggested 

by the Coase Theorem. 

Similar logic was, at one time, applied to the use of subsidies whereby a polluter is 

compensated for its efforts to reduce polluting activities. At face value, the incentive 

inherent in a subsidy of Rl per kilogram of reduced pollution emission is equal to the 

incentive provided by a tax of Rl per kilogram of pollution actually emitted. However, 

scholars soon 'observed that taxes and subsidies are not equivalent in practice (Baumol & 

Oates 1975: 172, Hartwick & Olewiler 1986: 413, Cropper & Oates 1992: 681). In particular, 

the use of subsidies increases profits in the industry which will act as a signal to other firms 

to enter the industry. causing an increase in the supply of the pollutant. Also, a subsidy may 

allow firms that would otherwise be unprofitable to remain in the industry. 

While this Pigovian approach has more relevance to practical pollution problems than the 

Coasian bargaining option, it also suffers from several limitations (Helm & Pearce 1990: 5, 

Baumol& Oates 1975: 154): 

• Firstly, the approach has stringent information requirements; specifically, government 

regulators have to base the taxes on estimates of the .marginal benefit functions of the 

polluter and the damage cost functions of the pollutees, which obviously represents a 

very onerous requirement; in other words, there may be an asymmetry of information 

between government officials and private polluters, 

• The aim of the tax is to ensure that polluters face the true marginal cost of production, 

':Vhich therefore assumes that there are no other market failures which might distort these 

cost functions. This assumption is often not valid since environmental externalities 

·This terin is somewhat misleading, since the producer itself seldom bears the final cost: this 

is usually borne by consumers of its products to the extent that price increases are passed on 
.. 

(which ob\"iously depends on price elasticity), and possibly by its upstream suppliers where 

the quantity and price of inputs is affected. 



Chapter two: Literature review Page 23 

frequently occur in the presence of numerous other market distortions, such as 

oligop,olistic conditions and taxes .. · 

• . Thirdly, it is usually assumed that regulatory agencies have only nne goal. nanwlv to 

achieve the. ecl1nomically efficient situation .. However, this ignores the possibility that 

regulators may have other goals in practice (whether i_Jlicit or not), and also neglects l)ther 
, , 

possible goals such as equity considerations. 

• .Fourthly, Pigovian taxes have also been. criticised on the basis that they accept as a fait 

accompli that pollution occurs and that it is not bad, in its~lf. This criticism is mostly 

identifiable with more radical environmental views. 

• A more technical problem with the implementation of Pigovian taxes arises where there 

are non-convexities in th~ production sets, for example, where the damage functions 

reflect remedial action taken by pollutees at some level of polluti<;m (Fisher 1981: 176, 

Burrows 1995: 243). 'f!lis might lead to multiple equilibrium points, which poses practical 

difficulties in attempting to set taxes equal to the marginal external cost at the optimal 

level. 

• Finally, pollution charges have heavy information requirements and a not insignificant 

administrati\·e burden, which makes them inappropriate for dealing with short-term 

problems and crisis situations. In this context, environmental standards may be more 

appropriate since pollution taxes are unlikely to achieve the optimal level of pollution in a 

short time. 

Notwithstanding these problems, pollution taxes are generally held to offer advantages over 

the use of standards, both in theory and in practice. The most important relates to the point 

made previously, namely that taxes are more likely to lead to an economically efficient 

solution (Baumol & Oates 1975: 134, Pearce & Turner 1990: 102). A second argument in 

favour of the use of taxes is that they will deliver positive social benefits, even in the context 

of uncertainty and inadequate mformation on behalf of the environmental regulator, 

provided the amount of the tax brings the polluter's private cost function closer to the social . . 
cost function. Thus; full information is not necessary for pollution taxes to deliver net 

benefits to society. and, indeed, they can be. revised incrementally and iteratively as better 

information becomes available regarding private and social cost functions. 

2.2.4 Marketable emissions pennits 

The fourth and last category of pollution control responses suggested by the environmental 

economics literature. also makes use of market-based mechanisms, namely marketable 

emissions permits (MEPs). As in the case of standard-setting, the environmental regulator 
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specifies a maximul11 allowable level of emissions, and issues pennits for that amount. In 

this case, however, the pennits can be traded in a markd. 

A number of advantag~s to this option have been described in the literature (T'ietenberg 

1980. 1994: 2-10, Pearce & Turner 1990: 111-115, Cropper & Oates 1992: 688). First, MEPs will 

e11courage a least-cost solution, because producers with low abatell1ent costs will prefer to 

sell their· permits and reduce. pollution, while producers with high abatement costs will 

prefer to buy permits rather than invest in expensive abatement controls. Secondly, the 

system is flexible enough to allow the regulatory authority to change the desired amount of 

pollution, either by buying up permits itself if it wishes to reduce emission levels, or by 

issuing new permits if the limit is to be increased. Thirdly, MEP systems do not require 

adjustment in inflationary environments because they are not denominated in monetary 

terms, unlike taxes which have to be adjusted-to stay constant. in real terms. Fourth, tradable 

permits can theoreticaily allow interested third parties to participate in the market if they 

desire. For example, environmental organisations might buy up permits if they prefer for 

total emission levels to be reduced. In practice, however, there are few such organisations 

with the resources to compete with private produ~ers in MEP markets. A fifth advantage 

quoted in favour of MEPs is that the response to changing demand for permits, due to 

lumpy investment profiles, changing goals of regulators, or uncertainty on the part of 

polluters, is simply for their prices to adjust, while the environmental standard remains 

fixed. 

Tradable permits have been employed in several countries, most notably the US, where the 

1990 amendments to the Clean Air Act established a national cap on sulphur di6xide 

emissions and an allowance trading system for these emissions (Cropper & Oates 1992: 689). 

Whilst practical experience with these systems is still relatively limited, albeit growing, 

indications are that the tradable permit approach can be less cost-effective than promised, 

because of the.existence of high transaction costs (Stavins 1995: 9). These costs are associated 

with creating and managing a market in which prospective buyers and sellers of the permits 

can meet and trade, and with ensuring that permit holders do not exceed their allowable 

quotas. 

A second disadvantage with MEP systems is that in a stable market, they do not contain any 

in-built incentive for holders to innovate or introduce less-pplluting technologies; taxes on 

the other hand, always contain an incentive for producers to reduce their pollution 

emissions. Thirdly, although the MEP market is supposed to be self-regulating through the 

price mechanism, the system usually still has high administration costs because of the need 

to manage the market in the permits and to ensure producers do not exceed their permitted 

quotas (in the same way that this is required for com·entional regulation or for collection of 

pollution charges). Fourth, MEPs are likely to b€ less effectiYc in monopolistic and 
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oligopolistic markets becaust' of the limited number of producers trading in the permits. 

Furthermore, where trading in permits is ·thin', change will happen \'ery slowly and the 

least-cost situation m,1y be slt'W to materialise. Finally, in an imperfect market, a monopoly 

or oligopoly might seek to monopolise the permits, not on the basis of its marginal 

abatement costs relative to those of other producers, but simply as a means of raising entry 

costs for new firms and increasing its control over its industry. This may lead to an 

economically inefficient situation and, moreover, to an inequitable concentration of 

resources in the larger producers to the detriment of smaller producers. 

Having reviewed four main categories of responses to pollution problems, it is clear that 

each has its own strengths and weaknesses, with only the Coasian bargaining approach 

offering little value to situations where pollution problems arise in practice. As suggested by 

Cropper and Oates (1992: 699) it may be misleading to lump together in 'cavalier fashion' 

command-and-control methods of regulatory control and to contrast them with least-cost 

approaches usually associated with economic incentive systems: rather, a more selective and 

critical consideration of the merits of all approaches is urged. When policy responses to 

externalities in South Africa's energy sector are considered in the final chapter of this thesis, 

it will become apparent that this mixed regulatory approach offers the greatest potential in 

practice. 

3. The valuation of environmental services and damages 

A central requirement in the analysis of externalities and the development of policy 

responses, is that they be valued in economic terms. This area, the valuation of 

environmental goods and services, has been a major area of work in environmental 

economics over the past t\\!O decades or more. Numerous methods and techniques have 

been developed in the literature, and are applicable to a range of different circumstances. 

Before describing the most important valuation methods, however, it is relevant to consider 

briefly the debate around whether valuation of environmental factors is possible and 

desirable. This is relevant particularly in view of the criticisms often directed at 

en\·ironmental valuation, mostly by non-economists. 

3. 1 The debate over whether environmental valuation is appropriate 

En\·ironmental valuation has attracted much critical attention, from scholars both within and 

outside the economics profession. These criticisms include (mainly from within the 

profession) technical problems with the valuation methods, many of which will become 

apparent when the main methods are described shortly. The second important category of 

criticisms, coming usually from non-economists, is more fundamental, and revolves around 

the question of whether monetary values can be assigned to the environment in anv 
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meaningful way at all (Redclift 1987: 38, Amin 1992, Jacobs 1991: 204, Knill 1992). Some 

scholars adopt an ethical or moral opposition to environmental valuation bec<1use they find 

it difficult to reduce environmental components to money values. One of the most 

contentious areas is around the valuation of human lives, since finitP economic values do not 

sit comfortably with most ethical and philosophical views of the value of hum<1n life. 

The most important and simplest reas,m for undertaking valuation exercises m 

environmental economics is because the unit of analysis in economics is expressed in 

monetary terms; thus for environmental issues to be incorporated into neo-dassical analysis, 

they need to be expressed in monetary terms. 

More specific reasons for attempting to make valuations of environmental factors include 

the following: 

• Firstly, environmental services or damages are usually taken into account in decision

making processes through some implicit evaluation on the part of those involved. Where 

environmental impacts of decisions are not given explicit attention, they are either 

ignored altogether (reflecting a \·ery low valuation), or accounted for in some qualitative 
L.1 

way which can lead to ambiguous or normative recommendations. In this context, 

economists usually suggest that it is better to at least make explicit the value judgement 

which is being made (Freeman 1993: 10, Pearce et al 1991: 5, Jones-Lee 1994: 293). 

• In order to devise economically efficient pollution control strategies such as taxes, it is 

necessary to have an idea of the marginal external costs (MEC) resulting from such 

pollution; in other words, it is necessary to place an economic value on the environmental 

damage caused by pollution (Pearce & Turner 1990: 120). This represents a 

microeconomic argument for valuation. 

• Thirdly, by attaching economic values to environmental policy issues, the importance of 

those issues in the wider macroeconomic context becomes highlighted. For instance, 

estimates of environmental damage in West Germany, in the form of air, water and noise 

pollution, amounted to about 6°0 of the country's GNP for 1985 - clearly not insignificant 

(ibid: 124). By placing some economic value on the environment, it can be argued that a 

better representation is provided of peoples' personal valuations of the environment, as 

evidenced, for example, by the growth in environmental consciousness internationally. 

This becomes particularly important for the purpose of environmental accounting. 

• Fourthly, economic valuation of environmental changes is essential for the performance 

of a cost-benefit analysis, a standard and widely-used tool in decision-making (Layard & 

Glaister 1994). If the environmental impacts of an in\'estment decision are not reduced to 

monetary terms, then they cannot be included in the stream of costs and benefits 

associated with the project and. insteaj, ha\'e to be accounted for in some other way m 
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the decision-making process - frequently through cost-effectiveness analysis in which 

only the cost side of the equation is quantified (Bojo l't al 1992: 81 ). 

• Another argument often raised by economists is th<lt the \".1luation process does not entail 

placing an economic value on the environment itself, but rather reflects individual 

preferences for or against an environmental service or problem, or of trade-offs between 

different risk-scenarios (Pearce et al 1991: 4, Freeman 1993). Peoples' preferences for 

many different goods and services are expressed every day in monetary terms, and 

environmental valuation attempts to introduce a level of consistency and comparability 

with respect to human preferences for other items. 

Against this background, it is suggested that the pursuit of sound environmental policy is 

not furthered by absolutist approaches which either attempt to place values on every 

environmental problem, or preclude any valuation efforts at all. Rather, it is suggested 

environmental valuation can serve a useful purpose in specific instances, provided all 

assumptions and limitations are made explicit. This is the position taken in this thesis; the 

following sections describe the concepts and methods used in environmental valuation. 

3.2 Environmental valuation: theoretical measures of utility and welfare 

The economic valuation of environmental goods and services follows the basic tenets of neo

classical welfare economics in which each individual is belieYed to be the best judge of his or 

her welfare, and in which each person's welfare depends upon his or her consumption of 

goods and services (Freeman 1993: 6). These goods and services include not only those 

produced by firms or governments, but also non-market goods and those produced by the 

natural environment: for example, breathable air, potable water and visual amenity. Further, 

it is assumed that people have some set of preferences for alternative combinations of goods 

and services, and that it is possible to substitute one element for another, without changing 

the overall level of utility for that person. Thus, from individuals' willingness to make trade

offs between various elements in their preference sets, some of which may be marketed 

goods and other not, something is revealed about the values people place on those goods 

and services. 

These trade-offs can be expressed in terms of a person's willingness to pay (WTP) or 

willingness to accept compensation (WT A). WTP represents the maximum amount a person 

would be prepared to pay to enjoy an increase in some (em·ironmental) good or to prevent a 

decrease in that good," whereas WT A is the minimum amount a person would require to 

·This ·good' can be conceived of very widely and could include, for instance, the welfare of 

the poorest people in society (as is the case with people whose collecti\·e or social interests 

are significant). 

.· 
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forego an improvement in welfare that would otherwise have occurred, or to tolerate a 

reduction in welfare (ibid: 8). In principle, WTP and WT A need not be exactly equal, since 

the former is, by definition, dependent upon an individual's inconw. whereas the latter 

could have a very much higher value, much less constrained by income than WTP. 

Several approaches exist, in theory, by which individual welfare d1anges can be measured. 

The first is the ordinary consumer surplus: the difference between the amount a person is 

willing to pay for something and the amount they actually pay; in other words it is equal to 

the area below a simple demand curve and above the horizontal price line (Freeman 1993: 

46, after Marshall 1920: 124). Given that it reflects an individual's expression of the utility 

attached to consumption of the relevant good or service, it forms a part of the economic 

value, in addition to the amount actually paid. 

·Two other measures of welfare change, which are refinements of the ordinary consumer 

surplus (after Hick 1943), are the compensatory variati~n (CV) and the equivalent variation 

(EV) approaches. Both are based on a Hicks-compensated demand curve - this refers to a 

demand curve in which only the substitution effect of a change in relative prices is observed, 

with a compensating adjustment being made to the individual's income to leave him or her 

at the original le\·el of utility (Freeman 1993: 52). The CV calculates WTP or WT A based on 

peoples' ex-ante or pre-project utility, in other words, it asks what compensating payment 

(or change iI1 income) is required to make a person indifferent between their original 

situation and a new set of prices or conditions (Freeman 1993: 48, Johansson 1990: 35). On 

the other hand, the.EV measure is based on the expected ex-post utility, or~ other words, it 

asks what payment (or change in income) is required to lead to the same utility as the 

proposed project or change in prices (ibid). 10 In theory, each of these measures results in a 

different valuation of welfare change; given the practical difficulties of observing the CV and 

EV measures - because they are based on an unobservable Hicks-compensated demand 

function - the most frequently-used measure is the ordinary consumer surrlus (Freeman 

1993: 61). The use of the ordinary consumer surplus was given impetus by Willig (1976) who 

demonstrated that the approximation error for the CV or EV measures was, in most cases, 

negligible; howe\·er, as Freeman (1993: 61-70) subsequently showed, this conclusion also 

required qualification. 

w Two other measures also exist, namely compensating surplus and equivalent surplus; 

these are not described here as they refer to a restrictive situation in which an individual is 

restricted to consuming a specific quantity of a good even though its price changes (Freeman 

1993:49) 
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3.3 Environmental valuation In practice 

Aside from the theoretical complexities of measuring \\'elfare change (and therefore 

environmental values), significant difficulties arise_jn practice. Em·ironmental valuation is 

obviously not simple because of the different nature of the benefits and costs associated with 

environmental goods and services. For instance, the cost tL1 a ponr rural household of a 

woman's labours in collecting fuelwood, is of a very different nature to the benefit derived 

by an affluent household in Europe from the knowledge that parts of the Amazon forest 

have been saved from logging. Consequently, environmental economists have put forward 

the concept of total economic value, and ottered a disaggregation. 

Put simply, total economic value (TEV) is seen to comprise a number of components (Pearce 

& Turner 1990: 131): 

TEV =actual use value+ option value+ existence value. 

' 
Use value is considered to be the value a person derives from actually using part of the 

environment, for example, by an angler fishing from a river. Option value is more complex 
. . 

and represents the value of potential use of the environment; for example, it might relate to 

the value placed by a person on the option of being able to fish in a river at some future date. 

Existence value is even more difficult to define accurately, but is a value which resides 

intrinsically in something, quite apart from human use of that thing. For instance, a person 

may never see a particular species of fish or make any use of such a fish, but might attach 

value to knowing that it exists in a river system. While the idea of existence value presents 

practical measurement difficulties, it is significant that it is conceptually useful in 

accommodating many environmentalist .:oncerns which are often unrelated to current or 

future use of resources. 

Environmental valuation methods can be categorised as being either direct or indirect;" 

various methods ~escribed in the literature are mentioned briefly below. 

3.3.1 Direct valuation approaches 

The first of three categories of direct valuation approaches is termed the contingent 

valuation method (CVM), in which a hypothetical market is constructed in order that 

individuals may reveal their preferen.:es for a given environmental ·good' or 'bad'. 

Typically, CVM studies attempt to gauge one of several possible values: willingness to pay 

" The terminology used to describe these valuation methods varies in the literature; other 

categories sometimes used include ·stated preference' measures (direct valuation 

approaches such as contingent \·aluation and ranking). and ·revealed preference' measures 

(indirect \·a!uation approaches such as tr.e travel cost and hedonic pricing methods). 
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(vVTP) for receiving a benefit, or for avoiding a cost, and willingness to accept compensation 

(WT A) in respect of a cost incurred or a bt'nefit not received (Johansson 1990: 35 ). Pel)ple are 

asked directly about their WTP l)r WT A through questionn.1ires or surveys in an attempt tf> 

reveal their individual preferences, which are then aggre~ated or extrapolated to yield a 

total value of the environmental factor. 

A large body of literature exists around the use of contingent valuation methods, and their 

strengths and weaknesses are well-documented (Freeman 1993: 165, Pearce & Turner 1990: 

148-153; Johansson 1990). A tei:hnical attraction of CVM is that it is theoretically applicable 

to any environmental question since it elicits 'valuation bids' from people as if they were 

participating in an active market for the environmental element concerned. 

Problems with the CVM approach are, however, not easily dismissed in practice (Cropper & 

Oates 1992: 710, Pearce & Turner 1990: 149-153). Firstly, it is notoriously difficult to ensure 

that the responses given by people are truthful or accurate, especially. where they might 

benefit by giving a response whii:h adjusts the aggregate valuation of a public good from 

their personal valuation. This is known as the free rider problem and is classified as ~ form 

of strategic bias. Secondly, survey approai:hes can suffer from design bias, insofar as the 

starting point in the bidding process may influence a respondent's vaiuation, or as people 

may ha\'e different sensitivities to the 'vehicle' Chosen as an instrument of payment (for 

instance, entrance fees, property rates or price increases). A third problem is referred to as 

hypothetic.al bias, whii:h results from the fact that peop1~· bids will differ from the prices 

they would have been prepared to pay in an actual market. This is primarily because 

participation in hypothetical i:narkets carries no risks or real costs of making poor decisions. 

A fourth problem area relates to operational bias, in other words, differences in operating 

conditions between real and fictitious markets. For instance, people may not know enough 

about the issue being surveyed, might have had a prior experience whii:h differs. from that 

being evaluated, or might have little or no experience of the bidding processes adopted in 

market transactions. 

A fifth problem with CVM approai:hes whii:h has been extensively ·discussed in the 

literature, is the divergence between \NTP and WTA (Freeman 1993: 177, Knetsi:h & Sinden 

1984, Cropper & Oates 1992: 710, Pearce & Turner 1990: 156). Many CVM studies have 

found a wide divergence between valuations yielded by WTP and WT A, with the latter 

consistently exceeding the former, sometimes by several factors (Freeman 1993: 177). A 

simple example can illustrate the divergence between \i\TP and WT A: 12 if the question aims 

" This example is pertinent to the valuation of externalities, such as those in subsequent 

chapters, where human health outcomes are significant. 
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to establish the amount an individual would be willing to pt1Y (Vv'TP) to avoid his or her own 

death, the answer is most likely to approximate 'all of his or her wealth'. On the other hand, 

if the question aims to est,1blish the ~illingness to accept n1mpensation (WTA) for a certain 

death, the response is most likely to be that no amount i~ sufficient to compensate for death -

in other words, an infinite valuation. Clearly, there is a wide divergence between WTP and 

WTA in this example. 

Several explanations for these differences have been offered, including suggestions that 

problems lie with the format of hypothetical bidding questions which cause disparities 

between revealed (as distinct from true) WTP and WTA !Freeman 1993: 178). Other 

explanations focus on the existence of an 'endowment effect', which suggests that 

individuals' valuations of gains or losses relate to some reference point, usually the status 

quo (Thaler 1980, Kahneman & Tversky 1979). Negatiw deviations from this original 

endowment (of environmental quality) will be given higher values than equivalent positive 

deviations. This is consistent with the findings in actual CVM studies. Further, this view 

suggests that the manner in which gains and losses are se-=ured is important, in that losses 

which are 'imposed' will attract a higher value than an equivalent loss which is voluntarily 

incurred (Pearce & Turner 1990: 157). 

In addition to these criticisms which are well-documented in the literature, CVM methods 

face difficulties in the aggregation process where the distribution of income across society is 

unequal to begin with. For instance, poor rural inhabitants of an area proposed as a 

conservation area may be asked to make a bid of their WT A compensation for loss of land 

due to the establishment of a nature reserve. On the other hand, wealthy urban residents' 

WTP for the right of use of the area might be a much higher amount, leading to the simple 

cost-benefit conclusion that the proposed conservation area is worth more than the currently 

inhabited area. The project would therefore be deemed to deliver a net benefit to society, 

and would be pursued. However, because the marginal utility of income of a poor rural 

person will be much higher than that of a wealthy person, the exercise of comparing the 

monetary valuations expressed in the respective WT A and WTP may not maximise societal 

welfare or satisfy equity goals. In principle, this refers to the need to make adjustments to 

individual valuations according to a social welfare function, taking explicit account of 

varying marginal utilities of income: in other words, a weighting factor may be applied to 

give greater weight to valuations of people lower down the income distribution (Layard & 

Walters 1994: 196). In practice, however this presents serious problems, and although 

weighting factors were sometimes used in the 1970s, this is infrequently done in 

contemporary studies 1 Little & Mirrlees 1994: 208). In this context, the problem remains 

consequential. 
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A seco.nd kind l)f direct valuation approa\.·h is the hedonic pricing method (refer Freeman 

1993: 367). Most commonly applied to land and property cases, this method is based on the 

assumption that property prices reflect the stream of benefits flowing from ownership of th1.:' 

land, and that differing· property prices are attributable, at least in part, to owners' 

willingness to pay for the relevant environmenta.l characteristics related to the piece of land. 

By using appropriate statistical techniqut'S it is possible to identify the price differential 

attributable to a particular environrnent.1l feature and obtain a valuation for it in this 

manner. Comparisons can be made on a time-series basis, or cross-cutting basis. with the 

former having been found to be more com·incing (Rees 1992: 344). 

A common variation of this approach is known as hedonic wage pricing, in which wage 

differentials are assumed to capture workers' valuations of environmental and other 

conditions of their jobs (Freeman 1993: 421 ). The logic behind this is that workers would not 

actept work under dangerous or unhygenic conditions, unless they were adequately 

compensatl'!d for thqse risks. All other things equal, in an efficient market all environmental 

risks would be fully internalised into workers' wages, so wage differentials could be isolated 

statistically, to reveal individual. preferences for relevant environmental conditions. 

In spite of the large amount of literature on this approach, especially in the North American 

context, the hedonic pricing approach is not easily applicable in many circumstances, such as 

where property markets do not operate efficiently, or where unemployment rates are high. 

The latter conditions are commonly found in developing countries, which consequently pose 

serious problems for the application of hedonic wage methods. 

A third direct valuation technique is the travel cost approach (refer Freeman 1993: 443 ). 

Developed in the 1960s (see Knetsch 1963) in the context of valuing demand for recreational 

activities in North America, this approach values environmental services or commodities 

(such as nature reserves) by calculating the total of visitors' expenditure on transportation to 

and from the reserve, as well as other costs such as entry fees and the opportunity cost of 

their time devoted to this activity. These valuations are used to derive demand curves for 

the environmental service, which can be aggregated or extrapolated to determine society's 

total WTP for the environmental feature. 

The travel cost approach, like the hedonic pricing approach has the advantage of using 

actual rather than hypothetical markets to derive .environmental values (unlike the 

contipgent \·aluation method). HoweHr, the travel cost approach is also of limited 

applicability in practice because it relates to only a few environmental issues where travel 

and. time costs can be obsen·ed (for example, visits to nature reserves). Moreowr it also has 

large informational requirements for implementation in practice. 
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3.3.2 Indirect valuation methods 

Indirect \'aluation approaches differ from those described above, insofar as tht'Y do not 

attempt to derive a valuatior based on the revealed preference~ nf individuals (as it a market 

existed for the environmental commodity in question). Instt>,1d, they derive valuatil'ns on the 

basis of opportunity costs or indirect costs which can be attributed to a gi,·en impact 

(Cooper 1981: 51). These rnsts are usually incurred in ,1lready-existing marke~. and are 

related in some way 9r another to the environmental element of concern, particularly where 

these concern health effects. Thus, for example, the social L"l'St (value) of a case of pneumonia 

resulting from a worker's exposure to air pollution in the workplace might be cakulated to 

include ~s many of the following as apply": 

• foregone income of that person while he or she is absent from_ work due to illness, and of 

any care-givers who are unable to work whilst attending to that person; 

• expenditure on private health care - medicines, visits to doctors and hospitals and other 

forms of treatment; 

• expenditure by public health authorities on treatment of that person; 

• transport expenditure by that person and any others in respect of visits to hospitals, 

doctors and so on; 

• any other costs incurred as a result of the illness. 

The sum of these items, discounted to a present value, can be used as the value of such an 

extemality. This valuation method is also called the cost-of-illness (COi) approach (Freeman 

1993: 343); it has some elements in common with the 'averting behaviour' valuation method 

described by Cropper and Oates (1992: 703). The latter relies on the fact that em·irorunental 

damage or amenity can be valued with reference to iriputs (or services) which are purchased 

to mitigate the negative effects. In the example given by these authors, the value of 

additional air pollution can be measured by the value of additional expenditure on 

medication to relieve itchy eyes and runny noses (ibid). In effect, this method assumes that 

other inputs can be substituted for environmental quality. 

Although most environmental economists tend to prefer revealed preference methods 

because they reflect indi\·iduals' valuations based on their underlying utility functions, the 

opportunity cost method has important advantages, particularly in a developing country 

context where WTP valuations are prone to the problems outlined earlier. Moreover, the 

data requirements of opportunity cost approaches are usually more modest than those of 

hedonic pricing or CV?\-1 techniques, which make them ::nore practicable in a context such as 

that of South Africa. Opportunity cost measures, such a:" tho'.'e based on the CL~ts of illness, 
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are generally viewed as a lower bound estimate of willingness to pay for the change in 

health status (Cropper & Oates 1992: 715). 

The choice of \'aluation method .for purpl1ses ot valuing t'Xtern,1lities in tJ1e South African 

energy sector is discussed in further detail in Chapter four, in the specific context of the 

electricity generation and household consumptitin sectors. For the present, it can be noted 

that the opportunity cost method is used: the r.1tionale· for this choice is described in more 

detail in Chapter Four. 

3.4 Internalising environmental costs into accounting systems 

A final aspect of relevance in the literature .on environmental \'aluation. is environmental 

accounting. This is an area in which the identification and valuation of externalities is given 

practical effect. In essence, it is concerned with 'getting the values right' for purposes of 

decision-making. 13 

Environmental accounting can occur, broadly speaking, at two levels. The first is the micro

scale, and essentially involves devising mechanisms or systems to incorporate external 

environmental costs into cost functions. Usually, taxes or levies of one form or another are 

applied to bring private production costs into line with true social costs. The theory of this 

issue was discussed earlier in the chapter; its practical application forms the basis of 

Chapters Three and Four of this thesis. The only point to be made here is that the 

internalisation of external costs can sometimes lead to a re-ranking of supply options (for 

example, coal, nuclear, hydro, demand-side management) and can therefore be highly 

consequential at a micro-economic level. 

The second area in which environmental accounting is the subject of attention, is in relation 

to the macro-scale and specifically·national emironment accounting. The concern in this case 

is also ~ith 'getting the prices (values) right'. The motivation for this stems not so much 

from a need for accuracy and precision per se. but from the signals which are provided to 

planners and other users of national accounts through the incorporation of environmental 

values in the account. · 

It is widely accepted, at least in the development economics literature, that standard 

measures of economic growth such as gross national product (GNP) do not necessarily 

reflect changes in welfare over time, nor particularly, changes in environmental quality or 

the stock of natural c.apital (Adger & Grohs 1994, Pearce.et al 1989, Munasinghe 1993a: 11, 

,., Similar logic, but in another context, is applied to electricity utilities in developing 

·countries, for example, by advocates such as the World Bank which type ally advise them to 

·get their prices right' - equal to the long-run marginal wsts of supply 
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Pezzey 1992: 3, Dasgupta 1990: 60, Pearce & Atkinson 1995. Pearce & Warford 1993: 83). This 

is because conventional measures of national income do not indic1te whether the economiL· 

activity they are based upon is sustainable, however that may t~e defined. Furthl'r, mam· 

kinds of income or expenditurt' which make a positive contributi1.'n to national income ma\· 

in fact have resulted in depletil'l1 of non-renewable resources or dt'teriorating em·ironment;1l 

quality. 

Notably, there is some disa~reement in the literature on the adjustments which can 

legitimately be made to natit1nal accounts, particularly over the treatment of defensi,·e 

expenditures. Proponents of national environmental accountin~ systems have proposed 

(inter alia) that defensive expenditures should not be included in final demand - but as an 

intermediate good (Ahmad et al 1989). Others, howe,·er, h.we noted that defensi,·e 

expenditure should be treated just as any other item of expenditure since it contributes to 

improved well-being (Dasgupta & Maler 1994: 325, Bojo et al 199:!: 49). These differences are : 

perhaps attributable to the fact that the former view takes as its starting point an 

environmental state which is clean or 'natural', whereas the latter starts with actuallv 

prevailing conditions (usually a deteriorating environment). 

Jn recent years, there has been much activity by environmental economists in identifying 

measurement and accounting systems which more appropriately reflect the impact of 

economic activity on environmental quality and sustainability. Jn particular, efforts ha\·e 

been directed at defining and measuring 'sustainable development'. Pearce and Atkinson 

(1995: 167) trace the thinking around sustainable growth from Hartwick (1977), Solow (1986) 

and Page (1977) to their formulation that sustainability depends on a non-declining capital 

stock over time (see also Pearce et al 1993: 15). The capital stock can be thought of as 

comprising three kinds of capital: reproducible (human-made) .:apital K,, human capital K,, 

(the stock of knowledge and skills held by humanity) and natural capital K" - the stock of 

renewable and non-renewable environmental resources and sen-ices. By acknowledging the 

role of savings in the creation of capital, and assuming that the stock of human capital 

cannot depreciate, a condition for sustainability can be derived: 

S/Y - 8jY - ojY ~ 0 

where s is savings, y is income, 8, and on are the depreciation of reproducible and natural 

capital respectively (ibid: 168). 

This condition is termed the ·weak sustainability' rule, since it assumes that substitutability 

can occur between various components of the capital stock: in this case between 

reproducible and natural capital. In other words, the natural e:-.,·ironment can be degraded 

in the process of generating vvealth, provided some of those rents are reinvested in capital 

which will maintain huma"~ consumption at constan! le\·els o\·er time - effective[\· the 
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Hartwick rule (1977). However, the assumption of substitutability between thes1:' forms of 

capital clear!~' does not always hold, since many environmental losses will be irreversible. 

Pearn' and Atkinson therefore also dl'scribe ,1 'strong sustainability' rule, whid1 would 

require that K,, not be declining, whilst total K is constant ~H increasing. A second condition 

defining the ·state of sustainability is th,1t the rate of technical change should exct'ed the rate 

of population increase. 

Not considering the latter condition, based on studies of 22 countries for which the 

sustainability test was done, Pearce and Atkinson found that 8 of the 22 failed the weak 

sustainability test, while all 22 failed to met>t the condition defining a state of strong 

sustainability (1995: 173). Whilst the authors acknowledge that their analysis is approximate 

and does not fully consider factors such technical change, the results are nevertheless 

interesting and suggest further work is required in the art-a. 

Recent development~ include adjustments' to the United Nations System of National 

Accounts (SNA) to include items recording the depreciation of natural capital (El··Serafy 

1994). Deduding depreciation .of capital from GNP yit-lds Net National Product (NNP), 

which is frequently some percentage points lower than the unadjusted figure for GNP. The 

rationale for these adjustments can be illustrated by means of an extreme-case example. If 

two ecoriorriies have equal economic results measured in terms of GDP and GDP growth 

rates, it would be assumed at first glance, that they are equally well~off. If, however, 

economy A produces its income from a sustainable eco-tourism industry, whilst economy B 

produces its income by mining gold and diamonds, it no longer follows that they are 

necessari}y equally well-off Economy B is producing its income by depleting a non

renewable .resource (K), and its overall welfare is therefore dependent upon how it uses its 

income: whether its saving rate and consequent investment is sufficiently high to substitute 

for the depreciation of its natural wealth. 

The effect of the adjustments to the SNA is to make explicit the depreciation of natural 

capital in· the calculation of Net National Product (in the same way as depreciation of 

reproducible capital is deducted).!< The significance of these kinds of adjustments is obvious, 

especially insofar as planners and policy-makers have historically found. it difficult to 

com·ert r3ther vague goals of sustainable development into practice, and then to measure 

whether progress ,has indeed occurred. Some examples may illustrate this. An analysis by 

" By the same token, if an improvement were to occur to the state of natural capital, as an 

unintended consequence of other activities. this benefit should be offset against any 

depreciation of natural capital. In practice. however. attention of analysts has been on the 

co::-t side of the equation. 
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Adger and Grohs of Zimbabwe's national accounts, for example, suggested that by ignoring 

the value of soil ewsior: and forest depletion, the country's agricultural· output was 

overstated by some ll1",, :n 1989 11994: 1). Another analysis of Zimbabwe's soil e:osion 

problem, sponsored bv the CN's Food and A~riculture Organisation (FAO) found tr.at the 

cost of soil erosion could exc1..--ed 16% of agricultural GDP, equiv,1\ent to 3% of the country's 

total GDP (Norse & Saigal 19"3: 230). 

In another study, conducted in Mexico in 1990/91 and supported partly by the L"nited 

Nations and World Bank, two sets of em·ironmentally-adjusred net domestic product 

estimates for the country were produced (Van Tongeren et al 1993: 257). The first ~timate 

deducted from net dr•mestic product the em·ironmental costs rt>lated to deforestation and 

the depletion of oil, timber and ground water resources, and yielded a national income· 

amounting to 94% of traditional NDP. The second estimate deducted, in addition to the 

above, the costs of environmental degradation through air and water pollution, waste 

disposal and soil erosion. The adjusted national income thus calculated was equivalent to 

87% of conventional ~DP .. -\gain, even though the authors of this report emphasised that 

their objective in the exercise was to highlight conceptual and methodological issues, rather 

-than to quantify adjustments with high levels of precision, the order of magnitude of their 

results suggests that environmental adjustments to national accounts may produce 

dramatically different results. This is an ongoing area of applied research in environmental 

economics, which is dependent to a large extent upon micro-scale or sector-based externality 

valuation studies, such as those attempted in this thesis. The latter represent the building 

blocks for macro-scale environmental accounting exercises. 

4. International studies of externalities in the energy sector 

Having reviewed the literature as it pertains to the theory of externalities environmental 

valuation, it is important to consider how the theory has been applied to practical extemality 

problems arising from the energy sectors of developing and industrialised countries. At the 

broader level, there is a notable body of literature which has emerged in the past decade or 

so concerned with ,·arious aspects of energy-environment policy (not all of it specific to 

externalities per se): s.ee for example, Munasinghe (1990, 1991, 1993a, 1993b), Pearson (1989, 

1993, 1994), Pearson and Stevens (1992), Fisher and Smith (19821. Pearce (1995a) and Burtraw 

et al (1995). 

Of relevance for present purposes, are studies of energy externalities which have been 

reported in the literature or which have been documented in the public domain. In 

reviewing the literature, particular emphasis has been directed towards studies undertaken 

in developing countries; however, as will i:."iecome apparent, t..;,e bulk of extemality studies 

have been underta;;.en m :;1dustrialised Ct..'untries. :V1oreo\·er. there have been manv more 



Page 38 Chapter two: Literature review 

4.1 Externality studies In the electricity generation sector 

There have been several major initiati\'es in the past decade to account for external costs 

arising in the power sectors of industrialised countries. In addition to these major extemality 

studies, there have also been numerous smaller studies in which external costs have been 

estimated for specific classes of envirl"inmental impacts. Many of these micro studies have 

been utilised in the valuation components of the larger extemality studies. This section of the 

report reviews the major extemality projects, taking account of the smaller scale studies only 

to the extent that their results have beei1 incorporated into the former. 

Externalities studies employ widely differing methodologies, which account in large 

measure for the different numerical valuations they yield (Lee 1995:2). Methodological 

approaches can be usefully categorised as being either 'top-down' or 'bottom-up' (ETSU 

1995:6). Top-down approaches generally use aggregated data, for example, of national air 

pollution emissions or health impacts, to which costs are ascribed, and which are then 

apportioned to the energy sector. The result is an estimate of average costs (as opposed to 

marginal costs of, say, new generation facilities). Advantages of this approach are that the 

data requirements are relatively modest and so results can be produced in a wider range of 

situations. Its main disadvantages indude the lack of attention to site-specific environmental 

impacts and conditions, and the lack of marginal analysis which is required when making 

optimal in,·estrnent decisions. 

Bottom-up methodologies generally entail analyses of environmental costs which are more 

specific to given technologies, sites. demographic and environmental conditions. Data are 

required irom the main stages in the 'impact pathway': emissions of pollutants, their 

dispersion and deposition, the sensitivity of receptors to pollution, dose-response 

relationships, and finally economic valuation of impacts. This category of approaches 

therefore attempts to construct some kind of damage function. It allows for marginal 

analysis of new projects, and has the advantage of being more specific to particular power 

plants and locations. The most serious disadvantage of the damage function approach is that 

it is very data-intensive, which imposes severe constraints where data gaps are significant. 

In the sections which follow, a number of significant extemality studies which have been 

documented in the literature, are summarised briefly. The reason for presenting them is less 

to make .:omparisons. between them or with South Africa, than to identify methodological 

approach~ which can inform a SouL~ Africa-specific analysis. 
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4.1.1 Externality studies in i11d11strialised co1111tries 

4.1.1.1 Tlie Hohmeyer study i11 Ct'rmany, 1988 

Hohmeyer (1988) wa~ re~pnn~ible for one of tht' first maior attempt~ at valuing 

environmental costs in the energy sector, using West German data. This study used a ·top

down' approach: it utilised other studies' estimates of the country's total damage costs 

attributable to air pollu~ion, and then apportioned this to various sources of emissions, 

including the fossil fuel-based power sector and the nuclear power sector. The study was 

performed under contract for the Commission for European Communities and was 

undertaken in the context of governments taking corrective action against market barriers to 

re_newable energy technologies. It concluded that accounting for external effects would 

improve the competitive position of renewable sources of energy. 

The valuation estimates produced by the Hohmeyer study are summarised at the end of this 

section, but it is· worth noting that they were highly significant: of the same order of 

magnitude as private electricity production costs. As a result. the Hohmeyer study received 

considerable amounts of attention, particularly in Germany, and was heavily criticised on 

the grounds of its methodology and results (Friedrich & Voss 1993:114). 

In subsequent work, Hohmeyer has extended the scope of the externalities for which 

valuations have been calculated, and has produced valuations for the emissions of 

greenhouse gases (Hohmeyer & Gartner 1992). The lat~er estimates were very significant in 

relation to other external costs. 

4.1.1.2 The Pace University study in the United States, 1991 

Ottinger et al (1991) were contracted by the United States Department of Energy and the 

New York State regulatory authority to review the international literature on the 

methodologies used to assign monetary costs to environmental externalities, and to present 

the results of those studies (1991:13). The intention of the study was to assist utilities, 

regulatory bodies, legislators, policy analysts and public interest groups in estimating the 

environmental costs of electricity supply, in the context of integrated resource planning 

decisions. The Pace study utilised a bottom-up, damage function approach, drawing on 

numerous studies which had addressed specific aspects of the damage pathway; it 

undertook no primary data collection of its own. 

The· environmental costs produced by Ottinger et al were derived from a spreadsheet-based 

model which included data on pollution emissions, dispersion, dose-response relationships, 

and monetary valuation of impacts. Default values for all of these variables were selected on 

the basis of the existing body of literature. 

-_. 
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The result of their efforts was an extremely comprehensive report, over 750 pages in length, 

with estimates of environmental costs of the major impacts for each of seven resource 

options: coal. oil, natural gas, nuclear, renewable technologies (hydro, solar, wind and 

biomass facilities),' waste-to-energy facilities and demand-side management options. The 

most important of these results are summarised at the end of this section. 

4.1.1.3 Tlze Tell11s Institute study in Wisconsi11, Unitt.'d States, 1991 

Bemow et al (1991) performed a study of the environmental costs of a group of pollutants 

associated with electricity utilities in Wisconsin state. The context was one of resource 

planning for utility investment, and estimates of environmental costs were produced for air 

pollution emissions from several coal-based generation technologies .. 

This study differed from those described thus far insofar as its methodology was not based 

on Jhe damage function approach, but on the regulators' revealei;:tpreference approach. fhe 

motivation for this was that information requirements for the damage cost approach were 

excessive, and instead, the cost of meeting targets for environmental quality as prescribed by 

regula~ory agencies was taken to reflect society's willingness to pay to avoid the risk of those 

damages (ibid: 21). The marginal control costs were thus used as a surrogate for marginal 

damage costs. 

Whilst the regulators' revealed preference, approach avoided the information gathering 

problems faced by damage function studies, it has been criticised for making the assumption 

·that regulators know what marginal damage costs are and that they make the optimal 

regulatory decision (ETSU 1995:7). This logic is argued to be self-referencing, and would 

automatically equate marginal abatement costs with marginal abatement benefits, since the 

latter are equal to avoided environmental costs, which in tum are valued at the cost of 

achieving the regulator's target level of pollution. 

4.1.1.4 The Pearce et al study in the United Kingdom, 1992 

Pearce and colleagues were contracted by the UK Department of Trade and Industry to 

survey the social costs of energy production and use (Pearce et al 1992). This study drew on 

Ottinger et al (1991) and other literature, which was used as the basis for making its own 

estimates of external costs. The approach used was similar to that of Ottinger et al, although 

it adopted a fuel cycle approach, which meant therefore that it addressed a more complete 

picture (ETSU 1995:7). 

As with the previous studies, Pearce and colleagues did not collect any primary site-specific 

data and therefore the extemality valuations produced are prone to uncertainty and 

inaccuracy when considering specific sites. ~fore recently, Pearce revised the earlier 

estimates (1995b ). 
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4.1.1.5 The Lockwood study in the United Kin~d<lm. 1992 

The Parliamentary Office of Science and Technology in the UK commissioned a study 

undertaken by Lockwood (1992), which was a review, synthesis and extension of the 

literature on external costs, giving specific attention to the UK. The main sources of literature 

which were reviewed were the studies of Hohmeyer and Ottinger et al. Their methodologies 

were assessed as being 'broadly correct' and their results in line with those in the literature 

at the time, although they were criticised on two grounds: their estimates of dose-response 

relationships (for example, in the case of the impacts of acidic deposition) were not easily 

generalisable since these are highly site-specific in practice, and secondly, the wide range of 

estimates attributable to nuclear power was due to extreme uncertainty over the probability 

of catastrophic accidents. The report did not offer any revised estimates of social costs. 

An important element in this study was the consideration given to 'fiscal externalities', in 

addition to the usual 'environmental externalities. Fiscal externalities include (primarily) 

taxes and subsidies which often affect different fuel cycles to varying degrees. The report 

concluded that coal-based electricity in the UK is taxed by up to 0.95p/kWh (about 5 

c/kWh), while nuclear-generated electricity is effectively subsidised by about 0.1.5 to 0.45 

p/kWh (or 0.8 to 2.5 c/kWh) (ibid: -i). The report also concluded that there was some 

economic justification, on the basis of external cost estimates, for the incremental installation 

of flue-gas desulphurisation equipment on coal-fired plant. 

4.1.1.6 The Friedrich & Voss study in Germany, 1993 

The attention which the 1988 Hohmeyer study brought to the issue of externalities 

precipitated many other studies elsewhere, but also prompted other analysts in Germany to 

analyse the issue. In one such case, Friedrich and Voss scrutinised the methods and data 

used in the Hohmeyer study, found them to be 'unsuitable' and the corresponding estimates 

of external costs 'too high' (1993:114). As a result, they did their own analysis of Germany's 

external costs in various fuel cycles, with a view also to establishing whether the relative 

ranking of resource options would change. 

Their conclusions were that while the internalisation of externalities could avoid or reduce 

misallocations of scare economic resources, it would not necessarily lead to changes in the 

competitive rankings of coal, nuclear, wind, solar and so on (ibid: 122). 

4.1.1.7 The US-EC external costs of fuel cycles project, 1991-1993 

Following the earlier studies described abo\'e, a major project was initiated jointly in 1991 

between the US Department of Energy and the European Commission. with the aim of 

developing an accounting methodology to systematically evaluate external costs of various 

fuel cycles. The study used a damage function approach and provided an accounting 

framework within \vhich external costs could be operationalised. 
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A number of research groups from both sides of the Atlantic Ocean contributed to this 

project, which developed a conceptual ·and accounting framework for assessing the external 
·i -

costs of various fuel cvclcs. Thl' first phase of the project was completed in June 1993, <Ind 

thereafter work continued to bt' done in the US and Europe, although more independently, 

since this involved the applicatilm of the methodologies in particular contexts. These projects 

are described separately below. 

4.1.1.8 The Extern£ st11dy for the European Commission, 1993 and 011going 

The European Commission supported subsequent phases of the joint US-EC stud~· described 

above, in the so-called 'ExtemE project', covering the period from July 1993 to 1998 (ETSU 

1995:11). The main components of ExtemE included the following: 

~ The methodology which had been developed in the first phase for the coal and nuclear 

cycles was extended to several other cycles: oil; gas, lignite, hydro, bio~ass and wind. 

• The methodologies were implemented in a number of European states, including the UK, 

Germany, France, Netherlands, Greece, Portugal, Italy, Spain and Norway (ibid: 12). 

• Soft.ware tools for application of the methodology were developed with a view to 

allowing application of the approach in local circumstances, including facilities to 

perform sensitivity analyses. 

Through the process of implementation of the methodology and the development of 

software tools, the approach has been reviewed and improved. 

The principal focus in ExterfiE has been on the development of a methodology, rather than 

the calculation of values. of external costs. The aim of the methodology is to allow for the 

calculation of marginal external costs and benefits for a specific power plant, at a specific site 

and using specified technologies. It adopts a cradle-to-grave view of environmental impacts 

and thus approximates a life cycle analysis in cases where upstream impacts (such as coal 

mining) are included. 

4.1.1.9 The US Department of Energy study, 1993-1995 

The US portion of the joint US-EC study was led by the .Oak Ridge National Labora~ory 

(ORNL) and Resources for the Future <RFF) and was similar in many respects to the ExtemE 

project. A similar but separate series of publications were produced, covering the various 

fuel cycles and methodological questions (ORNL/RFF 1994a-b, 1995a-e). The methods were 

·also implemented for US conditions; the results of these studies are summarised later in this 

section. 

As with the ExtemE project, the results of applying the methodology have been criticise<l by 

Ottinger (1995) on the grounds that the valuations of external effects were too conservative 
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and failed to adequately account for all external Cl'Sts. He argued that the values produced 

would rt~nder externalities irrelevant to decision-making, with potentially serious 

environmental and health consequences. 

4.1.1.10 The RCG-Tellus stiidy in New York .'tatc, 19~1:1 

This stlllh. called the New York State Em·ironmental Externalities Cost Study, also utilised 

the dama~e cost approach and entailed the development of a user-friendly computer model 

(called EXMOD) which could be used to calculate external costs for specific electricity 

resource options (Rowe et al 1995). The study was supported by a consortium of regulatory 

and research organisations in New York state, in response to an order by the New York 

Public Service Commission to develop a methodology to estimate external environmental 

damages for new and relicensed supply and demand-side management options in the state 

(Lee 1995:4). 

The study therefore comprised two main components, the first being the development of a 

methodological tool and the second being its application to the circumstances prevailing'in 

New York. The results of the valuation exercise were also criticised by Ottinger (1995) on the 

grounds that the study undervalued or neglected several important categories of extern~ 

costs.'~ 

4.1.1.11 The Sclzleisner et al study in Denmark, 1995 

A collaborative project was carried out by various institutions in Denmark in order to assess 

the damage costs of energy production in the country, based on coal-fired, wind, biomass 

and natural gas power generation facilities. The study used a damage cost approach and 

relied partly on data collected in the ExtemE project described earlier. It inch!-ded in its 

scope estimates of damage costs resulting from climate change. 

External cost estimates for the coal and wind options were reported by Schleisner et al (1995) 

and are summarised shortly. 

4.1.2 Developing country studies of external costs 

All of the studies described thus far have been undertaken in highly industrialised countries 

which have their own set of dynamics around environmental and development objectives. 

Much less work has been undertaken on externalities in developing countries, partly 

reflecting the relatively lower priority accorded to environmental goals, and partly reflecting 

"Notably, the criticisms were not directed at the EXMOD model. which was singled out as 

being an ·excellent model'. This model is used later in this thesis, and is described briefly in 

Appendix 3. 
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the smalier role of the electricity generation sector in their 1:.xononues. This section reviews 

two investigations of environmental costs \Vhich have l"t'en undertaken in developing 

countries. 

4.1.2.1. The Carnepa/i and Suarez study i11 Arge11ti11a, 1993 

Carnevali and Suarez undertook an economil' assessment l,f the 1:'ffect of the Argentiriean 

government's energy policies in terms of their environmental impacts (1993:68). These 

policies in the 1970s and 1980s encouraged a tw1..~pronged substitution: firstly, 

hydroelectricity and nucle.ar energy for com·entiof\al therm.11 energy (mainly coal and oiJ}, 
_, 

and secondly, natural gas for coal and oil. 

This study, whilst not attempting to place a value on external costs in cents per kWh, did 

quantify the avoided air pollution emissions as well as the avoided environmental control 

costs which flowed from the govermpent's substitution policies. It was estimated that the 

switch to cleaner fuel options, although not motivated by environmental concerns, avoided 

·capital expenditure of about $1 580 million by 1985. This highlighted the need to include 

environplental considerations in energy in\·estment decisions which are often concerned 

only with microeconomk criteria (ibid: 72). 

4.1.2.2 The Dutkiewicz and de Villiers study in South Africa, 1:?93 \ 
I 

The only investigation to-date of external costs in South Africa was undertaken by 

Dutkiewicz and de Villiers (1993) under contract to the former National Energy Council 

(NEC), which was subsequently disbanded and absorbed into the Department of Mineral 

and Energy Affairs. The objective of the report was to quantify those external costs for which 

sufficient data existed, for four generation options - coal, nuclear. wind and solar - with a 

view to assessing whether internalisation of these costs would lead to a re-ranking of the 

competitiveness of those options (ibid: ii). The objective of the study was therefore similar to · 

that of Hohmeyer (1988). 

The methodology used was a damage.cost approach, relying mainly on a review of the 

international literature on external costs (notably Hohmeyer and Ottinger et dl), 

supplemented by loca.l data where this was available. The reference year was 1989. 

The study noted that there were numerous data gaps, which did n:ot permit the 

quantification of external costs, although it was suggested that most of these were probably 

not significant (ibid: 14, 40). The cost estimates produced by the study were at the low end of 

the range of international studies; these are summarised in the following section. The cost 

estimates, while showing large relative differences between the different fuel cycles, were 

too small in absolute terms to make any difference to t.l-ie corr.petitiveness of renewables 
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compared to coal or nuclear (ibid·: 41). In view of the uncertainties and omissions, a fuller 

investigation was considered necessary. 

4.1.3 A summary of intemational t•xternality values it! tl1e electricity generation sector 

Distinguishing features of the en\'ironmental costs produced by the extemality studies 

undertaken to-date are tht' numerical discrepancies and lack of consistency when their 

results are compared. This uncertainty is sometimes used by sceptics to discount altogether 

the validity of such attempts. This, however, is an ~nconstructive and uncritical response, 

since many of the differences can be accounted for by the \·arying technical and 

environmental conditions pertaining to the studies, as well as to methodological differentes. 

It is instructive to summarise the results of valuation studies, both as a point of reference for 

South African purposes, and in order to highlight the key factors which have accounted for 

their different results. 

The estimates of external environmental costs produced by the major studies reviewed 

above are summarised in Table 2.1. 9f those described above, Bernow et al (1991) is not 

included in the table, as its scope was limited to coal-fired combustion, and it used the 

regulators revealed preference methodology. Its estimates of external costs ranged from 6.4 

c/kWh (converted from 1990 dollars) for combined cycle gas turbines, to 16.91 c/kWh for 

atmospheric fluidized bed combustion technologies (1991:86). The joint US-EC project is also 

not included since it focused on the development of methodologies, and valuation was 

subsequently done in the OR.t'\!L/RFF and ExternE projects. 

For purposes of this study, the most important fuel cycles are coal, and secondarily, nuclear; 

nonetheless, it is interesting to compare the external costs of these cycles with others, whiCh 

becomes especially relevant when making decisions about new investments with various 

resource options. As would be expected, renewable options fare much better than fossil fuel 

and nuclear fuel cycles, with lower external costs. Of all fuel cycles, coal had the consistently 

highest external cost, with the exception of nuclear in Hohmeyer's study and oil in Pearce's 

study. 

It is evident from the table that there are wide variances in the numbers produced by the 

studies. These differences are due at least as much to different methodologies, as they are to 

different physical, technical and environmental conditions prevailing in the respective cases. 

Although most studies attempted to quantify impacts arising at various stages of the fuel 

cycle, some of the differences are a result of the fact that the scope of analysis differed in the 

studies, so that their results are not strictly comparable. 
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Table 2.1 Fuel cycle ext.emal costs (inc/kWh) estimated by various studies' 

(adapted from Lee 1995:5: Friedrich & Voss 1993:121. Dutkiewic.z & de Villiers 1993:41, Schleisner et 

al 1995) 

Fuel cycle~ 

Study Coal Nuclear Gas Oil Hvdro Solar Wind 

Hohmever 14.49 to 36.45 to 14.49 to 14.49 to no +25.51 to +21 J)l to 
(1988) 33.05 77.96 33.05 33.05 estimate +64.051 +46.121 

Ottinger et 24.67 12.33 5.12 11.49 to no 
! 

0 to 1.70 0 to 0.42 
al (1991) 28.51 estimate 

Pearce 7.25 to 0.31 to 2.33 34.11 i 0.2.5 0.43 0.25 
! 

(1992) 30.71' 1.84' I . 
Friedrich & 0.87 to 0.06 to no no i no 0.16to 0.08 to 
Vos-5(1993)' 

,. 
4.65 1.35 estimate estimate I estimate 2.69 0.83 

I 
Dutkiewicz 0.93 0.26 to no no no 0.01 to 0.01 to 
& de Villiers 0.80 estimate estimate estimate 0.05 0.04 
(1993t .... 

ORNL/RFF 0.21 0.08 0.00 0.06 0 no .. no 
(1994a,b; 0.477 0.12 0.08 0.08 0.06" estimate estimate 
1995a-e) 

ExtemE' 3.24 0.05 0.38 6.26 1.20" no 0.57 to 
(ETSC 1995) 7.94° 1.31 '" estimate 1.20" 

RCG/Tellus 1.01" 0.04" 0.08 0.54 no no 0.00 
(Rowe et al estimate estimate 
1995) 

Schleisner et 0.73 to no no no no I eshno 
0.07 to 

al (1995) 9.52" estimate estimate estimatt:? estimate mate 0.73 

Notes: 

'All amounts in 1994 SA cents/kWh, converted from 1994 US cents at a rate of R3.66/$1, and from 
1993 German Marks at R1 .98/0M1: where relevant. amounts in Rands have been adjusted using a 
10% annual inflation factor. 
2 + denotes an external benefit. 
3 Estimates for a ·new' and ·old' plant respectively. 
• High estimate reflects risk averse valuation of health impacts of nuclear disaster. 
5 Estimates are for 4000 full load hours per year, and include external costs of back-up system. 
•Estimates originally in 1989 Rands, annual adjustment used ot 10%. 
' Estimates for plants in the rural south-west and south-east US respectively. 
•Estimates for retrofit on existing dams in Kentucky. and diversion project in Washington ctate, 
respectively. 
e All but 0.02 c/kWh was due to the aesthetic value of a waterfall. which was estimated in a contingent 
valuation study. 
'
0 Estimates using a 3% and 0% discount rate respectively. 
" The first estimate was for a site at West Burton. UK; the sec:::::ind was for Laufen, Germany. 
'

2 Estimates for vanous sites In the UK. 
"Estimates are for a rural site in New York state. 
••For a boiling water reactor. rather than pressurised water reactor. 
'
5 Estimates are for a ·conventional coal-fired plant' defined as a 350 MW plant with desulphurisation 
and de-NOx equipment. 
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Closer inspection of extemality values in the coal cycle reveals that the studies can be 

grouped into two categories, based on the order of magnitude nf their results. The first 

group comprist'S the three earlier studies - Hohmeyer, Ottinger and Pearce - which 

produced external cost estimates in the range of 7.3 c/kWh to 3.1. I c/kWh. The second 

group of studies. which were all conducted post-1992, produced lower estimates, in the 

range of 0.21 c/kWh to 9.52 c/kWh. In analysing the differences in these studies, the 

following main factors may be identified (partly drawn from Lee 1995:2-3): 

• Metlivdology: While all the studies summarised in the table used the damage cost 

approach, they used different methods to obtain data on components in the impact 

pathway. The earlier studies generally used other studies' estimates of pollution 

emissions and impacts, and multiplied these by economic values to calculate damage 

costs. In most earlier cases, these economic values were based simply on control costs 

for the relevant pollutants and were thus not consistent with conventional economic 

valuation approaches. The second group of studies, on the other hand, either used more 

complex and specific methods to collect data on pollution emissions, dispersion and 

impacts, such as atmospheric models and dose-response functions, and they used 

(lower) valuations derived from theoretically-accepted valuation techniques. In practice, 

the effect has been that the earlier studies used higher estimates of emissions, 

concentrations and impacts. 

• Emission factors: The earlier studies' emissions factors (measured in tons of pollutant per 

GWh of electricity generated) were considerably higher than in recent studies, 

sometimes by a factor of ten. This is partly due to technical differences in the plants 

which were addressed, in that more recent studies have selected newer plants which 

have better environmental performance in general, and in some specific cases, with 

desulphur:i.sation and other control equipment. 

• Sulphate and nitrate aerosols: The older studies contain different assumptions about 

emissions of SO: (from which damaging sulphate aerosols are formed) and about their 

dispersion in the atmosphere, which lead to higher external cost valuations. 501-related 

externalities accounted for 60% of total externalities in Ottinger et al's work, and 75% in 

Hohmeyer's study, both of which are considerably higher than the more recent studies. 

• Climate change damages: in earlier studies, fairly high values were attributed to damages 

caused by climate change (impacts include, for example, sea level rise, increased 

drought and climatic extremes}, whereas in more recent studies, analysts have argued 

that there is too much scientific uncertainty about the impacts of climate change (without 

questioning its likelihood of occurring) to make meaningful estimates of damage costs. 
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Recent studies have, in turn, been criticised for undl'r-stating the likely scale of those 

impacts by avoiding their valuation (Ottinger 1995:4). 

If any conclusions are to be drawn from these international studies, then the first would hl' 

that external costs can be significant in absolute terms, as well as in relative terms when 

comparing alternati\'t' fuel c:-·cles. International experience therefore supports tlw 

investigation of externalities in Sl1uth Africa's power sector. A second observation would hl' 

that it is important not to take external costs simply at face value, but that they need to be 

evaluated in the specific contexts in which they were calculated. Thus it is important that the 

values summarised above are not simply applied uncritically to the South African situation, 

but that local circumstances be taken into account as far as possible. Finally, it is important 

that assumptions and methodologies are made explicit in order that results of the valuation 

exercise can be appraised in the appropriate context. Equally, it is important that all 

limitations in the valuation exercise be made apparent. 

4.2 Externality studies in the household consumption sector 

Whereas there is a large and growing body of literature describing externalities arising from 

electricity generation, there has been much less experience to-date with externalities caused 

by household energy consumption. Moreover, most of the studies which have sought to 

value externalities at this level, have been W1dertaken in North American or European 

countries. Nonetheless. there are some studies which have relevance for the task in this 

thesis: these are summarised below. Because of the difficulties in comparing the monetary 

results of these valuation studies, this review is more relevant froin a methodological 

perspective than from the point of view of the monetary valuations derived. 

4.2.1 US EPA studies in California, 1979 

The UnitedStates Environmental Protection Agency (EPA) supported a range of studies in 

the late 1970s addressing air pollution and its economic impacts in two parts of California: 

the South Coast basin (including Los Angeles) and the San Francisco area (Kneese1984: 57). 

Although the studies were not specifically linked to air pollution emitted by energy sources, 

they are relevant for present purposes because of their methodological focus. The studies 

were designed partly to test. and de\·elop valuation methodologies, and accordingly, the 

value of clean air was estimated using two methods: survey-based studies of individual 

willingness-to-pay, and second, hedonic pricing studies of property values. 

The results of using these two methods were similar in both geographical areas: valuations 

were of a similar order of magnitude, with somewhat higher \'alues derived from the 

hedonic pricing approach. It was concluded from the study that survey instruments may 

provide a ·reasonable wav' of obtaining environmental quality benefit estimates. As a 
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caution.uy note, however, it was pointed out that tht• results of the study were not 

necessarily transferable to other situations, such as where the air quality situation is not as 

well-defined, either through efficiently-functioning property markets, M in the personal 

experience and knowledge of resident individuals. 

4.2.2 Tire Haifa, Israel study of lwlitli effects of 11ir quality, 1987 

Sheeter et al (1987) attempted to produce valuations of human health effects of air pollution, 

using two methodologies." Both approaches utilised primary data collection surveys - some_ 

4 000 interviews - from which valuations were derived. The first approach attempted to 

develop an indirect utility function, by calculating household-level demand functions for 

imprO\·ed environmental quality, from obsen·ed changes in demand for housing and 

medical care. The second method utilised more direct contingent valuation techniques to 

determine households' preferences for improved air quality. 

The results of the two methods were of a similar order of magnitude, with higher values 

yielded by the survey-based method. This was as expected, because the indirect method 

assumed (for simplicity) that the effects of air pollution were captured by changed demand 

for housing and medical care (Bojo et al 1992: 172). Clearly, the more consumption goods 

and services which are included in the indirect approach, the closer its valuation results 

should be to the contingent valuation results. 

4.2.3 Nepal Forest Development Project, 1983 

In this study, the benefits and costs of a forest development programme in the Phewa Tal 

region of Nepal were .evaluated (Fleming 1983). ;- The aims of the project were to increase the 

productivity of different land uses and to provide a sustainable flow of fuelwood and 

fodder. For this purpose, the benefits of interventions had to be quantified: these included 

afforestation investments, improved management of existing resources and agricultural 

projects. 

Three benchmarks were used to value the firewood produced by the programme, all based 

on the opportunity cost approach: first, wood prices from existing markets in the region; 

second, the value of alternative uses of the closest substitute (dung), and third, the value of 

time spent by families collecting fuelwood from local forests. Although valuations were 

performed using each of the three methods, the lowest valuation was used (the second 

'' This study is described in Bojo et al (1992: 169). Again, although the air quality impacts 

were not limited to energy sector emissions, this study is included here for reasons of its 

methodological interest. 

1
' This study is described in B<.•jo et al I 1992: 15 l L 
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method}. This choice .1ppeared to have been made in ordl'r to ~ prud~nt, rather than· for 

any theoretical or ml'thodological preferences. The proposed pn,iect yit'lded a benefit-cost 

ratio of 1.7, even usin~ the lowest valuation of fuelwood. 

In reviewing the stud\-, Bojo et al {1992: 155) suggested that the valu<1tion results were 

surprising: if the opp,1rtunity cost of collecting firewood i.<; high1:'r than the cost of the next 

alternative, it would make more sense for people to USl' the altt'rnatin:- source of energy 

rather than collect firewood. 

In a more general sense. Pearce (1993: 80) has noted that the most .::ommon valuation method 

has been to use the closest substitute such as paraffin or dun~. and that the opportunity 

cost of labour time arproach is not strictly correct because it d,)t?s not reflect individuals' 

actual choices reflecting their willingness to pay. 

4.2.4 Other non-energy exteniality studies 

In a social cost benefit analysis of a water supply and sanitation programme in Zimbabwe, 

amongst the benefits which were valued, were the health impn...,vements expected to result 

from improved watenmd sanitation services (Fredriksson & Persson 1989).1
" The value of 

reduced morbidity in the local community was estimated using the cost-of-illness approach. 

This was calculated with reference to treatment costs in the public and private health sectors, 

costs of Jost production and costs of extra transportation. As nNed by Munasinghe (1993a: 

42} the resulting valuations may have understated the 'true' values - which would ideally 

have been based on individuals' willingness to pay. Presumablv data and resource 

constraints precluded the use of WTP measures. 

With respect to mortality effects in children, the cost benefit analysis valued avoided deaths 

at their net future output: the difference between the present \·alue of average production 

over the lifetime of children, and their average future consumption. This was acknowledged 

to be a lower bound value, which would understate the true value of an avoided death. 

Overall, the project delivered a net benefit from a societal perspective. Notably, this was the 

case even though no account was taken of the likely income distribution benefits of the 

project, since no weighting of valuations was made to account for these distributive effects 

(ibid: 42}. 

In another study, in which the costs to the South African economy of cardiovascular illnesses 

. were estimated, the cost of illness valuation approach was also used (Pestana 1993). Medical 

data were used to estimate the physical incidence of these health effects. The economic costs 

of these effects were calculated with reference to their opportunity costs: expenditure on 

''This stud v is des.:::-ibl'd in \1 un<ismghe r199~a: .+ 1) . . 
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public and private health care, lost productivity due to absence from work: transportation 

expenses, ambulance costs and costs of medication. In the case of mortality, the human 

capital approad1 was used - in the absenre of other valuation estimates for South Africa, ,rnd 

acknowledging the theoretical problems with this approach. The order of magnitutk 

valuation produced by this study was highly significant in absolute terms. 

In addition to the above studies, numerous environmental valuation studies have bet'n 

undertaken in developing countries; some examples of these include the following 

(Munasinghe 1993a: 40-53, Pearce 1993): 

• a cost-benefit analysis of land improvement in Lesotho, which was based on changes in 

productivity (from Bojo 1991); 

• valuation of land-use in an Amazonian rain forest, using the same method (from Peters 

et al 1989); 

• valuation of the consumer surplus from visits to a Costa Rican rain forest, using travel 

costs (from Tobias & Mendelsohn 1991); 

• valuation of viewing elephants on safari in Kenya. using travel costs (from Brown & 

Henry 1989); 

• valuation of water services in Haiti, using contingent valuation methods (from 

Whittington et al 1990); 

• valuation of improved sanitation in Ghana, using contingent valuation methods (from 

Whittington et al 1992); 

• valuation of a Thai national park, using travel cost and contingent valuation methods 

(from Grandstaff & Dixon 1986); 

• valuation of biophysical resources in a Madagascar national park, using travel cost, 

opportunity cost and contingent valuation methods (from Kramer et al 1992); 

• valuation of soil erosion in Mali, using an opportunity cost approach and a replacement 

cost approach (from Bishop & Allen 1989). 

In reviewing several of these studies, Munasinghe (1993a: 62) concluded that the need was 

less for further development at a theoretical level, than for practical application of existing 

environmental economics tools in developing countries. This general view is shared by 

others such as Pearce (1993), Bojo et al (1992), Convery (1995). 

4.2.5 Conclusions 

Whilst there have been numerous international studies to-date of the value of ern·ironmental 

quality, including air quality, there have bet>n relatively fe\v studies of energy-related 
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externalities per se at the household level. Several conclusions and le%ons may be drawn 

from these studies. First, the relative scarcit~· of externality studies at the household energy 

scale is surprising, given that high levels ot pollution and resource degradation have been 

well-documented in the international literature (for e'.\.,1111ple, Smith 1987). Seconaly, most 

studies which have been made; and which are documt~nted in the literature, have been 

underta~en in industrialised countries, as opposed tl-. developing countries. Thus the 
' 

methods which have been used, have been developed i..n response to prevailing conditions 

vis-a-vis market formations, information and data availability, and individual awareness of 

environmental problems. It is evident from the litefaturt' that there have been relatively few 

applied studies in developing countries. 

Thirdly, where valuation studies have tested various methodologies, the preferred-approach 

has generally been to attempt to establish individual preferences for environmental 

conditi:ons, using contingent valuation methods, or other market-based methods such as 

those based on property prices or wages. \Vhere these techniques have not been available -

usually for reasons of data constraints - alternative methods, such as those based on 

opportunity costs, have been used. Generally, the resul~ of the latter have been satisfactory, 

although possibly at the lower range of results whi.:h may have been yielded through 

individual preference methods. 

Finally, it is clear from the review in the last section ._-.f this chapter that the focus of this 

thesis, although not new from a theoretical perspective. is unusual in the context of practical 

extemality studies in developing countries. It is to the \-aluation of externalities in the South 

African energy sector that this thesis now turns. 



Chapter Three 

Externalities in electricity generation 

1. An overview of South Africa's electricity supply industry · 

The electricity sector plays a central role in South Africa's economy as th~ supplier of a key 

input into the industrial, mining and commercial sectors, as an employ~r and as a service 

provider for households. This role is likely to increase in the foreseeable future as the 

country's reconstruction and development objectives translate into great~r economic output 

and improved service levels for previously-unelectrified households. At the same time, 

uncertainty exists about the extent to which South Africa's electricity sectL"'r is responsible for 

adverse environmental impacts which are unaccounted or under-accounted for in the 

current regulatory and pricing regimes. This chapter reviews the main externalities in the 

electricity sector, in order that they can be quantified in economic terms in Chapter Four. 

South Africa's electricity supply industry (ESI) comprises three main sub-sectors, 

corresponding to their functional activities: the generation of electricity, its transmission 

from power stations through a high-voltage national network and finally the distribution of 

electricity from the transmission network to end-consumers. Whilst the focus of this chapter 

is on externalities in the generation sector, it is worth briefly describing the transmission and 

distribution sectors. 

The transmission sector is owned and operated almost exclusively by Eskom, with the 

exception of a small amount of high-voltage transmission which is undertaken by 

distributors.' At the end of 1994, Eskom's main transmission network, operating at a voltage 

of 132 kV and above, consisted of a total of about 25 000 kilometres of lint's, and including its 

low and medium voltage lines, its total network consisted of about 2..~9 000 kilometres of 

lines {Eskom 1995a: 57). Since Eskom operates as a vertically integrated utility, with no 

separate public reporting for its divisions, there is little public information about the 

financial flows associated with the transmission sector. 

The distribution sector of the ESI is highl~·· fragmented and is current:~- undergoing fairly 

significant re-organisation. Until the early-1990s, the distribution industry was dominated by 

local authority distributors which purchased electricity in bulk from fuj(om and then sold it 

fo their commercial, industrial and domestic consumers. Although Es~om has always had 

many industrial and domestic consumers to whom it supplied electrici!:Y directly, it was not 

'L·ntil 1987, Eskom was knovvn as E,SCOM. or the Electricity Suppl); Cc::::imission. 
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until 1991 that the annual growth rate in its number of direct customers exceeded lO'X,. Table 

3.1 shows the increase in the number of Eskom's direct customers over the period 1970 to 

1994 for three categories of ~·onsumers: domestic (mainly households), non-domestic, .u1d 

bulk consumers.· Bulk' consumers comprise mainly local authority electricity distributors. 

1970 

1980 

1990 

1991 

1992 

1993 

1994 

Table 3.1 Number of Eskom·s customers from 1970 to 1994 

(Eskom 1994: 23, 1995a: 58). 

Dom l's tic Non-domestic Bulk 

98 1.5.5 16 630 265 

109 558 69 865 419 

111 709 129 872 673 

142 759 134278 704 

397 562 143 284 718 

715 219 156 241 742 

1053 725 152 624 704 

Total 

115 050 

179 842 

242 254 

277 741 

541564 

872 202 

1 207053 

It is evident from the table that the number of Eskom's customers grew considerably from 

1992 onwards, and this reflects two important structural changes in the ESI during this 

period: 

• Firstly, Eskom launched its electrification programme at ti:_e end of 1990 and connected 

an additional 685 000 homes from 1991 to 1994 (Davis 1996). Its stated goal is to electrify 

1.75 million homes during the period 1994 to 1999, or 70% of the target contained in the 

Re-:onstruction and Development Programme - 2.5 million homes (ANC 1994: 33). 

• Secondly, Eskom transferred large numbers of customers onto its accounts following the 

collapse of service pro\·ision in many historically-black local authorities and in some ot 

the former homeland areas. 

Thus the effect of these two factors is that Eskom's focus has shifted away from its 

traditional concern with bulk generation and transmission of electricity, with only a 

relatively small distribution function, to include also a strong focus on the distribution and 

marketing of electricity to end-consumers. 
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At the same time, significant changes have ht'en taking place among local authority (LA} 

electricity distributors. Historically, this sector has bel'n highly mainly fragmented along 

racial lines, with over 400 LA distributors ,mHmd 1 (.NO (Dinglcy 199'.:.: 21 ). Recent tr<'nds 

include the consolidation of the iurisdiction::-; ,1f formerly racially-separate LAs an~ the re

issuing of licences to these consolidated auth,1riti0s. Thrnugh this process, coupled with the 

take-over of supply areas by Eskom, tht> number of distributors has decreased since the early 

1990s. 

A key stakeholder in the ESI, especially with respect to the electrification programme, is the 

National Electricity Regulator (NER) which was established in early-1995 on the 

recommendation of the National Electrification Forum.: Whilst the principal concern of the 

NER is presently with matters related to the electrification programme, such as the issuing 

of licences to distributors and overseeing the rationalisation of the distribution industry, its 

role is unlikely to be permanently limited to electrification issues. In fact, in many countries 

with large electricity supply industries, electricity regulatory agencies have taken on a 

critical role in a range of governance issues, including the environmental performance of the 

industry. It might be expected, therefore, that the NER will widen its scope to include such 

issues at some point in the future once the more urgent priorities around restructuring of the 

ESI have been resolved. 

Turning to the electricity generation sector, the key player is Eskom. Established in terms of 

the Electricity Act of 1922, Eskom (then ESCOM) is a self-financing public corporation run 

along commercial principles. Now governed by the Eskom Act of 1987 and the Electricity 

Act of 1987, it has an effective (but not statutory) monopoly over electricity generation in 

South Africa. In 1994, Eskom generated 96% of all electricity in South Africa, with the 

balance being produced by some local authorities with their own power stations (such as 

Johannesburg, Port Elizabeth and Cape Town) and by private concerns producing electricity 

for their own consumption (Eskom 1995a: 54). Most of the municipal power stations are 

used as a backup to the Eskom supply, and have not been fully operational for some time, 

with the exception of those in Johannesburg, which have ready access to cheap coal (Steyn 

'This was a body representing all key stakeholders in the elt::ctricity industry, established in 

1993 to formulate policies for an accelerated electrification programme for South Africa. It 

was disbanded in early 1995, having reached agreement on some issues, but since it could 

make decisions only by consensus, it was unable to resolve se\·eral important policy 

questions. 
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1994: 7).' Given the dominance of Eskom in .the electricity generation sector, therefore, the 

remainder of this chapter focuses on its own power stations. This is m1t to say, however, that 

the environment,11 impacts of local authorities' power static1ns ;ue less significant than th0$e 

of Eskom's power stations in relative terms - if anything, the opposik is true given that LA 

stations are gener,1lly older, less efficient ,rnd located.in more densely populated areas - but 

their size in relation to Eskom's capacity means they do not warrant further attention in this 

thesis. 

As at the end of 1994, Eskom had a total of 19 power stations in commission, with a total 

nominal capacity of 37 840 Megawatts (MW) (Eskorn 1995a: 56). A breakdown of this 

capacity by fuel source is shown in Table 3.2. 

Table 3.2 Breakdown of Eskom's gene:ation capacity as at 31 December 1994 

(Eskom 1995a: 56). 

Number of Location Nominal 

stations capacity (MW) 

Coal-fired 12 Mpumalanga (10), Free State, 33568 

Northern Province ... 
Nuclear 1 Western Cape 1 930 

Gas turbine 2 Western Cape, Eastern Cape 342 

Hydroelectric 2 Free State 600 

Pumped storage 2 KwaZulu-Natal, Western Cape 1400 

Total 19 37 840 

%of 

total 

88.7 

5.1 

0.9 

1.6 

3.7 

100.0 

It is evident from the table that 95% of total electricity capacity is based on non-renewa_ble 

resources: primarily coal, but includirtg also nuclear and small amounts of gas. The coal and 
' . 

nucli?ar power stations provide the bulk of the base .electricity load, while the pumped 

storage schemes and gas turbines are used primarily to meet electricity demand at the peak 

and in cases of emergency. Pumped storage schemes are net consumers of electricity, ~-hich 

is used during off-peak hours to pump water up to storage reservoirs, and then allowed to 

run dm..rn during peak hours when electrieity demand is highest 

' The Cape Town electricity department recommissioned its Athlone Po"":'er station in 1995 

for the purpos~ of meeting demand during peak periods 
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Of the total capacity of 37 840 MW, soml'. .+ :;:n MW or 12'X, was mothballed as at the end of 

1994 (ibid: 56), because of the excess ...:;1pacity on Eskom system - these were generally the 

older and less efficient stations. Peak df'.mand in 1994. which occurred on the night of 26 

July, was 24: 798 MW (ibid: 2), reflecting the large amount of excess capacity, t:'Ven with the 

standard reserve margins comrnonh emplnyed by utilities for safety reasons. In 1995, 

however, the peak demand on the syskm c<11ne much closer to supply capacity. 

Eskom operated nine of its coal power st,1tions during 1994; their location and that of 

Koeberg nuclear power station is shown in Figure 3.1. 
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Figure 3.1 Location of Eskom·s operational coal and nuclear power stations. 1994 

I 
J 

The dominance of coal in the actual production of electricity is even more significant. Table 

3.3 shows the total number of units of electricity generated (in Gigawatt-hours) by each of 

the main supply sources for the per:,xi 1991to1994. 

Comparing the data shown 1n Tabl.:-s 3 2 and 3.3, it is evident that coal generated 92",, of all 

electricity in 1994:, e\·en though cc.-a!-iirt:J power stat10ns constituted a :-ornewhat lovver 
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percentage of total capacity (89%) - this reflects the high le\·el of utilisation of coal plants 

which are used for ba~<::-load. The Koeberg nuclear power station has supplied a relatively 

constant S'X, to 6'1', of E~.<om's electricity. Whilst the Cl1ntribution of the two pumped stnrag(~ 

schemes has been relati·.ely constant at around only 1";,, the amount of electricity gener,ited 

by the hydroelectric scr.enws dropped considerably in 1992 and 1993; this was due tn the 

drought which affected '.he flow ratt' of the Orange Ri\·er. 

Table 3.3 Breakdown of Eskom's electricity generated for the period 1991 to 1994 

(Eskom 1995a: 54-55). 

1994 1993 1992 1991 

G\Vh 3· GWh o• 
lo GWh % GWh 

Coal-fired 148 003 92.3 145 51-l 9-l.3 136 830 92.3 135 743 

Nuclear 9 697 6.0 7 255 4.7 9 288 6.3 9 144 

Gas turbine 2 0.0 0 0.0 4 0.0 0 

Hydroelectric 1 074 0.7 1-16 0.1 752 0.5 1 980 

Pumped storage 1517 1.0 1 3-15 0.9 1 333 09 1 804 

Total 160 293 100.0 154 260 100.0 1-18 207 100.0 148 671 

% 

91.3 

6.2 

0.0 

1.3 

1.2 

100.0 

It is clear, therefore, that the most significant component of the generation sector, in terms of 

electricity output is the coal-based sector. The primary focus of this thesis is therefore on that 

part of the industry. This is appropriate given that coal-based electricity is generally 

associated with significant externalities, and that these have been studied widely in other 

countries. Nuclear power, although contributing less than 10% of South Africa's electricity, 

has also been analysed fairly extensively internationally on the basis of its actuc.l and 

potential external costs, and so this chapter will gi\'e some consideration to the impacts of 

the local nuclear industrv. 

.~. 
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1. 1 Eskom In an International context 

Eskom is one of the largest electricity unhties in the world. when compared either on the 

basis of generation capacity, or on the b;:;s1~ l)f actual units ot electricity produced. Table 3.4 

shows the ten largest utilities in the worl::: a:' reported by Eskl'm (1995.t: 59).' 

Table 3.4 The ten larges: ~lectricity utilities in the world in 1993 

(Esi<om 1995a: 59f 

Utility Country I Annual Ranking Nominal 
l 

sales bv sales capacity I 
I 

(GWh) (MW) 

EDF France 372 400 1 98100 

TEPCO Japan 231 665 2 49492 

ENEL Italy I 197 451 3 I so 888 

I 
I 

Hydr<>-Quebec Canadc: 152 099 -* I 29131 I 
I I 

Eskom South Africa 

l 
143 800 5 39 746 

Ontario Hydro Canada 127 777 6 33 793 ' 

I Korea Electric Power Co South Korea 

I 
127 734 7 27654 

Kansai Electric Power Co Japan 123 300 8 35 035 

RWE Gennanv 121504 9 25 777 

TVA USA 118 560 10 25 622 

Ranking 

by 

capacity 

1 

3 

2 

7 

4 

6 

8 

5 

9 

10 

~This is not to say that South Africa's electricity industry is one of the largest in the world -

in countries such as the USA, for instance. the (much larger) electricity industry comprises a 

large number of smaller utilities (the biggest being the Tennessee Valley Authority (TV A) 

shown in the table). 

~ All data as at 31 December 1993, except for TEPCO (31 .\larch 1994), ENEL (31 December 

1992), RWE (30 June 1993) and TVA (30 September 1993). The difference between Eskom's 

sales in this table (143 800 GWh) and its production in Table 3.3 (154 260 GWh) is due mainly 

to transmission losses and to electricity which is consumed by its own power stations 

(mostl~· pumped storage stations1. 

I 
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It is evident from Table 3.-l that Eskom ranks in thl' top fin' utilities in the world, when 

measured on the basis eitlwr of capacity or of sales. Interestingly, Eskom is one of onh· two 

utilities from non-OECD ~·\)UJHrics, the other being KEPCll from South Korea; this makes 

South Africa the country \\·ith the lowest per capita GDP ot the countries shown in the table 

(World Bank 1993). Eskl'm is therefore ,111 ufolusually str()ng u.tility amongst developing 

countries. 

Another important point l)f comparison between Eskom and international electricity utilities, 

is in their relative price lt-vds. Here, Eskom ranks as am~111gst the cheapest producers of 

electricity in the world.' At the end of 1993, its industrial elntricity tariffs were the lowest of 

a basket of industrialised countries, compared using floating exchange rates: Japan (whose 

average price was over thrt-e times higher than Eskom's). Germany, the United Kingdom, 

the United States, France. Canada, New Zealand and Sweden (Eskom l 995a: 9). This 

comparison is all the more striking when the resource bases of some of those countries are 

taken. into account: in particular, several of the listed countries are predominantly hydro

electricity based - this is generally regarded as one of the cheapest sources of electricity 

(when compared to coal, ~as, nuclear, etc.).' This comparis~-in therefore begs the question: to 

what-extent is South Africa's electricity relatively chear because externalities are under

account~d for? 

1.2 Trends in Eskom's electricity prices 

A notable development in relation to Eskom's electricity prices is its ongoing commitment to 

reduce the real price of electricity on the back of internal efficiency gains. Eskom announced 

its 'price compact' in 1991, in terms of which it undertook to decrease the real price of 

electricity by 20°·(, over the five year period 1992 to l '?96. This came on top of a 14% 

reduction in real price which had already been achieved from 1987 to 1991 (Eskom 1992: 5). 

In 1994, it made a further commitment, in terms of its so-called 'RDP commitments' to 

reduce the real price by 15% over the period 1995 to 2000 (1995a: 9). Until 1994, all of these 

targets had been met, which means that 1994 prices were approximately 76% of 1987 levels 

in real terms, Given its sound financial status and, in particular, declining levels of external 

debt, there is little reason to believe that the utility will not meet its latest commitment; if this 

· is the case, then the average electricity price in 2000 will be approximately 60%, in real terms, 

of the 1987 price level (\'an Horen 1996). This· is a dramatic decrease by any standards. 

"This comparison excludes utilitl'es whose tariffs are too !ow to recover their costs. 

'This is not to suggest that external costs of hydro-ele-:tricity are small or negligible: the 

contrary is often true in larger projects. 
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E.."kom suggests that these price rPductions will be .11.:hieved through ongoing productivity 

improvements, reduced operating expenditure and l.'.ost containment. This l.'.ommitment is 

linked to the goal tlf becoming the world's lowcst-n1st producer of electricity' (ibid: 3). It is 

e\-ident that other factors underlie this decrease in t'lectricitv prices, notably the decrease in 

the number of employees, from 66 000 in 19~5 to -:lO 000 in 1994 (ibid: 55). In addition, its 

reduced 1:'xposun:' to finance cha~ges has Cl1ntributed significantly to its financial health, with 

the debt: equity ratio having declined from 3.ll: 1 in t 985; to its 1994 level oi 1.7: 1 (ibid: 10}. 

The utility's stated intention is to reduce this ratio to parity by 1998; this is achievable given 

that its levels of capital expenditure have declined Ct.)nsiderably in real terms since the mid-

1980s because of the situation of over-capacity (Van Horen 1996). 

\Vhilst this question leads to issues which are beyond the scope of this thesis, it is interesting 

to consider the il11p,lications of this strong downward trend in electricity prices for the 

country':s overall economic development path. Low energy prices, especially if they are 

amongst the lowest in the world, provide a very strong signal to energy consumers and to 

potential investors. All other things equal, low prices are likely to encourage a heavily 

energy- and resource-intensive growth path, which once embarked upon, is likely to be 

difficult to re-direct. Most of the world's wealthiest. nations, on the other hand, have 

increasingly de-coupled economic output from energy input (Eberhard & Trollip 1994); 

indeed, electricity prices in countries such as Japan and Germany are amongst the highest in 

the world (Eskom 1995a: 9). Moreover, inYestments in electricity-intensive industries - such 

as the multi-biJlion Rand Alusaf aluminium smelter - are highly capital-intensive and make 

little use of the country's most abundant resource: labour. 

Although there are obviously many fundamental factors influencing the performance of any 

economy, it is not implausible that higher electricity prices may have played a role in 

encouraging economies such as those of Japan and Germany to shift away from a resource

intensi\"e base to higher value-added activities in the commercial, financial and service 

sectors, and that this shift has rad positive implications for their economic performance in 

the long-term. If this is so, then it would be important to consider the South African case: 

whether, in fact, the goal of achieving the world's lowest electricity prices could be 

detrimental to long-term economic performance. The internalisation of environmental costs 

is obviously relevant to this question .. 
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2. Externalities in South Africa's electricity industry 

2. 1 The impact pathway approach 

Given that there is d wide range of environmental impacts ,uising from the energy sector. 1t 

is necessary to adopt a systematic appr~~.1Ch to their idl'ntification dnd evaluation. T<e 

method used in this study, which has been used in the majority of international extema!Jtes 

studies, is the impact pdthway or dam,1~t' function approdch (for example, ETSU JS-:6. 

Bemow et al l 99.5a, l 995b, Rowe et al l 994a, 1994b, 1995, Chapter Two). The damage 

function approach is illustrated conceptu.1lly in Figure 3.2 for the case of power staton 

emissions. 

Emissions and resource impacts 
Eg: PM10, SDz 

Changes in environmental quality 
Eg: changes in PM10 concentrations 

I. 
I 
I 

Environmental and social impacts 
Eg: human health, respiratory infections 

~7 v 

Changes in well-being, or damages, 
measured in economic terms 

---------·-----------
Aggregation of damages across 
effects, individuals, and time 

Figure 3.2 The damage func::>on approach for power station emissions 

(after ,;:;owe et al 1995: 3) 
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The damage function approach ent,1ils the identification and quantification of environmental 

and other damages arising at t>.Kh stage in the fuel cycle: from the extraction of raw 

materials (such as coal or uranium l. to their transport and processing, to thci: consumption 

in powl'r stations, to the impacb of waste product& arising in the electricity generation 

process. and their impacts on human health and amenity ,rnd on the physical and natural 

environments. 

It is e\'ident from Figure 3.2 that the impact pathway aprroach corresponds with the real

world steps in the fuel cycle; thus an externalities study which succeeds in quantifying the 

impacts at each stage of the fuel cycle will have a reasonably realistic correlation to the 

actual impacts arising from that cycle. A successful impact pathway approach will yield 

results which are more realistic than other extemality methodologies,' and will therefore be 

of more use for policy-making. The damage function approach is generally regarded as the 

preferred approach to assessing environmental externalities (Rpwe et al 1995: 2). 

It is important to note, however, that the damage fun1.."tion approach is also subject to 

weaknesses, most of which are related to the fact that it attempts to quantify realistic 

processes and events. These limitations include the following (Rowe et al 1995: 2): 

• Firstly, the approach is highly data-intensive, since information is required about each 

step in the impact pathway. As a result, such studies.. if they are to be comprehensive 

and scientifically sound, are costly. 

• Secondly, professional judgements are required about the most appropriate data to use, 

since there are often conflicting views in the externalities literature, and the result can be 

sensitive to these judgements. 

• If there are omissions, inaccuracies oi biases in the data, these can be compounded 

throughout the assessment chain, thereby limiting the usefulness of the end results. 

• Finally, the damage function approach is fairly complex and draws upon a number of 

disciplines, which can render such studies inaccessible to the wider audience which may 

b€ interested in their results. 

Whilst the data requirements of a comprehensive impact pathway assessment are 

formidable, there is a relatively large body of relevant information which makes it possible 

to employ the approach in South Africa. Given time and information constraints, however, it 

is not possible to evaluate externalities at every step in the chain; moreover, beyond a certain 

' Less direct methods include. for e:..ample, the regulato::o re\·ealed preference approach - as 

used, for example. by Bemow et al (1991) for WisconsL>. USA · or 'top down' externa!ity 

approaches - used. for example. by Hohmeyer (1988) for Germany. 
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point, there will be diminishing returns from widening the scope of the study to include less 

serious environmental and other impacts. Furthermore, a degree of judgement is required in 

making decisiOns regarding which externalities are potentially significant and which are not. 

Consequently, a clas~ificHion system has bet'n developed for purposes of this study, which 

makes explicit the criteri.1 used in determining the scope of the quantification exercise in 

terms of this system, em·ironmental impacts are classified ,Kcording to the following three 

.. categories: 

• . Class One impacts: these are environmental impacts which are potentially serious, and for 

which sufficient information exists to permit an estimate of their economic value. 

· • Class Two impacts; tht.<se are impacts which are potentially serious, but for which there is 

, insufficient data to permit an economic assessment of external costs within an acceptable 

rang~ of ~ertainty. 

• Class Three impacts: these are impacts which, on balance of evidence and probability, are 

not likely to be highly m,aterial in relation to other impacts, and therefore no attempt is 

made to quantify them in economic terms; alternatively, the environmental costs of these 

impacts have already been substantially internalised. 

The sections which follow, therefore, describe those environmental impacts in the coal and 

nuclear. fuel cycles which are viewed as potentially significant. For each impact, the state of 

scientifkknowledge is reviewed, and an assessment is made of the degree of internalisation 

ofcosts, and of whether there is sufficient information to estimate their.economic values. 

2.2 Externalities in South Africa's coal fuel cycle 

Environmental impacts arise at most stages in the coal fuel cycle. These impacts are subject 

to varying levels of management and attempts to ameliorate them; in other words, some of 

these impacts are already fully or partially internalised into the prices of coal and electricity. 

In considering the coal fuel cycle, the following impacts may be identified: 

• Occupational health effects in coal mining. 

• Air and water pollution from coal mining. 

• Water consumption in power generation. 

• Air pollution from power generation: health impacts. 

• Air pollution from power generation: impacts of acidic deposition. 

• Air pollution from power generation: \·isibility impacts. 

• Water quality impacts from power generation. 
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• Grt'enhouse gas .emissions from power generation. 

Numerous other impacts arise in the gem'ration of electricitv from coal, in addition to those 

described above; for example, the h~alth impacts oi clcctrnma~netic fields (EMFs) around 

high-voltage transmission lines, the loss of productive land abo\'t' underground mines due 

to subsidence, and the aesthetic impacts of large power stJtions and transmission lines in 

rural areas. Whilst any number of such impacts may haVl' :'i~nifo:,111t environmental or social 

impacts in their specific or local contexts, they are not considered in any detail in this study, 

either because they are not significant in aggregate on a n.1tional scale, or because the costs 

of those impacts have already been substantially internalist:'d. 

Each of the impacts listed above will be assessed in mort' detail in this chapter, and will be 

quantified in economic terms in the next chapter. 

2.2.1 dccupatio11al health effects in coal mining : 

Workers in coal mines are exposed to a number of risks. These include rock falls, methane 

explosions, transport accidents and accidents in the handling of materials, which may result 

in immediate injury or death. A second category of occupational risks results from 

prolonged exposure of workers o\·er a number of· years to air pollution resulting from 

mining activities, with illnesses such as emphysema and pneumonia occurring. 

A Commission of Enquiry, the 'Leon Commission' rep( .. rted in mid-1995 on the state of 

health and safety on South Africa's gold and coal mines. The general tone of the 

Commission's report was sharply critical of the health and safety management in the 

country's gold and coal mines, and highlighted the high morbidity and mortality rates 

compared to other major mining countries. This was. more especially the case in the gold 

mines, which generally operate at much deeper levels than coal mines: 

The Leon Commission reported on the number of injuries and fatalities in the mining 

industry for the period 1984 to 1993; the statistics for coal mines are summarised in Table 

3.5. 

These data represent averages of open-cast and underground coal mines; the rates for these 

types of mines, however, differ, as do accident rates from one mine to another. No data was 

available for the present study regarding the actual number of incidents on the mines 

serving Eskom's power stations. Nonetheless, this can be calculated from available data 

sources. The Leon Commission reported that there were -17 injuries and 9 fatalities on open-

~ Ironically, the release of the Leon Commission report ..:oincided with a serious accident at 

the Vaal Reefs Gold Mine, in which 104 miners were ~lied when their lift-cage dropped 

hundreds of metres down a mine shaft. 
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cast mines during 1993 ( 1995: 22). Tl1tal coal production a,t l1pen-cas.t .mines was in the region 

of 35% of the total (Raimondo d al 1995: 12), equivalent to t>-l million metric tons (Mt). which 

means that the fotdlity rail' on open-cast mines was 0.14 per Mt, and the in1ury rak 0.73 per 

Mt. 

Accident rates for underground mines can be estimated b~· removing the incidents ,1ttributed 

to open-cast mines from the data in Table 3.5. There is 11l1 dear trend in the fat,1lity data 

shown in the Table, and so the average for the 10 year period will be used: 69 fatalities per 

year. If 9 fatalities occurred on open-cast mines, then there were 60 deaths on underground 

mines; this is equivalent to a fatality rate of 0.51 per Mt. For injury data, there is a clear 

downward trend in the rate of injuries over the ten year period 1984 to 1993, and so the ten 

year average could overstate current accident rates. Consequently, the average for the last 

five years will be used, which amounts to an average of 349 injuries per annum, or 2.95 

injuries per Mt mined in underground operations. 

Year 

1984 

198S 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

Average 

Table 3.5 Accident data for South African coal mines, 1984 to 1993 

(Leon Commission 1995: 19, Minerals Bureau 1994: 32) 

Coal mined Fatalities 
I 

Injuries 

(Mt) Number PerlOOO Per Mt ! Number Per 1000 

workers mined I workers I 
l 

162.9 73 0.63 0.4S 
I 

840 7.20 

173.S 93 0.78 0.54 I 806 6.80 
I 

176.7 66 O.S5 0.37 ! 709 S.90 I 
! 
I 

176.6 121 I.OS 0.69 
I 

sso 4.86 

181.4 S3 o.so 0.29 
I 

43S 4.07 

176.3 S4 O.S2 0.31 I 361 3.50 
I 

174.8 so O.S2 0.29 I 404 4.21 

178.2 42 0.56 0.24 I 361 4.80 
I 
i 

174.4 46 0.66 0.26 I 
339 S.17 I 

I 
182.2 90 1.71 0.49 I 279 S.32 

I 
17S.7 69 0.7S I 0.39 , S08 S.18 

i I I 

I Per Mt 

I mined 
I 

4.94 

4.6S 

4.01 

3.11 

2.40 

2.0S 

2.31 

2.06 

1.94 

l.S3 

I 2.90 
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Of the nine coal power stations, four art' sNved by open-cast mines, thret' by underground 

mines, and two by a mixture of both, in rou~hly equal proportions !Du Plooy 1995). From 

this, and on the basis of electricity generat1:'d at each powl'r station, the split between rnal 

sourced at underground mines compared to 1.'pen-c.1st mines can be estimated at around -l.3: 

57 for 1994. Fatality and injury rates can therefore be calculated for coal mines serving 

Eskom's power stations; these are summaris~'d in Table 3.6. 

Table 3.6 Calculated accident rates for underground and open-cast mines supplying Eskom 

0/c, split l Fatality rate (Per Mt) Injury rate (Per Mt) 

Underground 43% i 0.51 2.95 
: 

Open-cast 57% ' 0.14 0.73 
: 
I 

Total/ weighted average 100% i 0.30 1.68 

Thus an average of 0.30 fatalities and 1.68 injuries occur for every million tons of coal mined 

for purposes of power generation. On awrage, 0.52 kg of coal is used for each kWh of 

electricity generated (Eskom 1995a: 54), S<.) this translates into 0.156 fatalities and 0.874 

injuries per thousand GWh of electricity poduced. Applying this rate to 1994 electricity 

production of 149 443 GWh, then a total oi 23 workers would have died in coal mines in 

order to supply Eskom in that year, and a further 131 would have been injured. 

The nature of injuries sustained by coal miners varies widely, from relatively minor injuries 

to permanently disabling ones. A breakdown of the kind of injuries on coal mines averaged 

over 1993 and 1994, obtained from the Government Mining Engineer's office, shows that the 

main kinds of injuries were of the following kinds: arm, hand and finger injuries 37%, legs 

and feet 36%, trunk 13%, head and neck 9%, and the remainder unspecified or multiple 

injuries (GME 1995). The definition of ·reportable injuries' includes those incurred in 

accidents of a serious nature where the worker cannot work for 48 hours or more, as weU as 

those occurring in the ·normal course of duties' where the person is away from work for 14 

days or more. The range of periods for which an injured person cannot work obviously 

varies widely, depending on the kind of injury. According to the GME, most reportable 

injuries lead to considerably more than 14 days of lost work, although no data was available 

on the exact number of lost days. According to Rand Mutual Association (which pays 

compensation to injured workers), injuries \·ary from 6 to 8 weeks for broken legs or arms, to 

8 to 24 months for more serious spinal iniuries. Since o\·er 70'~" cif injuries during 1994 were 

to limbs, a central estimate of 8 weeks for :r1juries vvill be used for this study. Low and high 
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estimates are taken as 4 and 12 weeks respectively; these will be accounted for m the 

valuation exercise in Chapter Four. 

In addition, cash compensahon is paid to workers accordin~ to a standard scale of b('.nefits, 

in terms of the Compensation for Occupation,1l Injuries and Diseases Act, in respect of all 

reportable injuries and deaths. These will be considered in the valuation exercise in Chapter 

Four. 

With respect to chronic and acute respiratory illnesses resulting from prolonged exposure to 

air pollution, evidence heard by. the Leon Commission suggested that these effects are 

significant (1995: 16-17). The most common effects occurring amongst gold and coal miners 

are tuberculosis, ·emphysema, hearing impairment, pneumoconiosis and silicosis. However, 

the.re have been no published studies of the pollution levels to which workers are exposed, 
\--' 

nor of the dose-response relationships applicable to coal miners. Quantification of these 

impacts, in either physical or economic terms, is therefore not possible in the present study, 

and hence these occupational health impacts are accorded a Class Two classification. 

In addition to the obvious questions raised by the above statistics about the safety 

management policies of the mining industry - which are beyond the scope of this thesis - tl1e 

relevant question for present purposes relates to whether the health and safety risks which 

are faced by coal miners are reflected in their wages (and therefore the prices of coal and, 

ultimately, electricity) - as suggested by hedonic wage pricing studies. All other things equal, 

in an efficient market (that is, with conditions of free bargaining, full information, etc.}, the 

environmental risks w~·mld be internalised into worker's higher wages (Freeman 1993: 421) . 

. However, the South African labour market does not even remotely approximate an efficient 

market, as evidenced most significantly by an estimated unemployment rate of 43% in 1994 

(SAIRR 1995: 487). Furthermore, the iniquities of apartheid employment practices meant that 

there have historically been significant racial discrepancies in wages, and although these 

have been narrowed or eliminated in recent years, significant distortions exist. Finally, to the 

extent that wages may be higher for coal miners than for workers in industry, this is partly 

attributed to the relative strength of trade unions on the mines compared to other sectors 

rather than to any premium extracted by them for additional risks. 10 In this context, the 

labour market contains so many 'distortions' compared to a hypothetical efficient market, 

that it would be difficult to identify a wage premium which is attributable to higher 

occupational risks. 

The task of applying economic values to these impacts is addressed in detail in Chapter 

Four. For the present, howe\·er, the occurrence of deaths and injuries will be classified as a 

"'The National Union of I\lineworkers (NU~1) is the largest union m the country. 
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Class One impact since sufficient information exists regarding the rates of injury and death 

to quantify them. In tlw case oi chronic and acute illnesses resulting from exposure to air 

pollution on the mitws. however, insufficient informafo1n exists to quantify the economic 
' 

value of this externality. ,md so this is classified as a C/a;; . ..: Truo impact. 

2.2.2 Air and water pol111tio11 from coal mini11g 

Coal mining is undertaken in SL1uth Africa through four methods: board and pillar, open

cast mining, long-wall mining and pillar extraction (Raimondo et al 1995: 12). Of these, the 

first two dominate, accounting for SO'X, and 35'X, respecti.H~ly of total coal extracted in 1987. 

The air and water impacts of coal mining vary widely, depending in the first instance upon 

the kind of mine concerned. 

In general, Eskom secures its coal from mines located adjacent to the power stations. These 

mines are owned by private sector mining houses, who generally have entered into long

term contracts with Eskom to supply its needs over the lifetime of the power station (30 to 40 

years on average). These long-term contracts have advantages for mining houses in that they 

are assured of consumer demand for their output, and for Eskom in that it can secure 

favourable prices for coal, ·which is the main variable cost in the generation of electricity. In 

1994, Eskom paid an average of just under R30 per ton of coal burnt (1995a: 54). By 

comparison, the average price of exported coal (which is generally of a higher quality than 

Eskom's coal) was R85 per ton in 1993, local coal prices for wholesale industrial consumers 

averaged R39 per ton, and at the end of the distribution chain for low-income households, 

retail prices were in the region of R200 per ton ("Minerals Bureau 1994: 33, Palmer 

Development Group 1995: 21). These price variances are attributable largely to the costs of 

transportation and distribution. This serves to emphasise then, the cost advantages Eskom 

enjoys by securing its coal supplies from mines close enough to its power stations to be able 

to transport coal from the mine's stockpile to the furnaces, by conveyor belt. In many other 

countries, coal is d~livered to power station~ by rail. which given the bulky nature of the 

commodity, adds considerably to the cost of electricity. 

To the extent that Eskom purchases its coal from un-subsidised private sector mining 

companies, it cannot be said that its coal is subsidised.:: Nonetheless, there may be implicit 

costs in the coal mining cycle which are not accounted for in the operations of mining 

11 An interesting question relates to whether the discount rate used by mining companies in 

their decisions over the rate of mineral extraction is different from economy·wide discount 

·rates, since this could lead to lower or higher coal prices than would otherwise prevail. Data 

on this issue, hm\e\er. i~ not readily available and 1t is beyond the scope of this thesis to 

pursue this further 
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companies. The main external costs - over ,rnd above occupational health costs described 

above - ariSl' from air pollution and water pollution in the mining rrocess and related 

activities. In particular, three catl'gories of imr.Kts arise: 

• open cast mining is responsible for incre.1sed levels of dust and airborne particulate 

matter caused by blasting, vehicular trafri..: .rnd movement of coal and waste products:· 

• large dumps of discard coal are prnne IL' ~pnntaneous combustion \\'hen not compacted 

sufficiently, and where this occurs, signiticant amounts of air pollution can be emitted 

for Jong periods of time; 

• water supplies in the proximity of coal dumps and open mine pits can be degraded by 

chemical run-off, thereby affecting ground water supplies as well. 

The relevant question for present purposes, is whether there are significant and measurable 

economic costs associated with any of the~ impacts, and if there are, whether they are 

internalised or not. 

With respect to the air quality impacts described in the first two points above, it appears that 

coal mines and their dumps have historically made a significant contribution to ambient 

· pollution levels in the coal-mining areas ( . .\.imegam 1995: 15). However, there is no data 

regarding emissions from specific mines or dumps, which makes it difficult to apportion 

emissions between the various coal-consuming sectors. 

At the same time, the number of bur:ning mine dumps has been reduced considerably in the 

past few years due to better management practices on the part of the relevant mining· 

companies (ibid). This suggests that the environmental costs of mine management are 

increasingly being internalised. One of the mechanisms through which this takes place is the 

'Environmental Management Plan' which all mines are required to prepare and submit to 

the Department of Mineral and Energy Affairs before they receive a licence to commence 

mining activities (Raimondo et al 1995: 29). Prospective mining companies are also required 

to lodge a bond (a monetary deposit) up-front, to insure against the future costs of 

rehabilitation and decommissioning. 

With respect to the water quality impacts of leaching and ground-water pollution, there is 

minimal information on which to base an assessment of any economic costs which may··arise. 

Although it is not feasible to estimate external costs in the present study, it is important to 

note that the issues of water quality and water scarcity are receiving increasing policy 

attention at all levels of government. 

For purposes of this study, these impacts raU both into Class TiL 1cJ, to the extent that the .air 

and water quality impacts of coal mining may be serious, but that there is a large degree of 
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uncertainty over their extent; and into Clas~ Three. to tht' extent that they have already been 

internalised through environmental management procedures. 

2.2.3 W11ter co11s11111ption in power gt'lleratiou 

Coal-powered electricity generation accounts for about 3% of South Africa's bulk water 

consumption (Roome 1995). Water is an integral part of the thermal power generation 

process, being used not only (as steam) to drive the turbines which generate electricity, but 

also to cool down the steam in large cooling towers. Most of Eskom's power stations utilise 

conventional wet-cooling processes, although two, namely Kendal and Matimba, use dry

cooling processes which were pioneered by Eskom. 12 Average net water consumption in each 

of the coal power stations is shown in Table 3.7, together with the actual price paid by the 

utility in 1994; (refer back to Figure 3.1 for the location of each power station.) 

Arnot 

Duvha 

Hendrina 

Kendal 

Kriel 

Lethabo 

Matimba 

Matla 

Tutuka 

Table 3.7 Net water consumption in Eskom's coal-powered stations, 1994 

(Fraser 1995) 

Water consumed Average price 

Total (million m;) Per unit (I/kWh) (R/m 3
) 

8.875 1.76 0.55 

41.009 1.71 0.59 

27.188 1.69 0.40 

3.667 0.16 1.78 

32.910 1.97 0.79 

31.624 1.87 0.12 

4.249 0.18 0.50 

34.696 2.10 1.23 

35.239 1.96 0.66 

Total/ average 219.457 1.43 0.66 

:: Ln these power stations, the cooling towers utilise massive fans to blow air onto hot water 

pipes to cool them down. 
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Water costs represent a small fral.'tion of Eskom's total operating costs: in the region of 1.8'Y,, 

o'f direct operating costs (excluding depredation and fin,rnce charges) (calculated from 

Eskom 1995a: 41 ). This, howevt.•r. under'>tatt.:•s the im~'l)rta1Kl' of water as an input into the 

electricity generation process - it [:.;an essential input into tlw coal fuel cycle. This is reflected 

in the fact that Eskom is a high-security water consumer, nwanmg that its supply is the last 

to be affected in times of drou~ht or supply interruptions. This is also underlined by the fact 

that Eskom was directly invoh·ed in the construction or financing of several dams, long 

before other consumers demandt~d water in those areas. 

As in the case of coal, Eskom has benefited from water prices which have been low and 

stable over time. There is a wide range of pricing contracts in place with respect to Eskom's 

water purchases, each dependent upon the specific source of supply. In general, Eskom 

purchases its water from the Department of Water Affairs and Forestry (DWAF), and pays 

on the basis of the historic costs of supplying th'at water, as distinct from the marginal cost 

Importantly, the cost of supplying water is dependent primarily on the capital costs of 

constructing the necessary infrastructure. This means that if historic costing is used as a 

basis for water pricing, and the capital infrastructure was constructed some time ago, then 

' the price of water will be much lower than the cost of supplying an additional unit of water 

today. ;this, together with the varying sources of supply for Eskom's power stations, 

accounts for both the range of water prices, and the relatively low prices in some cases. 

Lethabo power station, for instance, draws its water from the Vaal River which was 

dammed in the early.1900s, hence its water price is considerably lower than the marginal 

cost of new water supplies. Put differently, the price of water paid by Eskom is considerably 

lower than its social cost. 

Si.nee this divergence from its social cost is an important economic impact, and there is 

relatively good information regarding the current consumption and pricing regime, this 

issue is classified as a Class One impact. Whilst the under-pricing of water differs in nature 

from other external effects .such as air pollution emissions from power stations, the 

divergence of water prices from their social costs is releYant to the question posed at the 

commencement of this thesis, which was to identify those environmental and resource 

impacts of the greatest significance to society - hence the inclusion of this impact in the 

preseryt analysis. A range of alternative water pricing scenarios, and their impact on 

electricity tariffs,-is considered in Chapter Four. 
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2.2.4 Air pollution from power generation: lrealth impacts 

The evaluation of the health impacts from power station emissions is one of the more 

complex, but important externalitit'S to b~' considered. Qu.mtifical!on of health impacts 

requires information for five major steps in the impact pathv.·a~1: 

• the quantities of pollution emitted by power stations; 

• the dispersion and ultimate deposition of those pollutants: 

• the distribution of the ·receptors', which include human populations at risk; 

• the responsiveness of human health to \·ai-ious exposures (doses) of pollution; 

• the.valuation of increased morbidity and mortality. 

' 
Each of these step's is addressed below, except for the last, which is addressed in the next 

chapter. 

2.2.4.1 Quantity of pollution emitted by power statioits 

The coals used in South Africa's power stations are generally of relatively poor quality, since 

the highest grade coals are exported. The average percentage ash and sulphur content, and 

energy content (in Megajoules per kg) of coals used by Eskom varies widely, as shown in 

Table 3.8. 

Table 3.8 Average ash, sulphur and energy content of coal used in Eskom's power stations, 1994 

(Source: Eskom Generation group) 

Ash content (%) Sulphur content(%) Energy content (MJ /kg) 

Arnot 21 1.02 22.3 

Duvha 26 1.08 22.5 

Hendrina 24 0.85 . 22.0 

Kendal 31 1.11 19.2 

Kriel 26 0.88 20.8 

Lethabo 39 0.59 15.2 

Matimba 32 1.26 18.5 

Matla 24 1.21 20.9 
! 
: 

Tutuka ,-_::- 1.41 21.0 
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It is evideni that the ash content is unifonnly high, ranging from 21 % at Arnot power station, 

to 39% at Lethabo; the latter also has the lowest calorific valut' (enerby content), at 15.2 MJ 
' per kilogram of coal. lt is significant to note th<lt with such a h1w ener~'" content, coal' could 

not be used in most conventional commerci,11 or domestic processes"'. Thus, electricity is 

being generated from a product which would ntherwiSl' have little or no economic value. In 

other words, its opportunity cost is close to zern. 

The negative side of this is that, all other things equal, particulate emissions and ash 

production are higher than would be the case withlow-ash coals, in l1ther words, it has the 

potential to impose relatively significant ~ocial costs. As a coi1sequence, Eskom's pollution 

control policy has been concerned primarily with the control of particulate emissions. All of 

its coal-power stations currently in operation, utilise electro-static precipitators (ESPs) to 

.remove the bulk of particulate emissions from flue gases. These typically operate with an 

efficiency of around 90 to 99.7% (Tilley & Keir 1994), although it is important to oote that it is 

the finest particles (that is, with the smallest diameter) which present the greatest potential 

health hazard, since it is these which are small enough to be respirable." 

A second technological option which is often used by electricity utilities internationally, 

entails the use of bag filters to increase the portion of particulates which are removed from 

exhaust gases. Where bag filters are used successfully, in combination with ESPs, efficiencies 

of 99.99% are possible (Hanson 1992). Eskom has installed bag filters on a trial basis in some 

of its power stations, as shown in Table 3.9. 

Eskom's air pollution control policy has a further dimension, to address the particular 

aFnospheric conditions prevailing in the Mpumalanga Highveld: a strong inversion layer 

which inhibits the dispersal of ground-level or low-le,·el emissions, especially during winter 

months (Tyson ·et al 1988). As a result, the newer power stations have tall chimney stacks, so 

that emissions penetrate the inversion layer and are released into the upper atmosphere. The 

effects of this will be described shortly. 

A final point to note in relation to Eskom'.s air pollution policy, is that it has decided that 

desulphurisation and denitrification technologies are not warranted. Thus, apart from the 

~all stack policy, no active measures are taken to reduce the emissions of sulphur dioxide or 

. nitrogen oxides. This is an issue which has received much attention in recent years, altho~gh 

there has been no systematic investigation of the costs and· benefits of respective pollution 

control options. 

1J Indeed, this coal cannot even be ignited with a blow-torch! 

" Particulate matter with a diameter of 10 µm (microns) or less is usually regarded as being 

in the resplrable range (hence the label P\110) 
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Particulate, sulphur dioxide and nitrogen oxide emissions from Eskom's coal power stations 

in 1994 were as shown in Table 3.9. These data represent 1:'missions for 1994 as calculated by 

Eskom; it should be 11t)ted that there is no independent monitoring or measurement of 

emissions by an envirnnmental authority acting principally in the interests of public health. 

Eskom's power stations arc governed by Registration Certificates, which are issued by the 

Chief Air Pollution Cmtrol Officer rCAPCO), in terms of which maximum permissible 

emission rates are specified (Petrie et al 1992). Transgressions of these limits, however, such 

as occurred at Hendrin,1 power station, do not necessarily lead to direct penalties or costs; in 

the case of Hendrina during 1994, the CAPCO granted the:> utility a 'temporary exemption' 

after 'taking circumstances into account'. 

Before addressing the dispersal of pollution from power stations, it is important to note 

another source of air pollution which is not accounted for in the emissions data quoted 

above, namely pollution originating from the ash dumps at power stations. The combustion 

of coal in power stations, much of it with a relatively high ash content, unavoidably leads to 

extremely large quantities of ash production. Some 22 million tons of ash were produced by 

Eskom's power stations in 1994, of which about 3°'o was re-used for cement or brick-making 

(Eskom 1995b: 23). This translates into a continuous production rate of 42 tons of ash per 

minute. This ash has no other commercial value at present. 

Table 3.9 Total suspended particulate (TSP}, sulphur dioxide and nitrogen oxide emissions by 

Eskom's power stations in 1994 

Bag TSP emissions so_ emissions NO, emissions 

filters kt kg/MWh kt kg/MWh kt kg/MWh 

Arnot 3 (of 6) units 11.00 2.41 35.8 7.86 26.3 5.77 

Duvha 3 (of 6) units 8.17 0.37 180.3 8.21 136.7 6.22 

Hendrina none 49.70 4.19 90.5 7.62 72.9 6.14 

Kendal none 4.63 0.24 167.8 8.65 123.2 6.35 

Kriel 
I 

none 10 56 0.79 103.9 7.76 126.5 9.44 

Lethabo ' 5..15 0.31 I ";.o 6.89 143.l 8.01 I none 
I 

Matimba none 22.58 1.00 193.8 8.54 92.4 4.07 

Matla none 4.54 0.24 149.4 7.97 130.9 6.99 
I 
' Tutuka none 5.79 0.33 
I 

122.2 6.97 108.9 6.21 

. ' 
Total/ A\'e ; I 122..12 0.84 I 11 "::-6 7 7.88 960.9 6.49 I 

I ' i I 
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Eskom's policy is to dispose of this ash either by back-filling mined areas, or in ash dams 

and on ash dumps. The latter are sited on l.lnd O\Vtied by itself, and to minimise the amount 

of ash liberated into the atmosphl'l"l', tlh' dumps are covered with ~rasses and other 

vegetation where possible. In the critical rt:'riod bdore vegetation can stabilise the dumps, 

waste water is used to reduce thl' amt•tmt of dust which can be blown into the air. 

Inevitably, however; particularly in wind\· conditions, significant. amounts of dust can 

originate from these dumps. There i:; little quantitative information about the amount of 

pollution which so arises, and so it cannot~ included in the present analysis. However, it is 

clear that the exclusion of this source of pollution from the air quality modelling exercise will 

understate the contribution of power stations to ambient pollution levels. Moreover, the fact 

that these ash dumps are· at~orclose to groilnd level, means that their impact is relatively 

greater than the impact of emissions from tall chiffi!1ey stacks. Consequently this source of 

pollution is not c?nsidered any further, and is clas~ified as a Class Two impact. 15 

2.2.4.2 Atmospheric conditions and dispersal,'+ pollution 

The quantity of pollution emitted by power facilities is the first main link in the electricity 

generation part of the impact pathway. The next step implicit in the damage function 

approach concerns what happens to those pollutants after they are emitted, that is, how they 

are dispersed in the atmosphere and where they are deposited. For this to be assessed, 

information is required regarding the follo\\ing key variables: 

• physiCal emission characteristics, such as the height of chimney stacks, and the speed, 

voltime and temperature of flue gas emissions; 

• atmospheric conditions, including wind patterns (derived from long-term data), mixing 

heights and atmospheric stability. 

With respect to the first item, data have been collected from Eskom's Generation Group for 

each of the nine coal power stations \'."hich were operating in 1994. These data are 

summarised in Appendix 1. The most significant factor to note is that all of Eskom's power 

stations have relatively tall chimney stacks of 200 metres or more, with the exception of 

Arnot (193 metres) and Hendiina (110 metres). This is consistent with the Eskom policy 

describt>d earlier - in the absence of technologies to reduce sulphur emissions and given that 

significant quantities of particulate matter are emitted, the chimneys are designed to 

" The considerable quantity of ash generated by Eskom's coal power stations is a major 

focus of its em'.ironmental managemo::nt programmes, not only from an air quality 

perspecti\·e, but also with respect to er~uring there is minimal contamination of ground 

wate'tdose to ash dumps and darns. Thi.5 :s a maior area of ongoing activity for Eskom. 
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penetrate the inversion layer, which would otherwise have trapped those pollutants close to 

the ground before they could be diluted. 

With respect to data on atmllsphcric cnnditii.111s, long-term surface wind data averaged over 

a period of 10 to 20 years, was drawn from Weather Bureau sources for fifteen stations in 

South Afric1 and two in Namibia (We.1ther Bureau 1975). Average frequency distributions 

for sixteen wind vectt>rs (N, NNW, NW, WNW, Wand so on) in various speed classes were 

obtained. These data, together with the technical power station data described above, were 

used in atmospheric m9dels contained within the EXMOD model, described in the next 

chapter and in Appendix 3. 

The results of the air pollution dispersal and valuation exercise will be described in the next 

chapter. It is worth briefly reviewing, here, the state of information about pollution levels on 

the Mpumalanga Highveld. Once again, most of the data on pollution levels in this region 

are derived fro~ monitoring undertaken by Eskom's own scientists, as there is no regulatory 

agency in South Africa equipped to do this." Eskom has operated a monitoring network in 

the Mpumalanga province since 1979, with various site changes having taken place over that 

period'. Data are available for several key pollutants: sulphur dioxide, nitrogen oxides, 

particulates and ozone. Data on concentrations for each of these pollutants are summarised 

briefly below. 

Sulphur dioxide levels over the past decade were reported to be generally well within annual 

guideline levels, with the average over the period 1979 to 1986 being around 26 µgm· 3 (range 

9 to 41 µgm.3
) (Turner et al 1990: 5, Tyson et al 1988: 46). The Department of Health annual 

guideline, by comparison, is 78 µgm·). 17 However, there were more frequent exceedances of 

guidelines over shorter (hourly and daily levels) monitoring periods. Whilst long-term 

trends showed an increase in average SO: levels over the period 1979 to 1983, corresponding 

with the commissioning of new power stations during that period (Turner 1987), Eskom 

reported that the trend was reversed after 1986. The most recent results from the utility's 

monitoring network, for 1993, reported no exceedances of SO: health guidelines at its six 

monitoring stations (Rorich & Turner 1994: 6). 

Pollution data for nitrogen oxides suggest that this pollutant does not represent a major 

problem: long-term concentrations in the 1980s were around 15 µgm) compared to the 

•• Eskom has contracted consultants at various stages to audit its monitoring system. and it 

has generally been satisfied with the results. 

•: South Africa has a system of published air quality guidelines (not standards) which are 

fairly similar to the US EPA standards for the pollutants dl.-.z-ussed in this section. 
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national long-term guideline of 376 µgm·' (Lennon & Turner 1992: 3). Results for· 1993 

showed that pollution levels were below guideline values. although short-term peaks were 

not insignificant (Rorich & Turner 19941)). 

Particulate concentrations in the Mpumalanga High\"eld lWer the period 1979 to 1983 were 

well below guidelines, at around 17 µgm' compared to the annual guideline of 150 µgm' 

(Turner et al 1990: 5). According to Eskom. its po•.ver stations were responsible for around 

20'!/o of ambient particulate concentrations, compared to 46"'n from smouldering coal dumps 

and local industries - due to the fact that its emissions were better diluted than low-level 

emissions. The results for 1993 showed no major changes to this situation (Rorich & Turner 

1994: 7). 

Finally, Eskom's monitoring of pollution levels for ozone found that hourly, daily, monthly 

and annual guidelines were frequently surpassed during the period 1983 to 1988 (Turner et 

al 1990: 20, 23). Annual averages were two to three times the annual guideline of 20 µgm· 3 

and the trend was increasing. The significance of this is that high leyels of ozone can cause 

direct damage to crops and health. Ozone is not a primary pollutant, meaning that it is not 

emitted directly from any source, but is formed by photol~·tic (that is, acti~ated by sunlight) 

dissociation of oxygen in other gases, so its concentration i.s elevated by the presence of other 

pollutants such as NO,. 

Research undertaken subsequent to the publication of the 1988 report by Tyson et al has 

found atmospheric dispersion patterns different to those originally expected. Firstly, 

emissions from high level stacks were found to be deposited to the ground (by downward 

air flows) at distances relatively close to the emissions sources - in other words, the previous 

assumption about long-range transport of pollutants emitted into the upper atmosphere by 

tall chimneys may not be correct (Annegam 1995: 22). This means that the highest pollution 

impacts would be encountered within a radius of tens rather than hundreds of kilometres 

from emissions sources. Second, and consistent with the above point, there was found to be 

a decreasing concentration of gaseous pollutants, such as sulphur dioxide, as the distance 

from the high density emission area in the Mpumalanga Highveld increased. Thirdly, the 

work reported by Annegarn confirmed that power stations give rise to high peak 

concmtrations relatively close to the power stations (1995: 16), but that other low-level 

sources, such as smouldering coal dumps and underground fires in abandoned coal mines, 

are significant determinants of overall pollution levels. 

To summarise then, the data from Eskom suggest that the pollutants which approach or 

exceed health guidelines most frequently in the Mpumalanga Highveld, are ozone and 

sulphur dioxide. Oi less concern are concentrations of particulates and nitrogen oxides, 

which are reported to be well \vithin Department of Heaith guidelines. 
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2.2.4.3 Distribution of lzw11an population at risk 

Once information exists about the qum1tity of pollution emitted from the power stations, and 

about its dispersion in the atmosphere nnCL' it leave~ the chimney stacks, as well as its 

ultimate deposition at ground level, it is important to know what the ·receptors' are at 

ground level. These receptors include not only human bein;;s but also buildings, crops, 

fences, vehicles and other items which might be affected by pollution exposures. For 

purposes of quantifying the present impact, namely the health effects of pollution emissions, 

clearly the relevant variable is the distribution of the human population across South Africa. 

Consequently, population data for South Africa, including the former homelands, were 

assembled from census sources, for each magisterial district in the country. The population's 

age distribution was also obtained, and for each magisterial district (identified by its 

geographical co-ordinates), entered into a database file created for this purpose in the 

EXMOD model. In effect, therefore, a demographic 'map' was created describing the 

distribution of the population in relation to each of the power stations being analysed. This 

underlying population distribution thus provides the basis for subsequent quantification of 

health-outcomes. 

2.2.4.4 Dose-response fimctions for air pollutants 

The dose-response relationship provides the link between ambient pollution exposures and 

health outcomes among exposed populations - in this case, respiratory illnesses. The human 

health effects of pollution exposures have been widely studied in a variety of countries in 

response to a range of environmental conditions. In South Africa, there have been relatively 

few studies of the health effects of air pollution, and although a handful of studies have 

attempted to find correlations between environmental quality - mainly particulate 

concentrations - and health outcomes - mainly respiratory illnesses - (see, for example, 

Terblanche et al 1992a, 1993 and Chapter Five) there have been no studies which have 

quantified the dose-response function for pollution exposures. 

It is therefore necessary to draw on the international literature to identify dose-response 

functions which might be applicable to South Africa. For purposes of the project in New 

York state, USA, which developed the EXMOD model described in Chapter Four, extensive 

reviews were undertaken of epidemiological and bio-medical literature, in order to derive 

dose-response functions which could be used with a satisfactory degree of certainty (Rowe 

et al 1994b: chapter V). A strict set of criteria was applied in the selection of epidemiological 

studies for that purpose." On the basis of a large number of studies which followed similar 

1
" These are describ1..•d in det,1il in RmVt' et Jl r J 99-lb: V-3 to \·-.n 
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methodologies and were reasonably comparable, dose-response functions were calculated 

for a range of air pollutants. 

The relevant dose-response relationships f<lr particulate mattt.>r with a diameter of 10 

microns or less. are summarised in Table 3. lO. In order to accommodate uncertainty in the 

quantification exercise, low, central and high estim<1te:-> were used, with probabilities 

attached to each. Although dose-responsl' functions exist for otlwr pollutants, such as lead 

and air toxics, there is insufficient infonnation in South Afrka to permit their quantification -

these are classified as Class Three impacts for the present study. 

In the same way as dose-response relationships were reviewed and selected for particulates, 

this was also done for health effects arising from ozone pollution .. The results of this 

assessment are summarised in Table 3.11. 

The dose-response relationships given in Table 3.1'1, for ozone pollution, can be. interpreted . . -

as follows: for instance . .in the case of daily mortality risk factors. the central estimate (C) is 

that one person in 3.3,.10" (3.3 million), will die for every 1 µgm· 3 increase in ozone 

concen,trations. Put differently, if 40 million South Africans are exposed to an .additional 1 

µgm·' of ozone pollution, then the central estimate implied by this risk factor is that 12 

people will die prematurely each year. The low estimate (L) is 0 deaths and the high estimate 

(H) is 24 premature deaths per annum. The probabilities assigned to the low, central and 

high estimates reflect the degree of confidence in the epidemiological data from which the 

risk factors were drawn. 

The data presented iri this way can be used in performing valuations of damage costs, by 

applyiflg economic values to health outcomes. This is done in Chapter Four. 
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Table 3.10 Summary of dose-response relationships for particulates (PM10) in various US studies 

(Rowe et al 1994b: V-38) 

Health outcome Population sector I Risk factors Probability''' 

Mortality 

Daily mortalitv risk factors given a 1 >= ti5 years 

µgm' change in PMlO concentrations 

< 65 vears 

Morbidity 

Chronic bronchitis (CB) ann.ual risk >= 25 years 

factors given a: 1 µgm·J change in annual 

PMlO concentrations 

Respiratory hospital admissions (RHA) All 

daily risk factors given a 1 µgm.; change 

in PMlO concentrations 

Emergency room visits (ERV) daily risk All 

factors given a 1 µgm' change in PMlO 

concentrations 

Asthma attacks (AA) daily risk factors For population 

given a 1 µgm·' change in PMlO with asthma 

concentrations 

Restricted activity days (RA.D) risk >= 18 years 

factors given a 1 µgm; change in PMlO 

concentrations 

Days with acute respiratory symptoms All 

(ARS) risk factors given a 1 µgm J change 

in PMlO concentrations 

Children with bronchitis (B) annual risk <18 years 

factors given a 1 µgm' change in annual 

PMlO concentrations 

L 10.1'10" L 33'X, 

c 16.9•Hr" 

H 25.4•10" 

L 0.14•10" 

c 0.23·10-" 

H o.35·rn" 

L 3.0•10' 

c 6.1 ·m' 
H 9.3•1ff' 

L 1.8•10"' 

c 3.3•10"' 

H 4.8•10"' 

. c 6.S-10' 

L 0.9•10" 

c 1.6•10" 

H 5.4•10" 

L 0.8·10" 

c l.6·10-· 

H2S10" 

c 4.6•10 .. 

H 7.0•10" 

L0.8·10J 

c l.6•1ff' 

H 2.4•1ff' 

c 34% 

H33% 

L 33°/., 

C 34'Yo 

H33% 

L 25% 

c 50% 

H25% 

L25% 

c 50% 

H25% 

L 25% 

c 50% 

H25% 

L33% 

C50% 

H 17% 

L33% 

C34% 

H33% 

L25% 

C50% 

H25% 

L25% 

C50% 

H25% 

,. As discussed shortly. these probabilities ha\'e been adjusted to 33: 3-l: 33 for this study, to 

reflect the uncertaint~· inherent in applying LS dose-response functions to South Africa. 
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Table 3.11 Summary of dose-response relationships for ozone (0,) in various US studies 

(Rowe et al 1994b. Vl-28) 

Health outcome Population sector 

Mortality 

Daily mortality risk factors g1 ven a l All 

ppm change in 0, concentrations 

Morbidity 

Respiratory hospital admissions (RHA) All 

daily risk factors given a 1 ppm change 

in daily high-hour O, concentrations 

Asthma attacks (AA) daily risk factors For population 

given a 1 ppm change in daily high-hour with asthma 

0 3 concentrations 

Minor restricted activity davs (RAD) All 

annual individual risk factors given a 1 

ppm change in daily high-hour 0, 

concentrations 

Acute respiratory symptoms (ARS) All 

annual individual risk factors given a 1 

ppm change in daily high-hour o; 
concentrations 

Risk factors Probabilitl' 

LO 

c 3.3•10'" 

H 6.6•10'" 

L 8.4·10·" 

c B.r10-" 

H 19.0•10-" 

L 0.106 

c 0.188 

H 0.520 

L i.93•10-2 

c 4.67•10'2 

H 7..to·rn= 

L 0.070 

c 0.137 

H 0.204 

L 33'1', 

c 34% 

H 33'Yo 

L 33% 

C34% 

H33% 

L 33% 

C50% 

H17% 

L 25% 

C50% 

H25% 

L25% 

C50% 

H25% 

There are two final considerations regarding this dose-response relationship data, the first of 

which concerns its applicability to South Africa. The population characteristics in the United 

States and Canada, from where the epidemiological data were derived, differ considerably 

from those in South Africa, as do environmental conditions. As a result there is an 

unavoid~ble degree of wicertainty in applying the data in South Africa. The direction of the 

bias which may arise, however, (that is, whether the actual health impacts will be under- or 

·over-stated), is not clear. At the most basic. level, human physiology and responses. to 

~"As discussed shortly, these probabilities ha\·e been adjusted to 33: 3-l: 33 for this study, to 

reflect the uncertainty inherent in appl\·ing LS dose-response functions to South Africa. 

\ .. 
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environmental conditions do not differ according to national boundaries. However, there are 

marked differences in the health status of populations and in average air quality conditions 

in the two sets of population. The relatively lower levd of income and wealth in South 

Africa, coupled with thl~ higher proportion of people living in cnnditions of poverty or near

poverty, translates into genernlly poorer health status in South Africa, as reflected in higher 

mortality rates among infants. lowt~r life expectancy and so on (UNDP 1994: 130). Factors 

such as lower nutritional status, for instance, mean that South Africans may have lower 

resistance to environmental hazards and therefore be more susceptible to illness {Terblanche 

1995). The bias which this factor introduces means that the above dose-response 

relationships would tend to understate the actual health L1utcomes in South Africa. 

However, this is only one of many differences which could introduce bias in either direction. 

Consequently, in order to account for the additional uncertainty arising from the use of 

North American dose-response functions in this study, the probability factors in Tables 4.10 

and 4.11 will be adjusted to reflect this uncertainty. The probabilities assigned to low, central 

and high estimates will be adjusted (where this is not already the case) to a 33: 34: 33 

distribution, for purposes of the modelling described in the next chapter. 

The final factor for present purposes concerns the question of thresholds - the pollution level 

at which health effects begin to occur. Most environmental regulatory regimes, such as the 

South African system of guidelines or the American system of standards, are based on an 

assumption that there are specific levels of pollution below ·which threats to public health 

will be negligible. However, available epidemiological evidence suggests that there may not 

be such a threshold level for pollutants such as particulates and ozone (Rowe et al 1994b: V-

7). Rather, it has been found that health effects occur e\"en below current health guidelines, 

and in some studies, the dose-response function has been the same for the lowest quartile of 

particulate pollution as for the highest quartile (ibid: V-8). Thus the default assumptions 

from the New York study, of a zero threshold, are not adjusted for present purposes.11 

To conclude, although this is a complex issue with high data requirements, there appears to 

be sufficient information to use the tools which are available, to quantify the economic 

21 A more technical question concerns the shape of the dose-response function, particularly at 

higher levels of pollution: if there are (proportionately) diminishing or increasing human 

responses at high levels of pollution, this would require a more complex, non-linear 

function, coupled with data on current ambient pollution le\·els. Since there is little data 

available on this question. it can only be flagged here, and a linear dose-response function is 

assumed. 
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impacts of tht:'se health effects. They are therefore given a Class One classification for present 

purposes. 

2.2.5 AH poll11tio11 from power generation: impacts of 1lCidic deposition 

Poll~tants emitted into the ,umosphere can have ,1 significant impact on ground-level 

objects, since they are t>ventually deposited to the surface, through processes of \\"et and dry 

depositibn (Piketh & Annegarn 1994). The experiences in Europe in the 1970s and 1980s 

showed that emissions of sulphur dioxide from sources in highly-industrialised areas, such 

·as the Ruhr \·alley in Germany, or from the coal power stations in the UK. caused high levels 

of acidic deposition in neighbouring areas (Levy 1995: 59). In the case of Britain's power 

stations, emissions were transported over long distances and deposited in Norway and 

Sweden, causing measurable damage to their forests and water courses.:: Such iss,ues have 

granted the issue of acidic deposition (or in popular terms, 'acid rain') a relatively high 

profile amongst environmental concerns, both internationally, and to an extent, in South 

Africa. 

The v~~yv is fairly frequently expressed in South Africa, that Eskom's power stations emit 

large quantities of pollutants which, in tum, cause acid rain (see, for example, Coetzee & 

Cooper 1991: 132). In scientific circles, the potential risks were first raised in a 1988 report on 

air pollution in the (then) Eastern Transvaal Highveld, in which the concern was raised that 

the high concentration of po•ver stations and other sources of industrial pollution, coupled 

with unfavourable atmospheric conditions, could lead to high levels of acidic deposition 

(Tyson et al 1988). This, it was postulated, could cause damage to forests, crops, buildings, 

fences and other materials sensitive to acidic corrosion. 

Following the publication of that report, there have been a number of studies which have 

measured acidity and have monitored the response of environmental elements such as forest 

productivity, soil and water chemistry (Olbrich & Kruger 1990, Turner et al 1990, Turner 

1994b).23 The energy sector of the Southern African Development Community (SADC) even 

commissioned a study to establish whether emissions from South Africa were causing high 

levels of acidic deposition in neighbouring states such as Mozambique and Swaziland 

(Sivertsen et al 1994). In general, the results of these scientific studies have not yet confirmed 

the popular notion that 'acid rain' is a serious problem in Mpumalanga province and 

surrounding regions. 

1 ~ Although it should be noted that some scientists still dispute this. 

11 For a re\ 1ew of these studies up to 1993. see Van Horen ( 1994: 11 ). 
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The phenomenon of ilcidic deposition and its impacts is fairly complex, and is dependent 

upon a range of local conditions, many of which differ markedly between South Africa and 

other parts of thl' world whl'rt.' acidifo.:iltion h.1s been found to be a problem. In order for 

external costs of acidk deposition to be guantitied, several factors need to be considered: 

• First, wet deposition rat6 need tn be assessed. This refers to the quantity of acidifnng 

·species (such as sulphates) washed ou: of th!" atmosphere during rainfall episodes. 

Tyson et al (1988: 62) rep1.)rted rates of up to, and sometimes in excess of 20 kg/ha per 

qnnum, which is regarded as a critic,1! threshold in other contexts. Monitoring by 

Eskom, however, found 'reasonably low· levels of wet deposition over a seven vear 

period (Turner 1993 in P{keth & Annegarn 1994: 5). 

• Second, dry deposition rates should also be estimated. Since South Africa is a relatively 

dry country, it has been suggest~d that dry deposition of acidic species (that is, not 

through rain or mist) could be even more significant· than elsewhere (Tyson et al 1988: 

65). Eskom'.~ · early calculations suggested that dry deposition could exceed wet 

deposition by a factor of four in some regions on the Highveld, with dry rates of around 

20 kg/ha per year (Turner 1994b: 6). Similarly, Olbrich et al (1993) found that dry 

deposition rates exceeded wet deposition rates by 2.7 times. ln one study which 

calculated dry deposition rates at two sites (one on the Mpumalanga escarpment and the 
I 

other in the Lowveld), dry deposition rates were found to be fairly low, at 5.3 and 1.2 

kg/ha/year respectively (Piketh & Annegam 1994: 4). In another study, by contrast, 

sulphate deposition rates were estimated to range from 49 to 81 kg/h per year {Wells 

1993, quoted in Piketh & Annegarri 199-1). There appears, therefore, to be a wide range of 

estimates of actual deposition rates at various locations. 

• An important factor in assessing damages from acidification, is the sensitivity of soils 

and ground cover. Soils in the Mpumalanga province have varying degrees of 

sensitivity, and are often fairly alkaline, in which cases acidic deposition can initially 

have a positive effect on the productivity of soils, crops and forests. Efforts have recently 

been made by the CSIR to develop an information system which contains information on 

the sensitivity of soils and water systems in the Mpumalanga province, against which 

deposition data can be plotted, so that areas of greatest concern can be targeted (Olbrich 

et al 1995). A range of maps can be produced using this system, showing the sensitivity 

of soils, water, actual deposition rates. and combinations of any of these. This system, 

known as the Atmospheric Deposition Risk Advisory System (ADRAS) could be used as 

a tool in identifying areas where damages will be most significant, and undertaking 

appropriate ameliorati\·e measures. 
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• One furthef dimension of acidic deposition, relates to the corrosion of buildings, 

vehicles, fences and other susceptible materials. Apart from anecdotal ·observations that 

this represents a significant problem in some regions, monih1ring by Eskom of cormsion 

rates at \·arious sites in Mpumalanga and the Vaal Trianglt> suggests that rates are low, 

although limitations on the monitoring techniques were .Kknowledged (Van Rensburg 

1994). Quantitative information on this impact is therefore s..:arce. 

Only one field study has been undertaken to-date in the Mpumalanga High veld with a view 

to assessing whether any damage has occurred to commercial forest plantations (Olbrich · & 

Kru:ger 1990). Very small changes were observed in that study, although evidence was not 

conclusive; it was reported that commercial forests did not appear to have suffered any 

substantial ill~effects from acidicdeposition. International experience suggests that a critical 

threshold may exist, up to which few if any damages are observed, and beyond which more 

· extensive :crop and. forest damage may occur (Scholes 1995). In other words, the damage 

function would undergo a step change at this critical threshold. For economic purposes, 

future damages would then ~e discounted back to present day values, yielding estimates of 

marginal damage costs. Given that the Mpumalanga Highveld is an important location for 

commercial forestry in South Africa, .any damages which result from acidification, could 

have significant economic effects. For the present, however, the state of information means 

that this impact has to be classified as a Class Two impact. 

2.2.6 Air pollution from power generation: visibility impacts 

Reduced visibility is one result of air pollution which attracts considerable public comment 

and criticism. It requires no scientific or technical expertise to observe 'dirty' air,.hence there 

is frequent comment in the press and popular literature regarding hazy atmospheric 

conditions (see for example Clarke 1991). Reduced visibility is a phenomenon which occurs 

fairly widely, both in cities - notably Cape Town, which has a. reasonably serious brown haze 
' . . 

problem (De Villiers & Dutkiewicz 1993) - and in rural areas. 

As·with other forms of air quality monitoring, there is no systematic monitoring of visibility 

conditions by an independent authority acting primarily in the interests of the public. Nor 

are there any standards or guidelines regarding 'acceptable' levels of visibility .reduction. 

Eskom, partly in response to criticisms directed against itself as a contributor to the poor. 

visibility in· the Mpumalanga High veld, undertook some quantitative analysis of visibility 

conditions ifi the region (Turner 1994a). This analysis utilised the results.collected in its 

pollution monitoring network, particularly the Elandsfontein station, located in the centre of 

the Highveld. 

Results from this analysis .sho•ved that the mean visibility range for the entire period May 

1985 to December 1993 was 76 km, with a seasonal high of about 105 km for January and a 
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low of 60 km for Sepkmber (ibid: 5, l l ). Aver.1ge results, hoW<'V<'r, are pt•rhaps not the mo!>t 

meaningful. since aesthetic \'alues are influem·ed more heavily by poor nsibility occurrence~ 

than by lon~-term J\'l'rages. On this basis, thl' \'isibility range fan's poor\~-. \.Vhilst the range 

was over 100 km on 10% nf the days measured corresponding to !1.'\\' levels of visibl<: 

pollution - it w<1s as h)w <1s .tll km on almost half the days, as low as 3l1 km on over 20'X, of 

the days, as low as 2ll km on almost lO'X, of the days, und less than 10 km on l.l'X, of days 

that is, 4 days per year (ibid).'' It is perhaps the latter figures which reinforce most strongly 

the common view that air quality is severely degraded in parts of Mpum.ilanga province. 

Establishing that a visibility problem exists, however, is easier th,m quantifying the 

contributing factors. Visibility can be impaired by naturally-occurring phenomena such as 

high levels of water vapour (which becomes 'mist' at high densities) and natural dust in the 

atmosphere, as well as by human-induced phenomena. The latter include emissions from 

industrial activity, household fuels, motor \'ehicles, vegetation fires, changes in land cover 

resulting from mining, agriculture, waste production, and so on. 

To a greater or lesser extent, all of these sources are present in the Mrumalanga Highveld 

where seven of the nine operational coal power stations are located. Eskom's analysis of the 

diurnal patterns of visibility conditions, which do not correlate with observed emissions 

patterns from its power stations, concludes that emissions of partkulates and sulphur 

dioxide by power stations 'do not play a major role in regional visibility impairment' (ibid: 

6). Rather, Eskom attributes poor visibility mainly to 'low level and regional sources' which 

include smoke from biomass burning, smouldering coal dumps and surface dust. 

Interestingly, Eskom's results show that the visibility range improved by about 5% per year 

at its Elandsfontein site from 1985 to 1993, and this was attributed to the improved control of 

smouldering coal dumps and the closure of old power stations with lower chimney stacks, 

which together outweighed the effect of drought on the amount of biomass burning and 

surface dust. 

The relatively high degree of uncertainty, coupled with the non-transferability of experience 

from else\vhere, means that visibility impacts fall into the Class Two category for purposes of 

this study. 

2.2.7 Water quality impacts from power generation 

Power stations are important agents in the non-agricultural water sector in South Africa. Not 

only are they a significant consumptive user of water, but they also return significant 

"By comparison, some L'S states set the cr:teria le,·el for ·se\·ere' \'isi!:-ditv degradation at 16 

km (Turner 199-la 3 ). 
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quantities of water b<Kk to tlw environment. Over timl', Eskom's water policy has changed: 

in response to increasing watt'r scarcit:·. two of its newer powt'r stations employ dry cooling 

towers which reduce tlw net quantity l1t Willer consumed. Jn ,1ddition, it has adopted stricter 

policies rep;.irding the qualit:· ,,f W<ltl'r it returns to the t'!Wironmcnt. 

Eskom reports that it strivl'S towards ,1 ·zero effluent' water policy, whid1 means that the 

quality of the water it returns. tu rin'rs and dams must be at least as good as the water it 

draws from those sources (Eskom l':N5b: 20). Thus water which is used in the thermal tuel 

cycle, is recycled up to the point where it is too polluted, atter which it is used for less 

demanding purposes. For example, water which is eventually no longer being used in the 

fuel cycle, is used.on the ash dumps to reduce the amount of ash blown into the atmosphere. 

In 1994, Eskom reported that about 8% (17 083 megalitres) of the water it consumed was 

released to public streams, and of this 10 megalitres did not conform to quality standards set 

by the Department of Water Affairs and Forestry (ibid). This is a fraction of a percent of its 

water emissions. 

This is not to say, however, that the coal power stations have no inlpact on water quality at 

all. Fi;stly, there are upstream impacts of coal mining on water quality, which have already 

been noted in an earlier section. Secondly, problems sometinles arise in the inlplementation 

of the zero effluent policy, su~h as where leakages occur, as described above, or during 

periods of high rainfall where storage dams cannot accomodate increased flow volumes. In 

1994, six such incidents were reported at Eskom's power stations, and alth0ugh permission 

was obtained for these releases from OW AF {Eskom l 995b: 20), their economic costs could 

feasibly have been non-zero. 

A third inlpact which arises in some cases, is positive. The power stations require water of 

reasonably good quality, otherwise the rates of corrosion and weathering of plant and 

equipment are unacceptably high, and consequently, at some power stations, water has to 

purified before use in the power stations. Even after that \Nater has been through the fuel 

cycle and it is returned to the recei\·ing water body, it can be of higher quality than when it 

was withdrawn (Fedorsky 1995). lnsofar as there is no compensation or rebate accruing to. 

Eskom in respect of this improvement, a positive externality arises. However, there are no 

quantitative data available regarding these changes in water quality.'' 

The valuation of water quality impacts is complex, although not inlpossible. The general 

approach would be either to impute a shadow price for water which is no longer usable; this 

'
5 Another positive externality would arise if dams constructed for pumped storage schemes 

produced recreatior:al benefits. ~skom's pumped storage dams, howe\'er, are not a\'ailable 

for public use. 
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price would reflect the opptirttmity cost of rendering that \·t1lumc of water usabk - based on 

the marginal cost of obtaining water of adequate qualitv from an illternatin' source. A 

second valuation approach whkh could be used would be t0 quantify the expenditure 

incurred by downstream users in rcturnin~ that water ltl an adcquak 4ualit\· · so-called 

'deft'nsive expenditure'. In some CilSl'S, valu.1tion of w.1ter quality ch.rnges ,1lso include 

changes in the productivity of commerci<1l fishing or recreatic1nal fishing markets. For 

exampJ~, in North America, water qualit\· impacts otfrn include nt.'gative impacts on 

recrt'ationa! and commercial activities in riwrs and the Great lakes IRowe et al 1994b: XVI-

2). In South Africa, on the other hand, these do not represent signifo.:,111t activities in the 

proximity of power stations; the impacts of l)ther water Cl)nsumption sectors, most notably 

agri1..-ulture, dominate issues of water quality. 

On balance, this category of environmental impacts is not considered to represent a 

s'ignificant external effect (either negative or positive) for South Africa's power stations. It is 

thus given Class Three status for purposes of this study. Of greater relevance in relation to 

po·wer generation's impact on water resources, are the impacts of coal mining on water 

quality, and the pricing of water consumptic•n in once-through p1.)wer stations, both of which 

ha\·e been addressed in previous sections of this chapter. 

2.2.8 Greenhouse gas emissions from power generation 

Electricity generation, where it is based on C1."lal-power, is unavoidably a significant source of 

greenhouse gas IGHG) emissions.'" The principal GHGs are carbon dioxide (CO,), methane, 

chlorofluorocarbons and nitrous oxides, the first two of \\·hich are most significant in South 

Africa. South Africa was responsible for about 1.2% of global GHG emissions in 1988, 

making it the eighteenth largest source in the world, and one of largest sources on a per 

capita basis (Van Horen & Simmonds 1995). It was also the largest source of GHGs in Africa, 

accounting for 15% of the continent's CO: emissions. 

Significant quantities of carbon dioxide are emitted by the electricity generation sector, and 

smaller amounts of methane during coal mining. Eskom is the single largest source of GHGs 

in South Africa, which by its calculations, amounted to some 142.9 million tons of carbon 

'' Briefly, GHGs are rele\·ant insofar as they are widely belie\·ed to enhance the naturally

occurring greenhouse effect · in terms of which GHGs increase the abilit;.· of the earth's 

atmosphere to retain warmth. The balance of scientific opinion suggests that continued 

emission of GHGs at present rates will lead to global climate change, with variable, but often 

negative consequences in many region:' of the \\·orld. For more details on recent 

de\·elopments in th1.' international climate dlange debate. see Rowlands (l 995a) and on the 

South African energ~· Sl~ctor's contnbutil'!1. ~e Van H1)ren & S1mmonJ:; 11995 J. 
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dioxide in 1994 fEsk,,m J'.19.Sb). The emissions bv each of the nl,ll power stations is shown in 

Table 3.12. 

Arnot 

Duvha 

Hendrina 

Kendal 

Kriel 

Lethabo 

Matunba 

Matla 

Tutuka 

Total 

Table 3.12 Carbon dioxide emissions from Eskom's power stations in 1994 

(Source: Eskom Generation group! 
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In addition to emissions of carbon dioxide, the power sector is also responsible for a portion 

of methane emissions emanating from the coal mining sector - notably underground mines. 

For present purpo::;es, however, these will not be quantified: although the global warming 

potential of methane far;exceeds that of carbon dioxide, most policy attention and 

quantifi~ation exercises to-date have focused on reducing carbon emissions. Moreover, less 

than half of Eskom's coal is sourced from underground mines which emit most of the 

methane. The exclusion of methane emissions has the effect. therefore, of understating the 

.potential damages attributable to electricity generation in South Africa. 

There is a vast body of international literature which has sprung up around the climate 

change phenomenon, addressing both its physical and political-economic dimensions; it is 

impossible to summarise here, all aspects of this issue. Instead, a few salient points will be 

made in relation to the impacts of climate change on South Africa's electricity generation 

industry. Firstly. South Africa is unlikely to be faced \Vith any binding commitments to 

reduce its emissic•ns of GHGs in the near future. :\s a · dt>\·eloping country' - defined in 

terms Df the Framc-.\Nh C11m·L·nti,111 on Cl:mate Ch,m~e fFCCC) - South Africa will not face 
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the same targets for GHG reductions .i~ tht.' industrialised countries." At present, the latter's 

(non-binding) targl'ts are limited to the ':tabilisation of GHC l'mission.:; .11 1990 levels, by the 

year 2000 (FCCC Article.., 4.2 (a) and (b1, 

A second pertinent factor follows from tl1l' first: although th<.: countrv will not have any 

immediate onerous obligatiuns upon rat;iit.:.1tion, it is not improbable that it could face some 

i.ntermedi.1lt.' targets further down tlw rr;ad. if differentiation is made within the 'developing 

country' category. by virtut.> of its rd<lt1•.ely high level of income and emissions (Rowlands 

1995bJ. Thus, it is important that South African policy-making takes explicit account of the 

climate change issut:>, and ,1dopts a proacti\·e stance in international negotiations. 

Thirdly, there is considerable uncertainty around the climate change issue in various of its 

dimensions. Clearly, this uncertainty serves the interests of many groups and nations (for 

example, the oil producing countries); so, it is important to establish. the boundaries of this 

nncertainty. One of the key uncertainties at present is around the potential impacts of 

climate change on specific sub-regions. such as Southern Africa. This uncertainty, 

exacerbated by the extremely long time periods over which it might occur/" makes it 

extremely difficult to make assessments of the economic and social costs of possible climate 

change: which may include. for example. the costs of increased drought in the future. and 

more frequent occurrences of extreme weather events (storms, floods, droughts). Several 

attempts have been made internationally to estimate the range of damage costs which might 

result from climate change (for example, Cline 1992, Fankhauser 1992, 1995, Nordhaus 1991); 

not surprisingly, these have produced very different estimates and have attracted their share 

of criticism. This uncertainty presents special difficulties for valuation exercises. 

What is much more certain, howe\·er. is that the climate change issue will not disappear 

from the international political economy in the near future. Given the prominent role of 

South Africa amongst developing countries, it is essential that the issue is not ignored. 

Although there is considerable uncertainty surrounding possible scenarios of damages, 

enough work has been done internationally to permit some quantification provided the 

level of uncertainty is taken into account explicitly - hence. this impact is assigned to the Class 

One category. The next chapter presents a range of estimates of the damage costs which 

might be attributable to emissions of greenhouse gases. 

'
7 The future tense is used because. b\ the beginning of 1996, South Africa had signed, but 

not vet ratified the FCCC. 

=·With concomitant impl)rtanl'e attached to the selection of a discount rate when economic 

effects are bl'in~ considered. 
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2.3 Externalities in South Africa's nuclear fuel eye.le 

The nuclear fuel cycle intcrn.1tionally has bl'cn the subj...-ct of considerable analysis in tht' last 

two decades or more, part1culilrly in rd,ltt\'11 to the t'tn-m111mental and otlwr <.'Xternalities 

with which it is associatt:d. Many of the 1:~1n-irnnment,1l impacts in the nuclear industry can 

be characterised as ha\ mg rel<itiVl'I\· low pr,)bability but hi~h (or potentiallv catastrophic1 

impact if they do occur Thus extcmalit\' studies h;1,·1.' u::i.i.1lly focused on the risk of such 

impacts, and on sodetv's \·aluation of tlh)St'.' risks (rather than valuation of the impacts 

themselves). 

In addition to the externalities associated \\'tth pntenti.11 catastrophic accidents, there are two 

other kinds of externalities of reit'\·arlCt'- The first rt'btes t1.1 those environmental impacts 

which occur regularly and are not fully internalised into the price of nuclear electricity -

occupational health hazards, air or water pollution. and s~1 on. These can be treated in 

essentially the same way as impacts arising from the coal fuel cycle. 

Another kind of extemality may be termed a 'fiscal extemality' - in other words, a fiscal 

transf.er payment (for example, a subsidy) which is made to the nuclear industry, and which 

is not reflected in the price of nuclear electricity (Lockwol1d 1992). Whilst this is not an 

environmental externality per se, it is highly material in South Africa. Consequently, it is 

included in the scope of Chapters Three and Four, but in order to maintain the focus of the 

thesis on environmental issues. the fiscal extemalih· is not aggregated with the 

environmental externalities in later discussi1..1ns. 

2.3.1 Environmental impacts tmd risks in tlie nuclear.fuel cycle 

Several actual or potential environmental impacts of significance occur in South Africa's 

nuclear sector: 

• The risk of catastrophic accidents (on the scale of Chernobyl) cannot be ruled out 

completely, although it is reduced by the existence of a strict safety regime governing all 

stages of the nuclear industry in South Africa. Externalities studies elsewhere, in 

attempts to quantify these risks in economic terms, ha.-e focused on society's valuation 

of those risks (Krupnick et al 1993). ln South Africa, there has been no such analysis to

date, which does not make this quantification exerci...'C feasible for present purposes. 

However, the fact that Koeberg power station is located about SO kilometres from the 

Cape Town metropolitan area, which has a population of over 2 million people, means 

that the impact of any accident, should one occur. would probably be very large. 

• Although international experience with the deC1."'mmiss1oning of nuclear power facilities 

is as yet limited, it has bernrne e\ ide!1t that the asstx1ated costs are likely to be greater 

than pre\'iously .intH:ipakd. rnainh· bi.>cauS<! of h1;;::hcr safetv and environmental 
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standards than were foreseen at the tirnt.' of construction of those facilities (MacKerron 

1992). This means that costs h,1w to liie incurred in tlw future \\'hich h.wc not been 

accmmtcd for in thl' c1lcuh1til1n r;f tlw present valul' of streams of income and 

expenditure nv1..'r the lifetime of nucle.ir facilities. Thus to thl' e:-..tl'nt that these futuri: 

costs Me excluded from current prices .. m cxternality 1..'"\ists. 111e s.1mc could hold truf:: 

for South Afric1 · s nuclear ind us tr:. .. 1lthough the absence of an~· public information 

about this ma~es ;.my assessment in this regard necessarily spcculath·e. 

• Nuclear power generation produce!> a number of radioactive waste products, which are 

typically categorised accordinf; to their degree of radinacti\·ity. Low level wastes are 

stored at the Vaalputs site in the \Jorthern Cape pwvince under high standards of 

safety, and thus their costs are essentially internalised. Howe,·er, the storage and 

disposal of high level radioactive wastes remain problematic (as is the case 

intemationaliy), and in the interim. these wastes are stored on site at Koeberg power 

station (Auf der Heyde 1993). Gi\'en the extremely long time periods for which high 

level wastes remain hazardous (seYer.~l thousand years), the potential environmental 

~d health costs associated with future accidents are, simultaneously, highly uncertain, 

potentially large, and long-lasting. Their valuation thus presents significant difficulties, 

not least because so much is dependant upon the choice of a discount rate. 

• The operation of a nuclear power station is associated with any number of small 

incidents and procedural breakdowns which, because of the nature of the nuclear 

generation process, means that workers are exposed to potentially serious occupational 

risks. Although difficult to quantify, these risks are not accounted for in wage rates (as in 

the case of coal mining) which means the risks are not internalised. This is not to deny 

that the nuclear industry employs stringent health and safety standards for its workers; 

nonetheless, the reality is that workers are exposed to potentially significant risks by 

virtue of the nature of the process, and are not compensated for this. At the ANC's 

nuclear conference held in February 1994, worker representatives highlighted the health 

and safety hazards to which they were exposed - notwithstanding safety procedures 

(ANC & Alliance 1994: 235). 

• Finally, to the extent that links existed between civilian nuclear power and military 

nuclear weaponry - links which \Vere partly confirmed by the admission of former 

President de Klerk in 1993 that the apartheid government possessed at least six nuclear 

weapons - there exists another categciry of externalities which are highly uncertain, but 

so large as to be of significance. Clearly. were any such weapons to be utilised (although 

it is difficult to imagine where or hr,..,. these might ha\·e bet-n deployed) the costs could 

ha\·e been enormou~ 
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These external environnwntal effects, both current and futun.\ existing and potential, are of 

significance in aggregate, but present considerable difficulties for any economic analysis. 

Insufficient inform,1tion e'\ists in tlw South African cnntext t,, quantify society's valuation of 

the risks with which thesl' impacts are associated. This scar"·1ty of data has not been helped 

by the pervasive St.'crecy which has surrounded (and continues to surround) the industry. 

Furthermore, given the limited rcsPurces a\'ailab!e for this pr,)jcct, thesl' externalities will not 

be further assessed. s,1Vl' t•' notl' th,lt they ,m' potenti,1lly hi~hly sigrnficant, and are therefore 

assigned to the Cla:':' Two impact category. 

2.3.2 Fiscal extenwlities in tlie 1111clear industry 

A final category of externalities which arises in the South African electricity generation 

industry are those subsidies which have flowed to the nuclt:'ar industry since the beginning 

of the 1970s. As noted earlier, although this is a fiscal rather than an environmental 

extemality, it is highly significant in relation to the amount of electricity which has been 

produced, and its existence results in a material dh·ergence between the private and social 

costs of nuclear electricity.:• This style of analysis is similar tc• the nuclear industry in the UK, 

where fiscal externalities were also quantified (Lockwood 1"92). 

Unlike the coal-fired electricity sector, which has historically received little or no financial 

subsidy from public funds, the local nuclear industry has enjoyed a very privileged position 

in this respect. The nuclear sector has received the lion's share of the Department of Mineral 

and Energy Affairs (DMEA) annual parliamentary grant sir . ..:e 1971 /72. Table 3.13 sho• ... ·s the 

average annual allocation to the nuclear industry: the Atomic Energy Corporation (AEC, or 

its predecessor, the Atomic Energy Board), the former Nuclear Development Corporation 

(Nucor) and the Council for Nuclear Safety (CNS), for the f"2riod 1971/72 to 1995/96. 

It is evident from the table that considerable resources have been directed to the local 

nuclear industry; these have been directed to three main .:ategories of expenditure: capital 

expenditure, operating expenditure and servicing and repayment of loans (ibid: 7). 

Arguably, not all of these amounts should be attributed to the nuclear generation industry, 

since non-electricity aspects of the industry have also benefited from state subsidies: notably 

the nuclear bomb programme, res.earch and development in non-electric areas, and the 

production of medical isotopes. Unfortunately there is no publicly-available information on 

the allocation of the subsidy to these various sectors: consequently, calculations and 

assumptions have to be made on the basis of the information which is available. 

:•In order to maintain the focus of the quantification exerc .... -.e on environmental and resource 

issues, the fiscal extem.1lity is excluded from the sumrna.:-v tables in Chapter Seven where 

comparisons are made ~'i t?m·ironmental e\ternalit1es in \·.::-:nus sectors. 



Chapter three Externalities in electricity genr::rotion Page 95 

Table 3.13 Subsidies to the nuclear industry in nominal and real terms, 1971172 to 1995/96 

(calculated from Aulder Heyde 1993, CSS 1995) 

Period 
, 

Annu,1! ,werage 

I 
'X, of DMEA 

I 
Annual average 

(l'\i>minal Rm) budget (1995 Rm)"' 
' I 

1971/72 to 1975/76 21.2 32.0'Yi, 250.6 

1976/77 to 1980/81 l lll.7 40.8'X, 740.7 

1981/82 to 1985/86 3ti3.0 70.3°/c, 1 336.5 

1986/87to1990/91 I tiSb.2 79.7"/c, 1 403.5 

1991/92to1995/96 524.5 70.3'% 619.3 

Total 1971/72 to 1995/96 8 528.0 69.3% 21 753.3 . 

To be conservative, only those costs which are known to be related to electricity generation 

will be included in this analysis; thus these represent a minimum estimate of the fiscal 

subsidy to the industry, and probably under-estimate the actual costs. On the operating 

expenditure side, the relevant costs include those of conversion, enrichment, fabrication, 

decommissioning and waste disposal: according to Auf der Heyde (1993: 25), these totalled 

R3 062 million (1995 Rands) for the 9 fiscal years from 1987 /88 to 1995/96, which represents 

46% of total operating expenditure. or 37"" of total nuclear funding (calculated from Auf der 

Heyde (1993: 5,7). 

With regard to capital expenditure. the costs of the conversion, enrichment and fabrication 

plants (but not the so-called 'Y-plant') are assumed to relate to electricity generation; these 

allocations amounted to R2 686 million in 1995 Rands, or 62% of the total capital expenditure 

reported in Auf der Heyde (1993: 24). Correspondingly. it is assumed that the same 

proportion (62%) of finance charges is attributable to the electricity component of the 

subsidy; this amounts to Rl 620 million (in 1995 Rands) for the nine years to 1995/96. 

The total of these allocations for the nint> year period 1987 /88 to 1995/96 is R7 368 million, in 

1995 Rands. A portion of the nuclear allocation prior to 1987 /88 should also be apportioned 

to the nuclear electricity sector. but sin(t' this information is not publicly available, further 

assumptions are required. It will be ,1,.;sumed (conservatively) that all relevant capital 

expenditure is included in the abon' t.·:-timate (and likewise for corresponding finance 

~.Nominal Rand~ ,1dju~ted to rL'Ji JY9:; !\.::ids b\· Production Price Index, using CSS (1995). 
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charges); for operating expenditure, it will be assumed that the pt'rcentage of total nuclear 

funding attributabk' to the electricity sector, was the same as after 1987 /88: that is, 37'X, of 

the total. This yil'lds an l'stimate of R4 k71) million in 1995 R<rnds (c:ikulated from Auf der 

Hevde (1 YY3: 5). T\) this should be added the alloc;ition h) the Council for Nuclear Safetv , . ; 

{CNS), which ;ils1.1 represents an external ..:ost of opcratin~ a nude;ir power facility: this 

amounted to R54 million 1111995 f{,rnds, for the period 1983 ~4to1995/96. 

The above estim,11\.'s are summa·rised in Table 3.14. 

In summary, it is estimated that the tot,11 public allocati1.1n to the nuclear industry, for 

purposes of electricity generation, was Rl2 298 million (in 1995 Rands) for the period 

1971/72 to 1995/96. This represents 57"1, of the total gO\·ernment subsidy of the nuclear 

industry for that period, and can be take11 as a minimum estimate, in the absence of full 

public disclosure of this information. 

Table 3.14 Estimate of nuclear subsidy attributable to electricity generation (Rm 1995) . 

I 1987/88to ''"11_0f 1971/72 to 0
'o of Total 

I 1995 .· 96 (Rm) cate••orv31 1986/87" (Rm) category C' • 

Operating exp. 3 062 '"\-o: :>1 ,o 4876 37% 7938 

Capital exp. 2 686 6 ""'' -/0 0 0% 2 686 

Finance charges 1 620 6">01 
-10 0 l 0% 1 620 

CNS 54 100% 0 0% 54 

Total 7 422 - 4 876 - 12 298 

This subsidy has not been internalised into the price of nuclear electricity - the effects of 

doing so are described in the next chapter. Given that there is sufficient information. at this 

aggregated level to quantify the extent of the fiscal extemality, it is accorded a Class One 

ranking. 

" The denominator ht>rt' is the total .1lh1cation to each catt.:'gory (rt.:'spectively, operating 

expend1turt.:', capit.il e:..pimditurt.:'. finance ~·h;irges and C\S1. ., 
. ~ 

I 
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2.4 Summary of external effects 

Thus far, a range of potentially s1gnif1c,int external effects in thP South African coal and 

nuclear fuel cycles h<we bel'l1 describ<·d. tn lt'rms of their scale and freqm'ncy. These are 

summarised in Table 3.15; it is e\'ident th,1t five main externalities - those falling into Class 

One are quantified in this study, four of \\'hich are environmental impacts /'t'r sc. 

Table 3.15 Summary of potentially significant environmental impacts and their classification in this 

study 

Class One Class Two Class Three 

Coal fuel cycle 

Coal mining: morbidity & mortaFty ./ ./ 

Coal mining: air & water pollution ./ ./ 

Generation: ~ater consumption ./ . 
" 

Generation: air pollution & health impacts ./ ./ 

Generation: air pollution & acidification ./ 

Generation: air pollution & visibility ./ 

Generation: water quality impacts ./ 

Generation: greenhouse gas emissions ./ 

Other impacts (EMFs, aesthetics, etc.) ./ 

Nuclear fuel cycle 

' 
Fiscal subsidy ./ 

Other impacts (risk of accident, waste ./ 

disposal, decommissioning costs, etc.) 



Chapter Four 

The external costs of electricity generation 

In this chapter, an ecrJnomic qu;rntificatiPn b undert,1ken for the fin~ Cl,1ss One externalities 

.described above. Th<:'. valuation results arl' expressed in three forms: as total Rand values, in 

mills per kilowatt-hour of electricity produced,' and in cents per joule of energy. In the final 

chapter of the ·thesis, these valuations will be compared with the externalities in the 

household sector. The next section addresses further t~eoretical and methodological 

questions regarding the \'aluation approaches adopted, particularly in relation to morbidity 

and mortality effects. 

1. Valuation of morbidity and mortality: further methodological issues 

In the review of the literature in Chapter Two, it was noted that there are a number of 

valuation approachf:s, both direct (such ,1s CVM and hedonic pricing) and indirect (such as 

opportunity cost approaches). It is irnp~1rtant for purposes of this chapter, that ~rther 

consideration is gi\'en to the valuation methods to be used, especially in relation to 

morbidity (ill-health) and mortality (death). 

1.1 Valuation of morbidity 

Two broad methods can be used in \'ali1ing morbidity effects: first, those based on 

individual preferences, that is, willingness to pay (WTP) for environmental and health 

improvements, or willingness to accept compensation (WAC} for deterioration, and secohd, 

those methods based on resource or opportunity costs (Freeman 1993: 343). In the neo

classical literature, the individual preference approach is generally preferred because it is 

consistent with the underlying basis of microeconomic theory, in which utility or welfare is a 

function of a person's \villingness to pay for it. Furthermore, WTP (or WAC) approaches are 

generally considered more appropriate because they are believed to yield a more complete 

estimate of a person's valuation of illness: WTP values include, typically, not only the 

opportunity costs of illness, but also a person's rnluation of the discomfort or displeasure 

from being less than fully healthy. By contrast, it is argued that opportunity cost approaches 

focus only on the direct costs of illness - such as expenditure on medical care and foregone 

income from not working - and do not place any \·aiue on the more subjective (but very realr 

discomfort or displeasure experienced \Vhilst being sick, which should probably have a non-

l 1 mill equals RO.tlO I. th,1t I:'. ,1 t.:n th tlt cl :t•nt. 
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zero value (ibid). Empiric,11 dat<1 in tht~ US suggest that WTr' often exceeds the direct cost of 

illness by a considerable ,1mount. depending on the health t.>ffect: according to Rowe et al 

(1994b: X-::10), by a factor of 13 to 2.4, and ,Kcording to Cn'pper and Oates (1992: 713) by a 

factor of 3 to 4. 

Individual prden.'nn' ,1pproadws for v.1luing morbidity Mt'. however, not necessarily the 

ideal method in tlw South African contl'\I. Tlwre are si;'\·er.>I rens1)ns for this: firstly, there 

have been few if anv studie~ in this countn· 1)f people's WTP or WAC with respect to health 

effects (or any otlwr em·ironmental elenwnt, for that mctttt'r). Thus the empirical basis for 

such estimates is weak. Secondly, even if such information w,1s available, it would be 

problematic to use it in a context ?f an l''tremely unequal ,iistribution of inc9me: all other 

things equal, the WTP for health improvements of a poor pt>rson would be lower than that of 

a wealthy person. Using such WTP valu,1tions may be consistent with economic efficiency 

criteria (as embodied in the Pareto criterion), but could have consequences for policy 

decisions which are extremely inequitable. If an equitablt> outcome is desired, as it is in 

South Africa, it therefore becomes necessary to make adjustments to the valuation results, 

giving greater weight to the valuations of targeted (poor) individuals or groups. As noted in 

Chapter Two, this is the suggested appw,Kh in theory, although practical difficulties mean 

that it is seldom applied in reality. 

Thirdly, WTP and WAC valuation appro,Khes may, in fact. understate the value of a health 

risk - the inverse of the commonly pn?\ ,1iJing situation in "·ealthier countries (as embodied 

in the ratio of WTP to cost of illness reported above). T (1 illustrate, it could happen that 

society's valuation of a person's health, as expressed for instance in its budgetary allocation 

to public health care in its hospitals and dinics, exceeds the amount which a person would 

be willing to expend on medical care - for the simple reason that their income may be 

insufficient to allow them to pay. Thus, for example, it is possible to foresee a situation in 

which a cancer patient is unable ('unwilling') to pay for expensive radiotherapy treatment 

(and would therefore have a low WTP were this to be measured), but where society deems it 

worth expending the required amount to provide that person with the best treatment. In this 

context, a valuation approach which is based on WTP might give an assessment of an 

individual's willingness to pay (determi1wd as it is, by inc0me), which is less than the actual 

= For instance, all otht>r things equal. it \\'< 1uld be econom1cally t>fficient - but not necessarily 

equitable or socialh· Jcceptable - to CP!btruct a new pow.:r station near a poorer residential 

area rather th,rn a wealthiL'r Mea, ~incl' the latter's \·alu .. Hion oi clean air would be higher 

than the fom1er' s. 
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amount expt'nded bv sodetv - whid1 1s ,1lso determined bv its income, including that of 

relatively Wl'<11thin ~wrson!'i. 

Consequently. the v;:iiuatirn1 <1pprll.Kh ,1d;ipted in this studv 111 n•spect nf morbidity effects is 

based on the l1pportunity cost approach. The valuation of health effects therefore includes 

actual expenditun' lll1 health GHl.' (both public .md privatt.'), transport costs, medication and 

so on, and fort>g1me income, sud~ ,1s lost time ,1t work. This cost of illness approach has the 

added advantage of being less abstract and easier to measure in practice. This is not to say, 

however, that it will not zdso embody bi,1ses (including possibly against the poor), because it 

qepends (inter alia) upon the ethics and altruistic tendencies of society and its system of 

government. Nonetlwless, in the rnnll':-.:t such as that prevailing in the newly-democratic 

South Africa, the bias against the poor is likely to be lower than under a conventional WTP 

approach. 

Incollecting the necessary data. surprisingly little information about typical health.costs was 

found to have been published or reported in the literature." Consequendy, the opportunity 

cost data were derived specifically for this thesis and were generally elicited from several 

health specialists working in the field. Their estimates of typical treatment regimes and costs 

were used, together with other secondary sources of information wherever these existed. 

The main opportunity cost estimates are summarised in Appendix 2; these are applied to the 

valuation of physical health outcomes in both Chapter Four and Chapter Six. 

1.2 Valuation of mortality 

Turning to the valuation of premature death, the complexities and controversies are 

significant. Not least of all, is the ethical problem which arises in reducing human life to a 

finite monetary value, and the implications this holds for policy-makin,g. The economics 

literature frequently makes a distinction between the valuation of human life per se, and the 

value individuals or society place on the statistical risk or probability of early mortality 

(Freeman 1993, Pearce et al 1991: 5). This argument points out that there is a difference 

between simply placing a value on an individual's life, and placing a monetary estimate on a 

person's trade-off between various risks of death. This distinction does not always appear to 

satisfy opponents of valuation; howe\·er .. more. compelling perhaps, is the argument first 

presented in Chapter Two: namely that in many respects, valuations are made already by 

· individuals and social groups, implicitly in many ot' their activities, often without making 

the trade-offs explicit. Such 1.,a trade-off is evident, for example, in the allocative decision 

' This ;vas espec1all\· surprbin~ gi\·cn the fundamental re-assessments undenvay at the 

national policy le\ .:t. of tht> eiii1.."KY .i: public spending in the primary, secondary and 

tertiary· med JC a I sectt)rs. 
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between preventative primary health 1.\Hl' ,rnd high-level health can.\ such as heart 

transplants. Whilst the allocation of lwalth-1.\ll'l' resources illu.,trates an implicit valuation of 

mortality by one social )!;rnup (reprcs('Jlt1·d t~\· the g.wernmcnt of thP day), this is not to say 

that it is necessarily an optirn.il valu,it1tH1: this is particularly evident in the context of 

apartht.'id )!;Overnment, where bl.ick ~wopll' h.1d Jhl influcnn' on the valuation and allocatinn 

decisions of the ruling class. 

Thus to assign some monetary valuP to ,1 statistical life merely makes transparent or explicit 

whatever judgements are being madl·. Furthermore, provided the values are used in a 

decision-making context which seeks to b,1l,111c1.' the iull range of interests as well as possible, 

the use of monetary values for early de.1th c<in serve an important strategic purpose: for 

example, by highlighting the losses suffered by society due to inadequate supplies of potable 

water and sanitation services, a case can be made, perhaps more strongly, for investment in 

improved service levels. 

The economic valuation of early death should also not be seen or used out of context: the 

placing of monetary values on death and other environmental elements, is used merely as 

one element in decision-making, along 'dth a range of other inputs: social, political and 

ecological. 

As in the case of morbidity effects, there ,He a number of methods which may be adopted to 

value premature death. Whereas the cost of ilh1ess approach was used for mtxbidity effects, 

the equivalent does not exist for mortality. One approach which is sometimes used, is the 

'human capital' approach: essentially, this entails valuing a Jost life at the discounted value 

of future income which that person might have been expected to generate (Jones-Lee 1994: 

298). Most simply, average per capita GDP would be used as a proxy for that person's 

income; this was done, for instance, in a study of external electricity costs by Dutkiewicz and 

de Villiers (1993), as well as in a study of the costs of cardiovascular disease by Pestana 

(1993). Many economists are quick to point out, howe\·er, that this approach is seriously 

flawed and has little basis in welfare economic theory: 

• If there is social differentiation, for example between classes, age groups, males and 

females, employed and unemployed. then different values will be given to these groups, 

on the basis of their 'capit<il value' t.lones-Lee 1994: 299). l.n South Africa's case, Income 

is very unequally distributed, with the richest 10'7" of the population earning an 

estimated 51.2'Yt, of total income, and the poorest 40% earning only 3.9% (SAIRR 1995: 

377); in this context, the human capital approach would yield massive differences in 

\·aluations. Indeed, it is possible that an unemploved or disabled person would have a 

negative ·,·alue', or put differently. th.Jt his or her death would ha\·e a positive external 

\·alue. Bv the ~ame token. in mo~t ,, •.:it•ties. adult male~ of about 25 years of age will 
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hav!:' the highest ·value' (l;rct•man !993: 324). Not nnl~' is this kind of outcome highly 

inequitJble, 1t i:-. demonstrably riot consistl'nt with the valuation of human lives 

demonstrated b;r· thl' willingness, for instance, of socil•tv to pay for th1:• care and support 

of unemployed or disabll:d people. This willingness is expressed indirectly through the 

mPchanisms offl•rcd by reprcsentati\'l' government in its budgetary process. 

• Secondly, the hum,111 capital approach is highly sensitin' to the choin• of a discount rate: 

for example, for ,1 male child between 1 and 4 yenrs of age in the US in 1987, at a 

discount rate of 25''.1;., 1b human G1pital value would have been $761 000, compared to 

only $60 000 at .i discount rate of Hl"1 .. (ibid: 325). Thus any impression created by this 

approach that it is scientific or ratirnhll is somewhat illusory - it remains highly sensitive 

to choices about variables such as the discount rate, and these choices depend heavily on 

the judgement of analysts. 

• On a global scale, this approach can yield extremely inequitable results, given wide 
' 

divergences in levels of income and wealth. To take an extreme example:' assuming the 

French government places a value of x on the results of nuclear weapon tests, then it 

could be economically efficient (defined in the Pareto sense) for the government to test 

its nuclear bombs on a subsistence-based island economy in the Pacific Ocean, as long as 

x exceeds the valuation of consequent deaths and injuries amongst local inhabitants. This 

would be the case even if it were to compensate victims or their next-of-kin for foregone 

earnings (if the Hicks-Kaldor criterion is relaxed). Depending on the value of x, 

however, th~ same might not be true if the nuclear bombs were tested in rural France or 

Germany where income levels are much higher. Clearly, the implications of using this 

kind of valuation approach could yield outcomes in cost-benefit calculations which are 

difficult to countenance in the face of social justice and ethical considerations. 

An alternative valuation approach used for mortality entails the use of individual preference 

approaches: not so much a person's willingness to pay to avoid death or willingness to 

accept compensation for death, but the valuation of a changed probability or risk of death 

(Jones-Lee 1994: 300). Such decisions are made on a daily basis: for example, in paying a 

higher price for a ticket with an airline or bus service which is considered safer than its 

competitors, or in the decision to instoll and wear safety belts in motor vehkles. In the 

context where valuations of sewed li,·es are to be included in a cost-benefit analysis, it is 

possible also to make adjustments to the \'alues based on a social welfare function, if the 

starting income distribution is not accepted as optimal. Other valuation methods discussed 

in the literature include those based on life assurance ,·alues, court awards, implicit public 

'This example m,w be ntrenw. but it i:- rwt implausible· as recent ~'\'ents h,we shoh·n. 
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sector valu<1tions ,md v.1!UL' 1if time nwtlwds; however, ,1!1 of these haw been dismissed as 

'seriously ddicicnt' \.!rnws-Lc1' 1994: 3!n- 106). 

The ch1)icc of values of pn'm,1turc dl'.itli for South Africa is made difficult bv two factors: 

first, there have b1.'t'n no studies of ren',iled preferences in this country from which values 

can be derived. Secondly, as noted aln•,1dv, there art' sharp inequalities in the distribution of 

income and wealth. which ~'resents prPblems (from an equity perspl'Ctive) if differential 

valuations are used for different income groups - as would apply if the human capital 

approach was adopted. 

Taking each of these issues into account. the valuation approach adopted in this study for 

mortality effects \\'ill draw on international studies of revealed preference, adjusted for 

South African income levels. At least twn major international extemality valuation exercises 

have undertaken their own reviews of the literature and on that basis, selected a range of 

values for premature deaths. These estimates, which are based on revealed preference 

approaches, are shown in Table 4.1. Tlw study by Rowe et al (1994b) was undertaken for 

New York state, uSA. and drew upon North American valuation studies; likewise, the study 

by ETSU (1995) estimated a\·erage values for the European Union. Both of these valuation 

ranges are similar to the \'aluations suggested by Jones-Lee (1994: 313) for the United 

Kingdom. 

Simply applying these foreign valuations to South African conditions would clearly be 

problematic from a theoretical perspecti\·e, since individual valuations of the risk of death 

must, by definition, take account of income levels. Assuming these valuations vary in direct 

proportion to income, an adjustment can be made to the North American and European 

values to reflect average South African income levels.' These adjustment factors are also 

shown in Table -!.1. 

The figures in the bottom right cell of Table 4.1 represent the average of the adjusted 

valuations for the American and European studies in the last row of Table 4.1. If these 

numbers are rounded down to the nearest RlOO 000, the following valuations for premature 

deaths are derived: 

i In effect, this means an income elasticity of one has been assumed. It might be expected that 

at either extreme of the i1Kl1me distributilll1. elasticity would be less than one, whilst in the 

middle of the di:-tnbutlL)n. the tundwn \\'t\Uld be relati\'eh· income elastic In the absence of 
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low estimate l\800 ()()(} 

central estimate I\ l 200 {)(JO 

I\ I lll JO 001 ) 

Table 4.1 Valuations of prsmature deaths used in international studies and in this study 

1 
US,\ European Union South 

Africa 

GDP per capita (S 1992) 23 240 19 678 2 193" 

fWorld R1111k 19~4: J 63) (calm lated from World 

Bank 1994: 763J 

Income adjustment factor 10.6 9.0 1 

Mortality valuations 

low estimate $1700000 ecu 2100000 -
central estimate S3 300 000 ecu 2 600 000 -

high estimate S6 600 000 ecu 3 000 000 -

l<o<ut' t'f 11/ 1 19941': X-14) 
I ETSU (1995: 49) 

Income-adjusted 
; . j 

valuations (1995 R) I Average: 

low estimate 586 901 1115333 851 157 

central estimate 1139 -B4 1380889 1 260 162 

high estimate 2 278 868 1593 333 1936101 

These estimates will be used in this study for purposes of attaching an economic value to 

premature mortality. This kind of 'benefit transfer' is a highly controversial ~rea in applied 

welfare economics, particularly where the results of such analyses have trans-boundary 

implications. The most acute such. instance arises in the case of damages due to global 

warming, ~yhere differential \ aluations llt premature mortality could have inequitable policy 

implications - compare, for example. the effects of lost lives caused by sea level rise in 

"Calculated as follows: GDP for 1992 of R.309 085 million (Central Statistical Services l 994b: 

21-6), divided by population estimate for 1992 of 38.5 million (1994 estimate. of 40.4 million, 

reduced by annual growth rate of 2.-14".,) !1b1d: 1-3). 

- The US and EU valuatilin;-; ,m: dind,·<i by the income adjustment factor to give South 

. African \·alu,Hi\,!l;.. Tlw tPlh•\\'llh.; '-'·'':h.11L.:t> r,11,•s Ml' used: SJ = R3.66. €1.'U 1 = Rt78. 

' .. 
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Netherlands, with B,rngJadesh. This .irca remains the subject nf vociferous debate. 

Fortunately, the prcst'nt analvsi:, avoids tlw worst of these probll'ms because of the fact that 

the vt1luatio11 set is being applil'd onlv !n the population in Soutlwrn Airic<1; nonetheless, it is 

important to highlight th<.: nwthodologic<1l ,md ethic,11 compkxitit>s with which this method 

can be associ<1ted in other contexh.' 

A final considcrntion fpr prl'Sl'llt purposl's concerns the possiblt' differentiation of valuations 

depending on variables such as age, gender, race, and location. Whilst the use of different 

valuations might vie!d result.s which more accuratelv reflect the influence of these variables 

on the economic standing of individu,1ls, this is not done in this thesis, for the following 

reasons. Firstly, the l'mpirical basis for introducing a wider range of valuations for different 

social groups, is weak. The only method would in\·olve adjusting the above estimates based 

on average incomes for each group being identified (in the same way as this was done in 

Table 4.1 when deriving \·aluations applicable to South Africa). However, this would 

introduce the same problems as are attributable to the human capital valuation approach: 

particularly the ethical and equity considerations arising in policy decisions encompassing 

different social groups." 

Secondly, the modelling of health outcomes does not permit differentiation between, for 

example, employed and unemployed victims of pollution. Thus it vvould not be possible to 

apply different valuation sets for the range of externalities being considered in this thesis. 

Finally, the marginal increase in ·accuracy' which might be achieved through further 

disaggregation of the above valuation sets, would require a disproportionately large increase 

in data collection and modelling sophistication. In the face of the other wicertainties in the 

analysis, this does not seem to be justified. The final chapter of the thesis will return to this 

issue in a critical assessment of the results and methodologies employed. 

To summarise, this section has suggested that the appropriate valuation method for 

mort?lity is the 'benefit transfer' approach, whereby international WTP valuations have been 

"Of course, even in this analysis, there are cross-border considerations. Consider an investor 

in an electricity-intensiw industry, comparing South Africa with another possible site. All 

other things equal, if the \'alue of a lost st'1tistical life ·in the other country is higher, then the 

investment would be made in South . ..\frica, with this country therefore bearing any 

attendant negatin• em·ironmental effel:t:-. 

• Because such comparisons are not bt•mg made on an international scale in this study {for 

example, between Suuth . ..\frican extl.:'m.1lities .rnd those elsewhere), the equity issue does not 

arise in adjustin.~ intL'rnatilinal \·alu.1tiun" Ill reilect different income levels in South Africa. 

as was dnrk' m T.ibl" -t I. 
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adjusted for use in South Africa on tlw h.i;.,is ot income differentials. In the previous section, 

by contrast:t!1e nist llf illrws.-.· or llpportunity cost .1ppnii1ch wzis proposed for morbidity 

effects. This ,\pp<H't'nl innlll"ist1·tK\ h '"'l>l,\itwd by the foct th<1t there arc no Snuth Africa· 

'specific WTI' data tor n1orl11d1tv, \\'ht·n·.i-., tlwn,• arl' oppnrtu111ty cost d<Ha. Tlw latter. an• 

considered more appropriak and ,i-yur.il\' th,m any <1djusted WTP values might bl'. 

2. Vqluation of external costs in South Africa 

In this sectilm. valuations are derin'd lllr vach of the five Class One externalities which were 

described in Chapter Four. 

2.1 Valuation of morbidity and mortality on coal mines 

lt was estimated in Chapter Four that thl' <1verage fatality rate of coal miners supplying the 

coal power stations was 0. 1:56 per thousand GWh produced, equivalent to 23 deaths in 1994. 

The valuation of these deaths is sht)wn 1n Table 4.2 below. 11
' 

·Table 4.2 Valuation estimates for mortalities on coal mines, 1994. in total and in mills/kWh 

Low estim,\tl:' Central estimate High estimate 

'Total (Rm) 18.-1 27.6 43.7 

Total in mills/kWh 0.12 0.19 0.30 

With respect to injuries on the mines, costs include the following main components: costs of 

medical treatment, opportunity costs of not working, and compensation costs paid to injured 

workers. Other costs, such as travel costs are not included in this calculation because, 

although relevant, they are small in relation fo the other costs involved, and the fact that ~ 

some of these costs have ·to be estimated with no r;eference to empirical data, does not 

warrant their inclusion. 

Table 4.3 summarises the range of esti1n,1ted opportunity costs for injuries. The medical costs 

will vary widely from case to case and fc\\. empirical statistics are available regarding these 

costs; consequently a range ot estirnatcs will be used, of R2 000, RS 000 and R8 000 per 

"' In this calculation, and others to follt1w, the unit ·cost in mills per kWh is based on a 

n .. denoff1.inator of 1-18 003 G\Vh- th~ totalot coal-fired generation in 1994 (see Table 3.3). 
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injury." For lost productivity, the numlwr pf dar ,1way from work (4, fl and 12 weeks a~ 

discussed in Chaptl'r Three) ;m• \',1lw·d .1t the a\·eragt' wnge rate applicable on the coal 

mines. In 1991 this Wcls 1<2 794 p1.•r m11111h (CSS !lJ'l.fa: 4-lh), whic:h, if adjusted by lO'X, per 

annum to 19'J4 k•vl:ls, equ.1tcs to K107':l P'-'r month. Finally. compensation payments are 

based on the schedule of b1.•ndits stipul.ih'd in the Compens.1tinn for Occupational Injuries 

and Diseases Act. 1991 (Schl•duk .+J. These payments are payable for temporary 

disablement, at ZI rnte of 7'i"., of the\\ Prkcr"s monthlv remuneration (up to a maximum of R6 

669 per month). H()wevcr. bl·e<1us« this 1..·l1mpens.1tion is pt1id out of an insurance fund, 

which is financed by minin~ cornp<1nics, ii 1.«rn safely be assumed that these costs are already 

internalised - thus they ctrl' not inch1d1..•d in the present calculntion. 

The injury statistics described in Chclptcr Fnur suggested that there would have been 131 

injuries on the coal mines supplying Eskom in 1994. The results of applying the above cost 

estimates to this number of injuries ,1re shown in Table 4.3. 

Table 4.3 Valuation estimates for injuries on coal mines, 1994, in total and mills/kWh 

Lo\\. estim,1 te I Central estimate High estimate 

Medical costs R262 O!ll) R655 000 Rl 048 000 

Lost productivity R4ll2 53t> R805 126 Rl 207 689 
i ' 

Total cost 

I 
R66-l 5.1t> Rl 460 126 R2 255 689 

Cost in mills/kWh O.ll05 0.010 0.015 I 

I 

The valuation of these impacts does not yield amounts of great significance when expressed 

as a cost per unit of electricity generated, even though the impacts can be significant at the 

local scale where they occur. 

It should be noted that an important cdtegory of occupational morbidity has not been 

included in the abo\·e valuation estim,1te::.. namely the occurrence of respiratory and other 

diseases resulting from prolonged expPsure of coal miners to high levels of dust and other 

airborne particulate matter. This extem,1lity was classified in Chapter Three as a Class Two 

impact, because although its extent and economic value is considered to be significant, 

·· These ~1mounts \\'~re estin1atcd b.J~t"· ... ~ on discussions \vith the Government Mining 

Engineer 

I 
I 
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insufficient data exist at pn'scnt to qu.mtit~· it Thu;-; tht' l'tlt'ct of this omission will be to 

understatt' .1ctual t•xtcrnalit\· valut>s. 

2.2 . Valuation of water consumption in power stations 

A review t)f the national pricing policy for bulk ·.yatL'r suppl~· was commenced in 1995, with 

a view to developing a pt1!icy whi«h pnwi~es .1deqti.1te signals to water consumers 

regarding the econumic wst oi water (DWAF :~95). By thL' end of 1995. no firm estimates 

had been made r'eharding marginal rnstin~ :.c-::narios for water supply, althq_ugh several 

values havt> been presented. One benchmark wh:ch is infOnning the policy debate, is the cost 

of supplying water to the High veld from the Le::otht) Highl.mds Water Scheme. Again, some 

uncertainty exists· regard.ing thl' ccunomic cost of th.lt water, especially· becau~·ie the 

feasibility studies are sever.11 years old: however, a value of Rl.50 perm' is currently used as 

a benchmark value for the long-run marginal ccr.,t of supply (Roome 1995). Some estim.ates:of 

the economic cost .of suppl~:ing ~dditional water on the Highveld are higher, at about R3.00 

per m3
, although since then> bas been littleanalysis to underpin those estimates, they will be 

discarded as outliers for prt'Sent purposes (ibid. 
. . 

. For purposes of this study. the .cei1tral estimate of the economic \·alue of water supplies by 

the power stations is Rl.50 perm', with low and high values of Rl.20 and Rl.80 respectively, 

which encompass the range of estimates used a: present. 1
: The external costs implicit in these 

water prices, defined in terms of the di\·ergence between the private and social costs of 

water, and expressed in terms of Rands per m· consumed, total Rands and mills/kWh of 

electricity generated, are shi)wn in Tab It· -!A. The e.xtemal costs are calculated with reference 

to the data in Table 3.7 in Chapter Three. To illustrate, in the case of Arnot power station, the 

current wat12r price is R0.55 perm~ (from Table 3.7). This is R0.95 below the centralestimate 

of Rl.50/m', and at the rate of water consumption for 1994 of S.875 million m) (also from 

Table 3.7), represents an external cost of RS-! million for the year. 

'
1 Based on discussions\\ 1th Kl,1t1:- Tnvb.-. Dq.'Jrtment oi Water Affairs and Forestry). 
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Table 4.4 Valuation estimates for water consumption external effects 

LL'1~· cstim,1tl'. Central estimJh: Hi~h estimate ' ' i 
· I I, ~-,--L'{il~ R/m Rm R/m ' Rm ' 

i 

Arnot tl h:; I ::; .. -; 0.9:=; >q 1.25 11.1 
I 

' 
Duvha d.h I I 2::; 0 (Jll l I 37.3 l.21 49.6 i 

! 
! 

Hendrina (},'" I 21.8 l. lll 29.9 1.40 38.1 I 
Kendal ().() O.Oll 0.0 0.02 0.1 I O.!Hl , 

33.21 Kriel 0.41 13.5 0.71 23.4 1.01 

Lethabo !.UH 32.7 1.38 43.6 1.68 53.l 

Matirnba 0.70 3.0 1.00 4.2 1.30 5.5 

Matla 0.00 0.0 0.27 9.4 0.57 19.8 

Tutuka 054 I 19.0 0.84 29.6 1.14 40.2 
I 
' 

Total value - I ] 20.8 - 185 8 - 250.7 
I I • 

Average mills I kWh 
I 

082 1.26 1.69 

The central estimate for the ,1bo1·e calculation is that the extemality - the under-pricing of 

water consumption - based on a marginal economic cost of Rl.50 perm' of water, amounts 

to 1.26 mills per kWh or 0.13 c/kWb on average. As noted in Chapter Three, water costs 

represent less than 2% of Eskom's operating costs (excluding depreciation and finance 

charges) so that e\'en a large increase in the average price of water (127% in the case of the 

central estimate) would ha\·e a rdati1·ely small impact on electricity prices. This is discussed 

more fully later in this chapter. 

2.3 Valuation of health ettects of power station air pollution emissions 

The valuation of health effects resulting from air pollution emissions is the final step in the 

impact pathway analysis. As noted at the beginning of this chapter, the valuation approach 

adopted in this study is ,1ne based on the opportunity cost approach (as opposed to, for 

example, the willingness tt1 pay method) .. 
Data exist regarding each of the main building blocks in the impact pathway - air pollution 

emissions, wind pattl'ms. demo~raphKs, dose-response functions, and \'aluation data. To 

bring each ot these klgether i:-- ,1 ..:om pk'- task and to this end, a computer modeUing tool 

(named EXivtODl has been utd1s1.:d. E\\IOD is described m more detail in Appendix 3 but, 

briefly, it w,1s dl•\el1.1pej 11\1.•r th1.1 t'L'ri,1d 1993 to earl\-1995 for the New York State 



Page 110 Chapter tour The external costs of etectrlclty 

Environmental Externalities Cost Study, ~ith support from the Empire State Electric Energy 

Research Corporation, the New York Statl' Energy Research and Development Authority, 

the New York Department o( Public Scrvkt' .md tlw Electric Power Research Institute. The · 

aim of that study was to develop a user-fri1::'n~ily d,rn1age function tool with which impacts of 

new or relicensed electricity supply and dt'm.lnd management options could be evaluated. 

The work in the New York pro1ect was undertaken collaboratively by the Tcllus Institute, 

Boston, and RCG/Hagler Bailly, Coloralh' and was summarised in four comprehensive 

volumes (Rowe et al 1994a, 1994b, Bernow et al 1995a, 1995bJ/' as well as a shorter paper 

(Rowe et al 1995). Following a review of intt>rnational externalities studies, and particularly 

of models which could be of po.tential u:;t> in the South African context, EXMOD was 

investigated and selected for use in this study. 

Briefly, the approach adopted in valuing health impacts was as follows. First, technical data 

about Eskom's nine coal power stations were colle'cted and input into EXMOD; these data 

are summarised in Appendix 1, Tables Al and A2. Data about fuel type and composition 

were also included (refer Table 3.8). Second. demographic data were collected and arranged 

into a database file for each magisterial district in South Africa, from 1991 census data, 

including total population, age distributi~1n, land area, geographical co-ordinates and 

average altitude of the district. Aggregatt::?d data were also obtained for the following 

neighbouring countries: Lesotho, Swaziland, Mozambique, Zimbabwe, Botswana and 

Namibia. Third, long term surface wind data were obtained for fifteen monitoring stations in 

South Africa (and two in Namibia) and thi:; was also entered into the appropriate database 

format." Fourth, emissions data were obtained from Eskom for each of its nine operational 

power stations for the main air pollutants: particulates, sulphur dioxide and nitrogen oxides 

(refer Table 4.5). Fifth, dose-response data from North America were used, as described in 

Tables 3.10 and 3.11, adjusted to reflect a higher degree of uncertainty in South Africa. 

Using its air quality dispersion models, S'0.-100 was designed to take th.is data into account 

following the damage function methodology, and to calculate the resultant damages, in 

physical terms (number of illnesses) and .monetary terms (total damage costs or costs per 

kWh). 13 Consequently, the model was run nine times, corresponding to data sets for each of 

10 All of these reports will be published in a two volume book by Oceana Press, New York 

state, in 1996. 

" Whilst this data is a good description oi long-term wind patterns; it does not necessarily 

describe well the particular atmospheric conditions around the power stations - refer to the 

discussion of uncertainties in Chapter Seven. 

'Refer to Appendix 3 for more details. 
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the nine operational coal power stations. It should be noted that EXMOD includes default 

US data for every component of the impact pathway, .ls well as facility data and 

demographics; ,1\1 of this was replan:d with South African d,11.1, excq,t for the dose-responsl' 

function:' and the atmospheric modt'ls - both of these i:'sues were discussed earlier. 

Consequently, there is a reasonably good data set underlyin~ this an,1Jysis. 

The results of tlw model computations Me summarised b1::'i'n"'" T,1ble 4.5 shows the total 

physical healili impacts, both in terms of morbidity and mortality, of air pollution emissions 

from all nine coal power stations. 

Table 4.5 Physical health ettects resulting from power station air emissions, 1994 

(Source: EXMOD computations) 

Healili outcome Unit Low estimate Central estimate High estimate 

Asilima attack Occurrence-day 525,900 1,405,300 1,920,100 

Acute bronchitis Person 3,535 6,927 11,292 

Chronic bronchitis Person 430 1,060 1,634 

Outpatient/GP visit Visit 2,477 6,044 8,862 

Mortality Death 56 174 266 

Resp. symptom day Occurrence-day 2,834,700 5,479,700 7,910,700 

Resp. hospital ad!n. Ad!nission 360 672 962 

Restricted acti\·ity Occurrence-day 443,300 1,005,900 1,534,500 
! 

Several observations can be made regarding iliese physical healili outcomes. Firstly, iliere is 

a reasonably wide range between ilie iliree estimates: iliis is appropriate given ilie 

uncertainty inherent in ilie modeUing exercise. Secondly, ilie incidence of some of iliese 

healili outcomes is relatively high: notably, asilima attacks. respiratory symptom days and 

days of restricted activity. Asthma attacks are defined as a notable increase in asthma 

symptoms, such as shortness of breaili, wheezing and use of more medication ilian normal. 

A relatively high proportion of ilie So1;1th African population - some 15% - suffers from 

asthma, which makes ilie results in Table 4.5 plausible.'" In ilie case of ·respiratory symptom 

days' ilie definition includes relatively minor symptoms oi ilie respiratory system coughs, 

''This estimate comes from Terblanche ( 1995); in the Ne1,•,; York state study referred to here, 

by comparison, the incidence was just under S" .. rBemow e: al 1995L 
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colds, etc. Since these are not ma1or illnesses, they have a corres1:1ondingly low monetary 

valuation (refer to Appendix ::!). Likewisl', ·restricted activity days' art' defined as days 

which are spent in bed, away from work or on which normal activities canrn)t be performed. 

Of more significance in Table 45, perhaps, are the number of mortalities which are expected 

to occur in the base year: 174in the central estimate, with k)w and high estimates of 56 and 

266 respectively. This is not insignificant, even in relation to the high population on the 

High veld within a few hundred kilometres of the· power stations. 

The results in Table 4.5 also hi~hlight the burden of chronic and .Kute illness which results 

from air pollution emissions: ,Kute and chronic respiratory illnesses which have relatively 

significant effects because of their medication and treatment requirements, as well as lost 

productivity. 

The physical health effects in Table 4.5 can be translated into economic values, by calculating 

the average cost of each of these health outcomes. As discussed at the beginning of this 

chapter, the methodology which has been used is the cost of illness approach, which reflects 

direct opportunity costs of the \'arious health outcomes. The valuation data for each health 

outcome are contained in Appendix 2; the results of applying it to the physical health 

outcomes in the previous table, are shown in Table 4.6. This table shows the range of 

estimates, in mills per kWh, of morbidity and mortality resulting from emissions of sulphur 

dioxide, nitrogen oxides and particulate matter. 

The valuation results for most 1.)f the coal power stations are of a similar order of magnitude, 

with total damages of R854 million in the central estimate (R623 m and Rl 047 m for the low 

and high estimates). These translate into external costs of 5.77 mills or 0.577 cents per kWh in 

the central case. The lowest damages in absolute terms arose from Arnot power station, 

which was operating only 2 of 6 sets during 1994. In relation to electricity output, the lowest 
' 

external costs resulted from Matimba power station with a central estimate of 2.41 

mills/kWh, due to·the fact that it is located in a sparsely-densely populated area in Northern 

Province (refer to Figure 3.1 ). The highest damages in total Rand amounts arose from 

Kendal, Duvha and Lethabo. the first two having the highest emission rates for sulphur 

dioxide and nitrogen dioxide. - and the last being close to relatively large towns along the 

Vaal River. As a unit of electricity output, Kriel and Hendrina have the highest external 

'~ After Matirnba (refer Table 3.9) - which as noted above, is located in a sparsely-populated 

area, causing its damages to !:'€ lower. 
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costs, probably because their nitrogen nxide and particulate emi::;sion foctors, respectively, 

were relatively high (based on 1 'N4 emissions).'·' 

Table 4.6 Valuation of morbidity and mortality from power station f:missions. in mills/kWh 1994 

(Source: EXMOD computations) 

Low estimate Central estimate High estimate 

Rm I mills/kWh Rm mills/kWh ! Rm mills/kWh 
i 

Arnot 17.7 
j 

3.82 22.2 4.80 26.0 5.63 

Duvha 88.2 -1.00 124.0 5.62 154.0 6.98 

Hendrina 71.2 6.03 90.6 7.67 107.0 9.06 

Kendal 95.8 4.91 131.0 6.69 160.0 8.18 

I<riel 74.-l: 5.52 107.0 7.97 135.0 10.0 

Lethabo 90.6 5.10 123.0 6.90 149.0 8.41 

Matimba 42.7 1.89 54.5 2.41 64.6 2.85 

Matla 82.4 4.40 117.0 6.22 145.0 7.75 

Tutuka 59.9 3.41 84.9 4.84 
I 

106.0 6.04 
I 

Wtd. ave./ total 622.9 
I 

4.21 854.2 5.77 I 1 046.6 7.07 
1 

It should be noted, once again. that these valuations exclude Class Two damages which have 

not been quantified, such as damages resulting from acidic deposition or impaired visibility. 

Thus there is certainty over the dire<:tion of at least one source of bias in these estimates, 

namely that the estimates will under-state some external effects. 

2.4 Valuation of damages from greenhouse gas emissions 

There is considerable scientific uncertainty about the damages which are likely to result 

globally from anthropogenic emissions of greenhouse gases. The economic estimation of the 

scale of these damages - resulting from, for example, changing rainfall patterns, sea level rise 

and more frequent weather extremes - is a relatively young area of study. A number of 

studies have attempted to make estimates of the orders of magnitude of these damages: ·a 

,. Nitrogen oxides emissions impact upon human health more particularly through the 

formation of ozone. 
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wide range of estimates has been made, and not surprisin~lv, tht:re is disagreement over a 

number of assumptions in these estimates. One \'<Uia~le .1ll'tW - the discount rate - clearly. 

has a fundamental influenn• .on the valuation results bt'l."<lllSl' 11f tlw long tim(~ frames on'r 

which l'conomic impacts are likely to occur. 

One of the nwst recent estimates has been made b~· Wl1rking Group 3 of the 

Intergon~rnmental Panel on Climate Change (JPCC), the bl1dy of leading social and natur.:tl 

scientists informing the international negotiation process. The analysis undertaken by this 

group has suggested that the annual costs of global warming will be in the region of 1.5°1., to 

2% of gross world product (GWP) by the time CO: concentrations reach double their natural 

levels - some\Yhere around 20.50 or 2060 on the basis of current trends.'' 

By relating global damage costs to current emissions of GHGs, it is 'possible to estimate a 

cost per ton of GHG, or more particularly, C02 emissions. Corresponding with the high level 

of uncertainty over future damage costs, there is an equally wide range of 'per ton' damage 

cost scenarios. The IPCC, in its 1995 Second Assessment Report, 'does not endorse any 

particular range of values for the marginal damage of CO: emissions', but instead referred to 

published estin1ates which fall into the range of $5 to 5125 per ton of carbon (!PCC 1995). 

One such estimate, by Fankhauser and Pearce (1993), both of whom were centrally involved 

in this aspect of the IPCC Working Group III's work, amounted to 14 Pounds per ton of 

carbon, equivalent to R80 or 522 per ton (reported in Pearce 1995a: 31).=0 This value will be 

used as the central estimate in this thesis. For the low estimate in this study, the lowest value 

referred to in the IPCC report will be used: $5 per ton, equivalent to Rl8 per ton. The choice 
\ 

of a high value is made .more complicated by the wide range of estimates which have been 

published. The high value referred to by the IPCC, of 5125 per ton, will not be used here 

si.rice it is far in excess of most valuations which have been published to-date. (see, for 

example, Rowe et al 1994b: XV-2, Nordhaus 1991) which are mostly in the range of $5 to $20 

per ton of carbon. For present purposes, the high estimate.of damages will be taken as being 

double the central estimate, that is, Rl60 per ton (or nearly 544 per ton) of carbon. 

These values all refer to tons of carbon; since Eskom emission data refers to carbon dioxide, 

it is necessary to convert these valuations into values per ton of carbon dioxide. Based o·n the 

molecular weight ratio of 12/ 44 for carbon to carbon dioxide, these values are equivalent to 

1
• This analysis has been criticised by some analysts as being far too conservat.ilre, with 

alternative estimates of global costs being in the range of 12% to 130% of GWP by the year 

2050 (.\1eyer & Cooper 1995). Their high ,·alues come from taking a maximum value of a 

statistical life, and applying it to the entire population. 

:n An exchan~e rate of RS.68 to the UK Pound i_:;. used 
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R4.91 per ton of carbon dioxidt.' for the low estimate, R21.81 for the central estimate and 

R43.63 in the high case. Rounding these values up, they become RS, R22 and R44 per ton of 

CO, respectiH·ly. On this basis. the estimates of damages which may n.·sult fwm South 

African power station emissions of GHCs (as summarised in Table 3.12} Me shown in Table 

4.7. 

Table 4.7 Valuation estimates for CO,-induced climate change damages 

Lm-v t:Stimate (Rm) Central estimate (Rm) High estimate (Rm) 

Total value (Rm) 714.5 3 143.8 6 287.6 

Average mil1s/kWh 4.83 21.24 42.-1:8 

It is evident from the calculations in the table that at any of the per-ton damage costs, global 

damage costs attributable to GHG emissions from the South African power sector are highly 

material. For the central estimate, external costs are in the region of 2.1 c/kWh, which is very 

significant in relation to current electricity prices. The policy implications of this are not 

simply that these costs should be internalised into the price of coal-fired electricity, since 

there would be no benefit for 5'1uth Africa of doing so if other emitters of GHGs did not {the 

'free rider' problem}. Rather, the policy response will depend on the international regimes 

being negotiated in terms of the Framework Convention on Climate Change, which 

explicitly recognises the differential responsibilities of industrialised and developing 

countries in the mitigation of climate change impacts. This issue will be addressed further in 

Chapter Seven. 

2.5 Valuation of subsidies to nuclear industry 

The production of nuclear electricity in South Africa involves two kinds of externalities: 

environmental and fiscal effects. In Chapter Three, it was established that, while 

environmental externalities may be significant, there is insufficient information to value 

them in this study. Fiscal externalities, however, were classified as a Class One impact. 

The cumulative subsidy wh1d1 was directed to the nuclear industry from 1971 to 1995 

amounted to R21 753.3 millior. (in 1995 Rands - refer to Table 3.13}, of which R12 298 million 

was estimated to be directly related to the production of electricity. 1n order to calculate an 

average external cost, this subsidy should be spread, as far as possible, o\·er the lifetime of 

the assets to which thev are rt'lated. 
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There is currently some uncL'rtainty {1\.l'r thl' future of Koeberg power station and the 

Atomic Energy Corporation (AEC). Thus three scenarios will be USl'd for purpose nf 

calculating the fiscal L'XtPrnalit,·:' 1 

• low estimate: the subsidy ceases from 19% 97 onwards and the plm·er station operates 

at full capacity until 2023; 

• central estimate: the subsidy is ph.ised out from its current level tl1 zero by the vear 

2000,22 while operations remain at their current level; 

• high estimate: support for the industry tem1inates and production of electricity ceases at 

the end of 1996. 

Table 4.8 summarises the external costs for each of these three scenariQs; subsidy figures are 

drawn from Chapter Three and Auf der Heyde (1993), whilst electricity generation figures 

are based on actual production since tht> po·wer station was commissioned, and assumed 

output for the remainder of its forty year life at 1995 levels. 

Table 4.8 Valuation of fiscal externalities in.the nuclear industry 

I 
Low estimate Central estimate High estimate 

Total subsidy (Rm 1995) I R12 298 R12 995 R12 298 ! 

Cumulative generation (GWh) 370 848 370 848 109 029 

External cost, mills/kWh (nuclear elec) 33.16 35.04 I 112.80 

' I 

. Under any. of these three scenarios, it is dear that the nuclear sector has benefited from a 

highly significant fiscal subsidy which has not been reflected in the price of nuclear 

electricity. Clearly, a portion of the fiscal allocation to the nuclear industry has not been used 

to produce electricity - for example, the costs of operating the Council for Nuclear Safety - but 

~ 1 These options span the range of possible policy decisions about the future of the nucl~ar 

industry. The central estimate is based on the Atomic Energy Corporation's '2000 plus' 

business plan which it developed in 1993/94. 

:: Thus the allocation to the electricity component of the industry for the next five years 1996 

to 2000 is assumed to be 57",, (the same percentage as for the p~riod to 1993) of the annual 

allocations: R-189.2 million for 1996/97, R.366.9 million for 1997, S-5, R2H.6 million ior 

1998/99, and R122.3 million in 1999/2(\1() (al! m 1995 R.mds). 
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this is not the point. What is relevant, is that none of these costs would have been incurred if 

South Africa had not developed its nuclear capacity, and evl.'n the costs of maintaining 

safety stambrds art.' t'xtem,1! costs related to the pn)ducti,,n of nuclear electricity. 

Consequentl:-·. their 1.'valuat1011 as an externality is consisti.:nt \\·ith economic theory - with 

the ... -aveat that this is an 1weras,· l'xternal cost calculated on,'r the lifetime of the plant. 

UnfortunatdY there is no publicly avail<1ble information about th.:- revenues derived from the 

Koeberg power station's output - this would allow for a calculation of the gross profit (or 

loss) of producing nuclear electricity. However, given that the marginal (private} cost of 

supplying electricity for a!! of Eskom's power stations is believed to be in the region of -1.0 

cents per k\.Vh (Davis 1995: 28), and with an average fiscal extemality in the region of 3.5 

c/kWh, the social cost of nuclear electricity is likely to be approximately double the average 

of coal-powered electricity. This underlines the high cost at which South Africa's nuclear 

complex has been constructed. 

It should also be noted that the central scenario assumes that subsidy allocations to the 

nuclear industry will be scaled down to zero by 2000 - consistent with the so-called 'AEC 

2000 plus' business plan; however, the trend in the 1995.i96 and 1996/97 budget allocations 

does not appear to be in line with this vision. Rather, the subsidy has not been reduced to 

the extent envisaged in the AEC's own business plan, >vhich means the central estimate may 

understate the amount of the fiscal extemality. 

3. Summary of valuation results 

The combined effect of valuing the five Class One externalities is summarised in Table 4.9. 

The estimates reflect the results of the valuation exercise undertaken in this study; as noted 

earlier, only the most important externalities, for which there is sufficient information, have 

been quantified in this study. Consequently, the valuations constitute an incomplete estimate 

of the external costs of electricity generation in South Africa and, as such, reflect a minimum 

estimate. Table 4.9 also summarises the level of uncertainty related to each of the extemality 

valuations, taking into account the reliability of the data sources and the completeness of 

information about various stages in the impact pathway. 

The externalities in Table 4.9 can also be expressed in terms oi a cost per unit of electricity 

generated. This is done in Table 4.10. The weighted average external cost takes into account 

the relative proportions of coal and nuclear electricity generated by Eskom (148 003 GWh 

and 9 697 GWh respectively for 1994). 
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Table 4.9 Summary of valuation results for Class One and Class Two externalities in -1994. total Rm 

Level of Low Central 
! 

High 

uncert,1inty estimate eshmatl' I estimate 
! 
' 

Coal mining: injuries & mortalities'.' moderate 19. 1 29.1 46.0 

Generation: w,\ter consumption moderate 120.8 185.8 250.7 

Generation: air pollu·tion & health impacts" moderate 622.9 854.2 1 046.6 

Gene~ation: greenhouse gases high 714.5 ~ 143.8 6 287.6 

Nuclear: fiscal subsidy moderate 12 298.0 l~ 995.0 12 298.0 

Total 13 775.3 17 207.9 19 928.9 

1'.able 4.10 Summary of extemality valuations for coal and nuclear cycles in mills/kWh. 1994 

Low Central High 

estimate estimate esti.m.ate 

Coal mining: injuries & mortalities I 0.13 0.20 0.32 

Generation: water consumption 0.82 1.26 1.69 

Generation: air pollution & health impacts 4.21, 5.77 7.07 

Generation: greenhouse gases 4.83 21.24 42.48 

Total coal fuel cycle 9.99 28.47 51.56 

Nuclear: fiscal subsidy 33.16 35.04 112.80 

Weighted average external cost 11.41 28.87 55.33 

Expressed as an external cost per kWh of electricity prod1.,lced, the central estimate for all 

Class One externalities included in this study is therefore 28.87 mills/kWh, "(2,89 cents per 

u The external costs of coal miners' morbidity (chronic and acute illness) have not been 

quantified because insufficient information exists regarding their pollution exposures. The 

figures here are the sum of those in Tables 4.2 and 4.3. 

"The external costs of pollution originating from ash dumps on the power stat10ns have. not 

been quant:fied, as there is insufficient information regarding their quantity anC: dispersal. 
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kWh), with a lower bound of 11.41 mills/kWh and an upper estimate of 55.31 mills/kWh. It 

is evident from the ab<)ve tables. that tlw highest external costs are attributablt' to 

greenhouse gas emissiom and the fis1:al subsidy in the nuclear industry. If both nf these .ue 

ignored, then the central estimate of dama~t'S is 7.23 mills/kWh (0.72 cents/kWh), with low 

and high ranges of 5.16 mills/ kWh ,111d 9.08 mills/kWh respecth·ely. 

These results can be placed into context by rnmparing them with two sets of variables: 

international externality valuations and South Africa's current electricity price. Firstly, with 

reference to the international extemality valu.~tions reported in Chapter Two (see Table 2.1), 

it is evident that the present results fall within the range of reported results, although at the 

lower end of the scale. This is as expected, given that several potentially important 

externalities (such as acidification) have not been quantified here; also, the tendency in this 

study has been to err on the conservative side where judgement has had to be exercised. 

The second comparison is with current electricity price levels in South Africa. The relative 

significance of the externalities obviously varies depending on the choice of a benchmark 

tariff. For present purposes, three of Eskom's tariffs can be used: its average industrial tariff, 

the prepayment domestic tariff and the weighted average tariff for all consumers. These 

tariffs at the end of 1994, were 10.06 c/kWh, 25.81 c/kWh and 11.76 c/kWh respectively {all 

inclusive of 14% VAT, Eskom l 995a: 2, 1994: .26). The results of this comparison are sho\\-n in 

Table 4.11. 

Table 4.11 Average external cost as a percentage of industrial, prepayment domestic and average 

tariffs. 1994 

I Low ~stimate Central estimate High estimate 

(%) (%) {%) 

Average industrial tariff 11% 29% 55% 

Low-income domestic tariff 4% 11% 21% 

Average Eskom tariff 10% 25% 47% 

Table 4.12 makes the same comparison, but this time compared only to Eskom's average 

tariff for 1994, and with a breakdown· for each of the five Class One extemalities.=5 This 

!~The percentages are calculated by di\ id mg the values in Table 4.10, adjusted for the split 

between coal and nucleJr electricity (14.S 1X13 9 697), by the weighted an~rage tariff of 11.76 

c/kWh. 
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makes it possible to :evaluate the effect on prices of any combination of these externalities; 

For instanct'. if the damage costs related to greenhouse gas emissions were ignored for 

reasons of uncertainty or in response to developments in the international political arena, 

then the c_entral estimate for the externalities would amount to almost 8'~o of average prices 

for .1994. Likt'Wise, if nuclear externalities are ignored. then the '-·entral estimate of external 

. effects would be about 23'1., nf average price le,·els. 

Table 4.12 Average Class One externalities as a percent of Eskom·s average tariffs, 1994 

Low estimate Central estimate High estimate 

Coal mining: injuries & mortalities 0.1% 0.2% 0.3% 

Generation: water consumption 0.7% 1.0'% 1.3% 

Generation: air pollution & health 3..1% 4.6% 5.6% 

impacts 

Generation: greenhouse gases 4.1% HU% 36.1% 

Nuclear: fiscal subsidy 1.7% 1.8% 5.9% 

Total"" 9.7% 24.5% 47.0% 

The results in Table 4.lf show the significance of the Class One externalities taking into 

account the i;elative mix of coal and nuclear electricity, in relation to average tariffs for 1994. 

Because nuclear electricity accounted for just over 6% of the coal-nuclear total, its relative 

impact on electricity prices becomes much smaller than ·when compared to nuclear

generated electricity alone. Much more significant in this comparison, is the impact of· 

assumed damage costs from climate change, representing 18% of average tariffs in the 

central case. Figure 4.1 shows that damages from GHG emissions completely domin2.te the 

other externalities. Of the environmental externalities experienced within the country and its 

neighbours in the relatively short term, health impacts of air emissions are most significant, 

. representing between 3% and 6% of current electricity prices. 

Figure 4.1 shows the share of each externality as a percentage of total externalities in the 

central estimate: ft is evident from this that damages attributed to GHG emissions dominate 

other externalities, accounting for almost three-quarters of total Class One external costs. 

Health impacts of air pollution emissions account for just under 20% of the total. 

;, The total "o is based on fhe weighted ,werage external cost, a.:; per Table -UO. 
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Figure 4.1 Relative significance of externalities in the coal and nuclear fuel cycles, central estimate 

Finally, the external costs calculated in this chapter can _be expressed in relation to the 

amount of energy which is delivered by the electricity generation process. This will allow for 

these externalities to be compared with externalities in the household energy sector. In 1994, 

Eskom used an average of 0.520 kg of coal per kWh generated; at the same time, the average 

calorific value of coal burnt by its power stations was 20.09 MJ I kg and the overall thermal 

efficiency was 34.4% (Eskom 1995a: 54); thus the amount of energy delivered (before 

transmission and non-technical losses) was 3.59 MJ per kWh. This compares closely with 

standard statistical estimates of 3.6 MJ/k\\lh (NEC 1990: 99). Based on electricity output 

from the coal power stations in 1994 of 148 003 GWh, the total delivered energy was 531.3 • 

10· Gigajoules. 

Thus if the total external costs (as per Table 4.9) are expressed as a function of units of 

energy _delivered, the results in Table 4.13 are derived. For purposes of this comparison, the 

fiscal externality in the nuclear cycle is omitted, for two reasons: first, it is not an 

environmental externality. so for purposes of making comparisons with environmental 

externalities in the household sector, it will be excluded. Secondly, the valuations for the 

fiscal extemality represent average historical external ·costs - or sunk costs - whereas the 

other valuations in this chapter are average external costs for 1994, and as such, are closer to 

the margin. 



Page 122 Chapter four: The external costs of electricity 

Table 4.13 Average external costs of electricity generation externalities in relation to quantity of 

delivered energy 

Extemality Rands per Gigajl'Ule 

Low estimate Central estimatt? High estimate 

Coal mining: injuries & mortalities 0.04 0.05 0.09 

Generation: water consumption 0.23 0.35 0.47 

Generation: air pollution & health 1.17 1.61 1.97 

impacts 

Generation: greenhouse gases 1.34 5.92 11.83 

Total 2.78 7.93 14.36 

Presented this way, the data are not especially meaningful. However, in the final chapter of 

the thesis, these av.erage external costs will be compared with the external costs arising in the 

household energy sector, using the same formulation. Als() in the final chapter, important 

limitations and weakn.esses of this analysis will be outlined. 

Following a similar approach to the last two chapters, the following two chapters investigate 

the external effects arising from the household energy consumption s&.-tor. ~. 

·~ .. 



Chapter Five 

Externalities in the household energy sector 

Energy consumption patterns in South African households are highly differentiated, with 

households using a wide range of energy sources: electricity, coaL fuelwood. dung, paraffin, 

gas, candles and batteries. For many households, consumption choices ha\'e been severely 

constrained by political and economic factors, and as a result they have relied on fuels which 

are more polluting, hazardous and inconvenient. Consequently, significant externalities arise 

in this sector. Moreover, many household externalities (such as air pollution) are non-point 

source effects, which presents particular difficulties from a policy and management point of 

view. 

This chapter reviews the main external diseconomies il1 the sector, ill order to identify those 

which are potentially serious and about which sufficient information exists to quantify them. 

To begill with, current household energy patterns are described briefly, illcludillg trends 

which have begun to emerge ill recent years. 

1. An overview of household energy consumption in South Africa 

Household energy consumption is far from homogenous across South African society. 

Several characteristic features may be identified. The first and probably most noticeable, is 

that the level of access to electricity is low. In 1990, approximately 33% of households were 

connected to the national grid (Van Horen et al 1993a). Almost all white households enjoyed 

electricity services, and only a few black townships were connected.1 This level of access is 

low in relation to other developing countries with similar illcome levels; for example, access 

in Argentina is about 88%, Venezuela 86%, Thailand 75% and Brazil 65% (Eberhard & van 

Horen 1995: 48). 

Reasons for the relatively low level of access to electricity in South Africa have been 

analysed extensively elsewhere (ibid: 90-100, Steyn 1994, Theron et al 1991), but several 

points are worth noting in the current context. Firstly, the low level of access is certainly not 

attributable to inadequate supply capacity: indeed, South Africa was among the first 

countries in the world to have electricity - street lights were installed in Kimberley in 1882, 

even before London (Steyn 1994: 3). Currently, Eskom has considerable surplus capacity, 

with a number of power stations having been mothballed. Rather, the low level of access to 

' Soweto was the first historic,1lly black township to be electrified; commt:'ncing in 1979. but 

even there. the quality of supply was extremely poor and unreliable. 
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electricity can be explained by the political1economy of apartheid. As noted in Chapter One, 

legislative responsibility for provision of serviet.'s sych as electricih· has historically rested 

with racially-based loc,1l governmenb. Civ
1

en tlw l'Xtremdy limitl'd fl'Soun:1.•s. both financial 

and technical, of historically bl,Kk local authorities, coupled with t1wir politic,11 illegit1macy, 

very little progress has occurred in the extension l)i electricity servkes to the p1.1or. 

The result is that ont:· ,1 few urban town,ships were cunnected t11 tlw n.1til.mal grid, and 

almost no rural villages: in 1990, levels of ai:cess were about 60% in urban areas compared to 
I 

. only 6% in rural areas (Eberhard & van Horen 1995: 50). Since the launching of the national 

electrification programme in 1991, levels of access have risen, particularly in urban areas. By 

the end of 199-t it was estimated that overall access had risen to -:!-:!%, with about 72°/., of 

urban households, and 12°1., of rural households having an electricity supply (Davis 1996). 

Estimates were that by the end of 1995, total access to electricity was close to 50% (Barnard 

1995). This improvement was a result of 1 million new connections during that period, of 

which Eskom was responsible for almost three-quarters. 1 Indeed, the electrification 

programme is one of the few service delivery programmes in which the Reconstruction and 

Development Programme's goals are being met l1r exceeded.' 

A second important characteristic of household energy consumption patterns, is that most 

poor households use multiple sources of fuel to meet their energy needs. This point is best 

understood by considering energy consumption from a demand-side or end-use perspective, 

as suggested by the Integrated Energy Planning (IEP) methodology.3 In some respects, 

energy is analogous to money: it is demanded not for its own sake, but for the services 

which it can provide. Thus, households use energy for cooking, space heating, water heating, 

lighting, and to power appliances such as irons, radios and televisions. In the same way, 

industrial consumers demand energy to provide motive power, heat or cooling. Therefore, 

when analysing energy consumption patterns, and when developing policy interventions, 

the optimal match must be found between the range of energy supply options (electricity, 

wood, coal and so on) and demands for these energy services. 

The phenomenon of multiple fuel use has been widely-observed in low-income households 

in South Africa (Williams 1994). In many respects, it is a result preci~ly of consumers' 

practice of matching available supply options with their demand for various energy services. 

Thus, for instance, many households use candles for lighting, wood for 5pace heating and 

1 The rate of connection during 1995 was just over one thousand per day. 

' The IEP methodology is widely used in energy planning and policy analysis as the 

appropriate approach for analysing energy policy options (reier to \funa::inghe 1990, APDC 

1985, Eberhard 1992. Eberhard & Theron 1992 
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cooking, paraffin for heating water and cooking, and batteries to power a radio. Even in 

newly-electrified households, non-electric 5()urces of energy continue to be used, especially 

for the more energy-intensive sen·ices such .1s space heating and cooking, and particulurly 

where cheaper alternatives (such as coal or wood) are availi.1ble. This pattern of multiple fuel 

use is reflected in low electricity consumption levels in newly-connected households: at the 

end of 1995, the average monthly n)nsumption of Eskom's new customt.>rs was only 90 kWh 

(Barnard 1995), compared to 500 to SllO kWh in middle to high income households which use 

only electridty.i 

A third important characteristic of household energy consumption in South Africi.l relates to 

the significant role of biomass resources (fuelwood, animal dung, crop residues and other 

organic matter). Fuelwood accounts for the bulk of delivered energy in rural areas, with 

between 80% and 100% of those households using wood (Van Horen et al 1993b: 16). 

Fuelwood is used for cooking, space ahd water heating, and sometimes even for lighting. In 

urban areas, however, it is much less commonly used, except in newly-urbanised families, 

and appears to be used in most cases as kindling for coal fires (Williams 1994: 12). A recent 

estimate is that approximately 17 million rural people depend on fuelwood as their main 

source of energy (Van Horen 1993). In most rural homes, wood is burnt without stoves, 

using traditional 'three stone' fires; as will be seen later, this results in major pollution 

problems. 

Fourthly, coal is an important source of energy for many households, particularly those close 

to the coalfields on the Highveld. Due to its high transport costs, coal is much more 

expensive in areas further afield, where other sources of energy such as wood or paraffin are 

usually more economical. Coal is especially dominant in the urban townships of Gauteng, 

where cold winters make space heating essential. Moreover, coal stoves represent important 

assets for poor households since they serve multiple purposes simultaneously: they can 

cook, heat water and heat the home, and serve as a focal. point for social activities. These 

factors, together with the sizeable investment which a stove represents for poor people, 

accounts for the continued use of coal, ewn in homes which have been electrified (Williams 

1994: 12). This tendency is also largely a result of the unreliability of electricity supplies in 

many townships, which means that people are forced to retain old coal sto\·es as backups. 

The net effect of these factors is that coal is widely used. Altogether, about 1 million 

• 90 kWh is the moving average of all Eskom's customers connected since 1991, including 

urban and rural consumers. Consumption levels show a gradual but steady incline over 

time, but at this stage, the a\·erage is low because it is dominated by the large number of 

recentlv-connected customers. 
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A fifth important characteristic of household cnert;\: USL' in South Africa is that paraffin 

(kerosene) is used very widely in unelectriiied homes ior cooking, heating and lighting. 

Unlike coal and wood, however, it is seldom used in t..'iectritied homes, except as a back-up 

in the case of electricity black-outs. One reas11n fM its ~wrv,1si\"eness, is that the distribution 

system for paraffin and for paraffin appliances is ,·ery extensive, even in rural areas. 

Moreover, the informal distribution network in urban townships, which involves spaza 

shops (informal traders), means that households with lo_w and irregular incomes are able to 

purchase paraffin in small quantities and at most times of the day or night, thus making it 

affordable (if not cheap). Paraffin appliances are also \\'i.dely available and relatively 

inexpensive. This informal distribution system, while holding obviou's advantages for poor 

households in terms of having access to an affordable energy source, also leads to serious 

health hazards which will be described later in this chapter. 

Sixthly, liquefied petroleum gas (LPG) is also used in many unelectrified households, 

' although much less-commonly than paraffin. Generally, LPG is used by households with 

slightly higher incomes, and only in urban areas where distribution points are relatively 

dose to peoples' homes. This is because gas is slightly more expensive than P.araffin, and 

considerably more expensive than .coal or wood; furthermore, it requires some effort to 

transport cylinders to and from depots for refilling. Levels of LPG ·usage are highest in the 

Western Cape where average income levels are higher, and where coal and _other fuels are 

not available as cheaply (McGregor 1994: 28).; 

Seventh, candles are commonly used in unelectrified households for lighting. Generally, they 

are completely substituted by electricity after connection to the grid, except for use as 

backup in the case of power failures; Apart from the higher cost and lower quality of light 

emitted by candles compared to electricity, they are also associated with fire hazards. 

A final characteristic of energy use in the household sector of relevance to the current 

discussion, is that many dwellings in South Africa have very poor thermal performance 

(Thome 1994). In other words, houses are often energy-inefficient, in that they have no 

ceilings or insulation, and do not take ad\·antage of solar heating (by facing North) in colder 

regions, or of natural shade in warmer areas. The result of this is greater energy demands to 

achieve the same level of utility, which in tum obviously has negative environmental 

'In some middle-income residential areas in Johannesburg and Cape Town, an old piped gas 

network also still operates, although there has ~t.'!1 nL1 nl'\\' irn·t..':;tment l.lf this kind for 

several decade:;. 

. t 



Chapter five: Externalities in the household sector Page 127 

implications. This is especially true of informal dwellings (shacks) and even of low-cost (so

called 'matchbox') formal houses where these have been built without regard to their energy 

efficiency. 

To conclude. it is only in thl' middk-incoml' .md high-income sector, in which electricity 

supplies han:' long been enjoyed, that the fud mix is rcl,1tively homogl'neously based on 

electricity. ln the remainder of the population. ,1 widt' range of fuels is used, with significant 

variations between areas, depending on climatic factors, income levels, access to various 

fuels, and social factors. It is in the latter group that significant externalities exist; the 

following sections describe these in more detail. 

2. Externalities in the household energy sector 

Compared to the electricity generation sector, there are fewer externalities in the household . 

sector. As a general rule, it is fair to say that the latter effects have received less attention in 

the literature or from policy-makers and analysts. There are several reasons for this: 

• The politics of apartheid meant that energy and environment problems in historically 

black residential areas were accorded a low priority by the state and public utilities 

under its control (such as Eskom). Thus little attention was directed towards identifying 

and ameliorating any environmental problems which existed. Even those authorities 

ostensibly most closely in tune with local environmental problems - local governments -

had little or no capacity, nor indeed, an interest in attempting to address such 

environmental concerns as existed.' 

• There were (and still are) no strong institutions into whose ambit household 

environmental problems naturally fell. By contrast in the electricity sector, for instance, it 

was natural that Eskom would implement procedures to manage its own environmental 

impacts. In the household sector, there has never been a single institution, whether in the 

government or private sector, which has had responsibility for household environmental 

concerns. 

• The nature of many of the externalities in the household sector is that they are more 

diffuse and dispersed than in the electricity sector. Millions of households are 

responsible for emissions of air pollution, and the range of other effects which occur, 

"This is particularly evident from the way in \.Vhich smoke-control zones promulgated by the 

Atmospheric Pollution Prevention Act (No 45 of 1965) were enforced only in historically

white residential areas, but not m black townships where pollution problems were. much 

more acute !Van Horen 1994: 81). 
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whereas in the power sector, for insta111._·c, there is only one major institution, and it ha.'> 

nine point sources of emissions. Thus to monitor problems and/or intervene in the 

household sector is more complicited. 

• The nature of property rights .md nmwrship differs considerably between energy sub-

sectors. For instance, in the l\1pumal,111ga Highveld where air pollution impacts from 

power stations are felt nwst ~11..-utely, much land is owned by comm1.:'rcial farmers ar,d 

firms. By contrast, the rural lands fwm which most households obtain their wood 

supplies, are under communal ownership. Whilst it would be simplistic to suggest that 

this factor alone (poorly-defined property rights) causes increased degradation in the 

latter sector, it is _clear that the interests of private land-owners are directly 

compromised by pollution and degradation affecting their land. Given their historically 

greater influence over political and government decision-makers compared to rural 

inhabitants, it follows that their concerns ·have received more attention. 

In this chapter, the following externalities are evaluated, with a view to assessing whether 

they are potentially significant and whether there is sufficient information to permit their 

economic quantification; the same classification system (Class One, Two or Three) is used as 

for externalities in the electricity generation sector: 

• Air pollution from coal combustion. 

• .Air pollution from wood combustion. 

• Accidental paraffin poisoning in infants. 

• Accidental fires and bums. 

• Natural effects of fuel wood scarcity. 

• Social effects of fuelwood scarcity. 

• Greenhouse gas emissions from household energy use. 

Each of these is analysed below, and Class One impacts are quantified in Chapter Six. It is 

·interesting to note that some of the above effects differ from the conventional conception of 

an extemality (which is often portrayed. for example, as the loss of utility suffered by a 

person living downwind of a factory which pumps pollution into the air). This conception is 

not quite pertinent in the cases of air pollution from wood (and to a lesser extent, coal), 

paraffin poisoning, fires and bums, and social impacts of wood scarcity. In these cases, the 

persons consuming the fuel and thus causing the external effect, are the same as, or close to, 

the person suffering the external effect. Thus, for instance, a person who bums wood in her 

home, and then also breathes the pollutiL~n caused by that wood fire. is experiencing the 1L1ss 

of utility (the extemality) hersl'lf. It mi~ht therefore be .U)!;Ul'd that the negati\·c efkcts .u1~e 

I . 
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from her (1wn conscious <1ctions <1nd are therefon' not ,m <'Xternality m the conventional 

sense. 

Whilst it is true thLlt these effects ar>: nt)t the s,1me ,1s .:1.mventionJI externalities, it is 

considered appropriate to include them m this anal~·sis, for the following reasons: firstly, th1::' 

external diseconomy resulting from tht:se effects is seldtm1. if ever, confined to the person 

who purchased that fuel. The distribution nf cxtcm,1] Cl'Sts. in CJirnost all cases, is sprc<1d 

between energy consumers, the public health sector and nt>ighbours and friends who assist 

with any accidents. Second, the household is not a single indivisible entity, since the decision 

to purchase a fuel is often made by the woman in the household, whereas the external 

diseconomy affects not just herself but other membt>rs of tlit> household. Finally, even where 

environmental and other effects are borne largely within .i household, perhaps even by the 

purchaser and consumer of the energy source, it remains true that the social cost of the item 

diverges from its private cost. These divergences, or extern.ii costs, are the focus Of analysis 

in this chapter. 

2.1 Air pollution from coal combustion 

In the earlier analysis of a.ir pollution from power stations. the impact pathway approach 

was used to trace the effects of alr pollution emissions through to human health outcomes. 

In the case of household coal combustion, there is little or no information in South Africa on 

the quantity of pollutants emitted by coal consumers.· H1..1wever, there have been several 

studies of air quality and human exposures to pollution. These are described briefly belo-w, 

under three headings: outdoor pollution levels, indoor pollution concentrations and finally, 

the effects of exposure on health.7 

2.1.1 Outdoor air quality 

The earliest monitoring of air quality in South Africa commenced in 1955, but the 

concentration of financial resources in wealthier white local authorities, and the neglect of 

township interests, meant that this monitoring was based mostly in city centres. Beginning in 

the 1970s, some surveys were done in Soweto, although these were intermittent (Annegam 

1990: 16). A more comprehensive picture of to\l\nship air pollution emerged in the 1980s 

when various monitoring programmes were established in Soweto (Turner et al 198-t 

Kemeny et al 1988). The scope of these programmes has since widened to include not only 

sulphur dioxide and particulates, but also nitrogen ox.ides, carbon monoxide, ozone, and 

other pollutants (Tosen et al 1991). R~ently, similar studies have been carried out in other 

For a revie1.v of intemat1on<1l air pt)llution studit::s. refe~ :,•\·an Horen (1994: 20-27). 
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coal-burning areas in Gauteng, such as Sha'rpe\'ille. The results of all of thest' studies present 

a bleak view of air quality in township~. 

Soweto's ,1ir qua lit:· has been 'itudied more widely th,111 that ,,f any nther t''wnship in South 

Africa, partly because its ,1ir is so heavily p{1lluted, ,111d p.Htly because t'lt'Ltrificatinn was 

expected to brin~ about substantial imprm·L'ments in ilir yualit:-. For \".Hious reasom, 

however, coal continues .tu be used on ,1 l.1rge sc.1Je in S,1weto ,md, 1..·,1nsequently, air 

pollution problems remain serious. 

Eskom commenced its monitoring programm~ in Soweto in .lune 1983. Results from the first 

few months of operation showed that concentrations of total suspended particulates (TSPs) 

frequently exceeded the US Environmental Protection Agenc:· (EPA) primary and secondary 

24 hour standards (Turner et al 1984)." Long term sulphur dioxide (SO:) levels approached 

the EPA standards, while nitr~gen dioxide (NOJ leveb were well within the limits. 

Measurements carried out by Eskom from August 1990 to July 1991, again revealed that 

concentrations of particulates were unacceptab!'y high. The mean annual concentration of 

fine pa,rticulate matter (PMlO, particles with a diameter of less than 10 µml over this period 

was 112 µgm', more than double the US standard of 50 µgm' (Turner & Lynch 1992: 2). In 

addition, there were 84 days during the year under examin.1tion in which the 24 hour EPA 

standard was exceeded (Si.thole et al 1991: 7). Strong seas1..'nal and diurnal fluctuations in 

concentrations confirmed that particulate pollution is closely related to household coal usage . 
patterns (see Figures 5.1 and 5.2), as well as to the dust c.reated by ,·ehicles travelling on 

unpaved roads. 

• As noted earlier, South African air quality guidelines are similar to L"nited States EPA 

standards, both of which follow the .com·ention of being determined by health-related 

criteria (as opposed to economic criteria). Moreover, health-based standards implicitly 

assume a threshold value below which health effects are either assumed not to occur or to be 

acceptabl:· low. As noted earlier, recent epidemiological finding~ C:;1• not support the 

existence of these thresholds. 
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Figure 5.1 Monthly mean PM 1 O concentrations in Soweto, 1990 - 1991 (Turner & Lynch 1992) 

1000 
M' 900 E -a, 800 .:.. 
en 700 c: 
0 

~ 600 

'E 500 
GI 
I.I 400 c: 
0 
I.I 
0 ... 
::!: 200 
a. 
c: 100 
(Q 
GI 
::!: 0 

01h00 04h00 07h00 10h00 13h00 16h00 19h00 22h00 

Figure 5.2 Average diurnal distribution of PM10 concentrations in Soweto (Turner & Lynch 1992) 

Levels of gaseous pollutants were also monitored, and it was found that SO, levels followed 

similar cyclical profiles - winter levels far higher than those in summer, and strong morning 

and evening peaks. The measurements recorded were mostly within the health guidelines, 

although these were occasionally exceeded during winter when temperature inversions 

occur close to ground level, thus hindering the dispersal of pollution. While NO, levels were 

higher than those of SO,, they were well within the government's health guidelines. The 

diurnal and seasonal distribution of NO. suggested that the bulk of this pollutant is derived 

from the extensive vehicular traffic in the township. 

Another large study, the \'aa! Triangle Air Pollution Study (VAPSl based in urban 

residential areas had an outdoL)f compPnent (in addition to an indt)tlr component which will 
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be described shortly), with two continuous monitoring :-:tations: one ·in Sharpevillt', J 

· township in which coal-burning is prevalent, and tlw other .it Makalu, a non-residential site 

located downwind of major industrial sourn•s of p1,llution \Jerblanche et al 1992b: 553). The 

results from these stations fl'Vealed high levels ot particul.ltes in Sharpeville, with a very 

strong daily cyclical pattern which reflects the li\·ing hahts and energy requirements of 

residents. Climatological· conditions are ntrenwh uni.1\·ourabk for the dispersal of 

pollutants emitted dose to ground level because ot the prt':'cnce of stable inversions, which 

are especially strong in winter. The site at Makalu, by l.".:,ntrast, is affected by high-level 

emissions which are transported over g.reatt'r dis.t,rnces, ,1:1d shows much smaller diurnal 

variation due to better mixing of pollutants in the atmospht're (see Figures 5.3 and 5.4). 
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Figure 5.3 Average diurnal distribution of PM10 concentratior.s. Sharpeville, March to July 1991 

( T erblanche et al 1992b) 

The levels of gaseous pollutants (501, NOJ monitored at both sites were within health 

guidelin~s. but their diurnal profiles followed similar patterns to those for particulates (ibid). 

These findings confirmed that emissions in Gauteng toKn.ships such as Sharpeville come 

from low level sources, and are closely related to people:5- daily living patterns. The results 

from Makalu indicate high background pollution le\'els. 
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Figure 5.4 Average diurnal distribution of PM10 concentrations, Makalu, March to July 1991 

( T erblanche et al 1992b) 

The nature of urbanisation in South Africa has been su.::.h that the poorest communities 

frequently occupy land in locations which pose serious threats to their health. Whilst this 

reflects simple economic realities in some respects, it also reflects the racial politics of 
apartheid planning. For instance, the black township of Zamdela was planned and located 

downwind of industrial pollution sources in Sasolbur:;. not because this was the only 

affordable land available, but because it was on the opposite side of town to white 

residential areas - where pollution levels were obviously not as serious (Lawson 1991: 61). 

2.1.2 Indoor air quality 

Pollution studies in South Africa, such as those described above, have historically measured 

ambient levels of pollutants at fixed monitoring stations (Turner et al 1984, Kemeny et al 

1988). In recent years. however, some pollution and health studies ha\·e utilised the Total 

Exposure Assessment (TEA) approach which recognises that the health effects suffered by 

people are a function both of.the concentration of pollutants in the air, and of the duration of 

exposure (Smith 1988: 17). The appropriate monitoring response is therefore to measure the 

personal exposures of study participants to the pollutants under examination. Thus the data 

inevitably indude e:x.posures from both indoor and outdoor activities. The importanse of 

performing monitoring in this way rather than with traditional, fixed outdoor stations, is 

evidenced by recent data from a study of school children aged 8 to 12 years in the Vaal 
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Triangle, south of Johannesburg, which indicated that they spent an average of 75% of their 

time indoors (Terblanche et al 1992b: 553)." 

The co,1! used b:· low-income lwusdwlds is generally of a low qti.1lity (C and D gradl•). As .1 

consequence high levels of particulate matter are emitted, and bec.iuse m<lny homl's have nl' 

chimneys or are poorly \·entilatcd, indolW air quality i.s frequently severe!~· degraded. 

The first person.11 exposure studies in South Africa were conductt>d in 1991 by the Council 

for Scientific and Industrial Research (CSIR) and the Medical Research Council (MRCJ. 111 

one component of the project, d group of 45 children, aged 8 to 12, living in ,md near 

Sebokeng, carried personal exposure m1..mitors which collected data on their exposures to air 

pollution (Terblanche et al 1992a: 41--13). The results indicated extremely high levels of 

exposure to total suspended particulates (TSPs), with 12 hour levels exceeding the US EPA 

24 hour standard of 260 µgm' in 99'~o of cases. Every single case exceeded the World Health 

Organisation (WHO) 'lowest-observed-effect' level of 180 µgm·'. 

Average concentrations on a summer weekend day were 387 µgm· 3 and 620 µgm· 3 for 

electrified and non-electrified areas respectively. As expected, increased coal consumption in 

winter was reflected in higher exposure levels. Average concentrations on a winter weekday 

were 1 168 µgm' in electrified areas and 1 363 µgm·:i in non-electrified areas. This relatively 

small difference between electrified and non-electrified areas was an important finding and 

was attri?uted to the close spatial proximity of electrified and non-electrified areas, to the 

continued use of coal even in electrified homes, and to the high background pollution lewis 

in areas where dispersal conditions are unfavourable. 

Interesting comparisons can be made with a similar study, the Vaal Triangle Air Pollution 

Health Study (V APS), which aiined to assess whether South Africa's air pollution control 

programme adequately protects human health (Terblanche et al 1992b: 550). As part of 

V APS, exposure levels were recorded for Gauteng children from high-income and middle

income suburbs in which electricity was the only energy source. The sample was drawn 

from parts of the Vaal Triangle which were known to be relatively polluted by induftrial 

sources. These measurements revealed levels of TSPs well below those experienced by 

Sebokeng school children (refer to Figure 5.5). Nonetheless, 63°0 of exposures exceeded the 

EPA 24 hour standard, with the median level on a •vinter school day being 310 µgm 1 

(Terblanche et al 1992b: 553). These children came from homes which were fully electrified, 

which confirms that background polluhon levels were very high. 

·Clearly, traditional monitoring stations, located on the roof of the town hall or post office,. 

are not \'ery helpful in measuring the pollution le\'els to which people arc exposed 
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Figure 5.5 Summary of 12 hour exposures to Total Suspended Particulate ITSP) concentrations in 

Gauteng and Vaal Triangle residential areas, compared to WHO guideline 

These data can be used to make estimates of the contribution to air pollution exposures 

which results from household coal combustion. Average 12 hour exposures to TSPs in coal

using parts of Sebokeng were reported as 1 363 µgm·' in winter and 620 µgm' in summer, 

yielding an average of 991 µgm' for all seasons. Of rele\·ance, however, is not the exposure 

to total suspended particulates (TSP), but to particles with a diameter of less than 10 microns 

(PMlO), since these fall into the respirable range (Lerer 1995). Larger particles generally do 

not enter human lungs where respiratory ailments are caused. Since the quality of coal burnt 

by households is generally relatively poor, the same factor is used as for Eskom's coal, 

namely that 40% of TSPs fall into the respirable (PMlO) range. Thus the average exposure to 

PMlO in coal-burning townships is estimated to be 396 µgm·3
• 

Not all of this can be attributed to pollution emissions from household coal combustion .. 

Other sources include emissions from industrial sources, power stations, dust from 

unsurfaced roads, burning coal dumps and veld fires. The contribution of household coal 

may be estimated (crudely) by using the results from the VAPS study as a ·control' group. In 

that study, TSP exposures averaged 310 µgm' in winter, 40% of which (that is, the PMlO 
" 

portion) is 124 µgm'. This can be taken as a worst-case estimate of background pollution 

concentrations since it reflects pollution e\posures in an area with known industrial 

pollution, and is from winter, when pollution levels are usually higher (due to adwrse 

dispersal conditions). On the other hand, the level of road dust U1 that area would be lower 
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since most roads Me surfaced; however, it is unlikely th,1t this would altt'r the estimate of 

background pollution ll'\·els. 

Thus it can be l'stimiltl'd <crudely) that the cnntribla1on ,)t housd1old ..:,,,ii combustion to 

pollution exposures is in the region of 272 µgm' for P~llll {396 µgm' rnmus 124 µgm ), nr 

69'Y., of total exposures. For purposes of checking th1.s. n1mparison c<in bt.' made tt1 a recent 

source apportionment study in Soweto (Annegarn & Kni.:'l'n 1995). Their results were that 

household coal combustion contributed so·~;, on averagt' to ambient pollution exposures, 

compared to 16'\, from road dust, and 34''i'o from backgwund sources. Ba12kground sources 

were those which could not be identified directly, and indude ambient pollution from 

industrial and power station emissions, as well as coal. Thus a portion of the 34'Yr, was 

probably attributed to 12oal emissions from l1ther areas and which became mixed .with other 

sources of pollution. In the worst month of the year, coal accounted for at least 74% of 

particulate concentrations. These results are therefore reasonably dose to the above estimate, 

which will therefore be used for purposes of estimating health outcomes - hence this is 

classified as a Class One extemality. 
J_: 

The data described here concentrated on only one aspect of the indoor air environment: 

exposures to particulate matter. This may represent the most serious energy-related 

pollution hazard to urban households in South Africa \especially since the coal has a high 

ash content). Nonetheless, a range of other pollutants are also produced by coal combustion, 

such as sulphur dioxide, carbon monoxide, nitrogen dioxide, rolycyclic aromatic 

hydrocarbons and benzo(a)pyrene {Terblanche et al 1992a: 17), To-date. no South African 

studies have measured exposures to these pollutants; consequently, these are classified as 

Class Two impacts. 

2.1.3 Healtli impacts of coal-related pollution 

Although there have been no studies which have calculated dose-response functions in 

respect of pollution exposures to particulate matter, several epidemiological studies have 

documented various health outcomes. 

At the broadest level, acute respiratory infections (ARI) have been reported to be the second 

most important cause of death in South African children, after gastro-related illnesses (Von 

Schimding et al 1991: 81). ln some areas, such as Cape Town, ARI {spKifically, pneumonia) 

is in fact the leading cause of infant mortality. Both international and local experience has 

found strong links between air pollution and the incidence of respiratory illnesses. 

The first medical study to document health impacts associated ""·ith fuel usage, was 

conducted in 1980 in an outpatient clinic in Natal, and attempted to establish whether smoke 

exposure was. significantly greater in a group of ch:ldren with .se\~re lower respiratory 

disease than tn a gr..)up nf children who displayed rh.1 ,..uch ~ymptom,.. i K11:is1)\e 1982. h ,,_ 

/ 
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624). Of 132 infants (under 13 mt1nths pf age) who had severe lower respir,1tory disease, 70'7', 

were found to have had a history of !wavy exposure to smoke frt1m wot1d fires for cooking 

and/ or heating. The average period of ;.;moke L'X posure for thos~' indudcd in the s.Hn ple was 

6 to 7 hours per day. Of a control group of 18 infants, who did not h,we any respiratory 

symptoms, only 33% were exposed to smoke. The researcher noted that the small size of the 

control group was due to the difficulty of finding any infants without symptoms of 

respiratory infection (ibid: 623). The prevalence of tobacco smoking w,\S not significantly 

different in the two groups. The link between smoke exposure (albeit unmeasured) and the 

adverse health effects reported in this study, was held to be particularly serious in the case 

of very young children. Infants who contract lower respiratory illness in their first year of 

life are more likely to have impaired ventilatory function ,1s they grow. to have respiratory 

illness symptoms by the age of 20, and possibly to be at greater risk of developing chest 

disease as adults (ibid: 622). 

A subsequent case-control study of children in Mpumalanga province attempted to 

determine whether exposure to ambient pollution resulted in any detectable effects on their 

respiratory status (Zwi et al 1990: 647). The study compared 1 031 children from schools in 

the province with a control group of 978 children from less polluted areas. The exposed 

children experienced higher incidences of respiratory symptoms than the control group, and 

after correcting for age, the exposed children were found to be slightly shorter on average 

(0.83 cm). While this could be attributable to other factors such as parental smoking and 

genetic make-up, this finding confitmed a similar observation in an earlier study by Coetzee 

et al (1986: 339). 

In the latter study, a group of (middle-income sector) children from schools in the heavily 

industrialised Sasolburg area, were compared with a control group of children from nearby 

rural towns where pollution was negligible (ibid: 339-3-13). Questionnaires were 

administered to 674 children in Sasolburg and 332 from the control group and, surprisingly, 

found no important differences in the reported incidence of respiratory illness. There was 

however, a significant difference between boys from the two groups in the most important 

measure of lung function: forced expiratory volume in 1 second (FEV) was lower in the 

pollution group. Other measures of lung function were also found to be slightly worse in the 

study area. Children in the control area were bigger (height and mass) than those from the 

study area, and in the case of boys, this difference was significant. The results of the study 

indicated that the trends were unlikely to be affected by smoking habits of the families. but 

that social class from which the children originated may ha\·e been a contributory factor 

(ibid: 339). 

The CSIR/MRC studv of children in Sebokeng and Lekoa referred to earlier has also 

provided an indication of the ad\«::rsl' health dfects assL)ci,ited \.,·ith dome:-t1.: cnal usage 
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<Terblanche et al 19Y2a: 52-53). J\ health surn•y w,1s conducted with mothers of 1 561 

children aged 8 to 12 years, living in townships in Gauteng. Coal was found to be the m,1in 

fuel for cooking and heating, ,rnd was used by n\'er 5ll" ,, of households. The study examitwd 

the prevalence of respiriltory illness of participants h\·ing in three .ireas: those without 

electricity (using mainly coal), partially electrified' ,ueas (households with an electricity 

connection, but using other fuels ,1s well), and ·full\· electrified' areas (electricity only). 

Respiratory symptoms were classified as either lower respiratory illness (LRI, defined as 

presence of bronchitis, pneumonia, asthma, phlegm, .::Qughing and chest wheezing during 

the past two months), or upper respiratory illness (L'RL defined as presence of a running 

nose, earache and sinusitis during the past two months) (ibid: 58-59). The results of the 

health survey indicated that children from homes which used coal for cooking had a 120'X, 

higher prevalence of URI than those which used paraffin (ibid: 60). The general trend in the 

data pointed towards higher prevalences of URI in groups using coal, than those using 

electricity or paraffin. The prevalence of LRI indicated the same pattern as for URI: that is, 

coal users had higher risks by a similar order of magnitude. Significantly, the health survey 

was carried out in summer which represents the most favourable possible outcome, as 

- pollution exposure levels are at their lowest. 

Where coal was the primary domestic fuel, it was found to be the most significant predictor 

of respiratory illness when compared to crowding. socio-economic status and parental 

smoking. This corresponded with the perceptions of the participants, the majority of whom 

perceived that domestic coal burning was the primary source of air pollution, followed by 

motor vehicle emissions (ibid: 55). On the whole therefore, the study found that a higher 

prevalence of upper and lower respiratory illness was associated with use of coal, compared 

to electricity, paraffin and gas. 

Thus a common theme in the South African literature is that air pollution from coal is 

serious and that significant health effects may arise. For purposes of estimating these health 

effects, the same dose-response data will be used for household exposure to pollutants as 

was used for exposure to power station emissions (refer to Chapter Three). This is 

appropriate, since physiological responses to polluti0n exposures will be the same pollutant 

will not depend upon its source; moreover, the rollution data described here, refer to 

personal exposures of household members. The calculations of health outcomes are 

described in the next chapter. 

2.2 Air pollution from wood combustion 

Rural areas generally do not experience high le\'els , ... f outdoor air pollution, because of the 

lower spatial densities oi households, the low \'Olurr.e of \·ehicular traffic and the absence of 

concentrated industrial sources oi pollution. Ho"" e\'er, indoor air pollution le,·els are 
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sometimes extremely high, due to emissions from wood fires. MoreoYt'r, the practice in 

South Africa is that wood fires are frequently made in open fireplaces in the centre of the 

room used for cooking (or outdoors, weather PL'rmitting), and Vl'ry se!dl)J11 have chimneys 

for ventilation."' 

Anecdotal e\·idence suggests that levels of ,1ir pollution inside m.111y rur.11 homes can reach 

exceptionall:• high le\'els. In spite of the ~wk'ntial seriousness ,1f the rroblem, pollution 

monitoring and control efforts have, until recently, almost entire!:• neglected rural 

households. The first and only study in South Africa to-date to m~w.:ure the levels of 

pollution encountered in rural homes, has been conducted by the CSIR and MRC in parallel 

to the urban study in Sebokeng/Lekoa referred to earlier. 11 This study utilised both personal 

monitors (for particulates), worn by 17 children, and fixed monitor.; which measured 

concentrations of sulphur dioxide, nitrogen dioxide, carbon monoxide, total volatile organic 

compounds and total suspended particulates (CSIR 1992: 1). 

The results of the study indicated that exposures of the children to total suspended 

particulates (TSPs) exceeded safety guidelines in all cases (ibid). Personal exposures varied 

between 1 044 µgm' and 8 330 µgm), with a mean of 2 367 µgm', The fixed monitors located 

in the cooking areas reported average TSP concentrations over a 12 hour period of 1 558 

µgm·', while those in sleeping areas averaged 734 µgm; over the same period. These 

exposures are far in excess of those measured in any of the urban studies referred to earlier 

in this chapter, even those recorded during winter when pollution concentrations are at their 

highest. 

From these measurements, an average TSP pollution exposure can be assumed to be 2 367 

µgm) for these households. The PMIO portion of this amounts to 947 µgm-J. Clearly, there is 

high uncertainty inherent in extrapolating the results from one micro-scale study of only 17 

participants, to the entire fuel-consuming population: some 17 million people. It is difficult 

to assess whether the measurements of the study reported above are representative of other 

't.'' 

111 This differs from other parts of Africa, for instance, where the practice of rural households 

is to use ;vood stoves of one kind or another. Thus the efficiency of combustion in South 

African households, using a traditional three-stone fire, is low; pollution is correspondingly 

higher. 

n ln earh· 1996, plans were being made for a major WHO-supported study of the health 

effects of fuelwood use in a rural Southern African settlement (and of possible mitigation 

interventicms). 
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areas. Consequently, it is worth reviewing briefly the findings from international monitoring 

studies. 

Two studies which were performed under the auspices of the WHCYs Hum,m Exposure 

Assessment Location (HEAL) project, reported very high concentr.Hions of respirable 

particulates in households us in~ fut'lwood (WHO 1987, 198~). In the first study, carried out 

in Maragua, Kenya, 2-l hour measurements of respirable suspended p<1rticulates (PM10) ,rnd 

other pollutants were made i.n 36 households where most of the cooking was dL)ne on open 

fires using firewood or crop residues (WHO 1987: 1). The mean of the 24 hour average 

measurements was 1400 µgm '. During the average seven hour period in which most 

households were using fires each do~·. levels were in the region of 3 500 to 4 000 µgm 1
. In the 

evenings, during the main cooking times, and when ventilation conditions were poorest, 

particulate concentrations of up to 36 000 µgm· 3·were fourtd (ibid: 19). 

The second HEAL study was conducted in The Gambia in 1987, and reported sin1ilar levels 

of particulates in a small group of 18 households where wood was used in open fires (WHO 

1988: 1). The 24 hour average particulate concentrations were 2 000 µgm·' in the dry season, 

and 2 100 µgm' in the rainy season. These particulates, however, included larger particles 

from a source other than wood smoke (probably sand dust). Maximum and minimum 

extremes (also 24 hour averages) differed between rainy and dry seasons: in the rainy 

season, the range was 150 µgm' to 6 200 µgm· 3
, while in the dry season. the range was from 

600 µgm' to 3 500 µgm' (ibid: 12). Assuming that the proportion of P~tlO to TSP is also -!0%, 

these results equate to a range of 60 µgm· 3 to 2 480 µgm· 3 for the entire season. 

Other studies have been conducted in countries where people use predominantly fuelwood, 

and have also found extremely high average concentrations of particulates inside homes: 

these obviously vary widely, but are usually in the range 1 000 to 8 000 µgm·' (WHO 1992: 

71). Over shorter periods, especially during evenings when cooking is done, particulate 

concentrations have frequently been found to be even higher (ibid, Pandey et al 1989: 428). 

Thus the results of the single South African study are well within the range of international 

measurements and, indeed, are at the lower end of the scale. This finding was confimied in 

another comparison, by Terblanche et al (1995). Thus the data described above will be used 

for present purposes: a central estimate of 947 µgm·', with a low estimate of -!7-! µgm·' and a 

high estimate of l -!21 µgm' (50% on either side of the actual measurement). A \vide variance 

between the central and other estimates is appropriate given that the quantity of wood 

consumed by households varies across the country, with lower amounts being consumed in 

warmer regions where space heating requirements are· lower. '.\Jotwithstanding the 

uncertainty inherent in this sector. sufficient information exists to classify this extemality as 

a Class One impa(t. 
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2.3 Morbidity and mortality from paraffin poisoning 

2.3.1 The extent of tlie paraffin poisoning pro1'le111 

Ont' l)f the major advantages of paraffin as .i sourc<..' nf energy for un':!ectrified hou:-ie:holds i::-i 

that it is widely available throughout the country, da a distribt.:tion network which is 

informal and flexible enough tt) cater t11 the needs of low-incoml' c0nsumers. As mentioned 

earlier in this chaptl'r, poor households are ,1ble to purchase small ~u,mtities of paraffin at 

most times of the day and night, from informal spaza shops in town.ships. This flexibility is 

simultaneously an advantage insofar as low-income households ha\·!:? access to and can 

afford the fue!,1 2 and the cause of a major health hazard in the form of paraffin poisoning. 

The latter hazard results from the practice of dispensing paraffm m small or irregular 

quantities, most commonly into empty beverage containers. Not surprisingly, infants in the 

home frequently mistake the paraffin for juice or water,. with the result that they accidentally 

ingest the paraffin; this form of trauma is most common in infants between the ages of 12 

and 36 months (De Wet et al 1994, Ellis et al 1994). 

Paraffin poisoning is not a notifiable health problem and there i.s no single data source 

regarding the incidence of paraffin poisoning on a national basis. However, there have been 

Se\·eral regional or micro-scale studies, as well as household surveys which have reported 

cases of paraffin poisoning. At a national scale, medical researchers have estimated that at 

least 16 000 children are hospitalised each year, yielding a rate of poisoning of about 30 cases 

per million litres of paraffin sold (Yach 1994: 717). 

Average annual paraffin consumption has been estimated at about 180 litres per household; 

total household consumption in South Africa is about 520 million litres per annum 

(McGregor 1994: 27,28), which equates to about 2.9 million households using paraffin at 

present. This represents about 60~:o of unelectrified households in South Africa and is 

therefore probably on the conservative (low) side, since most unelectrified households use 

paraffin. Based on a hospitalisation rate of 30 cases per million litres consumed, a total of 15 

600 cases per annum could be expected to occur - close to Yach's estimate. 

This estimate can be corroborated by considering micro-scale household surveys which 

sometimes also report cases of paraffin poisoning. In one health and safety study of 

unelectrified households in Gauteng, it was found that of 2 124 people surveyed, about 6.5'Yo 

had experienced incidents of paraffin poisoning, and that some had e\·en experienced deaths 

in their households from the same cause (Terblanche et al 1992b: 68). It was reported in the 

:: \Vhich is not to say that paraffin is cheap ,..,·hen purchased in small quantities: unit prices 

tend to be far higher than a\·erage 
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same study that par.1ffin poisoning represented a major G1l!Sl~ of hospital admissions. In a 

follow-up study by the same authors, it was found that 4" ,, of a sample of 1 240 rural 

children and 1 % ot ·BO urban children h.1d experienced incidents of paraffin poisoning 

(Terblanche et al 1 'IY3: 95). ln another <,urh'Y conducted amongst over 1 600 unelectrifa:d 

households in the Eastern Cape, 3.1 % of households reported having suffered a case of 

illness due tt' paraffin ing0stion; furtherm,,re. death had rt'sulted in ten households (!PH 

1993 in Van Horen 1994: 35 ). Th us between 1 'X, and 6.5% ~'t paraffin-using households in 

these surveys have reported cases of poisoning. 

Applying an incidence range of 1% to 65",, to the estimated 2.9 million households using 

paraffin, produces a range of 29 000 to 188 5l10 cases of poisoning nationally. The period over 

which these occur is unclear, since in each of the quoted surveys, respondents were asked 

. whether they had ever experienced such incidents, so the replies probably refer to a period 

of several years. Assum~g that the average recall period is five years, and that each 

household had no more than one case of poisoning, then the annual rate suggested by this 

data is in the range of 5 800 to 37 700 hospitalised cases per year. 

Based on the above data, the central estimate of Yach will be used, that is, 16 000 cases per 

annum. Further, low and high estimates of 5 800 and 37 700 cases per annum will be used for 

purposes of estimating external costs. 

Of importance also, are data on the effects of poisoning. >Jational averages such as those 

above, obviously mask regional and localised variances, but it is dear that the incidence of 

poisoning is highest in unelectrified areas (Roberts et al 1989: 23) and more so in rural areas 

than urban areas (Ellis et al 1994: 727). Most medical reviews confirm that paraffin poisoning 

is the most common cause of childhood poisoning in South Africa (Ellis et al 1994: 727, De. 

Wet et al 1994: 735. Korb & Young 1985: 228). Of importance for present purposes, however, 

is the fact that not all qses of paraffin poisoning are reported, and of those which are 

reported, only a portion are hospitalised. In general, it appears that a large portion of 

reported cases are treated as outpatients (that is, not admitted overnight). Treatment 

regimes reported by various studies are summarised in Table 5.1. 

For purposes of quantifying the rate of morbidity and mortality from paraffin poisoning, it 

can therefore be estimated that just under half of reported cases are treated as outpatients, 

and that the a\·erage admission period of the remainder is 2.4 days. Furthermore, 

approximately 1.3°0 of cases are assumed to result in death. Based on the central estimate of 

16 000 cases per year, this amounts to 208 deaths per annum, with a low and high estimate, 

respecti\·ely, of 73 and 490 deaths per annum. This information is sufficient for the 

externalit\· \'pluation exercise in Chapter Six; hence this is classified as a Class One 

externalit\·. 
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Table 5.1 Treatment regimes for paraffin poisoning reported in various studies 

Study '\!,,outpatient:-: % admissions Average % fatalities 

admission davs 

Roberts et al (1990) 78~}~} 22r/~, - 0.74':;, 

De Wet et al (1994) 46'X, 54'Y,, 1.1 -

Ellis et al (1994) 20% 80'X, 2.21 

Crisp (1986) - - 2-5 1.4'1., 

Korb & Young (1985) - - <l'Yo 

Joubert (1990) - - 2.8 2.1°/o 

Average 48% 52% 2.4 1.3% 

2.4 Effects of fires and burns 

In addition to the above health hazards, unelectrified households also face relatively high 

risks of injury, death and loss of property through accidental fires. Fires are frequently 

caused by accidents with candles, paraffin stoves, gas stoves and sometimes wood fires, and 

can be particularly devastating in high-density informal settlements where occupancy rates 

are high, and dwellings are constructed with flammable wood and cardboard materials. 

As in the cases of air pollution and paraffin poisoning, there has been no systematic study 

to-date of the incidence and effects of energy-related fires on a national basis. There ha\·e, 

however, been several smaller studies which have investigated the issue. In general, their 

results suggest that, while the number of bums cases might be lower than the number of 

paraffin poisoning cases, their individual effects can be more serious, including a greater 

number of deaths. At the same time, there is greater variation in the severity of burns and in 

the length of stay in hospital. Treatment can include, in addition to time spent in general 

wards, time in the Intensive Care Unit (ICU), physio-therapy, plasticsurgery, as well as 

subsequent visits to hospitals. The costs of these accidents are therefore not insignificant. 

Dealing firstly with deaths from bums, a study by Kibel et al (1990b: 398) of injury-related 

mortality in South African children from 1981 to 1985, found that bums (from all causes) 

\Vere one of the top four causes of mortality in children, accounting for 11°;, of all deaths, or 

l 

I 
I 

I 
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about 310 per year. Notably, this study excluded the TBVC territories;' and tlwrdorc would 

seriously understate the actual mortality fi~ures ft1r the country On the ntlwr hand, the 

figure includes burns from non-energy caust.'S, which may include causes such as sc1lding 

from hot water and cooking fluids (De Wet t:'I .11197'."": %9). The portion attributable directly 

to energy consumption (rather than cooking or heatin~) must therefore be est,1blished. 

In another study, of the total J58 childhoL)d burn dl',1ths ,1dmitted to the S.1lt River State 

Mortuary in Cape Town from January 1990 to Dect'mber 1991, domestic accidents, mainly 

related to cooking or heating, were responsible for 21 'X, of child deaths (Lerer 1994: 169). 

Further, housefires accounted for 75% of bum fatalities; tht' bulk of these \Vere caused by 

accidents with candles. Together, it has been estimated that around two-thirds of bum 

fatalities are due to non-electric forms of energy (Lerer 1995: 26). Using the data reported by 

Kibel et al (1990b) this translates into 208 fatalities due to accidents with energy carriers. 

Given that this figure excludes the TBVC territories, it will be used as the low estimate for 

the national fatality rate. For the central estimate, recent census data can be used: in 1990, 

there were 2 646 deaths caused by bums amongst black South Africans (Lerer 1995: 23). If 

two-thirds of these were caused by energy-related accidents, then there were approximately 

1 773 fatalities in 1990. This should also be adjusted to account for the higher le\'el of 

electricity use in 1994, and correspondingly lower use of candles, paraffin and gas: 1
• based 

' 
on an increase in electricity access from 33°" in 1990 to 44% by the end of 1994, the number 

of fatal bum incidents can be expected to have decreased from 1 773 to 1 330 per annum. 

This will be used as the central estimate for purposes of quantifying the external costs in the 

next chapter. 

For the high estimate, the central estimate will be increased by 20% - this is an arbitrary 

amount, but it appears unlikely that there could be an upward deviation of the same size as 

the lower deviation. Hence the upper estimate of energy-related bum fatalities is 1 596 per 

annum for 1994. Since there are sufficient data to permit a reasonable estimate, this is 

classified as a Class One extemality. 

Turning to bums injuries, similar sources of data exist. One study of injuries to children, 

from the Red Cross Children's Hospital in Cape Town for the period 198-l to 1989, found 

13 The former Transkei, Bophuthatswana, Venda and Ciskei homelands, \Vhich because of 

their nominal ·independence' from South Africa, were removed from official government 

statistics. 

" This assumption is a simplification, although it 1s reasonable to assume that electricity 

substitutes almost entirely for candles (used for li:;hting) and tLl a large extent, for paraffin 

and gas - these are the main causes of accidental fire:; and bums. 
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that bums accounted for 11 % cf all injuries treated during that period, equivalent to an 

average of I 247 per year (Kib('] et al 1990a: 387). Of these, nlJ".;, were trL'ated as outpatient~ 

and the rem.1ining 31 'Y., were ad:-..- itted for more lengthy periods. In a study by Hudson t:'t al 

(199-l: 252). ,Kcidents with prim~.:, stoves Wt'rc found to account for 12"., of total admissions 

to the bums unit. 

However, there art' insufficient ;::ublished d,1t,1 to allow for nlltional 1:~stimates to be madl'.. 

Consequently, some additiona: data were collected for purposes of this thesis, from 

admissions records for the three main ht)spitals in the C1pe Metropolitan Area which, 

collectively. are likely to treat t-.e \'ast majority of serious burns patients in the Peninsula. 

Hospital admissions records ~enerally include data on the causes of injury, including 

whether bums were caused by candles, paraffin and gas. For those cases where no cause 

was specified in admissions re-rnrds, a pro-rata apportionment has been made to all the 

specific causes. These data are summarised in Table 5.2. 

Table 5.2 Summary of energy-related bums admissions in Cape Metropolitan Area, 1994 

(Source: hospital admissions records) 

Hospital Outpatients Admissions Ave. admission days 

Red Cross 

- Trauma Unit 26 20 4.5 

- Bums Unit - 74 4.5 

- Convalescent Home - 21 22.3 

Somerset 

- Bums Unit - 51 5.6 

Tygerberg - 68 22.6 

26 234 11.6 

! 
' l 

r 
I Total/weighted average 

, I 

Thus in 1994, there were at least 234 admissions to these Cape Town hospitals for treatment 

of bums where the cause of the injury was positively attributed to candles, paraffin or gas 

accidents. These cases accounted for 26°<. of total burns-related admissions in the three 

hospitals; this estimate represents the minimum possible number of cases, given that not all 

patients in the Peninsula are likely to ha\·e been referred or transferred to one of these burns 

units. Moreover, less serious bums are probably not reported as comprehensively. 

These data can be extrapolated to produce an estimate of the number of bums cases 

admitted to hospitals nationally. Using the 23-l admissions derived above for the CMA, and 
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given that there were approximate!~· 600 000 people living in unclectrified households in that 

area in 1994''· - wht1 can be sakly assumed tt1 have been at risk of such fires - then the injury 

rate for the C\.fA was 39 per 100 llOO unekctrified people In 1994, there were ~onw 22.4 

million people in unelectrified homes thrt1ughout South Africa; this yields ,m estimated 

number of hospital admissions in the whole country, of ~ 736 for 1994. Using the same 

a\"erage number of admission days ,1s for the C:\1A, then there were approxim,1tely llll 33/i 

admission days due to energy-related fires in South Africa in 1994. 

Whilst this would probably be a lower estimate for the Cl\1:\ as a whole, it will be taken as 

the central estimate on a national basis, for the reasons that. firstly, the incidence of fires and 

bums in rural areas is likely to be lower than in urban are.b, because of the lmver densities 

and less flammable nature of houses outside of urban areas. Secondly, usage of paraffin and 

gas is higher in the Western Cape than in other provinces such as Gauteng, North-West, 

Northern Province and Mpumalanga (where coal and wood are commonly used). The effect 

of these two factors would therefore be to reduce the national average compared to the 

CMA. For purposes of the economic valuation in the following chapter, the central estimate 

is 8 736 admissions during 1994; the low and high estimates will deviate by 33% from this, 

amounting to 5 853 and 11 619 respectively. For the present, this extemality is classified as a 

Class One impact. 

A final impact to be considered in relation to the effect of fires, is on the property of fire 

victims. When fires occur, particularly in informal settlements, the effects are frequently 

devastating, with shacks being razed to the ground in a matter of minutes. Once again, there 

is no national register or systematic form of record-keeping about the incidence of such fires. 

Nonetheless, some indication can be obtained of the problem's significance, by reviewing 

secondary sources of data. For instance, a review of a local newspaper, which reports mainly 

on the northern parts of the Cape Metropolitan Area, (Die Burger) revealed articles in which 

at least 978 shacks were said to be destroyed by fires in 1994. The same reports said that· at 

least 19 people had lost their lives in those fires. The bulk of these fires occurred in just two 

informal settlements: Marconi Beam, and Town Bin Khayelitsha. Given that this newspaper 

probably did not report on fires occurring in other parts of the Cape Peninsula, the above 

figures cannot be said to provide a complete picture of fires damages in the wider area. 

15 Calculated from Eskom's Statistical Yearbook (1994: 62J - which reported that there were 

98 683 unelectrified houses in the CMA - using 6 persons rer household, and rounded up to 

600 000. This is likely to be a conservati\·e estimate, as informal settlements are probably 

under-counted. 
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Consequently, it would bt' problematic to l!ttempt t1.' t.'xtrarl'late these figures to a national 

basis, especially since the underlying source is hardh· :::cientifa·. 

Thus, although the cost::: ,,f property damagl's nuy bt' :-1ignifkant in aggregate, and 

particularly in rel<1tion t1.1 the income k\'els nf aftt'Cted lll1useholds, there is insufficient 

information to allow this t''temalil\· to be quantifit:'d. Acwrdingly, it is classified as a Cl,1ss 

Two effect. 

2.5 The natural-environmental effects of wood scarcity 

111e large majority somt' 80'1', to 100'\\, - of rural hous.:>holds rely heavily on fuelwood 

supplies to meet their COl'king and heating needs. Fuelwood contributes about 8'1o of total 

primary energy consumption in South Africa (Eberhard & Trollip 1994: 45), which although. 

lower than other African countries, is highly significant in the rural economy. Patterns of 

consumption are also complex; before describing the main externalities, therefore, the next 

section will summarise the state of knowledge about fuelwood scarcity in rural areas. 1
" 

2.5.1 .fuelwood scarcity in South Africa 

Little doubt exists that fuelwood is becoming increasin~ly scarce in many rural areas. 

Beginning with a study l.,t energy consumption in rural ,·illages by Best in 1979, numerous 

studies have found situations of biomass scarcity in rural .areas. Best's study included three 

rural villages: Malefiloane near Mokhotlong, Lesotho, Jozanna's Nek near Sterkspruit in the 

Transkei and Mashunka near Tugela Ferry in Kwazulu (19:"9: 5). Only in the latter area vvere 

fuelwood supplies abundant, and consequently annual v>ood consumption in the areas of 

scarcity was considerably lower, with women in these villages remembering that wood has 

become scarcer and that standing trees have become smaller (ibid: 25,71). In his paper, Best 

stressed that firewood consumption cannot be singled out exclusively as the major cause of 

fuel scarcity: 'the forces of agriculture, veld burning, overgrazing and settlement play 

dominant roles along with firewood collection' (ibid: 71). 

A study by Gandar in the Mahlabatini District of Kwazulu found that in spite of a large 

increase in population density during the period 1956 to 1975, the density of wood cover in 

part of the study area had increased by 38% due to shrub encroachment in rangeland (n.d.: 

4.5). The number of tali trees, however, had deneased by 50%, partly as a result of the 

clearing of land for farming. The other major reasons for the cutting of live trees were their 

use in the construction of huts and kraals, and their use in bush fencing. Gandar noted that 

1
' The Department of ~1ineral and Energy Affairs recently commissioned a study to 

synthesise the state of k.""1owledge about biornas:; ~esour.:es ·in South Africa; unfortunate!:. 

however, its rept1Tt h<1d :lot yet b€en published tw :.'Je eni: c1f 1995. 
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during that period, the amount of dead \\'t)od available was certainly adequate to meet 

firewood demand. His observation was that people were prl'pared to walk long distances to 

gather de,1d wood before resorting to cuttin~ down living trl't's for firewood. 

These observations were consistent with the findings of .1 study by Liengme i.n a wel!

wooded rural area in Gazankulu (1983: 245). Her results indicated that, while firewood was 

the major use for wood collected in the .ut:,1, most of thl' live wood which was cut, was 

intended for building purposes. Further, wood supply was adequate at that stage, although 

it was expected that a combination of factors would thre.lten the sustainability of supply: 

population increases, fuel gathering for adjacent towns, escalating demand for agricultural 

land and wasteful harvesting methods (ibid: 255). 

In all of these studies, fuel wood collection was not seen as a primary cause of wood scarcity. 

This finding, however, was not confirmed .in a study by Eberhard (1986), which included 

surveys of six rural villages (in addition to five peri-urban areas). In all rural areas of this 

study, respondents reported that wood was becoming increasingly scarce. The focus of the 

study on energy consumption patterns meant that other causes of wood consumption, such 

as for use in building, or land clearing, were not explicitly addressed. However, the fact that 

green wood was observed in headloads of fuelwood (ibid: 40) suggests that in these cases, 

fuel usage was at least partially contributing to fuel scarcity. 

A study by Griffin et al (1992) from the Wits Rural Facility, of six rural settlements in 

Gazankulu, one of which was home to Mozambican refuget!S, found that wood was the main 

source of energy in. all 424 households surveyed. While some of the settlements appeared to 

have sufficient supplies of wood available in the vicinity, a demand-supply modelling 

exercise indicated that, even in the best-case scenarios, present consumption patterns of 

fuelwood would not be sustainable in the long-term (ibid: 126). Many households were 

forced to use dung {against their preferences), or to purchase wood from vendors, even 

though income levels were extremely low. Again, it was not possible to apportion wood 

collection between energy and other needs, although measurements of the quantities of 

wood in buildings and other structures such as fences, indicated that a considerable quantity 

of wood stayed out of the cooking fire (ibid: 69). 

A study by Aron et al (1991: 89) was the first to attempt to provide an aggregated picture of 

national wood consumption and supply. The study utilised a conventional gap analysis 

based on per capita wood consumption data which had been collected i.n a number of micro 

studies in the past decade. These average consumption rates were extrapolated across the 

total rural population in the homelands. to estimate total fuelwood consumption for 1980. 

Based on projected population growth rates for the ensuing 20 years, estimates were made 

of consumption in 2000. An estimate of the annual sustainable fuelwood supply i.n the 
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homelands was also made. which yielded a slight overall surplus of fuelwot1d in 1980, but a 

large deficit by 2000. Whilst tht' study acknowledged the L"riticisms normally addressed at 

such analyses of fuelwP11d gaps. it nevertheless stated th,1t n<1tural wnndland in thl' 

homelands would be entirely denuded by 2020 ·if demand were to rl'main ,1t constant levels' 

(ibid: 96 ). 17 

In spite of the usual limitations t1f this kind of calculatit1n. the study sern:~d ilt least two 

important purposes: firstly, it was the first attempt to provide an overall picture of the 

national fuelwood situation, thereby opening the way for improved data collection exercises 

in the future. Secondly, its dire conclusions have made ,1 strong impact on energy and 

development planners, e\·en if they have tended to focus excessively on the projection of 

complete deforestation by 2020. For instance, the Department of Mineral and Energy Affairs 

has subsequently established a large project, the Biomass Initiative, the first phase of which 

entails a national research and data collection effort, leading to subsequent implementation 

phases. 

2.5.1.1. The consumption tit' dung and crop residues 

Traditionally, discussions of fuelwood scarcity and deforestation also address the use of 

dung and crop residues for energy needs. The conventional view is that the burning of dung 

and crop residues represents a loss of fertiliser and nutrient value for the soil. The 

conventional view of dung is also that it is the least preferred fuel, ·which is used by 

households with the lowest incomes. In terms of the 'energy ladder' model of household fuel 

usage, consumers move through successive stages corresponding to some level of 

modernisation, with dung at the bottom of the ladder and electricity at the top (Smith 1988: 

30). While a full critique of the energy ladder model need not be provided here (see 

Eberhard & van Horen 1995: 66-72), one point is relevant: namely that it is not merely the 

level of income or wealth which determines what fuels people will use, but also the 

availability of various energy sources. For instance, a large-scale study of dung usage in the 

former homelands by Bembridge et al (1992: 51) found that the quantity of dung used was 

greatest for those households with access to the most cattle - generally the wealthiest 

households. In other words, availability of dung was the key determinant of its use as a fuel, 

17 Contemporary thinking has shifted away from this 'fuelwood gap' type of modelling 

(where differences between demand and supply are extrapolated into the future), to a more 

complex approach in which fuelwood use is seen as one of many competing demands on 

resources and in which social, economic and political mt'\:hanisms play stronger roles in the 

management and consumption of resources. Refer to \"ar. Horen & Eberhard (1995) or Van 

Horen (1994: 37-40) ior a fuller treatment of this debate 
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contrary to the view implied by the encr~~· ladder concept, which is that only the poorest 

households use dung. The point is that tlw relative availability of various energy sources is 

the key determinant in peoples' energy mi'\t~s. and that this does not bear ,my f:xed rl.'lation 

to variables such as mcome. 

Bembridge et al (1992: 49-52) found th.lt dung was >videly used for various domestic 

purposes in the homeliu1ds, with fuel a;:-.·,,unting for 86''.., of the quantity used. followed in 

order of importance by floor cleanini;. manure. plastering, decorating and medicinal 

purposes. Per capita use of dung for fuel \'<Hied widely between areas, and averaged 408 kg ... ,, ... 
per annum. Similarly, Eberhard (1986: 45) found that a high proportion of households in the 

six rural villages surveyed by him, used dung and crop residues to supplement their fuel 

needs. Mean per capita consumption of dung was lower than in the study quoted above, 

ranging from 53 to 231 kg per annum. In one village, dung provided approximately 21 % of 

the total energy (ibid: 55). This was considered to be a symptom of increasing fuelwood 

scarcity {ibid: 111). The environmental effect of this, however, was considered to be 

negligible. An estimation of total national annual dung production {from cattle, sheep, goats, 

pigs and chicken) showed that dung consumption for cooking and heating was less than 1% 

of total dung production (ibid: 46-47). OW1g was usually collected from the area closest to 

the home, and was still used extensively as a fertiliser in the fields. Gandar (1984: 7) also 

found that domestic use accounted for only about 1% of total livestock dung production in 

the Mahlabatini area. 

The assumption that combustion of dW1g and crop residues will lead to a decline in soil 

fertility, therefore appears to be an exaggeration giving rise to unwarranted alarm. Dung 

which is dry enough to be burnt at the fireplace, has generally lost most of its nitrogen and is 

therefore not particularly effective as a fertiliser {Foley 1988: 7). The analysis by Bembridge 

et al suggests that the effect on agricultural production of removing dung for domestic 

purposes is not significant (1992: 67). In reality, the problem of declining soil fertility is 

frequently related to structural causes of instability in agricultural systems, such as 

increasing population densities, which place greater pressure on available agricultural land, 

thereby shortening the fallow period during which soil fertility is renewed. In South Africa, 

over-use of land is a result also of the state's resettlement policies carried out in terms of its 

'grand apartheid' plans (Cooper 1991, v\'ilson & Ramphele 1989). 

It would therefore be simplistic and misleading to link poor soil fertility or low agricultural 

productivity, with household energy u5e patterns, when, in fact, they are more directly 

linked to the political. social and economic forces which have shaped the rural environment. 

Likewise, it is necessary to look beyond mere calculations of wood consumption and supply, 

to the complex array of political-economic and social factors which influence human

en\'ironrnent relationships. 
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2.5.2 impacts of wood scarcity on the natural e11viromm·11t 

Wood scarcity is partly a physical phenomenon afflicting tht' natur.ll environrnent. Its effects 

on the naturnl e1wironrncnt depend on a number of factors Firsth-. where the wood is d<:ad, 

its collection has a small efiect on remaining ecosystems l \..~andar 1982: 148), apart from a 

decrease in the nutrient value of decomposing organic mattt'r. In many parts of rural South 

Africa, it appears that the scarcity of dead wood means th,1t peopl~' have begun to cut livinf.i 

branches and trees, particularly where insufficient labour is av,1ilable to absorb the extra 

time required for travelling to distant supplies of dead wood. 

Secondly, the ability of natural ecosystems to sustain WL>od c~11lection, depends on the 

system's type: for instance, savanna woodland has cN1siderdble ecological resilience, 

whereas indigenous forests are ecologically more fragile (Gandar 1984: 11 ). Clearly, the 

impacts of fuelwood collection will vary from area to area, depending on the vegetation 

structures. In' South Africa, no systematic study has yet been performed which matches 

biomass consumption with the ecological resilience of the natural systems from which the 

resources are drawn. 

The present discussion is not the place for a scientific analysis of all environmental impacts 

of biomass use. However, some major impacts are highlighted below in the context of the 

specific environmental elements affected by fuelwood scarcity: the land, water and 

hydrology, fauna and flora. 

2.5.2.1 Land and soil 

The removal of trees does not necessarily lead to increased soil erosion, although when 

combined with overgrazing of ground cover, it can have serious consequences. It has been 

estimated that adequate tree cover can reduce the potential for soil erosion by 50%, due to 

protection offered by the tree canopy, the leaves it drops and the denser herbaceous cover 

underneath (Gandar 1982: 149). Rates of soil loss in parts of South Africa are very high, 

especially in rural areas with high population densities and high annual rainfall. Again, it 

would be simplistic and incorrect to attribute this erosion to wood collection for energy and 

other domestic needs. Rather, its causes lie (inter alia) in inappropriate agricultural practices 

on commercial farms, the high population densities associated with the unequal distribution 

of land, !Uld the pressures on the land which result from a struggling agricultural system. 

Poverty has the effect of constraining peoples' choices and of shortening their time horizons, 

so that, for example, overgrazing by livestock may denude the \·egetation to the point where 

destructive processes of erosion are set in motion. fa·iccnce of this is readily apparent in 

many parts of Kwazulu-Natal and the Eastern when? population densities are 

relati\'ely high. 
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The removal of wood for energy and other needs is therefore one of manv foctPrs which 

contributes to land degradation. Attempts to quantify its relative contributil'n hi.lw not been 

made, and anyw;:iy, it is not dear that such efforts would be wfJrthwhill' ~i\'l'l1 th,1t such a 

complex range of political and social forces shape rural land-use patterns. 

2.5.2.2 Water and lzydrolog.11 

Where woodlands have be1:.'n dt:'nuded, it is possible that water flow patterns will bl' 

dramatically altered. During hea\·y rainfall, discharge rates will be higher, with the converse 

applying in dry periods (Gandar 1982: 149). The result is greater variability in flow rates 

from dry to wet seasons, with a less effective ·sponge effect' which evens out the peaks and 

troughs in runoff. Cooper (1988) has argued that this process resulted in far greater damage 

in the floods of 1987 and 1988, which followed a prolonged drought. When the rains arrived, 

river catchments had been denuded of ground cover, silting of rivers and dams w~s very 

high, and the land was generally unable to absorb the heavy rains. The river le·vels were 

therefore higher than they would otherwise have been, and so the silt-laden floodwaters 

broke the banks of many rivers and small dams, aggravating the flood damage ;vhich would 

~ave occurred anyway . 

. On a less dramatic scale, the clearing of wood from gullies to which bushes and trees are 

confined in higher grassy areas, may lead to severe gully erosion because of the unchecked 

runoff (Gandar 1982: 149). Once the process has begun, eroded gullies rapidly become deep 

dongas, which severely affect the potential of the land. The area lost for agricultural 

purposes is significant, and moreover, the dongas dissect landscapes, making (especially 

mechanical) transport hazardous, time consuming, or impossible. There ha\"e been no 

estimates of the amount of productive land lost in this way nationally, but casual 

observation in many rural areas suggests that this may not be insignificant. 

2.5.2.3 Fauna and flora 

Apart from the obvious loss of vegetation which occurs when wood is removed from living 

trees and shrubs, .::omplex interactions occur in the affected ecosystems on both .macro and 

micro scales. Habitats of large animals may be degraded to the extent that they can no longer 

survive at all, while smaller organisms may be able to cope with the stresses imposed on 

them. The loss of habitats, especially in areas where heavy land-use causes total 

deforestation, represents an ob\·ious threat to the diversity of biological systems. This issue -

biological diversity· - was a central issue at the Earth Summit in 1992. Although the 

biodiversity in South Africa's natural woodlands is of a far smaller order than that in ·· 

tropical rain forests, the issue takes on greater significance in the conte:d of the many uses 

people have found for natural woodlands and their components: medicinal, cultural. 

ornamental. and many others. 
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From the above description of effects, it is ,1pparent that the impacts of wood consumption 

may be significant, but that quantification ,)f these effects is not possible given the state oi 

existing information. Consequently, the natural environmental l'ffects ,)f wood scarcity is 

dassified for present purposes as a Class Tw,1 impact. 

2.6 Impacts of wood scarcity on the social environment 

Apart from the physk.11 impacts of wood s..:-Mcity, a number of significant social impacts 

arise, many of which have particular gender dimensions. The collection of fuelwood and its 

consumption in the preparation of meals art' time-consuming tasks, which usually rest wiU1 

women. To the extent that increased scarcity occurs, this frequently places additional 

pressure on women, since their social position in most rural communities is that of nurturer 

and provider (Makan 1994). 

The effects of increasing scarcity of fuelwood are felt in many ways t>y rural households. 

Firstly, more time is spent in the collection process. In Gandar's study conducted in the 

Ma:hlabatini district of Kwazulu, the average time taken to collect one headload of wood 

varied from about 2.5 hours in me valley lowveld areas where wood supplies were more 

abundant, to 4.5 hours in me high grassland areas (1984: 3). Households required between 2 

and 3 headloads per week, so mat total time spent gathering fuelwood varied from 6.75 

hours to just over 9 hours. These are merely averages, and in one extreme case, he 

encountered a group of women who spent 9.5 hours • ..-alking a total of 19 km to collect 

headloads weighing -10 kg each (ibid: 4). The people interviewed were certain mat me 

distances they travelled to collect wood had increased; this perception was most emphatic 

among older women who could remember when wood supplies were closer to meir homes. 

Similar results were found in Eberhard's study of six rural villages: average distances 

walked were from 6 to 9 km, two to three times per week, requiring 2.6 to 6.2 hours each 

time (1986: 33-34). This yields an average of between 5.2 hours and 18.6 hours per week. 

Bembridge and Tarlton (1990: 89) reported similar results from a study in an area of Ciskei. 

It is dear from mese and other studies that women spend considerable amounts of time 

collecting fuelwood. Unfortunately, no longitudinal studies have been undertaken to 

measure trends in these variables in particular communities, although an indication has been 

obtained from me perceptions of the people themselves. In me majority of cases, it has been 

reported, especially by older women, that me time required for collecting wood has 

increased, as wood has become more scarce. In many respects, mis is a very unproducfo·e 

use of time. If fuel collection is included as part of food preparation, men in many cases, 
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households spend more time preparins food than growmg it: clearly, not a productive 

situation (Gandnr 1984: 5).'' 

On the l1ther hand, it has been argued that tlw time spent collecting wm1d is relevant only 

insofar as it relates to the availability of Jabour (Leach & Mearns 191'\8: 17) - in other words, 

to labour's opportunity cost. If surplus labour is abundant, then it ma~· not matter that 

collection of fuelwood takes longer and longer; conversely, even if wood is abundant, the 

scarcity of labour may pose a very serious problem. Once again, this observation widens the 

analytical focus, from a concern only with an energy issue (availability of fuelwoodJ, to a 

concern with broader developmental issues (labour availability). The division of labour 

between men and women is therefore also an important determining factor in households' 

coping strategies. 

It is difficult to make generalisations regarding the availability of labour in South Africa's 

rural areas: the specifics vary considerably from one area to another. Nonetheless, the high 

degree of male absenteeism in many places which act as sending areas for the migrant 

labour system, means that, in general, women carry out most domestic and productive 
t .. "' 

responsibilities. This includes fetching water, and tendi.rlg of fields and other agricultural 

work which may otherwise have been done by men. As a consequence, it is frequently the 

case that women's labour time is fully utilised, and therefore increased time spent collecting 

wood is not easily accommodated. Although there remain considerable uncertainties 

regarding the empirical data about wood collection, there are sufficient data to permit an 

estimate to be made in Chapter Six of the external costs of wood scarcity - hence this is a 

Class One extemality. 

In addition to the extra time expended on wood collection, there are other social impacts. 

Firstly, as the length of wood collecting journeys increases, so women attempt to economise 

on time, by collecting larger headloads of fuel wood in order that fewer trips can be made. 

Again, no studies have been made of individual communities, comparing changes in the size 

of headloads over time, but comparisons between communities with different wood 

availability supports the view that headloads increase in size as distance travelled increases. 

Bembtidge and Tarlton, for example, found a large headload of 33 kg being carried by a 

small,_ old woman whom they estimated could not have weighed more than 40 kg herself 

(1990: 89). Table 5.3 below summarises the a\·erage number of headloads per week, the 

average mass of all headloads and the heaviest head!oad measured in a number of studies. 

•• N'ot only time, but physical energy also is expended in the collection of wood. 
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Table 5.3 Comparison of average mass of headloads, average collection trips per week per 

household, and heaviest bundles in various studies. 

Area and Studv Average mass Avcragl' trips Hl'<l\·icst 

of headload per\veek he,1dload 

Amatola Basin, Ciskei 24 kg 5.1 36 kg 

(Bembridge & Tarlton 1990) 

Mahlabatini, Kwazulu 38 kg .., "' 
---~ -

(Gandar 1984) 

Gazankulu 30 kg 3.5 67 kg 

(Liengme 1983) 

Malefiloane, Lesotho 21 kg '1..! 32 kg 

Jozanna's Nek, Transkei 15 kg 3.6 34 kg 

Mashunka, Kwazulu 21 kg 3.4 40 kg 

(Best 1979) 

While some variations from the trend occur, these data support the argument above, that 

households making fewer (and normally longer) trips to collect fuelwood, carry heavier 

loads. This is (literally) a physical burden borne mainly by women, and imposes extra 

stresses on their physical well-being; in extreme cases, it is not impossible that spinal 

damage may occur (Gandar 1982: 151). By any standards, carrying a headload of these sizes 

over long distances and rough terrain, is a physically strenuous activity. 

Researchers have identified several coping strategies adopted by households when faced 

with scarce wood supplies. Often these involve economising in domestic activities, such as 

improving the efficiency of fireplaces or cooking with more than one pot at a time. 

Sometimes, however, the responses are likely to decrease the overall welfare of the 

household. In some cases, fewer meals may be cooked, food may be cooked for shorter 

times, eating patterns may shift towards food which requires less energy to cook (and which 

may be less nutritious) or food may be cooked in bulk and stored until a later meal; the lack 

of refrigerators in most rural homes means that food which has been stored for a few days 

may become unfit for consumption (Eberhard 1986: 38, Bembridge & Tarlton 1990: 92). 

Less time may also be spent on socially necessary functions, including recreation, spending 

time with children, family and friends; and cultural activities. The pressure on traditional 

social structures, caused by numerous other factors too, may be further heightened for this 

reason. 

; 

' 
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Finally, where households are unable to compensate for increasin;:; scarcity in the ways 

described above, they may be forced to spend more of their incomes on commercialised 

fuels, including wood being sold by ,·end ors. One of tlw striking findin~s of Eberhard's 

study of six rural villages around the country, was the extent to whJCh fuelwood had been 

commercialised (1986: 35). In five of the villages, almost half oi th<: hl1useholds surveyed 

purchased some of their wood requirements. In a survey conducted '.or Eskom. of thre(' rural 

areas being evaluated for electrification planning purposes, Gandar 1989) found that in all 

three areas, expenditure on energy constituted a high proportion of monthly income: from 

15°/c, to 17'X, (1989: 13,26,39). From 68'X, to 86°0 of wood users purchased all their wood, and 

accordingly, expenditure on wood made up a large portion of the monthly energy budget. 

The commoditisation of fuelwood has also been reported by McClintock (1988: 44) in a study 

of the Upper Tugela Location in KwazuJu, and by Eberhard and Dickson (1991: ii) in a study 

of two areas in Bophuthatswana. 

For purposes of the extemality valuation exercise in the next chapter, sufficient data exist to 

make an estimate of the external costs of wood scarcity - it is therefore classified as a Class 

One impact. 

2. 7 Greenhouse gas emissions from household ener~y consumption 

The consumption of energy by households leads, unavoidably, to the emission of greenhouse 

gases, particularly carbon dioxide. In principle, it is important that there be no double

counting of emissions, which would occur if GHGs were counted both at the stage of 

electricity generation (as in Chapters Three and Four) and at. the stage of final energy 

consumption in households. By focusing on low-income, unelectrified households in this 

analysis, this potential problem is avoided. 

Although there have been government-sponsored studies undertaken of South Africa's GHG 

emissions (so-called inventory studies}, these have not reported emissions at a sufficiently 

disaggregated level to identify emissions from the household sector. Nonetheless, other 

studies have estimated the quantity of emissions by low-inccme households, based on 

average energy and carbon contents of wood, coal and paraffin, their combustion 

efficiencies, and based on national fuel consumption quantities (Cowan 1992: 4). From this 

calculation, it was estimated that total carbon dioxide emissions were 25.4 million around 

1990, made up as follows: 

• wood emissions - 18 million tons; 

• coal emissions - 6 million tons; 
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• paraffin emissions - 1.4 million tons.'" 

This bn.>,lkdown is important insofar as the net impact 1't cmi.-;.-;ions from these sub-secttm; 

differs. In the .:.1se of th!:' hydrocarbon fuels - coal and ~'.iraffin - it is clear that the GHG~ 

would n~1t ha\·e been liberated if these fuels had not been consumed. However, in the case of 

fuelwood, the .:arbon content of wood follows a natur•)i cycle. beginning with the growth 

phase when trees arc net sinks (absorbers) of carbon dinxidl' thwugh to the stage whim 

carbon is liberated after the death of the standing stock l't trees. during decomposition. Thus 

the combustion of fuelwood simply speeds up the natural C\-cle of GHG emissions. The 

relevant question then is whether the stock of fuelwL11..1d is being depleted faster than it 

regenerates. As noted earlier, there are some parts of the country where demand exceeds 

sustainable supply, although the opposite holds in other parts of the country. In a study of 

national supply and demand balances, Aron et al (1991: 89) found that there was a slight 

excess of supply over demand around 1980.'11 Even if thb; balance has shifted into a slight net 

deficit situation by the mid-1990s, it is unlikely that this is significant in aggregate, and 

therefore it would be inappropriate to attribute damage costs to GHG emissions from 

fuelwood consumption. 

Thus, for purposes of calculating damage costs from GHG emissions, a figure of 7.4 million 

tons will be used, reflecting the combustion of coal and paraffin by households. 

2.8 Summary of external effects 

The externalities described in this chapter are summarised in Table 5.4 below. It is evident 

that, of the se\·en categories, six have been classified as Class One impacts, with only two 

impacts not having sufficient information to permit their quantification (one category, 

namely the effects of fires and bums, had both a Class One and a Class Two impact). 

These Class One externalities are valued in economic terms in the following chapter. 

1
' GHG emissions from other energy sources, such as gas, candles and batteries, were not 

considered because these fuels make up a small fraction of total energy demand and are not 

material in relation to wood, coal and paraffin. 

:u The authors projected historical trends, and suggested that a deficit would arise and 

increase over time, until supplies were fully depleted by 2020. Problems with this kind of 

gap analysis have been referred to earlier. 
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Table 5.4 Summary of potentially significant environmental impacts and their classification in this study 

Class One Class Two Class Three i 
! 

Air i.1ollution from coal combustion 
..,,., I I I 

Air pollution from wood cnmbustion ./ I 
I 

Morbidity & mortality from paraffin poboning ./ I 
- . 

Effects of fires and bums ./ ./ 

Effects of wood scarcity on natural environment 
,,,. 

Effects of wood scarcity on social environment ./ 

Greenhouse gas emissions ./ 



Chapter Six 

The external costs of household energy use 

1. Valuation of externalities in South Africa's household energy sector 

In this chapter, the six Class One externalities described in the previous chapter, are valued 

in economic terms: 

• air pollution from coal combustion; 

• air pollution from wood combustion; 

• morbidity & mortality from paraffin poisoning; 

• effects of fires and bums; 

• effects of wood scarcity on the social environment; and 

• greenhouse gas emissions by households. 

In so doing, a similar methodological approach as in Chapter Four is adopted, where the 

opportunity cost method is used to value health effects. 

1 . 1 Valuation of air pollution impacts from coal combustion 

It was estimated in Chapter Five that the incremental pollution concentrations to which 

people are exposed as a result of coal combustion is in the region of 272 µgm.·3 for fine 

particulate matter (PMlO). By applying the same dose-response functions as for power 

station emissions (refer Tables 3.10 and 3.11), it is possible to estimate a physical burden of 

mortality and morbidity. The final step in the damage function is estimating the value of the 

economic extemality. 

The physical health impacts of the calculated pollution exposures on the 6 million people 

who are assumed to be exposed to this level, are shown in Table 6.1 (calculations are shown 

in Appendix 4). 

The physical health outcomes in Table 6.1 can be translated into economic values, by 

applying the opportunity costs of each outcome (consistent with those used earlier, and as 

described in Appendix 2). The results bf this calculation (in 1995 Rand values) are shO\vn in 

Table 6.2. 

The central estimate is that annual costs are in the region of R307 million, with the largest 

portion of this being attributable to acute and chronic respiratory illness (bronchitis). These 

amounts can also be translated into an external cost e\pressed in relation to units ot 



I 
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delivered energy (joules); the results of doing so for this t.''ternality, together with the other 

Class Otw externalities described in this ch,1pter, are summ.Hised later in Table 6.11. 

Table 6.1 Physical health effects resulting from particulate emissions by coal-using households 

He.11th outcome Unit I L,1w estimate Central estimate High estimate 

Asthma attack Occurrence-day 22 032 39 168 132 192 

Acute bronchitis - Occurrence 427950 855 899 1283849 

Chronic bronchitis Person I 32 912 66 921 102 027 
I 
! 

Outpatient/GP visit Visit 522 1 061 1 583 

Mortality Death 10 17 24 

Resp. Symptom day Occurrence-day 

I 
326 400 750 720 1142400 

Resp. Hospital adm. Admission 
I 

29 54 78 

Restricted activity · Occurrence-day I 87765 175 530 274 266 

I ' 

Table 6.2 Valuation estimates for annual mortality and morbidity burden from household coal pollution 

(1995 Am) 

Health outcome Low estimate Central estimate High estimate 

Asthma attack 4.6 10.8 45.6 

Acute bronchitis 86.0 172.0 258.1 

Chronic bronchitis 27.3 73.9 140.8 

Outpatient/GP visit 0.1 0.2 0.4 
..... 

Mortality 8.0 20.4 45.6 
I 

I 
Resp. Symptom day 2.41 7.5 14.3 

I 

Resp. Hospital adm. 0.1 I 0.3 0.6 

I 
Restricted activity 8.3 : 22.l 43.2 

! 

Total I 136.8. 307.2 5-18.6 
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It should be noted again that these estimated costs include only the ht'alth effects of 

particulate emissions and not carbon monoxide, sulphur ,md nitrogen oxides, or ozone. 

Consequently, these results pres1:•nt only a partial picture ot the health effects arisin~ from 

coal combustion. Furthermore, they also exclude impacts of these emissions on the health of 

people living outside of cnal-using areas: dearly, pollution emissions from tt1wnships affect 

the welfare not only of th1.1se residents themselves, but also 1.if people in neighbouring areas. 

These effects are omitted from the above calculations. 

1.2 Valuation of air pollution impacts from wood combustion 

Pollution levels within rural households are known to be high - frequently higher than levels 

in coal-using urban households - but at the same time there is considerable uncertainty about 

actual levels across the entire rural population in South Africa. In Chapter Five, the low, 

central an& high estimates of particulate e~posure (for PM10) were 474 µgm··', 947 µgm· 3 and 

1 421 µgm·3 respectively. The wide range of estimates reflects this uncertainty. This 

uncertainty is particularly significant given that there is such a· large number of wood

consuming people in South Africa - approximately 17 million - which means that any under

or over-estimates will be extrapolated over a large base. 

Using the same dose-response functions as before, the physical health impacts of the 

calculated pollution exposures are shown in Table 6.3 (for calculations, see Appendix 4). 

Table 6.3 Physical health effects resulting from particulate emissions by wood-using households 

Health outcome Unit Low estimate Central estimate High estimate 

Asthma attack Occurrence-day 108 783 386 376 1 956 717 

Acute bronchitis Occurrence 2113 001 8 443 088 19 003 635 

Chronic bronchitis Person 162 502 660146 1510 210 

Outpatient/GP visit Visit 2 579 10 464 23 432 
. 

Mortality Death 48 159 360 

Resp. Symptom day Occurrence-day 1 611 600 7 405 5-10 16 909 900 

Resp. Hospital adm. Admission 145 531 1160 

Restricted activity Occurrence-day 433 340 1 731531 4 059 705 

The results summarised in Table 6.3 reflect two underlying factors: first, the large number of 

people exposed to high pollution levels in rural areas. Thu~. m the case of chronJC bronchitis. 
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the central estimate suggests that about om .. ' in 25 people will suffer from this long-term 

ailment, whilst in the case of acute bronchitis. approximately one in two people are likdy to 

be afflicted every year. 

The second relevant factor is that these .:dkulations are based on assumed dose-response 

functions which were derived from North American studies. The limitations of transferring 

these functions to South African conditil'l1S were noted earlier, howe\f:r, these problems 

become particularly acute when applied to the rural population. This is because assumed 

relationships between pollution exposures and medical treatment responses (admissions to 

hospital, visits to doctors or outpatient dinics, etc.) are less likely to be accurate in rural 

areas where incomes are often extremeh· low and health care facilities are remote. As a 

result, certain health outcomes - particularly those involving visits to doctors and hospitals 

for the treatment of relatively minor respiratory ailments - may be over-stated by the above 

calculations. On the other hand, however, it is likely that other health outcomes will be 

understated due to the absence of adequate treatment and health care services: notably 

mortality effects. 

The net effect of these under- .and over-statements is difficult to discern in the absence of 

empirical data on treatment ratios for various illnesses in South Africa. Consequently, no 

adjustments will be made to the above estimates. The effect of multiplying the above 

physical health outcomes by their economic costs, yields the results summarised in Table 6.4. 

Table 6.4 Valuation estimates for annual mortality and morbidity burden from household wood 

pollution (1995 Rm} 

Health outcome Low estimate Central estimate High estimate 

Asthma attack 22.5 106.6 675.l 

Acute bronchitis 424.7 1697.l 3 819.7 

Chronic bronchitis 134.6 728.8 2 084.1 

. Outpatient/GP visit 0.4 2.1 5.9 

Mortality 38.4 190.8 684.0 

Resp. Symptom day 12.1 74.l 211.4 

·Resp. Hospital adm. 0.6 3.1 8.4 

Restricted activity l -n.o 218.2 639..l 

Total I 67-1.3 3 020.8 8 128.0 
: 
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The central estimate is that annual costs arc just over R3 billion, nearly a factor of ten higher 

than the estimate for coal-derived pollution. This refleds, firstly, the higher pollution 

exposures used in thi~ calculations, and secondly, the larger population at risk. As with the 

previous externality, the most significant health outcome in economic terms is acute 

bwnchitis. 

1.3 Valuation of morbidity and mortality from paraffin poisoning 

It was estimated in Chapter Five that approximately 16 000 cases of paraffin poisoning are 

hospitalised each year, with low and high values of 5 800 and 37 700 respectively. 

Furthermore, it was reported that approximately 48% of cases are treated as outpatients, and 

that the remaining 52.% are admitted for an average of 2.4 days each. The mortality rate is 

around 1.3% of admissions, yielding estimates of 75, 208 and 490 deaths per annum. 

Although there are obviously different treatment regimes for paraffin poisoning cases, 

depending on the specific circumstances of each, these do not vary as widely as for other 

externalities (such as burns). Direct costs incurred in treating poisoned infants are usually 

not highly material, since treatment generally involves observation and administering of 

minor medication. Average costs are estimated to be R650 for admitted patients, and R146 

for children treated in outpatients sections (refer to Table B2 in Appendix 2). The weighted 

average treatment cost of a paraffin poisoning case is therefore R408. By comparison, it was 

estimated in a study by the Medical Research Council that the average cost of treating 

poisoning victims in Western Cape hospitals in 1990 was R256 (De Wet et al 1994: 735); 

escalating this to 1995 Rands, yields an amount of R412. This is very. close to the value 

calculated here, and so the figures of R650 and R146 can be applied to calculate the cost of 

paraffin poisoning. The results of doing so are shown in Table 6.5. 

Table 6.5 Valuation estimates for annual mortality and morbidity burden from paraffin poisoning (1995 

Rm) 

Health outcome Low estimate Central estimate High estimate 

Poisoning cases admitted 3.8 10.4 24.5 

Poisoning cases in outpatients 0.8 2.4 5.5 

~fortality due to poisoning 60.0 ... ·,:., 249.6 931.0 

Total 6-l.6 262..! 961.0 

I 
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It is clear from these results that the mortality effects dominate the total valuation of this 

extemality, even though the costs of morbidity are in themselves not insignificant: for 

instance, the study by the MRC referred to above, found th<1t the direct costs of treatment . 

(that is, excluding transport costs and opportunity costs of absence from work) were of a 

similar order of magnitude to the costs of providing vulnerable communities with child

resistant paraffin closures (De W t't et al 1994: 735). 

1.4 Valuation of effects of burns and fires 

The average number of hospital admissions resulting from accidents with energy carriers 

was estimated in Chapter Five to be 8 736 per year; low and high estimates were 5 853 and 

11 619 respectively. Admissions were estimated to have an average duration of 11.6 days. 

Furthermore, the number of deaths attributed to accidental fires was estimated to be in the 

region.of 1 330 per annum, witJ:i low and high figures of 208 and 1 596 respectively. 

Treattrient for bums varies considerably, depending on the severity of the accident and the 

kinds of injuries sustained. In one study of hums sustained in primus stove, accidents, 

Hudson et al (1994: 252) reported that average treatment costs were in the region of RSOO per 

admission-day, including the costs of blood transfusions and theatre operations.' Excluded 

from this were costs of transport. absence from work, and pain and discomfort. When these 

are included, the centralestimate of the treatment cost is in the region of RB 417 per case (see 

Appendix 4, Table 83). 

The vahii=l:tion results for this extemalitv, based on the.data described above, are summarised . . 

in Table 6.6. 

Table 6.6 Valuation estimates for annual mortality and morbidity burden from fires (1995 Arn) 

Health outcome Low estimate Central estimate High estimate 

Treatment of bums cases 49.3 73.5. 97.8 

Mortality due to bums 166.4 1 596.0 3 032.4 

Total 215.7 1 669.5 ! 
I 

3130.2 
I 

.. 

'The figure in the paper was Rl 200 (divided by 24 days equals RSO per day); but according 

to discussions with the author, this was a mis-print and should have read R12 000, yielding 

an ave~~ge cost of RSOO per day in 1992, which is more plausible. 
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It is evident that the sc.1\e of this external effect is highly material, particularly since it leads 

to a large number of deaths. ML)reover, these calculations have not included the value of lost 

property and l)thcr assets in thl' same fires (a Class T\Yl) impact), and therefore understate 

the true scale of this prnblem. Its significance in relation ti.1 other externalities is summarised 

later in this ch,1pter. 

1.5 Valuation of wood scarcity on the social environment 

The time spent by rural households (usually women) collecting wood for fires varies widely 

across the country, but usually falls within the range of 5.2 hLmrs to 18.6 hours per week 

{refer Chapter Five). TL) the extent that fuelwood is collected from natural woodlands and 

by-passes commercialised markets, the time expended in its collection represents part of the 

social cost. To the extent that all or most of this social cost is not accounted for in any price 

relationship attached to fuelwood, it can be thought of as an external diseconomy or 
~ 

extemality. At some point in history, the time required to collect wood was probably very 

small or negligible. As the supply of fuelwood has diminished, however, the opportunity 

cost of collecting it has increased, causing the social cost of wood collection to rise. It is this 

unaccounted-for cost which is under consideration: although this effect does not fall into the 

conventional conception of externalities (like air pollution from power stations), it is true 

that the social cost of wood collection diverges from its private cost, and this difference (the 

'extemality') which needs to be quantified. 

The valuation of this extemality, however, is complex. Two approaches may be used in 

performing such a \·aluation (these were described briefly in Chapter Two). The first 

involves using surrogate markets to value the fuelwood which is collected from natural 

woodlands {not unlike the hedonic pricing method); the second entails imputing a shadow 

price for the time spent collecting wood, based on the opportunity costs of labour time. 

With reference to the first valuation method, the valuation ·of fuelwood consumed from 

natural woodlands or communal sources will yield a wide range of values, because of the 

variability of wood prices from one place to another .. Average wood prices reported in a 

number of rural energy use surveys conducted in recent years (summarised in Ward 1994), 

varied in a range from almost zero to Rl.20 per kg; most commonly, however, prices fall into 

the range from R0.0-1 to R0.30 per kg (ibid, Gandar 1994, Viljoen 1994). ln principle, these 

prices should include consumers' valuation of the labour time required to harvest and 

collect fuelwood, in addition to their valuation of the exploited natural resource, its 

transport and distribution. ln practice, however, these differences cannot safely be assumed 

to reflect consumers' willingness to pay for the commodity based on their individual 

preference sets. Ir\ iact, these rural wood markets exhibit few of the qualities of an 

efficientl:"·operatini:; :narkt'L and the prices are most likelv related les::. to expenditure of 
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labour time in wood collection, than to the abundance of wood in areas from which it is 

collected, and to the proximity of those supplv sources to areas of demand. Thus this 

valuation method is not used for pn'sent purposes 

Under the second valuation method, a shadow pnce is attributed tl) the Jabour expended b\· 

rural hl1useholds on fuelwood collection. As noted earlier, Leach ,111li Mearns haVL' 

suggested that the central issue is not Sl' much \\·hether fuelwl'l'd is scarce, but whether 

labour used to collect it is scarce (1988: 17). This raises difficult questions about the marginal 

opportunity cost of (mainly women's) labl1 ur in rural areas. An appropriate measure in this 

regard could be average earnings of self-employed people working in the informal sector. A 

source of such data was a major World Bank-supported survey of over 8 000 households 

across the country (SALDRU 1995), from which it was estimated that 43.2°1., of self-employed 
' persons earned between RO and RISO per month. and a further 32.9% earned from R151 to 

RSOO per month. These statistics, however. refer to both urban and rural households, and no 

breakdown for this split was available. Assuming that the self-employed were evenly 

distributed across urban and rural areas, and that earnings in rural areas were at the lowest 

end of the scale, then the earnings in the k1west band should approximate the earnings from 

self-employed rural people (about 45% of the porulation lives in rural areas - very close to 

the portion of self-employed in the lowest income band). Taking the mid-point of this 

income band, -average earnings of rural households can be estimated at R75 per month.' 

Assuming an 8 hour day and 20 working days rer month for waged farmworkers in the 

formal sector, then the shadow wage translates into an hourly rate of R0:47. 

The time spent collecting wood, as noted above, is in the range of 5.2 to 18.6 hours per week, 

with an average of 11.9 hours. Further, if an a\·erage of one woman per rural household 

collects wood, this equates to about 3.2 million people. Based on these figures, the annual 

opportunity cost of fuelwood collection for the whole country is as summarised in Table 6.7. 

: For interest sake, this calculation would yield a \·aluation of R218 million to Rl.6 billion per 

annum (based on national fuelwood consumption of about 5.45 million tons in 1980 (Aron et 

al 1991: 90)). 

' By comparison, average agricultural .,,·ages on commercial farms were about R232 per 

month in 1991 (calculated from Central Statistic~] Services, in Horner 199-U 1) 
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Table 6.7 Valuation estimates for social impacts of fuelwood collection (1995 Rm) 

I 
Low estimate Central estimate I High estimate 

Labour time expended 
I 

406.7 Y30.7 

I 
1 454.7 

These amounts represent between 4'Yc, and 10'1., of South . .\frica's commercial agricultural 

GDP (SAIRR 1994:236) - supporting the intuitive view that fuelwood collection plays an 

important role in the rural economy. 

By accounting for the value of fuelwood collection in ~onomic terms, it also becomes 

apparent that increasing scarcity of fuelwood supplies carries a significant marginal cost. If, 

for instance, the average ti.me required to collect fuelwood increases by 30 minutes per week, 

this t~anslates into an additional opportunity cost of about R39 million per annum (based on 

the central case). Essentially, this means that labour time to this value, has to be reallocated 

from agricultural or other activities to fuelwood collection. 

1 .6 Valuation of greenhouse gas emissions by households 

It was established in Chapter Five that household emissions of carbon dioxide from coal and 

paraffin combustion are approximately 7.4 million tons per annum. Using the same damage 

cost estimates as in the case of electricity generation, that is, estimated costs of RS, R22 and 

R44 per ton of carbon di.oxide for the low, central and high cases respectively, the results 

shown in Table 6.8 are produced. 

Table 6.8 Valuation estimates for C02-induced climate change damages 

Low estimate Central estimate High estimate 

(Rm) (Rm) (Rm) 

Emissions from coal 30.0 132.0 264.0 

Emissions from paraffin 7.0 30.8 61.6 

Total 37.0 162.8 
I 

325.6 

The results shown in the table are summarised below, together with those of the other Class 

One externalities quantified in this chapter, both in total Rand amounts and as a cost per 

unit of energy delivered. 
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2. , Summary of valuation results 

The valuation results obtained in the preceding sections of thi~ chapter arl' summ.uised in 

Table ti.9 in total Rand values; the table also includes a (subjt1ct1·;e:) assessment of th1..' level of 

uncertainty associated with each estimate. 

· Table 6.9 Summary of valuation results for household sector's Class One and Class Two externalities 

in 1994 (Rm 1995) 

Level of Low. Central High 

uncertainty estimate estimate estimate 

Air pollution from coal combustion moderate 136.8 307.2 548.6 

Air pollution from wood combustion high 674.3 3 Q20.8 8128.0 . 

. ..,. 
Paraffin poisoning moderate 64.6 262.4 961.0 

Effects of fires and bums' moderate 215.7 1 669.5 3130.2 

" 

Social impacts of wood collection moderate 406.7 930.7 1 454.7 

Greenhouse gas emissions high 37.0 162:8 325.6 

Total 1 535.1 6 353'4· 14 548.1 
, 

It is .evident from this comparison that the amounts involved are signifl.c~t in absolute 

terms; the largest extemality (in the central case) is caused by air pollution impacts from 

fuelwood combustion. Also.highly significant are the effects of fires and bums, due mainly 

to the deaths which arise. 

These amounts can also be expressed as an average external cost in relation to the units of 

energy .which are delivered to consumers. Of the stages in the fuel cycle - primary energy, 

delivere.d ener&Y and final energy - the relevant variable for present purposes i_s delivered 

energy: the quantity of energy which arrives at the door of the household, in other words 

after it has undergone initial transformation, but before it is used in any appliance. Data are 

required regarding the absolute amounts of energy which are delivered for each of the main 

' This extemality excluded the damages to physical property and assets of affected 

households. 
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extemality-producing sectors described in this chapter These data .ire summarised in Table 

tdO. 

Table 6.10 Quantities of delivered energy in respect of Class One externalities' 

Externality Number of Annu,11 Total annual Joules per Total 

households consumption consumption uni( Gigajoules 
i per h/hold per annum I 
I 
I 

Coal pollution7 1 million 3 300 kg 3.3 Mt 25.8 MJ/kg 85.l * 10· 

Wood pollution • 3.2 million 3 531 kg 11.3 Mt 13.5 MJ/kg 152.6 * 10" 

Paraffin poisoning ' 2.9 million 180 I 520Ml 35.6 MJ/l 18.5 * 10· 

Fires and bums 

I -candles 3.9 million h' - - -
~ I 

! - paraffin 
I 

2.9 million 180 I 520 Ml 35.6 MJ/kg 18.5 .. 10" 

j Wood collection 3.2 million 3 531 kg 11.3 Mt 13.5 MJ/kg 152.6 ,.10" 
I 
j Greenhouse gases 

I -paraffin 2.9 million 180 l 520Ml 35.6 MJ/kg 18.5 ,.10" 
I 
j - coal 1 million 3 300 kg 3.3Mt 25 MJ/kg 85.l .. 10" 

Finally, these energy consumption data can be combined with the economic valuation 

estimates, to yield an average external cost per unit of delivered energy. These calculations 

are summarised in Table 6.11. 

"Amounts may not add up in the table due to rounding effects. 

• From National Energy Council (1990: 99). 

1 
Coal consumption data from Palmer Development Group (1995). 

•Wood consumption data from Gandar (1994: 9). 

·Paraffin consumption data from McGregor (1994: 27, 28). 

'"The amount of energy produced by candles is negligible. 

I 
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Table 6.11 Average external costs of ho~sehold externalities in relation to quantity of delivered energy 

Externality i Rand:-: per Ciga1oule 

: Low estimate Ct'ntral estimate Hi~ estimate 
i 

Coal pollution 1.6: 3.61 6.-!5 

Wood pollution 4.42 19.80 53.26 

Paraffin poisoning 3.49 14.l~ 51.95 

-Fires and bums 

- candles 

- paraffin 11.66 90.2-l 169.20 

Wood collection 2.67 6.10 9.53 

Greenhouse gases 0.36 1.57' 3.14 

Total 24.21 135 . .50 293.53 

The values in this table represent the average external cost of each of the Class One 

externalities analysed in this chapter; expressed in this form. they can be compared with the 

external costs of electricity generation: this is done in the next chapter. Chapter Seven also 

includes an assessment of the limitations and weaknesses inherent in the present analysis. 



Chapter Seven 

Conclusions and policy implications 

One of the key questions posed at the beginning of this thesis concerned identifying tlw 

energy-environment pwblems which result in the most significant costs tll socit'ty. It w,ls 

hypothesised that the costs in the household sector may be the most significant. Having 

undertaken an empirical estimation, in the previous four chapters, of a number ot external 

costs in the household consumption sector and the electricity generation sector, it is now 

possible to provide an answer to this question. This is done in the next section of the chapter. 

Having done so, the subsequent section steps back from the details of the quantitative 

analysis and considers some of the limitations of the analysis, from two perspectives: the 

first is a technical one, whilst the second involves a more philosophical critique of the 

environmental economic analysis constituting the body of the thesis. The latter perspective 

therefore addresses the second question posed at the beginning of this thesis, namely, how 

useful is a conventional environmental economic analysis in developing energy-em·ironment 

policies? Finally, the chapter draws out some implications of the preceding analysis for 

South Africa's energy and environment policy. 

1 . A comparison ~f the external costs of electricity generation and 

household energy consumption 

Both the electricity generation and the household energy consumption sectors are 

responsible for the production of significant external costs under current conditions. These 

costs can be evaluated on the basis of total, average and marginal costs, which is done 

below. In each case, the base year for present purposes is 1994. 

1.1 Total external costs 

The total external costs of the Class One impacts quantified in previous chapters are 

presented in Figure 7.1intotal1995 Rands {for the central estimate). 1 

1 Where reference is made in this chapter to 'total costs' or 'total external costs', this refers to 

the :total' only of C/a,;;: One externalities quantified in this study - thus it omits certain costs 

not quantified here. 
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Figure 7.1 Central estimates of total external costs in the electricity and household sectors in 1994, 

Rm 1995 

Several observations may be made reg_arding this comparison. Firstly, the most significant 

externalityof those quantified is the estimated damage from greenhouse gas emissions by 

the electricity generation· sector. The central estimate of damage costs taken from the 

literature was R22 per ton of carbon dioxide emitted in 1994, which yielded total damages of 

some R3.l·billion for 1994: this represents 20°~ of Eskom's total revenue for 1994 (Eskom 

1995a: 41)- a highly material amount. implications of thjs for policy are considered later. 

Secondly, the relative significance of greenhouse gas damages are the virtual inverses of 

each other: in the electricity generation sector, GHG damages are by far the most significant 

externality relative to the others, whereas in the household sector, the costs of GHG 

damages are amongst the smallest in relation to other externalities in that sector. This 

suggests, at the broadest level, that the degree of control or internalisation of non-GHG 

externalities is re1atively greater in the electricity supply industry than it is in the household 

consumptionsector. 

Thirdly, the total costs shown in Figure 7. 1 give no. indication of the range of uncertainty 

inherent in the quantification process. It is important that this not be overlooked, given the 

number of assumptions and simplifications which have been made along the wav. An 
. ' . . 

indication of the spread of total costs per annum is shown in Figure 7.2. The figure shows 

the aggregate o(Class One externalities for the two energy sectors. 
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Figure 7.2 Low, central and high estimates for total external costs in the electricity and household 

sectors, total Rm 1995 

It is evident that the spread of external costs in each sectN, as •vdl as the absolute orders of 

magnitude in each case, are broadly similar. In general. external costs in· the household 

sector are higher than in the electricity sector for each of the three estimates. In the central 

estimate, in particular, external costs are in the region of R6.4 billion in the household sector, 

some-51 % in excess of those in the electricity sector (R4.2 billion). This provides an answer to 

the question posed at the beginning of the thesis, and taken at face value, confirms the first 

hypothesis presented then: that is, external costs are highest in the household sector. 

In addition, the spread of costs in the household sector is wider, as shown below: 

electricity sector 35% 100% 

household consumption 24% 100% 229% 

These are significant deviations, which underline the uncertainties inherent an economic 

analysis of this nature. This point will be addressed again shortly. 

The first observation which was made in relation to Figure 7. 1 above, was related to the 

significance of damage costs attributable to GHG emissions from the electricity sector. The 

aggregation of this externality with the others has the effect of distorting the overall picture, 

especially in view of the higher level of uncertainty implicit in existing valuation studies of 

GHG damages, as well as the unique policy environment surrounding the climate change 

issue. Consequently, it is important to evaluate the external cost estimates also without CHG 

damages. Figure 7.3 presents each of the remaining Class One externalities in total Rand 

\·alues for the bast' vear. 
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Figure 7.3 Central estimates of total external costs in the electricity and household sectors. excluding 

GHG damages, Rm 1995 

The picture when external costs arising outside of South Africa are excluded is substantially 

different from Figure 7. 1 which included GHG damages.' It is evident that the four largest 

externalities are now as follows: first, air pollution costs from wood combustion in rural 

households; second, the health and opportunity costs of fires and bums from accidents with 

candles and paraffin, third, the opportunity costs of fuelwood collection, and fourth (just 

lower than the previous impact), the air pollution costs from power station emissions. This 

has important policy implications, and in some respects constitutes a second answer to the 

question posed at the beginning of this thesis: of the external costs imposed on the country 

by the energy sector, the three most significant are related to the consumption of wood, 

candles and paraffin by low-income households; collectively, these are far in excess of the 

external costs arising from the power sector. The relative significance of household and 

electricity sector externalities is shown graphically in Figure 7.4, which shows the' aggregate 

of Class One external costs for the low, central and high estimates, both without GHG 

damages. 

' Of course a very small portion of the estimated GHG damage costs may be incurred by 

South Africa, so this geographical distinction is not strictly correct; nonetheless. this does not 

substantially detract from the point being made. 
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Figure 7.4 Low. central and high estimates for total external costs in the electricity and household 

sectors, excluding GHG damages, total Rm 1995 

It is apparent that when GHG damages are excluded, the absolute scale of total external 

costs for the base year (1994) in the electricity production sector are dwarfed by those in the 

household consumption sector, by a factor of almost six in the central case. Even the lowest 

estimate of damages in the household sector exceeds the highest estimate of damages from 

electricity generation by approximately 12%. This suggests that as a first priority, energy and 

environment policy-makers should seek to identify abatement options in the low-income 

household sector, since the benefits of abatement are potentially much greater than in the 

electricity industry. Thus, when GHG impacts are excluded, the first hypothesis posed in 

Chapter One is confirmed even more strongly: namely that the total external costs are 

substantially higher in the household sector than the electricity sector. For practical 

purposes, the treatment of GHG impacts is dependent on the international policy context, 

which at present does not require the internalisation of these costs. Nonetheless, the scale of. 

potential costs is sufficient to underline the importance of this area for policy-making; some 

policy implications of these conclusions are addressed in more detail later in this chapter. 

1.2 Average external costs 

The comparison of total external costs, as above, is useful for purposes of identifying the 

environmental impacts with the greatest social cost, but is constrained by the fact that there 

is no common physical denominator in the comparison. It is therefore useful to calculate 

average external costs, in other words, to compare the external costs in relation to a common 

unit, namely deli\·ered energy (in Gigajoules) This comparison is shown in Figure 7.5. 



Page 176 Chapter seven. Conclusions and po/Jc; implications 

100 .---------"""' "'" ___ , __ ...... ___ .. ,,,, __ , ___ ,,,,, ______ ,, __ ,,_~_ 

::;-
go 

!:2 80 
CI: - 70 
cm 
0 60 CJ 

(ij 50 c: 

i 40 
)( 

GI 
30 GI 

Cl 
ca 20' Qj 
> 10. cs: 

0 
O'I 

" '2 ·e 
-;;; 
0 u 

O'I "" "' .s ·;;; °' "' .:: "' " a- Cl 0 .:: .§ .:: ~ .., .Q .., 
:g I Q. -0 -:;; '2 =' 0 <> -g .. 
Q. ·;;; Cl 0 (j 0 .Q 0 r~ 

·;;; 0 0.. :;; "' .:; ~ 
..!: -; I ;;:; ;;:; ;;:; ~ Cl. ·5 

"' .] ... 
r~ 

"' 3 3 -;;; Q.. 
~ 

::> 
0 

" 
0 0 0 

~ I Cl. Cl. u 

Figure 7.5 Average external costs for each Class One externality, in Rands per Gigajoule 

Several points are worth making in relation to the a\·erage external costs shown in Figure 
~~r~. ·-• 

7.5. Firstly, the highest average external costs, by some margin, are related fo fires and 

bums, at about R90 per Gigajoule. This is striking, since this extemality ranked third.highest 

when compared with the others on the basis of their total annual costs. This reflects the fact 

that the amount of energy delivered by paraffin .and candles in the provision of lighting and 

cooking (and to a much smaller extent, heating) sen-ices, is small in relation to the social 

costs which so arise. By contrast, in the case of wood coll~ction, although the total costs are 

high, the amount of energy delivered is also high, yielding a lower average external cost. 

Secondly, the average costs of externalities originating in the power sector are relatively low, 

at under R6 per GJ in all cases. By contrast, for -all the household externalities (excluding 

GHG damages), average costs are well over R3/GJ. Thirdly, the average damage costs per 

unit of deli,·ered energy caused by GHG emissions are considerably lower for the household 

sector than the electricity sector: Rl.57 compared to R5.92. This suggests that the power 

sector is less col-efficient than the paraffin and coal sectors, w.hich may seem surprising af 

first. Thi~ is correct, however, since the electricity generation process is subject to large 

losses of primary energy in ·the generation and transmission sectors. By contrast, all of the 

primary energy contained in coal is delivered to the household, with energy losses occurring 

only when coal is burnt within the home. In the case of paraffin, some energy is lost in the 
' . 

refining process, nonetheless, the ratio of delivered to primary energy is over 90% (NEC 

1990: 99). Tnus, from a CHG perspective, the substitution of electricity for coal and paraffin 

would, all other things equal, occur at a net cost to the international econom~·-
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A final observation fr(1m Figure 7.5 is that on the wholl', it appears that the averilge costs Ml' 

higher in the household sector than the electricity industry. This is more directly i!pparl.'nt 

from Figure 7.6 which shows ;1\'erage costs in aggregate for the low, central and high cas~'s 

The central estimate in the electricity sector is R8 per GJ compared to R13ti in the household 

sector, and if GHG d.1m<1ges an~ excluded, the relative difference is even greater: just under 

R2 compared to R13-t per GJ respectively. This 01ice again highlights the relative significance 

of household extem,\lities. 
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Figure 7.6 Average external costs for all Class One externalities in aggregate, in Rands per Gigajoule 

Not to be overlooked in this analysis, is the wide range of quantitative results obtained in 

preceding chapters, and this is again evident from Figure 7.6, which shows that the range of 

uncertainty is wider in the household sector than in the electricity sector. The ratios of low, 

central and high estimates, based on average costs, are as follows: 

electricity sector 35% 100% 181% 

household consumption 18% 100% 217% 

1 .3 Marginal external costs 

Finally, it is important for purpose of economic decision-making to consider how these costs 

are likely to beha\·e at the margin. Since the estimates in this study have yielded only a 

single estimate of total and average costs, corresponding to actual energy production and 

Consumption in 19'94, there is little empirical basis for making assumptions about the likely 
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slopt> of a marginal external cost (MEC) function. Nonetheless, some inft'n'nces can be made 

with a view to identifying the appw,imatc shape and slope of the '1EC curve. This is 

perhaps more appropriate, once again. for purposes of making compansons between these 

sectors, than for purpose of comparin~ with abatement options. 

The MEC curve is conventionally assumed to be a positive strictly wnn~x fundion of the 

level of pollution, usually reflecting t\\'l) variables: marginal physical d.rn1age and marginal 

value of physical damage, both of which usually increase (Burrows l '-+95: 245). Although 

several cases exist in which non-cmwexities are likely to exist (ibid: 25\'-262), those are not 

directly relevant to the present e'.\'temality cases. Considering the two underlying 

assumptions in tum, it is possible to postulate a likely shape for the MEC curves in this 

study. Table 7.1 summarises the exp~ted behaviour of these two fun .. -tions for each of the 

Class One externalities. 

Table 7 .1 Behaviour of marginal physical damage function and marginal value of physical damage for 

each Class One extemality 

Marginal physical damage Marginal \'alue of physical 

damage 

Coal mining positive, constant positive, constant 

Water pricing positive, constant positive, cc,nstant, step increases 

Power: air quality shape of DR hlnction? posltive, constant 

Power:GHGs positive, constant positive, constant ? 

Coal: air pollution shape of DR function? positive, constant 

Wood: air pollution shape of DR function? positive, constant 

Paraffin poisoning positive, constant positive, constant 
·' 

Fires. & bums positive, constant positive, constant 

Wood collection positive, increasing/ decreasing?· positive, constant/increasing? 

Households: GHGs positive, constant positive, constant 

ln most cases, it can be reasonably expected that these functions will b'!? linear with a positive 

slope. Dealing first with the marginal physical damage functions. 5._ .... me exceptions to this 

general observation arise. In the case of the air pollution impacts from coal and wood 

combustion, and from power stat10ns, the marginal physical da:::-age fundion will be 
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dependent primarily upon the shape of the underlying dos''·response (DR) functmn. As 

noted in Chapter Three, there is little information on the likely shape of the dose-response 

function at reli'ltively high levels of pollution. such as thl)Se enct1untered in South Africa, ,md 

therefore it was assumed to be linear. In the case ,,f the ~'hysical damage from WPtid 

collection, two trends are likely to occur. Firstly, as fUt'iwood supplies become mort:: ~car~-c. 

women and children are likely to expend more time in the Ct1lltYtion of given quantities lii 

fuelwood. Since physical damages are measured, for this extemality, in terms of labour time 

expended to collect wood, the damage function would have an increasing slope. On the 

other hand, physical damages from fuelwood collection may decrease as more wood is 

removed from the environment. As wood becomes more scarce, households are likely to 

respond by economising wherever possible and using fuelwood more efficiently, thus 

reducing the physical damages - countering the increase abo\·e. Without more empirical 

evidence, it is ifl:tpossible to conclude about the net effect of these two tendencies. A 

conservative assumption is therefore that the rate of change will be constant. 

Turning to the marginal value of physical damages, it is evident from the table that most 

cases· are likely to exl:t,ibit positively-sloped linear functions. This differs from valuation 

results in other studies, where the marginal valuation of damages usually increases as 

pollution increases (Burrows 1995: 245). To illustrate the latter. individuals are likely to \·alue 

more highly (measured by willingness to pay) each successh·e unit of air pollution they have 

to breathe. Whilst this condition may hold in instances where valuation methodologies are 

based on individual preference measures, this does not hold where valuation of outcomes is 

primarily based on opportunity costs. The opportunity cost of an additional case of 

bronchitis, for instance, is similar to the previous case. 

The only exceptions to this general conclusion of a positively-sloping linear function arise, 

firstly, for water consumption in power stations, where step increases in the marginal 

economic cost will occur as the supply capacity of existing dams and water schemes 

becomes fully utilised and new schemes have to be constructed. The second possible 

exception arises in the case of fuelwood collection, where the opp'.)rtunity cost of labour 

expended on fuelwood collection might increase over time, as more labour is expended on 

fuelwood collection and less is available for other producti\·e uses: effectively, there may be 

increasing labour scarcity. However, this effect, if it occurs at all, is likely to be very small, 

since general levels of labour scarcity in rural areas are low. 

The effect of this discussion is that the marginal external cost curve will have a positive 

slope, and is likely to be almost linear, with perhaps a slightly convex shape. Consequently, 

··approximate MEC cun·es can be deri\'ed, as a function of units of energy produced or 



Page 180 Chapter seven: Conclusions and policy Implications 

consumed. Indicative MEC curves for th•: central estirnate in the two energy sub-sectors are 

shown in Figure 7.7. 
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Figure 7.7 Indicative marginal external cost curves for electricity (MECe) and household (MECh) 

sectors 

These MEC curves are indicative only, nevertheless they show clearly that the marginal 

external costs in the household sector are considerably higher than in the electricity sector. 

For policy-making purposes, these MEC curves also represent the marginal abatement 

benefits of intervention options which might reduce the external costs. Although this is 

beyond the scope of this thesis, these MEC (or marginal abatement benefit, MAB) curves 

could be compared against the marginal abatement cost (MAC) curves for alternative 

intervention options, so that the optimal mix of abatement alternatives could be selected. 

This analysis represents further corroboration of the first hypothesis discussed previously: 

namely that the potential economic gains from focusing on household externalities are 

greater than those in the electricity sector. Furthermore, to the extent that a substitution 

occurs within lo\v-income households, of electricity for coal, wood, paraffin and candles, 

then net environmental and economic benefits are likely to accrue. This is not to suggest that 

·'These curves are indicati,·e only, especially as there is no data set corresponding to other 

quantities of energy consumption. Microeconomic theory suggests that the MEC and AEC 

curves would intersect at the minimum turning point of AEC. ln the absence of data to the 

contrary, it can be assumed that this is the level of current output 



Chapter seven.· Conclusions and policy implications Page 181 

electricity is a substitute for all of these sour1..-l'S of energy in low-income households, but it 

does point to the additional benefits \\'hich \\·ill be associated with electrification. 

2. A critical review of the present analysis 

111e preceding analysis has been directed t1..)\\·ards assessing where in the e1wrgy sector the 

social costs are greatest. Subject to ,·,uinus limitations which will be described shortly. the 

hypothesis presented in Chapter One, namely that external costs are greatest in the 

household energy consumption sector, has been confirmed by the preceding empirical 

analysis - and even more so when damages irnm GHG emissions are omitted. 

The second question which was posed in Chapter One, was whether the environmental 

economics discipline can make a meaningful contribution to the analysis of energy

environment policy options, and it is to this question that the discussion now turns. It was 

hy-pothesised that an environmental economic analysis can make an important contribution 

to the development of sound policy. The results produced by the preceding analysis have, it 

is suggested, already demonstrated the ,-aJue of such an analysis. Nonetheless, it is 

important that its limitations are made expliat. This leads to the caveat attached to the 

second hypothesis: namely that there are a number of limitations inherent in an analysis of 

this kind, both in the South African context and in developing country contexts more 

generally. 

This section presents a critique of the preceding analysis, using two categories of limitations: 

firstly, those concerning data weaknesses. and technical constraints on the economic 

assessment of external costs, and second. more fundamental criticisms of environmental 

economic philosophies and methodologies. \Vhilst the former category essentially represents 

a set of caveats and provisos to the analysis. the latter is more challenging since it goes to the 

heart of some of the methods adopted. Each of these is considered in tum. 

2.1 Technical limitations of the analysis 

An inevitable component of quantitative extemality studies is a certain level of uncertainty, 

and it is important in such analyses to make explicit all such weaknesses. At the most basic 

level, the calculated economic values are as good only as the input" assumptions and 

information from which they are derin~d.. The numerical results obtained and reported 

above are inevitably subject to biases, of which there are two main causes: omissions and 

uncertainties. 

2.1.1 Omissions in tlze quantitati;:e analysis 

Gi\·en limited time and resources, as ·,,ell as diminishing returns as the scope of a 

quantification exercise is \..,.idened. this ;.tudy de\·eloped a classification S\'Stem to make 
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explicit which externalities were being exdud1.:'d and why. Only those impacts which were 

potentially significant and for which sufficient information existed to perform an economic· 

valu,ltion, wen.' quantified (Clas<i One impacts). Conseqm'nll:V" ,1 number of l'xtemalitie:;. 

induding some which are potentially serious, were reviewed but not quantified in this 

~ studv. 

Thus tfwn.' is an unavoidable source l,f bias due to the omission l)f tht' Class Two and Three 

impacts. In the case of the electricity sector, these externalities included the foll~wing: 

• chronic and acute illnesses experienced by workers on coal mines supplying Eskom; 

• impacts of air and water pollutkm emit.ted by coal mines supplying the power stations; 

• impacts on human health of air pollution originating from coal power stations' ash 

dumps; 

• impacts of coal power station emissions and resultant acidic deposition, in terms of 

human health; damages to crops, forests, water supplies and other physical assets in the 

Mpumalanga Highveld and neighbouring regions; 

• impacts of coal power station emissions on visibility conditions, particularly in the 

Mpumalanga Highveld; 

• impacts of coal power station emissions into water courses; 

• impacts of nuclear power stations on environmental quality 'and human health. 

It is possible that if data existed to permit their economic valuation, some of these 

externalities would be significant. This is perhaps especially the case with the acidity impacts 

of power station emissions, which has usually been found to be a large component of total 

external costs in many other extemality studies (see for example, the reviews in Lee 1995 

and Van Horen 1995). 

In the household energy consumption sector, there were also a number of omissions: 

• impacts of air pollutants other than particulate matter (such as oxides of sulphur and 

nitrogen) on human health; 

• impacts of all air pollutants in terms of reduced visibility, contribution to acidification 

and consequent damage to property and vegetation; 

• impacts of fires, caused by accidents with candles, paraffin and the like, in terms of 

damages to houses, assets and physical property of affected people; 

• impacts of fuel wood collection on the natural environment, through loss of biodiversity, 

contribution to soil erosion and depletion of natural capital. 
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It is entirely specul,ltive to mah' any inferences as to the signifirance of thest' extt>rnalities in 

the absence of empirical data; nonetheless, indications are that these omissions introduce a 

bias into the valuati,)n results \\"hich may not be immdterial. 

2.1.2 U11certaintii:s ill the qw111titative analysis 

With respect to unct'rtainties in evaluation of external costs in the electricit~· sech)r, there are 

several important C<)nsideratilms: 

• Firstly, in the c.lse of injuries and deaths occurring in the coal mining sector, data for the 

coal mining industry as ,1 whole had to be apportioned between the main consumers, 

since data were not available specifically for the coal mines supplying Eskom. The effect 

of this may have been either to understate or overstate the results. 

• Secondly, there is uncertainty over the applicability of dose-response functions derived 

in North America to South African populations. No epidemiological studies have yet 

derived these relationships for South Africa, yet these variables constitute an essential 

step in the damage function approach to valuing health effects. Any under- or over

statements in these dose-response functions would be compounded throughout 

subsequent steps in the \'aluation exercise. 

• With regard to the valuation of health impacts of air pollution, there is some uncertainty 

regarding the atmospheric modelling approach used. The atmospheric models employed 

(contained in the EXMOD model and described in Appendix Three) used a Gaussian 

plume type of dispersion model to approximate 1:he dispersion of emissions from power 

station chimneys. According to Eskom's air quality experts, actual conditions on the 

Highveld are not especially well-represented by this kind of model due to the presence 

of the inversion layer and mixing patterns (Turner 1995). However, there are no 

publicly-available atmospheric models designed specifically for South African 

conditions, and so this level of uncertainty is unavoidable! 

• Fourthly, there is a high level of uncertainty regarding the future global impacts of 

anthropogenic greenhouse gas emissions in the economic, social and environmental 

spheres, and the valuation estimates for GHG damages which exist in the literature are 

heavily qualined (and indeed, contested). 

• Finally, there have been no previous economic valuation studies of environmental and 

health issues in South Africa, from the pricing of water to the value of human health and 

' Eskom is in the process of developing such atmospheric models, but thev are not vet 

complete 
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mortality; consequently there is a shallow empirical base upon .which this thesis has 

drawn. 

Likewise, in thC' huusehold sector, se\·eral lllKL'rtainties could not bt• .woided in the analysis: 

• As in the case with power station emissiLms, there is uncertainty over the applicability of 

the dose-response functions to South African populations. 

• Secondly, there is uncertainty inherent in describing ·typical' cases of various health 

outcomes, both in terms of their likely treatment scenarios, and in terms of the costs 

associated with each scenario. The data used in this study were collected from and 

corroborated by health specialists working in the field, but Hi.ere remains some 

uncertainty in generalising those observations to a national scale. 

• Thirdly, the extemality .concerned with air pollution from rural wood-consuming 

households is based (apart from international comparisons) on only one study with a 

smaJl sample of participants; thus its results may not be representative of conditions in 

other parts of the country. 

• Fourth, as with the electricity sector, there are considerable uncertainties surrounding 

the future impacts of climate change. 

These uncertainties have been accommodated; to an extent, by utilising a range of estimates 

rather than a single estimate, and by allocating an appropriate weighting to these estimates 

where relevant, so as to reflect the inherent qnce,rtainty. 
' . 

The possible effects of these omissions and uncertainties on the reported economic 

. valuations, that is, whether the direction of the resultant bias will be to understate or 

overstate the extemality valuations, are summarised in Table 7.2. 

With the exception of the omitted Class Two and Three externalities, the overall effect of 

these biases is difficult to assess, since any one.of them (for example, GHG impacts) could be 

large enough to more than offset all others. Nonetheless, it is important to nqte in all cases in 

this study, the chosen route has been to err on thz side of understating external effects rather 

than the opposite. Thus there is a reasonable level of confidence that the range of quantified 

externalities does not overstate the minimum value of externalities in the South African 

energy sector. 



Chapter seven. Conclusions ond ooticy impllcotlons Poge 185 

Table 7.2 Summary of potential biases in this study due to omissions and uncertainties 

Uncertaintv or omission Dirt'Ction of bias on externality valuations 

Under-stated Unknown j Over-stated 

Class Two & Three impacts omitted (see above) x 

Coal mine accident rates: industry average vs. 

Eskom suppliers rates ? 

Atmospheric dispersion modelling ? 

Extrapolating results of only one study of wood 

pollution ? 

Dose-response functions: North American vs. 

South African data5 ? 

Future impacts of GHG emissions ? 

Valuation of environmental & health impacts ? 

Categorisation of 'typical health outcomes' ? 

2.2 A critique of the environmental economic framework 

The rapid emergence of the em-ironmental economics discipline in the 1980s and 1990s as an 

influential body of intellectual thinking, does not mean that all has been plain sailing in 

theory and practice. On the contrary, a number of important challenges to the discipline 

have appeared in the literature, partictilarly from the political economy tradition. Although 

not explicitly addressed thus far, many elements of these critiques have lain beneath the 

surface of the environmental economic analysis employed in this thesis (and at times, may 

have surfaced). Therefore for purposes of assessing the integrity and usefulness of the 

environmental economic framework, it is necessary to give consideration to these criticisms 

in this discussion. The critique is subsumed under the following four points, each of which is 

addressed in tum below: 

• First, environmental economic analysis is too often di\'orced from the political and social 

contexts in which the problems arise. 

• Second, policy prescriptions are reformist and managerial, treating the symptoms of 

en\'ironmental stress rather than the causes. 

'The last four uncertainties a pp Iv to both the electricity and household sectors. 
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• Thirdly, environmental econorrnc analysi~ is nl't especially \WU-equipped to 

accommodate distributional or eqi.;ity considcratitms. 

• Fourthly, th1..• ,1ppearance of . seen ti fie objectivity' m quantitative ,rnal\·scs can be 

misleading for policy-making purposes. 

2.2.l Tlie political a111i social context of environmental problems 

A relatively broad but fundamental criticism of conventional environmental economic 

analyses is that they generally take little account of the wider political and social contexts. As 

political economists sometimes phrase this, environmental problems are ·socially 

constructed' - in other words, the environment is socially and politically intertwined with 

the development process, and connrsely, with a process of underdevelopment (Reddift 

1984: 130, Adams 1990: 83). Likewise, Dasgupta and Maler have highlighted the almost 

complete 'disconnection' of development economics from the environments of 'peoRle about 

whom development economics revoh1es' (1995: 319). Linking environmental problems with 

their political contexts is a strong theme in a portion of the development literature (see, for 

example, Adams 1990, Reddift 1984, 1987, Bla·ikie 1985, Blaikie & Brookfield 1987). 

The fairly general point made above can be given more substance by referring to practical 

examples of certain environmental problems discussed in this thesis. The question might be 

posed: accepting for now that the external costs of low-income household .energy use are 

high (and certainly higher than in the electricity sector), .<i'11y are these costs so high? H these 

costs were so significant, why is it that these costs have been incurred for several decades, 

without much effort by government to ameliorate them? Are these costs evenly distributed 

across society, and how do social power relations affect the distribution of these costs? 

If these questions are considered at all, a conventional analysis would investigate the 

preference sets of those households, and particularly their willingness to pay for improved 

environmental conditions, in relation to their demand for other goods and services. It might 

be found that households' preferences lay elsewhere and that, because their WTP for 

environmental improvement was lower than the .cost of supplying that improvement, it did 

not take place. Thus, for instance, it might be concluded that electrificatiOn (to the extent that 

this would reduce the rate of accidents caused by candles and paraffin) did not occur 

because even though households would have liked to reduce the risk of such accidents, their 

WTP for an electricity supply was insufficient to justify that investment. 

Whilst this logic is not inconsistent, it pro\·ides only a partial answer to the questions above. 

A much fuller understanding can be gained by considering the role of political and social 

forces in causing and perpetuating these environmental ,problems. Thus national and local 

government politics in the apartheid era can be seen as a fundamentally important factor 

which perpetuated the poor environmental conditions m historically-black residential areas. 
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Several factors conspired to deny many households the option of securing d1.1 electricity 

supply. Firstly, n.~sponsibility for the supply nf electricity to household 1..·onsunwrs rested 

with local authorities rather than ,1 public utility (such ,b Eskom). One ,if tht' cogs in thl' 

apartheid machinery was racially-separat~' local government, and given the lack of politic,1l 

legitimacy and the financial incapdcity of black local authorities, this meant that loclll 

government was poorly positioned to respond to demand for electricity supplies or tl1 

environmental problems of the kind described earlier. Secondly, nation.11 government and 

public sector institutions such as Eskom served the interests not of disenfranchised black 

households, but of enfranchised white households, commercial farmers, industry and 

inines." The result was that whether or not the demand for electricity supplies by low

income households was high, the politics of apartheid interfered to suppress this demand. 

One consequence of this suppression (of both economic demand and human rights) was the 

existence and persistence of high environmental costs in low-income black residential areas. 

Thus one underlying reason for the high external costs in the household sector rests with the 

politics of apartheid. It is also instructive to consider why these costs (excluding GHG 

damages) are so much higher than the costs in the electricity sector. Again, this can be only 

partially explained by a higher demand for clean air (and clean electricity) by those affected 

by power station emissions. Another factor relates to the relatively greater political power 
' held by those affected by power station emissions · commercial farmers, tourists in 

Mpumalanga province, even em·ironmental non-gO\·emmental organisations - than 

consumers of polluting and hazardous energy sources in black townships. As suggested 

earlier in this thesis, concerns o\·er pollution from power stations ha\·e enjoyed a much 

higher profile in the national press and policy-making sector than the 'hidden' problems 

afflicting low-income households. The failure of environmental economic analyses either to 

ask 'why' the present state of affairs exists, or if the question is asked, the failure to look at 

wider political and social causes, certainly limits the approach's analytical power. 

Further limits also arise in the policy directions which are suggested by a conventional 

analysis. Typically, these invoh·e 'getting the prices right', often through the design and 

imposition a pollution tax to bring the private cost closer to the social cost, a la Pigou (1920). 

In the case of the household coal market, for instance, it might be suggested that polluting 

bituminous coal should be subjected to a pollution tax of sorts, to provide consumers with 

• This is evidenced perhaps most acutely by the policy through which Eskom was given 

subsidies to conned remote (white) rural farmers to the national grid, whilst not making 

connections to the homes of (black} workers on tho~e same farms tEb€rhard & van Horen 

1995: 26). 
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the correct signals as to the real resource and health cost::; of their consumption patterns. In 

principle, tlw amount of this tax would be equal to that portion nf th£'. external costs which 

arc nl1f borne directly by the person buying the coal. Again. bv itsdL this logic is not faulty. 

but does not necessarily provide a policy-maker with the kind of proposals he or she seeks. 

To simply impose a pollution tax on conventional coal in tht> household sector may correct 

for one cause of market failure by getting the price right. but could have inequitable social 

outcomes if no alternatives are introduced at the same time. It h<1s been well~established in 

the literature that there are numerous economic, social and cultural reasons why households 

prefer to consume coal in the colder regions on the South African Highveld (refer to Chapter 

Five, Van Horen 1994: 72). Levying a pollution tax on this commodity when households 

have few alternatives which are aff.ordable and which provide these multiple services,' 

would simply place an additional burden on the already-stretched budgets of low-income 

households, without necessarily engineering the shift away from coal to a cleaner fuel. In 

other words, a technically-correct solution (a pollution tax) would have inequitable results, 

without necessarily improving environmental conditions. Unless, therefore, the strategies 

suggested by a conventional analysis are measured against the social (and, similarly, the 

political) contexts into which they might be introduced, the policies run the risk of failing, or 

of conflicting with social and political objectives." 

Thus, if one is to extract something constructive from. the criticism discussed in this section, 

then it would be that sound policy-making should rest not l1nly upon the analysis and 

prescriptions of. a conventional environmental economic approach, but that such an 

approach should be enhanced and strengthened by giving explicit and direct attention to the 

prevailing political and social contexts. This does not mean that .economic realities should be 

overlooked, ignored or diluted, but that they should not ignore other realities which can also 

contribute to sol.tnd policy-making. 

7 Electricity, for instance, is considerably more expensive when one considers the multiple 

energy services provided by a coal stove (refer to Chapter Fiw), not to mention-the social 

and cultural utility it provides. 

' Thus, for instance, an appropriate strategy may be to introduce a pollution tax on 

conventional coal simultaneously with the introduction of a competitively-priced low-smoke 

coal which tan substitute for normal coal and still satisfy the social and other ne'eds referred 

to t'arlier fscc. for example, Van Horen et al 1995). 
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2.2.2 Tlie reformist, mirnagerial nature of envirom11ental 1•conomics 

A second criticism of conventional prescriptions for de,1ling with environmental problems 

which merits cL1nsider,1tion, is that they arc reformist attempts at achievin~ ·technical fixes' 

These prescriptions and approaches are often given tht' collective label of ·environmental 

management' strategies, and include traditional Cost Benefit Analysis (CBA), environmental 

impact assessments (EIA), and decision rules such as tht:' ·safe minimum standard' tool.' 

Criticisms of em·ironmental management approaches focus on the question of causation. For 

instance, Redclift (1988: 638) argued that, in contrast with political-economic approaches 

which focus on the structural and underlying causes, the ·reformist' approach tackles the 

symptoms rather than the causes of environmental degradation, using an armoury of 

techniques and management tools, such as EIAs, CBA, pollution taxes and the like. 

In some respects, this criticism follows on from the pre\·ious one, insofar as many strategies 

such as pollution taxes and tradable permits ·have, in the final analysis, relatively modest 

impacts on the level of environmental degradation. This should be read in the context of the 

source of this critique, which generally comes more from the ecological end of the spectrum 

of social and natural scientists than is the case with ernnomists. Inherent in this criticism of 

environmental economics is 0ften a sense of frustration that it sets out to 'solve' the 

environmental problems, but ends up sugges.ting only how to achieve the optimal level of 

pollution in the most efficient manner. Inevitably, at this economic optimum, pollution is 

non-zero, which is clearly less than satisfactory for ecologically-inclined analysts. Hence 

their criticism that these technical fixes simply reform the operation of the economic 

machine, without changing its direction or basic design. 

In some respects, the criticism is unfair, since environmental economics usually does not 

pretend to achieve anything as grand as soh·ing or eliminating a given extemality or 

environmental problem. To this extent, the discipline is therefore being judged against 

criteria which it has not set for itself. 

In other respects, however, it has to be acknowledged that environmental economic analysis 

is inherently constrained in its possible contribution to the formulation of sound policy. By 

placing individual utility at the centre of its model, other considerations become lost or 

considerably simplified. For instance, notwithstanding the considerable attention recently 

de\'oted to e\·aluation of choices regarding tropical forests, it is a gross simplification to 

reduce to a single (monetary) variable, natural processes such as the complex interplay 

'This method uses the minimax loss principle from game theory, to ensure that a minimum 

environmental standard (e.g. genetic pool) is maintained. given high le\·els of uncertamty 

and risk at the time that a decision is made (Tisdell 1988. Randall & Farmer 194'.') 
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between organisms in richly-diverse biotic environments evolving lWCr decades and 

centuries. Given the neo-classical framt:'work into which environment.11 analysis perforce 

must fit, this kind of simplificc1tio11 is un,woidilble and should thcrdore rwt be o\·erlooked. 

2.2.J Acco111111odati11g equity and distril111tio11al concerns 

At the heil rt of this st:'t of criticisms are such questions as ·who bears tht' external costs and 

who will enjoy the benefits of abatement measures?'; 'are thest:' grOUf'S the samc 7 '; ·will 

policies make the distribution of income more equal or less?' 

Whilst the question of income distribution has received considerable attention in the 

environmentp] economics and welfare economics literature, it remains a difficult area in 

practical applications of the discipline. There is nothing in environmental economic or cost

benefit analyses which will necessarily lead to a more equal distribution of income. Indeed, a 

: Pareto improvement is one in which, for a given distribution of income, someone can be made 

better off without making anyone else worse off. Further, in terms of the Hicks-Kaldor 

criterion, it need only be possible for compensation to be paid by those left better off to those 

left worse off (Layard & Glaister 1994: 6). Thus there is nothing in conventional analyses 

which will of necessity bring about more equitable income distributions, and so equity 

considerations have to be taken account of (if at all) in one of two explicit ways: 

• through lump-sum transfer payments to the intended beneficiaries - generally the 

theoretically preferred option because it is the most direct means of improving the 

income distribution; or 

• by applying weighting factors to the valuations of different income groups (or other 

social groups for that matter) in order to account for the varying marginal utilities of 

income of those groups (Layard & Glaister 1994: 47). 

In practice, however, it is acknowledged that lump-sum transfers are not feasible or, at least, 

are very costly (Layard & Walters 1994: 197), thus some weighting system is required to 

adjust for the obverse consequences of relying on individual preferences to estimate society's 

valuation of.. environmental goods and bads. 10 However, there are often serious data 

constraints regarding income levels of different social groups, especially in developing 

countries, with the effect that there are few successful applications of weighting adjustments 

in practice (Munasinghe 1993a: 26). In any event, the introduction of weights into valuation 

"'Clearly, the marginal utility of income differs widely between rich and poor persons, hence 

the need to adjust for this when aggregating individual VVTPs (or \\'illingness to accept 

compensation). 
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exercises is of necessity a subjective exercise, which leads immediately into the arena of 

political and social policy. 

One ,)f the areas in which equity considerations become nwst acutely apparent is ir. the 

valuation of global damages due to greenhouse gas emissions. In the work oi the 

Intergovernmental Panel on Climate Change (IPCC) Workin~ Group IIL for instance, which 

was t,1sked with assessing possible economic and social impa.:ts of climate change scenarws. 

the ,·exing question of value of lost lives in different countries came to the fore. L"sing 

conn.>ntional individual preference valuation approaches, the value of a lost life m an 

industrialised country was held to be in the region of $1.5 million, and with relatin1 ly 

arbitrarily-set values (since there were no valuation studies from developing countries) of 

$300 000 for middle-income countries and $100 000 for low-income developing countries 

(after Fankhauser 1992: 15). Whilst these values were not inconsistent with conventional 

economic theory (subject to the data limitations), they raised serious questions from an 

equity perspective: to take an extreme example, the costs of climate change abatement 

measures (such as combating sea level rise) could conceivably be unjustifiably high if they 

were to prevent 1 000 deaths in low-lying Bangladesh, but could be justified if they would 

prevent 1 000 deaths in the low-lying Netherlands. In economic terms, this would reflect the 

higher value 'society' would place on the life of a producti\·e Hollander than a subsistence 

farmer in Bangladesh; clearly, however, the implications of this analysis raise particularly 

difficult prospects from an ethical and equity perspecti,·e. This was reflected in the 

acrimonious debate which followed the release of the IPCC Working Group III's draft report 

in 1995. 

Likewise, equity concerns underlie much of the debate around joint implementation (JI), a 

debate which is conducted between those on the one hand, who point to the lower costs of 

following the route of investing in least-cost GHG abatement options regardless of their 

location (Markandya 1991: 53), and those on the other hand who are concerned that the 

interests of poorer developi.rlg countries may be compromised by ceding their lowest-cost 

abatement options to industrialised countries (Agarwal & Narain 1991). 

The point therefore is that equity considerations are not necessarily taken care of bv 

conventional analyses, and that explicit attention should b€ given to these issues. In South 

Africa, where equity goals enjoy a high political priority, this is especially pertinent. 

Finally, it is worth considering why it is that equity issues do not usuallv feature 

prominently in environmental economic analyses. An important reason stems from the 

context in which the discipline was developed intellectually, which was almost exclusi\'ely 

in North America and Europe. Their social contexts differ markedly from those of 

de\'eloping countries: in the latter, markets are often poorly de\·eloped, wide disparitie~ in 
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income and wealth exist, individuals frequently have little experiencl' of valuation and 

bidding processes, public-intert'St institutions arc poorly dl'velopl'd, economic data are weak 

or non-existent, and the nature of environmental problems is often mnre diffuse than in 

industrialised countries (Convery 1995: 4, Redclift & Goodman 1991: 5). As a result, the 

discipline was first dt'veloped in industrialised economies and then followed by attempts to 
. f 

apply the existing framework in the different contexts of developing countries. Had the 

order been reversed, it is possible that the body of environmental and development 

economics literature would have looked considerably different today. 

As noted in Chapter Two, many environmental economists remain fairly optimistic that the 

existing framework can be applied without serious difficulties in developing countries 

(Convery 1995: 4, Pearce & Warford 1993: 108, Munasinghe 1993a: 62). Most are cautious in 

this optimism, however, recognising that the challenges posed by equity and other goals are 

significant. 

2.2.4 The appeara11ce of scientific objectivity 

This criticism concerns the impression sometimes left by environmental economic analyses 

that the results obtained are objective, scientifically sound and defensible, and not open to 

subjective judgements or political manipulation. In this way, the analysis is elevated to a 

supposedly higher level, and its prescriptions accepted as the truth. An example of the 

somewhat naive acceptance of the merits of applying the disciplinary tools - and its 

inherently ideological nature - is embodied in the Department of Environmental Affairs and 

Tourism's (DEA T) documents proposing the use of environmental economic analysis. One of 

their research reports, for instance, begins with a overly-simplistic juxtaposition of 'central 

planning' against ·free market' alternatives, as the two possible 'solutions to the rationing 

problem', and espouses 'the great merit 9f the .market system' as 'consistently provid[ingl 

what central planning has consistently been unable to provide - an allocation system that 

works' (DEA T 1993: 1 ). Taking this as its point of departure, the report proceeds to describe 

how the use of fiscal incentives in South Africa's environmental management systems can 

deliver the optimal level of social welfare. 

Consumers of the results of these analyses easily lose sight of the assumptions and 

limitations in the exercise and sometimes place too much weight on the results and too little 

on the way in which they were deri\·ed. Stereotypically, the tendency is to focus narrowly on 

a single numerical result: ·the environmental costs of power station emissions are Rx, no 

more and no less' Clearly, the discipline does not embody this level of scientific precision in 

its workings. 

In some respects this is a criticism less of the intellectual discipline and its fundamental 

;.,:orkings, than of :;~Jme practitioners and advocates oi the approach who hold a naive beliei 
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in the framework as the provider of <lll solutions. The risks of doing so are that the 

limitations inherent in the analytical framework, some of which have been outlirwd above, 

can be overlooked, to the dl'triment of public decision-making. 

This point is less likely to be <1pplicable in situations where there is a longer tradition of 

utilising environmental economic tools, and of exposing those applications to critical and 

public evaluation. :\dvoc<ltes of tl'w discipline's strengths are also aware of criticisms and go 

to some lengths to respond to these (for example, Pearce et al 1991: 3-9). In South Africa, by 

contrast, this is not the case, as evidenced by the DEA T's 'Environmental Resource 

Economics' programme. It is e\'ident from the analysis in this thesis that numerous 

judgements are required, and whilst these can be made with reference to the underlying 

theory of neo-dassical economics, in many cases the results embody a high range of 

uncertainty. In this context, an analysis which omits to state its assumptions and to highlight 

the limitations it encountered, can be faulted for contributing to a false impressiotl of 

scientific objectivity. This is likely to be particularly important in the coming decade or so in 

South Africa, as the number of environmental economic analyses proliferate. 

3. Directions for energy and environment policy 

What does the preceding analysis mean for South Africa's energy and environment policy? 

In some respects. not much can be said in a definitive way, since the assessment of current 

external costs is but a first step in a more comprehensive policy-making process. 

Nonetheless, the exercise has been sufficiently comprehensive to provide dear indications of 

the directions in which policy-making might proceed. 

Firstly, the quantification of external costs in the energy sector means that there is now some 

basis for making comparisons between the costs and benefits of abatement options. Without 

an indication of the scale of external costs, it is impossible to assess the likely benefits 

(avoided costs) of abateme'nt options and, therefore, to say whether the costs of abating 

those impacts would be justified in economic terms. Thus, for example, it is conceivable that 

a scenario might have prevailed in which public pressure on Eskom to reduce its pollution 

impacts, would have induced it to invest in flue gas desulphurisation for its existing power 

stations, notwithstanding that the costs of doing so are high, and the consequent pollution 

reductions may be modest. In other words, the analysis in this thesis provides some basis for 

making more efficient use of scarce em·ironmental resources, without which a sub-optimal 

allocation could ensue. 

Secondly, at the broadest level, the orders of magnitude of the estimated external costs in the 

energy sector suggest that the greatest direct em·ironmental impro\·ements may be achieved 

by focusing on the low-income household sector. It is there, rather than in the electricitv 
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generation sector, that extern.11 costs are most sign~ficilnt. It is sometimes suggested that the 

national electrification programme will merely replace onl' set of environmental costs for 

another, and that this does nnt lead to any major shift tO\\'Mds sustainable dcveloprnt•nt. 

However, the analysis in this thesis indicatt?s stron~ly that this is a positive trade-off to 

make: in other words, a shift from non-electric sources of energy to electricity will deliver 

significant external benefits. Whilst this is an important conclusion, it needs to be qualified 

on two accounts: first, net GHG effects may increase, <lnd second, electricity is not a 

substitute for certain existing household fuels (for example, coal and especially wood). 

Nonetheless, on the whole, net external benefits will result from the electrification of low

incorne households - these effects have not been factored into the financial and economic 

analyses undertaken to-date. 

Significantly, this suggests that there will be convergence between environmental, efficiency 

and equity goals by focusing on these household-scale problems. This conclusion certainly 

requires more investigation of the benefits of environmental abatement strategies (they could 

be extremely expensive) before it can be accepted as conclusive, but the absolute scale of 

external costs in the household sector suggest that the benefits of intervening here may be 

significant. To the extent that this is the most cost-effective area in which to achieve 

environmental improvements, clearly efficiency and· environmental goals are served 

simultaneously. Likewise, given that these external costs are borne primarily by households 

at the lower end of the income distribution, and since successful interventions would 

improve their quality of life, equity benefits will result. This is an important conclusion, 

given the high priority attached by South Africa's democratic government to efficiency and 

equity goals. 

Thirdly, having made the above general observation, it is important to note that the 

assessment of externalities and abatement options should be carried out for each case 

individually. As a matter of principle, the appropriate le\·el of analysis is around specific 

.projects, programmes or interventions - the costs and benefits of which can be quantified, 

political, social and distributive effects considered, and so on. Some indication of the more 

pertinent policy implications for each Class One extemality is provided below. 

With respect to the quantified externalities in the electricity sector, the following policy 

implications can be inferred: 

• Coal mi11ing occupational l1ealth ~fleets: the rates of injury and mortality on South African 

mines were found to be higher than in the country's competitors, which prompted the 

Leon Commission to pronounce them ·unacceptably' high (refer Chapter Three). From a 

narrow economic viewpoint, the costs of these health impacts should be compared with 

the costs of impro\·ed health and safety practices on the mines, and the latter would be 
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implemt'nted if they were cost-effectivt.?. In <1ddition, it might be suggested by 

govemnwnt that greater weighting be gi,·en to thl' hc<1lth and safety of miners in order 

to redress their historic<1lly poor working conditil111S, which would shift the balance in 

the cost-benefit L'<lkulation in the direction of increased safety measures. In any event. 

the Lenn Commission made numerous practical recommendations regarding improved 

health and safet~· practices and suggested that these could be achieved at reldtively low 

cost. 

• Water prici11g i11 pm1 1cr stations: the simplest economic response would be to 'get the water 

prices right', and then allow Eskom to decid!? on it::; technological and managerial 

responses. For instance, if it builds another coal power station early in the ne't decade, it 

might be prompted by this pricing signal to install dry-cooling systems rather than once

through wet cooling systems. From a practical point of view, water price increases could 

be negotiated and phased in so as to reduce any price shock effects for electricity 

consumers. 

• Air pollution from power stations: the health effects of power station emissions were .. 
estimated to result in external costs equivalent to about 0.6 cents per kWh, or 4.6% of 

current average electricity prices. The costs of retrofitting flue gas scrubbers to all 

existing power sta.tions, on the other hand, are likely to be in the range of 10% to 49% of 

current prices (King & Rodseth 1993:20, Petrie et al 1992: 434), thus apparently 

outweighing the possible benefits of their installation. However, this conclusion should 

not be drawn so quickly, given that important external effects are not included in this 

calculation (amongst others, acidification and ,·isibility impacts). What is apparent, is 

that a methodology exists which can and should be used in the evaluation of 

technological alternatives, particularly when decisions are made around future supply 

options - which include the commissioning of another coal power station in South 

Africa, importing hydro-electricity from Mozambique, Zambia, Zimbabwe and 

ultimately Zaire, gas from Mozambique or Namibia, or investments in energy efficiency 

programmes. The appropriate comparison should be between the full social costs of 

these altemati ves. 

• Gremhouse gas emissions: The international governance of greenhouse gas emissions and 

mitigation of their effects is a rapidly e\·olving arena. The current situation is that South 

Africa, if and when it ratifies the Framework Convention on Climate Change (FCCC), 

will not face any specific emission reduction targets or obligations. For the present, and 

at least for the next few years, these commitments are likely to fall only on industrialised 

countries. Thus there is no immediate necess1tv for South Africa to introduce CHG 
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mitigation measures at its own expensC', 11 nor is there any question, for the present, of 

introducing a carbon ta\ or similar extemality 'adder' on South Africa's carbon dioxide 

t•missions. 

Thi!' does not mean, however, that the climate change issue can be ignored altogether. 

Given that the country was the eighteenth largest source of GHG emissions in 1988, and 

one of the largest on a .per capita basis. ,md since it is not unlikely that middle-income 

developing countries such as South Africa wiH face stricter commitments at some point 

in the not-too-distant future, it is prudent to factor into current and future investment 

decisions, their climate change implications. This factor could be highly consequential 

when decisions are taken around the country's next bulk supply option, given that coal 

is the most carbon-intensive energy source. 

Clearly, many abatement options in the electricity sector will have the effect of increasing the 

price of electricity. Notwithstanding the fact that this runs counter to current price trends 

· and is contrary to Eskom's vision of being the world's lowest-cost producer of electricity 

(1995a: i), this is precisely what should happen. Electricity consumers should be aware of the 

resouI"_ce and environmental implications or their consumption and, moreover, it is correct 

that the burden of external costs should be shifted from the victims of pollution, accidents 

and so on, and borne instead by those ultimately responsible for those effects. 12 

Turning to the policy implications in the case of household externalities, several points can 

~ be mad.~: 

• Air pollution from coal combustion: the central estimate of damages due to pollution from 

·household coal combustion was R307 million per annum. Two interventions offer hope 

of ameliorating these damages: electrification and .low-smoke fuels. Alth0t1gh 

electrification was initially thought to be the solution to township air pollution problems 

(see, for example, Turner & Lynch 1992), the experience over the past decade has 

" A range of international funding sources exist to assist developing countries achieve 

reductions in their GHG emissions, for example, the Global En\'ironment Facility (GEF) 

administered by the World Bank, United Nations Development Programme and United 

Nations Environment Programme, and unilateral funding from (inter alia) Germany and the 

United States. These sources are available, at present, to assist developing countries to fulfil 

their reporting requirements in terms of the FCCC, as well as to support projects th<1t have 

benefits for the global em·ironment. 

1
' This is not to dem· the secondary effects of higher electricitv prices throughout the 

economv. 
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disproved this view (Eberhard & van Horen lq95: lt16). Indeed, clectrifirntion is no 

longN seen as i1 substitute for coal in most conditions, .rnd so i1ttention has shifted to the 

second altemi1tive, nnmely the production of low-smnkt~ fuels (Dickson et nl 1995)." In . 

the pre~ence of external costs of the order of R307 million. there is considerable scope for 

government support for low-smoke fuels which are, .1t present, more expensive than 

conventional bituminous conls. Assuming that low-snwke fuels would reduce pollution 

leveb to 10'1:, of present levels, then, crudely speaking, up to R270 million could be 

devoted townrds facilitating the substitution of low-smoke fuels for normal coal, with a 

benefit-cost ratio of greater than one. Given .1 hous.:hold coal market of just over 3 

million tons per annum, this equates to price support 1)f up to R90 per ton, which would 

be more than sufficient to shift the price advantage in favour of low-smoke fuels (Van 

Horen et al 1995). Current policy attention is focusing on a suite of interventions, which 

might include a mixture of price support, a pollution tax on normal coal, concessionary 

finance for low-smoke fuel producers, and enforcement of smoke control legislation. 

• Air pollution from wood combustion: the external costs of pollution emissions . were 

estimated to be highly material in absolute terms, thus making a strong case for effective 

abatement strategies. This is an area of policy, however, in which improvements are 

notoriously difficult to realise in practice. Fuel switching to relatively cleaner options 

such as·electricity, gas and paraffin, is not a practical option, since income levels of rural 

households are generally far too low to allow them to use these commercial fuels instead 

of wood for energy-intensive services such as cooking and heating. Thus fuel switching 

will become an option only if income levels in rural areas increase substantially. Other 

options such as the promotion of efficient wood sto\·es with chimneys, have had little 

success to date in South Africa, and are notoriously difficult to gain acceptance amongst 

rural consumers. Consequently, the abatement of pollution in rural homes is an area 

urgently requiring further investigation. 

• Paraffin poisoning: two.sets of abatement options exist. Firstly, the production and use of 

child-resistant paraffin containers (and/ or lids for ;:ommonly-used containers) is an 
option which offers considerable potential. A study by the Medical Research Council in 

the early 1990s suggested that these could be produced an equivalent cost to the direct 

costs of treating poisoning patients. As noted earlier in this thesis, it is likely that the 

benefit-cost equation would shift further towards the favourable end of the scale if 

related opportunity costs (such as travel costs, lost productivity, and so on) were 

'ln 1995, the Department of ~1ineral and Energy Affair" set the ambitious goal of facilitating 

a complete substitution of bituminous coals in the household sector by the year 2000. 
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accounted for. At present, this strategy is being pursued by certain suppliers (oil 

companies), with little .Ktive support from the gon>rnment. 

The second abatement option is electrificatirH1, since households i.;enerally substitute 

electricity for paraffin to a relatively large extent. Insofar as electrification reduces the 

amount of paraffin nmsumed, and the consequent rate of accidents, it will deliver an 

important benefit in the form of reducedexternal costs. 

• Burns and firl!s: the main causes of these costs are accidents with candles and paraffin. 

Since electrification brings about an almost complete substitution of these fuels, these 

costs can be expected to decline as the electrification programme proceeqs. Indeed, the 

scale of external costs is of a similar order of magnitude to the annual capital investment 

requirements of the electrification programme (Eberhard & van Horen 1995: 118). To the 

extent that electrification is proceeding without any external fiscal subsidy at pre~ent 

(although there is a significant cross-subsidy from other electricity consumers to newly

electrified low-income consu'mers), it does not appear that specific strategies are 

required to mitigate this external effect. The benefits of electricity, in its cleanliness and 

lower risk of fires, are pro~ably already embodied, to some degree, in the price which 

consumers are willing to pay for the product. Nonetheless, it is important that these 

external costs not be overlooked altogether, since there may be a point at which some 

kind of transfer payment is justified to support continued electrification of households, 

assuming that their \•,;illingness to pay is constrained by low income, in order that these 

external benefits can be captured. 

• Fuelwood scarcity: a range of policies are under consideration by various government 

. departments at present. 1
• These include better management of natural woodlands which 

supply the bulk of wood resources to households, supply increases through woodlots, 

social forestry and small-grower schemes, and fuelwood conservation (Eberhard & van 

Horen 1995: 155-160). Whilst such program.mes generally have high capital and 

operating costs, and struggle to compete with other sectors for fiscal resources, it is 

iinportant that the opportunity costs of fuelwood scarcity are factored into assessments 

of the costs and benefits of intervention options. 

' • Greenhouse gas emissions: in the same way as there is no question of a carbon tax being 

imposed on the combustion of fossil fuels in the electricity sector, this is also not relevant 

to the household sector. Of more importance, perhaps, are possibilities of securing 

" Fuelwood supply and .management falls under the responsibility of several government 

departments at all tiers of government, as well as under traditional leaders in rural areas. 

This institutional fragmentation makes effective management especially difficult 
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concessionary international finance for strategies which deliver global benefits. An 

example of this is a proposal which was developed for support from the Global 

Enviwnrnent Facility (GEF) to finance the incremental costs of improved thermal 

performance in low-cost housing (described in Van Horen & Simmonds 1995). Projects 

such as thesL' which would abate t)r avoid emissions of GHGs, ar(' eligible for 

concessionary GEF financing and would simultaneously deliver local benefits. 

Clearly, each of these areas merits detailed consideration, both with respect to their 

economic costs and benefits, and with reference to the political and distributional 

imperatives impacting upon each. Although the preceding discussion has provided an 

indication of policy directions which might be pursued, a full analysis of each area is beyond 

the scope of this thesis. 

4. Conclusion 

In the first two years of democratic go,·emment in South Africa, there has been much 

activity in the policy arena. In several sectors, however, policy formulation is still in its 

infancy - one such area is at the interface of energy and environment policy. It was in this 

context that this thesis posed its first question: namely, which are the energy-environment 

problems with the greatest costs to society, and which therefore warrant attention for policy

making purposes? Since there are numerous points of contact at this interface, the thesis 

focused on two: the effects of electricity generation, and the effects of household energy 

consumption. 

Using an environmental economic framework of analysis, and specifically the theory around 

externalities and their valuation, an empirical study of external costs in these two sectors 

was undertaken. Total external costs, average costs and marginal costs were estimated for a 

range of externalities in each sector, using a classification system developed for this study. 

The results of the valuation exercises in the two sectors were compared, from which it was 

apparent that external costs, measured on any of these bases, were significant in both sectors 

when damages attributed to greenhouse gas emissions were included. When the latter were 

excluded, the external costs in the household sector were substantially higher. Thus the first 

hypothesis presented at the beginning of the thesis was confirmed. In undertaking this 

analysis, this study is unusual amongst developing countries where there has been relatively 

little consideration of these kinds of externalities. 

The second question addressed in this thesis concerned whether the environmental 

economics discipline could be embraced for purpose of such evaluations in a de\·eloping 

country context. Having utilised the framework in this study to yield plausible quantitative 

results, it is clear that the discipline has much to offer policy-making in contexts such as that 
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of South Africa. At the same time, though, a number of limitations of conventional analyses 

such as this were highlighted, ranging from technical constraints of poor input data, to 

concerns over the political context in which policy is formulated and over the distributiv{: 

effects of externalities and abatement options. By giving consideration to such factor.s, the 

o\·erall analysis is likely to be enhanced and, it is anticipated, better policy-making should 

result. 

Taken as a whole, the analysis in this thesis has yielded an important conclusion: namely 

that there are potentially significant gainsto be made, from both an efficiency and an equity 

perspective, if policy-making targets the environmental problems in the low-income 

hou~hold sector. This convergence between efficiency and equity goals is especially 

important in the context of South Africa's infant democracy, in which 'these goals are 

frequently in conflict with each other, and in which difficult trade-offs have to be made 

: between competing demands on limited national resources. 
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Appendix l 

Technical and geographic data on power stations 

Table A1 Eskom's coal power stations: location, output and capac:ty. 1994 

Province Latitude Longitude Altitude Cnits Net 

(degrees SJ (degrees E) produced capacity 

iGW) (MW) 

Amot1 Mpumalanga 25.9500 29.8000 1700m 4 557.5 1 955 

Duvha Mpumalanga 25.9667 29.333 1596m 21 970.0 3450 

Hendrina Mpumalanga 26.0333 29.6000 1 OOOm 11 871.2 1900 

Kendal Mpumalanga 26.1000 28.9667 1610 m 19 396.8 3 840 

· Kriel Mpumalanga 26.2500 29.1833 1619 m 13 394.5 2 850 

Lethabo Free State 26.7333 27.9667 1 4-60 m 17 863.1 3 558 

Matimba N. Prov. 23.6667 27.6167 880rn 22 685.2 3 690 

Matla Mpurnalanga 26.2833 29.1333 1 620 rn 18 737.2 3 450 

Tutu.ka Mpurnalanga 26.7667 29.3500 1625 m 17 522.9 3 510 

' Only two of A.mot's six sets were in operation in 1994. 
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Table A2 Eskom's coal power stations: stack dimension~ and flue gas data 

Stack Internal Aggregated Ave flue gas Flue gas temp 

height diameter diameter velocities (degrees CJ 

(m) (m) (rn)2 (m/s) 

Arnot 193 8.00 11.31 4.0 138 

Duvha 300 7.13 10.08 21.0 141 

Hendrina 110 13.00 18.38 8.5 128 

Kendal 

I 
275 7.46 10.55 21.0 127 

Kriel 213 13.82 19.55 11.2 110 

Lethabo 275 7.46 10.55 23.5 135 

Matimba 250 7.52 10.63 19.5 130 

Matla 278 & 213 6.32 8.94 9.3 130 

Tutuka 275 6.45 9.12 31.0 135 

~ Aggregated diameter for two chimnevs calculated bv multiplying single diameter by 

square root of 2. 

1 Averaged. \,·here ne,::essary. 



Appendix 2 

Cost of illness data 

Table 81 Cost of illness data for pneumonia. asthma and chronic obstructive pulmonary disease 

Pneumonia Asthma COPD 

mild mod severe mild mod severe mild mod 

0/r, of cases1 70'Yu 25'1., 5~1o 70% 25% 5')/ ,.,) 70% 25°!., 

Outpatient visits 0.5 0.5 0.5 2 6 12 2 6 
per case per year 

GP visits per case 0.5 0.5 0.5 2 6 12 2 6 
per year 

Days in general 0 12 8 0 0 5 0 0 
ward per case 

Days in ICU per 0 0 7 0 0 1 0 0 
case 

Drug costs p.a.2 incl. incl. incl. R180 R720 R1440 R180 R720 

Cost per outpqtient R30 - - R30 R60 R90 R30 R60 

Cost per GP visit RlOO RlOO RlOO RlOO RlOO RlOO RlOO RlOO 

Cost per general - R200 R200 - - R200 - -
ward day3 

Cost per ICU day ' R1616 R1616 - - - - - -
Transport costs per RlO R130 R320 R40 R120 R360 R40 R120 

' case· 

Persondays work 1 13 16 4 12 30 4 12 
missed per case ' 
Cost per workday R126 R126 R126 R126 R126 R126 R126 R126 
missed' 

Total R2.0l R4233 R15313 R1104 R3792 R15228 R1104 R3792 

1 Most of these data are based on discussions with Ors George Swingler and Anne Robertson, Red 
Cross Hospital, Cape Town, and Dr Rodney Ehrlich, Department of Community Health, UCT. 
2 Based on estimated cost per inhaler of RlOO for private care and R50 for public care, and a split of 
20:80 for private:public care, giving a weighted average of R60 per inhaler. Mild cases will use 4 per 
annum, moderate will use 12 per annum and severe cases 24 per annum. 
3 Based on analysis of hospital costs in former Cape Province, supplied by Dale McMurchy, Health 
Economics Unit UCT. 

'Based on standard rates for general ICU according to Cape Medical Plan. Specialised ICU rates are 
R3034 per day, but these have not been used in this study. 
5 Transport costs assumed to be RlO per person per return visit to the hospital, clinic or GP. For 
patients admitted to hospital. it is assumed there will be one visitor per admission day. 

• In the case of ICU admissions, it is assumed that one care-giver will miss work for each day the 
patient is in hospital. 

Based on 1993 average wage in non-agricultural sector of R2 527 per month (South African 
Statistics 199-! -! 1-!) and a 22 dav \rnrking month; inflated bv 10·~~ to give 199-! daily \•;age of Rl26. 

: 

severe I 
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I 12 

I 
12 

I 
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1 

R1440 

R90 

RlOO 

R200 

R1616 

R360 

30 

R126 

R15228 
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. Summary of cost estimates 

l. Respiratory hospital admissions (RHA, for pneumonia, asthma, COPD): weighted average . 

cost per admission = (25/30 • R4233) + (5/30 • Rl5313) = R6080 per admission for 

pneumonia, and for asthma and COPD = (25/30 • R3792) + (5/30 • R15228) = R5698 per 

admission. Assume each accounts for a third of RHA, then weighted average cost of RHA 

is R5825 per admission . 

. 2. Emergency room visits !outpatients) for pneumonia, acute bronchitis: average cost per 

visit = R201. 

3. Asthma attacks (mild): average cost per occurrence-day = Rl104/ 4 = R276. 

4: Persons with mild COPD (e.g. chronic bronchitis): estimated cost per year= R1104. 

5. Lifetime. cost of mild COPD = Rl 104 pa at a real discount rate of 2% over 40 years = 

R30200, rounded down to R30000. 
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Table 82 Cost of illness data for paraffin poisoning cases 

Cases admitted overniglit 

X-rays, medications and 1.1ther direct costs' RlO 

Hospital admission cost per day 
0 

R200 

Days in hospital 2.4 

Transport costs per case· R34 

Person days work lost per case 1 

Cost per workday missed 11 R126 

Total cost per case admitted R650 

Cases treated as outpatie11ts 

X-rays, medications and other direct costs RIO 

Transport costs per case R20 

Person days work lost per case 1 

Cost per workday missed" Rl26 

Total cost per outpatient case Rl46 

• These costs may include, in addition to X-rays and antibiotics, oxygen assistance and 

bronchodilators (cost estimates from Dr. George Swingler, Red Cross Children's Hospital). 

•As per Table Bl. 

10 As in Table Bl, it is assumed that the cost of one return trip to the hospital is RlO; in addition 

to the patient's travel, it is assumed that each child will have one \"isitor per day in the 

hospital. 

11 As per Table Bl. 

12 As per Table Bl. 

I 
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Table 83 Cost of illness data for bums injuries 

Hospital admission cost per day'' 

Days in ho~p1t,1l 

Transport costs per case" 

Person days wtirk lost per case" 

Cost per workday missed'" 

Rehabilitation costs' 7 

Total cost per case 

R666 

11.6 

Rl26 

2.9 

R126 

R200 

RB 417 

Appendix 2 

13 As per Hudson et al (1994: 252), escalated to 1995 Rands; includes direct costs of medication, 

blood transfusion and other treatment. 

14 As before, it is assumed that the cost of one return trip to the hospital is RlO; in addition to 

the patient's travel, it is assumed that each patient will have one visitor per day in the hospital. 

15 It is assumed that one work-day will be lost for every four patient-days in hospital. 

lb As per Table Bl. 

11 These include time spent in convalescence homes, as well as follow-up plastic surgery and 

rehabilitation treatments. 
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The EXMOD externalities model 

1. Background1 

In response to an order from the Public Service Commission in J\iew York state, United 

States, a consortium of agencies commissioned a major study to assist in quantifying the 

environmental externalities in the power sector. 1 The aim of the project was to produce a · 

methodology and user-friendly computer model which could be applied by regulatory 

authorities and utilities to estimate new and relicensed electric resource options in New York 

state. The results of the project, which was completed in early 1995, were summarised in 

four comprehensive volumes (Rowe et al 1994a, 1994b, Bemow et al l~Sa, 1995b). 

The project had several distinct components: firstly, the development of a methodology 

which could be applied to extemality evaluation, secondly, the development of a computer 

modelling tool, called EXMOD, which performed the calculations required by the 

methodology and which reported their results, and thirdly, the testing of the model through 

various case studies in New York state. 

2. Overview of the model 

The study used the damage function or impact pathway approach, as described in Chapter 

Three of this thesis, and displayed in Figure 3.1. For purpose of quantifying externalities in 

terms of this approach, data were required for each of the following main steps in the impact 

pathway: 

• facility and site characteristics (such as geographic co-ordinates, elevation, generation 

capacity, capacity utilisation, fuel characteristics, chimney height and diameter, and 

exhaust gas temperature and velocity); 

• pollution emissions from facilities (for pollutants such as sulphur dioxide, nitrogen 

oxides and particulates); 

'The description in this Appendix draws from Bemow et al (1995a) and Rowe et al (1995). 

: The funding agencies were the Empire State Electric Energy Research Corporation, the 

New York State Energy Research and Development Authority, the New York Department of 

Public Service, and the Electric Power Research Institute, and ·the two organisations 

undertaking the work \\ere the Tellus Institute. Boston, and RCG/Hagler Bailly, Boulder. 

. I 
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• dispersion and dl'position of pollution after its emission (this was modelled by air 

dispersion models which Me described below); 

• receptors lm the srnund which may suffrr damage from pollution (such as human 

populatil111S, crops .md buildings); 

• dose-response functions (that is, the response of the receptor to an given exposure of a 

pollutant); 

• physical impacts (such as physical number of health outcomes); 

• valuation in economic terms to yield estimated damage costs. 

For each of these categories, the EXMOD model contained default assumptions which 

reflected the results of literature reviews W1dertaken as part of the study, as well as 

demographic and other_ conditions in New York state where the project was undertaken. 

The air quality modelling component of EXMOD comprised three air quality models (called 

ISC2, SLIM3 and SCREEN2) whi~ were selected from amongst existing models in North 

America. They were integrated into EXMOD so that the dispersal of emissions from 

specified facilities were modelled, using long-term wind data, yielding estimates of changed 

ambient air concentrations. The three models covered various ranges: < 50 km, > 50 km, and 

80 km to 500 km respectively, and were based on simple Gaussian plume dispersion 

models.' 

EXMOD contained a number of so-called 'end-point' data sets: in other words, the model 

could ~akulate external costs for many effects over-and-above air pollution impacts: for 

example, water quality damages (due to changed fishing productivity), visibility impacts, 

valuation of nuclear radiation, and so on. 

3. Application of EXMOD in South Africa 

The application of EXMOD in South Africa for purpose of this thesis was the first time the 

methodology had been applied outside of New York state. The model was used exclusively 

to calculate health impacts of air pollution emissions, and only for three pollutants for which 

data were available in this study: S02, NO, and particulates. In other words, other end~point 

sets were not used in this study since insufficient local data exist to substitute for default 
. . . 

(American) data. 

' As noted in Chapter Se\·en, these models do not necessarily best represent actual dispersal 

conditions on the \1pumalanga Highveld, although no better models are yet available. 
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All relevant default data were replaced with South African data, with the exception of dose

response functions (as discussed in Chapters Four and Seven). Specifically, the following 

data were Cl)llected and entered to run the model for local conditions: 

• facility and site characteristics for each of Eskom's nine coal power stations (these data 

are described in Appendix 1 ); 

• pollution emission factors for each power station (this is described in Chapter Three); 

• long-term average wind data from 15 monitoring stations in South Africa (and 2 in 

Namibia) were entered for purpose of the air quality models; 

• demographic data were entered, in the form of population numbers in each magisterial 

district in South Africa, using census sources; because they were not Class One 

externalities, no data were entered in respect of crops and buildings; 

• valuation estimates for the main health outcomes predicted by EXMOD were derived 

and entered (these are described in Appendix 2). 

Since EXMOD is specific to each site and facility, the model was run nine times, once for 

each of the coal power stations. The results of the model, in terms both of physical health 

outcomes and of economic damages, were then aggregated in a separate spreadsheet (these 

are reported in Chapter Four). The resulting values were summarised in total Rand values 

and in mills per kilowatt-hour. 

The critical component of EXMOD therefore, which necessitated its use in this thesis, was 

the modelling of the air pollutants' transport after their emission from power stations, until 

they were deposited or distributed to human populations. Without this, it would not have 

been possible to use the damage function approach since this essential link in the impact 

pathway would have been missing, or would have necessitated several crude assumptions. 

Problems with the application of EXMOD's air quality models to South African conditions 

remain, and are discussed in Chapter Seven. 
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Calculation of external costs of household coal and 

wood consumption 

This appendix summarises the calculations of external costs in the household coal and wood 

sectors, which were made using a simple spreadsheet model. Table 01 contains input data 

for each step .in the impact pathway, as well as results for the coal extemality, while Table 

02 contains the same for the wood externality. 

Table 01 Calcu_lation of health costs from coal use (dose response functions, exposed population, 

population with asthma, pollution exposures, physical health outcomes, unit costs and total costs) 

Dose"'.response functions Low Central High 

Mortality >65 >65 0.000000101 0.000000169 0.000000254 

Mortality <65 <65 0.0000000014 0.0000000023 0.0000000035 

Chronic bronchitis >25 0.00003 0.000061 0.000093 

Resp. hosp. adm. all 0.000000018 0.000000033 0:000000048 

Outpatients visits all 0.00000032 0.00000065 0.00000097 

Asthma attacks asthma sufferers 0.00009 0.00016 0.00054 

Restricted actlvity day >18 0.00008 0.00016 0.00025 

Resp symptom day all 0.0002 0.00046 0.0007 

Children bronchitis <18 0.0008 0.0016 0.0024 
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Exposed population 6,000,000 

Age group 0-9 17'X, 1,020,695 

10-19 16'Yo 945,985 

20-29 20% 1,228,821 

30-39 18% 1,097,148 

40-49 13% 781,358 

50-59 8% 504,194 

60-64 2% 148,589 

65+ 5% 273,210 

Population with asthma 15% 

PMlO exposures (µg/m3) 272 

Physical health outcomes Low Central High 

Asthma attack Occurrence-day 22,032 39,168 132,192 

Acute bronchitis Person 427,950 855,899 1,283,849 

Chronic bronchitis Person 32,912 66,921 102,027 

Outpatient/GP visit Visit 522 1,061 1,583 

Mortality >65 Death 8 13 19 

Mortality <65 Death 2 4 5 

Resp. Symptom day Occurrence-day 326,400 750,720 1,142,400 
i 
I i 

Resp. Hospital adm. Admission 29J 54 731 
I 

! I 
Restricted activity Occurrence-day 87,7651 175,530 274,2661 

I i ! 
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Rand values per outcome Low Central High . 
Asthma·att.Kk 207 276 345 

Acute bron,.-hitis 201 201 201 

Chronic br1.,nchitis 828 1,104 1,380 

Outpatient 1GP visit 151 201 251 

Mortality >65 800,000 1,200,000 1,900,000 

Mortality <65 800,000 1,200,000 1,900,000 

Resp. Symptom day 8 10 13 

Resp. Hospital adm. 4,369 5,825 7,281 

Restricted activity 95 126 158 

Economic value of health outcomes Low Central High 
.. 

Asthma attack 4,560,624 10,810,368 45,606,240 

Acute bronchitis 86,017,950 172,035,699 258,053,649 
" 

Chronic bronchitis 27,251,136 73,880,784 140,797,260 

Outpatient/GP visit 78,822 213,261 397,333 

Mortalitv >65 6,400,000 15,600,000 36,100,000 

Mortalitv <65 1,600,000 4,800,000 9,500,000 

Resp. Symptom day 2,448,000 7,507,200 14,280,000 

Resp. Hospital adm. 
.. 

126,701 314,550 -567,918 

Restricted activity 8,293,793 22,116,780 43,196,895 

.. 
136,m,026 307,278,642 548,499,295 

·.·., . ..,,.. 
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Table 02 Calculation of health costs from wood use (dose response funciions, exposed population, 

population with asthma. pollution exposures, physical health outcomes. unit costs and total costs) 

Dose-response functions · ' Low Central High 

Mortality >65 >65 0 .000000101 0.000000169 0.000000254 

Mortality <65 <65 0.0000000014 0.0000000023 0.0000000035 

Chronic bronchitis >25 0.00003 0.000061 0.000093 

Resp. hosp. adm. all 0.000000018 0.000000033 0.000000048 

Outpatients visits all 0.00000032 0.00000065 0.00000097 

Asthma attacks asthma sufferers 0.00009 0.00016 0.00054 

Restricted activity day >18 0.00008 0.00016 0.00025 

Resp symptom day all 0.0002 0.00046 0.0007 

Children bronchitis <18 0.0008 0.0016 0.0024 

Exposed population 17,000,000 

Age group 0-9 17% 2,891,970 

10-19 16% 2,680,289 

20-29 20% 3,481,658 

30-39 18% 3,108,586 

40-49 13°/o 2,213,848 

50-59 8% 1,428,550 

60-64 2% 421,003 

65+ 5% 774,095 

Population with asthma 15% 

PM10 exposures (µg /m3) 474 947 1421 
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Physical health outcomes I Low Central High I 
I 
I 

Asthma attack Occurrence-day 108,783 386.376 1,956,717! 
i 
i . 1 

Acute bronchitis Person 2,113,001 8;.1-13,088 19,003,6351 

Chronic bronchitis Person 162,502 660,1% 1,510,2101 
l 
I 

Outpatient/GP visit Visit 2,579 10,464 23,432 

Mortality >65 Death 37 124 279 

Mortality <65 Death 11 35 81 

Resp. Symptom day Occurrence-day 1,611,600 7,405,540 16,909,900 

Resp. Hospital adm. Admission 145 531 1,160 

Restricted activity Occurrence-day 433,340 1,731,531 4,059,705 

Rand values per outcome Low Central High 

Asthma attack 207 276 345 

Acute bronchitis 201 201 201 

I 
Chronic bronchitis 828 1,104 1,380 

Outpatient/GP visit 151 201 251 

Mortality >65 800,000 1,200,0001 1,900,000 
I 

Mortality <65 800,000 1,200,000 1,900,000 

Resp. Symptom day 8 10 13 

Resp. Hospital adm. 4,369 5,8251 7,281 

Restricted activity 95 1261 158 
! 
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Economic value of health outcomes Low Central High 

Asthma attack ~,518,081 106,639,776 675,067,365 

Acute bronchiti~ 424,713,201 1,697,060 ,688 3,819,730,635 

Chronic bronchitis 13-1,551,656 728,801,184 2,084,089 ,800 

Outpatient/GP visit 389,429 2,103,264 5,881,432 

Mortality >65 29,600,000 148,800,000 530,100,000 

Mortality <65 8,800,000 42,000,000 153,900,000 

Resp. Symptom day 12,087,000 74,055,400 211,373,750 

Resp. Hospital adm. 633,505 3,093,075 8,445,960 

Restricted activity 40,950,630 218,172,906 639,403,538 

674,243,502 3,020,726,293 8, 127,992,480 
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