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ABSTRACT 

This dissertation consists of two studies, both related to the Impacts of economic 

and political factors on fuel choice in electric power generation. The primary 

purpose of the first study is to estimate the degree of price-induced interfuel 

substitution between three fossil fuels in West European power generation. The 

problem is studied within two restricted flexible cost functions, a translog model 

and a Generalized Leontief model. The results show that both models generate 

reasonable short-run responses to changes in relative fossil fuel prices. In general 

the degree of short-run interfuel substitution is found to be substantial, a result 

that is partly explained by the large share of multi-fuel plants in West European 

power generation. In addition, by deriving the shadow price of capital from the 

Generalized Leontief cost function the long-run own- and cross-price elasticities of 

fossil fuel demand are presented. Overall, however, this approach is not able to 

produce empirically reliable long-run estimates. Finally, the empirical investigation 

also indicates that public policies and changes in system load factors have had 

significant impacts on fossil fuel choices in West European power generation. 

The main purpose of the second study is to explore what factors have been the 

most important in determining the choices between different electricity supply 

alternatives in Zimbabwe since 1980. In a first step the economic costs of the 

available electricity supply options are estimated and secondly these costs are 

contrasted with the actual choices made by the electricity authorities. It is shown 

that in the early 1980s the electricity supply choices in Zimbabwe were dictated by 

a self-sufficiency policy, and accordingly least-cost alternatives were rejected. Due 

to a new political environment, financial problems and pressures from the World 

Bank, the step towards least-cost choices was substantial in the 1980s and the 

1990s, although not complete. This and the ongoing trend towards higher discount 

rates imply that thermal power, be it coal- or gas-fired power, probably will 

dominate future electric power investments in Zimbabwe. 

Key words: power generation, interfuel substitution, electricity, Zimbabwe, West 

Europe, price elasticities, translog cost function, Generalized Leontief cost function, 

electricity, fuel choice. 
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ABSTRACT 

This dissertation consists of two studies, both related to the impacts of economic 

and political factors on fuel choice in electric power generation. The primary 

purpose of the first study is to estimate the degree of price-induced interfuel 

substitution between three fossil fuels in West European power generation. The 

problem is studied within two restricted flexible cost functions, a translog model 

and a Generalized Leontief model. The results show that both models generate 

reasonable short-run responses to changes in relative fossil fuel prices. In general 

the degree of short-run interfuel substitution is found to be substantial, a result 

that is partly explained by the large share of multi-fuel plants in West European 

power generation. In addition, by deriving the shadow price of capital from the 

Generalized Leontief cost function the long-run own- and cross-price elasticities 

of fossil fuel demand are presented. Overall, however, this approach is not able to 

produce empirically reliable long-run estimates. Finally, the empirical investiga

tion also indicates that public policies and changes in system load factors have 

had significant impacts on fossil fuel choices in West European power generation. 

The main purpose of the second study is to explore what factors have been the 

most important in determining the choices between different electricity supply 

alternatives in Zimbabwe since 1980. In a first step the economic costs of the 

available electricity supply options are estimated and secondly these costs are 

contrasted with the actual choices made by the electricity authorities. I t is shown 

that in the early 1980s the electricity supply choices in Zimbabwe were dictated 

by a self-sufficiency policy, and accordingly least-cost alternatives were rejected. 

Due to a new political environment, financial problems and pressures from the 

World Bank, the step towards least-cost choices was substantial in the 1980s and 

the 1990s, although not complete. This and the ongoing trend towards higher 

discount rates imply that thermal power, be i t coal- or gas-fired power, probably 

wil l dominate future electric power investments in Zimbabwe. 
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P R E F A C E 

Introduction 

In the world at large, trends in energy demand are affected increasingly by the 

role of electricity and thus by the fuel choices that are made for the generation of 

electric power. In 1994 almost 20 percent of global final energy consumed were 

served by electricity, a share that has been increasing in the past and is expected 

to increase even more in the future (IEA, 1994). Thus, most energy analysts 

expect that global electricity demand wil l grow faster than total energy require

ments. This is true in particular for the developing countries where electricity 

services have a high priority as a requisite for continued economic growth. 

The increasing role for electricity makes the choice of fuels for power generation 

one critical factor in shaping the primary fuel mix in the future. "Currently, the 

generation of electricity represents about one-third of global primary energy con

sumption [...] and it is likely to account for about half the incremental primary 

energy demand growth that occurs between now and 2010," (Dreyfus, 1991, p. 

31). 

Consequently, electricity generation will most likely be the focus of many policy 

initiatives aimed at altering the future fuel mix in primary energy use. This is 

reinforced by the facts that power generation in general contributes largely to 

global C0 2 emissions; i t is concentrated in relatively few and large facilities; and 

it provides much more flexibility in fuel choices than most other energy uses. 

Still, for policies aimed at influencing fuel choices to become effective a thorough 

understanding of the factors that de facto determine fuel use is needed. The 

overall purpose of this dissertation is to contribute to this understanding. It 

comprises two studies, both related to the impacts of different factors on fuel 

choices in electric power generation. 
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I t is almost an axiom among energy researchers that the ultimate selection of 

power generation fuels is heavily affected by both economic and political factors. 

In spite of attempts to privatize and introduce market-based pricing, electric 

power generation throughout the world is still largely state owned and/or seve

rely regulated. As a consequence, these choices often become difficult to simulate, 

even in models with highly disaggregated structures. For instance, a standard 

neoclassical factor demand approach might prove too restrictive given its 

assumption of cost minimizing utilities. The first study discusses these limi

tations and employs the neoclassical approach to analyze interfuel substitution 

in West European electricity generation. A less rigorous but, we argue, still 

f rui tful approach is to specifically analyze each individual fuel choice in a case 

study. In this way an understanding of the power generation choice can be built 

up by explicitly considering important national and regional situations. Such an 

ad hoc approach is performed in the second study on electricity supply choices in 

Zimbabwe. 

Interfuel Substitution in West European Electricity Generation: A 

Restricted Cost Function Approach - Study 1 

The primary purpose of the first study is to estimate the degree of price-induced 

interfuel substitution between three fossil fuels in West European electric power 

generation. By assuming cost minimizing electric utilities, the power generation 

technology is represented by a general neoclassical cost function. The problem is 

then studied in detail within two restricted flexible cost functions, a translog mo

del and a Generalized Leontief model. With a comprehensive historical review as 

the basis, the strengths and weaknesses of this approach are discussed. 

The results show that both models generate reasonable short-run responses to 

changes in relative fossil fuel prices. In general the degree of short-run interfuel 

substitution is found to be substantial, a result that is partly explained by the 

large share of multi-fuel plants in West European power generation. In addition, 

by deriving the ex post price of capital from the Generalized Leontief cost function 

the long-run own- and cross-price elasticities of fossil fuel demand are presented. 
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Overall, however, this approach was not able to produce empirically reliable long-

run estimates. Finally, the empirical investigation also indicates that public poli

cies and changes in system load factors have had significant impacts on fossil fuel 

choices in West European power generation. 

Overall the study supports the view that short-run interfuel substitution can be 

favorably analyzed by employing a flexible cost function approach. Applying the 

same method for the estimation of long-run behavior, on the other hand, appears 

less appropriate. 

The Political Economy of Electricity Supply in Zimbabwe: Past, Present 

and Future - Study 2 

The main purpose of the second study is to determine what factors have been the 

most important in determining the choices between different electricity supply 

alternatives in Zimbabwe since 1980. In a first step the economic costs of the 

available electricity supply options are estimated and secondly these costs are 

contrasted with the actual choices made by the electricity authorities. 

I t is shown that in the early 1980s the electricity supply choices in Zimbabwe 

were dictated by a self-sufficiency policy and accordingly least-cost alternatives 

were rejected. Due to a new political environment, financial problems and pressu

res from the World Bank, the step towards least-cost choices was substantial in 

the 1980s and the 1990s, although not complete. This and the ongoing trend of 

higher discount rates imply that thermal power, be i t coal- or gas-fired power, 

probably wil l dominate future electric power investments in Zimbabwe. 

Concluding Remarks 

I t should be clear that the two studies in this dissertation employ very different 

approaches; one relies on standard neoclassical assumptions of cost minimization 

while the other explicitly recognizes the multi-objective nature of electric power 

choices. Still, i t is probably fair to conclude that both studies support the notion 

that the choice between different power generating technologies has been greatly 
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affected by various political factors in the past, especially security of supply 

concerns. Even i f most countries now accept the view that energy production is no 

'special case' and therefore does not motivate direct government interventions, 

political factors wi l l probably still be important in determining power generation 

fuel use. Public opposition in general and environmental concerns in particular 

support this belief. 

Consequently, in analyzing fuel choices in power generation i t is (still) very 

important to be aware of the opportunity costs of applying models that on the one 

hand are theoretically rigorous from an economic point of view but are 'naive' 

with respect to their behavioral assumptions on the other. In this sense, the two 

methods employed in this dissertation can to some extent complement each 

other, especially since the first one primarily analyzes short-run behavior and the 

second one examines long-run fuel choices. 
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ABSTRACT 

The primary purpose of this study is to estimate the degree of price-induced 

interfuel substitution between three fossil fuels in West European electric power 

generation. By assuming cost minimizing electric utilities, the power generation 

technology is represented by a general neoclassical cost function. The problem is 

then studied within two restricted flexible cost functions, a translog model and a 

Generalized Leontief model. With a comprehensive historical review as the basis, 

the strengths and weaknesses of this approach are discussed in depth. 

The results show that both models generate reasonable short-run responses to 

changes in relative fossil fuel prices. In general the degree of short-run interfuel 

substitution is found to be substantial, a result that is partly explained by the 

large share of multi-fuel plants in West European power generation. In addition, 

employing a long-run cost function approach, in the manner that has been done 

in many previous studies, seems less appropriate, from both theoretical and 

empirical viewpoints. 

By deriving the shadow price of capital from the restricted Generalized Leontief 

cost function the long-run own- and cross-price elasticities of fossil fuel demand 

are presented. On theoretical grounds this long-run approach is superior to those 

used in previous studies. Overall, however, also this approach could not produce 

empirically reliable long-run estimates. Finally, the empirical investigation indi

cates that public policies and changes in system load factors have had significant 

impacts on fossil fuel choices in West European power generation. 

Overall the study supports the view that short-run interfuel substitution is 

significant in West European electricity generation, and that this behavior can be 

favorably analyzed with standard neoclassical factor demand theory. Applying 

the same approach for the estimation of long-run behavior, on the other hand, 

seems less appropriate. 
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Chapter 1 

INTRODUCTION AND OVERVIEW 

1.1 Background 

The issue of fuel choice in electric power generation has reached the headlines 

several times during the last 25 years. For example, in the 1970s the oil crises 

led to major concerns about the future availability of oil and in the 1980s the pros 

and cons of nuclear power were debated intensively. During the last couple of 

years environmental issues in general and global warming concerns in particular 

have raised questions about how future electricity demand should be met. 

This study takes a close look at the factors that have had significant impacts on 

the choice of fuels used for power generation in West Europe. In particular i t 

attempts to estimate the degree of price-induced interfuel substitution between 

different fossil fuels, i.e., coal, oil and gas. The derived demand for fossil fuels to 

be used in generating electricity normally accounts for a large share of total fuel 

consumption. Specifically, in 1993 the generation of electric power accounted for 

61% of the coal, 6% of the oil and 10% of the gas consumed in West Europe as 

fuel (IEA, 1994b). Since electric utilities are large consumers of fossil fuels their 

responsiveness to relative price changes is crucial for the producers of fossil fuels. 

In other words, fossil fuel producers wil l be able to use the results in this study in 

forecasting whether their production and investment plans appear feasible. 

In addition, an understanding of the determinants of the demand for fossil fuels 

by electric utilities is important in order for proposed public policies towards the 

energy sector to be effective. Energy price increases in particular have been 

presented as one measure to promote energy conservation and fuel substitution. 

For instance, i f carbon dioxide taxes are introduced in the European Union i t 

means that the relative price of gas wil l fall because of the low carbon content in 

gas compared to oil and coal. The present study can thus give an indication of the 

response in power generation fossil fuel use to such a policy. 
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The standard approach to interfuel substitution problems in neoclassical micro

economics has been to assume cost minimizing (or profit maximizing) utilities. 

This assumption permits fuel demand to be derived from a cost (or profit) func

tion. Further, normally flexible cost functions and their associated fuel demand 

equations are specified and estimated, basically since these place no a priori 

restrictions on the substitution elasticities. However, fuel choices in power gene

ration are in most countries (directly or indirectly) affected by inherently political 

factors. Hence, given its behavioral assumptions, neoclassical factor demand 

theory might prove too restrictive, and a careful examination of its empirical 

limitations is therefore motivated. 

Furthermore, in measuring price responsiveness i t is necessary to distinguish 

between short- and long-run responses. These are likely to differ substantially, 

especially in such a capital intensive industry as the electric power sector. A lot 

of the earlier research on interfuel substitution has not dealt with this issue 

properly (or in some cases not at all). Particularly the prospects for short-run 

interfuel substitution have often been neglected. The deviation between short-

run energy demand from the long-run target has motivated economists to develop 

models that makes this distinction more explicit. These models have however not 

yet been employed in analyses on fuel choice in electricity generation. 

In addition, most previous studies on interfuel substitution focus solely on fuel 

use in the USA, and in turn many of them disregard two potentially important 

variables, the system load factor and environmental regulations. 

For the above (empirical and theoretical) reasons a study of interfuel substitution 

in the West European power generation sector is motivated. 

1.2 Purpose 

Following the discussion above, the primary purpose of the study is to estimate 

the degree of short- and long-run price-induced interfuel substitution between 

different fossil fuels in West European electricity generation. In doing this we 
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critically analyze previous research, with a special emphasis on how the distinc

tion between short- and long-run responses has been treated. 

As in most of the earlier research this study employs a standard cost function 

approach. Since two different flexible cost functions, the translog and the Gene

ralized Leontief, are used, a secondary purpose of the study is to compare the fuel 

price responses generated by these two formulations. 

Given that power generation fuel use is heavily influenced by political factors 

another secondary purpose is to present a comprehensive historical review of the 

main determinants of fuel choice in West Europe since the 1960s. Apart from 

revealing the limits of the chosen methods this purpose is also motivated by the 

fact that such a review has (to the author's knowledge) not yet been written. 

A final secondary purpose of the study is to explicitly test whether system load 

factors and environmental regulations in the power sector have significant effects 

on fossil fuel choices in West European power generation. 

1.3 Scope 

With the exception of chapter two, this study focuses solely on fossil fuels used in 

power generation. It is therefore implicitly assumed that a country's choice 

between hydropower and nuclear energy is independent of the choice made 

between different fossil fuels (coal, oil and gas) to be burnt in electric plants. 

Other energy sources (wind, solar, etc.) are not considered at all, mainly because 

of their (so far) minor share of total power generation. 

The empirical investigation involves eight West European countries. These are 

Austria, Belgium, Germany, Ireland, Italy, the Netherlands, Spain and the Uni

ted Kingdom (UK). This choice is primarily based on the availability of data (see 

further section 4.4). Still, i t should be noted that in 1994 these countries together 

accounted for almost 60% of total West European electricity generation and for 

about 80% of fossil-fueled electricity generation in the region (IEA, 1996a). 

3 



1.4 Overview 

The study proceeds as follows. Chapter two provides a historical overview of the 

political and economic factors that have shaped power generation fuel choices in 

West Europe since the 1960s. The general tendencies are exemplified by impor

tant events and policy issues in eight different countries. The implications for the 

present study are raised in a summarizing section. 

Chapter three discusses different methods to estimate interfuel substitution in 

power generation. The distinction between short- and long-run substitution is 

reviewed in depth. With this discussion as the basis, previous research on inter

fuel substitution in thermal power generation is presented and criticized. 

Chapter four employs a restricted translog cost function in order to measure the 

degree of ex post interfuel substitution in West European electricity generation. 

The results of this formulation are compared to the results of the alleged long-

run specification employed in many previous studies. 

Chapter five repeats the analysis of ex post interfuel substitution but employs an 

alternative flexible functional form, the Generalized Leontief. The results from 

this specification are compared with those generated by the short-run translog 

formulation in chapter four. In addition, by deriving the shadow price of capital 

from the restricted Generalized Leontief cost function, the long-run price respon

ses are computed. The reliability of both the short- and the long-run estimates 

are discussed in depth. 

In chapter six we explicitly test i f system load factors and environmental 

regulations in the power sector have had significant impacts on West European 

fossil fuel choice. These tests are done with both the translog and the Generalized 

Leontief fuel demand systems. 

Finally, chapter seven summarizes the main findings of the study, provides some 

policy implications and discusses in what way the analysis could be extended. 
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Chapter 2 

F U E L CHOICE IN WEST EUROPEAN POWER GENERATION: 

HISTORICAL OVERVIEW 

2.1 Introduction 

Electricity demand in West Europe (and elsewhere) has over the past decades 

basically been determined by economic growth. Total electricity consumption in 

West Europe increased by 73% between 1973 and 1994, a period over which 

overall economic activity (GDP) in the region increased by 56% (IEA, 1996a). 

Improvements in energy efficiency and changes in the economic structure have 

also played dominant roles in determining electricity demand levels. However, 

during this period of continuous growth in total electricity output, the pattern of 

fuel use has changed considerably. Table 2.1 summarizes some of the facts about 

the changing patterns of fuel choice in West European electric power generation 

over the last 35 years. 

Table 2.1: Electric Power Production by Fuel Source for Selected Years 

Between 1960 and 1994 in West Europe (TWh) 

1960 1973 1980 1985 1991 1994 

TWh % TWh % TWh % TWh % TWh % TWh % 

Coal 288 51 529 36 708 38 749 35 834 34 756 30 

Gas 8 1 115 8 127 7 116 5 158 6 222 9 

Oil 44 8 397 27 348 19 188 9 212 9 200 8 

Nuclear 2 0 74 5 226 12 598 29 770 31 818 32 

Hydro 225 40 346 23 419 23 451 21 456 19 500 20 

Others 2 0 9 1 13 1 14 1 19 1 34 1 

Total 569 100 1470 100 1841 100 2116 100 2449 100 2530 100 

Source: IEA (1996a). 

The purpose of this chapter is to identify the economical and political factors that 

have caused these changes in West European fuel use since 1960, with a special 
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emphasis on the period from the first oil crisis in 1973 until the mid-1990s. This 

review serves as an important background to the modeling exercises that follow 

in chapters four to six. Specifically, the chapter wil l indirectly provide infor

mation about both the strengths and the limitations of the models chosen but 

also be of help in the interpretation of the empirical results that follow from the 

models. As a comprehensive historical overview of the changing fuel use patterns 

in West European electricity generation, something which to the author's know

ledge has not been done before, the chapter also serves a purpose of its own. For 

this reason, we also find i t necessary to include other power sources than fossil 

fuels, even though the focus of the study as a whole is on coal, oil and gas. Accor

dingly, this chapter also deals with the economics and politics of nuclear energy 

and hydropower. Renewable energy sources are however not reviewed because of 

their (so far) minor share of total power generation. 

Even i f the intention here is to identify factors that have affected West European 

electricity generation in general, a historical overview like this would be inade

quate without also telling the story of individual countries. Indeed, the West 

European countries have retained almost ful l control of its energy supply choices 

and of the organization of its electricity industries (De Paoli and Finon, 1993). 

The chapter is therefore supplemented with country reviews that exemplify the 

broad tendencies. Again, the countries are Austria, Belgium, Germany, Ireland, 

Italy, the Netherlands, Spain and the United Kingdom (UK). Appendix 1 summa

rizes the electricity generated by different fuels for the respective countries 

between 1960 and 1994. The limited focus on these eight countries means that 

important countries such as France, Sweden and Denmark are not reviewed 

here. However, there is little to indicate that the general conclusions made about 

West European fuel choice in this chapter would change dramatically i f these 

countries had been included. 

Sections 2.2-2.5 summarize the development of fuel choices over four different 

time periods; 1960-1973, 1974-1980, 1981-1986 and 1987-1995. Finally, section 

2.6 provides some concluding comments. 
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2.2 1960-1973: Economic Considerations at the Forefront 

The 1960s was a relatively stable period for electric utilities in West Europe. 

Because of high demand growth levels as well as stable relative fuel prices the 

choice of power plant capacity was a relatively straightforward task. Strictly 

speaking, when a plant was taken out of service i t was simply replaced by 

another plant, normally according to the relative economics of the different fuel 

alternatives (IEA, 1992). These replacements were generally characterized by 

increases in the sizes of generating units, primarily reflecting the expectations of 

high future demand growth at the time and intentions to reap the benefits of 

scale economies.1 Most countries relied on a mix of coal- and oil-fired plants as 

well as on hydropower i f available. Due to a technical breakthrough nuclear 

power could however gradually increase its share of West European electricity 

supply during the 1960s. 

Still, in 1973 the share of fossil fuels in West European power generation was as 

high as 71% and the corresponding nuclear share had only reached 5% (table 

2.1). However, as shown in Appendix 1 the mix of fossil fuels varied a lot across 

countries. The low oil prices prior to 1973 had made imported oil a favorable 

alternative for power generation purposes, especially in countries that were 

lacking indigenous coal- and gas resources. Belgium for example, with expensive 

hard coal as the only domestic fuel source, gradually increased her dependence on 

imported oil and gas during the 1960s and the beginning of the 1970s at the 

expense of a falling coal share (Verbruggen and Couder, 1991). Ireland as well 

relied heavily on imported oil during the 1960s. In accordance with a regional 

employment policy dating from the 1930s, the electricity sector was also required 

by the government to generate some power from domestic peat, even though the 

cost of oil-fired generation was much lower.2 However, since the supply of peat 

and the availability of local hydropower both were very sensitive to weather 

1 Specifically, on average the maximum turbine ratings of generators increased from 450 MW in 
1960 to 1300 MW in the early 1970s (IEA, 1985). 
2 In 1973 the share of peat in electricity generation was about 25% (IEA, 1996a). For an historical 
review of the development of the Irish peat industry, see Kearns (1978). 
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conditions, greater oil usage was seen as a cheap way to ensure continuity in 

supply for electricity generation (Gillmor, 1987). 

In Italy, also a country with very small domestic fossil fuel reserves, there was a 

growing interest in nuclear power during the end of the 1950s.3 However, this 

enthusiasm waned as cheap heavy fuel oil became widely available in the 1960s. 

According to Lucas (1985) another explanation behind the failure of the nuclear 

program in Italy probably lies in the absence of properly denned responsibilities 

at the time. In contrast to France, where the state bore the risk by guaranteed 

contracts to privately owned companies, the Italian nuclear program entirely 

ended up in the state sector. A complex and bureaucratic political bargaining 

process took off in the 1960s, and since no one really was given the main 

responsibility the nuclear expansion in Italy became much more modest than had 

been initially planned (ibid.). As a consequence, in 1973 the Italian share of 

nuclear in power generation was only 2% with a corresponding share of 62% for 

oil-fired power (appendix 1). 

In countries with indigenous sources these were used quite extensively, without 

necessarily security of supply reasons being the main motive. In other words, in 

some countries i t was not only strategic but also economic to use a large share of 

indigenous supplies. In Austria in particular and to some extent Spain, hydro-

power played a significant role in the power generating mix in the early 1970s 

(appendix 1). This also meant that these countries were less oil dependent than 

those mentioned above. 

During this period coal was however the leading source for power production in 

West Europe in general (see table 2.1), and for those countries with a high level 

of domestic coal production the oil share was somewhat lower than in for example 

Italy or Belgium. In general, though, domestic coal could not compete with 

imported fuels (oil in particular) and the coal industry in West Europe declined 

considerably during the 1960s. In order to avoid severe negative regional and 

3 Italy had already used its best sites for hydropower in the Alps. 
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social effects some governments therefore supported their domestic coal indu

stries through subsidies of various kinds (Taylor and Davey, 1984). West 

Germany and the United Kingdom (UK), for example, relied heavily on 

subsidized coal from domestic mines. In the UK the remaining electricity was 

primarily generated from cheap Middle-East oil. West Germany, on the other 

hand, also had hydro-electric plants in Bavaria and imported gas from the 

Netherlands (Boehmer-Christiansen and Skea, 1991). On top of this, both count

ries promoted the use of nuclear power in the 1960s, with the British program 

starting earlier. The nuclear development had slowly begun to weaken the 

importance of fossil fuels in electricity generation, a development that was to 

become much more pronounced with the oil price shocks in the 1970s. 

The Netherlands followed another fuel mix path during the period. In the 

beginning of the 1960s the country relied heavily on imported (and to some 

extent domestic) coal but with the discovery of the Groningen gas field the share 

of gas-fired power increased rapidly (Verbruggen and Vanlommel, 1989). As a 

consequence the coal mines in the country were shut down and in 1973 the share 

of gas in power generation was as high as 80%, with coal playing a minor role. 

To sum up, the choice of fuel mix for electric power generation in West European 

countries between 1960 and 1973 was mainly determined by a trade-off between 

economic considerations and different social objectives, with less weight given to 

the latter. Strictly speaking, since low-cost energy contributed heavily to overall 

economic growth, i t was given priority over other considerations (Lantzke, 1984). 

The confidence utilities and governments had in oil is well illustrated by the 

programs to phase out (if not entirely) domestic production of coal. This was 

however a situation that would change abruptly with the unanticipated energy 

crises in the 1970s. 

2.3 1974-1980: Energy Crises and Security of Supply Focus 

In 1973/74 the oil price soared because of the market interventions of OPEC. The 

oil crisis created huge incentives for fuel substitution and the security of supply 
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issue came at the forefront of energy policy in West Europe. In addition, the Club 

of Rome's 'Limits to Growth' report in 1972, with its forecasts of oil and gas reser

ves soon running out, also had a significant impact on policy responses to the oil 

crisis in 1973. Thus, reduced oil dependence became the primary goal for electric 

utilities in West Europe. The second oil price shock, following the Iranian revo

lution in 1979, reinforced the political determination to achieve this goal. 

I t should be noted that the objective of decreased oil use was not only a matter of 

avoiding high costs; i t also had political and diplomatic dimensions (Finon, 1994). 

The West European governments realized that the market alone was not able to 

secure reliable energy supplies and strong state participation in the energy sector 

was therefore motivated. In addition, the quest for energy security was also seen 

as a way to protect the national sovereignty as well as the overall macroeconomic 

balance. In other words, most countries were willing to pay "a higher price for 

energy and its services than was implied by the price of imported oil, since the 

implicit value of promoting energy security had to be included," (ibid., p. 3). 

The shared goal of security of energy supply in the industrialized countries led to 

increased international cooperation in energy issues. In 1974 the International 

Energy Agency (IEA) was founded and i t primarily aimed at coordinating 

national policies to reduce oil dependence (Lantzke, 1984). For example, in 1977 

the IEA member countries established a policy to discourage the construction of 

oil-fired electric power stations and to promote the conversion of existing oil-fired 

stations to other fuels (primarily coal) (IEA, 1992). Also within the European 

Community (EC) steps were taken to 'guide' fuel substitution away from oil. An 

EC Directive in 1975 restricted the use of both oil and gas in new electric power 

plants (IEA, 1985). The inclusion of gas in this policy was based on the perception 

that also gas was a scarce resource that should be used for electricity production 

only when i t could not be used for other "high-value' uses (i.e., the residential and 

commercial sectors) or in certain circumstances to protect the environment.4 

4 The oil-related increase in gas prices probably gave rise to this perception. However, Daniel 
(1991) notes that even without the Directive the gas utilities would have had little interest in the 
power station market because of its low netbacks. 
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Regardless of these international agreements i t was primarily national energy 

policies that directed how the reduction of oil dependence in the electric power 

sector was to come about. However, since the hydroelectric development was 

more or less mature in most (if not all) West European countries, in general only 

two realistic options were left; coal-fired power and nuclear energy. The brief 

country review that follows below clearly shows the significance of these energy 

sources in the achievement of increased oil independence in the respective electri

city sectors. Nevertheless, i t also demonstrates that the countries had varying 

success in carrying through their initial plans. 

Following the first oil crisis in 1973 Austria planned to increase its nuclear and 

coal-fired capacity. However, the construction of the Zwetendorf nuclear plant 

was nearly completed when a public referendum in 1978 opted for a stop of the 

nuclear program, and the plant had to be mothballed (IEA, 1992). This meant 

that more emphasis now had to be put on new coal-fired plants and to some 

extent increased hydropower capacities, Austria being one of the few countries 

where new suitable hydro sites were available. The government also gave fiscal 

incentives for converting existing oil-fired burners to coal (Wagner, 1980). 

Belgium, with her small indigenous resources, launched a very ambitious nuclear 

program as a response to the soaring oil price (IEA, 1985). The nuclear policy 

also proceeded with relatively few of the problems encountered in other 

countries, and already in 1980 the nuclear share of total electricity generation 

was as high as 24% (appendix 1). Even i f the expensive coal that was mined in 

the country was heavily protected by state subsidies, most of the coal used for 

electricity generation was imported (Wagner, 1980). This import also increased in 

importance as many old oil-fired plants now were being rebuilt to be able to burn 

coal as well (see table 2.4). 

After 1973 Germany faced a situation similar to that in the other West European 

countries. With the hydropower potential nearly fully exploited, and new 

capacities of oil- and gas-fired power economically (and legally) restricted, most of 
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the potential for electricity generation was to be found in nuclear energy and 

coal-fired power (IEA, 1985). The short-term response was however to increase 

gas use in converted oil-fired plants (see table 2.4 and appendix 1). In the long-

term, on the other hand, the electricity sector had vigorous nuclear plans. 

However, the anti-nuclear movement quickly gained in political influence and at 

the end of the 1970s the nuclear construction program came to a complete halt, 

giving more room for coal-fired power (Lucas, 1985). The German coal industry 

was (and is) to a large extent not competitive and has therefore received state 

assistance ever since the mid-1960s. After the oil crisis the protection of domestic 

coal from imported oil and coal strengthened, primarily through the so-called 

Jahrhundertvertrag of 1980, which stipulated the amount of coal to be burnt by 

German electricity generators. 

Ireland's responses to the goal of switching away from oil in electricity generation 

changed somewhat between 1973/74 and the beginning of the 1980s. The 

immediate response was to increase gas use and to begin converting existing oil-

fired plants to dual gas/oil burning (IEA, 1985). However, even i f indigenous 

reserves of gas became available in 1979, the government now yielded somewhat 

to the depletion argument, namely that a better gas use would be in direct 

residential supply (Gillmor, 1987). As a consequence, in the late 1970s the official 

policy was that the bulk of base-load generation was to build on a combination of 

imported coal and nuclear energy.5 The nuclear prospect however receded in the 

face of increased public opposition and instead the main outcome of the policy 

reorientation was the construction of a large coal-fired power station at Money-

point (which came into production in 1986). 

The Italian energy policy has by many been considered as very toothless, in the 

sense that deep-rooted political bargaining as well as powerful interest groups 

have limited the scope for necessary adjustments (Lucas, 1985; Finon, 1994). The 

5 In addition, the social and political pressures to preserve peat use were still prevalent. For 
example, Gillmor (1987) notes that "employment relative to generating capacity is over four times 
greater in [...] peat stations than in oil and natural gas plants," (p. 374). However, since peat use 
had not increased in absolute terms, its share of total power generation had decreased since 1973. 
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relative failure of the Italian power sector to diversify away from imported oil 

after 1973 partly confirms this notion. Between 1973 and 1980, oil-fired power 

production increased by almost 20% in absolute terms (appendix 1). To some 

extent this was a result of the new oil-fired capacity ordered before the oil crisis 

that now entered service (Thomas, 1989).6 Directly after the first oil crisis the 

main focus was on increased nuclear capacity. However, i t soon became clear that 

this option faced many obstacles, primarily public opposition as well as the poor 

financial situation in the industry (de Carmoy, 1977). Therefore, in the late 

1970s plans for new coal-fired power were emphasized instead. Nevertheless, the 

only apparent result of this latter strategy was the conversion of existing oil-fired 

plants to coal and gas. Evidently, financial restrictions and problems in obtaining 

sites explain the lack of investment in new coal-fired power stations in Italy 

(Thomas, 1989). 

In the Netherlands, output of Groningen gas peaked in 1977 but then gradually 

fell in response to a deliberate policy of the Dutch government to control 

depletion rates and restrict gas use in electricity generation (Taylor and Davey, 

1984).7 Consequently, the share of gas in total power generation fell from 80% in 

1973 to 40% in 1980 in favor of an increased oil consumption (appendix 1). Over 

the longer term, though, the Dutch energy policy aimed at replacing both oil and 

gas by imported coal and nuclear (IEA, 1985). The country already operated a 

450 MW nuclear plant since 1973, but at the end of the 1970s the nuclear 

program halted and a public debate was launched. The building of new coal-fired 

stations and the conversion of gas- and oil-fired stations to coal however helped 

in accomplishing the gradual substitution away from oil. 

After the first oil price shock, the Spanish government promoted the use of 

nuclear and domestic coal in the electric power sector. Coal use in particular 

boosted, and was also supported by a contractual arrangement between the coal 

6 The construction of these plants had been very slow, primarily because of the financial problems 
of E N E L , the state-owned electric utility in Italy (Thomas, 1989). 
7 The E C Directive of 1975 also encouraged the Netherlands to adopt a restrictive gas export 
policy (IEA, 1996b). 
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industry and the electric utilities, and by a number of additional subsidies (IEA, 

1996c). These protecting measures were needed to ensure domestic supply since 

the Spanish coal is (and was) more expensive and has a lower quality than the 

average coal traded internationally (Kahn, 1996). The Spanish nuclear expansion 

was not as pronounced as that in coal-fired power, but still added significantly to 

the electricity generating capacity in the country. I t was only in the mid-1980s 

that the public began to turn against nuclear in Spain (see section 2.4). 

Also in the U K the main response to the oil crises was to rely more heavily on 

nuclear and coal-fired power. The British nuclear program had started already in 

the 1950s and many new stations therefore came into service in the late 1960s 

and the early 1970s (Hewlett, 1994, p. 19). The nuclear expansion was however 

more modest than initially planned, primarily because of construction delays and 

unanticipated technical problems. The UK also had a big but gradually declining 

coal industry. With the new focus on security of supply issues, the political wi l l to 

further protect these domestic coal mines was high in the 1970s (de Carmoy, 

1977). As a result, from 1979 and onwards sales of coal to the electricity industry 

were governed by a non-contractual agreement, known as the Joint Under

standing, between the state-owned Central Electricity Generating Board (CEGB) 

and British Coal (BC). Essentially the agreement specified the amount of dome

stic coal to be used in electricity generation (IEA, 1987). Accordingly, between 

1973 and 1980 the joint share of nuclear and coal in total power generation 

increased from 72% to 86%, with coal accounting for the lion share of that growth 

(appendix 1). 

To sum up, the oil price soars in 1973 and 1979 meant that security of supply 

arguments became the main focus of fuel choice in West European power 

generation. Accordingly, most countries turned to nuclear and/or coal (and to 

hydroelectric power where there was still some hydro potential left). During the 

1970s the expectations of future electricity demand growth were still high, and i t 

was therefore considered that both ambitious coal and nuclear expansions would 

be needed. 
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The nuclear power plans in particular were extensive directly after the first oil 

crisis in 1973, not only because nuclear power provided a solution to the security 

of supply dilemma but also because it was believed to be very cheap. Table 2.2 

shows the projections of the different governments made in 1975 about nuclear 

power capacity in 1980 and 1985 respectively. The differences between actual 

outcomes and the policy goals (or forecasts) are remarkable, especially for 1985. 

As we have seen intense public opposition, most likely fueled by the Three Mile 

Island accident i n 1979, and slower electricity demand growth partly explains 

this divergence between forecasts and outcome. In spite of this nuclear energy 

could however substantially increase its share in West European electric power 

generation. In the 1980s, though, the opposition was to become even stronger and 

together with slower electricity demand growth and cost increases this almost 

put a complete stop to the nuclear programs in West Europe, something that is 

discussed in somewhat more depth in section 2.4. 

Table 2.2: Nuclear Power Projections in 1975 and Actual Outcomes (GW) 

1975 1980 1985 

Actual Forecast Actual Forecast Actual 

Austria - 0.7 - 3.0 -

Belgium 1.7 3.5 1.7 9.5 5.4 

Germany 3.2 19.1 8.6 44.6 16.1 

Ireland - - - 0.7 -

Italy 0.6 1.4 1.4 26.4 1.3 

Netherlands 0.5 0.5 0.5 3.5 0.5 

Spain 1.1 8.7 1.1 23.7 5.5 

United Kingdom 4.8 11.1 6.5 14.7 7.1 

Sources: IEA (1996a) and de Carmoy (1977). 

The relative failure of the nuclear expansion meant that coal-fired power was 

given an even greater role than was initially intended. New coal-fired plants 

were built and many oil-fired plants were converted to be able to burn coal, and 

in some cases also gas. Countries without indigenous coal resources did not 

hesitate to rely on coal imports to a considerable degree. In short, coal imports 

were considered to be more secure than oil imports because of the much greater 

15 



extent of geographically widely distributed coal reserves as well as their location 

in areas politically less sensitive. 

Coal use also received a boost i n countries with domestic sources, however often 

with the help of increased governmental support to the national coal industries. 

The IEA partly supported these subsidies and in 1979 the Governing Board of the 

IEA called for the adoption of 'strong national coal policies' to encourage 

increased coal use (Steenblik and Wigley, 1990). The major tool in the subsi

dization of national coal production has been the use of long-term contracts speci

fying the amount of domestic coal to be supphed to the respective electric power 

sectors (Radetzki, 1994). The arrangements in Germany, Spain and the UK 

clearly illustrate this. After 1973 security of supply issues became an additional 

important motive for maintaining unprofitable domestic coal mines in these 

countries. However, social and regional policy considerations were still the most 

important reasons for coal subsidization in West Europe (Taylor and Davey, 

1984).s 

Finally, i t should be noted that the fuel use data in appendix 1 seem to contradict 

the argument that extensive measures were taken to decrease the dependence on 

oil directly after 1973. However, the replacement of oil with coal and nuclear 

required large-scale projects which took years to complete. In other words, in the 

early 1980s additional coal-fired and nuclear plants ordered earlier began to 

come on line. 9 For this reason i t is not surprising that the 1979/80 oil price shock 

seemingly had a larger effect on oil-fired generation than the first oil cost 

increase. Also, the fact that many plants now were dual-fired meant that their 

short-run flexibility to meet another oil price shock had been improved. 

8 Here it is important to remember that "the events around 1973 did more harm to coal through 
the induced economic recession than they benefited it through the sudden advantage in price 
compared to oil," (Lucas, 1985, p. 214). 
9 It is therefore incorrect, as in Daniel (1991), to conclude that "the impact of the second oil price 
rise in 1979-80 was much greater in the advanced economies of the OECD," (p. 16). 
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2.4 1981-1986: Direct Nuclear-Coal Competition 

In the early 1980s the prices of oil and gas were still high but the effects of the 

strong substitution policies in the 1970s had now become manifest. In 1985 the 

share of oil in electric power generation was substantially lower than that of 

1973 in all countries (appendix 1). However, the earlier projections of continuing 

high electricity demand growth levels were now descended. I t was widely 

believed that the growth levels experienced before the oil crises were not likely to 

return (Franssen, 1985). In addition, the former 'one-to-one' relationship between 

energy demand and GDP was not apparent any longer. 

The low anticipated growth in demand had strong implications for fuel choices in 

the electric power sector; even i f coal and nuclear were still considered to be the 

only viable options for new base-load power they now came into direct compe

tition with each other. Therefore, i t is probably not a pure coincidence that the 

Nuclear Energy Agency (NEA) in 1983 began to publish (lifetime) cost estimates 

for different (base-load) electricity generating alternatives. In the mid-1980s only 

expected power generation costs for coal-fired and nuclear stations were presen

ted. The cost ratios between coal and nuclear from the 1983 and 1986 reports are 

presented in table 2.3. 

Table 2.3: Cost Ratios Between Coal-Fired Power and Nuclear Power 

Generation 

r* NEA (1983) NEA (1986) Virdis et al (1991) 

r = 5% T = 10% r = 5% r = 10% r = 5% r = 10% 

Belgium** 9% 1.39 1.14 1.62 1.34 1.29 1.01 

Germany** 4% 1.64 1.31 1.68 1.27 1.05 0.80 

Italy 5% 1.57 1.30 1.41 1.15 1.11 0.90 

Netherlands** 4% 1.29 1.09 1.31 1.04 1.17 0.91 

Spain 5% na na 1.19 0.92 0.98 0.76 

United Kingdom 5% 1.43 1.18 1.40 0.99 1.07 0.91 

* Shows the actual discount rates used in the respective electricity industries. 
** The coal-fired power station costs include the cost of desulphurization equipment. 

Sources: NEA (1983, 1986) and Virdis and Rieber (1991). 
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Naturally these cost ratios are primarily rough indicators of the competitive 

position between coal-fired power and nuclear power in the different countries. 

The actual cost wi l l be site-specific and can therefore vary considerably within a 

country. For example, at a site close to a coal mine coal-fired power can be very 

cheap because of low transport costs. Nevertheless, according to the cost ratios in 

table 2.3 nuclear held a significant cost advantage over coal-fired power in the 

1980s for new base-load power. 

However, the estimates in table 2.3 are basically forecasts of future costs and are 

based on assumptions that in many cases contradict actual experience. For 

instance, the 1986 study assumes an average lead-time for nuclear of about 9 

years. The actual average lead-time between 1980 and 1984 was over 11 years 

(IEA, 1985).10 Virdis and Rieber (1991) show that i f the latter is assumed the 

competitive position between the two options is not as clear-cut anymore (see the 

last two columns of table 2.3). The NEA assumptions about future load factors 

and coal prices have also been criticized.11 I t thus seems as i f the NEA estimates 

primarily are projections "where past problems are always solved and new 

problems w i l l not emerge," (MacKerron, 1992, p. 642). 

In other words, from a strict economic point of view the choice between nuclear 

and coal was not as obvious as is suggested by the NEA estimates. Under these 

circumstances the influences arising from political and institutional constraints 

turned out to be very important in determining the choice of power source. As the 

country review below illustrates, both coal-fired power and nuclear power now 

faced serious obstacles.12 Public opposition towards nuclear increased during the 

1980s but also investments in coal-based power suffered from siting problems 

and delays. I n addition, during the late 1970s the problem of acid rain caused by 

SO2 emissions began to dominate the environmental debate. As a consequence, 

the SO2 regulations tightened considerably during the 1980s. Even i f most 

1 0 In addition, the same study assumes an average lead-time for coal-fired plants of 7 years, while 
actual experience indicate a lead-time of just above 5 years (Virdis and Rieber, 1991, p. 117). 
1 1 The 1983 N E A study assumes an average load factor of 70% for nuclear and coal price increases 
of 1-2% per year. See Virdis and Rieber (1991) and also MacKerron (1992). 
1 2 Of course, in Austria and Ireland the nuclear option had already been abandoned. 
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stricter S0 2 regulations came into force during the late 1980s (see section 2.5), 

the mere expectation of their arrival meant increased uncertainty for those utili

ties planning to construct new coal-fired power stations. 

After the Austrian nuclear referendum in 1978 a law was passed forbidding the 

use of nuclear power in the country. In the 1980s the public opposition against 

new hydropower plants grew strong as well (Pfeiffenberger and Wirl, 1990). 

Instead new thermal capacity was brought on line in the mid-1980s, with the 

most important units being two coal/gas-fired units with a combined capacity of 

725 MW (Baum, 1988). These stations operate with a long-term contract for 

Polish hard coal. The strategy is however to burn gas when found cheaper and 

therefore occasionally stock coal (ibid.). 

The Belgian nuclear expansion since 1973 had been substantial. In 1986 nuclear 

power plants accounted for almost 70% of total electricity production. After 1985 

however, when two 980 MW plants were commissioned, the opposition against 

nuclear grew fast. Even i f the Chernobyl accident in 1986 played an important 

part in boosting the opposition i t was not environmental issues that dominated 

the new-born disapproval (Verbruggen and Vanlommel, 1989). Concerns about 

diversity of supply and doubts about the future prospects for nuclear technology 

exports considerably spurred the criticism on nuclear.13 The growth in coal use, 

on the other hand, was modest after 1980 and primarily consisted of increased 

use in recently converted oil-fired plants. 

The German electricity sector greatly decreased its dependence on oil imports as 

new nuclear reactors came in service in the early 1980s. However, further increa

ses in nuclear power faced serious public opposition. Since 1978 no construction 

permit for a reactor has been granted even though the federal government still 

continued to promote new nuclear technology (Lucas, 1985). Germany was one of 

the pioneers when i t came to introducing strict SO2 and NO* regulations in the 

1 3 The latter discussions were however not held "on a large public forum [but rather] the 
arguments were exchanged in a hmited, but highly involved and powerful circle," (Verbruggen 
and Vanlommel, 1989, p. 60). 
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electric power sector. Already in 1983 stringent limits and technology standards 

were implemented both for new and existing power plants. Consequently, by 

1988 virtually all big power plants were equipped with flue gas desulphurization 

(FGD) equipment (Vernon, 1989). Although stringent, the new regulations did 

not have any direct impact on fuel choice. In fact, with uncertain prospects for 

nuclear and due to continued state support for the coal industry, coal demand 

increased its share of German power generation in the early 1980s (appendix 1). 

Before the new coal-fired power station at Moneypoint came into service in 1986 

the Irish electricity sector relied heavily on the use of indigenous gas. However, 

after 1986 (in hne with the official energy policy) gas use decreased substantially 

at the expense of a higher (imported) coal share (appendix 1). After the nuclear 

alternative had been dismissed in 1979 the environmental concerns were now 

directed towards coal burning. For example, "the fact that desulphurization 

equipment [was not] included in the Moneypoint coal-fired power station [was] a 

source of increasing controversy," (Gillmor, 1987, p. 373). 

Italy's problems in increasing the capacities of nuclear and coal-fired power 

continued in the early 1980s. The main obstacle was delays in the selection of 

sites for new plants. Here local opposition, often led by the local authorities, were 

strong. In general the objections were not about environmental concerns or risk 

issues. Rather, the opposition tended to concentrate on job opportunities, com

pensations for losses in the value of land and other social arrangements (Thomas, 

1989). Moreover, after the Chernobyl accident a referendum was held in 1987, 

the result of which went against nuclear (including the existing plants which had 

to be shut down) (Cross, 1996).14 The Italian electricity sector however converted 

many oil-fired plants to multi-fired plants (gas/oil in particular) in the mid-1980s 

(see table 2.4). As a result, the share of gas in power generation increased 

consistently during the early 1980s. This was partly because the infrastructure 

1 4 It should be noted that the referendum did not ask directly for a "yes" or "no" on nuclear. 
Rather the people said no to Italian participation in international nuclear projects (70%) and to 
central governments having the authority to over-ride local authorities on siting issues (80%) 
(Thomas, 1989). 
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for coal imports to the multi-fired units often lacked and partly because the state-

owned gas utility (SNAM) had a large surplus of natural gas (MacKerron, 1989; 

Thomas, 1989). Coal-fired power was however still considered to be the only 

conceivable long-term option. 

In 1985 the Dutch government decided that two new nuclear plants would be 

installed before 2000. However, the Chernobyl accident i n 1986 delayed the 

decision process and a final political decision on the future of nuclear power has 

been postponed ever since (Cross, 1996). This meant that the electricity industry 

reluctantly had to increase its gas use in the short-term (appendix 1). The official 

policy was still to increase coal-fired power, and create a more equal balance 

between coal and gas. The achievement of this goal was kept alive by the 

conversion of 1650 MW gas/oil fired units to coal burning, and also by the lower 

prices for imported coal (IEA, 1985). Opposition to the siting of new coal-fired 

plants however grew stronger and stronger (IEA, 1992). 

In Spain the large investment program in coal-fired and nuclear generation gave 

fruit during the early 1980s. In 1985 the oil share of total electric power 

generation was only 6% compared to 35% in 1980 (appendix 1). However, the 

local opposition15 towards the building of new nuclear plants now increased and 

substantially lower expected demand growth made new nuclear energy reactors 

unnecessary (Couse, 1989). As a result, the national energy plan of 1983 put a 

moratorium on new nuclear plants, including those under construction. The coal-

fired program was however maintained intact, partly due to its role in supporting 

the domestic coal industry. In 1986 a new agreement between the coal producing 

companies and the electricity utilities was signed (IEA, 1987). Thus, even i f 

efforts in coal restructuring were significant in the 1980s these focused more on 

increasing the productivity in domestic mines than on reducing price support. 

In the United Kingdom earlier concerns about security of fuel supplies lessened 

in the early 1980s as new nuclear power plants came on-line and the North Sea 

1 5 This even included terrorist attacks on nuclear plants by Basque nationalists (Lucas, 1985). 
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oil and gas supplies came on-stream. In 1979 the new conservative government 

had advocated a free-market approach in which the adjustment to change in the 

energy sector should be left to private agents (Finon, 1994). This together with 

pure ideological motives meant that the government now was keen to cut down 

the economic and political power of the coal union. In 1984 this policy led to a 

direct conflict and the National Union of Mineworkers (NUM) went on strike. 

However, the electricity sector proved very flexible and by blending coal with fuel 

oil i t alleviated a threatening coal supply shortage (IEA, 1987). When the strike 

was called off in 1985 i t was a clear defeat for NUM. The political pressures for 

liberalization increased even further when the oil price collapsed in 1986 and as 

cheaper imported coal became widely available (Parker, 1996). 

To sum up, in the competition between coal-fired power and nuclear energy, coal 

was the 'winner' in the mid-1980s. I t was however not coal use in new base-load 

stations that was favored, but rather that in existing or converted power stations. 

Utilities were now also less hesitant to burn gas and oil in existing capacities, 

partly because of a more relaxed attitude towards security of supply and 

depletion issues (Finon, 1994). Strictly speaking, the 1980s began with a pure 

nuclear-coal competition for new base-load stations and ended with a victory for 

investments in existing capacity over the building of new base-load power 

stations, be i t coal or nuclear. To understand this shift let us first look more 

closely at the failure of new base-load capacity in general and the arrest in new 

nuclear reactors in particular. 

Both the economic and the political climate were unfavorable to nuclear power in 

the 1980s. Economically, the slowdown in electricity demand growth led to 

oversupply of capacity in the early 1980s and many reactors, both those planned 

and those under construction, now became superfluous (IEA, 1985). Also, as 

indicated above the building of new reactors turned out to be more expensive 

than initially projected. Factors such as increased lead-times and stricter regula

tory (safety) rules partly explain these cost escalations (MacKerron, 1992). For 

example, in the 1970s the average lead-time for a nuclear plant in West Europe 
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was 6.5 years, but in the early 1980s the corresponding lead-time had reached 

11.1 years (IEA, 1985). This latter increase was not only due to technical 

problems during the construction but also to increased public opposition that 

delayed the processes. 

When turning our attention to the political factors i t is important to note that the 

public opposition to nuclear was intense also before the accidents at Three Mile 

Island in 1979 and in Chernobyl in 1986 (Surrey and Huggett, 1976). However, to 

a large extent the increases in regulatory stringency stem from the safety investi

gations that followed these events. Moreover, as the Italian and Spanish cases 

show, the opposition to nuclear was not only directed towards environmental and 

risk-related issues. I t was also a struggle between the local and the national level 

of the political life, where the local community saw no benefits in nuclear 

development and resisted to accept decisions exclusively taken at the national 

level (Foley and Lönnroth, 1981). Further, this opposition is to become especially 

effective in countries where "a substantial devolution of authority does exist (e.g., 

Scandinavia, Germany) or those where the central control over a heterogeneous 

nation has lapsed (Italy, Spain)," (Lucas, 1981, p. 181). Conversely, in countries 

where the decision making is left to a small and powerful group and the 

opposition is left little access to the political and legal system (e.g., Belgium, 

France), i t becomes more difficult to effectively hamper nuclear projects (Damian, 

1992). 

Investments in new coal-fired capacity basically (because of its high capital 

intensity) faced the same problems as nuclear power. However, in the case of coal 

the public opposition tended to focus solely on SO2 and NOx emissions and their 

negative impacts on health and environment. As a consequence, in order to avoid 

regulatory problems, public opposition and other risks associated with new con

structions, investments in existing thermal capacity increased instead. The lack 

of technical improvements in new plants since the 1970s further reinforces this 

development. In other words, investment in new plants not only creates regula

tory problems but also does not offer any substantial cost reductions (Ellerman, 
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1996). This contrasts sharply with the situation in the 1960s when the value of 

existing plants was much lower because of substantial technical progress.16 

In terms of fuel choice this primarily meant conversions of old (preferably oil-

fired) power stations to be able to burn another fuel or a mix of fuels. In addition, 

i f new capacity came in service i t was primarily dual- or multi-fuel fired.17 Thus, 

the uncertain economic and political environment during the 1980s meant that 

flexibility and diversity became central concerns for many utilities. Since increa

sed multi-fuel capability generally comes at the expense of lower efficiency of 

single fuel units, this shows that most utilities also were willing to pay an extra 

premium for this increase in flexibility. 

The increase in dual- and multi-fuel capacity was great. For example, out of a 52 

GW net increase in West Europe's fossil fuel fired capacity between 1974 and 

1990 43 GW (or 83%) was multi-fuel fired (IEA, 1994b). A large part of the 

remainder was not in fact new single fuel capacity but rather converted oil-

burning plants. Table 2.4 summarizes the increase in thermal multi-fuel capacity 

for our eight countries since 1974. Two general observations can be made with 

regard to these figures. 

First, the major increase in multi-fuel capacity came in the early- and mid-1980s 

and i t is primarily oil/gas- and coal/oil-units that constitute this growth. Clearly, 

this reflects the response to the high oil prices at the time; many oil-fired plants 

were converted to be able to burn coal and/or gas. As figure 2.1 shows, the early 

1980s was also a period of fluctuating relative prices, which increased the incen

tive to improve fuel-switching capabilities. In addition, in the mid-1980s many 

utilities had sufficient spare capacity to meet demand (because of previous over-

estimations of demand) and could thus easily set aside some units for conversion 

(IEA, 1992). 

1 6 For a review of changes in productivity growth and technical change in power generation, see 
Joskow (1987). 
1 7 The public often found it easier to accept new multi-fuel fired plants, and especially those able 
to burn gas because of its low emission levels. See for example Thomas (1989). 
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Table 2.4: Multi-Fuel Fired Electricity Generating Capacity in Eight 

West European Countries for Selected Years (GW) 

Austria Belgium 

1974 1980 1985 1990 1994 1974 1980 1985 1990 1994 

Coal/Oil 0 0 0.48 0.25 0.30 0.61 1.18 1.52 1.52 1.47 

Coal/Gas 0 0 0.08 1.00 1.27 0.11 0.14 0.24 0.12 0.11 

Oil/Gas 0 0 2.63 2.51 2.72 1.82 1.59 1.68 1.70 2.73 

CoaVOil/Gas 0.81 3.45 0.24 0.21 0.23 3.77 4.67 3.17 3.26 2.73 

%multi-flred* 27 73 69 70 75 82 92 90 92 90 

Germany Netherlands 

1974 1980 1985 1990 1994 1974 1980 1985 1990 1994 

Coal/Oil 6.86 7.14 8.58 9.03 8.95 0.52 1.49 1.81 1.71 1.25 

Coal/Gas 1.49 1.65 1.45 1.98 1.88 0.56 0.67 0.22 2.06 2.90 

Oil/Gas 2.47 5.98 10.55 9.22 9.27 8.29 11.76 12.18 9.97 10.25 

Coal/Oil/Gas 0.75 0.59 6.73 5.41 5.41 0.34 0.25 0.25 0 0 

%multi-fired* 20 23 43 38 38 74 84 87 81 82 

Ireland Italy 

1974 1980 1985 1990 1994 1974 1980 1985 1990 1994 

Coal/Oil 0.09 0 0 0 0 8.02 6.05 6.10 6.38 6.35 

Coal/Gas 0 0 0 0 0 0 0 0 0 0 

Oil/Gas 0 0 1.02 1.10 1.11 3.20 5.64 8.34 11.20 14.64 

CoaVOil/Gas 0 0 0 0 0 0.60 0.92 2.67 2.62 2.64 

%multi-fired* 6 0 40 33 33 52 43 47 54 54 

Spain United Kingc om 

1974 1980 1985 1990 1994 1974 1980 1985 1990 1994 

Coal/Oü 0.93 0.06 0.22 0.50 0.64 1.92 2.66 2.29 5.15 4.82 

Coal/Gas 0 0 0.02 0.02 0.01 1.57 1.61 0.37 0.37 0 

Oil/Gas 0 0.96 1.88 1.99 2.19 0 0 1.23 0.78 0.87 

Coal/Oil/Gas 0 0 0 0 0.09 0 0 0 0 0 

%multi-fired* 9 7 11 12 14 5 7 7 11 11 

* shows for each year the percentage share of total fossil-fueled capacity that is capable of burning 
more than one fossil fuel. 

Source: IEA (1996a). 

Second, the share of multi-fuel capacity increased substantially in many count

ries between 1974 and 1994, thereby greatly improving the short-term flexibility 

of the respective electricity industries. However, in this sense the countries also 
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differ a lot, with Belgium and the Netherlands standing out as the countries with 

the highest shares of multi-fuel capability. Spain and the UK, on the other hand, 

account for a relatively low share, partly reflecting the policies of guaranteeing 

domestic coal for electricity generation. Robinson (1989) notes for example that 

the British government was very reluctant to allow the industry to "switch to oil 

when fuel oil prices have fallen," (p. 23). Among those countries with the highest 

percentage increase in multi-fuel capacity we find Austria, Germany and Ireland. 

Accordingly, these were also the countries that had high levels of surplus capa

city (measured in percent of peak demand) in the early 1980s (IEA, 1985, p. 64). 
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Year 

Figure 2.1: Relative Price Index Between Oil and Coal Bought by Electric 
Utilities in Eight West European Countries 1978-1995 (Index 100=1990) 

Source: I E A (quarterly), Energy Prices and Taxes. 

In 1986 the utilities in West Europe got a golden opportunity to use their fuel 

switching capacity as the oil price collapsed (see figure 2.1). In many countries 

this also meant a decrease in the price of gas because of its contractual linkages 

to the oil price (Daniel, 1991). These price drops reinforced the belief that fluctua

ting relative prices were something that had come to stay. However, in the late 

1980s the l imit of economically justified conversions had almost been met, with 

only the less suitable plants remaining (IEA, 1992). Thus, wi th the regulatory 
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and economic uncertainties still prevalent, West European utilities had to find 

new flexible and cheap ways of meeting future load growth. 

2.5 1987-1995: Coal-Gas Competition 

With the oil and gas price drops in 1986, the goal of energy security faded in 

importance in most countries. Nevertheless, even after 1986 there has been a lot 

of suspicion towards oil use for base-load power generation.18 However, the 

growth in power generation gas use since the late 1980s (illustrated below) shows 

that the prevailing belief of ever increasing gas/oil prices has overall been repla

ced by a more relaxed attitude to depletion issues. 

Hence, with the nuclear expansion still at halt, coal-fired utilities now faced a 

'new' competitor; gas-firing in combined cycle gas turbines (CCGT). Initially, the 

growing interest in gas for power generation was technology driven. In the late 

1980s improvements in the design and performance of the combined cycle plants 

were made. Most importantly, the (thermodynamic) conversion efficiencies were 

raised substantially. Furthermore, gas-firing in CCGT typically means lower ca

pital and operating costs than is the case for coal-fired power (IEA, 1991a). 

These economic benefits are illustrated by the lifetime cost estimates of the NEA, 

who in their 1992 report also includes a comprehensive analysis on gas-fired 

power generation costs. Typical cost ratios between coal, gas and nuclear from 

the NEA 1989 and 1992 reports are presented in table 2.5. Again, these types of 

generalized assessments of power generations costs can be misleading because of 

differing local conditions; the estimates in table 2.5 are thus only crude indicators 

of the competitive positions between the different alternatives. Still, the table 

shows that the cost of generating electricity from a gas-fired combined cycle plant 

often can be lower than that from a conventional coal-fired plant. In particular, 

this is true i f high discount rates are used. 

1 8 For instance, "in March 1990 I E A Energy Ministers reaffirmed policies established in 1977 that 
construction of exclusively oil-fired stations should be discouraged and that existing oil-fired sta
tions should be converted to other fuels where economic," (IEA, 1992, p. 7). 
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Table 2.5: Cost Ratios Between Coal-Fired Power, Gas-fired Power and 

Nuclear Power Generation for Eight West European Countries* 

r** NEA (1989) NEA (1992) 

Coal/Nuclear Coal/Nuclear Coal/Gas Gas/Nuclear 

5% 10% 5% 10% 5% 10% 5% 10% 

Belgium 9% 1.79 1.42 1.10 0.92 0.97 1.05 1.14 0.88 

Germany 4% 1.42 1.13 1.51 1.21 na na na na 

Italy 5% 1.25 0.97 na na 0.83 1.00 na na 

Netherlands 4% 0.95 0.80 na na 0.79 0.87 na na 

Spain 5-10% 0.97 0.77 na na 1.42 1.56 na na 

UK*** 8% 1.06 0.85 0.98 0.78 1.09 1.32 0.90 0.59 

* All coal-fired power costs include the cost of desulphurization equipment. 
** Shows the actual discount rates used in the respective electricity industries. 
*** The 8% discount rate was used before privatization in 1990. After this year the discount rates 
have been determined by the private utilities and these rates have normally been higher than 8%. 

Sources: NEA (1989,1992). 

The cost ratio estimates also show that nuclear energy still provides cheap base 

load power. However, these costs are probably also underestimated due to conser

vative assumptions about lead-times (see discussion in section 2.4). Moreover, the 

experiences in the 1980s showed that cost competitiveness is not a sufficient con

dition for nuclear power plant expansion to actually occur. In contrast to nuclear 

energy, gas-fired electric power has many of the characteristics suitable in times 

of slow demand growth. For instance, low capital costs, short lead-times and the 

possibility of adding small capacity increments, enables power producers to 

follow demand developments more closely, and thus reduce uncertainty and cost 

(Bayless, 1994). 

In addition, two general developments in West European energy policies have 

created further incentives for increased power generation gas use. First, we have 

seen a clear trend towards increased privatization and competition in the electric 

power sectors. The unbundling of production, transmission and local distribution 

into separate accounting units or entirely separate enterprises, and the introduc

tion of competition in the provision of new generating capacity, are key elements 

of this trend. Reforms have been introduced in most West European countries 
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(McGowan, 1996). The European Union, through its competition rules, and the 

IEA have promoted and to some extent enforced these reforms. Of course, to some 

extent these restructurings reflect the overall trend towards deregulations in the 

economy as a whole (Finon, 1994). However, another important driving force has 

been the acknowledgment that the generation of electricity is not a natural mono

poly, a notion that was strongly rejected in the 1960s. 

The decline in government intervention in the electricity sector, and the rise of 

private management limit the possibility of reactivating large-scale investment 

projects. Private electric utilities must normally yield a higher return on capital 

since they cannot rely on allocations from public budgets at low interest costs. 

Given its low capital needs, gas will gain in competitiveness as the requirements 

for capital return on investments in power generation increase (IEA, 1991a). 

The retreat from interventionism has also meant that the protections of unecono

mic domestic coal industries have come under fire in Germany, the UK and to 

some extent Spain, thus further strengthening the competitive position of gas in 

West Europe (e.g., Heilemann and Hillebrand, 1992). 

Second, a growing concern for environmental issues has led to stringent S0 2 and 

NOx regulations in many countries. Particularly the problems of SO2 emissions 

have dominated the energy policy debate since the mid-1980s, and some count

ries have signed international agreements to deal with transboundary acid rain 

issues. More restrictive national limits for primarily coal-fired plants were enac

ted in Germany (1983); Austria (1984); Belgium and Spain (1986); Italy and the 

Netherlands (1987); and the United Kingdom (1988).19 The strictest standards 

have typically been set for new power plants, although Austria, Germany and the 

Netherlands have rather rigid standards for existing plants as well (IEA, 1992). 

The current debate on energy and the environment also focuses more and more 

on greenhouse gas emissions, and the possibilities of global climate change. Diffe-

1 9 In addition, the members of the European Community are also bound by the 1988 Large Com
bustion Plants Directive (IEA, 1988). Vernon (1989) provides an overview of the different sulfur 
control strategies employed in various OECD countries. 
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rent individual countries as well as the European Union have begun to examme 

possible measures, e.g., C0 2 taxes, for reducing greenhouse gas emissions, but 

few have enacted radically new policies (IEA, 1996d). 

Environmental regulations in general favor gas use in electricity generation. The 

costs of meeting existing regulations for S0 2 and NOx are normally lower for gas 

than for coal. 2 0 Further, in the future gas is less likely to be heavily affected by 

tighter carbon dioxide policies, since i t produces less C0 2 per kWh generated than 

do coal and oil (IEA, 1992). Thus, this reinforces the perception of gas as a low-

risk option given uncertainties about future environmental legislation. 

To sum up, the deregulation and the environmental trends in the West European 

energy economies both speak for gas use in power generation.21 But to what 

extent have electric utilities de facto given a high priority to increased gas use? 

Table 2.6 provides some evidence in that i t shows the planned electric power 

capacity changes (in absolute terms) between 1992 and 2000 for seven countries. 

Table 2.6: Planned Changes in Electricity Generating Capacity by Fuel 

Between 1992 and 2000 for Seven West European Countries (GW)* 

Coal Gas OÜ Nuclear Hydro Others Total 

Austria -0.06 0.67 0.32 0.00 1.27 0.04 2.24 

Belgium 0.03 1.07 0.00 0.69 0.00 0.00 1.79 

Germany 0.12 1.29 -1.32 -2.02 0.83 1.52 0.47 

Ireland -0.01 0.60 0.14 0.00 0.00 -0.04 0.69 

Italy 3.00 4.00 -2.80 0.00 0.40 0.30 4.90 

Netherlands 1.18 0.80 -0.02 0.00 0.01 0.29 2.26 

Spain 1.85 5.99 -2.76 0.00 1.45 0.32 6.85 

* Corresponding data were not available for the United Kingdom. 

Source: I E A (1994b). 

2 0 SO2 control technology is not required for gas since the burning of gas yields practically no SO2 
emissions (IEA, 1988) 
2 1 Also, in 1990 the 1975 E C Directive, limiting gas use in power generation, was revoked. Still, 
the Directive was relatively ineffective already in the 1980s, and many exceptions in it allowed 
CCGTs to be built. 

30 



I t should be clear that in 1992 most countries planned to increase their gas-fired 

capacity, and the capacity additions appeared to be most significant in Spain and 

Italy. In 1994 a protocol of intent for the use of gas in power generation was 

signed between the Spanish association of electricity companies (UNESA) and 

the state-owned gas company (Enagås). The completion of the so-called Maghreb 

pipeline from Algeria wil l ensure supply (IEA, 1996c). Italy, on the other hand, 

has relied on Russian and Algerian gas contracts, and in 1996 the Italians 

intended to diversify gas supply sources by bringing in deliveries from Nigeria 

(Quinlan, 1996). To a large extent, gas use in Italy has been promoted because of 

environmental reasons. Both Spain and Italy also planned to increase coal-fired 

capacities.22 Coal power capacities in the other countries, however, were expected 

to remain more or less constant. 

Thus, gas power investments have certainly increased since the beginning of the 

1990s (see also appendix 1). However, the big 'dash for gas' did occur in the 

United Kingdom (not shown in table 2.6). The privatization of the UK electricity 

market in 1990, in essence meant that power producers were no longer obliged to 

buy expensive coal from British Coal any more. As a consequence, the British 

coal industry collapsed and the immediate cause was an unanticipated increase 

in new CCGT capacity.23 Table 2.7 illustrates the soar in gas use and the fall in 

coal use in UK electricity generation in the 1990s. Basically, privatization with 

its higher discount rates (10-15%) made gas by far the most economic option. 

Table 2.7: Fossil Fuels Used in UK Power Generation (Mtoe) 

1990 1991 1992 1993 1994 

Coal 82.6 82.0 77.0 64.1 60.7 

Gas 0.6 0.6 1.7 10.5 15.4 

Oil 11.6 9.9 8.4 7.4 6.1 

Sources: Parker (1996) and IEA (1994b). 

2 2 However, in the Italian case all new fossil-fueled power capacity will be either CCGTs or multi-
fuel plants (Thomas, 1996). 
2 3 Interestingly, just before privatization most energy analysts correctly projected the fall in Bri
tish coal production, but they rather foresaw that imported coal would replace domestic sources. 
See, for example, Robinson (1989), Hammons and Geddes (1990) and MacKerron (1989). 
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The radical increase in CCGT investments was also a result of government 

actions towards the coal industry (specially the National Union of Mineworkers), 

and of the imperfect market structure in the UK power generation industry. 2 4 

Thus, pure environmental considerations most likely played a very small role in 

encouraging gas-fired power in the United Kingdom.2 5 

So far in this section we have shown that many economic and political factors 

have directly and indirectly promoted gas use in power generation since the late 

1980s. Still, gas-fired power has also its disadvantages, and in essence these 

mean that gas nevertheless faces competition from coal. Gas turbines are cheap 

to build on the one hand but expensive to run on the other (because of relatively 

high fuel costs). This makes gas turbines very suitable for peak load use. Thus, 

when the capacity surpluses of the 1980s became smaller in the early 1990s, 

many utilities needed more peaking units and gas units were the natural choice. 

However, when new base load power is needed, coal-fired units are seriously 

considered. Coal-fired plants typically have much lower fuel costs but higher 

capital costs. Thus, when planning is made over a longer time period, coal use is 

often favored (Trumpy, 1997). However, because of siting problems, new coal 

capacity wi l l often be constrained to existing sites. Increasingly power generators 

also tend to repower old power plants at existing sites. 

In addition, coal use also benefits from the favorable economics of existing coal-

fired power stations, i.e., when the capacity is at place the investment costs are 

sunk and essentially this means that coal's greatest disadvantage has been 

removed (Ellerman, 1996). In this sense, gas in fact offers an inexpensive means 

2 4 The two dominant producers (National Power and PowerGen) in the U K and the independent 
power producers undertook a lot of strategic investments in CCGT primarily to protect market 
shares. As a consequence, the total costs of new CCGTs were often higher than the avoidable 
costs of the existing coal-fired stations. Thus, in this sense many CCGT investments were in fact 
premature and uneconomic (Newbery, 1994). 
2 5 The privatization process in the United Kingdom also illustrate that nuclear energy face serious 
difficulties in private markets. Since private investors would be very reluctant to purchase assets 
of a utility with substantial unfunded and open-ended decommissioning habüities, nuclear was 
withdrawn from the privatization reforms. The government was concerned that this would lead to 
huge increases in coal use, and for diversity reasons it therefore required that all regional 
distributors had to buy some nuclear electricity under the so-called Non-Fossil Fuel Obligation 
(NFFO) (MacKerron, 1996). 
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of complying with existing emission standards. Thus, coal-fired plants equipped 

with pollution control will compete against other supply options (offering the 

same environmental standards) purely on the basis of their variable costs. Natu

rally this means that tighter regulations for new capacity increase the incentives 

to utilize and extend the lives of existing coal-fired stations.26 

In other words, in terms of variable costs and long-term investments at existing 

sites, coal-fired power generation is still competitive. This conclusion is reinfor

ced by the fact that coal prices are expected to increase more slowly in the future 

than are gas prices (IEA, 1995). In addition, security of supply reasons have also 

raised concerns about future growth in gas use.27 Basically these worries have 

arisen since many non-European producers (e.g., Russia, Algeria etc.) have been 

emerging to dominate the gas import market. Consequently, i t has been questio

ned i f this import dependence represents any real advantage over oil imports 

dominated by OPEC supplies. 

To sum up, at present we see a struggle between two different types of power 

technologies in the West European electricity markets; coal- and gas-fired power. 

This section has identified some of the most important factors that wi l l deter

mine the ultimate future choice between the two. However, given that they 

possess different advantages in terms of fuel and investment costs, there will 

probably be room for both coal and gas technologies. 

2.6 Concluding Remarks 

This chapter has presented a short historical review of the economic and political 

factors that have shaped power generation fuel use in West Europe since the 

1960s. In this section we briefly summarize the chapter and discuss some impor

tant implications for the theoretical and empirical analyses that follow in the 

remaining chapters. 

2 e For instance, the Spanish government has since 1990 financially backed generators that 
prolong the lives of some of their coal-fired power stations (IEA, 1992). 
2 7 See, for example, the special IEA (1995) study on this issue. 
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After the first oil crisis in 1973 imported oil (and gas) became not only uneco

nomical but also politically undesirable for power generation purposes. Therefore, 

to ensure security of fuel supply and decrease the level of oil dependence govern

ment involvement increased. The different public measures to promote domestic 

sources of supply were plenty. In general, the only economically viable electricity 

supply options that could jointly fu l f i l l the self sufficiency goals were nuclear 

power and coal-fired power. 

As electricity demand growth levels fell in the beginning of the 1980s, these 

power sources came into direct competition with each other. However, i t was not 

primarily the relative costs of nuclear and coal-fired power production that 

determined the choice between them. Rather i t was 'pure' political factors. Public 

opposition towards new power stations in general and towards nuclear power in 

particular was intense. Strictly speaking, this meant that refurbishing of existing 

capacity and construction of multi-fuel fired capacity increased heavily during 

the 1980s. Uncertainty about future relative fuel prices, few technical improve

ments and government policies further reinforced these developments. 

At the end of the 1980s nuclear energy and coal-fired power faced new obstacles. 

First, as the goal of energy security faded in importance governments were more 

inclined to encourage privatization and increased competition in the electricity 

industries. Thus, the prevailing view has been that there is nothing about energy 

as energy that warrants nationalized industries. Second, concerns about S0 2 and 

CO2 emissions came at the forefront of the energy policy agenda in the late 1980s. 

Both these developments, together with a technical breakthrough, made natural 

gas the preferred choice of fuel for many electricity companies in West Europe. 

The prospects of reactivating large-scale and (in the case of coal) high-emitting 

investment projects such as coal and nuclear facilities are today seriously l imi

ted. Coal nevertheless plays an important role because of the favorable economics 

of coal burning in existing (and refurbished) plants. Some utilities also repower 

and reinvest i n coal-fired power plants at already existing sites. 
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Some of the main findings of the historical review above will be important in the 

coming analysis on price-induced interfuel substitution. We therefore end this 

chapter by pointing out the most important implications. First, a thorough 

understanding of long-run fuel choices, i.e., electricity capacity additions, requi

res a careful analysis of political choices and their determinants. Indeed political 

factors, such as public opinion and government regulations, have often been more 

important than pure economic considerations. 

Second, over the years the flexibility of the West European power industry has 

increased substantially. That is, i t is now more capable of responding to relative 

price changes in a faster and more efficient way than in the 1970s. In other 

words, a study of fuel choice should not disregard the short-run substitution 

possibilities of the industry. In addition, the short-run choices are less likely to be 

affected by political considerations, i.e., costs and prices are here most likely the 

primary determinants of fuel use. Finally, when modeling price responsiveness of 

fuel demand i t is important to control for variables such as environmental 

regulations, fuel supply disruptions and technological changes, where the latter 

often are a consequence of the cumulative effects of public policies towards the 

power sector. In other words, the power technologies used by electric utilities in 

West Europe have since the early 1970s increasingly been determined by energy 

policies rather than by efficiency improvements and other technical innovations. 
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Chapter 3 

THEORETICAL FRAMEWORK 

AND L I T E R A T U R E REVIEW 

3.1 Introduction 

This chapter discusses the methodological issues that are involved in measuring 

price-induced interfuel substitution. Section 3.2 briefly reviews the application of 

flexible production (cost) functions and how these have been used in modeling 

factor demand substitution. The main implications of applying a flexible function 

approach to the electric power sector are discussed in section 3.3. In section 3.4 

we review previous research on interfuel substitution in fossil-fueled power gene

ration. Major drawbacks and strengths of this research, and the implications for 

the present study are then discussed in section 3.5. 

3.2 Interfuel Substitution and Production Economics 

Microeconomic theory offers two ways of measuring the price-induced substitu

tion between different input factors, the elasticity of substitution and the cross-

price elasticity of factor demand. Cross-price elasticities represent the percentage 

change in the quantity demanded of one fuel for each percentage change in the 

price of another fuel. The elasticity of substitution, on the other hand, is basically 

a pure technical concept measuring the curvature of the isoquant. Thus, i t has no 

direct allocation consequences. However, i f cost minimization is assumed (i.e., the 

slope of the isoquant is equal to relative factor prices), the elasticity of substitu

tion can be interpreted as the percentage change in factor proportions as a result 

of a one percent change in relative factor prices. 

The estimations of the substitutability and the responsiveness of demand for 

coal, oil and gas to changes in their respective prices and the prices of substitute 

fuels require a production function approach. For these purposes we desire a 

flexible production function which involves no a priori parameter restrictions. 
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The 'traditional' functional forms fail in this sense. For example, the CES 

production function constrains all elasticities of substitution to be constant and 

equal, and the Cobb-Douglas form even imposes the restriction that they all 

equal one. Thus, one of the major advantages of employing flexible functional 

forms is that the estimated elasticities of substitution are subject only to those 

restrictions implied by economic theory. The most frequently used flexible 

function in empirical work has been the translog functional form, primarily 

because i t offers some advantages in terms of economic interpretation and ease of 

estimation. The translog function was proposed by Christensen et al (1971, 

1973). Another popular flexible form is the Generalized Leontief, which is due to 

Diewert (1971). Both these functional forms wil l be used in this study. 

Since the energy price shocks in the mid 1970s, many studies focusing on the 

demand for energy have been undertaken. Since this study receives a lot of its 

methodological ideas from these studies i t is useful to review these in brief here. 

The early studies were primarily interested in determining the substitutability of 

labor and capital for energy.28 Most of these studies employ the translog 

methodology because of its flexible nature. Bemdt and Wood (1975), for example, 

estimate a translog cost function in order to examine the cross-substitution 

possibilities between energy and non-energy inputs in the US manufacturing 

sector. 

At the end of the 1970s economists became more and more interested in 

analyzing the effects of price changes for individual fuels on the demand for 

energy. The seminal articles that address this issue of interfuel substitution are 

Hudson and Jorgensen (1974), Fuss (1977) and Pindyck (1979). These studies 

estimate a translog cost function that is assumed to be weakly separable in its 

aggregates (capital, labor, energy etc.). Essentially this means that we think of 

the production factor choice as an outcome of two independent decisions. First, 

energy costs are minimized in the choice of different fuel inputs. Second, the total 

2 8 See, for example, Berndt and Wood (1975) and Griffin and Gregory (1976). Atkinson and 
Manning (1995) review a large number of studies on energy elasticities over the past twenty 
years. See also Berndt and Field (1981) for a review of methodological issues. 
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costs are minimized in the choice of the main aggregates (including energy).29 

This approach permits the partial own- and cross-price elasticities for individual 

fuels to be estimated. Pindyck (1979), for example, uses the two-stage procedure 

to provide evidence of international differences in price elasticities of demand for 

coal, gas, oil and electricity in the industrial sectors for a variety of OECD 

countries. 

An important issue when studying factor demand substitution is to determine 

whether i t is short- or long-run elasticities that are estimated. In general the 

above mentioned studies on the manufacturing sectors in different countries 

assume a simultaneous long-run adjustment of inputs to changes in relative 

prices and technical change. At first glance this would imply that the reported 

energy elasticities are long-run estimates, basically since no inputs are treated as 

fixed. However, i t is often argued, only the use of cross-section data wil l generate 

long-run responses. For example, cross-country data can be assumed to reflect 

long-run adjustments since the price differences in this case exhibit a wide range 

of variation and tend to be the result of long-standing national policies.30 This is 

true in particular i f the conditions at the cross-country observations have been 

stable for some time. Time series data, on the other hand, are more likely to 

reflect short-run responses, and especially so i f there have been substantial price 

variations during the period under study. Indeed for most of the studies surveyed 

in Atkinson and Manning (1995) the price elasticities derived from time series 

also tend to be significantly lower than those of cross-section studies. 

Still, these interpretations of empirical results are just that, interpretations. In 

addition, when using pooled cross-section and time-series data i t is in general 

hard to determine whether the estimates wil l reflect long- or short-run behavior 

(Stapleton, 1981). Attempts to explicitly take account of the relationship between 

2 9 It should be noted that even if it is pedagogic to illustrate weak separability as such a two-stage 
process the concept is more general. That is, weak separability is characterized by the indepen
dence in the marginal rate of substitution between say a pair of inputs from changes in the level 
of a third input. In other words, it permits one to think of the factor choice as a two-step process, 
but it need not necessarily be that. 
3 0 See, for example, Pindyck (1979) and Griffin (1977). 
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short- and long-run responses, and relax the assumption of immediate adjust

ment, have according to Griffin (1993) proceeded along two basic lines. 

First, some researchers have developed a dynamic specification, in which i t is 

assumed that capital is costly to adjust. 3 1 The dynamic models have the attracti

ve theoretical feature in that the adjustment of capital (or of other quasi-fixed 

factors) is derived as the outcome of an explicit optimization. In other words, such 

models describe the short-run equilibrium as well as the adjustment path to the 

long-run equilibrium. However, dynamic models are very complex and the results 

are very sensitive to the choice of method of introducing the adjustment process 

(Slade, 1981). In addition, most models assume that i t is only internal costs of 

adjustment that explain why firms are not in long-run equilibrium. Thus, in 

those cases where regulatory constraints hinder capital adjustment such a 

dynamic specification would be inappropriate (Brown and Christensen, 1981). 

For the just mentioned reason i t would be convenient i f one could avoid explicit 

modeling of the adjustment process (if that is not of particular interest) and still 

be able to measure both short- and long-run responses. The second line of 

research permits this. In this approach one simply treats capital as a fixed input 

and goes on to estimate a variable cost function, preferably using time-series 

data. As is further discussed in section 5.2, having a set of short-run represen

tations allows us to infer long-run behavior (but nothing in between) by equating 

the shadow cost of capital with the rental cost of capital.3 2 Accordingly, this 

second approach wil l be adopted in this study (see further chapter five). 

As wil l be shown in section 3.4, many of the previous studies on interfuel 

substitution in electricity generation have treated the distinction between short-

and long-run in a somewhat ad hoc manner (and in some cases not at all). One 

purpose of this study is therefore to explicitly account for this difference in mode-

3 1 The seminal study in this area is Berndt et al (1980). For an empirical application based on this 
approach, and a critique of the method, see Walfridson (1987). 
3 2 References for studies employing this kind of approach include Brown and Christensen (1981), 
Berndt and Hesse (1986), Kolstad et al (1986), Morrison (1988) and Kolstad and Lee (1993). 
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ling fuel demand, and with a special emphasis on short-run fuel substitution. In 

so doing i t is useful first to discuss to what extent we would expect interfuel 

substitution in power generation to occur in the short-run. 

3.3 Prospects for Interfuel Substitution in Power Generation 

The studies cited above all deal with the role of energy (and its disaggregates) in 

the industrial sector as a whole. Thus, even i f the production function approach 

offers a convenient way of dealing with the issue at hand, the implications of 

applying the same kind of methodology to the electric power sector have to be 

resolved. In one respect, the sector offers more or less perfect conditions for 

econometric analyses of its production technology, given its homogeneous output 

measures (Cowing and Smith, 1978).33 However, the capital intensive nature of 

the electric power industry means that the distinction between long-run and 

short-run necessarily has to be addressed explicitly i f a cost function approach is 

to be applied to the electric power sector. 

Electricity production is often assumed to be a so-called putty-clay technology. In 

principle, this means that ex ante there is the possibility for substitution between 

all factors of production (including fuel inputs). However, once a plant's design is 

fixed i n terms of a specific capital equipment, the scope for substitution is sub

stantially reduced. Thus, ex post the elasticity of substitution might be very low 

(or even zero). 

Figure 3.1 illustrates the difference between the ex ante and the ex post substi

tution. Here an arbitrary firm chooses between two factor inputs, V i and V 2 . Ex 

ante i t could choose any factor combination on the curved isoquant. However, 

once i t has chosen say point A, the f irm wil l have to produce with that particular 

factor ratio thereafter. For example, i f i t wishes to reduce output i t must move 

back along the line OA. Thus, the firm's ex post isoquant is now rectangular 

implying an ex post elasticity of substitution of zero. 

3 3 The distinction between peak power and non-peak power means that the description of electri
city output as a homogeneous good is not entirely correct. See also section 6.2. 
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Figure 3.1: Factor Substitution Possibilities in a Putty-Clay Technology 

Fuss (1978) shows that the hypothesis of a putty-clay technology cannot be 

rejected for the electric power industry in the USA. However, since i t is common 

to assume that no interfuel substitution can occur in existing power plants we 

must consider under which circumstances such substitution actually can take 

place. First, some electric utilities are able to use a variety of fuels and switch 

between them, which gives some short-run flexibility. In dual- or multi-fuel fired 

plants switching can occur within a day i f the alternative fuel is available and no 

major modifications of the unit are needed; otherwise i t may take weeks or 

months (IEA, 1992).34 Second, there is also the flexibility permitted by variations 

in the use of single-fuel capacity. Different units are brought on-line according to 

their short-run variable costs of production. Changes in fossil fuel prices can thus 

change the merit order of plants using different fuels, thereby affecting the fuel 

mix in the short run. Third, some conversions of electric plants are relatively 

straightforward and inexpensive. An oil-fired plant that is converted to burn gas, 

or an coal to oil/gas conversion are examples of this. The reversal, conversion 

from oil or gas to coal-firing, however requires expensive investments and is 

therefore to be regarded as an intermediate-term response (IEA, 1987).35 

3 4 In some coal-fired plants, it is also possible to add oil to the pulverized coal input. This was the 
method used during the British coal strike in 1984/85 when coal supply was limited (IEA, 1992). 
3 5 Specifically, the conversion of an oil-fired plant to coal normally removes the plant from service 
for 1.5-2 years and cost about US$200 million for a 500 MW plant (Daniel, 1991; IEA, 1992). 

42 



Hence, even i f the ex ante substitution possibilities are greater, there are still 

reasons to why ex post interfuel substitution might be significant in the electric 

power industry. 3 6 However, the opportunities to switch fuels in the ways just 

described can be limited. The physical availability of fuels might be restricted for 

various reasons or switching fuels might lead to a violation of the legal emission 

limits. Moreover, fuel switching can also be constrained when long-term con

tracts are in force.3 7 Thus, capacity data (as that shown in table 2.4) reflect 

merely the potential capability for fuel switching rather than the likelihood that 

the industry wil l actually switch to an alternate fuel. The degree of actual ex post 

interfuel substitution therefore remains an empirical question. 

3.4 Previous Research on Interfuel Substitution in Thermal 

Power Generation 

Most of the previous research on interfuel substitution in fossil fueled power 

generation builds on the translog cost function. However, the review that follows 

indicates that there seems to be no consensus of whether the translog function 

approach captures long- or short-run responses to changes in relative prices. 

Some researchers have taken this ambiguity seriously and therefore employ a 

quite separate, more ad hoc, approach in estimating the degree of ex ante (long-

run) interfuel substitution. They claim that, since fuel choice primarily is a mat

ter of power technology choice, ex ante substitution between fuels is preferably 

estimated in a conditional logit model in which there are a number of discrete 

fuel-choice options for new fossil fueled electric plants. These studies are Joskow 

and Mishkin (1977), Seifi and McDonald (1986) and Boontherawara (1993) and 

they are also reviewed below.38 

3 6 This implies that electric power generation can be better described as a putty-semi putty tech
nology. 
3 7 The Austrian decision to stock coal when gas prices are low shows, however, that the existence 
of long-term contracts is not a necessary condition for short-term fuel switching not to occur (see 
section 2.4). 
38 See also Ellis and Zimmerman (1983), who develop a discrete choice model describing the choice 
between nuclear and coal-fired power. Additional cost function studies on factor (but not fuel) 
substitution in the electric power sector include McGuire and Westoby (1984), Rushdi (1991) and 
Burney and Al-Matrouk (1996). 
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Atkinson and Halvorsen (1976a) is generally considered the seminal study in the 

area of interfuel substitution in electric power generation. Their sample consists 

of a cross-section of 108 US multi-fuel plants in 1972. They exphcitly assume a 

short-run translog profit function with both capital and labor inputs fixed. An 

index of capital vintage is also included to capture technological differences 

between plants. Substantial ex post interfuel substitution is found between all 

three fossil fuels. 3 9 In a follow-up study Atkinson and Halvorsen (1976b) repeat 

their approach but now with aggregate monthly time-series data for 1972 to 

1974. This approach, they argue, wi l l not only capture ex post substitution in 

multi-fuel fired plants but also substitution through changes in the merit order of 

single-fueled plants using different fuels. The elasticities obtained from the 

second approach are however not larger than those found in the previous study. 

Uri (1977) analyzes pooled time series data between 1952 and 1974 for nine 

regions in the USA. He employs a translog cost function and assumes weak 

separability between energy inputs (coal, oil and gas) and labor and capital 

inputs. Ur i uses only fuel price data as the basis for interfuel substitution except 

for the inclusion of a dummy variable to account for sulfur control emissions. He 

does not explicitly assume either a short- or a long-run cost function but since no 

inputs are fixed and his elasticity estimates are higher than those of Atkinson 

and Halvorsen (1976) he refers to them as long-run estimates. In a comment 

Hogarty (1979) criticizes this conclusion of Uri on the grounds that a study of 

long-run substitution has to include not only prices but also public regulations 

and changes in environmental standards. 

Griffin (1977) questions whether ful l long-run adjustments are actually being 

measured in translog estimates that are based on time-series. He therefore 

applies a translog cost function to an international sample of 20 OECD countries 

over four year intervals (1955, 1960, 1965, 1969). However, because of lack of 

data he has to assume weak separability between the energy aggregate (oil, coal 

3 9 See also Halvorsen (1978). 
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and gas) and capital and labor.40 Griffin then investigates two different specifi

cations. In the first the parameters depend only on inter-country differences 

while in the second one, they depend on variations within a single country as 

well. The first specification is assumed to depict long-run equilibria. The results 

from the second formulation, on the other hand, are assumed to reflect interme

diate responses (3 to 5 year adjustments). Both specifications yield elasticities 

that are much more elastic than those found in earlier studies (although only on 

US data), results that Griffin claims support his initial hypothesis about the use 

of time-series estimates. 

Joskow and Mishkin (1977) estimate a conditional logit model in which there are 

seven discrete power technologies. These are coal, oil, gas and any combination of 

these three fuels. Using data on 67 new electric plants, built in the period from 

1952-1965, they find that only expected fuel costs and the expected operation and 

maintenance costs are important factors influencing the utilities' ex ante fuel 

choice. The authors explain the insignificance of the capital cost variable by 

pointing out that the different alternatives had relatively similar capital costs 

during the period of study. 

Haimor (1980) estimates a translog short-run cost function based on 316 multi-

fuel US electric plants in the time period 1970-1975. The capital stock is treated 

as fixed while labor inputs are assumed to be variable also in the short-run. The 

principal empirical observation of the study is that there exists a substantial 

amount of price-induced substitution between oil-coal and coal-gas. The cross-

price elasticities between fuels are in general higher than those in Atkinson and 

Halvorsen (1976) but lower than Griffin's (1977) intermediate estimates. An 

important result was also that an increase in the price of labor would imply a 

decreased dependence on coal relative to oil. 

4 0 Griffin however defends this assumption on the grounds that "capital costs for coal-fired plants 
seldom exceed the cost of a gas-fired plant by 25%," (p. 757). 
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Sein and McDonald (1986) is the only study to date that combines a discrete 

choice model with a translog function approach. In a first step they employ a 

probit-logit model to estimate in what way fossil fuel prices and other factors 

affect the probability that a plant with the capability of burning a particular fuel 

is built. The second step is to predict the quantity of the fuel used given that the 

plant can use the fuel. Here a translog cost function is used but although this is 

supposed to estimate ex post substitution, i t is not an explicit short-run function 

that is specified. Nevertheless, the authors conclude that fossil fuel prices are 

important factors in both ex ante and ex post decisions. Important variables ex 

ante are also the geographical availability of the fuels as well as capital costs. 

Bopp and Costello (1990) explicitly assume a short-run translog cost function and 

apply i t to monthly time-series data from 1977 to 1987 for five US regions. Thus, 

the quantity of the capital stock is fixed in this study. The authors compare two 

models, one regional model and one national, and find evidence of ex post 

interfuel substitution in both. However, the elasticity estimates from the regional 

model are considered more plausible. For example, the largest degree of substi

tution is found to be away from the base loaded fuel to a peaking fuel, a relation 

that is not evident in the national model. 

Ball and Loncar (1990) estimate interfuel substitution in West European power 

generation.4 1 Their sample consists of pooled time-series data between 1978 and 

1988. They assume a partial adjustment translog cost function that is weakly 

separable. This approach, they argue, enables them to present both short- and 

long-run elasticities. The ful l adjustment results are referred to as long-run 

estimates, and are analogous to Uri's long-run' estimates. As in the other studies 

Ball and Loncar also find substantial interfuel substitution, but their alleged 

long-run estimates do not differ much from the estimated short-run responses. 

4 1 The results of this study can also be found in Ball and Loncar (1991). 
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McDonnell (1991) employs cross-sectional data from 1987 for 82 US utilities. A 

translog model in which the utilities can choose between coal, gas, oil, hydro-

power, nuclear fuel or to buy power on the wholesale market is developed. 

Neither an explicit short- nor a long-run cost function is however estimated, and 

no interpretation is made about the results ex post. McDonnell finds that the six 

inputs are in general own-price sensitive but cross-price insensitive. However, 

the ability to buy and sell electricity on the wholesale market provides noticeable 

incentives for fuel substitution between base-load fuels and peak-load fuels. 

Boontherawara (1993) builds directly on the Joskow and Mishkin study. His 

study differs from the latter in the sense that he uses more recent data and 

explicitly incorporates environmental regulations into the model. The study 

covers 179 new fossil fueled electric plants built between 1948 and 1985 in the 

USA. I t is found that expected capital and fuel costs significantly affect the 

utilities' decisions. These costs have in turn been adversely affected by the envi

ronmental regulations that followed the Clean Air Act in 1970. 

Ko (1996) compares two different models in his study on interfuel substitution in 

US electricity generation, the translog cost function and the linear logit model. In 

addition two different data sets are used, one based on monthly time-series data 

between 1991 and 1993 and one based on cross-section data from 1993. As in Uri 

(1977), Ko only includes fuel prices as independent variables in the share 

equations and thus (implicitly) assumes weak separability between capital and 

the energy components (coal, oil and gas). In general the linear logit model 

results in price elasticities that are close to those derived from the translog 

model. Furthermore, the elasticities from the cross-section analysis are about 

four times as large as those from the time-series approach. There is however no 

discussion as to whether these results are to be interpreted as short- or long-run 

responses.42 

4 2 However, in an introductory chapter Ko states that "the physical capability to switch fuels is 
apparently a long-run investment factor and is not a short-run fuel cost related factor," (p. 18). 
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3.5 The Present Study and Its Relation to Previous Research 

Table 3.1 summarizes the reviewed studies on interfuel substitution in thermal 

power generation. This section discusses in what way such studies in general can 

be improved. First, in section 3.5.1 the applicability of measuring short- and long-

run interfuel substitution using a cost function approach is discussed. Second, 

section 3.5.2 presents two additional independent variables that have often been 

ignored in earlier research. Finally, section 3.5.3 summarizes the main implica

tions for the present study and provides an overview of the remaining chapters. 

3.5.1 Short-run Versus Long-run in Cost Function Approaches 

Again i t is worth noting that the (translog) cost function approach has been used 

for estimating both short- and long-run elasticities. Substantial interfuel substi

tution has been found both ex ante and ex post. However, the long-run models, 

like those in Uri (1977), Ball and Loncar (1990) and Ko (1996), assume that the 

choice of fuel for a specific year depends on the fuel prices that same year. More 

precisely, electric utilities are assumed to instantaneously move from one long-

run (cost-minimizing) equilibrium to another as relative prices change. Given the 

fact that fuel choice is heavily connected to the choice of long-lasting capital 

equipment this assumption seems unwarranted. In addition, many studies also 

assume weak separability between capital and fuel inputs, thus unrealistically 

assuming that the mix of fuels used is independent of capital inputs. In short, the 

alleged long-run studies based on the translog cost function rely heavily on ex 

post interpretations and not on explicit long-run formulations, in which imme

diate adjustment is not assumed and in which the price of capital is included as 

one independent variable. 

Perhaps even more importantly, cost function approaches in general are based on 

the assumption that firms minimize costs in their choice of factor inputs. Indeed, 

this is a brave assumption since long-run fuel choices in the West European 

electricity sectors have been heavily affected by government policies and even 

strong political overtones, whose aims have not always been cost minimization. 
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Table 3.1: Previous Research on Interfuel Substitution in Electric Power 

Generation 

Study Data and period Short-/Long-

run estimates 

Method 

Atkinson and 
Halvorsen (1976a) 

Cross-section US plant data for 1972 
Multi-fuel plants only 

Short-run Translog profit 
function 

Atkinson and 
Halvorsen (1976b) 

Aggregate monthly time series data 
for the USA 1972-1974 

Short-run Translog profit 
function 

Griffin (1977) Pooled international sample of 20 
OECD Countries for five years inter
vals (1955,1960, 1965,1969) 

Intermediate 
run/Long-run 

Translog cost 
function 

Uri (1977) Pooled time-series data for nine US 
regions 1952-1974 

Long-run Translog cost 
function 

Joskow and 
Mishkin (1977) 

67 new electric plants built between 
1952 and 1965 in the USA 

Long-run Conditional logit 
model 

Haimor (1980) Pooled cross-section US plant data for 
1970-1975. Multi-fuel plants only 

Short-run Translog cost 
function 

Sein and 
McDonald (1986) 

219 new electric plants built between 
1955 and 1979 in the USA 

Long-run Probit-logit model 
and translog cost 
function 

Bopp and 
Costello (1990) 

Monthly time-series data for five US 
regions 1977-1987 

Short-run Translog cost 
function 

Ball and Loncar 
(1990) 

Pooled time-series data for OECD 
Europe 1978-1988 

Long-run Translog cost 
function 

McDonnell (1991) Cross-section US plant data for 1987 Not stated Translog cost 
function 

Boontherawara 
(1993) 

179 new electric plants built between 
1948 and 1985 in the USA 

Long-run Conditional logit 
model 

Ko (1996) Compares two data sets, one based on 
monthly US national data 1991-1993 
and one on 1993 cross-section data 

Not stated Translog cost 
function and linear 
logit model 

Above those regulations mentioned in chapter two, the theoretical literature has 

focused a lot of attention on the so-called Averch-Johnson effect. Basically this 

theory states that profit maximization subject to a rate-of-return regulation 

results in a mix of factor inputs that would be more capital intensive than would 
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be the case under cost minimization (Averch and Johnson, 1962).43 Since such 

regulations exist in the European power industries the assumption of cost mini

mizing utilities might be incorrect (IEA, 1994c). I t should be noted that the 

assumption of cost-minimization is not a testable restriction in a standard cost 

function representation (Griffin, 1977). An estimated cost function that is not 

well-behaved can however cast doubt on the underlying structure of the model 

(see further section 4.S).44 

The main concern of the researchers who have employed conditional logit models 

is that fuel choice in power generation should be looked upon as a choice of new 

technology. Thus, in such models threshold effects are assumed to be important. 

Neoclassical cost functions, on the other hand, assume smooth responses (along a 

continuous isoquant) to changes in relative prices. However, given that the choice 

of fossil fuels no longer primarily is a matter of discrete technology choices but 

rather refurbishing and redesigning of existing plants (see section 2.4), this latter 

assumption of the cost function approach does not appear to be a major problem. 

Compared to long-run studies, analyzing short-run behavior with the help of a 

cost function appears much more appropriate. More or less by definition, the 

built-in assumption that the choice of fuel reacts instantly to changes in annual 

fuel prices becomes more valid in a short-run model. Most countries also have 

some kind of central production planning in which various power supplies are 

dispatched based on their variable costs of production. In addition, the decisions 

to switch fuels in existing multi- or single-fuel capacity are in general much less 

affected by governmental regulations and/or public opinion. 

4 3 Of course, firms will minimize cost under a rate-of-return regulation if the regulatory 
constraint is not binding. Whether the Averch-Johnson effect is an actual problem in energy 
demand research therefore remains an empirical question. 
4 4 One deficiency of flexible cost functions is that they often are well-behaved (quasi-concave and 
monotonic) only for a limited range of relative prices. Some researchers have therefore employed 
a linear logit model, which ensures monotonicity for all data points. See, for example, Ko (1996) 
and Moody (1996). However, the input demands in a linear logit model do not correspond to any 
particular cost function and the model is in this sense ad hoc (Considine, 1989). Because of this 
lack of a theoretical basis we stick to the flexible cost function approach but subsequently test if 
these latter models are well-behaved using the estimated parameters. 
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Moreover, a short-run run model, in which the capital stock is fixed, will not 

suffer from the Averch-Johnson effect, since the latter wi l l not distort interfuel 

substitution given fixed capital (Halvorsen, 1978). In other words, the assump

tion of short-run cost minimization most likely summarizes observed behavior 

relatively closely. 

Thus, contrary to the 'long-run' models the theoretical foundations for estimating 

short-run responses with the help of a flexible cost function tend to be relatively 

robust. Nevertheless, i f one is to measure short-run responses i t is appropriate to 

follow the Marshallian tradition and explicitly assume an explicit variable cost 

function with fixed capital as is done in for example Bopp and Costello (1990) and 

Atkinson and Halvorsen (1976a). 

3.5.2 Additional Independent Variables 

The review of previous research (section 3.4) showed that most of the earlier 

studies have used only relative fuel prices as right-hand variables in the fuel 

demand equations. We here emphasize two (potentially) important variables that 

have been (more or less) neglected in previous research on interfuel substitution 

in power generation. First, electric utilities provide both peak-load power and 

base-load power. Since some plants (preferably gas- or oil-fired plants) in general 

produce less expensive peak power than others (coal-fired plants), we hypothesize 

that a measure of the system load factor wi l l be an important determinant of fuel 

shares in power generation (see further section 6.2). 

Another important variable that has been more or less neglected in previous 

research relates to the impact of environmental regulations, especially with 

regard to SO2 emissions. In the early studies this is probably not a big problem, 

since regulations at that time (mid 1970s) were relatively relaxed. Moreover, 

some authors claim that even the West European regulations in the 1980s 

probably have only had marginal effects on fuel switching in the power genera

tion sectors (e.g., Vernon, 1989). However, i t would be premature, we argue, to 

accept this notion without an explicit empirical test. Appropriately measuring 
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the impact of environmental regulations is however a tough task and involves 

extensive data problems. Bopp and Costello (1990) and Ur i (1977) use dummy 

variables to account for S02 regulations in the USA. Still, as is further discussed 

in chapter six this is probably not an appropriate approximation. In section 6.3 

we therefore present an alternative approach that can be found in the environ

mental economics literature. 

3.5.3 Overview of the Remaining Chapters 

An important implication from the discussion above is that cost function 

approaches are more suitable for ex post substitution analyses than ex ante ones. 

We also know from previous sections that there are good reasons to believe that 

ex post fuel substitution in the West European electricity generation can be 

substantial. Thus, chapter four estimates an explicit short-run translog cost 

function in order to quantify this effect in eight countries. In addition, this formu

lation is compared to the 'long-run' specification formulated in Griffin (1977), U r i 

(1977), Ball and Loncar (1990) and Ko (1996). I t is concluded that the alleged 

long-run model is not able to provide elasticity estimates that are in general 

more price sensitive, as they should plausibly be, than those generated by the 

short-run model. The degree of price-induced ex post interfuel substitution in 

West European electricity generation is found to be substantial. Furthermore, 

since the short-run estimates also reveal some sensible presumptions about the 

economics of ex post fuel choice, our remark that the cost function approach is 

well suited for the estimation of short-run responses seems to be supported. 

Chapter five has two purposes. First, by estimating a Generalized Leontief (GL) 

variable cost function i t presents alternative estimates of short-run elasticities in 

West European power generation that can be compared to those generated in 

chapter four. Second, i t makes use of the short-run specification to infer long-run 

behavior (in the way discussed in sections 3.2 and 5.2 ). We conclude that also the 

GL cost function tends to produce reliable short-run fuel price elasticities and 

(with some exceptions) the magnitude of these are of the same order as those 

generated by the translog fuel demand system. The long-run elasticities, on the 
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other hand, do not appear reasonable, in the sense that some estimates are not 

more price sensitive than the corresponding short-run estimates. Disputable ca

pital price data and the fact that the GL cost function was not well-behaved with 

respect to capital inputs probably explain this disappointing outcome. 

Chapters four and five rely on pooled time-series and cross-section data for eight 

countries; a total of 129 observations (see further section 4.4). However, the data 

needed for measuring the impacts of system load factors and the intensity of the 

SO2 regulations could not be found for this large data sample. Thus, in chapter 

six we test whether these variables have had a significant impact on West Euro

pean fuel choice by employing smaller data samples (see further sections 6.2 and 

6.3). First i t is concluded that the system load factor appears to affect fuel choice 

in the way we would expect. Thus, an increase in the load factor tends to have 

coal using and oil saving effects. Second, a reliable conclusion on how the envi

ronmental regulations affect fuel use is hard to draw given the available data. 

However, a less specific but more reliable conclusion is that the aggregate effects 

of the public policies (where the environmental regulations form one part) tend to 

be coal using and oil saving, while the effect on gas demand is inconclusive. 

Finally we conclude that the fuel price elasticities in chapters four and five do not 

appear to be biased simply because they are based on specifications that disre

gard the above variables. 

To sum up, this study differs from earlier studies on fuel choice in power genera

tion i n the following respects. First, i t is the first study to employ the GL cost 

function on the issue of interfuel substitution in the electric power sector. Second, 

i t is also one of few studies that exphcitly models the distinction between short-

and long-run substitution behavior. Third, to our knowledge i t is the first study 

ever to estimate the degree of short-run price-induced interfuel substitution in 

West European power generation. Finally, we also test for the significance of two 

potentially important variables (that have been neglected in earlier research) in 

explaining power generation fuel choice, the system load factor and the intensity 

of SO2 regulations. 
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Chapter 4 

I N T E R F U E L SUBSTITUTION IN T H E SHORT-RUN: 

A TRANSLOG COST FUNCTION APPROACH 

4.1 Introduction 

I n this chapter two formulations of the translog cost function are presented, one 

'long-run' and one short-run. The alleged long-run approach follows Uri (1977) 

and Ball and Loncar (1990) while the explicit short-run model, on the other hand, 

is more in line with the works of Haimor (1980) and Bopp and Costello (1990).45 

Sections 4.2 and 4.3 present the theoretical structures of these two models. In 

section 4.4 data and model estimation issues are discussed. Finally, section 4.5 

presents the empirical results, and section 4.6 summarizes the main conclusions 

of the empirical investigation. 

4.2 The Alleged Long-Run Model 

Following the approach in earlier energy demand studies i t is assumed that fossil 

fueled electricity output (Q) can be characterized by an aggregate production 

function of the following general form; 

where E is the energy component, a homothetic production function of the three 

fossil fuel inputs; coal (Ec), oil (E0) and gas (EG). K , L and M refer to capital, 

labor and material inputs. We assume that the production function is weakly 

separable in its aggregates, i.e., the mix of fossil fuel inputs is independent of the 

non-energy inputs. Basically this assumption is made since reliable labor, capital 

and material prices are very hard to compute, especially for an international 

4 5 See also the study by Berndt and Hesse (1986), in which an exphcit short-run translog cost 
function is applied to measure capacity utilization in the manufacturing sectors of nine OECD 
countries. For a discussion on the specification of such short-run models, see Kulatilaka (1987). 

(4.1) 
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cross-section. Since fuel choice in the long-run is heavily connected with the use 

of capital equipment i t is of course a critical presumption. Further, duality theory 

implies that i f producers minimize input costs, there exists a cost function (which 

is also weakly separable) that contains sufficient information to completely 

describe the production technology. The general form of this cost function is; 

where TC is total cost and PC,P0,PG,PK,PL and PM are the input prices of the re

spective factor inputs. PE is thus a function that aggregates the different fossil 

fuel prices, that is an aggregate price index of energy inputs. The input prices are 

assumed to be exogenously determined, i.e., we assume competitive factor mar

kets. The effects of technical changes are denoted by a time trend, t. The weak 

separability assumption allows us to analyze a separate cost function for the 

energy inputs alone. We assume that the conditions hold for the existence of an 

optimum cost function (TC E ) for fossil fueled electricity production of the form; 4 6 

For estimation purposes we are also interested in the cost minimizing factor cost 

shares. These can be derived by differentiating (4.3) logarithmically with respect 

to the fossil fuel prices, and by applying Shephard's lemma. 4 7 This yields the 

following cost share equations; 

4 6 It should be noted that the weak separability assumption in itself has no implications for 
whether it is long- or short-run responses that are being measured. Since capital is no longer an 
argument in the cost function (neither its price or its physical quantity), an interpretation of the 
results has to be made ex post. However, since this model has been claimed to be able to measure 
long-run fuel choice behavior and in order to separate it from the exphcit short-run cost function 
in section 4.3, we will refer to the cost function in equation (4.3) as a total cost (TC) function. 
4 7 Varian (1992) reviews and provides a formal proof of Shephard's lemma. 

(4.2) 

TCE=TCE{Pc,P0,PG,Q,t) (4.3) 

d\nTCE dTCE /> 
d\nPt SPt CE~ CE 

(4.4) 

for i = C,0,G 
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Before these cost share equations can be estimated we have to specify the cost 

function. As discussed above the translog functional form is the most frequently 

used flexible function in empirical work and also the one that wi l l be used in this 

chapter. The translog cost function was proposed by Christensen et al (1971, 

1973) and differs from the earlier representations of producer behavior in that it 

allows substitution between input factors to be unrestricted.4 8 I t is obtained by a 

second-order Taylor expansion of the logarithm of an arbitrary twice-differen-

tiable cost function and can be written as (ibid.); 

3 j 3 

+ 5 X l n 2 l n ^ +S,t + -S„t2 +8tQt\nQ + YJ8lit]nPi (4.5) 
<=i

 1
 i=i 

Differentiating (4.5) logarithmically and applying Shephard's lemma yields three 

fuel share equations as linear functions of the logarithms of the fuel prices so 

that; 

5,. = or,. + ßQi ln Q + £ a„ In P. + Sat (4.6) 

for i,j = C,0,G 

The cost share equations in (4.6) form the basis of the empirical investigation. 

Several restrictions must however be satisfied in order for the translog function 

to represent a well-behaved cost function. The following parameter restrictions 

are imposed since the factor cost shares must add to one and the cost function 

must be homogenous of degree one4 9 in prices; 

4 8 In fact, the translog form was considered already by the agricultural economists Heady and 
Dillon (1961). 
4 9 That is, total cost must mcrease proportionally when all fuel prices increase proportionally, 
output held fixed. The concavity and monotonicity conditions of the cost function cannot be impo
sed and are instead checked by examining the estimated parameters of the model. See further 
section 4.5. 
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x « s = i x = i x = i 4 = o (4.7) 
i=l ;=1 /=1 i=l 

In addition, partial differentiation of (4.5) with respect to prices reveals the 

symmetry condition ai} - a ß . Following Uzawa (1962), Berndt and Wood (1975) 

show that for the translog function, the Allen partial elasticties of substitution 

are relatively simple to compute once the parameters in equations (4.6) have 

been estimated. We have; 

a,+5,S f +S.2-S-

^ = ^ s ~ ' ^ j a^~^—L (4"8) 

These substitution elasticities wi l l differ at every data point. Normally they are 

computed at the means of the data sample (Greene, 1993). From (4.8) we can also 

easily calculate the own- and cross-price elasticities of demand for the three fuels 

from; 

r/,=o-„.S, and r]ij=aijSj (4.9) 

As Pindyck (1979) notes, these elasticities are only partial price elasticities, i.e., 

they account for the substitution between the fossil fuels under the constraint 

that the aggregate quantity of fossil fuels consumed remains constant. The main 

purpose of this chapter is to estimate these and discuss to what extent they can 

be regarded as reliable short- and/or long-run estimates. 

4.3 The Short-Run Model 

The previous section on the alleged long-run model reviewed a lot of the general 

characteristics of the translog functional form. Hence, in the present section we 

wil l primarily explain in what way our short-run model differs from the previous 
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representation. Basically we follow the Marshallian tradition and assume an 

explicit short-run cost function, in which the capital input is fixed at a level other 

than its fu l l equilibrium value. In other words, to begin with we assume that the 

production technology can be reflected by the following general short-run cost 

function; 

VC = VC{PC ,P0,PC,PL,PM,K, Q, t) (4.10) 

where VC is the variable cost of fossil fueled electricity. Thus, in this formulation 

the generating capacities, K, are accounted for but changes in them are not 

explained. Due to lack of reliable capital price data weak separability between 

fossil fuel inputs and capital and labor inputs is assumed in the alleged long-run 

model. The analytical penalty of not meeting the separability conditions is biased 

parameter estimates. However, the short-run cost function formulation in (4.10) 

allows us to assume a different kind of weak separability. Accordingly, here i t is 

assumed that energy and capital inputs are as a group weakly separable from 

labor and material inputs. This means that we can analyze a separate short-run 

cost function of the following general form; 5 0 

VCE=VCE{Pc,P0,PG,K,Q,t) (4.11) 

Further, when specifying a short-run translog cost function we obtain; 

lnVCE = a0 +/L>ß +j>,./> + \ßQe(\nQ)2 + \jJY.a,\nPiPj 

;=i
 L 1

 i=i j= l 

+ X A, In Qln P, + 8tt + \önt
2 + StQt\n Q + £ ^ l n P; + \ßKK(ln K)2  

i=i * i=i z 

3 

+ ßKK + f u In Q In K + X 7 m In Jfln J? (4.12) 
i=l 

5 0 Since homotheticity is a necessary and a sufficient condition for the separability constraint, this 
variable cost function is also assumed to be homothetic (Fuss, 1977). 
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and the corresponding fuel cost shares can thus be written as; 

3 
S, = a. + ßQi In Q + ßKi ln K + £ ais ln Pj + 8tit (4.13) 

for i,j = C, 0,G 

Hence, these cost-minimizing cost share equations differ from the ones in the 

previous section only in that they also account for the (beginning of time period) 

level of thermal power capacity expressed in quantity terms. The adding-up crite

rion requires that the following additional parameter restriction, above those in 

(4.7), has to be imposed; 

In addition, when using aggregate data i t is common to assume constant returns 

to scale (CRS) since i t reduces the problem of multicollinearity. Brown and Chris

tensen (1981) show that CRS requires that the following restrictions on the share 

equations are imposed;51 

With this formulation we are able to estimate the degree of interfuel substitution 

in existing electric power plants. Its theoretical foundations also appear superior 

to those of the alleged long-run model (see section 3.5.1). The substitution 

elasticities and the price elasticities of fuel demand can still be calculated from 

(4.8) and (4.9). The short-run elasticities are however valid only for the levels of 

capital at which they are evaluated. In addition, they do not provide any infor-

5 1 The additional conditions for CRS that have to be imposed on the translog cost function are also 
reviewed in Brown and Christensen (1981). After estimating the VC cost function in (4.12) and 
two of the share equations in (4.13) a likelihood ratio test showed that we could not reject the CRS 
constraint. However, to save degrees of freedom the remainder of this chapter relies on short-run 
estimates based on the cost share equations alone. 

3 
(4.14) 

(4.15) 
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mation about the substitution between capital equipment and the different fossil 

fuels. 

We would expect the short-run elasticities to be significantly lower than the long-

run elasticities. I f this turns out not to be the fact (following the discussion in 

section 3.5.1) we must conclude that the underlying assumptions of the alleged 

long-run model, as they have been formulated, are too unrealistic in order for the 

model to result in reliable and meamngful long-run estimates. 

4.4 Model Estimation and Data Issues 

Before reviewing how the parameters in the two models are to be estimated we 

wi l l comment on the variables that will be included. The data needed to estimate 

the models include fossil fueled electricity production, installed thermal power 

capacity, fossil fuel use for electricity production, and the prices for the three 

fossil fuels. How these variables have been calculated, where they have been 

collected and other related data issues are reviewed in appendix 2. Again, data 

for the system load factor and the environmental regulations were only found for 

more limited data samples and these are analyzed separately in chapter six. 

In a previous section we concluded that the estimations of a short- and a long-run 

cost function call for the use of time series data and cross section data respec

tively. However, data are not available for either a 'pure' cross-section study or a 

'pure' time-series study. Consequently, in this study the models wi l l be estimated 

by pooling time-series data across countries.52 The countries included are those 

that use both coal, gas and oil in power generation. Thus, countries like Iceland, 

Norway, Switzerland and Sweden have been excluded because of their high 

reliance on hydro- and nuclear power. Some countries have also been excluded 

because of substantial lack of fuel price data. These include Denmark, France 

and Greece. This means that we are left with eight West European countries and 

for these time-series data between 1978 and 1994 have been collected. The count-

5 2 The use of country specific data is defended on the grounds that the data needed to develop a 
fuel demand model for each plant or even utility are currently unavailable. 
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ries are the same as those reviewed in chapter two, namely Austria, Belgium, 

Germany, Ireland, Italy, the Netherlands, Spain and the United Kingdom. This 

gives us a total sample of 129 observations (see also appendix 2). 

Traditionally economists have employed a simple time trend to represent techni

cal developments over the sample period. Nelson (1986) presents an alternative 

way of expressing exogenous technological change, the vintage index. The index 

is constructed by calculating a weighted average age of each firm's generating 

capacity. Nelson concludes that vintage index outperforms the time trend in 

forecasting technological change. The reason for this is that in the electricity 

industry new capital equipment to a great extent reflects the changes which 

occur in technology. Still, Nelson continues, the time trend does play an impor

tant role in 'determining' the rate of techmcal change although i t is difficult to 

determine what i t actually represents (ibid.). As a consequence, since there is no 

comprehensive picture of the age structure of West European electric utilities we 

wil l assume a simple time trend (r) to account for Hicks neutral technical change 

in the West European electric power industry (IEA, 1992). 

However, by introducing the term S,t + 058nt
2 + SlQt\nQ + ̂ 4Stit\nPi into the cost 

i 

equations (4.5) and (4.12), we allow for technical change to proceed at different 

rates and also to be affected by output levels. Thus, this approach generalizes the 

constant rate of Hicks neutral technical change. Technical change over time T is 

now namely measured as; 

Furthermore, since the parameters 8ti appear in the fuel share equations (that 

wi l l be estimated) we wi l l be able to conclude in what way technical change 

= S, + S„t + 8,QlnQ + ^S,lnPi (4.16) 
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affects fuel choice. A positive (negative) value of Sti indicates that technical chan

ges over time have been i th fuel using (saving) (Griffin, 1993). 

Returning to the question on how the effects of the time trend should be inter

preted this study follows Matsukawa et al (1993) who assume that "the effects of 

technical changes on interfuel substitution may be interpreted as the cumulative 

effect of fuel-switching promotional policies on fossil fuels," (p. 44). These policies 

include tax deductions and favorable loans for utilities converting old oil-fired 

plants to coal burning. In other words, i t is reasonable to expect that the time 

trend in our case has been oil saving (and coal using) over the period under study 

(1978-1994), an expectation that wil l be assessed empirically in the next section. 

Apart from the variables mentioned above, a dummy variable ( D O T ) and the 

corresponding coefficients ( y ^ ) have also been included in the share equations to 

capture the effects of the UK coal strike in 1984 and 1985. 

In order to implement the translog fuel demand system empirically we must 

specify the stochastic framework. We desire a specification which recognizes that 

variables not observed by the econometrician still enter the different countries' 

cost minimizing behavior. Specifically, here an additive disturbance term (s i m ) is 

appended to each of the three cost share equations (where t and n represent an 

index over the country-time observations). Further, we follow the approach taken 

in Friedlander et al (1993)53 and assume that each error term can be decomposed 

into three elements so that; 

where ain is a country-specific error, ßu represent f/irra-equation mier-temporal 

effects by following a first-order autoregressive processes (but i t exhibits no error 

autocorrelation across equations), and finally cpjm which is a term that may be 

5 3 See also Berndt et al (1993). 
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contemporaneously correlated across equations. The country-specific errors may 

be interpreted as unobserved fundamental differences among the electricity 

systems in the eight countries (that still influence the countries' fuel use choices). 

We assume that these differences are fixed over time for a given country, and 

consequently we are able to eliminate the country-specific disturbance component 

by introducing dummy variables for each country. Thus, the following terms are 

appended to each cost share equation;54 

7 

Xft/A where Dn = 1 for country n and O otherwise (4.18) 

Furthermore, since cross-equation contemporaneous correlation of the cpjm terms 

is expected we assume that the resulting disturbance vector is multivariate nor

mally distributed with mean vector zero and constant (nonsingular) covariance 

matrix Qm (Berndt, 1991). 

The systems of share equations in the two models provide two seemingly 

unrelated regression models that can be used to estimate the parameters of the 

models. The restrictions suggested by economic theory must also be imposed to 

obtain efficient estimates of parameters and elasticities. Further, the estimation 

of a ful l model, all three fuel share equations, would result in the disturbance 

covariance matrix to be singular, thereby violating a necessary condition in the 

theory of econometrics (Greene, 1993). To avoid this problem one of the fuel share 

equations can be dropped without loss of generality. In other words, the share 

equations for coal and oil have been estimated and the gas share has then been 

obtained from the adding up constraint. Since the system of equations was 

estimated by the method of maximum likelihood (using the Time Series Proces

sor (TSP) computer program) the results are invariant to the choice of equation to 

be dropped (Berndt, 1991). 

5 4 For consistency we also introduce a multiplicative dummy variable on the ln P; term in the 

translog cost equation. 

64 



4.5 Empirical Results and Discussion 

Parameter estimates and the corresponding r-statistics for the short- and the 

long-run model are given in table 4.1. Let us first focus our attention exclusively 

on the short-run model. The results from this model indicate that the translog 

specification provides a relatively good fi t in terms of the ^-statistics. In addition, 

conventional R-square measures for the share equations in this model are 

between 0.88 and 0.90. However, much of the large degree of explanation is 

attributable to the inclusion of the country intercept dummies. 

The high t-ratios for the estimated coefficients representing the fixed capital 

stock are worth noting, indicating that overall the size of the capital stock is an 

important determinant of variable energy costs. These results should be expected 

given the high capital intensity of the electric power sector. Further, the time 

trend coefficients are also highly significant and have the expected signs. Thus, 

the time trend, reflecting public policies directed towards the power sector, 

appears to be oil saving and coal using. The coal strike coefficients also have the 

expected signs (oil using and coal saving) and are significantly different from zero 

(at the 1% level). 

Before proceeding with the analysis i t is necessary to establish whether the 

estimated short-run translog function is well-behaved or not. A cost function is 

well-behaved i f i t is concave in input prices and i f the fitted cost share equations 

are strictly positive (implying monotonicity of costs with respect to fuel prices) 

(Chung, 1994). Concavity of the translog cost function requires that its bordered 

Hessian must be negative semi-definite.55 Apart from 18 observations (out of 129) 

the short-run model was well-behaved. These results thus cast a modest amount 

of doubt on the validity of the concavity assumption. A check of the fitted cost 

shares shows that, except for 10 observations (of a possible 387), the translog 

form generates positive shares. 

5 5 Concavity is satisfied globally only if the translog function collapses to the special case of the 
Cobb-Douglas function. 
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Table 4.1: Parameter Estimates for Translog Cost Function (absolute 

values of ^-statistics in parentheses) 

Parameters SR-model 'LR'-model Parameters SR-model 'LR'-model 

ac 
8DV* 8DV* he -0.302 -0.156 

(0.109) (0.256) 

a0 
8DV* 8DV* ho 0.278 0.212 

(0.789) (0.732) 

ac 
8DV* 8DV* ho 0.024 -0.056 

(1.230) (0.997) 

YcST -0.233 -0.240 
PKC 0.302 -

(3.244) (3.170) (4.544) 

TOST 
0.279 0.294 PKO -0.278 -

(4.648) (4.764) (5.136) 

TOST 
-0.046 -0.054 -0.024 -

(0.786) (0.932) (0.449) 

acc 0.126 0.116 S,c 0.014 0.016 

(3.789) (3.282) (7.911) (7.948) 

"co -0.049 -0.034 -0.020 -0.023 

(1.943) (1.302) (12.988) (13.344) 

"cG -0.077 -0.081 S,a 0.006 0.007 

(3.014) (3.152) (3.836) (4.107) 

» 0 0 
0.016 -0.010 

(0.470) (0.275) 

« 0 G 
0.033 0.044 

(1.107) (1.489) 

aco 0.044 0.037 

(1.233) (1.045) 

8DV indicates the use of separate dummy intercept variables for each country. 

In table 4.2 the partial fossil fuel price elasticities, for both the short-run model 

and the alleged long-run model, are presented. A l l elasticity estimates have been 

calculated at the mean value of the cost shares over the period 1978 and 1994.56 

5 6 The fact that these elasticities are non-linear functions of the estimated parameters and cost 
shares makes it difficult to obtain reliable estimates of the standard errors. We follow Griffin and 
Gregory and Puss (1977), who simply linearly approximate the elasticity formulas and then use 
classical statistical procedures to obtain approximations to the underlying variances. This method 
requires the estimates of the parameters and the associated variance-covariance matrix, and the 
calculations have been done with the ANALYZ command in TSP. For a critique of this approach, 
see Anderson and Thursby (1986) and Krinsky and Robb (1986). 
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This approach is based on the assumption that this value is on the regression 

hne. 

Table 4.2: Partial Fossil Fuel Price Elasticities for Eight West European 

Countries (based on the translog cost function)*** 

Austria Belgium Germany Ireland 

SR 'LR' SR 'LR' SR 'LR' SR 'LR' 

Ice **-0.28 **-0.32 **-0.23 **-0.25 -0.04 -0.05 **-0.26 **-0.30 

Ico 0.08 0.13 ** 0.14 ** 0.16 0.01 0.02 0.10 *0.16 

Vcc ** 0.20 ** 0.19 *0.09 *0.09 0.03 0.03 *0.16 *0.15 

lac **-0.45 **-0.47 **-0.58 **-0.61 **-0.53 **-0.58 **-0.45 **-0.47 

Ice ** 0.14 ** 0.13 *0.21 *0.19 0.21 0.17 *0.10 '0.09 

loo ** 0.32 ** 0.34 ** 0.37 ** 0.41 *0.32 * 0.41 ** 0.36 ** 0.38 

loo **-0.69 **-0.79 **-0.70 **-0.81 *-0.69 **-1.08 **-0.66 **-0.75 

0.10 0.17 ** 0.32 ** 0.38 0.06 0.29 0.10 *0.15 

** 0.59 ** 0.63 ** 0.38 ** 0.43 *0.63 * 0.80 ** 0.56 ** 0.60 

Italy Netherlands Spain United Kingdom 

SR 'LR' SR 'LR' SR 'LR' SR 'LR' 

Ice 0.14 0.06 *-0.20 *-0.25 **-0.19 **-0.21 *-0.06 *-0.07 

Ice *0.32 ** 0.44 -0.07 0.00 ** 0.27 ** 0.29 ** 0.12 ** 0.14 

tea **-0.46 **-0.49 ** 0.27 ** 0.26 *-0.08 **-0.09 *-0.06 *-0.07 

lac **-0.56 **-0.61 **-0.30 **-0.31 -0.05 -0.20 0.30 0.09 

nx **-0.36 **-0.39 ** 0.09 ** 0.09 *-0.97 **-1.0S *-1.42 *-l.S3 

Ico ** 0.92 ** 1.00 ** 0.21 ** 0.22 * 1.02 ** 1.25 * 1.12 * 1.44 

loo **-0.26 **-0.30 **-0.74 **-0.91 **-0.60 **-0.68 **-0.73 **-0.87 

Hoc *0.06 ** 0.08 -0.10 0.01 ** 0.46 ** 0.50 ** 0.51 ** 0.59 

loa ** 0.20 ** 0.22 ** 0.84 ** 0.92 *0.14 ** 0.18 *0.22 *0.28 

Statistically significant from zero at the 10% level. 
** Statistically significant from zero at the 5% level. 
*** The estimates that are in italics are those which have unexpected signs. 

Focusing our attention initially on the short-run model, several observations 

relating to the economics of fossil fuel choice are worth commenting on. First, we 

would expect the own price elasticities of demand to be non-positive and the 

cross-price elasticities to be non-negative (since the three fossil fuels ought to be 

substitutes). This is true for a majority of the estimates (62 out of a total of 72). 

Those estimates which have an unexpected sign have been written in italics in 
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table 4.2. In these cases the fuels involved often compose a share of about 5% or 

less of that country's fuel costs. The most severe deficiency of the model is that 

two of the own-price elasticities are positive (reflecting the failure of the cost 

function to be concave in fuel prices). 

Second, in the short-run i t is likely that the base loaded (large cost share) fuel i n 

a specific country exhibits a relatively low own-price elasticity of demand, while 

the peaking fuels wil l be much more price sensitive. This is also a pattern that 

can be found in table 4.2. Coal is in general the base-loaded fuel in most Euro

pean countries and the corresponding own price elasticities for coal are also low 

compared to those for oil and gas demand. In addition, the own-price elasticity for 

oil in Italy and the one for gas in the Netherlands are also comparably low. 

I t should be noted that this result is not predetermined by the way the elasti

cities are measured. Specifically, differentiating the own price elasticities of fuel 

demand (TJU) with respect to the fuel cost shares (5,) yields the following 

expression; 

dTh=J_ 
ds, as, 

a, + Sf - S, 
= i - f f - (4.19) 

Since the a,v coefficients normally are very close to zero we would expect the sign 

of this derivative to be positive. That is, the higher the cost share the higher, i.e., 

the less elastic, the own price elasticity of fuel demand wil l be. Still, i t should be 

clear that the derivative in (4.19) can be both positive, negative or zero. Thus, the 

relative size of the own-price elasticities are not given at the 'start', something 

which for example the results of Bopp and Costello (1990) illustrate. I t therefore 

does make sense to {ex post) evaluate how meaningful the own price elasticities 

are by comparing their size with the corresponding cost shares. 

Third, table 4.2 also reveals the sensible result that i t is a change in the price of 

the base loaded (high cost share) fuel that causes the largest substitution with 
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one of that country's peaking (low cost share) fuels. For example, according to 

table 4.2 a ten percent increase in the price of oil in Italy causes a demand in

crease for gas of more than 9 percent. The reverse however, a corresponding gas 

price increase, only creates a 2 percent increase in oil demand. This reasonable 

result is however a pure outcome of the specific theoretical structure, and can 

easily be found by examining the second part of equation (4.9). 

To sum up, our short-run model reveals some of the underlying economics of fuel 

choice that one would expect to find. Substantial price-induced interfuel substitu

tion between fossil fuels used for power generation is found, especially between 

peaking fuels (gas/oil). In section 3.3 we stated that ex post fuel substitution is 

made possible by the existence of dual- and multi-fuel fired plants as well as by 

the possibility to switch load between single-fuel plants. We also know that the 

size of the capacity able to burn more than one fuel in our eight West European 

countries is big. Thus, i t is reasonable to expect that the size of the estimated 

cross-price elasticities wi l l be correlated with the share of multi-fuel capacity for 

each combination of fuels as well as to the likelihood that two different fuels 

substitute for each other in single-fuel units. 

I t should be noted that a comparison of the size of the price elasticities between 

different countries with different amounts of multi-fuel capacity wi l l not be very 

informative. The simple method of including dummy intercept variables for each 

country in the share equations means that differences in price elasticities 

between countries exist only because their respective fuel shares differ. However, 

a comparison between different cross price responses over all countries wil l be 

helpful. Such information is provided in table 4.3. 

In table 4.3 the eight countries are treated as an aggregate. The table shows that 

the magnitude of the fuel cross-price elasticities are closely related to the corre

sponding shares of dual- and multi-fuel capacity in the eight-country 'region'. The 

substitution between gas and oil is by far the most important. A high share of 

capacity capable of switching between the two fuels explains this result. In 
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addition, in contrast to coal both oil and gas are heavily used for peak power 

production. This increases the possibility that changing fuel prices induces 

substitution between single oil- and gas-fired plants, thus further explaining the 

high oil/gas price elasticities in table 4.3. Moreover, the high oil/gas elasticities 

can also be explained by the fact that some conversions of oil-fired plants to be 

able to burn gas are inexpensive and can be done within a relatively short time 

period. 

Table 4.3: Shares of Multi-Fuel Capacity and Corresponding Cross-Price 

Elasticities in the Eight West European Countries 

% share of total thermal capacity in Partial Fuel Cross-Price 

1985 capable of switching between: Elasticities' 

Gas-Coal* Gas/Price of coal Coal/Price of gas 

7 0.09 0.09 

Oil-Coal* Oil/Price of coal Coal/Price of oil 

16 0.20 0.12 

Gas-Oil* Gas/Price of oil Oil/Price of gas 

25 0.58 0.45 

* Includes capacity that can switch between all three fuels. 
** Calculated as averages over the eight different countries. 

For various reasons i t is difficult to compare the elasticities estimated in this 

study with those reported in Griffin (1977) and Ball and Loncar (1990), the only 

previous studies attempting to estimate interfuel substitution in West European 

electricity generation. These both assume weak separability between capital and 

the energy aggregate, and are in this sense analogous to our alleged long-run 

model (see also below). In addition, Ball and Loncar (1990) only present estima

tes for West Europe as a whole for the 1978-1988 time period. Griffin (1977), on 

the other hand, primarily employs cross-section data between 1955 and 1969. 

Nevertheless, we wi l l attempt to make some general comparisons between these 

and the present study. 

Starting with the Ball and Loncar study we find that in general their estimated 

short-run cross-price elasticities are lower than those reported in this study. Only 
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their alleged long-run estimates are able to match the short-run estimates 

presented here. The latter is however not true for those elasticities that measure 

the substitution between oil and gas. Somewhat surprisingly, these are signifi

cantly lower than the estimated oil/gas responses presented above. Thus, this 

implies first of all that their results hardly indicate long-run responses. Second, 

even i f their elasticities in general are of about the same size as our short-run 

responses, they fai l to provide the reasonable result that the highest ex post 

substitution is to be found between oil and gas. 

Griffin (1977) claims to measure intermediate estimates, primarily because of his 

reliance on cross-section data for 20 countries. Thus, his elasticities ought to be 

higher than those reported in the present study. Table 4.4 reproduces Griffin's 

1977 results for the eight West European countries together with our 1997 short-

run estimates for the same countries. 

Table 4.4: Comparison Between Griffin's (1977) Partial Fuel Price Elasti

cities and the Ones Presented in the Present Study* 

Coal/Pc Gas/Po Oil/Po Gas/Po Coal/Po Coal/Pa 

1977 1997 1977 1997 1977 1997 1977 1997 1977 1997 1977 1997 

Au -0.79 -0.28 -0.79 -0.45 -1.83 -0.69 0.50 0.32 0.57 0.08 0.21 0.20 

Be -0.75 -0.23 -0.83 -0.58 -3.08 -0.70 0.54 0.37 0.56 0.14 0.19 0.09 

Ge -0.39 -0.04 -1.14 -0.53 -10.2 -0.69 0.77 0.32 0.30 0.01 0.08 0.03 

Ir -1.16 -0.26 - -0.46 -0.78 -0.66 - 0.36 1.41 0.10 - 0.16 

It -1.01 0.14 -1.17 -0.56 -1.26 -0.26 1.25 0.92 1.05 0.32 -0.04 -0.46 

Ne -0.48 -0.20 -1.65 -0.30 -2.37 -0.74 1.91 0.21 0.51 •0.07 -0.03 0.27 

Sp -0.44 -0.19 -2.12 -0.05 -2.45 -0.61 2.93 1.02 0.96 0.27 -0.05 -0.08 

U K -0.35 -0.06 -1.82 0.29 -3.74 -0.73 2.18 1.12 0.38 0.12 -0.03 -0.05 

* The estimates that are in italics are those which have unexpected signs. 

Sources: Tables 2 and 3 in Griffin (1977) and table 4.2 in the present study. 

Again, i t is not very informative to compare the elasticities country by country. 

Specifically, Griffin's results are valid for an earlier time period, in which the cost 

shares for all countries were different from what they have been during the last 

20 years. Still, i t should be clear that in general Griffin's intermediate elasticities 
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are higher than our short-run estimates, indicating that he indeed measures 

something above just short-run responses. The substitution between coal and gas 

however serves an exception in this sense. Griffin explains this unresponsiveness 

by pointing out that coal is most often a base load fuel while gas is used for peak 

power. I n addition, regions with large domestic coal resources tend to have small 

reserves of gas and vice versa (p. 767). 

Let us finally turn our attention to the performance of our 'own' long-run model. 

Naturally, we would expect to find much more price sensitive responses in this 

model than in the short-run model. After examining table 4.2 this does not turn 

out to be the case. In fact, i t is only the long-run' own-price elasticities of oil 

demand that tend to be larger than the short-run ones (even though the diffe

rence must be labeled as 'marginal'). Thus, in general i t is hard to conclude that 

i t is de facto long-run responses that have been estimated. 

The difference between the two models is simply that the alleged long-run model 

leaves out capital as an independent variable in the cost share equations. The 

high statistical significance of the capital coefficient (table 4.1) indicate that such 

a 'move' can create severe biases of the estimated coefficients in a short-run 

model. Therefore, one would suspect that i t is some kind of biased short-run 

estimates that are produced in the alleged long-run model. The results of Ball 

and Loncar (1990) tend to confirm this notion as well. Thus, our results appear to 

support the a priori suspicion that the alleged long-run model, the one found in 

for example U r i (1977), Ball and Loncar (1990) and Ko (1996), hardly predicts 

neither long-run nor reliable short-run estimates. 

Griffin's (1977) paper still shows that the use of cross-section data probably is a 

necessary condition for long-run analysis. However, i t is not a sufficient condition. 

Clearly, we would expect that the leaving out of the price of capital in a long-run 

model can also severely bias those estimates. This might explain the somewhat 

surprisingly low ex ante substitution between coal and gas in Griffin's study. 
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4.6 Conclusions 

In chapter three i t was argued that there are good reasons to believe that both ex 

ante and ex post interfuel substitution in West European power generation occur. 

Further, even i f the translog cost function approach has been used for estimating 

both short- and long-run substitution elasticities, we have argued that the 

theoretical foundations for a long-run model (especially as i t has been formulated 

in previous studies) are dubious. Estimating short-run (ex post) elasticities with 

the help of a flexible cost function, on the other hand, a priori seems more appro

priate. 

The empirical investigation in this chapter tends to support these suspicions. 

First, we do find substantial ex post interfuel substitution between fossil fuels 

used for electricity generation. The short-run model also reveals some sensible 

presumptions about the economics of ex post fuel choice. In addition, the results 

are consistent with the notion that short-run substitution primarily occurs in 

multi-fuel fired plants and by switching load between different single-fired units. 

Second, in general the so-called long-run model only tends to produce some kind 

of distorted short-run estimates. In short, the assumption of weak separability 

between capital and energy inputs seems far too unrealistic i f a cost function 

approach is to be employed to the electric power sector. Our empirical results 

indicates that, given the capital intensity of the industry, a short-run cost 

function should include the physical stock of capital. Accordingly, a long-run cost 

function must certainly take account of the price of capital, one issue (among 

others) to which we wi l l devote our attention in the next chapter. 
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Chapter 5 

I N T E R F U E L SUBSTITUTION IN 

THE SHORT-RUN AND THE LONG-RUN: 

A GENERALIZED L E O N T I E F COST FUNCTION APPROACH 

5.1 Introduction 

I n chapter four we concluded that the translog variable cost function generated 

plausible estimates of the degree of ex post price-induced interfuel substitution in 

West European electricity generation. Furthermore, employing a long-run trans

log cost function, in the manner that has been done in previous research, seemed 

less appropriate, from both theoretical and empirical viewpoints. 

There appear to be two major weaknesses with the alleged long-run approach 

employed in the previous chapter. First, the model assumes that electric utilities 

instantaneously move from one long-run equilibrium to another as relative fossil 

fuel prices change. As discussed in section 3.2 this assumption is particularly 

problematic i f the elasticity estimates are based on pure time series. Second, 

since fuel choice in the electric power industry is heavily tied to the choice of ca

pital equipment the assumption of weak separability between capital and energy 

inputs is troublesome as well. 

In this chapter we present an improvement of the 'long-run' model employed in 

chapter four. The approach taken here involves two steps. The first step is to 

estimate a short-run cost function (with capital as the quasi-fixed variable). The 

information that is generated from this estimation can then be used in a second 

step. Since the lower boundary of a set of short-run cost functions confines the 

long-run cost function, i t is possible to compute the long-run cost function for 

fossil-fueled electricity, i.e., with capital as a variable factor and the price of 

capital as an independent variable (see further section 5.2). 
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In addition, in this chapter we employ a different kind of flexible functional form, 

the Generalized Leontief (GL) cost function developed by Diewert (1971). This 

permits a comparison between the short-run elasticities of two flexible cost 

functions, the translog and the GL. We also know that the GL cost function 

reduces to the Leontief cost function, with a fixed coefficient technology, i f certain 

parameter restrictions are imposed (Chung, 1994). Therefore, in contrast to the 

translog specification the hypothesis that there is no ex post fuel substitution in 

electricity generation due to price changes can be tested explicitly. 

To sum up, this chapter has two purposes. First, with the GL variable cost 

function we present alternative estimates of the degree of ex post substitution in 

West European electricity generation. Second, with the help of the short-run cost 

function we compute the long-run responses in fuel demand to changes in rela

tive fuel prices. The bearing of these elasticity estimates are discussed in depth. 

The chapter proceeds as follows. In section 5.2 the general theoretical framework 

as well as previous studies that have influenced the present chapter are reviewed 

in brief. The theoretical structure of the GL model is presented in section 5.3, 

while section 5.4 discusses model estimation issues. Section 5.5 then presents the 

empirical results. Finally, section 5.6 provides some concluding comments. 

5.2 General Theoretical Framework and Literature Review 

A long-run model of factor demand behavior should (regardless of industry) 

include the price of capital as an independent variable. For a cross-section of 

different countries the (ex post) price of capital is however very difficult to com

pute, especially since a thorough understanding of the tax (and subsidy) system 

of each country would be needed. However, when analyzing a short-run cost 

function, with capital as a quasi-fixed variable, the shadow price of capital is 

endogenously determined (Berndt and Hesse, 1986). Thus, a properly estimated 

short-run cost function allows us to deduce long-run behavior. This argument can 

easily be verified by noting that an arbitrary total cost function for fossil fueled 

electricity can be written as; 

76 



TC = VC{ Pc, P0, P0, PL, PM, K, Q ,t) + PKK (5.1) 

where the total cost (TC) is equal to the sum of the variable costs (VC) and the 

fixed cost (PKK) and where PK is the rental cost of capital. The remaining factor 

prices refer to coal-, gas-, oil-, labor- and material inputs respectively. Knowing 

that in long-run equilibrium the total cost must be minimized gives us the follo

wing first-order condition; 

(5.2) 

Thus, in long-run equihbrium the shadow cost of capital (-dVCI dK) must be 

equal to the (ex ante) rental cost of capital. Equation (5.2) can then be solved for 

the long-run choice of capital, K'. Further, since i t is only at this level of capital 

services that short-run and long-run costs coincide, the approach described here 

permits the derivation of long-run demand behavior (provided total cost (TC) 

minimization). In other words, equation (5.2) in fact expresses the familiar 

tangency condition between short- and long-run cost curves. A typical pattern of 

(average) cost curves is shown in figure 5.1. 

I t should be obvious that the inclusion of the price of capital as an explanatory 

variable makes the present long-run model more realistic (than the one reviewed 

in chapter four). However, we know from section 3.2 that our use of pooled cross-

section and time-series data is most likely not a sufficient condition for a proper 

estimation of long-run responses. In addition, as indicated in chapter two i t is 

doubtful whether the assumption of cost minimization is realistic for a long-run 

analysis on West European fuel choice. 

Nevertheless, one of the conclusions of the historical review in chapter two was 

also that ever since the energy crises in the 1970s, the choice of fuels (especially 

fossil fuels) in electric power generation is no longer only a matter of discrete 

technology choices. On the contrary, power plants are continuously being 
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refurbished and redesigned, mainly because of the perceived uncertainty about 

relative prices and future environmental regulations. Hence, although a model 

specification where electricity generation in the long-run is characterized by a 

continuum of capital-fuel ratios, in some senses, appears dubious an a priori 

refusal of such a model would be premature. Also, a careful investigation of a 

long-run cost function can provide some information about whether the assump

tion of cost minimizing utilities is a problem or not. In other words, even i f 

serious doubts are definitely motivated i t remains an empirical question whether 

the model can provide us with a reasonable description of real-world fuel demand 

behavior. 

ATC 

AVC t 

Figure 5.1: Short- and Long-Run Average Cost Curves 

Apart from that we explicitly model the difference between short- and long-run 

responses, this chapter also differs from earher studies on fossil fuel choice in 

electricity generation in the sense that an alternative flexible functional form is 

used, the Generalized Leontief (GL). Ever since Diewert's (1971) initial generali

zation of the traditional Leontief cost function researchers have employed the GL 

cost function in empirical work. The majority of these studies investigate factor 

substitution effects and often different expansions of Diewert's original GL cost 

function have been estimated. In most cases the additions are there to allow for 
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technical change and returns to scale (since the initial GL cost function is only a 

function of prices). References for these technology- and scale-augmented speci

fications include Parks (1971), Woodland (1975), Diewert and Wales (1987) and 

Nakamura (1990). 

The present chapter however owes the most of it's methodological approach to 

Morrison (1988). She extends the works of Parks as well as Diewert and Wales 

and presents a GL cost function which permits an inclusion of one quasi-fixed 

input (capital) or two quasi-fixed inputs (capital and labor). In addition, her 

specification allows for both static and dynamic optimization. The restricted cost 

function is applied to an analysis of short- as well as long-run factor demand 

patterns in Japanese and US manufacturing. Morrison finds strong evidence of 

factor demand substitution, especially in Japan. This flexibility, i t is argued, may 

have helped Japan recover more quickly from the energy crises in the 1970s. 

The model presented in this chapter is a simplified version of Morrison's model, 

in the sense that i t only allows for one quasi-fixed input, capital (Ä). The GL cost 

function has some desirable properties that makes i t particularly useful for our 

purposes. First, as mentioned, we can explicitly test the hypothesis of ex post 

interfuel substitution. In addition, numerically imputing long-run responses from 

the short-run cost function is much easier for the GL function compared to the 

translog form (Morrison, 1988).57 

5.3 The Generalized Leontief Model 

We here follow the general approach taken in section 4.3. Thus, i t is assumed 

that energy and capital inputs are as a group weakly separable from labor and 

material inputs. Assuming long-run constant returns to scale58 we can postulate 

5 7 Specifically, the G L cost function permits closed-form derivation of the long-run equUibrium 
levels of the quasi-fixed inputs. With the translog function one has to employ iterative numerical 
techniques, which in some cases have caused practical difficulties. See for example Berndt and 
Hesse (1986). 
5 8 This imphes that the long-run average cost curve (ATC) in figure 5.1 is assumed to be a hori
zontal straight line. This is a common assumption when using aggregate data since it facilitates 
the separation of the impacts from technology, returns to scale and capital. 
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the following variable (short-run) cost function which basically is an extension by 

Morrison (1988) of Diewert's (1971) original GL cost function; 

VCE = Q 
3 3 3 

n^prpr+xx«c+xiXX7„«/: 

+ Ö1 X W , / 2 + X ^ X r m X / 2 * ' ' 

i=l m=\ n-\ 

(5.3) 

where Q is the level of fossil fueled electricity output; P = (Pc, P0, Pc) is a vector of 

fossil fuel prices for the three variable inputs, coal, oil and gas; K is the stock of 

capital which is assumed to be quasi-fixed; Sm refer to the three other exogenous 

arguments of the cost function, namely a time trend variable t reflecting changes 

in the technology, a measure of the intensity of environmental regulations R and 

finally LF, which is the system load factor. Again, data for the two latter 

variables have only been found for smaller data samples and these are analyzed 

separately in chapter six. Equation (5.3) nevertheless describes how the R and 

LF variables enter the GL cost function in the forthcoming analyses. In the 

present chapter, however, only the time trend t is included in the empirical 

investigation. 

The cost function defined by (5.3) has some of the desirable properties of a well-

behaved cost function. I t is continuous and linearly homogenous in the vector of 

fuel prices P, the latter implying that i f a l l prices increase by the same proportion 

X, CE must also increase by A, output held fixed.59 As with most flexible 

functional forms i t does not ensure (global) concavity in P. However, the 

curvature at each sample point can be checked subsequently by using the 

estimated coefficients. Furthermore, the are parameters such that <x. = a j r 

5 9 Alternatively, all the fuel demand functions in (5.4) remain constant if all fuel prices increase 
by the same proportion, output held fixed (Varian, 1992). 
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The fuel demand equations can be derived from Shephard's Lemma, i.e., through 

partial derivation of (5.3) with respect to the fuel prices. Further, as is shown by 

Parks (1971), dividing these functions by output Q reduces the problem of 

heteroskedasticity. The resulting input-output coefficient equations can then be 

written as; 

E, dVCF 1 
Q dP. Q j 

+ Q-

f p v ' 2 

+X4X / 2 +XXr™« , 2 + 
m=l m=l «=1 

(5.4) 

for iJ = C, 0,G 

Equations (5.4) represent the short-run fossil fuel demand behavior of a country 

and together they form the basis of the econometric analysis. By estimating the 

coefficients in (5.4) we can also test the hypothesis that there is no ex post 

interfuel substitution by investigating whether a,.. = 0 for all i, j, i # j. In other 

words, such a test wi l l indicate whether the GL cost function collapses into the 

traditional Leontief cost function (with fixed coefficients) or not (Chung, 1994). In 

addition, using the estimated parameters i n equations (5.4) i t is straightforward 

to calculate the short-run (or partial equilibrium) cross-price elasticities of fuel 

demand (Morrison, 1988). These are defined as; 

SRJ\nEi=dEiPj  

k <?lnP. dPj 
(5.5) 

We have so far only dealt with the short-run representation of fossil fueled 

electricity generation. However, as discussed in section 5.2, having a model of 

short-run fuel demand behavior allows us to induce long-run behavior as well. 

Specifically, with the short-run cost function we are able to compute the shadow 

cost of the quasi-fixed input K. The shadow cost of capital, RK, is the reduction in 

variable costs from having an additional unit of K, i.e., using equation (5.3) i t can 

be written as; 
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oK IV* (5.6) 

With regard to equation (5.6) i t should be noted that since the firms are 

minimizing energy costs given a fixed capital constraint K, the shadow value RK 

is endogenously determined (Berndt and Hesse, 1986). However, from section 5.2 

we know that in long-run equilibrium the (ex ante) rental cost, PK, must be equal 

to the shadow cost of K. In addition, using this equahty equation (5.6) can be 

solved for the fu l l adjustment level of capital K'. As was noted above, in contrast 

to the translog form, direct derivation in closed form is possible here (Morrison, 

1988). Thus, imposing the equality PK = RK and solving for K' in our case results 

in; 

•05Qh 

2 > « (5.7) 

As is the case with the fuel demand equations in (5.4) also the demand for 

desired capital in (5.7) is homogenous of degree zero in prices, as i t should be 

according to microeconomic theory. The expression in (5.7) allows us to compute 

the long-run elasticities. In order to compute long-run demand the fuel demand 

equations are simply evaluated at K* at each observation point. The long-run 

elasticities can then be derived by adding the short-run adjustments to the 

associated long-run changes. In other words, the long-run elasticity of demand for 

fuel j with respect to a change in the price of fuel i is; 

dE, dEj dK 
(5.8) 

where K = K" (Morrison, 1988). The own-price elasticities are calculated in a 

similar manner (ibid.). 
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To sum up, the theoretical framework that has been developed in this section 

allows both short- and long-run fuel demand behavior in the electricity genera

ting industry to be analyzed. The GL cost function in (5.3) provides some nice 

characteristics in that i t allows for an explicit test of ex post interfuel substitution 

and in that we are able to analytically compute the ful l equilibrium responses 

from the short-run formulation. However, some theoretical caveats also deserve 

to be brought up at this stage. First, as indicated above, knowing the short-run 

elasticities and the long-run elasticities provides us with no information about 

the adjustment path towards long-run equilibrium. Second, our assumption of 

short-run separability does not imply long-run separability (even though the 

opposite is true). Thus, throughout this chapter i t has been assumed that the 

conditions for separability hold also in the long-run. Whether the GL fuel de

mand system can produce empirically reasonable short- and long-run elasticities 

is however yet to be investigated. 

5.4 Model Estimation 

In this chapter we employ the same data sample as that used for the translog 

fuel demand system in chapter four. Thus, pooled time-series data for 1978-1994 

across eight West European countries have been employed (see section 4.4 and 

appendix 2). Since this chapter intends to present estimates of long-run fuel price 

elasticities we also desire data on the ex ante price of capital ( P K ) . 

A common approach in studies on factor substitution in electricity generation has 

been to approximate the price of capital (per MW) by simply dividing total capital 

expenditures by gross installed electricity generating capacity.60 However, here 

we instead use the following widely accepted formula as a basis for the calcula

tions; 6 1 

PK=P„(r + d) (5.9) 

6 0 See, for example, McGuire and Westoby (1984) and Burney and Al-Matrouk (1996). 
6 1 See Rushdi (1991) for a similar approach in his study on factor substitution and scale economies 
in the Australian electricity sector. 
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where Pn is a price index for investment goods at time t, r is the interest rate (an 

ex ante cost of capital), and d is the depreciation rate. We approximate the 

interest rate by the lowest risk government bond yields and the wholesale price 

index has been used as a proxy for the P„ variable (see appendix 2). The depre

ciation rate d is generally asset- and sector-specific and data on this have not 

been found. I t is therefore implicitly assumed that the depreciation rate has 

remained constant between countries and over the entire time period. Moreover, 

we also disregard from income taxes and governmental subsidies that might have 

affected the price of capital. 

For our purposes this latter approach is preferable to the former because i t is 

based on the current price of capital rather than on the actual price paid for the 

capital assets. Still, our assumptions above are rough and the resulting capital 

price estimates should at best be regarded as very crude approximations of the 

true ex ante capital price. In turn, the estimates of the long-run price elasticities 

in this chapter must also be looked upon as nothing but prehminary. 

We proceed by commenting on some of the independent variables that are used in 

the estimations. Also in this chapter we assume that the time trend reflects the 

cumulative effects of public policies aimed at influencing fossil fuel choice in the 

electric power sector. However, in the GL fuel demand system a direct investi

gation of the estimated parameters wi l l not provide any infonnation on whether 

the time trend has been fuel saving or fuel using. Therefore, instead we make use 

of the input-output equations (5.4) to calculate the elasticity of the time trend 

with respect to fossil fuel demand (rr,) so that; 

n, = =(o.5Q4r05 + ß r „ + o s Q ^ r ^ K 0 ^ (5.io) 

Thus, a positive (negative) elasticity indicates that technical changes over time 

have been i th fuel using (saving). 
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We include a simple dummy variable component (yiSTDiST) in the input-output 

equations to represent the effects of the UK coal strike. In addition, the same 

additive error structure as that presented in section 4.4 has been appended to the 

GL fuel demand equations in this chapter. Thus, we also here assume fixed 

effects across countries and include simple country-specific dummies in the input-

output equations to account for this. 

Since the input-output coefficients do not sum to unity (in contrast to the cost 

shares in the translog cost formulation), all three fuel demand equations can be 

estimated directly (with the symmetry conditions imposed). The system of input-

output equations was estimated by the method of maximum likelihood (using the 

TSP software). 

5.5 Empirical Results and Discussion 

Table 5.1 presents the parameter estimates, with corresponding t-ratios given in 

parentheses, for the system of fuel demand equations based on the GL variable 

cost function. Conventional R-square measures are 0.88, 0.87 and 0.85 for the 

coal, oil and gas input-output equations respectively, announcing a relatively 

good fit for the model. 

The capital stock K appears to be an important determinant of short-run fuel 

choice. I t should also be noted that the SiK terms all have negative signs, 

implying that the three fossil fuels are substitutes with regard to capital. This is 

important since the opposite (8 iK > 0) would violate the convexity condition for K 

(and support the unreasonable conclusion that capital is complementary with all 

fuel inputs). Unfortunately yKK, a crucial parameter for imputing the shadow 

price of capital (RK), has a large standard error, something which raises some 

doubts of whether the cost function is well-behaved with respect to capital. 

The coal strike coefficients (y i S T ) in the coal and oil demand equations are signi

ficant (at the 1% level) and have the expected signs, indicating that the British 
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coal strike in 1984/85 had oil using and coal saving effects. The impact on gas 

demand, on the other hand, is (as expected) not statistically different from zero. 

The coefficients indicating the cross-price responses between the three fuels (a t J) 

also have the expected positive signs, but one of them (a C G ) is not statistically 

significant at the 10% level. 

Table 5.1: Parameter Estimates for Generalized Leontief Cost Function 

(absolute values of f-statistics in parentheses) 

Parameters SR-model Parameters SR-model Parameters SR-model 

° - c c 
8DV* Sa 

-0.004 
SCK 

-1.168 

(1.001) (0.350) 

« 0 0 
8DV* So, -0.048 s0K 

-11.024 

(11.842) (3.648) 

« G G 
8DV* Sc, -0.020 

8GK 
-6.627 

(4.815) (2.151) 

« c o 
0.018 In 0.001 YcST -0.045 

(1.934) (1.884) (2.574) 

<*CG 
0.012 

y,K 
1.127 

YOST 
0.052 

(1.165) (6.596) (4.205) 

« 0 G 
0.034 

YKK 
93.960 

YGST 
-0.010 

(2.906) (1.132) (0.764) 

* 8DV indicates the use of separate dummy intercept variables for each country. 

Monotonicity of the cost function is checked by determining i f the fitted values of 

the input-output coefficients are positive. Of the 387 fitted coefficients all but 

three were positive. Concavity requires that the bordered Hessian is negative 

semi-definite, and this has been checked by examining the signs of the principal 

minors at each observation. I t turns out that all principal minors have the 

expected signs. Thus, in contrast to the translog, the GL cost function is 

surprisingly consistent with its theoretical restrictions. 

Table 5.2 presents estimates of the elasticity of the time trend with respect to 

fossil fuel demand (r\ i t). The elasticities have been calculated at the mean values 

86 



of fuel prices, production and capital over all observations.62 Since the elasticities 

are based on a simple time trend they do not lend themselves to any meaningful 

interpretations. We are therefore primarily interested i f their signs are positive 

or negative. 

Table 5.2: Time Trend Elasticities of Fossil Fuel Demand 

Vc, n0l 

Mean estimates 0.66* -1.30** 0.62** 

over all observations 

* Statistically significant from zero at the 10% level. 
** Statistically significant from zero at the 5% level. 

The results support the conclusions in chapter four, namely that the cumulative 

effects of energy policies have been oil saving and coal using. The corresponding 

elasticities are also significantly different from zero. However, for coal the null 

hypothesis (of a zero elasticity) can only be rejected at a 10% level of significance. 

In addition, as was the case in the translog model the time trend appears to have 

had gas using effects over the period. However, in the case of gas i t is likely that 

this merely reflects pure technological changes rather than fuel switching promo

tional public policies. 

As was noted in section 5.3 the GL formulation permits a test for the extreme 

situation in which the input-output coefficients are independent of fuel prices, 

indicating that the elasticities of substitution between fuels are all zero. In our 

case this involves a test of the three restrictions aco = ac0 = aao = 0. Specifically, 

the restricted version of the model can be tested against the less restricted one 

(where the atj are allowed to have any sign) by means of a likelihood ratio (LR) 

test. The appropriate test statistic is computed as; 

- 2 ( l n L M - l n I w ) (5.11) 

6 2 It should however be noted that each of the three elasticities has the same sign over all 129 
observations. 
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where L is the likelihood value (calculated from the residual covariance matrix), 

RR denotes the restricted model and UR the unrestricted. The LR test statistic is 

distributed asymptotically as a chi-square ( x 1 ) random variable with degrees of 

freedom equal to the number of restrictions being tested (Berndt, 1991). The 

result from this test is reported in table 5.3. 

Table 5.3: Likelihood Ratio Test for the Leontief Technology 

Null Test statistic Critical value Critical value 

Hypothesis for LR test *2(0.01) *2(0.005) 

"co =
 " C G = " G O = 0 20.6 11.3 12.8 

The result indicates a rejection of the null hypothesis of zero ex post interfuel 

substitution. I n other words, the empirical results support our a priori notion 

that short-run price-induced fuel substitution should not be neglected in econo

mic analyses on power generation. Accordingly, we now investigate the observed 

cross-price effects in more detail. Assessment of these are however carried out 

more readily using price elasticity estimates, to which we now turn our attention. 

Table 5.4 presents the short- and long-run partial fossil fuel price elasticities, as 

formulated i n equations (5.5) and (5.8). The elasticities were computed using the 

average values of prices, output, capital in the period 1978-1994. In calculating 

the standard errors, the fitted fuel demands that appear in the elasticity formu

las were treated as constants. Initially we concentrate our attention solely on the 

short-run elasticities. 

As in chapter four i t is also here useful to comment on whether the estimated 

elasticities i n table 5.4 have some of the attributes that are to be expected from 

ex post fuel choice behavior. First we note that all partial price elasticities have 

the expected signs, i.e., the own-price effects are negative and the cross-price 

effects are positive. Moreover, we also find that the base-loaded (large input-
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output ratio) fuel in a specific country exhibits the lowest elasticities while the 

peaking fuels generally are much more price sensitive. These latter results are 

however an outcome entirely attributable to the specific theoretical structure of 

the model. 

Table 5.4: Partial Fossil Fuel Price Elasticities for Eight West European 

Countries 

Austria Belgium Germany Ireland 

SR LR SR L R SR LR SR LR 

Ice **-0.20 **-0.59 **-0.14 **-0.32 -0.07 *-0.25 **-2.32 **-4.11 

Ice ** 0.12 ** 0.55 ** 0.08 ** 0.36 0.04 *0.24 1.43 * 5.90 

Ice *0.09 *0.15 *0.06 *0.10 0.03 0.06 *0.89 * 1.57 

lee **-0.24 **-0.26 **-0.59 **-0.61 **-0.73 **-0.77 **-0.27 **-0.27 

lee *0.06 *0.12 *0.13 *0.20 0.17 0.38 * 0.06 *0.09 

lee ** 0.18 ** 0.12 ** 0.47 ** 0.36 ** 0.51 *0.36 ** 0.21 ** 0.16 

loo **-0.50 **-1.14 **-1.42 **-3.21 **-2.03 **-5.09 **-0.46 **-1.35 

lee ** 0.13 ** 0.72 ** 0.43 ** 1.82 0.67 *3.60 0.17 *0.80 

lee ** 0.34 ** 0.25 ** 0.94 ** 0.83 ** 1.21 *0.79 ** 0.39 ** 0.31 

Italy Netherlands Spain United Kingdom 

SR LR SR L R SR LR SR LR 

Ice *-0.53 **-1.13 *-0.37 **-0.87 **-0.13 *-0.25 **-0.09 **-0.22 

Ice ** 0.32 ** 1.31 *0.23 ** 1.00 *0.08 0.29 ** 0.05 ** 0.23 

Ice * 0.20 *0.31 0.14 0.19 0.05 0.07 0.03 *0.06 

lee **-0.77 **-0.74 **-0.18 **-0.19 -3.81 -3.94 *-8.02 *-8.46 

lac *0.16 *0.26 0.04 0.05 0.78 * 1.17 2.21 *3.57 

lee ** 0.61 ** 0.42 ** 0.15 *0.13 ** 3.01 ** 2.36 *6.09 *4.08 

loo **-0.17 **-0.43 **-1.57 **-3.80 **-0.61 **-1.34 **-0.88 **-2.02 

lee ** 0.05 ** 0.22 *0.48 ** 2.17 *0.16 0.63 ** 0.29 ** 1.26 

lee ** 0.12 ** 0.09 ** 1.09 *0.99 *0.45 ** 0.39 *0.59 *0.37 

* Statistically significant from zero at the 10% level. 
** Statistically significant from zero at the 5% level. 

The next step of the analysis consists of comparing the estimated price responses 

to the existence of multi-fuel fired plants and relate them to the likelihood that 

fuel switching occurs in single-fuel fired units. Since simple country dummies are 

used in the GL fuel demand system, i t also here makes most sense to compare 
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the different cross-price responses over all countries. This is done in table 5.5, in 

which the eight countries are treated as an aggregate. 

Table 5.5: Shares of Multi-Fuel Capacity and Corresponding Short-Run 

Cross-Price Elasticities in Eight West European Countries* 

% share of total thermal capacity in Partial Fuel Cross-Price 

1985 capable of switching between: Elasticities; 

Gas-Coal** Gas/Price of coal Coal/Price of gas 

7 0.45 (0.10) 0.19 (0.23) 

Oil-Coal** Oil/Price of coal Coal/Price of oil 

16 0.30 (0.32) 0.29 (0.37) 

Gas-Oil** Gas/Price of oil Oil/Price of gas 

25 1.44 (0.36) 0.64 (0.68) 

* The elasticities have been calculated as averages over the eight different countries. 
** Includes capacity that can switch between all three fuels. 
*** The elasticities presented in parentheses do not include the cross-price responses in Spain 
and the United Kingdom. 

As was noted in section 4.5, we would expect to find the largest ex post cross-price 

responses between oil and gas. These fuels are mainly used for intermediate load 

and peak load purposes and the share of dual- or multi-fuel capacity that can 

switch between the two is in general higher than the shares of coal-gas- and coal-

oil-capacity. In addition, for the latter reason price-induced fuel switching is also 

likely to be more prominent between coal and oil than between coal and gas. 

Table 5.5 provides some support for these notions in the sense that the price-

induced interfuel substitution between oil and gas appears to be by far the most 

important. The difference between coal-gas and coal-oil substitution is, on the 

other hand, not as distinct. However, the model tends to predict a very cross-price 

sensitive gas demand for countries whose gas shares are low, mainly Spain and 

the UK (table 5.4). I f we disregard these two countries we obtain the average 

cross-price elasticities presented in parentheses in table 5.5. These estimates also 

support our notion that oil-gas substitution should be the largest and in turn 

they show that the substitution between coal and oil is more price sensitive than 

that between coal and gas. To sum up, also the GL fuel demand system tends to 
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produce short-run cross-price elasticities that are compatible with our a priori 

expectations about ex post interfuel substitution in electricity generation. We 

continue by comparing the short-run partial price elasticities produced by the 

translog fuel demand system (in chapter four) with the corresponding GL 

estimates presented in this chapter. Such a comparison is made in table 5.6. 

Table 5.6: Comparison Between Short-Run Fuel Price Elasticities Based 

on the Generalized Leontief and the Translog Fuel Demand Systems* 

Austria Belgium Germany Ireland 

SR-GL SR-TL SR-GL SR-TL SR-GL SR-TL SR-GL SR-TL 

Ice -0.20 -0.28 -0.14 -0.23 -0.07 -0.04 -2.32 -0.26 

nCo 0.12 0.08 0.08 0.14 0.04 0.01 1.43 0.10 

las 0.09 0.20 0.06 0.09 0.03 0.03 0.89 0.16 

ncc- -0.24 -0.45 -0.59 -0.58 -0.73 -0.53 -0.27 -0.45 

ncc 0.06 0.14 0.13 0.21 0.17 0.21 0.06 0.10 

IGO 0.18 0.32 0.47 0.37 0.51 0.32 0.21 0.36 

Too -0.50 -0.69 -1.42 -0.70 -2.03 -0.69 -0.46 -0.66 

loc 0.13 0.10 0.43 0.32 0.67 0.06 0.17 0.10 

loa 0.34 0.59 0.94 0.38 1.21 0.63 0.39 0.56 

Italy Netherlands Spain United Kingdom 

SR-GL SR-TL SR-GL SR-TL SR-GL SR-TL SR-GL SR-TL 

Ice -0.53 0.14 -0.37 -0.20 -0.13 -0.19 -0.09 -0.06 

lea 0.32 0.32 0.23 •0.07 0.08 0.27 0.05 0.12 

Ice 0.20 •0.46 0.14 0.27 0.05 -0.08 0.03 -0.06 

l æ -0.77 -0.56 -0.18 -0.30 -3.81 -0.05 -8.02 0.30 

lac 0.16 -0.36 0.04 0.09 0.78 -0.97 2.21 -1.42 

lea 0.61 0.92 0.15 0.21 3.01 1.02 6.09 1.12 

loo -0.17 -0.26 -1.57 -0.74 -0.61 -0.60 -0.88 -0.73 

loc 0.05 0.06 0.48 •0.10 0.16 0.46 0.29 0.51 

loo 0.12 0.20 1.09 0.84 0.45 0.14 0.59 0.28 

* The estimates that are in italics are those which have unexpected signs. 

Several observations can be made with regard to this table. First, we cannot 

conclude that one of the models tends to generate price elasticities that are 

generally more price sensitive than the other. Some elasticities are higher (in 

absolute terms) for the translog and some are higher for the GL model, but there 
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seem to be no systematic differences in this particular sense. I t is however worth 

noting that compared to the translog, the GL model tends to predict a very price 

sensitive demands for fuels which a exhibit a low cost share. As was noted above 

this is particularly obvious for gas demands in Spain and in the UK. The oil 

demands in Belgium and the Netherlands and coal demand in Ireland display a 

similar pattern. Since a large percentage change (consistent with a large cross-

elasticity) could be a rather small absolute change, these results should however 

not be deemed unreasonable. 

Moreover, i t is notable that (for a specific country) the relative magnitudes 

between the elasticities are basically the same in the two models. In other words, 

those price responses that are relatively large in the translog model tend to be 

large also in the GL model (even though the absolute magnitudes may differ). 

Finally, in general both models generate elasticities that are compatible with the 

economics of short-run fuel choice. However, the GL model does not violate any of 

the regularity conditions and i t does not produce any elasticities with unexpected 

signs. Thus, for these reasons we are inclined to place somewhat more confi

dence in the short-run GL fuel demand system. 

So far in this section we have concentrated solely on the short-run behavior 

generated by the GL model. Hence, before concluding this chapter we analyze the 

corresponding long-run behavior. However, before proceeding with the analysis i t 

is important to note that the long-run elasticity estimates in this chapter build 

on the assumption that the electric utilities are minimizing costs also in the long-

run. As was shown in chapter two, this is most likely an unrealistic assumption. 

In other words, the estimated long-run elasticities do not necessarily show the 

actual responses in fuel use to relative price changes but rather the cost minimi

zing responses.63 

6 3 Furthermore, to paraphrase Robert Solow, the production function approach is in no sense a 
test of cost functions or cost minimization. It merely shows how one can go about to interpret 
given time series if one starts by assuming that they were generated from a production function 
and from cost minimizing behavior. See Solow (1974, p. 121). 
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In the long-run the capital stock is allowed to reach its full-adjustment level. 

Since the electric power industry is very capital intensive we would expect the 

long-run price elasticities to be significantly higher than the short-run ones. Our 

long-run elasticity estimates are however associated with many empirical prob

lems. Most importantly, the fitted GL variable cost equation generates negative 

shadow value estimates of capital for almost half of the observations. Even i f a 

negative RK might make sense in years in which there is a great deal of invest

ment (reflecting substantial adjustment costs), we must still conclude that the 

model does not appear 'well-behaved' in this sense. 

The long-run partial price elasticities presented in table 5.4 have been calculated 

at the sample means (which are 'well-behaved'). We note that in general i t is only 

the own-price responses of oil and coal demand and the substitution between coal 

and oil that possess significantly larger elasticities in the long-run. Given the 

long lead-times involved in building new coal- and oil-fired capacity these results 

are to be expected. However, the remaining cross-price responses together with 

the own-price elasticity of gas demand show few distinct differences between 

short- and long-run behavior. 

In part some of these latter results are not entirely unreasonable. For example, 

the main response in gas use to cross-price increases has not been to build new 

gas-fired capacity (except for the last couple of years). We are more inclined to 

claim that these responses involve fuel switching in existent single- and multi-

fuel capacity or conversion of other capacity to be able to burn gas as well. In 

other words, the difference between short- and long-run responses in gas demand 

is not necessarily big. However, these type of arguments cannot explain the small 

difference between the short- and long-run r\co elasticities. In addition, i t is also 

highly unreasonable that the long-run price-induced substitution between oil and 

gas is lower than the corresponding short-run responses. Thus, i t must be 

concluded that overall our estimated long-run responses do not appear reliable. 

Disputable capital price data and the fact that the GL cost function was not 'well-

behaved' with respect to capital most likely explain this disappointing outcome. 
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Nevertheless, for whatever i t is worth, we compare our results with those obtai

ned by Griffin (1977), who claims to measure intermediate-run responses. Such a 

comparison is made in table 5.7. Our suspicion against long-run estimates in 

general and those presented in this chapter in particular makes i t hard to draw 

any reliable conclusions. The estimates do nevertheless allow for one interesting 

hypothesis to be tested. 

Table 5.7: Comparison Between Griffin's (1977) Fuel Price Elasticities 

and the Long-Run Fuel Price Elasticities in the Present Chapter* 

CoaL/Pc Gas/Po Oü/Po Gas/Po CoaVPo Coal/Po 

1977 1997 1977 1997 1977 1997 1977 1997 1977 1997 1977 1997 

Au -0.79 -0.59 -0.79 -0.26 -1.83 -1.14 0.50 0.12 0.57 0.55 0.21 0.15 

Be -0.75 -0.32 -0.83 -0.61 -3.08 -3.21 0.54 0.36 0.56 0.36 0.19 0.10 

Ge -0.39 -0.25 -1.14 -0.77 -10.2 -5.69 0.77 0.36 0.30 0.24 0.08 0.06 

Ir -1.16 -4.11 - -0.27 -0.78 -1.35 - 0.16 1.41 5.90 - 1.57 

It -1.01 -1.13 -1.17 -0.74 -1.26 -0.43 1.25 0.42 1.05 1.31 •0.04 0.31 

Ne -0.48 -0.87 -1.65 -0.19 -2.37 -3.80 1.91 0.13 0.51 1.00 -0.03 0.19 

Sp -0.44 -0.25 -2.12 -3.94 -2.45 -1.34 2.93 2.36 0.96 0.29 •0.05 0.07 

U K -0.35 -0.22 -1.82 -8.46 -3.74 -2.02 2.18 4.08 0.38 0.23 -0.03 0.06 

* The estimates that are in italics are those which have unexpected signs. 

Sources: Tables 2 and 3 in Griffin (1977) and table 5.4 in the present chapter. 

Specifically, the paper by Griffin employs data for the time period 1955-1969, 

while the present study analyzes data between 1978 and 1994. This permits a 

preliminary test of the hypothesis that one important effect of the oil crises in the 

1970s was that most West European countries became more flexible in coping 

with oil price increases. In other words, i t makes sense to expect that the oil price 

responsiveness of fuel demand has increased over the years. The estimates in 

table 5.7 are however very inconclusive with regard to this. I f anything, they 

rather support the opposite, i.e., that fuel demand has become less price sensitive 

since the 1960s. Still, based on such weak evidence i t would be very impertinent 

to draw any definite conclusions on this matter. 
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5.6 Conclusions 

The purpose of this chapter has been to estimate both short- and long-run fuel 

price elasticities for West European power generation with the help of the 

Generalized Leontief fuel demand system. The results reinforce the main conclu

sion of the translog model, namely that the degree of price-induced ex post inter

fuel substitution tends to be substantial. The GL model estimates as well reveal 

some sensible presumptions about the economics of short-run fuel choice. 

The comparison between the price elasticities generated by the translog model 

and the GL fuel demand system respectively, exposes few systematic differences. 

One exception is that the GL model tends to predict very price sensitive fuel 

demands for fuels that exhibit a relatively low share of total fuel costs. An impor

tant difference was also that the estimated GL model did (almost) not violate any 

of the regularity conditions (concavity and monotonicity in fuel prices). 

We have argued that the theoretical basis of the long-run responses presented in 

this chapter is superior to that used in previous research on interfuel substitu

tion in power generation. Specifically, the model, drawn from Morrison (1988), 

neither assumes weak separability between capital and energy inputs, and nor 

does i t assume simultaneous long-run adjustment of fuel inputs to changes in 

relative fuel prices. However, overall the model was not able to generate empiri

cally reliable long-run price elasticities (even i f i t in general produced more price 

sensitive long-run responses than the alleged long-run model in chapter four). 

The failure of the GL model to be well behaved with respect to capital together 

with our use of very approximate capital price data probably explain this out

come. 
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Chapter 6 

TESTING FOR T H E IMPACTS OF 

LOAD FACTORS AND ENVIRONMENTAL REGULATIONS 

ON F U E L CHOICE IN E L E C T R I C I T Y GENERATION 

6.1 Introduction 

In section 3.5 we noted that earlier studies on interfuel substitution in electricity 

generation partly have disregarded two potentially important variables, the sys

tem load factor and the environmental regulations. In this chapter we therefore 

test whether these variables have statistically significant impacts on fossil fuel 

choices i n West European electricity generation. 

Due to lack of data these two variables could not be included in the larger sample 

(of 129 observations) analyzed in chapters four and five. The tests in the present 

chapter therefore employ smaller data samples, since some countries (and some 

annual observations) had to be excluded. Nevertheless, we argue, some tentative 

conclusions about the effects of the system load factor and the environmental 

regulations can still be drawn. 

An analysis of this kind is important for at least two reasons. First, the basic 

theory of econometrics teaches us that " i f an independent variable whose true 

regression coefficient is nonzero is excluded from a model, the estimated values of 

all the regression coefficients will be biased unless the excluded variable is 

uncorrelated with every included variable," (Ramanathan, 1989, p. 185). Thus, 

statistical tests of the impacts of system load factors and environmental regula

tions on fuel choice wil l indicate whether the analyses in chapters four and five 

suffer from this bias. Second, i t is also of interest to determine whether these 

variables tend to have fuel saving or fuel using impacts. For example, do the 

West European S0 2 regulations promote substitution away from coal in the 

power generating sector? 
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Sections 6.2 and 6.3 test for the impacts of the system load factor and the envi

ronmental regulations respectively. These tests are done both for the translog 

and the GL short-run fuel demand systems. Furthermore, since the mere reliance 

on statistical test criteria can lead to acceptance of obviously unreasonable 

results we also present the short-run price elasticities generated by each model. 

Finally, section 6.4 briefly summarizes the main results of the chapter. 

6.2 System Load Factors 

The specific characteristics of the electricity supply industry have seldom been 

raised explicitly in the empirical models derived from the neoclassical production 

framework. In this sense, the studies reviewed in section 3.4 serve no exceptions. 

Since electricity cannot be (economically) stored, grid operators must match 

supply and demand at any given moment. As a result, any electricity system 

must provide both power (GW), an instantaneous rate of output, as well as energy 

(GWh), which can be thought of as the cumulative output over time. 

This means that the distinction between peak load and base load becomes of 

significant interest for fuel choice analysis. Since some types of plants provide 

cheap peak load power and others cheap base load power, the share of a particu

lar fossil fuel wi l l depend on the level of utilization of the electric power system. 

Traditionally empirical studies have concentrated on the energy dimension, i.e., 

they solely rely on GWh's as the measure of output. Stewart (1979) is one of a few 

exceptions. He examines the effects of plant size and plant utilization factor on 

the average cost of electric power generation. For the reason mentioned he finds 

it appropriate to abstain from the neoclassical framework and instead employ an 

engineering production function approach which allows for the two dimensions of 

output. 6 4 However, in this study we instead follow Huettner and Landon (1978). 

In their work on scale economies a measure of the system load factor is included 

as an independent variable in the cost function. 6 5 This approach permits us to 

6 4 Stewart (1979) also allows for non-homogenous capital, in the sense that both the size and the 
efficiency of the generating units are accounted for in his cost function. 
6 6 See also Lomax (1952) for a similar approach. 
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cling to the neoclassical approach with all its advantages and still be able to 

capture the effect of multidimensional output on fossil fuel choice. 

The annual system load factor is the ratio of the total generation during a year to 

the energy which would have been produced had the power remained constant at 

its peak value for the entire period, i.e., the average power divided by the peak 

power.66 I t can thus be expressed as; 

L F = i d r L

 ( 6 - 1 } 

where LF is the annual system load factor, Q is the total generation (in GWh) of 

electric power during the year, and PL denotes annual peak load (in GW). 

Estimates of the annual system load factor for six West European countries6 7 be

tween 1984 and 1994 have been collected from UNIPEDE (annual). This gives us 

a total sample of 66 observations. Sections 6.2.1 and 6.2.2 below use the translog 

fuel demand system and the GL fuel demand system respectively to test whether 

the load factor variable adds to our understanding of fossil fuel choices in the 

electric power sector. Finally, section 6.2.3 provides some tentative conclusions. 

6.2.1 Hypothesis Test with Translog Fuel Demand System 

In this section we analyze the following cost share equations derived from the 

translog variable cost function; 

S, = a, + ßQi ln Q + ßKi ln K + £ a , 5 ln P. + Slft + öLFi ln LF + y ^ (6.2) 

for i,j = C,0,G 

6 6 The load factor should not be confused with the capacity factor which relates the energy genera
ted by a system over a period of time to the energy generated had the system operated continually 
at its maximum capacity during the same period (Marsh, 1980). 
6 7 Austria and West Germany had to be excluded due to data shortages. 
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In addition, country-specific dummies have been added to each share equation. 

Hence, these translog cost share equations differ from those in (4.12) only in that 

we here also include the system load factor (LF) as a right-hand variable. The 

adding-up constraint requires that the following parameter restrictions have to 

be added; 

i X = 0 (6-3) 

We would expect that an increase in the system load factor from one year to 

another should have a positive effect on the cost share for (primarily) base loaded 

fossil fuels, i.e., preferably coal. That is, when the load factor increases i t means 

there is less need for peaking power and consequently base loaded power would 

be more fully utilized. Gas, on the other hand, and oil in particular are heavily 

used for peak load and their cost shares ought to be negatively affected by an 

increase in the system load factor. Alternatively, an increase in peak load (PL), 

i.e., a fal l in LF, causes cost share increases for primarily peak loaded fuels. 

Thus, a priori we hypothesize that; 

8LFC>0 SLFO<0 8LFC<0 (6.4) 

We also estimate a constrained version of the translog fuel demand system in 

(6.2), i.e., a model in which 5^, = 0. This permits us to perform a likelihood ratio 

test of the null hypothesis that the system load factor has no significant effect on 

overall fossil fuel demand. 

Parameter estimates and the corresponding r-statistics for the restricted (RR) 

and the unrestricted (UR) model are presented in table 6.1. The R-squares for all 

the cost share equations in both models are slightly above 0.90. The oil- and coal-

share coefficients representing the UK coal strike and the time trend have the 

expected signs (and are also significant at the 5% level) in both models. The size 

of the capital stock is also a notable determinant of fuel cost shares. However, in 
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general the degree of statistical significance is lower than for the sample analy

zed in chapters four and five. This is most likely a result of the relatively few 

degrees of freedom in the present model. 

Table 6.1: Parameter Estimates for the Restricted and the Unrestricted 

Translog Model (absolute values of f-statistics in parentheses) 

Parameters RR-model UR-model Parameters RR-model UR-model 

8DV* 8DV* he -0.267 -0.228 he 
(0.198) (0.210) 

a0 
8DV* 8DV* ho 0.016 -0.013 ho 

(0.689) (0.755) 

« c 8DV* 8DV* ho 0.251 0.241 

(1.451) (2.380) 

YcST -0.216 -0.170 
ßKC 

0.267 0.228 

(2.772) (2.129) (1.915) (1.686) 

YOST 
0.264 0.233 

ß K 0 

-0.016 0.013 

(4.236) (3.880) (0.162) (0.138) 

YGST 
-0.048 -0.063 

ßKC 
-0.251 -0.241 

(0.782) (1.009) (2.278) (2.192) 

acc 0.100 0.126 ö,c 0.012 0.011 

(1.506) (1.942) (2.470) (2.280) 

aco -0.057 -0.073 ö,o -0.009 -0.008 

(1.240) (1.663) (2.381) (2.288) 

« C G 
-0.044 -0.054 8,c 

-0.004 -0.003 

(0.908) (1.106) (0.912) (0.765) 

° - o o 
0.065 0.065 

8LFC 
- 0.649 

(1.219) (1.273) (2.253) 

« O G 
-0.008 0.008 

°~LFO 
- -0.589 

(0.193) (0.193) (2.288) 

« G G 
0.051 0.046 

SLFG 
- -0.060 

(0.974) (0.841) (0.253) 

* 8DV indicates the use of separate dummy intercept variables for each country. 

The coefficients representing the effects of changes in the system load factor ( 5 m ) 

support our hypotheses that increases in the system load factor have coal using 

and oil saving effects. High ^-ratios indicate that these two coefficients are also 
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significantly different from zero. The effect on gas demand is negative but how

ever not significant. This latter result might reflect the fact that gas to a large 

extent is used both for peak power and base load power, something which is not 

the case for coal and oil. 

The conformity between our initial hypotheses and the empirical results are 

remarkable and even somewhat surprising, especially since our use of dummy 

variables in the share equations eliminates all between country variance (and 

the estimates are based solely on within-country variances). Furthermore, varia

tions in fuel choice that can be attributed to changes in the load are probably 

more clearly revealed in monthly time-series analysis. Nevertheless, our reliance 

on 'crude' annual data also appeared to be sufficient to capture these load effects. 

Further, the result of the likelihood ratio test in table 6.2 indicates a rejection of 

the null hypothesis that the system load factor has had no effect on overall fossil 

fuel choice.68 Thus, the main conclusion in this section is that system load factors 

appear to have significant effects on overall fuel choice in power generation. 

Specifically, increases in the system load factor tend to have coal using and oil 

saving effects, while the effect on gas use is somewhat indeterminate. 

Table 6.2: Likelihood Ratio Test for the System Load Factor Hypothesis 

(based on translog estimates) 

Null Test statistic Critical value Critical value 

Hypothesis for LR test *2(0.05) Z2(0.025) 

5 „ = o 8.5 6.0 7.4 

Before proceeding with the GL fuel demand system we briefly investigate 

whether the translog model has produced reasonable price elasticities. 

6 8 Since the three LF-parameters sum to zero only two are independent. Thus, effectively we only 
test for two restrictions and the degrees of freedom have been computed accordingly. 
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Table 6.3 presents these for the unrestricted model. The levels of statistical 

significance are generally lower than those presented in chapter four but in 

terms of the magnitude of the partial price elasticities we find no striking 

differences. In addition, the largest interfuel substitution is also here found 

between oil and gas use.69 

Table 6.3: Partial Short-Run Fossil Fuel Price Elasticities for the Unre

stricted Translog Fuel Demand System* 

Belgium Ireland Italy Netherlands Spain U K 

Ice -0.16 -0.29 -0.29 -0.26 -0.09 -0.05 

læ 0.00 0.05 0.05 -0.21 0.12 0.07 

Ice 0.18 0.24 0.24 0.47 •0.03 0.00 

Ice -0.56 -0.49 -0.49 -0.27 0.06 -0.01 

Ice 0.43 0.21 0.21 0.19 -0.45 -0.33 

Ico 0.13 0.29 0.28 0.07 0.39 0.33 

loo -0.27 -0.49 -0.49 0.12 -0.48 -0.44 

nx 
-0.07 0.06 0.06 -0.92 0.40 0.34 

0.36 0.43 0.43 0.80 0.08 0.10 

* The estimates that are in italics are those which have unexpected signs. 

6.2.2 Hypothesis Test with Generalized Leontief Fuel Demand System 

The present section repeats the test on the load factor variable in the previous 

section. Here, however, the GL fuel demand system is employed. In other words, 

we now estimate the following (unrestricted) GL input-output equations; 

pA ; = 1 4 t \ + 4 f , / 2 + ^ , / 2 + 7 „ r + 2 7 ( i f ( ^ L F - ) + W I F + 

+ ß - 1 l 4 ^ 1 ' 2 + 7 , , ( ^ 2 ^ / 2 ) + 7 w ( ^ 1 ^ 1 ' 2 ) ] + ß-V,^ + 7 i Ä (6-5) 

for i,j=C,0,G 

6 9 The own- and cross-price elasticities differed marginally in the unrestricted model compared to 
the restricted. The only apparent exception from this was that oil demand tended to be more sen
sitive to gas price changes in the restricted model. 
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I t should be noted that with the GL system above we cannot directly interpret 

whether an increase in the system load factor has a fuel using or a fuel saving 

effect. However, load factor elasticities of fossil fuel demand ((91n(£'; / Q) Id In LF) 

can be constructed and estimated (see below). Furthermore, by means of a likeli

hood ratio test we can test the hypothesis that all LF coefficients are equal to 

zero, i.e., that SiLF = yLFLF = ytlF = y^ = 0. 

Table 6.4: Parameter Estimates for the Restricted and the Unrestricted 

G L Fuel Demand System (absolute values of f-statistics in parentheses) 

Parameters RR-model UR-model Parameters RR-model UR-model 

« c c 
8DV* 8DV* Sa 

0.011 0.010 

(0.683) (0.578) 

« 0 0 
8DV* 8DV* So, -0.012 -0.012 

(0.720) (0.666) 

« G G 
8DV* 8DV* So, -0.012 -0.011 

(0.716) (0.643) 

YcST -0.022 -0.015 Yn 0.002 0.002 

(1.180) (0.815) (2.196) (2.204) 

YOST 
0.048 0.043 

Y,LF 
- -0.001 

(3.713) (3.491) (0.124) 

YGST 
-0.022 -0.024 YlFLF - 0.638 

(1.634) (1.818) (1.282) 

(*co 0.005 0.006 
SCK 

-10.486 -2.105 

(0.280) (0.318) (1.093) (0.149) 

« C C -
0.027 0.020 

S0K 
-17.207 -7.190 

(1.396) (1.047) (1.864) (0.518) 

« O G 
0.031 0.035 

SGK 
-23.297 -13.629 

(1.939) (2.206) (2.484) (0.971) 

SCLF - -0.291 
Y,K 

-0.230 -0.112 

(0.440) (0.273) (0.108) 

SOLF 
- -0.993 

YLFK 
- -19.669 

(1.540) (0.815) 

^GLF 
- -0.732 

YKK 
499.952 693.963 

(1.122) (2.308) (2.050) 

* 8DV indicates the use of separate dummy intercept variables for each country 
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Table 6.4 presents the parameter estimates, with corresponding r-ratios (absolute 

values) in parentheses, for the restricted and the unrestricted GL fuel demand 

system. R-squares are 0.89, 0.91 and 0.89 for the coal, oil and gas input-output 

equations respectively. These latter results hold for both models. 

In terms of parameter significance the model estimations present somewhat 

mixed results. For example, only the coal strike coefficient in the oil demand 

function is significant at the 5% level. Overall the 8iK terms have reasonable 

signs (see section 5.3) but none of them is statistically significant. These latter 

results are valid for the cross-price coefficients (a i t) as well. 

The result of the likelihood ratio test is presented in table 6.5. We find that also 

in the case of the GL fuel demand system we can reject the null hypothesis that 

the system load factor variable has no significant effect on overall fossil fuel de

mand in the West European electric power sector.70 

Table 6.5: Likelihood Ratio Test for the System Load Factor Hypothesis 

(based on G L estimates) 

Null Test statistic Critical value Critical value 

Hypothesis for LR test *2(0.05) *2(0.025) 

§LF ~ TLFLF
 = YtLF ~ YKLF ~ ^ 

14.9 12.6 14.4 

Finally we comment on the partial price elasticities produced by the (unrestric

ted) GL fuel demand system, listed in table 6.6. Also these estimates differ 

marginally from those produced by the restricted version of the model. Most of 

the estimates follow those in table 5.3 relatively closely. Most importantly, the 

relative magnitudes between different elasticities are basically the same. Again, 

as expected, in general we find the largest degree of interfuel substitution 

7 0 A check of the signs of the LF elasticities of fuel demand (as denned above) showed that (as 
expected) increases in the system load factor had coal using and gas and oil saving effects. The 
standard error was however small only for the LF elasticity of coal demand. 
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between oil and gas. We conclude that the estimates presented here (based on the 

smaller data sample) overall appear as reasonable as those presen-ted in chapter 

five. 

Table 6.6: Partial Short-Run Fossil Fuel Price Elasticities for the Unre 

stricted G L Fuel Demand System 

Belgium Ireland Italy Netherlands Spain U K 

-0.12 -1.04 -0.48 -0.27 -0.12 -0.10 

Vco 0.02 0.19 0.08 0.04 0.02 0.01 

Vcc 0.10 0.84 0.40 0.23 0.10 0.08 

Ice -0.75 -0.37 -0.68 -0.22 -5.25 -8.80 

lac 0.30 0.16 0.28 0.08 2.16 4.16 

Ico 0.40 0.21 0.40 0.13 3.09 4.73 

too -1.48 -0.46 -0.13 -1.58 -0.62 -0.71 

loc 0.17 0.05 0.02 0.21 0.06 0.10 

l x 1.31 0.40 0.12 1.39 0.55 0.62 

6.2.3 Conclusions 

In this section we have tested the null hypothesis that changes in the system 

load factor from one year to another have no effect on fossil fuel choice in West 

European power generation. Overall this hypothesis was rejected. In addition, a 

t-test indicated that the system load factor appears to have coal using and oil 

saving impacts in the translog model. This should be expected given that coal 

and oil are primarily used for base load and peak load power respectively. 

Finally, in spite of these (significant) results there is little to indicate that the 

leaving out of the system load factor variable has created any severe biases in the 

price elasticity estimates in chapters four and five. 

6.3 Environmental Regulations in the Electric Power Sector 

In this section we investigate whether the environmental regulations facing the 

West European power industry have had a significant impact on fossil fuel choi

ces. As was illustrated in chapter two, the industry has been subject to a variety 

of regulations relating to different emissions. For simplicity, in this section we 
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concentrate our attention solely on the S0 2 regulations. This choice of focus is 

motivated by the fact that the S0 2 emission factor (in g/GJ) varies considerably 

between different fossil fuels. 7 1 I n addition, the S0 2 regulations have in some 

countries been very stringent and have forced utilities to take very expensive 

actions i n order to comply (Vernon, 1989). Thus, the incentives to switch between 

low- and high-emitting fuels could be huge. 

Nevertheless, the impacts of the S0 2 regulations on fossil fuel choice are a priori 

ambiguous. Since there are many ways to comply with a pollution regulation, of 

which fuel switching is only one, i t is not obvious that a change in the fuel mix 

wil l occur at all (ceteris paribus). In other words, the utilities may find i t easier 

to install pollution control equipment or, in the case of a coal-fired plant, the use 

of low-sulfur coal could be a cheaper way to comply with the standard. Moreover, 

strict standards for new coal-fired plants compared to existing plants can in fact 

increase coal use since they stimulate increased utilization of existing coal-fired 

plants (Ellerman, 1996).72 

To summarize, i t is hard to apply any rule of thumb to the question of how the 

West European S0 2 regulations wi l l affect (and have affected) fossil fuel choice. It 

is basically an empirical question. Accordingly, we now turn to the question on 

how the impact of the S0 2 regulations wil l be modeled. 

The main approach used this section follows Brännlund and Liljas (1993) who 

simply hypothesize that "an increase in the regulatory intensity shifts the cost 

function upwards, implying a change in the input mix," (p. 4). Accordingly, ini

tially we need to identify a variable that measures the regulatory intensity. 

71 Specifically, the SO2 emission factor can according to IEA (1992) vary from 1930 g/GJ in the 
case of high-sulfur coal, 1395 g/GJ for residual fuel oil, 645 g/GJ for low-sulfur coal and 1 g/GJ for 
gas powered plants. 
7 2 See also Nelson et al (1993) who find that the environmental regulations in the USA increased 
the average age of 44 privately-owned fossil-fueled power plants by an average of 3.3 years over 
the period 1969-1983. However, they find no support for the hypothesis that the increased age 
had resulted in increased emissions. 
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As was illustrated in chapter two the severity of the S0 2 regulations has varied 

considerably over time and between countries as well. Thus, the adoption of a 

dummy (1/0) variable, that takes the unit value when regulations exist and zero 

otherwise, would probably be inadequate. Another approach is to include the 

actual emission level as an independent variable (e.g., Fuller 1987). However, 

this method necessitates the assumption that the actual emission rate always 

equals the legal standard (Brännlund and Liljas, 1993).73 There are several 

reasons why utilities may be emitting below the standard even though they are 

constrained by that same standard. 

First, the utilities might not be able to control their emissions exactly, i.e., they 

are subject to stochastic fluctuations both with regard to their production and 

emission levels. Therefore, they may find i t profitable to emit less than the 

standard in order to avoid a high (expected) penalty cost. Second, the level of 

legal enforcement can vary considerably over time as well as between the electric 

power industries in the different countries. 

However, Gollop and Roberts (1983) employ a measure of the regulatory inten

sity, R, that acknowledges the above concerns. For our purposes, we define R as; 

R = 
z -z 

(6.6) 

where z', z° and z all are expressed as emission rates (tons of S0 2 per GJ input) 

and are, respectively, the unconstrained emission level, the emission standard, 

and the actual emission rate. The first term in (6.6) is the proportional reduction 

in unconstrained emissions required by the regulatory agency. I t is bounded from 

below by zero when the standard is greater than (or equal) to the unconstrained 

level, implying that the standard does not constrain the industry. Further, i t 

7 3 To see this, consider a utility that minimizes costs subject to an emission constraint. The 
Lagrangian multiplier in this cost minimization problem will then be the shadow price of the 
emission constraint. This price will be positive only as long as the emission constraint is satisfied 
exactly. 
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takes the value of one i f the agency requires a zero emission rate. The second 

term in (6.6) reflects the level of enforcement. I t is set equal to unity i f the actual 

emission rate is lower than the standard, reflecting complete enforcement. I f the 

actual emission level is equal to the unconstrained level, implying no enforce

ment, the second term becomes zero. Finally, since both terms are bounded by 

zero and unity, this also holds for the product, R. 

To sum up, the above measure of regulatory intensity acknowledges that the 

level of legal enforcement can vary and that utilities may be emitting below the 

emission standard even though they are constrained by i t . 7 4 For econometric 

reasons, since the numerator in the first term and the denominator in the second 

term cancel out, there is no need to identify each of the two components separa

tely (e.g., Considine, 1989). A reduced form of R can thus be written as; 

R: (6.7) 

which is also bounded by zero and unity. Consequently, we desire data on actual 

emissions and unconstrained emission levels. The actual emission level for each 

country and year has been defined as the number of tons of S0 2 emitted per input 

of oil and coal (measured in energy units, GJ). For simplicity the unconstrained 

emission level for each country is assumed to be the highest level of actual 

emissions per energy input of coal and oil in that country during the time period 

under study. S0 2 emission data have been collected from OECD (1995b) and 

UNIPEDE (annual) (see also appendix 2). Data for the Spanish electricity sector 

were however very sporadic and for this reason Spain had to be left out of the 

analysis. In addition, some annual observations for the remaining countries also 

lacked. This gives us a total sample of 79 observations. Based on the data 

available, table 6.7 presents estimates of the regulatory intensity variable R. 

7 4 Even though this approach recognizes that the emissions can be subject to stochastic fluctua
tions, this is not exphcitly incorporated into the cost minimization problem. Thus, in this sense, 
the model is still deterministic. For a (stochastic) analysis where such consideration is taken, see 
Brännlund and Löfgren (1996). 

109 



Table 6.7: Intensity of SC*2 Regulations in Seven European Power Sectors 

Year Austria Belgium Germany Ireland Italy Netherl U K 

1980 - - 0.00 - - 0.03 0.08 

1981 - - 0.02 0.20 - 0.00 0.10 

1982 - 0.00 0.05 0.12 - 0.18 0.08 

1983 0.00 0.01 0.10 0.06 - 0.32 0.08 

1984 0.05 0.14 0.12 0.00 0.00 0.45 0.09 

1985 0.07 0.22 0.14 0.19 0.15 0.49 0.09 

1986 0.27 0.36 0.21 0.41 0.11 0.52 0.09 

1987 0.64 0.38 0.33 0.34 0.14 0.57 0.00 

1988 0.75 0.43 0.69 0.39 0.19 0.64 0.06 

1989 0.74 0.46 0.80 0.35 0.35 0.75 0.09 

1990 0.81 0.50 0.83 0.25 0.43 0.76 0.14 

1991 0.82 0.54 0.82 - - 0.81 0.20 

1992 0.75 0.59 0.82 - - 0.83 0.20 

1993 0.70 - 0.84 - - 0.84 0.16 

1994 0.82 - 0.86 - - - -

Sources: OECD (1995b) and UNIPEDE (annual). 

Before using these figures in the econometric model i t is useful to comment on 

how reasonable the estimates appear. First, comparing over countries we find 

that the most stringent regulations have existed in West Germany, Austria and 

the Netherlands. This corresponds well with our a priori expectations. Compared 

to for example Ireland and the United Kingdom these three countries imposed 

stringent S0 2 regulations relatively early in the 1980s, and for existing plants as 

well (Soud, 1991). Second, in general the developments over time also appear 

reasonable, in the sense that we find a gradual increase in R over the years. 

However, the estimates for the Netherlands in particular reveal one weakness of 

the choice of basing the R measure solely on the energy content rather than on 

the sulfur content. Namely, this approach means that R can increase even i f the 

regulations have not become more stringent. Specifically, in the beginning of the 

1980s the substitution of coal for oil was substantial in absolute terms for 

security reasons in the Netherlands. Furthermore, the imported coal that substi

tuted for the oil had a much lower sulfur content than the oil that was replaced 
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(Vernon, 1989). Hence, even though the strict legislation in the Netherlands was 

not introduced until 1987 we find that R increased substantially between 1980 

and 1986. The unexpected decreases in R for Ireland and the United Kingdom in 

the beginning of the 1980s can be explained accordingly. Since the domestic coal 

in the UK (often exported to Ireland) has a relatively high sulfur content com

pared to imported fuels, R also in these cases provides a somewhat misleading 

picture of the intensity of the S0 2 regulations. Nevertheless, because of data 

limitations a better i?-measure could not be constructed. 

6.3.1 Hypothesis Test with Translog Fuel Demand System 

In this section we estimate the following fuel cost share equations derived from 

the translog variable cost function; 

3 

S, = a, + ßQi ln Q + ßKi In tf + £ Oj, In P. + 5j + 8^ + y^D^ (6.8) 

for i,j = C,0,G 

I t should be clear that these share equations differ from those in (4.12) only in 

that we here also include a measure of the intensity of S0 2 regulations, R. In 

order for the cost function to be homogenous of degree one we need to impose 

three additional parameter restrictions (apart from those in (4.7) and (4.13)); 

fsRi = 0 (6.9) 
1=1 

The signs of the 8Ri coefficients (and the associated levels of statistical signifi

cance) indicate whether the S0 2 regulations have been fuel using (<5fii > 0) or fuel 

saving (SR i < 0). As was noted above, i t is hard to a priori hypothesize about the 

signs of these coefficients for specific fuels. Furthermore, by estimating a restric

ted version of (6.8) (where SRi = 0) we can test the hypothesis that the regulations 

have had no effect on overall fossil fuel use. 
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Table 6.8 presents the parameter estimates for both the unrestricted and the 

restricted model. The high R-squares for the two models, ranging between 0.87 

and 0.94, indicate that the translog specification provides a good fit of the data. 

Turning our attention to the individual variables we find that the UK coal strike 

coefficients have the expected signs (coal saving and oil using), and are signifi

cantly different from zero at the 1% level. 

Table 6.8: Parameter Estimates for the Restricted and the Unrestricted 

Translog Model (absolute values of f-statistics in parentheses) 

Parameters RR-model UR-model Parameters RR-model UR-model 

« c 8DV* 8DV* ßQc -0.218 -0.217 ßQc 

(0.186) (0.365) 

« 0 
8DV* 8DV* ßQo 0.104 0.097 ßQo 

(0.706) (1.098) 

ac 
8DV* 8DV* ßao 

0.114 0.120 
ßao 

(1.407) (2.040) 

YCST 
-0.335 -0.336 ßKC 

0.218 0.217 

(5.007) (4.993) (2.224) (2.180) 

YOST 
0.350 0.353 ßm -0.104 -0.097 

(5.834) (5.868) (1.223) (1.122) 

YCST 
-0.014 -0.016 

ßKG 
-0.114 -0.120 

(0.236) (0.261) (1.241) (1.288) 

acc 0.005 0.006 S,c 0.020 0.020 

(0.090) (0.097) (4.982) (3.617) 

Uco 0.080 0,081 5,o -0.026 -0.024 

(1.874) (1.892) (7.407) (5.062) 

Uea -0.075 -0.075 
StG 

0.006 0.005 

(1.622) (1.623) (1.811) (0.978) 

aO0 
-0.091 -0,090 

SRC 
- 0.007 

(1.880) (1.858) (0.100) 

a0a 0.011 0.009 
5RO - -0.029 

(0.277) (0.230) (0.512) 

a-GG 
0.064 0.066 

ÖRG 
- 0.023 

(1.204) (1.238) (0.367) 

* 8DV indicates the use of separate dummy intercept variables for each country. 
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Also the coefficients for the time trend have high i-ratios, and support our 

anticipation that in general the public policies directed towards the electric 

power sector have had coal using and oil saving effects, while the impact on gas 

use has been somewhat indeterminate. In addition, the size of the capital stock 

tends to be a notable determinant of fuel cost shares as well. 

However, the impacts of the environmental regulations on S0 2 emissions does not 

appear to contribute much in explaining fuel cost shares. In fact, none of the öRi  

coefficients have a higher r-ratio than 0.6. Furthermore, a likelihood ratio test of 

the null hypothesis that Sa = 0 strongly supports the conclusion that the West 

European S0 2 regulations have had no significant effect on fossil fuel choices (the 

test statistic is presented in table 6.9). In other words, both the individual r-tests 

and the likelihood ratio test suggest that the statistical penalty, in terms of 

biased parameters, of not including the S0 2 regulation variable in the translog 

cost share equations tends to be trivial. 

Table 6.9: Likelihood Ratio Test for the SO2 Regulations Hypothesis 

(based on translog estimates) 

Null Test statistic Critical value Critical value 

Hypothesis for LR test *2(0.05) Z2(0.025) 

0.3 6.0 7.4 

Table 6.10 presents the partial price elasticities produced by the translog model. 

Again, since the estimates differed very marginally between the restricted and 

the unrestricted model we only present partial price elasticities for the former. I t 

should be noted that the elasticities differ somewhat from those produced in 

chapter four. The most striking difference is that the largest degree of interfuel 

substitution is here found between coal and oil instead of between gas and oil. 

The price-induced substitution between coal and gas is however still found to be 

the lowest. 
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Table 6.10: Short-Run Fossil Fuel Price Elasticities for the Restricted 

Translog Fuel Demand System* 

Austria Belgium Germany Ireland Italy Nether U K 

Ice -0.73 -0.45 -0.19 -0.45 -0.88 -0.79 -0.21 

Ico 0.49 0.31 0.16 0.72 1.16 0.49 0.28 

Vcc 0.24 0.14 0.03 0.11 -0-28 0.30 -0.07 

lac -0.37 -0.49 -0.34 -0.37 -0.46 -0.27 m 
Hoc 0.14 0.29 0.21 0.05 -0.24 0.11 -2.32 

loo 0.23 0.20 0.13 0.33 0.70 0.16 0.55 

too -1.22 -1.38 -2.49 -0.98 -0.49 -1.49 -1.33 

loc 0.68 1.05 2.21 0.46 0.28 0.80 1.25 

loo 0.55 0.33 0.28 0.52 0.20 0.69 0.07 

* The estimates that are in italics are those which have unexpected signs. 

6.3.2 Hypothesis Test with Generalized Leontief Fuel Demand System 

The present section repeats the test of the SO2 regulation hypothesis in the 

previous section, now with the GL fuel demand system. This means that we here 

estimate the following GL input-output equations; 

f = i<4fj + V 2 + SiRR
m + y„t + 2ylR ( W 2 ) + 7 g R R + 

for i,j = C,0,G 

(6.10) 

We also estimate a restricted version of the model which permits us to test the 

hypothesis that all R coefficients equal zero, i.e., that 5X = YRR-Y,R = 7«* = 0 • 

Table 6.11 presents parameter estimates and corresponding f-ratios for the 

unrestricted and the restricted GL fuel demand system. Conventional R-square 

measures range between 0.85 and 0.91 for the three input-output equations in 

both models. Also, in both models the UK coal strike coefficients in the coal- and 

oil demand equations are significant and have the anticipated signs. The impact 

of the strike on gas demand is, on the other hand, (as expected) not statistically 

significant. 
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We find some striking differences in parameter significance between the restric

ted and the unrestricted model. Most importantly, when adding the R variable to 

the estimations those parameters based on the time trend become much less 

significant at the expense of highly significant R parameters. However, in terms 

of goodness of fit the difference between the two models is negligible.7 5 

Table 6.11: Parameter Estimates for the Restricted and the Unrestricted 

G L Fuel Demand System (absolute values of r-statistics in parentheses) 

Parameters RR-model UR-model Parameters RR-model UR-model 

«cc 8DV* 8DV* 4r -0.015 0.012 

(2.775) (1.300) 

aoo 8DV* 8DV* So, -0.062 -0.027 

(12.308) (3.310) 

A G G 
8DV* 8DV* SG, -0.029 0.002 

(5.533) (0.209) 

YCST 
-0.056 -0.059 Y„ 0.002 -0.001 

(3.425) (3.692) (3.374) (0.859) 

YOST 
0.062 0.060 

Y,R - 0.006 

(5.316) (5.241) (3.549) 

YGST 
-0.010 -0.009 

YRR - -0.020 

(0.712) (0.653) (3.981) 

<XC0 

0.044 0.040 SCK 0.031 5.111 

(3.078) (3.134) (0.002) (1.265) 

A C G 
0.007 0.026 S0K -4.853 1.245 

(0.437) (1.928) (1.335) (0.350) 

A O G 
0.044 0.044 

SQK 
-5.204 0.469 

(3.186) (3.692) (1.316) (0.120) 

S C R 
- -0.054 YlK 

1.701 0.088 

(2.393) (7.222) (0.235) 

S0R - -0.080 
YRK 

- 3.550 

(4.048) (4.534) 

°~GR 
- -0.075 

YKK 
-3.891 -99.657 

(3.415) (0.048) (1.357) 

* 8DV indicates the use of separate dummy intercept variables for each country. 

7 5 Specifically, in the restricted GL model the R-squares are 0.905, 0.855 and 0.855 for the coal-, 
oil- and gas demand functions respectively. The corresponding R-squares for the unrestricted GL 
model are 0.908, 0.858 and 0.851 respectively. 
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These observations suggest at least two things. First, i t seems likely that the 

intensity of the S0 2 regulations is an important factor in explaining fuel choice. 

Second, i t appears as i f the R variable is highly correlated with the time trend, 

i.e., that the two variables to some extent explain the 'same thing'. 

Table 6.12: Likelihood Ratio Test for the S 0 2 Regulations Hypothesis 

(based on G L estimates) 

Null Test statistic Critical value Critical value 

Hypothesis for LR test * 2 (0.05) 2 2(0.025) 

§ R
 =

 YRR ~ YtR =
 YKR 0 39.5 12.6 14.4 

The result of the likelihood ratio test (see table 6.12) supports our first suspicion. 

The null hypothesis of zero S0 2 regulation impacts is strongly rejected by the test 

statistic. To closer examine the impacts of the S0 2 regulations we calculate the 

regulation intensity elasticity of fuel demand (r).R) so that; 

T7. s = {05Q8iRR-0S + Qr,Rt
05R-0S + 7 W + O S Q ^ y ^ K " ) ^ - (6.11) ' 

Time trend elasticities (for both the restricted and the unrestricted model) have 

been calculated in an analogous manner. Both the t- and the ^-elasticities are 

presented in table 6.13. In the unrestricted model all three regulation intensity 

elasticities are statistically significant (at the 1% level). The S0 2 regulations in 

West Europe tend to have had coal using and gas/oil saving effects. As was noted 

in a previous section i t is hard to a priori determine i f these results are to be 

expected or not. The decrease in oil use however makes sense since most oil 

products have a high sulfur content. The positive coal use effect could be an effect 

of increased utilization of existing coal-fired capacity (mainly since the S0 2 

regulations on existing capacity is much less stringent). However, the negative 

regulation elasticity of gas demand is somewhat harder to explain. Gas is by far 
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the cleanest of the three fuels and in many countries gas-fired plants have been 

built partly because of their relatively low emission levels. 

Table 6.13: Regulation Intensity Elasticities and Time Trend Elasticities 

of Fuel Demand (mean estimates over all observations) 

Coal Demand Oil Demand Gas Demand 

VCR %R VGR 

SO2 regulation elasticities in UR-model 0.08** -0.15** -0.02** 

no Vo< nGl 

Time trend elasticities in UR-model 0.50 - 1 . 3 5 * 0 .45 

Time trend elasticities in RR-model 0.67** - 1 . 5 4 * * 0 . 6 6 * * 

* Statistically significant from zero at the 5 % level. 
** Statistically significant from zero at the 1% level. 

When turning to the time trend elasticities we note that their level of significance 

falls sharply in the unrestricted model (compared to the restricted one). This 

gives some support to our second suspicion that the t and the R variables basi

cally reflect the 'same things'. Thus, some of the variation in R is explicable by 

the variation of t, and i f R is dropped all variation in R common to that in t is 

then ascribed to t. In this way the estimates of the ^-coefficients change markedly 

between the two models.76 

Strictly speaking, the results above could support the conclusion that the S0 2 

regulations indeed have had a significant effect on fuel choice while the specific 

fuel switching promotional policies have not. However, we are more inclined to 

draw a more modest conclusion which recognizes that i t is very difficult to 

determine exactly what the time trend actually represents, as i t wi l l capture the 

effects of any variable that moves smoothly over time. Nevertheless, the time 

trend appears to be a reasonably good proxy for public policies influencing fuel 

choice in the electric power industry including S0 2 regulations. 

7 6 Since there are no cross-equation restrictions on R and t there is a reasonable interpretation of 
multicollinearity in this system of equations. The simple country-specific correlations between R 
and t are all between 0.87 and 0.97 expect in the cases of Ireland and the United Kingdom where 
they are 0.64 and 0.59 respectively. 
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I f this were a reasonable conclusion we would expect that the short-run price 

elasticities do not change considerably between the restricted and the unrestric

ted model. The price elasticities for both models are therefore presented in table 

6.14. 

Table 6.14: Short-Run Fossil Fuel Price Elasticities for the Restricted 

and the Unrestricted G L Fuel Demand Systems 

Austria Belgium Germany Ireland 

RR UR RR UR RR UR RR UR 

ice -0.34 -0.45 -0.20 -0.25 -0.13 -0.17 -4.96 -5.31 

Ico 0.29 0.26 0.17 0.15 0.11 0.10 4.31 3.91 

Ico 0.05 0.19 0.03 0.10 0.02 0.06 0.66 2.47 

Ice -0.24 -0.31 -0.76 -1.00 -0.85 -1.17 -0.28 -0.41 

loc 0.03 0.10 0.09 0.32 0.12 0.43 0.03 0.13 

loo 0.21 0.21 0.68 0.68 0.74 0.74 0.25 0.25 

loo -0.91 -0.87 -2.57 -2.51 -3.78 -3.62 -0.92 -0.89 

loo 0.41 0.37 1.14 1.04 1.91 1.73 0.42 0.38 

toe 0.50 0.50 1.42 1.42 1.86 1.86 0.50 0.50 

Italy Netherlands United Kingdom 

RR UR RR UR RR UR 

Ice -0.68 -0.83 -0.53 -0.68 -0.14 -0.18 

lea 0.59 0.54 0.46 0.42 0.12 0.11 

lea 0.09 0.33 0.07 0.26 0.02 0.07 

lee -0.66 -0.85 -0.21 -0.28 -9.85 -13.23 

l x 0.07 0.25 0.02 0.08 1.24 4.56 

Ico 0.59 0.59 0.18 0.19 8.61 8.59 

loo -0.31 -0.30 -2.75 -2.64 -1.48 -1.41 

Hoc 0.14 0.13 1.23 1.00 0.70 0.64 

lee 0.17 0.17 1.52 1.52 0.77 0.77 

I t should be obvious that the differences in price elasticities between the two 

models are in most cases negligible.77 Hence, disregarding from the R variable in 

our GL model does not tend to bias the parameter estimates in any significant 

7 7 The only apparent exceptions to this are the cross-price elasticities between coal and gas and 
the own-price elasticity of gas demand. However, the former elasticities all have very high 
standard errors. The above conclusions also hold for the case in which only the R variable is 
included in the input-output equations (and the time trend is dropped from the estimations). 
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manner. As is illustrated in table 6.13 the effects of the time trend and the S0 2 

regulations on gas demand do however provide an exception in this sense. The 

time trend elasticity of gas demand is positive while i t is negative with respect to 

changes in the regulation intensity variable. Thus, our results become very in

conclusive when i t comes to the question of how the cumulative effects of public 

policies actually have affected gas demand. 

6.3.3 Conclusions 

I n this section we have tested the null hypothesis that the S0 2 regulations in the 

West European power industry have had no effect on fuel choice. The results 

from the translog and the GL model however support contradictory conclusions. 

In the translog specification the null hypothesis could not be rejected while the 

same hypothesis was strongly rejected in the GL model. In spite of this, from the 

discussion in the previous section some tentative conclusions can still be drawn. 

First, i t seems reasonable that the aggregate effects of public energy policies have 

(ceteris paribus) had coal using and oil saving effects. However, since the time 

trend is difficult to interpret exactly, i t becomes hard to separate the individual 

effects of the S0 2 regulations on the one hand and distinct fuel switching 

promotional policies on the other. This also means that our conclusions about the 

effect of public policies on gas demand become inconclusive. 

Finally, even i f the fuel price elasticity estimates in chapters four and five rely on 

formulations in which only the time trend is included, i t is unlikely that these 

would have changed substantially i f also the regulation intensity variable had 

been included. In other words, the time trend tend to capture a large part of the 

effects of the regulation intensity variable. 

6.4 Concluding Comments 

This chapter has attempted to test whether the system load factor and the 

intensity of the S0 2 regulations have had statistically significant impacts on 

fossil fuel choice in West European electricity generation. Such an analysis is 
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important since i t can indicate whether the fuel price elasticity estimates in 

chapters four and five are well-defined or not. On this last point our overall 

conclusion is that these fuel price elasticities do not appear to be severely biased 

simply because they are based on model specifications that disregard the above 

variables. 

Our conclusions on whether the system load factor and the S0 2 regulations have 

had fuel using or fuel saving effects are to some extent vague. However, increases 

in the system load factor tend to have coal using and oil saving effects, impacts 

that both were statistically significant in the translog fuel model. Given that coal 

primarily is utilized for base load purposes and oil for peak load power, these 

results are highly reasonable. 

The SO2 regulations, on the other hand, tend to have coal using and oil/gas sa

ving impacts. Still, i t is very hard to separate the effects of the time trend and 

the intensity of regulation variable respectively, especially since both variables 

are only rough proxies. As a consequence, the above results should be considered 

preliminary. A less distinct but probably more reliable conclusion (given our data 

limitations) is however that the aggregate effect of public policies in general 

tends to have been coal using and oil saving over the period, while the correspon

ding effect on gas demand is inconclusive. 
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Chapter 7 

A SUMMARY OF THE MAIN FINDINGS 

The primary purpose of this study has been to estimate the degree of price-

induced interfuel substitution between coal, gas and oil in West European power 

generation. A comprehensive historical review showed that long-run choices of 

fuels have often been heavily affected by political factors. Strictly speaking, this 

has led to increases in the short-term fuel switching capacity of the West Euro

pean power sectors. Thus, the prospects for short-run price-induced interfuel 

substitution are presumably large. 

A survey of previous research on interfuel substitution showed that these circum

stances seldom have been accounted for in earlier studies. The standard approach 

has been to assume cost minimizing utilities and then represent the power gene

ration technology by a neoclassical cost function. The corresponding fuel demand 

equations are then estimated econometrically, and normally only fuel prices and 

electricity output are included as independent variables. We identified several 

weaknesses with this approach. First, no explicit distinction is made between 

short- and long-run substitution possibilities; rather i t relies on ad hoc interpre

tations. Moreover, the prospects for short-run interfuel substitution are often 

neglected as are potentially important independent variables, e.g., environmental 

regulations and system load factors. Finally, i t is doubtful whether the assump

tion of cost minimization is valid for long-run fuel choice analyses. Analyzing 

short-run behavior with the help of a cost function, on the other hand, appears 

more appropriate. 

For the above reason, the problem of short-run interfuel substitution in West 

European electric power generation was studied within two restricted flexible cost 

functions, a translog specification and a Generalized Leontief formulation. The 

results showed that both models generate reasonable short-run responses in 

fossil fuel demand to changes in relative fuel prices. Overall the degree of short-
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run interfuel substitution was found to be substantial, a result that can be partly 

explained by the large shares of multi-fuel power plants in West Europe. In 

addition, employing a long-run cost function approach, in the manner done in 

many earlier studies, seemed less suitable also from an empirical viewpoint. 

By deriving the shadow price of capital from the restricted Generalized Leontief 

cost function, the long-run own- and cross-price elasticities of fossil fuel demand 

were computed. On theoretical grounds this long-run approach is superior to that 

used in previous studies. Overall, however, also this approach could not produce 

empirically reliable long-run estimates. Finally, the empirical investigation indi

cated that public policies and changes in system load factors have had significant 

impacts on fossil fuel choices in West European power generation. 

To sum up, basically this study has shown that short-run fuel switching behavior 

is significant in West European electricity generation, and that this behavior can 

be favorably analyzed with standard neoclassical factor demand theory. But 

given this overall conclusion, what are the implications for fossil fuel suppliers on 

the one hand and for public pohcy makers on the other? 

Starting with the suppliers of fossil fuels, i t is probably fair to conclude that 

short-term fuel switching enables power generators to exploit price differentials 

in fuel prices and that i t gives them increased negotiating power. Thus, in 

essence fuel suppliers face a ceiling on their fuel prices charged and the prospects 

for exploiting any market power become limited. 7 8 As a consequence, fuel swit

ching wi l l tend to promote linkages between fossil fuel prices. In addition, i t is 

likely that the trend away from long-term contracts between fuel suppliers and 

utilities towards annual negotiations is a result of the increased flexibility i n the 

power sector. Consequently, the production and investment deci-sions of many 

fuel suppliers wi l l probably have to be based more and more on current and 

future market conditions rather than on 'fixed' negotiated prices. 

7 8 Indeed, the existence of multi-fired power plants also produces external benefits for other power 
generators since fuel switching limits price increases for everyone in the system. 
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As a consequence, the uncertainties become greater and it is likely that many 

fuel producers try to diversify their 'consumer portfolio'. Since utilities far away 

from the well head or mine usually are marginal users that in turn are the most 

active fuel switchers, such diversifications wil l be especially important for fuel 

producers that are located far away from the power generators. 

Short-term fuel switching ability not only makes i t possible to take advantage of 

price changes but also improves the ability to respond to problems of fuel avai

lability. As was noted in chapter two, there have been some concerns about the 

future availability of imported gas into West Europe. The results in this study 

indicate that the current ability to cope with gas supply disruptions is likely to be 

high. The future ability to respond might however be less since gas use is expec

ted to increase heavily in many West European countries. In addition, i t is not 

unlikely that a large share of the new gas-fired capacity wil l be single-fired (IEA, 

1995). Thus, i f the public preferences for security of gas supply are strong, i t 

might be necessary to monitor future investments in gas-fired capacity in order 

to clarify any reduction in flexibility. 

Finally, one important policy implication of the analysis is that C O 2 taxes on 

fossil fuels could have large fuel substitution effects also in the short-run. Still, 

this requires that such taxes are based on the carbon content of the fuel rather 

than just imposed on fossil fuels as such. Proposed C O 2 standards, on the other 

hand, could however impair electric utility fuel switching, since many dual-fired 

plants may in essence be required to burn only one fuel to meet given standards. 

This leads to a conflict between security of supply concerns and environmental 

goals. In addition, stricter standards on new power plants tend to stimulate an 

increased utilization of existing plants, and the environmental benefits of the 

standard can thus be small. 

Consequently, these different effects of taxes and standards respectively, streng

then the case for economic incentives (taxes) in pursuing future C O 2 emission 

reduction commitments. 
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The above policy implications may be debatable, but at least they illustrate that 

improved knowledge about the factors that determine short-run fuel choice in 

power generation is important for energy and environmental policies to be effec

tive. This study, we argue, has added some insights to our understanding of these 

problems. However, one important caveat finally needs to be brought up. Essen

tially, the ability to substitute one fuel for another wi l l be site-specific and our 

models and our use of aggregate data have provided little information on local 

and even nation-specific conditions. In other words, the study primarily analyzes 

aggregate fuel choice behavior in an eight-country region. Future research efforts 

should thus focus more on disaggregated analyses as well. Given the results in 

this study, such research might prove very frui t ful . Of course, our inability to 

fully resolve the long-run issues also opens the field for further research. 
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Appendix 1: Electric Power Production by Fuel Source for 

Eight West European Countries 1960-1994 

This appendix presents data on the gross electricity production (TWh) by fuel source for 

eight West European Countries. The data have been collected from IEA (1996a). The 

reader should note that; 

• the data for Germany include the new federal German states from 1990 and onwards 

but prior to that only the former Federal Republic of Germany (FRG). 

• coal use in Irish power generation includes extensive use of peat. For example, in 

1973 the peat share of total 'coal' use was about 95%. However, the increase since 

then is more or less solely attributable to increased use of hard coal. Thus, in 1994 

the share of hard coal was 78%, while the peat share had decreased to 22%. 

Austria 

1960 1973 1980 1985 1991 1994 

TWh % TWh % TWh % TWh % TWh % TWh % 

Coal 2.1 13 3.2 10 2.9 7 4.0 9 8.1 16 4.4 8 

Gas 1.3 8 4.4 14 3.8 9 5.8 13 7.3 14 8.1 15 

Oil 0.7 4 4.3 14 5.8 14 2.2 5 3.0 6 2.4 5 

Nuclear - 0 - 0 - 0 - 0 - 0 - 0 

Hydro 11.9 74 19.2 61 29.1 69 31.6 71 32.7 63 36.9 69 

Others - 0 0.2 1 0.3 1 0.9 2 0.3 1 1.5 3 

Total 16.0 100 31.3 100 42.0 100 44.5 100 51.5 100 53.3 100 

Belgium 

1960 1973 1980 1985 1991 1994 

TWh % TWh % TWh % TWh % TWh % TWh % 

Coal 12.9 85 8.8 21 15.6 29 14.9 26 19.2 27 19.6 27 

Gas 0.1 1 9.6 23 6.0 11 2.4 4 6.2 9 8.3 11 

Oil 2.0 13 21.8 53 18.4 34 3.7 6 1.8 3 1.6 2 

Nuclear - 0 0.1 0 12.6 24 34.6 60 42.9 60 40.6 56 

Hydro 0.2 1 0.6 1 0.8 1 1.4 2 1.0 1 1.2 2 

Others - 0 0.1 0 0.3 1 0.3 1 0.8 1 1.0 1 

Total 15.2 100 41.1 100 53.6 100 57.3 100 71.9 100 72.3 100 
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Germany 

1960 1973 1980 1985 1991 1994 

TWh % TWh % TWh % TWh % TWh % TWh % 

Coal 102.8 86 190.4 64 214.2 58 322.4 62 317.4 59 297.3 56 

Gas 0.1 0 35.6 12 61.0 17 28.0 5 36.3 7 40.1 8 

Oil 3.2 3 42.8 14 25.7 7 9.6 2 14.7 3 8.8 2 

Nuclear - 0 11.8 4 43.7 12 138.6 26 147.4 27 151.2 28 

Hydro 13.0 11 14.0 5 17.4 5 19.3 4 18.5 3 22.5 4 

Others - 0 2.9 1 5.4 1 4.5 1 5.1 1 8.4 2 

Total 119.1 100 297.5 100 367.4 100 522.4 100 539.4 100 528.3 100 

Ireland 

1960 1973 1980 1985 1991 1994 

TWh % TWh % TWh % TWh % TWh % TWh % 

Coal 1.2 55 1.8 25 1.7 16 2.5 21 8.0 53 8.6 50 

Gas - 0 - 0 1.6 15 6.0 50 3.8 25 4.5 26 

Oil 0.1 4 4.9 67 6.4 59 2.4 20 2.4 16 2.8 16 

Nuclear - 0 - 0 - 0 - 0 - 0 - 0 

Hydro 0.9 41 0.6 8 1.2 11 1.2 10 1.0 7 1.2 7 

Others - 0 - 0 - 0 - 0 - 0 - 0 

Total 2.2 100 7.3 100 10.9 100 12.1 100 15.2 100 17.1 100 

Italy 

1960 1973 1980 1985 1991 1994 

TWh % TWh % TWh % TWh % TWh % TWh % 

Coal 2.1 4 5.2 4 18.2 10 30.0 16 32.0 14 22.9 10 

Gas 2.2 4 4.5 3 9.2 5 24.7 13 35.9 16 40.4 17 

Oil 3.7 7 89.7 62 104.6 56 76.2 41 104.3 47 116.3 50 

Nuclear - 0 3.1 2 2.2 1 7.0 4 - 0 - 0 

Hydro 46.1 82 39.1 27 47.5 26 44.6 24 45.6 21 47.7 21 

Others 2.1 4 3.9 3 3.9 2 3.2 2 4.3 2 4.2 2 

Total 56.2 100 145.5 100 185.7 100 185.7 100 222.0 100 231.8 100 
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The Netherlands 

1960 1973 1980 1985 1991 1994 

TWh % TWh % TWh % TWh % TWh % TWh % 

Coal 13.2 80 3.2 6 8.9 14 17.1 27 25.2 34 27.4 34 

Gas 0.2 1 41.9 80 25.8 40 38.2 61 41.1 55 43.4 54 

Oü 3.2 19 6.5 12 24.9 38 3.3 5 3.4 5 3.1 4 

Nuclear - 0 1.1 2 4.2 6 3.9 6 3.3 4 4.0 5 

Hydro - 0 - 0 - 0 - 0 0.1 0 0.1 0 

Others - 0 - 0 1.0 2 0.4 1 1.2 2 1.7 2 

Total 16.6 100 52.6 100 64.8 100 62.9 100 74.2 100 79.7 100 

Spain 

1960 1973 1980 1985 1991 1994 

TWh % TWh % TWh % TWh % TWh % TWh % 

Coal 2.4 13 14.3 19 32.8 30 55.4 43 59.7 38 62.6 39 

Gas - 0 0.8 1 2.9 3 2.5 2 1.4 1 3.2 2 

Oil 0.6 3 25.1 33 38.4 35 7.8 6 10.2 7 10.5 6 

Nuclear - 0 6.6 9 5.2 5 28.0 22 55.6 36 55.3 34 

Hydro 15.6 84 29.5 39 30.8 28 33.0 26 29.3 19 29.2 18 

Others - 0 0.1 0 0.4 0 0.6 1 0.6 0 0.8 1 

Total 18.6 100 76.3 100 110.5 100 127.4 100 155.7 100 161.6 100 

United Kingdom 

1960 1973 1980 1985 1991 1994 

TWh % TWh % TWh % TWh % TWh % TWh % 

Coal 112.5 81 174.6 62 207.9 73 178.3 60 209.8 65 163.5 50 

Gas - 0 2.7 1 2.1 1 2.9 1 4.1 1 46.6 14 

Oil 20.9 15 72.2 26 33.1 12 48.3 16 30.4 9 17.7 5 

Nuclear 2.2 2 28.0 10 37.0 13 61.1 21 70.5 22 88.3 27 

Hydro 3.2 2 4.6 2 5.1 2 6.9 2 6.1 2 6.5 2 

Others - 0 - 0 - 0 - 0 1,1 1 2.8 1 

Total 138.8 100 282.1 100 285.2 100 297.5 100 322.0 100 325.4 100 
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Appendix 2: Data Sources and Definitions 

Data needed to estimate the models include the level of fossil fueled electricity 

production, installed thermal power capacity, fossil fuel use for electricity production, 

system load factors and the respective fossil fuel prices. The time span considered is 17 

years, from 1978 to 1994. These time series have been pooled over 8 countries. These 

include Austria, Belgium, Germany, Ireland, Italy, the Netherlands, Spain and the 

United Kingdom. The data for Germany only includes the former Federal Republic of 

Germany (FRG). However, after 1990 the data for the Eastern and Western States are 

not separated and therefore the data series for Germany end in 1990. In addition, fuel 

prices paid by electric utilities in Ireland prior to 1981 are not available. This means 

that overall we are left with a sample of 129 observations 

Fossil Fuel Prices 

Fossil fuel prices used in the study represent prices charged to electric utilities in the 

respective countries. The prices are in US$ per toe and include any taxes or subsidies 

charged. They have been collected from various issues of Energy Prices and Taxes (IEA, 

quarterly). For some years this kind of data was not reported. In these cases prices were 

assumed to follow the same trend as the prices charged to the industrial sector as a 

whole. Whenever these industry-wide data were also lacking, prices were assumed to 

follow the average CIF import price. 

In Spain though, where data on coal prices from 1986 and onwards lack, the latter 

approximation would probably be inappropriate. Most of the coal burnt in Spanish 

electricity generation comes from domestic mines. Its price is determined by contractual 

negotiations between UNESA, the association of electric utilities, and Carbunion, the 

organization of the coal producing companies (IEA, 1996c). However, the current 

contract (signed in 1986) applies a reference price for underground coal based on the 

average price of coal sold to utilities in the four most important member countries of the 

European Community. Opencast coal, on the other hand, is not subject to long-term 

contracts but its price is calculated as a percentage of the price of underground coal 

production (Couse, 1989). Accordingly, coal prices for electricity generation in Spain 

between 1986 and 1994 are assumed to follow the same trend as the average price char

ged to utilities in Belgium, France, Germany and the UK. 

139 



Some countries (with power station coal, gas and oil use) had to be excluded from the 

investigation because of substantial price data shortages. These countries include Den

mark, Finland, France and Greece. 

Capital Stock 

The quantity of capital is equal to the net maximum thermal electricity generating 

capacity in gigawatt (GW). Data on this variable have been collected from the United 

Nations publications Yearbook of World Energy Statistics and Annual Bulletin of Energy 

Statistics for Europe and North America (United Nations, annual). For the early 1990s 

IEA's Electricity Information has been used (IEA, 1994b, 1996a). 

Fuel Inputs 

Fuel input quantities are measured in Mtoe and have been obtained from IEA's Energy 

Balances of OECD Countries for the years 1978 to 1989 (IEA, 1991b, 1993). For the 

remaining years the data for this variable were collected from Electricity Information 

(IEA, 1996a). 

Fossil Fueled Electricity Output 

Total thermal electricity generated, measured in terrawatt hours (TWh), was used as 

the output variable. These data were collected from Energy Balances of OECD Countries 

1991-92 (IEA, 1994a). 

The (Ex Ante) Price of Capital 

As the ex ante prices of capital the average yields on government bonds (in percent per 

annum) have been used. The observations were deflated using the wholesale price index. 

The data for these two time series were collected from International Financial Statistics 

Yearbook (IMF, 1995). 

SO2 Emissions 

Data on S0 2 Emissions (thousand tons) in the electric power sector are available in 

OECD Environmental Data Compendium 1995 (OECD, 1995b), and for some recent 

years in UNIPEDE (annual). The observations were divided with the fuel inputs of oil 

and coal (in GJ) to obtain a measure of S0 2 emitted per energy unit. 
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System Load Factor 

Estimates of the peak demand capacity have been collected from Europrog. Programmes 

and Prospects for the European Electricity Sector (UNIPEDE, annual). Together with 

total production data (from Electricity Information) these were used to calculate esti

mates of the system load factor. 
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ABSTRACT 

The main purpose of this paper is to evaluate the electricity supply decisions of 

Zimbabwe since 1980, their causes and their consequences. What factors have 

been the most important in determining the choices between different electricity 

supply alternatives? A secondary purpose is to draw some tentative conclusions 

about the future trends for the power sector in Zimbabwe. Thus, what wi l l govern 

the future choices between different supply options and which alternatives are 

most likely implemented? 

The paper primarily has an empirical focus and employs a relatively simple and 

straightforward methodological approach. I t is recognized that public choices are 

affected by many goals, both economic and political. We however approach the 

issue of fuel choice in Zimbabwean electricity supply with the initial conjecture 

that economic costs alone can explain the historical choices made. Hence, costs 

for the different electricity supply options are evaluated and then contrasted with 

the actual decisions of the electricity authorities. Deviations from the least-cost 

alternatives reveal what has, besides costs, influenced the electricity supply deci

sions in Zimbabwe. 

I t is shown that in the early 1980s the electricity supply choices of Zimbabwe 

were dictated by a self sufficiency policy. Accordingly, least-cost supply options 

were rejected. Due to a new political environment and pressures from the World 

Bank, the step towards least-cost solutions has been substantial since the end of 

the 1980s, although not complete. Security of supply motives still play an impor

tant role and the financial constraints have been severe. This and the ongoing 

trend towards higher discount rates imply that thermal power, be i t coal- or gas-

fired power, wi l l dominate future electricity investments in Zimbabwe. 
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Chapter 1 

INTRODUCTION 

1.1 Background 

The availability of reliable electric power at a low cost is a necessary condition for 

increasing welfare in most developing countries. I t has been estimated that for 

less-developed countries an annual average GDP growth of 1.0% implies an 

annual average electricity demand growth of about 1.5% (Schramm, 1990). This 

income elasticity of electricity demand is much higher than that for the developed 

countries, partly reflecting the transition from agricultural to industrial activi

ties in the less-developed world. Consequently, i t is expected that a major part of 

future growth in world electricity demand will occur in the developing countries.1 

I t is however not clear in what way the investments required to meet future 

demand wi l l affect the power generating mix in each country. In other words, i t 

would be of great interest to disclose the factors that wi l l govern the future 

choices between different electricity supply alternatives in the developing 

countries. To achieve this i t is necessary to reveal the factors that have affected 

the historical choices of electric power supply in the less-developed world. This 

paper takes a closer look at the case of Zimbabwean electricity supply. 

State participation in the electricity supply sector has always been (and still is) 

substantial, especially in the developing countries. Zimbabwe, with an electricity 

sector almost entirely controlled by a single public authority, is no exception. In 

most cases such involvement means that investment decisions are affected both 

by political and economic factors. In the case of Zimbabwe Rowlands (1994) notes 

that the country's energy policy has changed considerably since independence in 

1980. In the beginning of the 1980s the primary objective was to rely on indige-

1 According to the World Bank (1993a) the governments and utilities in the developing countries 
(including the Eastern European countries) will spend almost US$ 1 trillion on power system 
expansion during the 1990s. 
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nous fuels for power generation. However, this policy of self sufficiency was, at 

the end of the 1980s, replaced by a least-cost supply strategy (Government of 

Zimbabwe, 1991). Is i t a fact that pure economic considerations are given more 

attention today than 15 years ago in the Zimbabwean electricity supply sector? I f 

so, what has brought forth this change in priorities and what are the implications 

for the future? These are the issues that will be explored in this paper. 

1.2 Purpose 

The primary purpose of this study is to analyze the electricity supply decisions of 

Zimbabwe since independence in 1980, their causes and their consequences. A 

secondary purpose is to use these findings to assess the likely future trends for 

the electricity supply mix in Zimbabwe. 

1.3 Scope 

The paper deals with the electricity supply only. This means that future 

electricity demand is considered as given (and basically determined by economic 

growth). The goal of the electricity supply sector is then to find the most 

appropriate power supply mix to meet this demand. In other words, measures 

taken by the government or others to improve end-use energy efficiency (so-called 

demand side management) are not examined in this study.2 

The electricity supply sector in Zimbabwe is almost entirely controlled by the 

government. The public system is a mix of coal-fired plants, hydropower and a 

single diesel-fired power station. However, in 1991 the diesel-fired station added 

only 4.5 MW to the total power generating capacity of 1965.5 MW (ZESA, 1993). 

Because of this marginal role in Zimbabwe's electricity supply, diesel-fired power 

has been left out of this study. 

Some private companies, mainly in the metal mining industry, run their own 

power stations. These privately-owned thermal plants, totaling some 110 MW in 

2 See ESMAP (1992) for a more extensive discussion on demand side management in Zimbabwe. 
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1991, wil l also be neglected in this paper. Thus, the study focuses entirely on the 

public electricity supply decisions in Zimbabwe. 

In addition, the empirical analysis focuses entirely on the choices between those 

electricity supply alternatives identified by the Zimbabwean authorities. In other 

words, no attempt is made to explain why specific alternatives have not even 

been considered. For instance, this paper wi l l provide no direct insights to why 

nuclear energy has not been a seriously discussed alternative in Zimbabwe. 

1.4 Outline 

The paper proceeds as follows. Chapter two gives a historical description of the 

electricity supply sector in Zimbabwe. Major changes both in the structure of the 

electricity producing organizations and in the power supply mix are discussed. 

Chapter three begins with a presentation of the theoretical framework that is 

used in the paper. The emphasis here is on the multi-objective nature of electric 

power planning and its effect on investment behavior. The chapter ends with a 

discussion on how to compare the economics of different electricity projects. 

In chapter four the empirical investigation is presented. The economic costs of 

the different electricity supply options since 1980 are reviewed. Once these costs 

have been evaluated they are contrasted with the actual decisions of the electri

city supply sector and the importance of other factors (political, financial etc.) is 

discussed in depth. A concluding section analyzes important changes over time. 

Finally chapter five summarizes the main results of the study and makes use of 

these to briefly discuss the future electricity supply in Zimbabwe. 
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Chapter 2 

THE E L E C T R I C I T Y SUPPLY SECTOR IN ZIMBABWE 

2.1 Introduction 

This chapter reviews the development of the electricity supply sector in Zimbab

we. The paper basically deals with the time after 1980 but in order to understand 

this development, the historical inheritance from the time before independence 

has to be reviewed. This is done briefly in section 2.2. Section 2.3 then presents 

the development in the electric power sector of Zimbabwe after independence. 

Finally, section 2.4 summarizes the chapter. 

2.2 The Electricity Supply Sector Before Independence 

The Electricity Act of 1936 regulated a major part of the electricity supply in 

Zimbabwe (Southern Rhodesia) from the late 1930s and onwards. The Act 

established the Electricity Supply Commission (ESC) and gave i t control over the 

three coal-fired power stations in Gweru, Mutare and Kadoma (Rowlands, 1994). 

Parallel to the ESC existed the Harare and Bulawayo municipalities who had 

their own coal-fired power stations. Thus, for a long time coal was the single fuel 

used for power generation in Zimbabwe. This lasted until the mid 1950s when 

the construction of the Kariba Dam on the Zambezi River took off. 

The hydropower station at the Kariba Dam was commissioned in 1960 and had a 

capacity of 666 MW. The so-called Kariba south bank station is situated at the 

border between Zimbabwe and Zambia and has since the early 1960s supplied 

both countries with very cheap power. In 1963 the two countries agreed on the 

joint operation of the Kariba Dam through the Central African Power Corpo

ration, CAPCO. Thus, the Kariba hydropower scheme was to be jointly managed 

for the benefit of the two countries. As a part of this agreement Zimbabwe 

exported surplus power from the south bank station to Zambia during the 1960s 

(Fair, 1987). 
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However, at the end of the decade major changes in the electricity supply sector 

occurred. The process of change started after the Unilateral Declaration of 

Independence (UDI) in November 1965. The United Nations reacted almost 

immediately and imposed sanctions on the country a few months later. This and 

the rapidly growing demand for electricity in the beginning of the 1970s raised 

concerns for how Zimbabwe would be able to meet demand in a situation with 

deficit capacity. 

In 1970 Zambia decided to develop two new hydropower stations, one at the 

Kariba Dam, the Kariba north bank station (600 MW), and one at Kafue Gorge 

(900 MW). These investments would provide Zambia with surplus capacity and 

enable her to export power to Zimbabwe (Fair, 1987). However, the UDI regime 

in Zimbabwe predicted delays in the Kariba north bank station and was also 

concerned about the political uncertainty of buying power from Zambia. 

Consequently, the government and the ESC considered i t strategic to turn to 

indigenous fuels instead and develop a new coal-fired power station at Hwange 

(Gata, 1988). 

The Hwange power station would be situated close to the huge coal reserves in 

the north-west part of Zimbabwe. Although project approval was granted in 1971 

the project suffered the ful l effect of sanctions, in the sense that overseas 

contracts could not be fulfilled. The resulting lack of capital together with the 

ongoing liberation war led to the suspension of the project in 1976. However, by 

that time Zambia had developed her two new hydropower stations and Zimbabwe 

both could and had to import power from Zambia at the end of the 1970s (Fair, 

1987). In 1979 this import accounted for about 40% of total electricity supply in 

Zimbabwe (see table 2.1). 

Table 2.1 summarizes the described development in the electricity supply sector 

of Zimbabwe during the 1970s. I t shows how the growth in demand for electricity 

together wi th the decline in the production at Kariba south led towards a 

reversal from exports of power to imports. Thus, at the end of the 1970s Zimbab-
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we, apart from the new imports, still relied on hydropower from the Kariba south 

station and on coal-fired power from the old city-based thermal plants. 

Table 2.1: The Electricity Supply in Zimbabwe 1970-1979 (GWh) 

1970 1973 1976 1979 

Hydro (Kariba south) 5247 5591 4857 3535 

Coal (old power stations) 830 1402 586 490 

Total Production 6077 6993 5443 4025 

Exports (-)Æmports (+) -2649 -1748 1101 2679 

Electricity Supplied 3428 5245 6544 6704 

Transmission Losses n.a 320 348 348 

Electricity Consumed n.a 4925 6196 6356 

Sources: Central Statistical Office (quarterly) and IEA/OECD (1994). 

The UDI regime still had the ambition to reduce imports, though. Consequently 

the idea of building a thermal power station at Hwange never died. In 1979, just 

before independence, the government announced that the coal reserves at 

Hwange were adequate to support a 1280 MW power station (Government of 

Rhodesia, 1979). Hence, when the new government was installed in 1980 the 

ESC was permeated with the idea that the Hwange project had to be completed. 

Some financial commitments had already been made and projected economic 

growth in both Zambia and Zimbabwe made new sources of supply necessary 

(Hosier, 1988). 

In 1980 the new government also inherited a complex power sector organization. 

Two parastatals were directly responsible for Zimbabwe's electrical power needs; 

CAPCO operating the Kariba hydropower complex together with Zambia and the 

ESC which generated electricity at Gweru, Mutare and Munyati (the Kadoma 

station had been shut down). The ESC, which bought electricity from CAPCO, 

was also responsible for about 70% of the electricity distributed in the country, 

the rest being both generated and distributed by the local authorities of Bula-

wayo and Harare (Government of Zimbabwe, 1986). 
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2.3 The Electricity Supply Sector After Independence 

In 1980 the new regime portrayed the country as a socialist state with a goal to 

pursue economic nationalism and state regulation of the economy (Herbst, 1990). 

For the electricity sector this meant that the government continued to rely on the 

policies formulated during the UDI period. Thus, the achievement of self 

sufficiency in electricity supply was still regarded as a strategic necessity for 

Zimbabwe. Consequently, the new government decided to go ahead with the 

investment in the Hwange power station enabling Zimbabwe to begin to decrease 

imports from Zambia. In 1980 stages I and I I of the project were approved. After 

some interruptions, including a severe boiler explosion, stage I was commissioned 

in 1983 adding 480 MW of power. Four years later, stage I I added an additional 

440 MW to the electric power system in the country (Government of Zimbabwe, 

1986).3 As one of the largest donors the World Bank helped in the financing of 

stage I I (US$ 105 million). 4 

The new coal-fired power station was located at Hwange mainly because of the 

high availability of coal from the adjacent coal fields (Gata, 1988). The Wankie 

Coal Colliery (WCC), Zimbabwe's sole coal producer, mines the coal at Hwange. 

In the beginning of the 1980s the WCC was a subsidiary of the Anglo-American 

Corporation. However, when the power station at Hwange was built the WCC 

had to pursue a large expansion program in order the meet the new demand for 

coal. The government assisted in financing the expansion by purchasing 40% of 

the WCC shares (Hosier, 1986). This purchase not only facilitated the power 

investment but also made i t possible for the government in Zimbabwe to control 

coal prices.5 

Table 2.2 shows how the Hwange investment changed the electricity supply 

capacity in Zimbabwe by comparing the capacity mix before the Hwange project 

3 The Hwange power station represented the largest capital development project in the history of 
Zimbabwe (ZESA, 1988). 
4 Since 1980 the World Bank has given loans to the Zimbabwean electricity sector of a total of 
US$ 250 million (S. Brushett, personal communication, March 27,1995). 
5 In 1995 the government owned 100% of the shares in the WCC (B. Stanley, personal communi
cation, March 14,1995). 
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(1980) wi th the one after (1989). The domestic capacity of Zimbabwe increased by 

almost 90% between these two years. This enabled the country to meet the 

growing demand but also to decrease the dependence on imports from Zambia. 

The import agreement in 1980 gave Zimbabwe the right to import 500 MW of 

power from Zambia. In 1989 the corresponding import level had decreased to 300 

MW. Consequently, the import share of electricity supply capacity fell from 33% 

in 1980 to 13% in 1989 (table 2.2). 

Table 2.2: The Electricity Supply Capacity in Zimbabwe, 1980 and 1989 

1980 1989 

MW % MW % 

Coal: Old power stations 375 24 375 17 

Coal: Hwange I-II - 0 920 41 

Hydro: Kariba south 666 43 666 29 

Imports from Zambia 500 33 300 13 

Total capacity 1541 100 2261 100 

Sources: Hosier (1986) and ESMAP (1992). 

However, some criticism of the Hwange project was made by neighboring states 

on the grounds that i t went against the goals of the Southern African Develop

ment Coordination Conference (SADCC) (EIU, 1983). SADCC was formed in 1980 

and almost all countries in Southern Africa (except South Africa) were members 

of the organization. Its basic objective was to reduce the member countries' 

dependence upon South Africa by encouraging regional cooperation (SADCC, 

1982). 

In the electricity sector the basic aim of SADCC was to achieve greater use of 

interconnections between the members. According to SADCC, grid integration 

should provide the region with cheap hydroelectric power where and when it was 

needed, thereby minimizing the total costs of supply. Consequently, in 1986 an 

article in the magazine SADCC Energy stated; "It appears that, in a regional 

sense, the Hwange thermal plant represents a sub-optimal solution," ('Coopera

tion in Power Production and Transmission Among SADCC Countries and Com-
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parties', 1986, p. 62). Among the SADCC countries Zambia in particular suffered 

from the Hwange project. Electricity was an important foreign exchange earner 

for Zambia and the Zambian government therefore lobbied heavily against the 

investment (Rowlands, 1994). 

However, SADCC was not able to influence the energy policy of Zimbabwe.6 The 

government continued to aim at self sufficiency in electricity supply and in 1984 

President Mugabe stated that in order to achieve this goal, government involve

ment in the industry had to increase. He then announced plans to establish the 

Zimbabwe Electricity Supply Authority (ZESA). The setting up of ZESA would, i t 

was argued, make it easier to coordinate Zimbabwe's electric power facilities and 

safeguard a reliable domestic electricity supply (EIU, 1984; Chitembwe, 1992). 

With the passing of the new Electricity Act in 1985 ZESA was established. I t 

unified the activities of the ESC, the Zimbabwe operations of the CAPCO and the 

power supply functions of the Harare and Bulawayo Municipalities (EIU, 1984). 

Despite this institutional change, Zimbabwe still had to share the Kariba Dam 

with Zambia. Consequently, in 1987 the Zambezi River Authority (ZRA) was 

established to take over the management functions of the former CAPCO (World 

Bank, 1993b). As was the case with CAPCO, the ZRA was born through an inter

governmental agreement between Zimbabwe and Zambia. 

In 1987 the Hwange station reached its ful l capacity and in 1989 the util i ty 

produced 52% of the total electricity supply in the country. As a result, the 

import share declined from an average of more than 30% in the beginning of the 

1980s to 9% of the supply in 1989 (table 2.3). Hence, at the end of the 1980s 

Zimbabwe had almost reached self sufficiency in electricity supply. However, in 

1989 ZESA received new instructions for power planning. Zimbabwe embarked 

upon the World Bank-sponsored Economic Structural Adjustment Program 

6 In 1992 SADCC was replaced by the Southern African Development Community (SADC) and 
South Africa is now a member. SADC has preserved the intention to encourage regional 
cooperation in the power sectors. In December 1995 this goal resulted in the establishing of the 
Southern African Power Pool, which aims at creating a unified Southern African power network. 
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(ESAP), whose basic aim was to promote economic liberalization and free trade 

(ESMAP, 1992). 

Table 2.3: The Electricity Supply in Zimbabwe 1980-1992 (GWh) 

1980 1983 1986 1989 1992 

Hydro (Kariba south) 5001 3885 3291 2196 3161 

Coal (old power stations) 332 123 211 454 766 

Coal (Hwange) - 305 1864 4920 4310 

Total Production 5333 4313 5366 8570 8237 

Exports (-)/Imports (+) 1756 3066 3146 819 2038 

Electricity Supplied 7089 7379 8512 9389 10275 

Transmission Losses 330 408 517 465 607 

Electricity Consumed 6759 6971 7995 8924 9668 

Sources: Central Statistical Office (quarterly), World Bank (1993b), IEA/OECD (1994) and United 
Nations (1991). 

In line with ESAP the government announced that the major objective of the 

energy sector now was to provide sufficient and reliable energy at least cost 

(Government of Zimbabwe, 1991). ZESA established the Corporate Planning Unit 

to achieve this goal. The Unit was (and is still) responsible for all public 

electricity planning in the country (E. Tsikiraii, personal communication, March 

16, 1995). Since 1988 the Unit has worked out so-called system development 

plans, whose purpose has been to establish the least-cost investment plan of the 

sector given specific planning criteria. ZESA's most important planning criteria 

are that generating capacity installed in Zimbabwe should at least equal 

maximum electricity demand and that imports ought to be limited to 25% of total 

consumption (ZESA, 1990). Table 2.4 briefly summarizes the system develop

ment plans of the Unit since its start. 

The 1988 plan predicted that Hwange I - I I would provide the country with enough 

power until 1992. However, as demand for electric power was expected to 

continue to grow, ZESA also planned to extend the capacity of the Kariba south 
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station by an additional 300 MW and after that develop a new hydropower 

station at Batoka (800 MW) on the Zambezi River (ZESA, 1988). 

Table 2.4: System Development Plans of ZESA 1988,1990,1992 and 1995 

Year Discount rate* Short-term solutions** Next major projects planned** 

1988 5% Not considered necessary 

(Hwange I-II enough) 

Kariba south extension (1992) 

and Batoka (1997) 

1990 5% Zambia imports (1990-1997) 

and Kariba south extension 

(at its earliest) 

Cabora Bassa Imports (1994) 

and Upper Zambezi (1998) 

1992 10% Rehabilitation of old coal-fired 

stations (completed in 1995) 

Cabora Bassa imports (1996) 

and Hwange I I I (1998) 

1995 12.5% Cabora Bassa imports (finished 

in 1997) and South Africa 

imports (completed in 1996) 

Hwange I I I (2001) and Batoka 

(2004) 

* The discount rates reported are the base rates used by ZESA in their respective system develop
ment plans. 
** The years in brackets indicate the estimated in-service dates at the time the different system 
development plans were issued. For those projects that have been completed this is reported. 

Sources: Dube (1988), ZESA (1990), ZESA (1992) and ZESA (1995). 

However, the implementation of ESAP in 1989 increased the role of power 

imports, which were believed to be a least-cost option. In 1990 Zimbabwe had the 

intention to renew import agreements with Zambia and on a longer term basis 

develop a new connection with Mozambique (ZESA, 1990). Nevertheless, for 

strategic reasons the government was reluctant to allow electricity imports to 

exceed 25% of demand (ibid.). Hence, as demand for power continued to grow in 

Zimbabwe, the government also considered a new controversial hydropower 

option, the Upper Zambezi project. This investment entailed the construction of a 

300 MW power station upstream of Victoria Falls, a project most likely to cause 

severe environmental impact (ESMAP, 1992). 

However, in 1991-1992 these plans were revised. A severe drought seriously 

curtailed the electricity supply from Kariba and suddenly Zimbabwe faced a 

12 



serious power shortage (ZESA, 1992). Meanwhile, technical problems reduced 

output at the Hwange power station and problems at the Kafue station also 

halted imports from Zambia. ZESA's immediate action was to reduce electricity 

consumption with the help of a quota system before additional supply options 

could be implemented (ibid.). 

The former emphasis on hydroelectric generation and electricity imports was now 

relaxed. ZESA stated that; "There must be a review of policy to allow internal 

thermal generation to be developed immediately" (ZESA, 1992, p. 1). Hence, the 

Authority now planned to refurbish the old city-based coal plants and to develop 

Hwange stage I I I to be commissioned in 1998. The latter project consisted of 

adding 440 MW to the existing power station at Hwange. 

The government's attitude towards power imports was now ambiguous. The 

experiences from the previous couple of years had shown that imports were a 

cheap but not a particularly reliable source of supply. In an effort to optimize this 

trade-off between risk and yield, ZESA decided to diversify its import sources to 

include both Mozambique and South Africa. I t was argued that this would enable 

Zimbabwe to continue to import power and at the same time minimize the supply 

risks associated with a high level of dependency on Zambian imports alone 

(ZESA, 1992). In 1992 all electricity imports were Zambian and added about 20% 

to the total electricity supply in Zimbabwe (see table 2.3). A considerable share of 

this electricity was in fact purchased via the Zambian grid from the Inga Dam in 

Zaire. 

The system development plan of 1995 clearly illustrates the concentration on 

diversified imports and domestic coal-fired generation. Here ZESA announces 

plans to build Hwange stage I I I by 2001 followed by Batoka in 2004.7 However, 

no big project (like Hwange stage I I I or Batoka) has been implemented so far. 

The only developments of significant sizes are two interconnectors, one between 

' Since ZESA expects imports from Zambia to cease by 1997, these investments have been 
considered necessary to meet future load growth. 
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the Cabora Bassa Dam in Mozambique and eastern Zimbabwe and one between 

Matimba in South Africa and Bulawayo. Imports from Cabora Bassa wil l be 400-

500 MW from 1997 and onwards (S.E. Olsen, personal communication, March 16, 

1995). The Matimba hne (finished in 1996) will primarily be a back-up for 

outages of the Cabora Bassa line, and is expected to supply Zimbabwe with 

approximately 150 MW. In addition, in 1995 ZESA also finished the rehabili

tation of the old municipal power stations in Harare and Munyati (120 MW). 

In recent years the government has for the first time encouraged the 

participation of private investors in power generation and transmission. For 

example, ZESA has disclosed vague plans to build a new thermal plant near the 

huge coal reserves at Sengwa. The coal fields will probably be developed with the 

help of the British mining multinational Rio Tinto (EIU, 1993). Private funding 

is also likely to be involved in the Hwange I I I project (P.M. Heggli, personal 

communication, August 20,1995). 

In 1992 ESMAP demonstrated that gas turbines could be a possible and a cheap 

alternative for Zimbabwe. Their economic attractiveness stems from low capital 

costs and that they can be installed within two years time. Since the domestic 

reserves of natural gas are unknown ZESA is waiting for explorations to be 

performed. Importing gas is considered impossible because of high costs as well 

as foreign exchange reserves in deficit (C. Chemuru, personal communication, 

March 16, 1995). Thus, the future of the gas option is still very uncertain and so 

far Zimbabwe has relied solely on a combination of coal-fired power, hydropower 

and electricity imports. 

2.3 Concluding Remarks 

This chapter has reviewed the development of the Zimbabwean electricity supply 

sector since the 1930s with a special emphasis on the period after independence 

in 1980. I t should be obvious that Zimbabwe's electricity supply choices since 

1980 have not been uniform. The policy of self sufficiency in the beginning of the 

1980s was replaced by a least-cost supply strategy at the end of the decade. 
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However, a serious drought in 1991-92 complicated the choice between cheap 

power sources on the one hand and a reliable and safe electricity supply on the 

other. Given the basic aim of this paper Zimbabwe, with her energy policy 

changes, provides an interesting and intricate case study. 
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Chapter 3 

THEORETICAL FRAMEWORK AND 

METHODOLOGICAL ISSUES 

3.1 Introduction 

This chapter presents the theoretical setting of the paper and the methodological 

issues that are involved. Section 3.2 discusses the multi-objective nature of public 

electric power planning. Different factors that might influence electricity supply 

choices are reviewed. In section 3.3 the methodology for evaluating the economic 

merits of electricity supply alternatives is presented. Finally, section 3.4 

discusses how this methodology wi l l be applied to the Zimbabwean electric power 

supply since independence. 

3.2 The Multi-Objective Nature of Public Power System 

Planning 

State participation in the electricity supply sector is often quite substantial, 

especially in the developing countries. In many countries, for example Zimbabwe, 

practically all power system planning is done by a single public authority. 

Government involvement of this kind is often motivated by both political and 

economic arguments. 

A political case for establishing a public electricity authority lies in the 

importance of electricity as an input into the economy, i.e., the general welfare 

and the rights of the people depend heavily on the provision of cheap and reliable 

electric power. Leaving electricity supply decisions in the hands of private 

enterprises could jeopardize these general goals and also, i t is often argued, 

intrude on the independence of the political system (Rees, 1984). Of course, strict 

political ambition and prestige can also explain government involvement in 

important sectors of the economy (Little and Mirrlees, 1974). 
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The economic argument for the existence of a public enterprise supplying 

electricity can be found in the normative theory of microeconomics. Here i t is 

suggested that setting up a public electricity authority is a way of 'correcting' 

market failures (e.g., Rees, 1984). The most relevant example of this is the so-

called natural monopoly. This exists when economies of scale are prominent over 

the entire range of demand in an industry, implying that one f irm can produce 

the total output cheaper than could many separate firms together (ibid.). 8 Econo

mic externalities provide another example of a market failure that can motivate 

the existence of a public electricity supply f i rm. For example, a state owned firm 

can ensure that account is taken of the environmental costs related to carbon 

dioxide emissions at coal-fired utilities. 

To summarize, in general government involvement in the electricity sector (and 

other sectors as well) is motivated by the variety of goals that the government 

wishes to achieve. Hence, one of the most striking feature of a state owned 

enterprise is its multi-objective nature (Radetzki, 1985). These objectives are 

however often expressed in a blurred and unspecified manner by the government 

authorities. As the trade-offs among the different goals seldom are clearly worked 

out, i t becomes difficult to evaluate i f a state owned firm is efficient, i.e., fulfil l ing 

its goals. Even i f a specific goal has the highest priority at a certain point in time, 

the multiplicity of goals gives the decision maker a great deal of discretion in 

choosing the goals herself. Putting i t differently, i t wi l l be quite easy for her to 

motivate almost any decision by pointing out a suitable goal, of which she has 

many to choose between (Vernon and Aharoni, 1981). 

From the above i t can be concluded that government involvement in the choice 

between different electricity supply alternatives often means that these invest

ment decisions are affected by many factors (or goals). Listed below are the most 

significant factors that may influence public electricity supply decisions (Carle 

and Monyet, 1993; Little and Mirrlees, 1974). 

8 Whether this is actually the case in electric power generation has been questioned by many 
authors. See Joskow and Schmalensee (1983) for an extensive review of this discussion. 
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• The relative costs of the different electricity supply alternatives. 

• National security of electricity supply issues. 

• Employment and regional balance goals. 

• Financial constraints (e.g., lack of foreign exchange and internal resources). 

• Environmental concerns. 

• Political constraints (interest groups, international agreements etc.). 

• The risk of supply interruptions. 

The purpose here is to reveal which of these factors that have in practice had the 

greatest influence on the electricity supply decisions and plans in Zimbabwe. The 

paper approaches this problem first of all by assessing the economic cost of the 

different electric power alternatives. Once these costs have been evaluated they 

can be confronted with the actual decisions and plans, and the importance of 

other factors can (to some extent) be illuminated (see further section 3.4). Hence, 

we now turn to the question of how the economic merits of different power supply 

sources wil l be compared. 

3.3 The Economic Choice Between Electricity Supply Options 

Comparing the economic merits of different power supply sources, taking account 

of their different qualities, requires the use of a project appraisal technique. The 

most commonly accepted methodology for project evaluation is the discounted 

cash-flow (DCF) technique. The technique can be applied in different manners. 

Sections 3.3.1 and 3.3.2 present two different DCF methods; the lifetime cost 

(LC) method and the power system cost (PSC) method. 

3.3.1 The Lifetime Cost Method 

One surrogate of the DCF technique often used for electric power production is 

the LC method. In this method all power generation costs over the lifetime of the 

plant are discounted to a present value and then divided by the total discounted 

output so that; 
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Lifetime cost = J 
-t 

(3.1) 

In equation (3.1) C, represents capital costs, Mt operation and maintenance 

costs, and Ft fuel costs. E, is the annual net electrical output, r is the discount 

rate and T is the economic lifetime of the power plant (OECD/NEA, 1983). The 

LC method results in an average cost per unit of electricity produced (in constant 

money terms). This paper presents LC estimates for different electricity supply 

alternatives. 

Although the method seems simple enough i t involves some intricate methodo

logical questions. The first deals with the choice of an appropriate discount rate. 

Lind (1982) gives the theoretical basis for choosing the discount rate for public 

projects. He argues that since the opportunity cost of employing resources in the 

public sector is not using them in the private sector, the appropriate discount 

rate for pubhc project evaluation is the returns to capital in the private sector. In 

practice, however, the discount rate for public investments is often politically 

determined and these official rates are the ones used in the analysis. In the case 

of Zimbabwe, they range from 5% in the beginning of the 1980s to 12.5% in 1995 

(Dube, 1988; E. Tsikiraii, personal communication, March 16, 1995). 

Another methodological aspect is the use of shadow prices whenever market 

prices do not reflect the real economic costs of goods and services. In the develo

ping countries, these market distortions are especially prevalent in the labor and 

foreign exchange markets (e.g., SADCC, 1990). 

To find the appropriate shadow wage rate, the labor market is often divided into 

unskilled and skilled labor. The economic cost of unskilled labor is in most cases 

lower than the actual wage rate since many of these workers do not have any 

alternative employment possibilities. For skilled labor, on the other hand, 
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shadow wage rates are often up to 25% higher than the actual wages paid 

(SADCC, 1990). This reflects a situation where the government has a fixed salary 

structure which underestimates the value of skilled man-power. Most of the labor 

costs that were collected for this study have (if necessary) been adjusted for these 

types of labor market distortions. In some cases, though, simplifying assumptions 

had to be made. 

In many countries the government manages the price of foreign exchange. With 

inflation and an unchanged exchange rate, the domestic price of imports becomes 

too low relative to non-traded goods. In other words, the official exchange rate 

understates the value of foreign exchange and the costs of imports wi l l be held 

artificially low. Hence, when the official exchange rate is overvalued in this way 

a shadow exchange rate must be used (Little and Mirrlees, 1974). The conversion 

factors used in the case of Zimbabwe differ over the years and also between 

different evaluators. In the studies found the conversion factors have ranged 

between 1.43 and 2.15 during the 1980s (Hosier, 1988; Dube 1988). Since 60-80% 

of ZESA's investment costs in the past have consisted of foreign exchange, the 

choice of an appropriate conversion factor is indeed crucial (C. Chemuru, perso

nal communication, March 16, 1995). 

Moreover, assumptions about the economic lives of different plants have to be 

made. However, different authors make different lifetime assumptions. For 

example, SADCC (1990) states that in general thermal plants have an economic 

lifetime of 20-30 years and hydropower plants 40-60 years. Hosier (1988), on the 

other hand, assumes that the economic life for a coal-fired plant in Zimbabwe is 

35 years and 70 years for a hydropower plant. In order to deal with this 

uncertainty, i t is appropriate to present cost estimates based on more than one 

economic lifetime assumption per project. 

3.3.2 The Power System Cost Method 

The LC method compares different single electricity supply alternatives. In 

practice, though, the task for the central authorities is rather to compare alter-
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native mixes of electricity supply sources that meet the same expected demand at 

any given point in time. Thus, the cost comparisons relate to alternative power 

system developments rather than single power stations. 

In other words, any electric power system must provide both power, an instan

taneous rate of output, and energy, which is the cumulative output over time. 

Since some plants produce cheap peak load power and others cheap base load 

power a cost minimizing decision rule must take into account both these 

dimensions of output (Stewart, 1979). The LC method concentrates solely on the 

energy dimension and one should thus be careful in drawing conclusions that are 

too far-reaching. For example, a project that is uneconomic according to the LC 

method may still be economic from a multidimensional point of view since i t 

provides cheap peak power. 

For the above reason, this paper also relies on so-called power system cost (PSC) 

analyses conducted by independent institutions, such as the World Bank and the 

University of Zimbabwe. The PSC method compares alternative sequences of 

projects (rather than single projects) and allows for both dimensions of electricity 

output (SADCC, 1990). Essentially, the objective here is to minimize the net 

present value of power system costs subject to different constraints, such as 

meeting peak demand and reliability targets (Munasinghe, 1979). This is done 

over a specific planning period, which in the case of ZESA is 20 years (ZESA, 

1990). 

Basically the PSC method involves the same methodological issues as the LC 

method. Hence, an appropriate discount rate, realistic shadow wage rates and 

shadow exchange rates have to be determined. 

3.4 Concluding Remarks 

This paper primarily has an empirical focus and employs a relatively simple and 

straightforward methodological approach. I t is recognized that the public choices 

between different electricity supply alternatives are affected by many (often con-
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flicting) goals, both economic and political. We approach the issue of fuel choice 

in Zimbabwean electricity supply with the initial conjecture that economic costs 

alone can explain the historical choices made. 

I f this turns out not to be the case, other goals (above the least-cost goal) must 

presumably have been dominant. Alternatively, restrictions that have kept the 

authorities from choosing the cheapest alternative have existed. This chapter has 

identified some important factors and restrictions that wi l l guide the analysis. 

Thus, the purpose of the empirical investigation is in short to determine which of 

these factors can explain the Zimbabwean choices between different electricity 

supply alternatives in a convincing manner. 
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Chapter 4 

EMPIRICAL INVESTIGATION 

4.1 Introduction 

This chapter presents the empirical investigation, in which the economic costs of 

the different electricity supply alternatives are confronted with the actual 

decisions and plans of the central authorities. Cost evaluations are presented for 

two different time periods, the early 1980s (in section 4.2) and the late 1980s and 

early 1990s (in section 4.3). The motivation for this particular choice of periods is 

the change in the Zimbabwean energy policy since independence in 1980, from 

self sufficiency in the beginning of the 1980s to a least-cost strategy at the end of 

the decade. The outline for these two sections is the same, i.e., both try to answer 

the following questions: 

• Which where the electricity supply alternatives considered and which ones 

were chosen? 

• What were the economic costs of the different alternatives? 

• Why was a particular alternative chosen? 

Finally, section 4.4 examines the changes in electricity supply choices over time. 

Is i t a fact that the government of Zimbabwe in practice relieved the policy of self 

sufficiency during the 1980s and gave a higher priority to cost efficient electricity 

supply options? I f this is a fact, what brought forth this change in priorities? 

4.2 The Electricity Supply Choices in the Early 1980s 

4.2.1 Electricity Supply Options 

With the Hwange project in the early 1980s Zimbabwe was able to meet a 

threatening electricity supply shortage. One alternative had been to increase the 

hydropower capacity of the Zambezi River. The most considered hydropower 
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option was to increase the Kariba south station by an additional 300 MW (World 

Bank, 1982). The government also identified possible hydropower developments 

at Batoka (800 MW), Mupata Gorge (640 MW) and Devil's Gorge (1200 MW) 

(SADCC, 1984). However, no feasibility studies were done for these latter pro

jects and relevant cost data are not available. 

Zimbabwe also had the possibility to continue to import power from Zambia, 

and/or even go further and use Zaire's hydropower capacity, also through the 

Zambian grid ('Zimbabwe's Energy Plans', 1983). A total of 500 MW could have 

been supplied from the Zambia/Zaire grid throughout the 1980s. Another 

alternative was to import from the Cabora Bassa Dam by building a power line 

connecting Mozambique and Zimbabwe (Robinson, 1992). The Cabora Bassa hnk 

would have been able to supply Zimbabwe with an additional 500 MW. However, 

because of the ongoing war in Mozambique this import option did not appeal to 

the Zimbabwean government and was not seriously considered (ibid.). 

The most important electricity supply options that were at the disposal of the 

Zimbabwean government in the early 1980s are summarized in table 4.1. Their 

respective economic costs are evaluated in the next section. 

Table 4.1: The Electricity Supply Options in the Beginning of the 1980s 

Options Capacity (MW) Status 

Coal 

Hwange stage I 480 Considered (and completed in 1983) 

Hwange stage II 440 Considered (and completed in 1986) 

Hydropower 

Kariba south extension 300 Considered 

Batoka 800 Identified 

Mupata Gorge 640 Identified 

Devil's Gorge 1200 Identified 

Imports 

Zambia/Zaire 500 Considered 

Mozambique (Cabora Bassa) 500 Identified 

Sources: World Bank (1982) and SADCC (1984). 
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4.2.2 Economic Cost Evaluations 

Electric power generation costs are usually divided into three cost components; 

capital costs, operation and maintenance costs and fuel costs (see equation 3.1). 

These three categories of costs have been collected in order to calculate the 

lifetime costs for the different electricity supply options. Lack of cost data only 

permits us to evaluate the economics of the Hwange power station, the Kariba 

south extension project and Zambian imports. Still, these projects were also the 

most likely alternatives to be implemented at the time. 

Hwange Power Station (HPS), Stages I-II 

The lifetime cost calculation for the Hwange station is based on actualized 

production figures from the years of implementation (1983 and 1986) until 1992. 

Thereafter i t is assumed that the 920 MW power station wi l l produce 5200 GWh 

of electric power each year. The highest recorded production figure for the 

Hwange complex so far is 5101 GWh in 1991 (World Bank, 1993b). These produc

tion figures are assumed to reflect the expectations of the electricity authorities 

at the time of the decision to build Hwange. 

In the analysis the two stages of the Hwange project are looked upon as a single 

project.9 The capital cost for this investment has been estimated at Z$910 million 

(1981 prices), of which the foreign component is approximately 60% (Government 

of Zimbabwe, 1986). I f the foreign costs are shadow priced using a conversion 

factor of 1.5, the economic capital cost amounts to approximately Z$1200 million. 

Since no information about the quality and the status of the labor force is 

available i t is assumed that the wages paid reflect the true economic cost of 

labor. 1 0 Operation and maintenance (OM) costs have been treated in the same 

way. Fixed OM costs have been estimated at Z$2500/MW and variable OM costs 

at Z$270/GWh (World Bank, 1982; World Bank, 1992). 

9 Unfortunately, lack of sufficient cost data made it impossible to evaluate the lifetime cost for 
each stage (I and II). 
1 0 Relying on Dube (1988) this is not a crucial assumption. In order to estimate the shadow wage 
rate for different electricity supply projects in Zimbabwe he uses adjustment factors between 1.04 
and 1.15 for the mid 1980s. 
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Hwange power station (HPS) coal can be either byproduct coal or joint product 

coal. To the extent that HPS coal is a byproduct and must be removed to reach 

the higher-value coking coal, its marginal economic cost is very low (ESMAP, 

1992). According to the World Bank (1982) the economic cost of this discarded 

coal was about Z$1.0/ton (1981 prices). The quantity of HPS coal that is mined as 

a byproduct varies between years as the demand for coking coal varies. Once the 

HPS coal is produced in addition to byproduct coal, total extraction costs for the 

mine are allocated jointly with the coking coal. The economic cost for this joint 

production coal has been estimated at Z$8.0/ton (ibid.). 

Thus, in order to determine the total economic cost for HPS coal i t would be 

necessary to predict, not only the future demand for HPS coal, but also the future 

demand for coking coal. This however goes beyond the scope of this study. Hence, 

for simplicity two cost estimates are presented for the Hwange project, one in 

which all HPS coal is assumed to be byproduct coal and one where all HPS coal is 

assumed to be joint product coal. The true fuel costs are thus assumed to lie 

somewhere in between these two extremes. 

Kariba South Extension 

According to Dube (1988) an extension of the Kariba south station from 666 MW 

to 966 MW would give an extra production of approximately 630 MWh electric 

power per year. In the present study, this is assumed to be the contribution of the 

Kariba south extension during the entire lifetime of the plant. 

The capital cost for the Kariba south extension has been estimated by Dube 

(1988) at Z$315 million (1981 prices), of which 68% is foreign costs. In order to 

arrive at this estimate, all foreign costs and local labor costs have been shadow 

priced. The adjustment factors that have been used are 1.5 for foreign costs11 and 

1.04 for wages paid. The World Bank (1982) presents a fixed OM cost estimate of 

1 1 Dube (1988) in fact uses a conversion factor of 2.15 but the present study follows Hosier (1988), 
who adopts a lower conversion factor of approximately 1.5 for the mid 1980s. This choice is 
defended on the grounds that Hosier to a greater extent concentrates on the earher years of the 
decade. 
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Z$1600/MW for the Kariba south extension. Variable OM costs have been estima

ted at Z$850/GWh (World Bank, 1992). These OM costs are all in 1981 prices and 

i t is assumed that they reflect the true economic cost of material and labor, i.e., 

no shadow pricing has been performed. 

Imports of Power from Zambia I Zaire 

The 1985/86 agreement gave Zimbabwe the right to import about 3100 GWh at 

an approximate price of Z$0.8/kWh (1981 prices) (EIU, 1985). Taking economic 

shadow pricing into consideration the economic cost of imports was Z$1.2/kWh in 

the mid 1980s (using a conversion factor of 1.5). This is also the cost of power 

imports from Zaire, since Zairian power would have been purchased from Zambia 

via the Zambian grid (as was the case in the early 1990s) (World Bank, 1993b). 

I t is of course hard to compare the future economic merit of power imports with 

domestic supply options since in the former case there always is a question of 

negotiation about prices. The bargaining powers of the different parties are likely 

to be determined by several factors. These include security of supply considera

tions, importance of foreign exchange earnings and the amount of surplus power 

capacity in neighboring countries (which in turn is determined by economic 

growth and new investments in electric power capacity in these countries). 

However, in the beginning of the 1980s, even i f the negotiations according to 

Rowlands (1994) often were fierce, neither Zimbabwe nor Zambia seemed to be in 

a particularly favorable bargaining position. Zimbabwe was very dependent on 

Zambian imports for her electricity supply (see table 2.3), as much as Zambia 

depended on Zimbabwe's power purchases, being one of the country's biggest 

foreign exchange earner.12 

What could have happened, though, is that the growth of the Zambian economy 

had led to a decrease in the surplus power capacity available for export. This 

1 2 After copper, electricity was the biggest source of foreign exchange for Zambia, and Zimbabwe 
was by far the most important customer (B. Stanley, personal communication, March 14, 1995). 
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would have made power imports from Zambia more scarce and Zambia would 

have been in a good position to raise the sales price. Still, as is shown below, the 

import option was a cheap one and in 1992 Zambia/Zaire still had surplus power 

(ZESA, 1992). In addition, the accomplishment of Hwange I - I I lowered Zambia's 

willingness to supply cheap power to Zimbabwe (Robinson, 1992). 

Comparison Between Electricity Supply Alternatives 

Table 4.2 summarizes the LC estimates for the three electricity supply alterna

tives. The left column shows the base case cost estimates and the remaining 

three columns show the corresponding cost estimates when different economic 

lifetimes and discount rates are used. 

Table 4.2: The Lifetime Costs of Electricity Supply Options in the Begin

ning of the 1980s (1981 Zimcents/kWh) 

Coal-fired power r = 5%,T = 25 r = 5%,T = 35 r = 10%,T = 2S r = 10%,T = 35 

Hwange I - I I* 2.6 2.1 4.3 3.9 

Hydropower r = 5%,T=55 r = 5%,T=65 r=10%,T = 5S r = 10%,T=65 

Kariba south extension 1.7 1.6 3.1 3.1 

Imports of power 

Zambia/Zaire** 1.2 

* The L C estimates for the Hwange I-II project are based on the assumption that all HPS coal can 
be treated as byproduct coal. If all HPS coal is treated as joint product coal the L C estimate 
increases to 2.9 Zimcents/kWh in the base case. 
** The L C estimate of Zambian power imports is based on the annual (shadow price adjusted) 
purchase cost per kWh and is therefore independent of the choice of discount rate and economic 
lifetime. 

Sources: Own estimates based on cost data from Dube (1988), E I U (1985), Government of 
Zimbabwe (1986), World Bank (1982), World Bank (1992) and World Bank (1993b). 

Both Hwange I - I I and the Kariba alternative are quite sensitive to the choice of 

discount rate. I t turns out, though, that for every realistic discount rate (<50%) 

the Hwange project was less economic than Kariba. As indicated above, the 

capital cost estimates are also uncertain. However, simple sensitivity analysis 

also shows that the capital cost of the Hwange project had to be cut by almost 

40% in order for its economic attractiveness to be at par with the Kariba south 
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option. In addition, the cost estimates for the Hwange project are relatively 

insensitive to different assumptions on the characteristics of HPS coal. Thus, i t is 

undoubtedly reasonable to conclude that the Kariba south extension could have 

supplied Zimbabwe with cheaper electric power than the Hwange power station 

did. Different SADCC articles and studies support this notion. 1 3 

However, the cheapest option for Zimbabwe would have been to continue and 

even increase power imports from Zambia/Zaire. As was shown in chapter two, 

the Hwange project enabled the country to substitute domestic coal-fired 

electricity for power imports. Our cost evaluations indicate that this idea was 

very costly. Even i f the import option only could have supplied Zimbabwe with 

limited electric power capacity, i t still would have played an important part in a 

cost minimizing power plan for the country in the early 1980s. 

As was noted above, another import option was to build an interconnection from 

the Cabora Bassa Dam in Mozambique. O'Keefe and Munslow (1984) refer to a 

PSC analysis by Smith (1980), who states that the Hwange installation could 

have been postponed by importing electricity from the Cabora Bassa. This 

alternative, i t is argued, had also supplied electric power at a lower cost than 

Hwange. 

Thus, the Hwange power station definitely had competitors that were cheaper. 

Hence, since the station obviously was built, factors other than costs must have 

influenced this choice. The main purpose of the next section is to identify these 

factors. 

4.2.3 Analysis of Electricity Supply Choices 

Officially the Hwange project was motivated by a wish to attain maximum self 

sufficiency in energy supply. So, was the Hwange investment the best way to 

fu l f i l l this goal, i.e., the project that, in some sense, maximized the level of 

independence? 

1 3 See for example SADCC (1982) and "Where Self-Reliance Can Fail' (1983). 
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I t should be obvious that the options of importing from either Zambia/Zaire or 

Mozambique both would have seriously violated the self sufficiency condition. 

What is not obvious, though, is why the building of a new hydropower station 

also had been a bad solution for a Zimbabwean government aiming at indepen

dence. The Zambezi River is however the border between Zambia and Zimbabwe. 

Hence, all hydropower developments on the Zambezi River, including extension 

at Kariba south, would have required that the legal problems on the sharing of 

the Zambezi water were clarified (World Bank, 1982). In other words, any new 

hydropower station on the Zambezi River is not a pure Zimbabwean affair. This 

means that, given the government's self sufficiency ambition, the Hwange project 

seems to have represented the optimal solution. 

EIU (1982) supports this notion and concludes that the government should have 

preferred to expand the Kariba station by a further 300 MW since this 

alternative was considered cheaper, both in capital and recurrent costs. However, 

the pohcy of self sufficiency led to the decision to proceed with Hwange. 

In addition, i t is also likely that employment goals, of great significance in the 

new socialist policy, played an important role in the choice of Hwange. The power 

station at Hwange, being the largest capital development project in the history of 

Zimbabwe, certainly gave rise to more jobs than any other domestic project 

(ZESA, 1988). 

Even i f Zimbabwe had to pay a high price for its self sufficiency policy i t is hard 

to criticize such a policy. The main reason behind the independence policy was 

the socialist ideology of the new regime and i f the people of Zimbabwe (for 

whatever reason) valued independence very high i t might have been a rational 

policy.1 4 However, the policy was also motivated in more concrete terms and 

these arguments are somewhat easier to criticize. 

1 4 In that case the self sufficiency pohcy could be seen as a way to correct for a market failure, in 
which the import prices only reflected a fragment of the marginal social cost of imported power. 
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ESMAP (1992) emphasizes that the government always has been very reluctant 

in accepting the risk of supply interruptions, which i t believes to be associated 

with electricity imports. I n other words, the government motivated its self 

sufficiency policy by referring to security of supply considerations. That security 

of supply is not synonymous with self sufficiency is however well illustrated by 

the supply interruptions at the Hwange power station in 1984 and 1991 (section 

2.3).1 5 Hence, to argue that the government chose Hwange because of its risk 

averse attitude towards supply cuts is not very convincing. 

SADCC has also criticized another aspect of the Zimbabwean self sufficiency 

policy. This organ pointed out that i f cooperation between the SADCC countries 

could be increased the total cost of power supply in the region would decrease 

substantially and in the event of generation failure in one country, i t would be 

possible to call on the reserves of other countries (SADCC, 1982). In the case of 

Zimbabwe, cooperation in this sense would mean increasing imports from 

Zambia/Zaire and/or Mozambique. Of course, independence in a national sense 

would then decrease but not in a regional context. In 1985 the SADCC region 

imported less than 5% of the total electricity supply ('Cooperation in Power 

Production and Transmission Among SADCC Countries and Companies', 1986). 

Despite some rhetorical commitments Zimbabwe however rejected this option. 

When the Hwange project was initiated i t was also argued that lack of foreign 

exchange made other alternatives infeasible. Especially the import option would 

seriously worsen the country's strained balance-of-payments and foreign debt 

situation (Government of Rhodesia, 1979). In the light of what we know today 

this argument seems irrelevant. The Hwange investment led to foreign exchange 

commitments of about Z$540 million (Government of Zimbabwe, 1986). The value 

of electricity imported, on the other hand, amounted to slightly more than Z$20 

million annually during the first half of the 1980s (ibid.). 

1 5 Robinson (1992) provides another striking example when he states that, "...the replacement of a 
Z$6000 pump on one of the units at Hwange cost the country Z$1.6 million in electricity imported 
from Zambia during the 106 days it took to bring the unit back into operation", (p. 170). 
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Thus, even i f imports had been doubled i t would have taken over 20 years to 

reach the foreign exchange payments of the Hwange project. Also the Kariba 

South extension would have led to more relaxed foreign exchange commitments 

of about Z$150 million (Dube, 1988). This suggests that the foreign exchange 

argument was a political statement made in order to justify an otherwise 

expensive energy policy. On the other hand, i t is probably easier for the govern

ment to obtain foreign exchange for a single big investment than for continuous 

purchases of electricity from abroad. Still, i t seems very unlikely that foreign 

exchange restrictions played an important role in the choice of Hwange as the 

next major electricity supply investment. 

The discussion above, at least partly, undermines the economic rationale of the 

self sufficiency policy pursued in Zimbabwe. Still, i t did play a dominant role in 

the choice of Hwange, mainly because of the policy's ideological value and the 

perceived instability in neighboring countries. Thus, politics rather than econo

mics were allowed to dominate and no electric power project was better than 

Hwange in fulfilhng the socialist independence goal of the country. 

4.3 The Electricity Supply Choices in the Late 1980s and Early 

1990s 

4.3.1 Electricity Supply Options 

Section 2.3 briefly reviewed the different electricity supply alternatives that were 

considered and chosen in the late 1980s and the early 1990s. Even i f the coal 

fields at Hwange had been exploited for power production in the mid 1980s, they 

could still supply an additional coal-fired steam unit. The Hwange stage I I I 

project consisted of adding 440 MW to the existing station (Dube, 1988; ZESA, 

1992).16 

1 6 In 1995 the Hwange stage I I I project however consisted of adding two 330 MW units. In the 
present analysis, though, we concentrate on the alternative as it was presented in the late 1980s, 
i.e., two additional 220 MW units. 

34 



A greenfield coal-fired power station has since 1991 been considered another 

option, in that case set up at the recently developed Sengwa mine rather than at 

Hwange. However, according to ZESA the capital costs are so high that i f the 

project is ever to be developed, i t has to be with the help of private capital (see 

section 2.3). Finally, there has existed yet another thermal option, a project that 

partly has been undertaken. The old city-based power stations could be rehabili

tated up to 270 MW (World Bank, 1987). In 1995 the refurbishment of 120 MW 

at the Harare and Munyati power stations was completed (ZESA, 1993). 

When focusing on the hydropower alternatives, i t is clear that the extension of 

Kariba south by an additional 300 MW has been a considered option. Batoka (800 

MW) on the Zambezi River also retained its status as a possible hydropower 

alternative. On top of this a new controversial hydropower option emerged in the 

late 1980s, the Upper Zambezi project (300 MW) (section 2.3). 

I n the early 1990s Zimbabwe faced several import options. The Cabora Bassa 

alternative, that was rejected for security reasons in the early 1980s, was now 

the most interesting alternative. Consequently, in 1997 the construction of an 

interconnection from Mozambique, supplying Zimbabwe with 500 MW of electric 

power capacity, wi l l be completed. As was noted above, imports from Zambia are 

still available. ESMAP (1992) even projects that this wi l l be the case well after 

the year 2000. The scope for capacities beyond 300 MW is however very small. 

After the drought in 1991-92, ZESA identified yet another import alter-native, 

South Africa. A link to South Africa's Matimba station was completed in 1996 

and i t supplies Zimbabwe with about 150 MW of power. 

Table 4.3 summarizes the electricity supply alternatives that were at the dispo

sal of the Zimbabwean government in the late 1980s and the early 1990s. We 

have seen that three of these projects have (at least partly) been undertaken. In 

addition, power imports from Zambia have been utilized more heavily than was 

the case in the early 1980s. 
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Table 4.3: The Electricity Supply Options at the End of the 1980s and in 

the Beginning of the 1990s 

Options Capacity (MW) Status 

Coal 

Hwange stage III 440 Considered 

Sengwa 660 Considered 

Rehabilitation of old coal stations 270 Considered (partly completed in 1995) 

Hydropower 

Kariba south extension 300 Considered 

Batoka 800 Considered 

Upper Zambezi 300 Considered 

Imports 

South Africa (Matimba) 150 Considered (completed in 1996) 

Zambia/Zaire 300 Considered (utilized) 

Mozambique (Cabora Bassa) 500 Considered (completed in 1997) 

Sources: ESMAP (1992), Government of Zimbabwe (1991), World Bank (1987), ZESA (1990) and 
ZESA (1992). 

Studying the alternatives chosen as well as the plans (in table 2.4) of the 

Zimbabwean government, two features should be noticed. First, i t is clear that 

the government now took a more benevolent view of power imports, an option 

that was rejected earlier. Second, the former emphasis on domestic coal-fired 

power was relaxed in the late 1980s, but after the drought in 1991-92 the govern

ment once again focused its attention on coal-fueled electricity. The economic 

evalua-tions in the next section wil l reveal to what extent the alternatives chosen 

and planned by the authorities also represented cost effective electricity supply 

options. 

4.3.2 Economic Cost Evaluations 

The cost evaluations that are presented in this section, or at least the relative 

order of rank between the alternatives, are assumed to be valid over the entire 

time period (late 1980s to early 1990s). There is little to indicate that this is an 

unrealistic assumption, a notion that is supported by different PSC analyses 

conducted by independent evaluators (see below). The only exception is the effect 
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of the increasing discount rate during the period, but this is accounted for in the 

evaluations. 

Hwange Power Station (HPS), stage III 

An extension of the Hwange power station by an additional 440 MW would give 

an extra production of about 2750 kWh annually (World Bank, 1987). I t is 

assumed that this figure wi l l be valid over the entire lifetime of the plant. 

Dube (1988) estimates the economic capital cost for the investment at Z$1038 

million (1986 prices), a cost allocated over five years. Like ZESA he adjusts 

foreign costs to economic costs using a conversion factor of 2.15 (ZESA 1990). 

Moreover, a weighted conversion factor of 1.15 is used to reflect the economic cost 

of labor. Total OM costs (both fixed and variable) have been estimated by the 

World Bank (1987) at Z$10.8 million per year (assuming an annual power 

production of 2750 GWh).1 7 This cost figure is presented as the economic OM cost 

even though the World Bank study does not show how the estimate was reached. 

Nevertheless, in the underlying study, i t will be used to reflect annual OM costs. 

As was the case in the beginning of the 1980s, HPS coal can be either byproduct 

coal or joint production coal. The economic cost of byproduct coal was estimated 

by the World Bank (1987) at approximately Z$0.6/ton (1986 prices), a fall in real 

terms since 1981. Joint production coal, on the other hand, cost about Z$12/ton in 

economic terms (ibid.). 

Rehabilitation of Old Coal-Fired Stations 

In World Bank (1987) i t is assumed that the rehabilitation of the old city-based 

power stations (270 MW) would give an extra annual production of about 1000 

GWh. As noted above about 120 MW was rehabilitated in 1995. Nevertheless, in 

this cost evaluation we concentrate on the 'original' 270 MW project. The lifetime 

of the refurbished old coal-fired units can be estimated at about 15 years (in the 

base case) (P.M. Heggli, personal communication, August 20, 1995). 

1 7 This estimate includes the cost of diesel oil (World Bank, 1987). 
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The economic capital costs for the project have been estimated at Z$60 million 

(1986 prices) (World Bank, 1987). However, in order to arrive at this estimate the 

Bank uses a conversion factor of only 1.3 for foreign costs. When the official 

conversion factor (that employed by ZESA) of 2.15 is used we reach a capital cost 

estimate of Z$79 mil l ion. 1 8 Total OM costs are estimated at Z$6.9 million 

annually (with an assumed production of 1000 GWh per year) (ibid.). Again, i t is 

assumed that these World Bank estimates reflect the true economic cost of labor. 

The coal that is burnt at the old city-based stations is coking coal, and none of 

this coal is therefore mined as byproduct coal. The economic cost of coking coal 

was about Z$27/ton (1986 prices) at the end of the 1980s (ibid.). Unfortunately, 

though, i t is not clear whether this estimate includes transport costs or not. I f i t 

does not, one can assume that the true price of coking coal is on average at least 

50% higher than the above figure (Gata, 1988). 

Kariba South Extension 

The World Bank (1987) has estimated the economic capital costs for the Kariba 

south extension at Z$237 million (1986 prices). Again, this estimate has been 

reached by using a conversion factor of 1.3 for foreign costs. With a conversion 

factor of 2.15 we reach an estimate of Z$351 million (68% of the total capital cost 

is foreign exchange). The Bank estimates that OM costs (fixed and variable) 

amount to Z$1.2 million per year. According to Dube (1988) these outlays w i l l 

give way for an annual power production of about 630 GWh. 

Batoka 

The Batoka hydropower investment (800 MW) would provide about 5250 GWh of 

f i rm energy per year (World Bank, 1987). Although there are uncertainties about 

the hydrological conditions of the Zambezi River, other studies appear to support 

this assumption (e.g., ESMAP, 1992; ZESA, 1990). The economic capital costs for 

the Batoka project have been estimated at Z$2170 million (1986 prices) (Dube, 

1 8 To calculate this we make use of the fact that the foreign exchange share of the total capital 
cost is supposed to be 42% (Government of Zimbabwe, 1988). 
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1988). About 50% of the total outlays are foreign exchange and these have been 

shadow priced using a conversion factor of 2.15. ZESA (1990) presents an OM 

economic cost estimate of Z$11.8 million per year (assuming an approximate 

annual production of 5250 GWh). 

Also the Batoka project involves considerable impacts on the surrounding 

environment, impacts whose costs are not included in the estimates presented. Of 

course, this fact increases the uncertainty of the economics of Batoka. 

Imports of Power 

The direct effect of the drought in 1991-92 was that Zimbabwe's bargaining 

position towards Zambia was severely weakened (Robinson, 1992). However, as 

Zimbabwe is gradually becoming less dependent on one import source (Zambia) 

the bargaining position of the country can be assumed to improve in the future. 

On the other hand, the development of new power lines in other countries might 

lead to increasing import costs. For example, South Africa, Tanzania and Malawi 

have all expressed interest in purchasing the surplus power from Zambia (P.M. 

Heggli, personal communication, August 20, 1995). This means that Zambia 

becomes less dependent on Zimbabwe as a trading partner and consequently the 

bargaining power of the Zambian government might increase. Hence, since we 

have two opposing forces operating at the same time it is hard to a priori 

determine the future economic cost of imported power. However, the likelihood 

that the purchase costs that are presented below wil l soar in the future appears 

small. 

Power imports from the Cabora Bassa Dam wil l only become available after a 

power line has been constructed. The capital costs for this line are Z$494 million 

(1986 prices) for Zimbabwe. The purchase cost has been estimated at Z$1.2/kWh 

(World Bank, 1992). Although the current import agreement with Mozambique 

expires in 2003 there is nothing to indicate that Zimbabwe wil l be unable to 

continue to import power from the Cabora Bassa Dam. What could happen, 
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though, is that a new agreement with Mozambique also means a higher purcha

sing price (P. Heggli, personal communication, August 20, 1995). 

Importing power from Zambia has (so far) not required any capital expenses. The 

economic purchase cost for Zambian electricity is estimated at Z$1.6/kWh (1986 

prices) (World Bank, 1992). 

Comparison Between Electricity Supply Alternatives 

Table 4.4 reviews the lifetime costs of the different electricity supply alternatives 

considered in this section.19 As before, the left column presents the base case 

estimates and the remaining columns show some results from simple sensitivity 

analysis. 

Table 4.4: The Lifetime Cost of Electricity Supply Options at the E n d of 

the 1980s and in the Beginning of the 1990s (1986 Zimcents/kWh) 

Coal-fired power r = 5%,T = 25 r = 5%,T = 35 r=10%,T = 25 r -10%, T = 35 

Hwange I I I* 3.2 2.9 5.0 4.7 

r = 5%,T=15 r = 5%,T = 25 r = 10%,T=15 r=10%,T = 25 

Rehab of old coal plants 3.0 2.9 3.4 3.3 

Hydropower r = 5%,T=55 r = 5%, T =65 r = 10%, T =55 r = 10%, T =65 

Kariba south extension 3.3 3.2 6.2 6.1 

Batoka 2.8 2.7 5.7 5.7 

Imports of power** r = 5%,T = 20 r = 5%, T = 30 r= 10%, T = 20 r = 10%, T = 30 

Cabora Bassa 1.8 1.7 2.0 1.9 

Zambia/Zaire 1.6 

* The L C estimates for the Hwange III project are based on the assumption that all HPS coal can 
be treated as byproduct coal. If all HPS coal is treated as joint production coal the L C estimate 
increases to 3.7 Zimcents/kWh in the base case. 
** The L C estimate for power imports from Zambia/Zaire is entirely based on the annual (shadow 
price adjusted) purchase cost per kWh and is therefore independent on the choice of discount rate 
and economic lifetime. The L C estimates for the Cabora Bassa option also include the capital costs 
for the interconnection between Mozambique and Zimbabwe. 

Sources: Own estimates based on cost data from Dube (1988), World Bank (1987), World Bank 
(1993a) and ZESA (1990). 

1 9 Sufficient cost data for South African imports, the Upper Zambezi project and the Sengwa 
project have not been found. 
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The LC estimates show that imports of electricity represented by far the cheapest 

option during the period. This is supported by ESMAP (1992) who in its PSC 

analysis recommends that the surplus capacity of Zambia/Zaire ought to be used 

to the greatest extent possible.20 They also point out the line from the Cabora 

Bassa Dam as the most economic electric power investment that can be under

taken. 

When i t comes to comparing the economics of hydropower versus coal-fired power 

our conclusions become less clear. Considering, though, that the LC estimates for 

the two coal-fired options probably are underestimated (because of byproduct coal 

and omitted transport costs) i t seems as i f hydropower was cheaper in our base 

case. This is confirmed by a PSC analysis performed by Dube (1988). His least-

cost development plan (also based on a discount rate of 5%) clearly indicates the 

superiority of hydropower development as opposed to coal-fired power (in his case 

only Hwange stage II I ) . The cost minimizing plan according to Dube is Batoka 

followed by the Kariba south extension. 

ESMAP (1992) reaches a similar conclusion. Their PSC estimates indicate that 

(besides imports) the Kariba south extension should have been followed by 

Batoka and the Upper Zambezi.21 Since ESMAP uses a 10% discount rate this 

result seemingly contradicts our LC estimates in table 4.4, which show that such 

a high discount rate make the coal-fired options more economic than any 

hydropower development. Our estimates imply a break-even discount rate of 

approximately 8% between Batoka and Hwange I I I . Again, though, this figure 

most likely underestimates the true break-even discount rate since i t is based on 

the assumption that all HPS coal is byproduct coal. Thus, for low discount rates 

hydropower seemed to be a cheaper alternative than coal-fired power. 

2 0 ESMAP (1992) assumes that at least 180 MW will be available from Zambia/Zaire until 2010. 
2 1 In fact this sequence of projects only represents their second best plan. The cheapest plan is to 
replace the Kariba south extension with two gas turbines of similar joint capacity (ESMAP, 1992). 
However, since the gas alternative, in some sense, still is a 'non-existing' option for the Zimbab
wean government this option has been left out of the analysis. 
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However, in both Dube (1988) and ESMAP (1992) the economics of the Kariba 

south extension are somewhat misleading. The 'optimal' plans that are reported 

in these studies have been done subject to the government's requirement that the 

domestic generating capacity should at least equal maximum demand (ESMAP, 

1992; ZESA, 1990). Hence, the Kariba south extension was, due to its short 

construction time, a necessary investment for this criterion not to be violated. In 

an unrestricted analysis the project does not appear to be economic. This is also 

supported by a PSC analysis from the World Bank. Their (unrestricted) least cost 

plan does not include an extension of Kariba. Instead, the emphasis is on imports 

and on the rehabilitation of the old coal-fired stations (World Bank, 1987). 

To summarize, i t is obvious that imports of power have been the most economic 

electricity supply option for Zimbabwe during the period. After that, with a 5% 

discount rate, Batoka is a cheaper alternative than both coal-fired alternatives.22 

The relative economics of the Kariba south extension versus Hwange I I I is 

ambiguous. What is clear, though, is that the extension of Kariba seems to be the 

cheapest domestic option (of significant size) that can be implemented in only 

three years time. Furthermore, for discount rates higher than 10%, the Hwange 

I I I project turns out to be more economic than its hydropower competitors. 

4.3.3 Analysis of Electricity Supply Choices 

Even i f the cost evaluations above provided somewhat contradictory results i t is 

still possible to present some tentative conclusions about the factors that have 

influenced the electricity supply decisions in Zimbabwe during the last 8-9 years. 

The official policy in the late 1980s has been to promote least-cost alternatives, 

and the renewed focus on electricity imports seems to confirm this. However, 

even i f the Zimbabwean government has abandoned its self sufficiency policy i t is 

still reluctant to allow too much power imports mainly because of security of 

supply reasons and therefore limits imports to 25% of total consumption (ZESA, 

2 2 It should be noted, though, that the old city-based plants are mainly used for peak power and 
their economic attractiveness is therefore most likely greater than is implied by the L C estimates 
in table 4.4. 
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1990). Hence, there has been room for more cost reducing power imports. The 

security of supply restrictions turned the Kariba South extension into an 

interesting alternative for Zimbabwe in spite of its disputable cost effectiveness. 

Our results indicate that the government regarded the Kariba project as a way to 

optimize the trade-off between least cost expansion and the maintaining of 

sufficient internal capacity to ensure security of electricity supply. 

After the drought in the early 1990s, Hwange I I I replaced the Kariba south as 

the next domestic project to be undertaken. There are two ways of explaining this 

change in priorities. First, after the drought the government looked with more 

suspicion upon hydropower developments and the future hydrological situation 

on the Zambezi River was discussed intensively. Second, higher discount rates 

have been used in the most recent system development plans, something which 

increased the economic attractiveness of Hwange I I I . Thus, i t would be wrong to 

conclude that the increased doubt towards hydropower and the intention to build 

Hwange I I I meant a diversion from the least cost path. On the contrary, in 1995 

with a discount rate of 12.5% Hwange I I I indeed stands out as an attractive 

project from an economic point of view. 

The projects that ZESA has actually undertaken, including the Cabora Bassa 

connection and the rehabilitation project, represent cheap electricity supply alter

natives. However, they also represent projects that require relatively low capital 

expenses. No big projects, like Batoka at the end of the 1980s or Hwange I I I in 

the early 1990s, were implemented even i f they were found economical and 

considered necessary to meet future demand (S. Brushett, personal communica

tion, March 27, 1995). This behavior can be explained by the inadequate tariffs 

charged by ZESA. These have been well below the long-run marginal cost 

(LRMC) of production so that ZESA's net revenues have contributed very little to 

the financing of new investments. ESMAP (1992) estimates that the ratio 

between the 1989 average tariff and the corresponding LRMC was only about 

60%. In other words, the incentive for ZESA to invest in new capacity has been 

very low since practically every investment has meant loss of money. 
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As internal financing has not been available ZESA has had to rely on external 

donors, especially the World Bank. However, the Bank has only been willing to 

finance cost efficient options like the once already implemented. The Kariba 

south extension, for instance, has not been such a project according to the Bank 

(World Bank, 1987), Instead of contributing to another big power project, the 

World Bank now demands that ZESA's tariffs cover their LRMC, a requirement 

that in July 1995 led to an average tariff increase of about 26% ('ZESA hikes 

downplayed', 1995).23 

From the above we can conclude that the Zimbabwean government has given a 

high priority to least cost electric power options since the late 1980s. However, 

two restrictions have kept i t from following this strategy at all times. First, the 

security of supply criterion has meant that Zimbabwe has not fully utilized the 

cheap imports available. Instead, there have existed plans for the relatively 

expensive Kariba south project. Second, lack of internal financing has made 

ZESA reluctant to invest in big electric power projects, even i f these have been 

economic and considered necessary. 

4.4 Changes in Electricity Supply Choices Over Time 

The previous two sections have taught us that Zimbabwe in the late 1980s (at 

least partly) abandoned an expensive self sufficiency policy in order to give 

higher priority to cost efficient electricity supply alternatives. Overall, i t is 

possible to identify two sorts of explanations behind this change, political and 

financial. 

The political factors that have been crucial include a change in the economic 

policies as well as a change in the geopolitical situation in Southern Africa. That 

a new economic policy in Zimbabwe was emerging became evident when the 

proclaimed Marxist-Leninist government in 1989 embarked upon the Economic 

Structural Adjustment Program (ESAP). This happened after a decade characte

rized by the pursuit of socialist policies of economic nationalism. For the electri-

2 3 Some groups, mainly in the industrial sector, have seen considerably higher increases. 
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city sector this meant that 'new' cheaper electricity supply options (particularly 

imports of power) became politically legitimate. Thus, politics and economics 

were to some extent allowed to "walk hand in hand'. 

The late 1980s also saw a major change in the geopolitical situation in Southern 

Africa as the stability of Zimbabwe's regional neighbors was improved. For 

example, the war in Mozambique ended and this cleared the way for the 

interconnection from the Cabora Bassa Dam to eastern Zimbabwe. Also, the 

democratic process in South Africa has meant that the former suspicion of 

Zimbabwe towards its neighbor i n the South has been relaxed (Rowlands, 1994). 

Thus, the political risks of importing electricity from neighboring countries have 

undoubtedly decreased since the early 1980s. 

The second major explanation behind the change in electricity supply policy 

relates to the financial performance of ZESA, which gradually deteriorated 

during the 1980s. Chitembwe (1988) reviews the financial problems of ZESA and 

concludes that these were primarily created by inadequate tariff levels combined 

with huge capital expenses (Hwange in particular). This in itself can explain the 

change in policy. ZESA might have felt obliged to turn to cheaper electricity 

supply options that would not draw so much on their reserves. 

More importantly, though, ZESA's financial situation has been tightly connected 

to different external donors, especially the World Bank. Rowlands (1994) notes 

that the Bank for a long time has had an influential role in the electricity policy 

debate in Zimbabwe, "offering support and legitimacy to some alternatives, while 

condemning others," (p. 131). In addition, this particular influence of the Bank 

has increased as the financial performance of ZESA has eroded. Whenever 

Zimbabwe has planned to expand its electric power capacity the views of the 

World Bank, in its role as the most important donor, has been crucial. Rowlands 

concludes; "What is clear is that the World Bank has been pushing Zimbabwe 

towards a policy based upon economic, rather than political, criteria," (p. 140). 

The important role of the Bank is well illustrated by its contribution to the so-
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called Power I I I project in Zimbabwe. The purpose of this project is to upgrade 

the Hwange power station and to provide institutional support for ZESA. 

However, a condition of the loan is that ZESA must not make any investment of 

more than approximately Z$400 million (US$50 million) without the World 

Bank's approval (EIU, 1993). 

I t should be noted that the declining trend in the electricity sector's pricing and 

financial performance has been a common phenomenon in many developing 

countries throughout the 1980s. Therefore, two important goals of the Bank have 

been to enforce least-cost planning and LRMC pricing in its donor countries 

(World Bank, 1993a). This paper has shown that in the case of Zimbabwe the 

Bank has been successful in pursuing these objectives. Before this was a fact, 

though, the Zimbabwean people had to pay a high price for the self sufficiency 

policy. To illustrate this, let us assume that the government instead of Hwange I -

I I had built the Kariba South extension in the early 1980s and allowed imports 

from both Zambia and Zaire. Using the LC estimates in table 4.2 we can conclude 

that this alternative would have saved the Zimbabwean economy about Z$425 

million (1986 prices) between 1984 and 1992.24 This corresponds to about 75% of 

the government's expenditure on education in 1986 (United Nations, 1990). 

2 4 Here it is assumed that imports from Zaire have the same lifetime cost as Zambian imports. 
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Chapter 5 

CONCLUSIONS 

The primary purpose of this paper has been to evaluate the electricity supply 

decisions of Zimbabwe since independence in 1980, their causes and their 

consequences. A secondary purpose has been to present some tentative conclu

sions about the future of the power generation mix in the country. 

The paper has shown that the electricity supply decisions in the beginning of the 

1980s were heavily influenced by the socialist self sufficiency policy as well as by 

political disturbances in the neighboring countries. Strictly speaking, the 

government's objective function was to maximize energy independence subject to 

funding restrictions (which were relatively relaxed at the time). The construction 

of the Hwange power station best satisfied the self sufficiency goal. As a 

consequence, considerably cheaper options, including Zambian imports and the 

extension of Kariba South, were rejected. 

At the end of the 1980s the self sufficiency policy was relaxed, mainly because of 

a new political environment and pressures from the World Bank, pressures that 

were to be particularly effective because of the financial problems of ZESA. The 

step towards least cost solutions has however not been complete. In short, the 

government's objective function has been to minimize costs subject to a security 

of supply criterion and to financial restrictions (the latter being much more 

stringent than was the case in the early 1980s). This has led to limited imports of 

cheap power from Mozambique and South Africa but also to the rejection of big 

and cheap domestic electric power projects. 

Finally, what can be said about the future for the power sector i n Zimbabwe? I t 

seems unlikely that ZESA will be able to finance all necessary electric power 

projects internally (something which the World Bank demands). For this reason 

the private sector wi l l probably increase its influence on the Zimbabwean power 
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sector. The likely involvement of private funding in Hwange I I I and in the 

Sengwa project (if implemented) shows that this development is well on the way. 

Since 1990 we have also seen a trend of increasing interest rates in Zimbabwe 

and consequently the discount rates used for evaluating electric power projects 

have been raised (from 5% in 1990 to 12.5% in 1995). In general this means that 

coal-fired power projects gain i n competitiveness compared to hydropower 

developments (due to lower capital costs). The trend towards higher discount 

rates wi l l also be strengthened i f the sector is partly privatized further increasing 

the attractiveness of coal-fired solutions. 

As was mentioned in section 2.3, ESMAP (1992) has already introduced the idea 

of building gas-fired power stations in Zimbabwe. High discount rates also favor 

gas-fired power, with its low capital intensity. Hence, i f domestic reserves are 

found there are also reasons to believe that gas will make its first appearance on 

the power arena. The increased concerns over environmental issues from 

international donors further increase the likelihood that gas wi l l be used in the 

future (World Bank, 1993a). 

The future availability of power imports and its economic attractiveness are hard 

to determine. On the other hand, we have seen that the level of power imports is 

restricted and therefore not primarily determined by the purchasing cost. Hence, 

since there are no signs of the import restriction (25% of total demand) being 

relaxed in the near future we can conclude that the share of power imports out of 

total electricity supply is unlikely to increase. Consequently, we would expect 

thermal power to dominate future Zimbabwean electricity supply investments, be 

i t coal or gas. 
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