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Abstract 

 

 

This dissertation consists of an introductory part and six self-contained papers, all related to 

the issue of power generation choice in the presence of environmental externalities. Paper 1 

provides a critical survey of a large number of electricity externality studies carried out during 

the last decades, and discusses a number of conceptual, policy-related and, in some cases, 

unresolved questions in the economic valuation of electricity externalities. These include: (a) 

the definition of externalities; (b) the choices of scope, relevant parameter input assumptions, 

and methodology; (c) the role of “green” consumer demand in replacing external cost assess-

ments; and (d) the behavioral assumptions and ethical principles underlying external cost 

valuation. Paper 2 focuses on explaining the variability of results among the external cost 

studies carried out so far by providing an econometric analysis of a large sample of externality 

studies. Most importantly, the paper concludes that an important explanation for the reported 

disparities can be attributed to the overall methodological choice employed. Paper 3 explores 

some of the ethical limits of environmental valuation, and analyzes what the implications are 

of these limits for the social choice between different power sources. The main thesis of the 

paper is that the scope of electricity externalities where non-market valuation can be applied 

from an ethical point of view is likely to be narrower than commonly assumed.  

 Papers 4 and 5 use the choice experiment method to estimate how the environmental 

impacts arising from hydroelectric production are perceived and valued by Swedish house-

owning households and non-residential consumers. The basis of the choice exercise is taken 

in the criteria set up by the Swedish Society for Nature Conservation under which existing 

hydropower in Sweden can be labeled as “green” electricity. Data are gathered using mail-out 

surveys to 1000 households and 845 private and public enterprises, respectively. In general 

the results indicate that environmental investments in the hydro sector should, according to 

the respondents, primarily be directed towards lowering the negative impacts on fish life in 

the river affected by the hydroelectric development. Finally, paper 6 examines cost-reducing 

innovations for wind turbine farms in Denmark, Germany, and the United Kingdom. An 

econometric analysis using an expanded version of the two-factor learning curve concept, in 

which investment cost reductions are explained by cumulative capacity and the R&D based 

knowledge stock, is performed. The results show that both these factors have had a significant 

impact on cost reductions in the wind power sector.  
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If you torture the data long enough, Nature will confess. 

Ronald Coase 
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Preface 

 

 

1. Introduction 

Electricity plays an important role in our society. For instance, it comprises a large share of 

world energy demand, and the relative importance of electricity to care for our energy needs 

has been growing. In 1973, electricity accounted for roughly 10 percent of total world 

consumption of energy, but by 1999 the electricity share of world energy demand had grown 

to more than 15 percent (IEA, 2001). This share is expected to grow due to increased demand 

in the future, mostly in the OECD-countries (IEA, 2000). Also in the developing countries the 

need for electric power capacity growth is large. 

 The increase in electricity demand in relative as well as in absolute terms creates new 

and interesting challenges for regulators and policy makers with respect to the future 

electricity production mix. This challenge may, as Schelling (1997, p. 123) puts it, be divided 

into two parts: 

 

“One has to distinguish two altogether different regulatory (and deregulatory) concepts. 

One is regulation, and corresponding deregulation, to make markets work better – more 

efficiently more equitably, more in the public welfare. The other is to curtail and 

constrain those activities that entail adverse side effects – ‘externalities’ in the 

economists’ jargon.” 

 

The general focus in this thesis is essentially on both of these issues. Specifically, it 

deals with the general question of how power generation choice is affected by the existence of 

a certain type of market failure, namely environmental externalities, and how electricity 

markets can be made more efficient by “internalizing” these impacts. If the adverse 

environmental impacts of power production are considered, the question of deciding upon the 

future electricity production mix is not only about choosing the least costly alternative from a 

private perspective; regulators and decision-makers must instead consider the full social costs 

of each power production alternative. Thus, optimally the decisions should be based on both 

the private (internal) costs and the external costs incurred by the different power sources. 

However, since externalities are by definition external to markets, in order for it to possible 
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for policy makers to take the full social costs into consideration the externalities need to be 

appraised, which according to the welfare economics literature usually entails some form of 

economic (non-market) valuation. 

 The specific topics covered in the thesis can be sub-divided into three interrelated parts 

covered in six papers. Part one (papers 1 through 3) critically addresses the previous attempts 

at valuing electricity related externalities during the 1980s and 1990s. Among these studies 

paper 1 serves as a background paper. It introduces the theoretical framework used in external 

cost studies, and discusses some of the questions raised in previous externality appraisals, as 

well as identifies those that deserve the most attention in future research efforts. Papers 2 and 

3, each focuses on one of the issues raised in paper 1. Paper 2 utilizes econometric meta-

analysis to analyze the underlying reasons to the disparity of results among externality 

studies, while paper 3 discusses some of the ethical aspects that may arise when applying non-

market valuation to assess and put a monetary value on electricity externalities.  

 Part two of the dissertation takes a slightly different stance and looks at how the 

environmental impacts from one specific power source (hydropower) are perceived by 

electricity consumers in Sweden (papers 4 and 5). Using so-called choice experiments, as of 

yet only used very sparsely in previous research to value environmental impacts in the power 

sector, these two studies examine a market-based solution to the problem of increasing the 

capacity of environmental-friendly electricity production. The basis for these studies is taken 

in the criteria set up by the Swedish Foundation for Nature Conservation for so-called “green” 

electricity.  

 In part three (paper 6), the focus is on understanding how and if public support in the 

form of research and development to the wind energy sector has led to cost reducing 

innovations. Thus, in contrast to many past studies this study analyzes the role of positive 

externalities in the form of research and development and technological development, in 

promoting environmentally benign power sources. This study thus extends on the more static 

analyses that dominate previous economic research in the environment and energy field.  

 The six papers included in the thesis are briefly summarized in section 2, while section 

3 provides some general conclusions with respect to the overall research theme.  
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2. Summary of Papers 

Paper 1: The Valuation of Electricity Externalities: A Critical Survey of Past Research 

 Efforts  

The main purpose of paper 1 is to critically survey a large number of electricity externality 

studies carried out during the 1980s and 1990s, and to discuss a number of conceptual, policy-

related and, in some cases, unresolved questions in the economic valuation of electricity 

externalities. These include: (a) the definition of externalities; (b) the choices of scope, 

relevant parameter input assumptions, and methodology; (c) the role of “green” consumer 

demand in replacing external cost assessments; and (d) the behavioral assumptions underlying 

external cost valuation.  

 The analysis of these issues gave an increased understanding into the reasons for the 

wide disparity in external cost estimates reported in previous studies. The paper also 

concludes that in cases where the results of electricity externality studies are utilized as a basis 

for policy purposes, a conflict between the economic efficiency criterion, its theoretical 

foundations and other – not necessarily less legitimate – goals of policy may exist.  

Paper 2:  What Causes the Disparity of Electricity Externality Estimates? 

In paper 2 the focus is on the disparity of reported external cost estimates among the 

externality appraisals carried out during the 1980s and 1990s. These estimates differ 

considerably, across both studies and fuels. The purpose of the paper is to explain the 

variability of results by providing an econometric meta-analysis of the disparity of results 

among a large sample of electricity externality studies.  

 The econometric analysis shows that parts of the disparity can be attributed to 

methodological differences; the abatement cost and top-down damage cost approaches tend to 

produce higher external cost estimates, ceteris paribus, than does the bottom-up damage cost 

approach. There are also systematical differences in magnitudes among fuels; as expected 

some of the fuels (i.e., coal and oil) have more adverse impacts than do the renewables (i.e., 

hydro, wind and solar). Furthermore, the studies that have addressed the full fuel cycle tend to 

produce higher externality estimates. However, the analysis carried out here is not sufficient 

to explain all of the variability in externality estimates. Thus, overall the results suggest that 

the possibility of making general policy decisions based on the studies carried out so far may 

be limited, implying that existing externality studies may have to be improved in order to 

become useful for policy makers. 
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Paper 3:  Pricing Power Generation Externalities: Ethical Limits and Implications for Social 

 Choice 

The purposes of paper 3 are to explore some of the ethical limits of environmental valuation, 

and to discuss the implications of these limits for the social choice between different power 

sources. Environmental valuation based on the welfare economics discipline is essentially a 

tool for aggregation of exogenous private preferences, and not for public discussion. For this 

reason the scope of electricity externalities where environmental valuation can be applied 

from an ethical point of view is likely to be narrower than commonly assumed.  

 After analyzing the scope, methodology and the results of the so-called ExternE project, 

the paper concludes that many power generation externalities are either inherently “new” or 

inherently “complex”. In these cases the initial challenge lies not in “discovering” private 

preferences, but in specifying the conditions for public discourse over common ways of 

understanding what the pertinent issues are about. This implies that research on the 

environmental externalities of power generation must, in addition to refining the theory and 

the applications of existing non-market valuation techniques, also address the instruments and 

content of political and moral debate. 

Paper 4: Quantifying Household Preferences over the Environmental Impacts of Hydropower 

 in Sweden: A Choice Experiment Approach 

The primary purpose of paper 4 is to estimate how different environmental impacts arising 

from hydroelectric production are perceived and valued by Swedish house-owning 

households. The basis of the choice-exercise is taken in the criteria set up by the Swedish 

Society for Nature Conservation (SNF) under which existing hydropower in Sweden can be 

labeled as “green” electricity. Data was gathered using a mail-out survey to 1000 randomly 

chosen households in Sweden.  

 The results of the pooled econometric analysis on a sample of 397 individuals show that 

environmental mitigation measures in the hydropower sector should primarily be directed 

towards lowering the impacts from erosion and on vegetation, as well as on improving the 

situation for fish life affected by hydroelectric development. These mitigation measures must 

however be taken at a low cost. The analysis also implies that some of the respondents favor 

other green power sources than hydropower (i.e., wind, solar etc.), and that government 

provision of “green” power for some is a preferred solution to the problem of increasing the 

share of “green” generation capacity in Sweden. The analysis further indicates that the SNF-
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criteria are only partly supported by the perceptions among the households, which may hinder 

the success of the SNF “green” labeling system in the future 

Paper 5: Quantifying Non-Residential Preferences over the Environmental Impacts of 

 Hydropower in Sweden: A Choice Experiment Approach 

Paper 5 provides a novel attempt at using the choice experiment approach to estimate how 

environmental impacts arising from hydroelectric production are perceived by non-residential 

electricity consumers in Sweden. The basis of the choice-exercise is taken in the criteria set 

up by the Swedish Society for Nature Conservation (SNF) under which existing hydropower 

in Sweden can be labeled as “green” electricity. Data was gathered using a mail-out survey to 

845 randomly chosen private and public enterprises in Sweden.  

 The results of the pooled econometric analysis on a sample of 243 firms shows that the 

environmental mitigation measures should be directed towards lowering the impacts on fish 

life in the river affected by hydroelectric development. The mitigation measures must 

however be taken at a low cost. In addition, the analysis imply that some of the Swedish firms 

favor a government solution to the problem of increasing the share of “green” generation 

capacity in the power production mix, With respect to firm behavior the analysis shows that 

public sector firms are more likely to opt for a green power alternative, and that green 

concerns within firms increases the possibility that firms will chose to buy “green”. The 

analysis also indicates that the SNF-criteria are only partly supported by the perceptions of the 

non-residential respondents, something which may hinder the success of the SNF “green” 

labeling system in the future. 

Paper 6:  The Impact of R&D on Innovation for Wind Energy in Denmark, Germany and the 

 United Kingdom 

Paper 6 extends the conventional analysis of learning effects by including the effect research 

and development (R&D) support, based on experience with wind energy innovation in three 

European countries, Denmark, Germany, and United Kingdom (UK).  

 First we survey the literature in this field. The literature indicates that in Denmark R&D 

policy has been more successful than in Germany or the UK in promoting innovation of wind 

turbines. Furthermore, previous studies point out that (subsidy-induced) capacity expansions 

have been more effective in the UK and Denmark in promoting cost-reducing innovation than 

in Germany.  
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 The second part of the paper describes the econometric analysis of the impact of R&D 

and capacity expansion on innovation. This is calculated using the two-factor learning curve 

(2FLC) model, in which investment cost reductions are explained by the cumulative capacity 

and the R&D based knowledge stock. Time-series data were collected for the three countries 

and organized as a panel data set. The parameters of the 2FLC model were estimated, 

focusing on the homogeneity and heterogeneity of the parameters across countries. We 

arrived at robust estimations of a learning-by-doing rate of 5.4 percent and a learning-by-

searching rate of 12.6 percent. The analysis, further, underlines the homogeneity of the 

learning parameters, i.e., a given capacity expansion tends to lead to similar cost reductions in 

all three countries. 

3. General Conclusions 

The dissertation deals with the problem of integrating environmental aspects into private and 

public decision making in the power generation sector. Overall the thesis covers issues related 

to environmental externalities that often have been disregarded in previous research efforts. 

For instance, the analysis of the behavioral assumptions and the ethical principles underlying 

externality appraisals, and their relevance for the choice between different power sources, 

implies that research focusing on the environmental externalities of power production must, in 

addition to refining the theory and the applications of existing environmental valuation 

techniques, also address the instruments and content of political and moral debate. In addition, 

the choice experiment applications employed in this thesis show that such methods can 

provide important implications for electricity producers who wish to market their power 

generation portfolio as “green”, as well as for policy makers who attempt at promoting 

environmentally benign power sources. Of course, the papers provided here have not provided 

any full-fledged answers to the questions raised, and this should open the field for future 

research in this important field.  
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1. Introduction 

Electric power production plays a vital role in modern societies, but it also gives rise to 

negative impacts on the environment such as the pollution of water and soil. A large number 

of regulations and economic incentives exist worldwide to promote the introduction of more 

environmentally benign power generation technologies. However, when implementing such 

policy efforts two questions normally arise: (a) what technologies should be considered 

environmentally benign; and (b) how does one find a proper balance between the benefits of 

electricity production and the costs of environmental degradation? During the last decades 

policy makers have shown an increased interest in the general recommendations found in the 

economics literature. According to this strand of research the answers to the above questions 

lie in applying economic non-market valuation techniques to the specific environmental (and 

non-environmental) impacts that can be labeled externalities. Formally an externality, i.e., an 

external cost or benefit, is defined as an unpriced and uncompensated side effect of one 

agent’s actions (in our case electric utilities) that directly affects the welfare of another agent 

(Baumol and Oates, 1988). Since these effects are not reflected in market prices, there exists a 

need to assist market processes by assigning them monetary values and in this way integrate 

them into private and public decision-making. 

 In the early 1980s studies that explicitly attempted to assess and value externalities in 

the power sector began to emerge (e.g., Schuman and Cavanagh, 1982). During the 1990s 

there was a surge in the number of externality analyses conducted, in large part due to 

increased attention from policy makers in Europe, with the ExternE-project (EC, 1995; 1999), 

and in the U.S. (e.g., Rowe et al., 1995; ORNL and RfF, 1994-1998). The results and the 

methods of many of these externality studies have been utilized as inputs in important 

modeling work and have served as vehicles in developing additional methodological work in 

the environment and energy field (Krewitt, 2002). For instance, past studies on how different 

environmental regulation schemes affect national energy systems have made use of external 

cost adders.1 Still, so far the results from previous studies have only to a limited extent 

significantly affected actual policy decisions. Some authors argue that this is because 

electricity externality studies may have raised more questions that they have answered, and 

that there exist important limits to their usefulness in deriving policy-oriented 

recommendations (e.g., Stirling, 1997).  

                                                 
1 See, for instance, Bigano et al. (2000) (for Belgium), and Vennemo and Halseth (2001) (for Norway).  
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 The main purpose of this paper is to provide a critical survey of previous electricity 

externality studies, and with this survey as a basis discuss a number of conceptual and still 

unresolved issues in the economic valuation of electricity externalities. A number of 

important issues are identified and discussed but overall we focus especially on two 

interrelated questions: (a) the wide disparity in external damage costs reported in previous 

studies, and the extent to which this represents a problem; and (b) the usefulness of previous 

valuation efforts for policy purposes. One of the main theses of the paper is that in cases 

where the results from electricity externality studies are used for policy purposes, there may 

exist a conflict between the theoretical foundations of externality valuation, the related choice 

of economic efficiency as a policy goal, and the more pragmatic (but not necessarily less 

legitimate) policy goals pursued in practice. Also, the question of whether the wide disparity 

of estimates represents a problem cannot be answered unless the circumstances under which 

the results are to be used for policy purposes are clarified.  

 Previous studies have also critically surveyed past research on electricity externalities. 

See, in particular, OTA (1994), Kühn (1996; 1998), Lee (1997), Ottinger (1997), Stirling 

(1997; 1998), Schleisner (2000), and Krewitt (2002). In contrast to these earlier survey 

studies, which typically focus on the procedure of generating externality estimates, we focus 

on broader theoretical issues and especially on the use of these estimates in policy making. 

Moreover, while earlier surveys focus on a few selected studies we consider the results, 

methods, and scope of about 40 different externality studies. This enables us to draw more 

general conclusions about the usefulness and the limits of the work conducted in this specific 

research field.  

 The paper proceeds as follows. In section 2 the theoretical and practical issues related to 

externality assessment and valuation are briefly introduced. Section 3 presents an overview of 

a large number of previously conducted electricity externality studies. In section 4, we 

identify and analyze in detail six fundamental and policy relevant issues raised by the 

empirical attempts at valuing electricity externalities. The paper ends with a summary of the 

main findings in section 5. 

2. The Valuation of Externalities in Theory and in Practice 

Externalities occur as a result of both consumption and production activities and they are the 

causes of market failures, something that in turn leads to a resource allocation that is non-

optimal from society’s point of view. Hence, theoretically an externality causes a type of 

situation in which the First Theorem of Welfare Economics fails to apply, and markets fail at 
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accomplishing Pareto efficiency.2 Specifically, in the case of a negative externality, there 

exists a difference between the private and the social costs of an activity. The private costs 

facing a producer measure the best alternative uses of resources available as reflected by the 

market prices of the specific resources used by the producer. The social costs of production, 

however, equal private costs plus external costs (Figure 1), and measure the best alternative 

use of resources available to society as a whole. Since there is a lack of market for the 

external impact, a profit-maximizing producer has no incentive to integrate this effect into the 

decision-making process. Thus private costs are lower than the social costs. The difference 

between private and external costs is, however, not “fixed”. If the external costs can be 

“internalized” (i.e., made private), decision-makers will have an incentive to undertake 

actions that help mitigate the negative environmental impacts.  

 

Total Social Cost

Private Costs

Environmental Non-Environmental

External Costs
Regulations

e.g.: Social impactse.g.: Sulfur dioxide
emissions

e.g.: Capital costs

 

Figure 1: Total Costs to Society of a Productive Activity 

Source: IEA (1995). 

 

 In his seminal work Coase (1960) demonstrates that bargaining between the polluter 

and affected agents can, under certain circumstances (such as low transaction costs and full 

information), internalize externalities and achieve an efficient outcome. However, in most 

cases, due to the large number of parties involved, some kind of government intervention is 

called for. One way of correcting the inefficiency of an external cost is the use of so-called 

Pigovian taxes as originally suggested by Pigou (1924). This implies setting a tax equal to the 

value of the marginal external cost (at the optimum level of the activity in question) so that 

the private decision maker is provided with an incentive to economize not only on the 

traditional input factors but also on unpriced goods and services such as those provided by the 

natural environment. However, this solution to the externality problem requires that the tax 
                                                 
2 It should be noted that the market failure requirement ensures that what is under study are externalities that 

directly affect economic efficiency, i.e., technological (rather than pecuniary) externalities (Baumol and Oates, 

1988).  
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authority is able to identify the external cost function. How do we go about assessing the size 

of this function, and hence the value of the damage caused by a negative externality (or the 

benefits incurred by a positive one)? The theoretical bases of such valuation exercises and the 

practical approaches used to empirically elicit these values are discussed below. 

Externality Valuation in Theory 

The theoretical basis of the economic valuation of externalities is outlined in the welfare 

economics literature. This strand of research recognizes that the economic value of a resource 

or service is ultimately a function of individual preferences, and the tool for analyzing welfare 

changes is therefore utility theory. Following Freeman (1993), consider the welfare of 

individual i and assume that her utility (ui) depends on a vector of private consumption 

possibilities (x) and on a vector of environmental and resource flows (q) given to the 

individual (i.e., environmental quality). Hence, individual i’s utility function: 

 

 ( )qx,uu ii = , (1) 

 

shows the various combinations of x and q from which the individual derives utility. 

Furthermore, assume that some of the elements in q have positive prices, represented by the 

vector r. The individual maximizes her utility subject to the budget constraint: 

 

 rqpx +=iM , (2) 

 

where Mi is individual i’s income and p is a vector of prices for x. The first-order condition 

for this maximization problem implies that individual i’s conditional demand function (i.e., 

conditioned upon the imposed q), xi, for marketed goods can be written as: 

 

 ( )qrqp ,M,xx iii −= . (3) 

 

Inserting equation (3) into equation (1) gives the conditional indirect utility function, v, for 

individual i: 

 

 ( )qrqp ,M,vv iii −= . (4) 
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 The use of indirect utility functions enables us to express welfare measures in money 

metric terms (Varian, 1992). Assuming that q consists of only one element q, that x is the 

numeraire and that q is an environmental “good” (i.e., ceteris paribus, individual i would 

choose more of q if given the option), consider a project that causes the environmental quality 

to improve from q0 to q1 (i.e., q1 > q0). The project causes a positive change in individual i’s 

indirect utility (or welfare) so that: 

 

 ( ) ( ) 00011 >−−−=∆ q,rqM,vq,rqM,vv iiiii pp . (5) 

 

Given the presence of the project individual i is thus made better off. However, since utility is 

not directly observable and since environmental “goods” are not part of market transactions 

we need to find alternative ways of assessing the value of this welfare change. Theoretically 

two standard monetary measures of quality based welfare changes are the compensating and 

the equivalent surplus. The first measure, compensating surplus (CS), is given by the solution 

to: 

 

 ( ) ( )1100 q,CSrqM,vq,rqM,v iiii −−=− pp . (6) 

 

CS is in this case equal to the maximum willingness to pay (WTP) for the environmental 

improvement. Second, consider the equivalent surplus (ES) measure, which is given by the 

solution to: 

 

 ( ) ( )1100 q,rqM,vq,ESrqM,v iiii −=+− pp . (7) 

 

Here ES equals the minimum willingness to accept (WTA) compensation for the environ-

mental improvement not occurring. The interpretation of the CS and ES measures is reversed 

in the case of an environmental quality deterioration; CS is then equal to the minimum WTA 

and ES would be the maximum WTP.  

 In empirical studies it is generally the case that WTA measures tend to be substantially 

higher than WTP measures for the same change (e.g., Kahneman et al., 1990). Thus, the 

choice of WTP or WTA as a measure of economic value may significantly affect the size of 

the resulting externality estimate. Even though there exist theoretical reasons for this 

difference (e.g., Hanemann, 1991), WTP is generally being advocated as the most appropriate 
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measure of changes in welfare, primarily since WTA is not constrained by income and 

therefore creates an incentive problem (e.g., Arrow et al., 1993). 

 In sum, the economic valuation of externalities, and thus of many environmental 

impacts, builds on the assumption that people seek to satisfy their preferences, which are 

exogenously determined, complete, continuous, and ethically unchallengeable (subjective). 

The environment is essentially treated as any other private commodity, and people are willing 

to consider tradeoffs in relation to the quantity or quality of environmental “goods”. 

According to the welfare economics literature the appropriate role of policy in the field of 

energy externalities would be to aggregate the monetary estimates of individual preferences 

and weigh them against other (more tangible) economic benefits and costs. Thus, the 

economics of non-market valuation builds on: (a) clear but also relatively restrictive 

behavioral assumptions (i.e., utility maximization); (b) a sense of society as the sum of the 

preferences of its individual members; and (c) a view of the task of public policy involving 

the internalization of external impacts and with utilitarianism as the ethical principle guiding 

social choice.  

Externality Valuation in Practice 

In practice there are two basic methodological approaches used for the valuation of external 

costs in the energy sector: the abatement cost approach and the damage cost approach. 

 The abatement cost approach uses the costs of controlling or mitigating damage or the 

costs of meeting legislated regulations as an implicit value of the damage avoided. The 

rationale behind this approach is that legislatures are assumed to having considered the 

willingness of the public to pay for alleviation of the damage in setting the standard, thus 

providing a revealed preference damage estimate no less reliable than the more direct 

valuation methods (see below). Pearce et al. (1992) stress that one of the serious caveats with 

the approach is that it relies on the rather strong assumption that these same decision makers 

make optimal decisions, i.e., they know the true abatement and damage costs. Figure 2 

illustrates this problem. It displays the marginal abatement cost curve (MAC) and the marginal 

damage cost curve (MDC) resulting from some emissions (E). Thus, increased abatement is 

equivalent to lowered emissions (i.e., damage). Given that the curve MDC shows the true 

disutility of the damage done by the emissions, and if decision makers set a maximum 

standard of emissions at E3, the abatement cost will underestimate the true damage cost, while 

if only emissions up to E1 are permitted the abatement cost will provide an overestimation. 

Only at E2 marginal abatement costs correctly measure marginal damage costs. A necessary 
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condition for social optimality, as Joskow (1992) notes, is that the abatement costs used are 

derived from the pollution control strategy that provides the least cost of control. If not, the 

estimates cannot adequately reflect damage costs.  

 

Figure 2: Marginal Abatement and Damage Costs 

 

 Another limitation of the abatement cost approach, as noted by Bernow and Marron 

(1990), is that society’s preferences change over time as information, analysis, values and 

policies change. Hence, past revealed preferences might bear little relation to actual impacts 

today and their current value to society. For instance, the implicit value of CO2 emissions 

indicated by a revealed preference analysis would in many cases be very low since there still 

exist relatively few regulations targeted towards this problem.3 This built-in “tautology” of the 

approach means that estimates need to be constantly revised as regulations and policies 

change. More importantly perhaps, since policy is (per definition) optimal the analysis 

provides no room for relevant policy implications, and one must therefore question why the 

analysis is needed in the first place.   

 The damage cost approach is aimed at measuring the net economic damage arising 

from negative externalities by focusing more or less directly on explicitly expressed 

preferences. This approach can be subdivided into two main categories: top-down and 

bottom-up. Top-down approaches make use of highly aggregated data to estimate the external 

costs of, say, particular pollutants. Top-down studies are typically carried out at the national 

                                                 
3 One alternative that is often advocated (see, for instance, Ottinger, 1997), is to use control costs for existing 

(but not necessarily required) technologies (e.g., carbon sequestration in the case of CO2 emissions). However, 

these estimates may not bear any relation to peoples’ preferences towards the environment. The relevant policy 

question is whether people value the environment high enough so that the use of these control methods can be 

motivated, and this question cannot be answered by equaling held values with the control costs.  

 

Emissions 

Costs 

MAC 

MDC 
MDC´ 

E1 E3 E2 
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or the regional level, using estimates of total quantities of pollutants and estimates of total 

damage caused by the pollutants. Specifically some estimate of national damage is divided by 

total pollutant depositions to obtain a measure of physical damage per unit of pollutant 

(Figure 3). These physical damages are then attributed to power plants and converted to 

damage costs using available monetary estimates on the damages arising from the pollutants 

under study. The main critique against the top-down approach is that it “generically” cannot 

take into account the site specificity of many types of impacts, nor the different stages of the 

fuel cycle. Another argument that has been raised against the approach is that it is derivative 

since it depends mostly on previous estimates and approximations (Clarke, 1996).  

 

National damage
estimate

% of damage
attributable to activity

National estimate of
pollutant from activity

Estimated damage/unit of
pollutant from activity

 

Figure 3: The Top-Down Approach 

Source: EC (1995). 

 

 In the bottom-up approach damages from a single source are typically traced, quantified 

and monetized through damage functions/impact pathways (see Figure 4). This method makes 

use of technology-specific data, combined with dispersion models, information on receptors, 

and dose-response functions to calculate the impacts of specific externalities. The bottom-up 

approach has been criticized since applications of the method have unveiled a tendency for 

only a subset of impacts to be included in assessments, focusing on areas where data is readily 

available and where, thus, impact pathways can easily be established. Consequently bottom-

up studies tend, it is argued, to leave out potentially important impacts where data is not 

readily available (Clarke, 1996). Also, Bernow et al. (1993) caution that the bottom-up 

approach relies on models that may not adequately account for complexities in “the real 

world”, especially noting that there may be synergy effects between pollutants and 

environmental stresses, and that there may be problems in establishing the timing of effects 

(i.e., between exposure and impact). The argument is hence that bottom-up approaches may 

not be sufficiently transparent. Still, this is the approach that, due to its focus on explicit 
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estimates of economic welfare (rather than implicit such as in the abatement cost approach), 

appears to be most in line with economic theory. As is evident by the methodological choices 

of recent externality studies it is also the most preferred approach to the empirical assessment 

of externalities in the electricity sector (see section 3). 
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Figure 4: The Impact Pathway (Bottom-Up Approach) 

Source: ORNL and RfF (1994). 

 

 There are several ways to address the problem of placing a monetary value on 

externalities. The first two approaches discussed above (abatement cost and top-down damage 

cost) directly give a monetary estimate of the damage associated with the impact from an 

externality. The third approach, bottom-up damage cost, however, needs to translate the 

identified and physically quantified impacts into monetary terms. Generally it can be said that 

whenever market prices can be used as a basis for valuation, they should be used. However, 

since externalities by definition are external to markets, most impacts from externalities are 

not reflected in existing prices. Consequently, any attempt to monetize an externality using 

bottom-up damage costing need to rely on impact valuation methods. These methods can be 
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sub-divided into direct and indirect methods. Figure 5 illustrates the various methods 

available for monetizing externality impacts.4 
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Figure 5: Overview of Impact Valuation Methods 

 

 Even if no information is available from existing markets, it may be possible to derive 

values using direct methods that simulate a market. These methods are direct in the sense that 

they are based on direct questions about – or are designed to directly elicit – WTP. An 

important advantage of the direct methods is that they can assess total economic values, i.e., 

use as well as non-use values (such as existence values). Well-known direct valuation 

methods include contingent valuation and stated preference (e.g., choice experiment).  

 None of the indirect methods can assess non-use values; they are based on the actual 

(rather than hypothetical) behavior of individuals. Either the external effects show up as 

changes in costs or revenues on observable markets or in markets closely related to the 

resource that is affected by the externality. The damage is thus valued indirectly using a 

relationship between the externality and some good that is traded in a market. Examples of 

indirect valuation methods are hedonic pricing, travel costs, and replacement costs. 

 There are also methods that do not easily fit into the categories discussed above but that 

may nevertheless prove useful. The first of these, so-called benefit transfers, does not involve 

                                                 
4 There exists an extensive literature on different environmental valuation methods, and to review this in detail 

here would be beyond the scope of this paper. For an excellent overview, however, see Garrod and Willis 

(1999).  
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any valuation in itself. Benefit transfers instead make use of the results of previous studies 

that have derived monetary estimates for the externality in question. That is, a study may 

utilize the results from another valuation study and adjust them for use in the present context. 

Economic values may also be assessed through opportunity costs, i.e., the net benefit of an 

environmental service. For example, a hydroelectric development of a river affects the 

recreational possibilities in the river. The opportunity cost of the development is then the 

forgone net benefits of the affected recreational activities in the river.  

 To sum up, it is clear that there exists an abundance of methods and techniques to 

approach the problem of monetizing externalities. These methods may, however, as illustrated 

in Table 1, only be useful under specific circumstances and for specific externalities. As a 

result one single method may not permit all of the impacts to be addressed, and this 

necessitates the use of several methods in the assessment. What complicates things further is 

that the types of externalities that arise from various forms of electricity production also 

differ. Thus, since the types of externalities differ among fuels, different methods may have to 

be utilized in the monetization of impacts for the variety of fuels. This is especially a problem 

if different methods tend to yield different results, thus producing externality estimates that 

are incomparable with those of other methods. If this is the case, it may be hard to draw 

reliable conclusions about the ranking of different fuel sources in terms of external costs.  

 

Table 1: Relevance of Methods to Value Specific Effects 

 Resource 
Degradation 

Pollution Recreation Natural 
Amenity 

Work 
Environment 

Non-use 
Benefits 

Indirect Methods:      
Productivity changes !! !  ! !!  
Income changes  !!   !!  
Avertive expenditure ! !! !! !   
Replacement cost !   !  ! 
Travel cost   !! !!   
Hedonic pricing !! !! ! ! !  
Direct Methods:      
Trade-off game !  ! !  ! 
Contingent valuation !  ! !  !! 
Stated Preference ? ? ? ? ? ? 

 !! = Highly relevant, ! = Relevant, ? = Possibly relevant 

Source: Adapted from Binning et al. (1996).  

3. A Brief Overview of Previous Electricity Externality Studies 

A considerable number of externality studies were carried out during the 1980s and 1990s. 

The focus in this survey is on studies, whose aim has been to assess the total external costs 

(and in some cases benefits) per kWh of different electric power technologies. Some studies 

were therefore deemed to be irrelevant for the present purpose since they only covered one 
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specific impact, e.g., Fankhauser (1993) that only assesses global warming impacts, and some 

were identified but could simply not be obtained (e.g., BPA, 1986). Table 2 provides an 

overview of about 40 externality studies covered in the analysis.5 An inspection of the 

different externality assessments laid out in Table 2 reveals several conceptual issues of 

importance, out of which five will be stressed here. 

 First, most of the fuel sources available for power generation have been addressed in 

previous valuation efforts, including coal, oil, natural gas, nuclear, hydro, wind, solar, 

biomass, and in a few cases lignite, waste incineration, geothermal, peat and orimulsion. 

However, most studies focus on the traditional fuels, such as coal and nuclear. There is thus a 

tendency that many studies focus on existing technologies rather than on the technologies 

generally accepted to play a significant role in the future (i.e., wind, biomass etc.). In many 

cases this is understandable given that empirical data clearly are more available for existing 

(rather than emerging) technologies. Nevertheless, an important goal of externality valuation 

in the power sector has been to “level the playing field” in the selection between traditional 

and new generating technologies, and this would probably require a stronger focus also on 

promising but not yet commercialized technologies.  

 Second, a majority of the studies have been carried out for the developed world (mostly 

for Western Europe and the US). Thus, only in some rare cases the focus has been on 

developing countries where the need for additional power capacity is by far the greatest (e.g., 

IEA, 1998). There are also reasons to believe that externality estimates should differ 

substantially between developing and developed countries. In the developing countries 

incomes are lower, and the environmental effects of power production may be fundamentally 

different. An important example of the latter is the environmental externalities stemming from 

hydropower development. For instance, hydroelectric development in a temperate climate 

may give rise to global warming impacts due to moldering of vegetation left in the reservoir, 

while hydroelectric development in colder climates will not (e.g., Moreira and Poole, 1993). 

This raises serious concerns about transferring values from studies conducted in, say, Western 

Europe, for use in a developing country context.  

                                                 
5 All monetary estimates presented in this article have been converted into US Dollars (1998) using mean 

exchange rates and the US Consumer Price Index. This process has not always been straightforward since the 

base years used in the studies are not always explicitly stated. Whenever this problem arose, the year of 

publication was used as a proxy for conversion and this may have lead to somewhat biased externality estimates. 
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Third, examining the methodologies utilized over time reveals that the bottom-up 

damage cost approach seems to have become the dominant paradigm, while the abatement 

cost and top-down approaches were predominantly used in the 1980s and early 1990s (Figure 

6). An important reason for this development is that the national implementation phase of the 

ExternE project (EC, 1999), relies solely on damage cost bottom-up models, and these studies 

together represent a large share of the total number of projects conducted during the latter part 

of the 1990s. This also indicates, however, that the bottom-up model has been accepted as the 

most appropriate method with which to assess power generation externalities. The ExternE 

project has largely served as a vehicle in the methodological development of externality 

valuation. The scientific quality of the ExternE work as well as the methodologies used has 

been well accepted at the international level, and many followers rely heavily on the numbers 

and the methods presented (Krewitt, 2002). However, this development raises the question of 

whether the choice of methodological approach (between abatement costs and damage costs) 

matters for the results. In section 4 we revert to this question in more detail and suggest that 

this choice very well may matter, and this in turn raises important concerns about the 

reliability of external cost valuation exercises in the power-generating sector.  
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Figure 6: Methodological Choice Over Time 

Source: Sundqvist (2000). 
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Table 2: Overview of Externality Studies 

Study Country Fuel Externality Estimate 
(US cents/kWh 1998) 

Method 

Schuman & Cavanagh (1982) US Coal 
Nuclear 

Solar 
Wind 

0.06-44.07 
0.11-64.45 

0-0.25 
0-0.25 

Abatement cost 

Hohmeyer (1988) Germany Fossil fuels 
Nuclear 
Wind 
Solar 

2.37-6.53 
7.17-14.89 
0.18-0.36 
0.68-1.03 

Damage cost (top-down) 

Chernick & Caverhill (1989) US Coal 
Oil 
Gas 

4.37-7.74 
4.87-7.86 
1.75-2.62 

Abatement cost 

Bernow & Marron (1990); Bernow et al. 
(1991) 

US Coal 
Oil 
Gas 

5.57-12.45 
4.40-12.89 
2.10-7.98 

Abatement cost 

Hall (1990) US Nuclear 2.37-3.37 Abatement cost 
Friedrich & Kallenbach (1991); Friedrich 
& Voss (1993) 

Germany Coal 
Nuclear 
Wind 
Solar 

0.36-0.86 
0.03-0.56 
0.02-0.33 
0.05-1.11 

Damage cost (bottom-up) 

Ottinger et al. (1991) US Coal 
Oil 
Gas 

Nuclear 
Hydro 
Wind 
Solar 

Biomass 
Waste 

3.62-8.86 
3.87-10.36 
1.00-1.62 

3.81 
1.43-1.62 

0-0.12 
0-0.50 
0-0.87 
5.00 

Damage cost (bottom-up) 

Putta (1991) US Coal 1.75 Abatement cost 
Hohmeyer (1992) Germany Fossil fuels 

Nuclear 
Wind 
Solar 

11.12 
7.01-48.86 
0.12-0.24 
0.54-0.76 

Damage cost (top-down) 

Pearce et al. (1992) UK Coal 
Oil 
Gas 

Nuclear 
Hydro 
Wind 
Solar 

2.67-14.43 
13.14 
1.05 
0.81 
0.09 
0.09 
0.15 

Damage cost (top-down) 

Carlsen et al. (1993) Norway Hydro 2.68-26.26 Abatement cost 
Cifuentes & Lave (1993); Parfomak (1997) US Coal 

Gas 
2.17-20.67 
0.03-0.04 

Abatement cost 

ORNL & RfF (1994-1998) US Coal 
Oil 
Gas 

Nuclear 
Hydro 

0.11-0.48 
0.04-0.32 
0.01-0.03 
0.02-0.12 

0.02 

Damage cost (bottom-up) 

RER (1994) US Oil 
Gas 

0.03-5.81 
0.003-0.48 

Damage cost (bottom-up) 

EC (1995) Germany 
 

Coal 
Oil 

Lignite 

2.39 
3.00 
1.37 

Damage cost (bottom-up) 

-- France Nuclear 0.0003-0.01 Damage cost (bottom-up) 
-- Norway Hydro 0.32 Damage cost (bottom-up) 
-- UK Coal 

Gas 
Wind 

0.98 
0.10 

0.11-0.32 

Damage cost (bottom-up) 

Pearce (1995) UK Coal 
Gas 

Nuclear 

3.02 
0.49 

0.07-0.55 

Damage cost (top-down) 

Rowe et al. (1995) US Coal 
Oil 
Gas 

Nuclear 
Wind 

0.31 
0.73 
0.22 
0.01 

0.001 

Damage cost (bottom-up) 

van Horen (1996) South Africa Coal 
Nuclear 

0.90-5.01 
1.34-4.54 

Damage cost (bottom-up) 

Bhattacharyya (1997) India Coal 1.36 Damage cost (bottom-up) 
Ott (1997) Switzerland Oil 

Gas 
Nuclear 
Hydro 

12.97-20.57 
8.85-13.22 
0.62-1.50 
0.25-1.50 

Damage cost (top-down) 

Faaij et al. (1998) Netherlands Coal 3.98 Damage cost (top-down) 
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Study Country Fuel Externality Estimate 
(US cents/kWh 1998) 

Method 

-- Netherlands Coal 
Biomass 

3.84 
8.10 

Damage cost (bottom-up) 

EC (1999) Austria Gas 
Hydro 

Biomass 

0.88 
0.02 

1.54-7.56 

Damage cost (bottom-up) 

-- Belgium Coal 
Gas 

Nuclear 

3.22-67.72 
0.67-9.73 
0.02-0.79 

Damage cost (bottom-up) 

-- Denmark Gas 
Wind 

Biomass 

0.99-11.19 
0.08-0.51 

2.34-12.55 

Damage cost (bottom-up) 

-- Finland Coal 
Biomass 

Peat 

1.07-18.15 
0.83-2.00 
0.69-1.69 

Damage cost (bottom-up) 

-- France Coal 
Oil 
Gas 

Biomass 
Waste 

9.61-29.45 
11.79-39.93 
2.70-7.68 
0.82-2.51 

22.17-68.73 

Damage cost (bottom-up) 

-- Greece Oil 
Gas 

Hydro 
Wind 

Biomass 
Lignite 

2.07-19.89 
0.57-4.97 

0.71 
0.31-0.80 
0.14-3.43 

3.67-36.54 

Damage cost (bottom-up) 

-- Germany Coal 
Oil 
Gas 

Nuclear 
Wind 
Solar 

Biomass 
Lignite 

2.38-23.67 
5.30-35.16 
0.83-9.55 
0.08-1.45 
0.05-0.31 
0.08-1.69 

3.78-13.19 
2.83-56.57 

Damage cost (bottom-up) 

-- Ireland Coal 
Peat 

6.16-31.90 
4.62-5.32 

Damage cost (bottom-up) 

-- Italy Oil 
Gas 

Hydro 
Waste 

3.24-24.52 
1.21-11.78 

0.47 
-- 

Damage cost (bottom-up) 

-- Netherlands Coal 
Gas 

Nuclear 
Biomass 

1.68-24.48 
0.43-9.65 

1.03 
0.49-2.86 

Damage cost (bottom-up) 

-- Norway Gas 
Hydro 
Wind 

Biomass 

0.26-8.04 
0.32 

0.07-0.35 
0.33 

Damage cost (bottom-up) 

-- Portugal Coal 
Gas 

Hydro 
Biomass 

3.69-30.22 
0.28-8.74 
0.03-0.07 
1.53-8.52 

Damage cost (bottom-up) 

-- Spain Coal 
Gas 

Wind 
Biomass 
Waste 

4.64-32.60 
7.13-9.53 
0.24-0.34 

2.41-22.09 
3.58-26.19 

Damage cost (bottom-up) 

-- Sweden Coal 
Hydro 

Biomass 

0.84-16.93 
7.83-18.54 
0.35-0.60 

Damage cost (bottom-up) 

-- UK Coal 
Oil 
Gas 

Wind 
Biomass 

Orimulsion 

4.06-33.01 
3.22-22.10 
0.73-10.21 
0.17-0.34 
0.72-3.22 

2.94-24.20 

Damage cost (bottom-up) 

Hirschberg & Jakob (1999) Switzerland Coal 
Oil 
Gas 

Nuclear 
Hydro 
Wind 
Solar 

Biomass 

4.54-23.16 
5.13-26.09 
1.17-8.06 
0.29-1.90 

0-1.76 
0.15-0.88 
0.15-2.20 
3.67-8.50 

Damage cost (bottom-up) 

Maddison (1999) UK/Germany Coal 
Oil 
Gas 

Lignite 

0.31/0.71 
0.78 
0.13 
0.73 

Damage cost (bottom-up) 
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 Fourth, as can be seen in Figure 7 the disparity of external cost estimates is 

considerable when compared across different studies (note the use of logarithmic scale). 

Figure 7 is based on the results from 63 externality studies6 and the numbers in “square-

brackets” show the total number of observations for each fuel source. The ranges also 

intertwine making the ranking of various fuels with respect to externality impacts a difficult 

task. Still, some tentative conclusions can be drawn. For instance, the results suggests that 

fossil fuel fired power, in particular coal and oil, gives rise to the highest external costs, while 

some of the renewable energy sources, solar, wind and also hydropower, tend to have the 

lowest.  

 It is, however, also of interest to note that biomass-based electric power appears to incur 

substantially higher external costs than the other renewable energy alternatives.7 This notion, 

if valid, questions some of the recent policy initiatives that attempt at encouraging the use of 

renewable energy per se, i.e., without distinguishing between the different renewables, 

through green certificates and competitive bidding systems.  
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Figure 7: Range of External Cost Estimates 

Sources: Table 2 and Sundqvist (2000). 

                                                 
6 These include those outlined in Table 2 and a number of additional studies that are not presented here in detail 

(see, however, Sundqvist, 2000). Most of the latter observations build on secondary sources in which the details 

(i.e., methodology, scope etc.) of the studies are not reported.  
7 Sundqvist (2002) shows that these tentative conclusions remain after having accounted for methodological 

choice, income, and whether the entire fuel cycle (rather than only the generation stage) has been evaluated.  
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 For a specific fuel source the difference between low and high values is substantial and 

this is also true if one looks at single studies; the ranges reported can often vary from a tiny 

fraction of electricity market prices and the private costs of producing power to a number that 

is way above private cost levels. Looking at, for example, coal and oil the range of results 

produced by recent studies is from 0.004 to roughly 68 US cents per kWh for coal and from 

0.03 to almost 40 US cents per kWh for oil (Table 3). In comparison, the projected lifetime 

generation costs for the cheapest new power plants (coal and natural gas) normally range 

between 2.5 and 7 US cents per kWh depending on country and site (IEA/NEA, 1998). The 

reported discrepancies in results for similar fuels raise some concerns about the validity and 

reliability of the conducted valuation studies. Still, it must be made clear that there is no 

reason to question the general notion that to some extent the numbers should differ due to, for 

instance: (a) the use of different technologies (e.g., implying separate emission factors); (b) 

the characteristics of the specific site under consideration (e.g., population density, income, 

transport distances etc.); and (c) differences in scope (e.g., a fraction of all externalities may 

be included, the entire fuel cycle rather than only the generation stage has been evaluated 

etc.). Overall, however, the question of whether the large ranges in estimates are motivated or 

not, is difficult to determine, especially since there exists no objective truth with which to 

confront the empirical estimates.  

 

Table 3: Descriptive Statistics of Previous Externality Studies 

(US Cents/kWh) Coal Oil Gas Nuclear Hydro Wind Solar Biomass 
Min 0.004 0.03 0.003 0.0003 0 0 0 0 
Max 67.72 39.93 13.22 64.45 26.26 0.88 2.20 22.09 
Difference 16930% 1331% 441% 214833% -- -- -- -- 
Mean 14.01 12.32 4.61 7.12 3.36 0.31 0.84 4.95 
Median 6.38 9.11 2.62 0.81 0.32 0.32 0.76 2.68 
Std. Dev. 15.99 12.45 4.58 16.96 7.59 0.24 0.74 5.57 
N 36 20 31 21 16 18 11 22 

Source: See Table 2. 

 

 Fifth and finally, Table 2 and Figure 7 do not display the different types of externalities 

covered, but a closer examination of this also reveals important disparities among studies. For 

example, Table 4 lists eight studies that have assessed the impacts of hydropower. It is 

apparent that the types and the classification of impacts differ among studies (Sundqvist, 

2000), e.g., some of the hydropower studies have left out the “typical” recreational impacts.  
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Table 4: Impacts Monetized in Eight Hydropower Studies 

Study Impacts  Study Impacts  
Ottinger et al. (1991) Forest 

Wildlife 
Recreation 
Fur trapping 

Martins et al. in EC 
(1999) 

Health 
Agriculture 
Crops 

Pearce et al. (1992) Health 
Global warming 

Nilsson & Gullberg in 
EC (1999) 

Ecological 
Social 

Carlsen et al. (1993) Regional economic 
Nature conservation 
Forest 
Recreation 
Fish 
Reindeer herding 
 

Diakoulaki et al. in EC 
(1999) 

Health 
Forest 
Agriculture 
Noise 
Water 
Biodiversity 
Employment 

EC (1995) Health 
Forest 
Agriculture 
Water supply 
Recreation 
Cultural sites 
Ecosystems 
Employment  
Ferry traffic 
Local income 

ORNL & RfF (1994) Recreation 
Employment 

 

There are also important differences among the different studies with respect to the 

number of stages of the entire fuel cycle assessed. For instance, all the hydropower studies 

assess solely the construction and generation stage. For coal, on the other hand, a large part 

focuses on several stages of the fuel cycle (Table 5). This also raises the question of what are 

the relevant scope and the appropriate externality classifications to use in these types of 

studies. Krewitt (2002) concludes in his evaluation of the ExternE project that it has provided 

some partial answers to this question but many important issues remain unsolved. 

 

Table 5: Fuel Cycle Stages Monetized in Eight Coal Studies 

Study Stages  
Schuman & Cavanagh (1982) Generation 
Chernick & Caverhill (1989) Generation 
Ottinger et al. (1991) Generation 
Pearce et al. (1992) Generation 
ORNL & RfF (1994) Extraction 

Transport 
Generation 

EC (1995) Construction 
Mining 
Fuel processing 
Transport 
Generation 
Decommissioning 

Krewitt et al. in EC (1999) Extraction 
Transport 
Generation 

Linares et al. in EC (1999) Construction 
Extraction 
Transport 
Cleaning 
Generation 
Waste disposal 
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To sum up, this section has provided a rough and aggregate overview of previous 

attempts to place a monetary value on the external costs of electricity. In section 4 we take a 

closer look at the studies under review and identify a number of conceptual issues that needs 

to be carefully addressed before the usefulness and the reliability of externality studies can be 

assessed.  

4. Fundamental Questions about the Valuation of Electricity Externalities 

As was noted in the introduction to this paper most of the previous surveys of electricity 

externality studies normally focus on selected technical and methodological issues that need 

to be resolved before the valuation exercises can provide reliable estimates of energy 

externalities. For instance, the appropriate ways of finding reliable estimates of CO2 and 

mortality impacts have been discussed intensively (e.g., Freeman, 1996; Krewitt, 2002). In 

this section, however, a number of more fundamental issues concerning non-market valuation 

of energy externalities are discussed. In particular we discuss the role of externality valuation 

in policy-making, and in particular the issue of whether the specific theoretical foundations of 

economic valuation methods represent a problem when these methods are used in practice.  

What Constitutes an Externality? 

As was noted above, the welfare economics literature provides a relatively straightforward 

definition of the concept of externality (e.g., Baumol and Oates, 1988). However, in practice 

the choice of “relevant” externalities tend to differ between different valuation studies. In 

other words, some studies seem to differ considerably in their definition of what constitutes 

an externality. Two important examples will help to illustrate this point.  

 First, there is some disagreement on whether the consumption of non-renewable natural 

resources, such as fossil fuels and uranium, leads to external costs. Hohmeyer (1988) adds a 

resource depletion charge and an external cost to public investment in R&D in his externality 

study. According to his lower estimate, these two components together account for more than 

80 percent of the external costs of the nuclear fuel cycle. The classification of natural resource 

depletion as an externality is, however, questionable. Hohmeyer (as well as others) rely on the 

concept of “backstop-technology” in the development of external costs for depletion impacts. 

This concept is based on the notion that the price for a given non-renewable resource will 

increase over time as the resource becomes scarcer in line with the so-called Hotelling rule 

(Hotelling, 1931), but only up to the point to where a substitute (backstop) technology 

becomes more attractive (e.g., the use of renewable resources). However, historical data 
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indicate that the real prices for non-renewables have, due to technological developments, 

material substitution and exploration, fallen over time, something which is in direct contrast 

to the path predicted by the Hotelling rule (e.g., Radetzki, 2002). Thus, for most natural 

resources the empirical data suggest decreasing (rather than increasing) scarcity and that the 

backstop technology is not likely to ever become economically viable. Furthermore, in 

discussing the taxation of non-renewable resources as a way of internalizing externalities, 

Mäler (1997) concludes that most tax regimes will only have distorting effects on the use of 

non-renewable resources, and that markets will often do at least as good a job of solving 

resource scarcity problems if left to their own.  

 Second, the inclusion of employment benefits (following a power generation 

investment) as an external benefit also strains the definition of what an externality is. In a 

paper on non-environmental externalities Bohi (1993, p. 14) concludes:  

 

“the existence of a breakdown in the local labor market is required to establish the 

existence of an externality, where for some reason unemployed labor will not migrate to 

other areas to gain employment, and will remain unemployed unless there is an increase 

in local job opportunities.”  

 

Consequently, for employment effects to be considered “external” the local and regional labor 

market must function poorly (i.e., market failures must be present) and workers must be 

immobile. Other authors, however, make a strong case for treating employment impacts as 

external benefits (e.g., ORNL and RfF, 1994). For instance, to the extent that people obtain 

disutility (e.g., less self-confidence) from unemployment as such, this notion is valid. 

However, in such a case the employment benefits should be compared across all fuel sources, 

and not only for renewable energy projects as is often the case.  

 A related question to that of externality definitions is whether one should credit the 

avoided external costs from replacing existing power generation as major benefits of “new” 

investments in, say, wind, solar or biomass (see, for instance, Hohmeyer, 1988). These 

avoided costs do not per se constitute externalities. Including these “avoided” externalities of 

fossil fuels, as Lee (1997) notes, also gives rise to double counting of externalities for these 

fuel sources (i.e., an external cost for fossil fuels and an external benefit for the renewables). 

In addition, some studies include subsidies to the power generation sector as a negative 

externality (e.g., van Horen (1996) in the case of nuclear in South Africa). However, subsidies 

as such do not constitute externalities.  
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 In sum, it must be noted that some studies – of which two have just been mentioned – 

attempt to accomplish something more than a valuation of the externalities per se. If the 

specific aim of a study, such as Hohmeyer’s (1988), is to evaluate the benefits and costs of 

replacing existing power sources with new ones, it will be correct to include the avoided costs 

from replacing existing power sources. Similarly, van Horen’s study (de facto) represents a 

first step towards assessing the total (internal and external) costs of power production (by 

assuming that the existing subsidies to nuclear power are not motivated from an economic 

efficiency point of view). However, both of the above analyses constitute broader research 

undertakings, and they must therefore not be confused with pure externality valuation studies. 

 For economists the existence of externalities motivates regulatory action and the use of 

taxes and subsidies to improve efficiency. However, often lay people and politicians hold the 

view that regulations and other policy measures should be used to promote the “good” and 

discourage the “bad” in a much broader sense. This suggests that economists have to be 

careful in explaining what the results stemming from externality appraisals show and what 

they do not show. The above also raises the more philosophical question of what should be 

the ultimate end of policy: economic efficiency based on individual preferences or other value 

judgments formed in public deliberations (or any mix of these policy principles)? If the latter 

path is chosen, externality valuation may still provide an important input into the policy 

decision process but the notion of some “total” (or “true”) cost of electricity production 

appear less valid. We will revert to this question below.  

What is the Relevant Scope of the Analysis?  

Even though all the external costs and benefits of a given power generation source have been 

identified, there remains the issue of choosing the appropriate level of scope of the valuation 

effort. At least two choices have to be made. Which of the externalities are important enough 

to include in the valuation, and should the study address externalities across the entire fuel 

cycle (including downstream and upstream impacts) or only focus on the generation stage? 

We have seen (in section 3) that the studies conducted in the past have made different choices 

in these respects, and this is likely to explain some of the disparity in the estimates presented. 

For instance, by using a statistical analysis Sundqvist (2002) shows that the expected 

externality estimates of the studies focusing on the entire fuel cycle is higher, ceteris paribus, 

than those presented in generation-only studies. Sundqvist also tested for the impact of 

including or excluding CO2-estimates; the outcome of this exercise indicated that whether 

CO2 was assessed or not significantly affects externality estimates. Results as these beg the 
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question as to what is the relevant scope of an externality investigation. Let us first look at 

how this question has been dealt with in previous studies.  

 As a part of the process of deciding what externalities to include, many of the studies 

reviewed in this paper (e.g., Rowe et al., 1995; ORNL and RfF, 1994-1998; EC, 1995; 1999) 

begin with a comprehensive screening of the relevant economic and scientific literature to 

determine which pathways and end points are likely to be important in the analysis. Thus, 

some of the externalities are de facto assigned a zero value on the basis of their presumed 

insignificance, while others are included in the analysis since the initial screening could not 

rule out the possibility of significant effects. It should be clear that this approach may lead to 

total externality values that are significantly downward biased.8 What is perhaps of more 

importance, however, is those cases where externalities are left out of the analysis because 

there is insufficient scientific information to establish defensible monetary damage values. 

The most important example is global warming and CO2 emissions (e.g., Freeman, 1996). In 

the first phase of the ExternE project it was noted that the environmental damage cost 

estimates for greenhouse gas emissions presented in the literature spanned a range of several 

orders of magnitude (EC, 1995), and the main report concluded that: 

 

“[…] all attempts to value these impacts require important normative judgements, and 

therefore the potential for synthesis or consensus is remote.” 

 

 After additional research efforts within the ExternE project (EC, 1999) these general 

conclusions largely appear to be still valid (Krewitt, 2002). It is, however, generally agreed 

that the external costs of CO2 emissions are substantial and may therefore constitute a large 

share of the total value (Freeman and Rowe, 1995). The environmental economist faces a 

dilemma here; is it better to leave out potentially important external damages from the 

valuation and present biased estimates or should one make use of rough proxy estimates (e.g., 

mitigation costs) so as to provide (or at least approach) some kind of “full cost” estimate? The 

ExternE study (EC, 1999) in the end chose the latter path and recommended the use of 

“minimum”, “central” and “maximum” estimates (see below).  

 This raises a number of important issues, though. The choice of what externalities to 

include in the assessment cannot be done entirely objectively but is largely a matter of 

                                                 
8 Even if the value of each externality is deemed to be low, the total value of a large number of “insignificant” 

values could be substantial. In some studies up to about 100 effects are classified as negligible (Ottinger, 1997).  
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judgment. The judgment that has to be made is essentially whether the externality under 

consideration is “mature” enough to “undergo” economic valuation. This is however not only 

a question of whether the scientific knowledge is more or less established; it also involves the 

issue of whether the public is sufficiently informed and, hence, able to form an opinion of 

their own about the issue at hand. Again, economic valuation is ultimately about measuring 

people’s given preferences towards goods, but if no relevant preference structure for a 

particular good, such as global warming, exists, the valuation effort may become arbitrary. 

We have also noted above that the use of abatement cost estimates (i.e., regulatory revealed 

preferences) provide poor substitutes since such estimates rely on the notion that all relevant 

preferences have already been perfectly integrated into policy decisions.  

This questions ExternE’s choice to present rough estimates of the global warming 

impacts. Moreover, global warming also entails important ethical and justice-related issues 

such as the question of whether human lives lost in developing countries should count less 

than corresponding lives in the developed world,9 or to what extent impacts affecting future 

generations should be discounted or not (e.g., Azar and Sterner, 1996). In such a case, 

therefore, the initial challenge of policy may not lie in “measuring” and aggregating 

individual preferences but in specifying the conditions for public discourse over common 

ways of understanding what the pertinent issues are about (see also below).10  

 The above also suggests that any notion of “full”, “total” or “true” cost of electricity has 

to be understood as at best hypothetical. The fact that externality studies leave out potentially 

important externalities may not be a problem per se. On the contrary, non-market valuation 

builds on specific basic assumptions, primarily about the behavior and preferences of the 

public, and if these are not well articulated it may be better to refrain from monetary 

valuation. These concerns are likely to be particularly valid for “goods” with which people 

have relatively little past experience, and which are “complex” and involve far-reaching and 

unknown consequences (Vatn and Bromley, 1994). Global warming as well as the risk profile 

of nuclear accidents and radioactive waste provide two such examples.  

                                                 
9 This is normally an outcome of the fact that global warming impacts are valued at national or regional prices.  
10 One may of course argue that even if people have less developed preferences towards global warming as such 

they may still be able to express their willingness to pay to avoid the consequences of global warming (which 

may be easier to comprehend than its causes). Still, this notion disregards the fact that people’s preferences 

towards these consequences and their view on the ethical issues involved are likely to be dependent on the 

causes of these same effects.  
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 Finally, the choice of what parts of the fuel cycle to focus on also complicates the 

assessment of the “full” cost of electricity. Where should one draw the appropriate analytical 

boundaries, and thus the limits of the external cost assessment? This choice is perhaps 

somewhat more technical than that about what externalities to include, but it is no less 

important. It is also complicated by the fact that the values of many upstream and downstream 

impacts tend to be highly site-specific and depend, for instance, on the mode of transportation 

and the location of the place where the fuel is extracted (Freeman, 1996). One problem is how 

one is to choose to define the “entire” fuel supply chain. For instance, if we include the 

externalities incurred by transporting fuels from the mine or well to the power station in the 

analysis, should we then not also include the corresponding transport-related externalities 

involved in bringing building materials and workers to the power plant construction site? The 

choice of a relevant level of analysis is not easy, and this also suggests that the notion of any 

“total” or “true” cost of power generation is flawed. Ideally this choice should be guided by 

the need for relevant policy information.  

What are the Relevant Parameter Input Assumptions? 

There are essentially two different categories of parameter input assumptions made in 

electricity externality studies; technical assumptions (e.g., energy efficiency, dose-response 

functions, emission factors), and economic assumptions (i.e., monetary values, discount 

rates). Previous survey work in the field has spent a lot of time on these issues (e.g., Lee, 

1997; Schleisner, 2000). However, while past discussions have normally focused on what are 

the “best” estimates (assumptions) to make, we will focus in more detail on the role of the 

above assumptions in explaining the wide disparity of externality estimates (Figure 7) and for 

providing relevant policy implications.  

 Table 6 shows the assumed emission levels in tons per kWh for some air pollutants in 

some selected externality studies. These differ significantly across studies. The reported 

emission levels, as Lee (1997) also notes, are greater in the earlier studies (late 1980s and 

early 1990s) that also produced higher estimated damages than the studies from the mid 

1990s. One important reason for this is that two of the early studies include global warming. 

The ExternE national implementation studies (EC, 1999) also reports global warming impacts 

and thus present estimates that are generally above the levels of the earlier studies. However, 

the monetary values incurred for the CO2 impacts span over a wide range. On average the 

values range from a low of 0.55 to a high of 12.48 US cents per kWh, with discounted mid-

point estimates of 1.73 (3 percent discount rate) and 4.32 (1 percent discount rate) US cents 
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per kWh, thus significantly affecting the totals (see Kühn (1998) for more on this issue). 

Overall this shows the importance of input assumptions and hence of the input-data used in 

the studies.11 

Another example concerns the assumptions made about the monetary values used to 

value mortality impacts. Many previous studies use the value of a statistical life (VOSL) and 

the assumptions made concerning this value tends to differ. For example, the ExternE core 

study (EC, 1995) uses a VOSL-value of 2.6 million USD for Europe while van Horen (1996) 

relies on a value range of 2.9-5.6 million USD for (the poorer country) South Africa. 

 

Table 6: Assumed Emission Levels for Coal: Power Generation Stage 

Pollutant 
(tons/kWh) 

Hohmeyer 
(1988) 

Ottinger et al. 
(1991) 

Pearce et al. 
(1992)a 

ORNL & RfF 
(1994-1998) b 

EC (1995)c EC (1999)d 

SOx 8.33 9 1.32 & 15.4 1.74 & 0.81 1.21 & 0.88 1.18 & 1.36 
NOx 3.84 3.04 2.98 & 5.84 2.9 & 2.2 2.43 & 0.88 1.70 & 2.22 
CO2 excluded 1050 1200 & 1420 excluded excluded 1015 & 900 
External Cost 
(US cents/kWh) 

2.37-6.53 3.62-8.86 2.67-14.43 0.11-0.48 0.98-2.39 4.64-32.22 

a: estimates for new and old plant  
b: estimates for US South West and US South East  
c: estimates for West Burton (UK) and Lauffen (Germany) 
d: estimates for Spain and France 

 

 In the national implementation part of the ExternE project (EC, 1999) the decision was 

made to introduce an alternative measure on which to base the valuation of mortality impacts 

due to air pollution. This is the so-called Years of Life Lost (YOLL) approach, which 

essentially assigns a WTP to the risk of reducing life expectancy rather than to the risk of 

death (Ibid.). The YOLL-values attributed to the mortality impacts are, as is evident from 

Figure 8, reduced by up to two orders of magnitude as compared to the values based on the 

VOSL-method (see also Kühn, 1998). In addition, the core project (EC, 1995) that relied on 

the VOSL-approach did not include values for chronic mortality impacts due to air pollution, 

something that the national implementation studies do.  

 

                                                 
11 The assumptions about emission intensities are often based on actual observations that in turn are affected by 

existing legislation. However, the “level of legislation” differs considerably among countries. As a result, there is 

a considerable potential for error here; in the countries with strict regulations a considerable part of damages may 

already be internalized, while in countries with more lax regulations only a fraction of the total damages may be 

internalized. Thus, the comparison of studies across countries and hence among varying levels of regulations 

may be rather complex. 
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Figure 8: External Cost Estimates in the ExternE Core and National Implementation Projects: 

Coal (C) and Oil (O) Fuel Cycle 

Sources: EC (1995; 1999). 

 

 Overall, the above implies very different messages to the policy makers about mortality 

impacts depending on method used and the scope of the investigation. Schleisner (2000), who 

compares the ExternE core project (EC, 1995) and the Rowe et al. (1995) study, supports the 

view that the assumptions underlying the valuation of human health and mortality impacts as 

well as dose-response functions are major drivers of external cost estimates. Clearly this also 

provides a major explanation as to why the total externality estimates from different studies 

often differ much (even for the same fuel source).  

So far in this sub-section we have noted that the input assumptions made in externality 

assessments play a significant role in affecting the overall external damage estimates, and thus 

in guiding policy. To some extent this is of course how it should be; different sites and 

different technologies (depending, for instance, on vintage) incur various emission impacts 

and hence damages.12 Still, the large sensitivity in results due to parameter input assumptions 

also create problems for policy makers. First, policy makers often wish to gain some notion 

as to which are the most important external costs (i.e., environmental damages) for each 

                                                 
12 This puts in doubt those studies that rely heavily on so-called benefit transfers, and thus draw heavily on the 

original research of others without making necessary modifications. For instance, in valuing the external 

damages caused by air pollutants from coal generation in South Africa van Horen (1996) employs the dose-

response relationships developed within the New York State Environmental Externality Costing Study (Rowe et 

al., 1995), but is unable to fully adjust the model to South African conditions.  
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power generation source. This enables them to target policy measures, such as subsidies, 

R&D support, and regulations, towards the most important impacts. However, previous 

research efforts have only provided some limited guidance on this particular point. As has 

also been noted by OTA (1994), in many studies a single category of external damages seems 

to dominate the total external cost estimates. For example, in Hohmeyer’s (1988) study and 

the initial ExternE coal study (EC, 1995) human-health related impacts dominate the 

aggregate damage (75 percent and 76-95 percent of the total, respectively), but for van Horen 

(1996) CO2 impacts constitute the majority of estimated damages from the coal fuel cycle 

(80-90 percent). Second, in deregulated electricity markets one of the most important uses of 

external cost estimates are as inputs in the development of environmental taxes and tradable 

permits schemes (Freeman, 1996). For this reason, though, policy makers would need 

relatively “safe bets” about the general impacts involved, but so far previous studies have 

provided only wide ranges of estimates. Again, the impact of global warming is a good 

illustration of this.  

 This discussion raises a fundamental issue in non-market valuation that is rarely touched 

upon in the electricity externality debate. Most environmental economists would agree that 

environmental valuation requires that a relevant “project” has been defined, and that involves 

the choice between two or more relevant alternatives (Brännlund and Kriström, 1998). In the 

case of electricity externalities these “projects” are normally the investments in different 

power plants (few companies or governments undertake investments in entire fuel cycles). 

However, in externality studies these investment projects are often hypothetical, i.e., they do 

not represent an existing (real) situation, and valuation estimates are transferred from other 

studies. The problem with this is that according to the literature on non-market valuation (and 

indeed that on market valuation as well) economic values are context dependent and project-

specific (e.g., Garrod and Willis, 1999). In other words, it may not make much sense to talk 

about a universal WTP for avoiding one ton of SO2 being emitted, even though that is just 

what many policy makers would like to know about as they often prefer more or less 

harmonized standards and taxes across different regions.  

Does the Choice of Methodological Approach Matter? 

As has been noted above, there is no reason to question the fact that external cost estimates 

vary considerably across different studies if there exist rational reasons for this discrepancy. 

One important example, though, where one would be concerned about the reported disparity 

is if the choice of methodology has a significant impact on the results. In section 2 we 
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emphasized that there is a vast number of different valuation methods (Figure 5), but in this 

section we will focus solely on the broader approaches to externality valuation: abatement 

costs, top-down damage costs, and bottom-up damage costs. Let us first consider what lessons 

can be drawn from previous studies about the difference between abatement costs and 

(bottom-up) damage costs  

 Few studies analyze this difference explicitly, but Table 7 presents some empirical 

evidence of externality estimates conducted by the California Energy Commission for various 

air pollutants and districts in California based on both damage and abatement costing (CEC, 

1993). Thus, this study applies the two methods on the same cases making direct comparison 

possible. Even if the estimates vary as a function of district-specific conditions, it is clear that 

(except for PM in some of the districts) the abatement cost method tends to generate 

significantly higher externality estimates than those developed using the damage cost 

approach.  

 

Table 7: Value of Air Emission Reductions in California 

District: 
(USD/Pound) 

South Coast Ventura County Bay Area San Diego San Joaquin 
Valley 

Sacramento 
Valley 

North Coast 

Method: DC AC DC AC DC AC DC AC DC AC DC AC DC AC 

SOx 4.88 13.02 0.99 4.08 2.28 5.85 1.76 2.37 0.99 11.71 0.99 5.39 0.99 1.98 

NOx 9.52 17.4 1.08 10.85 4.83 6.84 3.66 12.03 4.26 5.98 4.01 6.01 0.53 3.96 

CO 0.00 6.12 0.00 I 0.00 1.45 0.00 0.72 0.00 2.10 0.00 3.30 0.00 I 

ROG 4.55 12.43 0.18 13.88 0.07 6.71 0.07 11.51 2.45 5.98 2.72 6.01 0.31 2.31 

PM 31.32 3.75 16.05 1.18 15.78 1.71 9.35 0.66 2.47 3.42 1.44 1.85 0.37 0.59 

  Where: DC: Damage Cost, AC: Abatement Cost, I: Internalized, SOx: Sulfur Oxide, NOx: Nitrogen Oxide, CO: Carbon Monoxide, 
  ROG: Reactive Organic Gases, and PM: Particulate Matter. 

Source: CEC (1993). 

 

Joskow (1992) provides one important explanation for this phenomenon. Abatement 

costs will (theoretically) be representative of damage costs if and only if they are derived from 

the least cost strategy, but normally most studies employ the most commonly used (or 

mandated) abatement technology when assessing pollution abatement costs. For example, in 

deriving the external damages from SO2 emissions in the USA Bernow et al. (1991) make use 

of the costs for installing scrubbing equipment. At the time when this study was conducted 

this indicated a cost per ton of SO2 of about USD 1500-2000, and this estimate corresponded 

fairly well to the projected prices of future SO2 emission allowances in the tradable permit 

system soon to be implemented in the USA. However, the actual prices of SO2 allowances for 

most of the period 1992-1997 varied between USD 100 and USD 200 per ton (Schmalensee et 
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al., 1998), indicating that the compliance costs have been much lower than originally 

expected. As noted by Smith et al. (1998, p. 23): 

 

“[E]stimates in the range of [USD] 1000 per ton or more have always been for the 

marginal costs, i.e., costs associated with the most difficult-to-control sources. That 

narrow focus overlooks the flexibility made possible through emissions trading.” 

 

 In practice, many of the U.S. coal-fired plants chose to rely on low-sulfur coal in their 

production rather than to invest in scrubbers. Technical progress in the abatement technology 

field also contributed to lower sulfur prices. Thus, the failure of previous studies to identify 

the least cost abatement technologies or strategies tends to lead to an exaggeration of the 

damage costs involved. Even more importantly, with technical change and increased 

flexibility the abatement cost approach indicates a decreasing valuation of the environment 

even though, for all practical reasons, the opposite is true.  

 By using the results from over 40 electricity externality studies across eight fuel sources 

Sundqvist (2002) provides some econometric evidence in support of the conclusion that 

methodological choice matters for the results. He reports that the probability of obtaining a 

“low” externality value is, ceteris paribus, generally lower when the abatement cost approach 

or the top-down damage cost approach are used while the opposite is true for the bottom-up 

damage cost approach. The reason why the top-down approach also tends to produce 

relatively high external damage is that there may arise practical problems in attributing the 

“exact” damage to each individual source, which may force researchers to rationalize and use 

standardized rules for the attribution-process. These rules may fail to ascribe the aggregate 

damage to each and every individual source, especially smaller sources, thus producing 

estimates for specific power plants that are positively biased since these plants, normally, are 

easily identifiable as well as significant sources of pollution.  

 The fundamental question raised by these results is whether the three broad approaches 

to externality valuation are at all comparable. So far we have suggested that the differences 

reported may be primarily due to purely practical or technical reasons such as identifying the 

least cost control strategy and/or addressing all relevant end points. If these issues can be 

resolved, thus, the methods would (at least theoretically) generate similar results. In the 

remainder of this paper, however, we suggest that this is not necessarily the case. The reason 

for this has to do with the fact that people tend to have more than one preference ordering, 

something which is in contrast to the standard behavioral assumptions made in the economics 
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literature (e.g., Nyborg, 2000). Before proceeding, however, we approach the question of 

whether establishing a market for “green” electricity can make externality studies redundant 

for policy purposes.  

Can Consumer Demand for Green Electricity Make Externality Valuation Redundant? 

The assessment of environmental externalities in the power sector is motivated by perceived 

market failures, i.e., the socially optimal level of “green” power is arguably higher than the 

level chosen by private investors. However, if consumers are willing to pay a premium for 

“green power” and act accordingly in the electricity market, such “green” preferences would, 

some proponents argue (e.g., US-DOE, 1999; Global Green USA, 2002; SNF, 2002; 

Vattenfall, 2002), induce the industry to approach the optimal level of environmentally benign 

power sources. Ideally externality assessments could become redundant and there would be 

no need for additional regulatory measures to correct for market failures.  

 However, there are several problems with this approach (Brennan, 2001). First, a higher 

demand for “green” power may be interpreted as a change in preferences in favor of “green” 

power sources, but since economists evaluate policy efficiency based on exogenously given 

preferences the very idea of preference change questions the foundations of economic policy 

analysis. In practice, of course, it is difficult to distinguish between activities that change 

people’s preferences and those that change behavior by altering the available information. 

Brennan (2001, p. 7) points out that: 

 

“In the case of green power, the blurry distinction would be between activities that 

increase one’s underlying preference for environmental protection and those that give 

consumers information to act on environmental preferences they already have.” 

 

 Second, even if we would be able to distinguish between changes in behavior due to (a) 

preference change and (b) new information, none of these alternatives tend to support the 

conclusion that “green” demand can replace externality assessments. If consumers increase 

their demand for “green” power due to changing preferences the electricity production will 

still involve a market failure; the increase in “green” power demand simply implies that the 

optimal level of “green power” has increased but there will still exist a difference between the 

optimal and the actual level of “green” power capacity. Thus, the need for standard regulatory 

measures and thus for externality assessments remains. Even the very idea of green 

preferences as policy substitutes creates problem as it begs the question of how one would 
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define the no-policy alternative (i.e., the one corresponding to the free market solution in the 

welfare economics literature). Brennan (2001, pp. 16-17) concludes: 

 

 “The lesson from the above is that adding preference change to the policymakers’ toolkit 

creates a huge range of ambiguities for the economist’s appraisal of policy effectiveness. 

This should not be surprising; to expect otherwise would be to expect that preferences 

could be both policy instrument and policy criterion [see section 2], i.e., both the means 

and the end of policy.”  

 

If demand for “green” power in the past has been suppressed due to information failures we 

are essentially dealing with two types of markets failures: an environmental externality and 

incomplete information. If information becomes (in any sense) complete, principally the 

environmental externality problem would still be there even though the total environmental 

impacts may be less severe. Also in this case “green” power demand would not be able to 

replace externality assessments.  

 Still, “green” electricity demand could make sense from a regulatory point of view if the 

policy goals are defined, not by the economic efficiency criterion outlined above, but instead 

are based on deliberations about the public good in which preferences are formed rather than 

considered as given (or, less favorably, by politicians’ self-interests). However, even though 

one accepts the view that green preferences can serve as a substitute for taxes, regulations 

etc., there would still be a need for environmental valuation exercises. For instance, 

companies who wish to market their electricity as “green” need to understand how people 

perceive and value different aspects of their power generation portfolio. Valuation studies 

would provide important implications in that they indicate the willingness to pay for “green” 

electricity in general, and the extent to which households and/or other customers are willing to 

pay more for certain characteristics of the “green” power sources than for others.13  

Moreover, even though one accepts the notion that “green” preferences can serve as a 

legitimate policy instrument one may doubt whether they are sufficiently developed to make a 

real difference. According to the economics literature public goods, i.e., goods characterized 

by non-rivalry and non-excludability in consumption, are normally underprovided in the 

market place (e.g., Varian, 1992). Since many environmental goods are essentially public in 
                                                 
13 Such studies would imply a greater reliance on choice experiment applications, since they encourage people to 

consider different attributes of a good (e.g., green hydropower) rather than changes in the good as a whole (e.g., 

Hanley et al., 1998). 
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this sense, “green” power markets may not promote enough of the environmental benefits 

embodied in the cleaner power technologies. This conclusion, however, builds on the 

assumption that peoples’ preferences are entirely based upon utility maximizing behavior and 

that they are unlikely to express altruistic concerns. In the next section we discuss the 

possibility that people may have multiple preference orderings (and hence additional ethical 

codes), and the consequences for the social choice between power generation sources.  

Preferences Matter but which Preferences?  

Critics of externality valuation assessments normally stress that the methods used rely on 

overly restrictive assumptions, something which implies that they often produce poor 

descriptions of the environmental values people actually hold as well as of the process of 

preference formation (e.g., Spash, 1997; 2000). Specifically, externality valuations rely on the 

notion that individuals aim at maximizing personal utility and that they possess well 

articulated, ethically unchallengable, and exogenous preferences for any environmental 

goods. However, environmental values often have a broad ethical content, and since ethics are 

a matter for argument environmental valuation should, it is argued, be endogenous to the 

political process and rely on social agreements (e.g., Jacobs, 1997). In other words, the initial 

challenge of environmental policy may not lie in “discovering” private preferences but in 

specifying the conditions for public discourse over what is worth valuing and for what reason.  

 Sagoff (1988) claims that individuals essentially have at least two different preference 

orderings. Their private preferences reflect only their own well-being as consumers of private 

goods, while the public preferences reflect moral values about what persons, as citizens, 

believe is right and just for society as a whole. In their roles as citizens, people may express a 

rights-based (or a deontological) belief system, which denies the principle of utilitarianism 

(and tradeoffs) and instead recognizes the priority of the right over the good (Spash, 1997). 

Such a moral position is likely to be particularly prevalent in the case of environmental goods. 

The environment is often the subject of ethical concern, and it involves many cross-cutting 

dimensions which cannot be causally separated. In this way the “market analogy” and the 

“commodity fiction” of environmental valuation may break down (Vatn, 2000). 

 There exists empirical evidence that people express public, rather than private, 

preferences when considering complex environmental issues and when confronted with WTP 

questions in contingent valuation surveys (e.g., Russell et al., 2001). It is also the case that the 

consumer-citizen distinction provides one explanation to some puzzling phenomena 

frequently observed in CVM studies. For example, as noted above, a large number of studies 
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have found very large discrepancies between WTP and WTA measures for environmental 

goods, the latter often being several times larger than the former. This may be explained by 

the notion that in the WTA case, if the environmental good is morally considerable, then the 

acceptable level of compensation will be extremely high or even undefined.  

Söderholm and Sundqvist (2000a; 2000b) show that the distinction between private and 

public preferences is highly relevant when considering the external costs of power generation. 

Most importantly, many power generation externalities are either “new” (e.g., the risk profiles 

of nuclear power) or “complex” (e.g., ecosystem changes due to hydropower developments). 

In addition, most power generation fuel cycles involve significant impacts on the health and 

deaths of humans. These impacts raise a moral dilemma; to what extent should we treat 

humans as means to an end (utility) or as ends in themselves? Such a question should ideally 

be resolved within the realms of public discourse. The social choice problem with respect to 

many energy and environmental issues is thus, first of all, about advancing common ways of 

understanding what the pertinent issues are about. This implies that environmental research in 

the social science field must increasingly address the instruments and content of political and 

moral debate and not simply the technicalities of established valuation methods. In other 

words, the process may count every bit as much as the outcome (Sagoff, 1998).  

 The above discussion also adds a new perspective to the observed differences in 

reported externality estimates between the abatement cost approach and the damage cost 

approach. The two methods involve different ethical bases. For example, the damage 

estimates developed within the ExternE-project are considered ex ante, i.e., the damages 

themselves determine whether one power source is “better” than another, while the estimates 

derived using the abatement cost approach are ex post, i.e., the price is an outcome of a 

political process and does not play a direct role in the decision. The damages developed in 

“advance” (as in the ExternE-project) may therefore not be directly comparable to “implicit” 

estimates that are based on the cost of abating as revealed by decision makers since they 

reflect different reasoning processes. Policy makers may in their formulation of regulations 

very well rely on other ethical foundations than economic welfare theory.  

5. A Summary of the Main Findings 

This paper has analyzed past research efforts on valuing the externalities arising from power 

generation. In doing this we have raised a set of conceptual and, to some extent, unresolved 

issues, but in general we have focused especially on two interrelated questions: (a) the wide 



 34 

disparity in external costs reported in previous studies, and the extent to which this represents 

a problem; and (b) the usefulness of previous valuation efforts for policy purposes.  

A number of plausible reasons for the reported wide disparity of estimates for specific 

fuels were identified in the paper: e.g., differences in scope, the use of varying technical and 

economic assumptions, and the choice of methodology (i.e., the abatement cost versus the 

damage cost approach). The use of different scopes and input parameter assumptions (and 

thus distinctly different reported external cost estimates) is often justified. For instance, if 

people are unlikely to possess developed preference structures for certain externalities, either 

because they have little past experience or the impact involves far-reaching and unknown 

consequences, it may be better to refrain from monetary valuation. Moreover, since different 

sites and different technologies incur various damages (even for the same fuel) the use of 

different parameter assumptions regarding, say, emissions intensities and economic values is 

motivated. Economic valuations are, and should be, context dependent and project-specific. 

This suggests that any notion of some “total” cost of power generation appear invalid.  

However, the above may create problems for the use of externality estimates for policy 

purposes. People in general and indeed policy makers often “have the expectation that 

external costs are as simple to understand as price tags in a store,” (Krewitt, 2002, p. 847), but 

in practice the empirical estimates of external costs have provided few general guidelines on 

how to allocate public funds (i.e., subsidies, R&D support) between different power sources. 

In addition, due to the context dependent and site-specific characteristics of economic 

valuation estimates it may be impossible (or at least very impractical) to implement uniform 

taxes based on external cost estimates. Nevertheless, this does not imply that the valuation 

efforts have been in vain. Previous studies have taught us a lot about the environmental 

impacts of power generation (in particular health effects), and even if much of this knowledge 

cannot be transferred directly into a tax or a regulation it should be able to impact upon the 

focus of the political debate and ultimately on policy decisions.  

Finally, the usefulness of previous economic valuation efforts for policy purposes is 

also complicated by the facts that according to the welfare economics literature, valuation 

builds on: (a) relatively restrictive behavioral assumptions: and (b) the idea that the ethical 

principle guiding social choice is economic efficiency. However, if these assumptions are 

relaxed it may have profound consequences for the use of externality studies. Since people are 

likely to express public rather than private (i.e., utility maximizing) preferences towards some 

externalities, the social choice between different power sources must increasingly be made 

within the realms of public discourse where additional ethical principles may play a role. This 
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also implies that there may exist a fundamental ethical difference between the abatement cost 

approach, in which externality estimates are revealed from the results of the political decision 

process, and the damage cost approach in which the same estimates are drawn directly from 

people’s expressed preferences (as indicated in, for instance, contingent valuation studies). In 

addition, the view that economic efficiency is the ultimate goal of policy is not likely to be 

shared by all lay people and politicians. This means that, in contrast to many economists, they 

are likely to be more indulged to promote: (a) a much broader definition of externalities than 

that available in the literature; and (b) the use of green power markets as a substitute for 

external cost assessment and implementation. Overall, this suggests that in addition to further 

methodological work, there is a need to direct future research efforts also to the apparent 

incompatibility between the intended use of external costs assessment, its theoretical 

foundations and its practical use in shaping policy decisions.  
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Abstract 

This article provides an econometric meta-analysis of the disparity of results among a large 

sample of electricity externality studies. Most importantly, the analysis shows that parts of the 

disparity can be attributed to methodological differences; the abatement cost and top-down 

damage cost approaches tend to produce higher external cost estimates, ceteris paribus, than 

does the bottom-up damage cost approach. There are also systematical differences in 

magnitudes among fuels; as expected some of the fuels (i.e., coal and oil) have more adverse 

impacts than do the renewables (i.e., hydro, wind and solar). Furthermore, the studies that 

have addressed the full fuel cycle tend to produce higher externality estimates. However, the 

analysis carried out here is not sufficient to explain all of the variability in externality 

estimates. Thus, overall the results suggest that the possibility of making general policy 

decisions based on the studies carried out so far may be limited, implying that existing 

externality studies may have to be improved in order to become more useful for policy 

makers. 
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1. Introduction 

The production of electric power involves a number of undesirable side effects such as 

pollution of water and soil. These impacts may be local as, for example, the noise pollution 

from a wind power plant or geographically widespread such as the acidification caused by the 

emissions of sulfur dioxide from fossil-fueled power production. In the economics literature 

these types of effects are termed externalities. An externality, i.e., an external cost or benefit, 

is normally defined as an unpriced, unintentional and uncompensated side effect of one 

agent’s actions (in our case the production of electricity) that directly affects the welfare of 

another agent (Baumol and Oates, 1988). During the 1980s and 1990s considerable attention 

from policy makers and researchers has been given to the externalities arising from electricity 

production. Several major research projects have looked into the issue of quantifying and 

valuing the externalities associated with electric power production. Examples include the 

ExternE-project in the European Community (EC, 1995; 1999) and, in the US, the External 

Costs and Benefits of Fuel Cycles study (ORNL and RfF, 1994-1998). The ultimate goal of 

these studies has been to guide policy-making, i.e., to provide a solid basis for new 

regulations and taxes, and to aid decision makers in their future fuel choices. According to the 

welfare economic literature, utilities and regulators should base their choice of new energy 

sources on the full costs and benefits, i.e., on the private as well as on the external costs and 

benefits of resource use.  

 However, the electricity externality studies carried out thus far have produced external 

cost estimates that range from very high to almost insignificant for the various sources of 

electricity. Figure 1 illustrates this phenomenon (note the logarithmic scale), and it is based on 

external cost estimates for different fuels from 63 externality studies conducted during the last 

20 years (the numbers in brackets indicate the number of observations for each fuel). 

Furthermore, the ranges intertwine, i.e., the ranking of fuels with respect to external costs is 

ambiguous. The results may therefore provide a poor guide to policy makers. It should be 

noted that the results reported in Figure 1 may or may not include arguably important impacts 

such as, for example, CO2. However, the estimates included are the total reported in each 

study and the impact on the total of including or excluding CO2-damages is also somewhat 

uncertain. For instance, the ExternE core project (EC, 1995), in their discussion of CO2 

reported damages that ranged from 1.4 US cents per kWh to roughly 700 US cents per kWh, 

decided not to include CO2-damages in their assessment due to the high uncertainties 

associated with calculating these damage estimates (see also below). 
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Figure 1: Range of External Cost Estimates for Different Fuel Sources 

Sources: See Tables 2-4 and Sundqvist (2000). 

 

 The disparity of results among studies is not a problem per se if it, for example, arises 

due to site specificity (i.e., the magnitude of the impacts depends on the specific location of 

the power plant under study) since the externality then is determined solely by directly 

observable differences among existing power plants. However, if the disparity of results arises 

due to some inherent problems with the various methodologies available to researchers and, 

thus, in the application of these, then the inconsistency of results among appraisals becomes a 

problem. The comparison of externality estimates across studies and fuels will then become 

less meaningful. The possible existence of such systematic differences motivates a scrutiny of 

the underlying reasons of the observed differences. The purpose of this article is to provide an 

econometric analysis of the disparity in the results of electricity externality studies. To do this 

we make use of 38 previous externality studies, which together provide us with 132 

observations. Due to problems with the scope of some studies and in obtaining detailed 

information about some of the studies, not all identified electricity externality studies are 

included in the analysis (see discussion in section 2). The statistical analysis is performed 

using so-called ANOTA-analysis, a regression technique in which both the dependent 

variable and independent variables are discrete. 

 Previous research has also critically addressed the studies on electricity externalities 

with respect to the derived externality estimates; see e.g. OTA (1994), Kühn (1996; 1998), 

Lee (1997), Ottinger (1997), Stirling (1997; 1998), and Schleisner (2000). However, none of 
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these reviewers has attempted to provide a comprehensive statistical analysis of the 

differences among a large number of studies. Thus, the present study differs from previous 

research in basically two ways. First, the approach taken here is more general; this study 

analyzes a substantial sample of electricity externality studies and at all fuels and 

methodologies. Hence, in comparison to most earlier studies, which have assessed previous 

electricity externality studies, a more aggregated approach to the assessment of the externality 

studies is taken. This choice, however, involves several crucial trade-offs. For example, a 

more disaggregated, in depth, look at a few selected studies enables the researcher to delve 

more into specific details, such as assumptions made concerning the valuation of human 

health impacts from sulfur dioxide emissions in the combustion of fossil fuels, which 

arguably drive results. With the approach taken here this is not possible. On the other hand, 

the chosen approach enables us to draw a more total picture and more general conclusions as 

well as test for differences among methodologies and fuels. Second, the aggregated approach 

taken here allows us to look at many studies, while earlier assessments have focused on a few 

selected studies. The large number of observations makes it possible to analyze statistically 

the differences among electricity externality studies. Consequently, in comparison to earlier 

assessments, it will here be possible to test for what factors that influences results, holding 

other factors constant.  

 To sum up, accepting that, with this aggregated approach, it will be necessary to rely on 

more coarse measures than previous assessments this article will, using a wide sample of 

electricity externality studies, statistically analyze and identify systematical explanations to 

the disparity of results among the various studies, methodologies, and fuels.  

 The article proceeds as follows. In section 2 the previous externality studies that are 

used in the analysis are described. After that, in section 3, four hypothetical explanations to 

the divergence among studies with respect to results are presented and discussed. Three of 

these are examined quantitatively by using the ANOTA regression technique in section 4. 

Finally, in section 5, the main conclusions are summarized and the implications for regulatory 

decision-making discussed. 

2. Overview of Previous Externality Studies 

Table 1 provides some descriptive statistics for the 38 electricity externality studies (a total of 

132 observations over all fuels and methodologies) discussed below. For various reasons it 

was not possible to include all 63 identified studies in the analysis, this since some studies 

classified fuels in a way that made inclusion impossible (e.g., Hohmeyer’s (1988) grouping 
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together of fossil fuels), and in many other studies the original source could not be located. 

Thus, even if the results of some studies were reported elsewhere it was not possible to 

include the ones that could not be obtained in the analysis since there was no way of knowing 

what method was used, what assumptions that were made etc. Overall, the variability of 

external cost estimates is the highest for fossil fuels and the lowest for the renewable energy 

sources; wind and solar. However, it is hard to draw any general conclusions only by 

examining these numbers. For this to be possible, statistical analysis is needed. 

 

Table 1: Descriptive Statistics of Previous Externality Studies1 

(US Cents/kWh) Coal Oil Gas Nuclear Hydro Wind Solar Biomass 
Min 0.06 0.03 0.003 0.0003 0.02 0 0 0 
Max 72.42 39.93 13.22 64.45 26.26 0.80 1.69 22.09 
Mean 14.87 13.57 5.02 8.63 3.84 0.29 0.69 5.20 
Median 8.30 11.62 3.80 1.03 0.32 0.32 0.63 2.86 
Std. Dev. 16.89 12.51 4.73 18.62 8.40 0.20 0.57 6.11 
N 29 15 24 16 11 14 7 16 

Sources: See Tables 2-4. 

 

 It can be expected that some amount of learning occurs among researchers in the 

appraisal of electricity externalities, i.e., repeated assessments will lead to higher convergence 

in applications as methods are developed and improved, but also to more impacts being 

possible to monetize. The “learning effect” will thus work in two ways; the convergence will 

tend to decrease the variability of externality estimates, while incorporating more and more 

impacts will tend to produce higher total estimates. As discussed below, this phenomenon can 

be observed by looking at, for example, the ExternE studies (EC, 1995; 1999) where the 

assumptions made in the valuation of health impacts and the inclusion of global warming 

impacts in the latter study significantly affect results. 

 The externality studies all have their basis in the fact that an externality will have an 

impact on utility and therefore on the welfare of individuals. Thus, the concept of an 

externality is theoretically founded in the theory of neoclassical welfare economics; 

externalities cause market failures because they lead to a situation that violates the First 

Theorem of Welfare Economics, i.e., private markets will fail to achieve Pareto optimality 

(e.g., Varian, 1992). The valuation of an externality impact is thus ultimately about measuring 

                                                 
1 All monetary estimates presented in this article have been converted into US Dollars (1998) using mean 

exchange rates and the US Consumer Price Index. This process has not always been straightforward since the 

base years used in the studies are not always explicitly stated. Whenever this problem arose, the year of 

publication was used as a proxy for conversion and this may have lead to somewhat biased externality estimates. 
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individuals’ preferences (through willingness to pay or accept measures) for or against change 

(Pearce, 1993). In practice, there are basically two approaches to the assessment of electricity 

externalities: the abatement cost approach and the damage cost approach. Both of these can be 

derived from economic theory. 

 The abatement cost approach uses the costs of controlling or mitigating damage from, 

for example, emissions as an implicit value for the damage avoided (i.e., regulatory revealed 

preference). One of the caveats of this approach is that it relies on the strong assumption that 

decision makers make optimal decisions, i.e., that they know the true abatement and damage 

costs (Pearce et al., 1992). Moreover, as Joskow (1992) notes, abatement cost will only be 

representative of damage cost when it is derived from the pollution control strategy that gives 

the least cost of control. Also, society’s preferences change over time as information, analysis, 

values and policies change (Bernow and Marron, 1990). Hence, past preferences might bear 

little relation to actual impacts today and their current value to society, and this “tautology” 

means that estimates need to be constantly revised as regulations change. The previous 

externality studies that have utilized the abatement cost approach are presented in Table 2. 

 

Table 2: Studies Using the Abatement Cost Approach 

Study Country Fuel External Cost 
(US Cents/kWh) 

Schuman & Cavanagh (1982) US Coal 0.06-44.07 
-- US Nuclear 0.11-64.45 
-- US Solar 0-0.25 
-- US Wind 0-0.25 
Chernick & Caverhill (1989) US Coal 4.37-7.74 
-- US Oil 4.87-7.86 
-- US Gas 1.75-2.62 
Bernow & Marron (1990); Bernow et al. (1991) US Coal 5.57-12.45 
-- US Oil 4.40-12.89 
-- US Gas 2.10-7.98 
Hall (1990) US Nuclear 2.37-3.37 
Putta (1991) US Coal 1.75 
Carlsen et al. (1993) NO Hydro 2.68-26.26 
Cifuentes & Lave (1993); Parfomak (1997) US Coal 2.17-20.67 
-- US Gas 0.03-0.04 

 

 The damage cost approach aims at empirically measuring the actual costs and benefits 

of externalities. It can be subdivided into two main categories: top-down, and bottom-up. Top-

down approaches make use of highly aggregated data to estimate costs of particular 

pollutants, i.e., estimated national damages are divided by total pollutant depositions to 

produce a measure of physical damage per unit of pollutant. These physical damages are then 

attributed to power plants and converted to damage costs using available monetary estimates 

on the damages arising from the pollutants under study. The approach has been criticized for 

not being capable of taking the site specificity of certain types of impacts into account, nor the 
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different stages of the fuel cycle, and also for being derivative, since it depends mostly on 

previous estimates and approximations (Clarke, 1996). The previous externality studies 

relying on top-down damage costing are presented in Table 3. 

 

Table 3: Studies Using the Top-Down Damage Cost Approach 

Study Country Fuel External Cost 
(US Cents/kWh) 

Hohmeyer (1988) DE Nuclear 7.17-14.89 
-- DE Wind 0.18-0.36 
-- DE Solar 0.68-1.03 
Friedrich & Kallenbach (1991); Friedrich & Voss (1993) DE Coal 0.36-0.86 
-- DE Nuclear 0.03-0.56 
-- DE Wind 0.02-0.33 
-- DE Solar 0.05-1.11 
Ottinger et al. (1991) US Coal 3.62-8.86 
-- US Oil 3.87-10.36 
-- US Gas 1.00-1.62 
-- US Nuclear 3.81 
-- US Hydro 1.43-1.62 
-- US Wind 0-0.12 
-- US Solar 0-0.50 
-- US Biomass 0-0.87 
Hohmeyer (1992) DE Nuclear 7.01-48.86 
-- DE Wind 0.12-0.24 
-- DE Solar 0.54-0.76 
Pearce et al. (1992); Pearce & Bann (1993) UK Coal 2.67-14.43 
-- UK Oil 13.14 
-- UK Gas 1.05 
-- UK Nuclear 0.81 
-- UK Hydro 0.09 
-- UK Wind 0.09 
-- UK Solar 0.15 
Pearce (1995) UK Coal 3.02 
-- UK Gas 0.49 
-- UK Nuclear 0.07-0.55 
Ott (1997) CH Oil 12.97-20.57 
-- CH Gas 8.85-13.22 
-- CH Nuclear 0.62-1.50 
-- CH Hydro 0.25-1.50 
Faaij et al. (1998) NL Coal 3.98 

 

 In the bottom-up approach damages from a single source are typically traced and 

quantified through damage functions/impact pathways, and monetized using established 

economic valuation methods (e.g., contingent valuation, travel costs, etc.). The bottom-up 

approach has been criticized since applications of the method have unveiled a tendency for 

only a subset of impacts to be included in assessments, focusing on areas where data is readily 

available and where, thus, impact pathways can easily be established (Clarke, 1996). Bernow 

et al. (1993) caution that bottom-up studies are reliant on models that may not adequately 

account for complexities in “the real world”, i.e., that the method may not be sufficiently 

transparent. Still, this is the approach that is most in line with economic theory and as is 

evident by the methodological choice in recent studies, as for example the European ExternE 
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study (EC, 1995; 1999), it is currently the most preferred approach to the assessment of the 

externalities in the electricity sector. The previous bottom-up studies are presented in Table 4. 

 

Table 4: Studies Using the Bottom-Up Damage Cost Approach 

Study Country Fuel External Cost 
(US Cents/kWh) 

ORNL & RfF (1994-1998) US Coal 0.11-0.48 
-- US Oil 0.04-0.32 
-- US Gas 0.01-0.03 
-- US Nuclear 0.02-0.12 
-- US Hydro 0.02 
-- US Biomass 0.20 
RER (1994) US Oil 0.03-5.81 
-- US Gas 0.003-0.48 
EC (1995) UK/DE Coal 0.98/2.39 
-- DE Oil 3.00 
-- UK Gas 0.10 
-- FR Nuclear 0.0003-0.01 
-- NO Hydro 0.32 
-- UK Wind 0.11-0.32 
Rowe et al. (1995) US Coal 0.31 
-- US Oil 0.73 
-- US Gas 0.22 
-- US Nuclear 0.01 
-- US Wind 0.001 
-- US Biomass 0.35 
van Horen (1996) ZA Coal 0.90-5.01 
-- ZA Nuclear 1.34-4.54 
Bhattacharyya (1997) IN Coal 1.36 
Faaij et al. (1998) NL Coal 3.84 
-- NL Biomass 8.10 
EC (1999) BE, FI, FR, DE, IE, NL, PT, ES, SE, UK Coal 0.84-72.42 
-- FR, DE, GR, IT, UK Oil 2.07-39.93 
-- AT, BE, DK, FR, DE, GR, IT, NL, NO, PT, ES, UK Gas 0.26-11.78 
-- BE, DE, NL Nuclear 0.02-1.45 
-- AT, GR, IT, PT, SE Hydro 0.02-18.54 
-- DK, DE, GR, NO, ES, UK Wind 0.05-0.80 
-- DE Solar 0.05-1.69 
-- AT, DK, FI, FR, DE, GR, NL, NO, PT, ES, SE, UK Biomass 0.14-22.09 
Maddison (1999) UK/DE Coal 0.31/0.71 
-- DE Oil 0.78 
-- UK Gas 0.13 

 

3. Assessing the Disparity of Externality Estimates 

This section, in line with earlier studies, takes an “overall” look at what drives externality 

estimates, this to identify the specific factors that may explain the discrepancy of results. The 

issue is addressed by the examination of the following hypotheses: 

• Site Specificity – the externalities are dependent on the specific location of the power 

plant.  

• Convergent Validity – different methods may tend to produce different results. 

• Scope – the extent to which the studies have covered all relevant externalities and/or have 

dealt with the entire fuel chain or not in their analysis may affect results. 
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• Assumptions – the basic assumptions made in the development of damage estimates in a 

study may affect the size of estimates. 

 

 The disparity of results is, of course, also dependent on genuine differences among 

fuels. For example, the use of fossil fuels in electricity production involves emissions of 

sulfur dioxide (SO2) that have effects on human health, air and water quality etc., while no 

SO2-emissions arises when wind or solar is used to produce electricity. Thus, there exist 

“real” differences among fuels as well as among the impacts the use of these fuels involve. 

However, accepting these differences among individual fuels, it is, due to the apparent 

discrepancy among studies and fuels, in general hard to determine what drives results more 

specifically. The discussion below focuses on each of the hypotheses in turn and investigates 

in what way and to what extent they may be of relevance in the present context. 

Site Specificity 

Site specificity is maybe the most straightforward explanation to the disparity of externality 

estimates. As Lee (1997, p. 13) notes “[o]ther things being equal, plants with higher emissions 

will result in larger externalities and places with a larger down-wind population will likewise 

be subject to larger externalities.” However, accepting that some of the discrepancy of results 

is due to the location of the plant not all of the variability can be due to this specific issue. 

Some of the air pollution that arises from fossil fuel combustion may have (very) widespread 

effects (e.g., global warming impacts from CO2 emissions and the acid rain caused by SO2 

emissions). Also, a relatively large number of the studies focuses on hypothetical power 

plants, i.e., in several of the studies there are no actual sites under study (see, e.g., Bernow et 

al., 1991; EC, 1995). In addition, in some studies (e.g., Hohmeyer, 1988) no sites as such are 

considered, rather the developed estimates reflect national impacts. Thus, for these studies 

site-specificity must by necessity be of minor importance. In addition, most of the studies 

have been carried out in Western countries that have similar characteristics in terms of general 

economic welfare and technology, even if population and geographic characteristics may 

differ.  

 The differences among sites are hard to test for explicitly. Therefore, in the quantitative 

analysis carried out below (section 4), site specificity is tested for using two rough proxies for 

country characteristics, one variable for economic differences (GDP per capita) and one for 

differences in population characteristics (population density).  
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Convergent Validity 

A preliminary comparison of the results among methodologies does not lend any direct 

support to the view that the different methods tend to produce different results. Even if, as 

Figure 2 shows, the total variability is greatest for the bottom-up approach, this is probably 

mostly due to the greater number of applications. The median observations tend to be fairly 

similar over all three approaches. However, this evidence is only tentative, as it does not hold 

constant for other factors that may impact on the cost estimates. In addition, there are a 

number of theoretical arguments as well as other empirical facts, which together support the 

notion that abatement cost approaches result in different estimates than do damage cost 

studies. 
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Figure 2: Range of External Costs for Different Methodologies: Fossil Fuels 

Sources: See Tables 2-4. 

 

 First, Table 5 presents some empirical evidence of externality estimates for various air 

pollutants and districts in California based on both damage and abatement costing 

respectively and conducted by California Energy Commission (CEC, 1993). The study 

applies these two methods on the same cases making direct comparison possible. Even if the 

estimates vary as a function of district specific conditions, Table 5 shows that (except for PM 

in some of the districts) the abatement cost method tends to generate significantly higher 

estimates than those developed using damage costing. Thus, as stressed by Joskow (1992), 

abatement costs may fail to approximate damage costs. 
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Table 5: Value of Air Emission Reductions in California 

District: 
(USD/Pound) 

South Coast Ventura County Bay Area San Diego San Joaquin 
Valley 

Sacramento 
Valley 

North Coast 

Method: DC AC DC AC DC AC DC AC DC AC DC AC DC AC 

SOx 4.88 13.02 0.99 4.08 2.28 5.85 1.76 2.37 0.99 11.71 0.99 5.39 0.99 1.98 

NOx 9.52 17.4 1.08 10.85 4.83 6.84 3.66 12.03 4.26 5.98 4.01 6.01 0.53 3.96 

CO 0.00 6.12 0.00 I 0.00 1.45 0.00 0.72 0.00 2.10 0.00 3.30 0.00 I 

ROG 4.55 12.43 0.18 13.88 0.07 6.71 0.07 11.51 2.45 5.98 2.72 6.01 0.31 2.31 

PM 31.32 3.75 16.05 1.18 15.78 1.71 9.35 0.66 2.47 3.42 1.44 1.85 0.37 0.59 

Where: DC: Damage Cost, AC: Abatement Cost, I: Internalized, SOx: Sulfur Oxide, NOx: Nitrogen Oxide, CO: Carbon Monoxide, ROG: 
Reactive Organic Gases, and PM: Particulate Matter. 

Source: CEC (1993). 

 

 Second, another reason why abatement and damage cost may differ is of a more 

theoretical nature and concerns the circularity of revealed preferences (and abatement costs), 

i.e., the constant need for amending the estimated damages as new regulations are imposed. 

This makes it possible to question whether the approach at all can be considered 

representative for actual power plants, and also to question if (as is implied by the fact that 

regulations already exist) the external costs of a productive activity are already internalized. 

That is, why bother with externality appraisal if politicians’ decisions already are optimal?  

 It is, further, equally important to recognize that the reliance on revealed preference 

may entail a different ethical basis as compared to other approaches. For example, the damage 

estimates developed within the ExternE-project (EC, 1995; 1999) are considered ex ante, i.e., 

the damages themselves determine whether one power source is better than another, while the 

estimates derived using the abatement cost approach are ex post, i.e., the price is an outcome 

of a political process and does not necessarily play a direct role in the decision (see e.g., 

Söderholm and Sundqvist (2000a; 2000b) for more on this issue). The damages developed in 

advance (as in ExternE) may therefore not be directly comparable to implicit estimates, which 

rely on the cost of abating as revealed by decision makers, as those in Carlsen et al. (1993) 

study, since they as Söderholm and Sundqvist (2000b, p. 15) note “reflect different reasoning 

processes.” Thus, while the damage cost approaches have a clear theoretical foundation in 

economic welfare theory and hence in utilitarianism, the economic-theoretical foundation of 

the abatement cost approach can be questioned. Policy makers may in their formulation of 

regulations very well rely on other ethical foundations than economic welfare theory. Hence, 

any discrepancies between the damages estimated by the different approaches may simply be 

attributed to the different ethical bases of the available methodologies and for this reason they 

may not be directly comparable.  
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 The two damage cost approaches differ with respect to their empirical application and 

this may also affect results. While the top-down approach relies on aggregated damages that 

are to be attributed to individual power sources, the bottom-up approach needs to trace 

damages from a single source and value these damages. It is, thus, to be expected that for top-

down there may arise problems in attributing the “exact” damage to each individual source 

and this may force researchers to rationalize and use standardized rules for the attribution-

process. These rules may fail to ascribe the aggregate damage to each and every individual 

source, especially smaller sources, thus producing estimates that are upward biased since 

power plants, normally, are significant sources of pollution.  

 However, in order to determine whether the differences in results between externality 

studies is due to methodological choice, it is necessary to examine the results more carefully 

by applying statistical techniques. The analysis carried out in section 4 tests for differences 

among the three main methodologies. 

Scope 

The omission of certain types of impacts tends to bias results; e.g., for the fossil fuels the 

consideration of CO2 damages seems to be the most crucial issue (see Kühn, 1998). The 

estimates produced in the ExternE core project, which excludes CO2, are substantially lower 

than the ones from the ExternE national implementation project that includes CO2 (see Table 

4 and the discussion below).2  

 Sundqvist (2000) inspects most of the externality studies with respect to whether they 

have addressed the full fuel cycle (i.e., all stages of the fuel cycle). The examination revealed 

no clear tendencies; however on a purely intuitive basis, holding everything else constant, one 

must conclude that if a study derives an estimate for the generation stage only, the 

consideration of additional fuel cycle stages will add to the developed estimate.  

 Another issue concerning thoroughness relates to a concern raised by OTA (1994) and 

Stirling (1998), namely that the studies are inconsistent in their classifications of impacts. 

Hence, what in one study is considered a significant impact for one specific fuel is not 

necessarily even addressed in another study. For example, for the hydro studies the 

“important” recreational impacts are neglected in several studies (e.g., Pearce et al., 1992; EC, 
                                                 
2 A separate model for only fossil fuels and with sole focus on the bottom-up studies, testing for the impact of 

including CO2-estimates was estimated. The results indicated that whether CO2 was assessed or not significantly 

affects results. However, due to the overall scope of this study, in which the CO2 impact is a non-issue for many 

of the fuels, these results are not discussed further here. The results are available from the author on request. 
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1999). For the fossil fuel studies one example is Hohmeyer’s (1988) neglect of acidification 

impacts on water resources.  

 In the statistical analysis in section 4 it is not possible to test for the omission of certain 

types of impacts since the aggregated type of approach taken in this study needs to include all 

of the various fuel sources as well as the different methods. It is, consequently, not feasible to 

classify the studies covered in a way that makes it possible to take this issue (and the 

classification problem) into account. As an example to why this is not possible consider the 

emissions of SO2. The impacts arising from these types of emissions are specific to certain 

sources (i.e., fossil fuels) and not a problem in the generation of electricity using other types 

of fuels (e.g., renewables). Thus, since particular types of emissions do not even occur in the 

use of certain types of fuels it is not practical to include a variable to capture the effects of 

including or omitting certain impacts. Whether the externality appraisals have addressed the 

full fuel cycle, and if this affects the external cost estimates is however tested for in the 

analysis below. 

Assumptions 

Table 6 shows the assumed emission levels for some air pollutants in a few studies. The 

estimated emission levels, as Lee (1997) also notes, are by far greater in the earlier studies 

that also produced higher estimated (total) damages than the studies in the mid 1990s. 

However, the ExternE national implementation studies (EC, 1999) for which global warming 

impacts were included produced estimates that are above the level of the earlier studies. This 

shows the importance of assumptions and hence of the input data used in the studies. 

 
Table 6: Assumed Emission Levels for Coal: Power Generation Stage 

Pollutant 
(tons/kWh) 

Hohmeyer 
(1988) 

Ottinger et al. 
(1991) 

Pearce et al. 
(1992)a 

ORNL & RfF 
(1994-1998) b 

EC (1995)c EC (1999)d 

SOx 8.33 9 1.32 & 15.4 1.74 & 0.81 1.21 & 0.88 1.18 & 1.36 
NOx 3.84 3.04 2.98 & 5.84 2.9 & 2.2 2.43 & 0.88 1.70 & 2.22 
CO2 excluded 1050 1200 & 1420 excluded excluded 1015 & 900 
External Cost 
(US cents/kWh) 

2.37-6.53 3.62-8.86 2.67-14.43 0.11-0.48 0.98-2.39 4.64-32.22 

 a:  estimates for new and old plant  
 b:  estimates for US South West and US South East  
 c: estimates for West Burton (UK) and Lauffen (Germany) 
 d: estimates for Spain and France 
 

 Another example concerns the assumptions about the monetary value of the value of a 

statistical life (VOSL) that differ considerably among studies. For example the ExternE core 

study (EC, 1995) uses a VOSL-value of 2.6 million USD while van Horen (1996) relies on 

values of 2.9-5.6 million USD. Hence, the impacts assessed using the VOSL-approach (e.g., 
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human health impacts) will be dependent on the underlying values used and the assumptions 

in the different studies will determine the outcome. 

 Furthermore, in the national implementation part of the ExternE project (EC, 1999) the 

decision was made to introduce an alternative measure on which to base the valuation of 

public health (mortality) impacts due to air pollution, the Years of Life Lost (YOLL) 

approach, thus basing the valuation of premature deaths on the years of life lost as compared 

with VOSL that gives a value based on the full value of life. The YOLL-value attributed to 

the mortality impacts is, as is evident from Figure 3, reduced by up to 2 orders of magnitude 

as compared with the use of the VOSL-method (Kühn, 1998).  
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Figure 3: External Cost Estimates in the ExternE Core (*) and National Implementation 

Project: Coal (C) and Oil (O) Fuel Cycle 

Sources: EC (1995; 1999). 

 

 In addition, the core project (EC, 1995) that relied on the VOSL-approach did not 

include values for chronic mortality impacts due to air pollution, something that the national 

implementation has included, thus the cost estimates in the later studies are considerably 

higher. Also, comparing across studies, as is done by Schleisner (2000) for the ExternE core 

project (EC, 1995) and the Rowe et al. (1995) study, supports the view that the assumptions 

underlying the valuation of human health impacts (and dose-response functions) are major 

drivers of external cost estimates. 

 The other main factor of external cost estimates for fossil fuels and thus a crucial 

assumption, and difference between the ExternE core (EC, 1995) and national implementation 

project (EC, 1999), is the assessment of global warming impacts. As Figure 3 indicates this 
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issue was left out of the core project and the main difference in magnitude among the studies 

is mostly due to this fact and, as noted above, due to the inclusion of chronic mortality 

impacts. While it was decided in the core project that global warming impacts were too 

uncertain to include in sub-totals, the impacts were, after additional research (reported in EC, 

1999) included in the national implementation. The values used (on average) range from a 

low of 0.55 to a high of 12.48 US cents per kWh, with discounted mid-point estimates of 1.73 

(3 percent discount rate) and 4.32 (1 percent discount rate) US cents per kWh, thus 

significantly affecting the totals (see Kühn (1998) for more on this issue).  

 Moreover, the assumptions made in the various studies are based on observations that 

are affected by existing legislation. However, the “level of legislation” differs considerably 

among countries, e.g., within the ExternE coal study (EC, 1995) the authors note that German 

legislation implicitly requires the use of more effective NOx-reduction technology (selective 

catalytic reduction) as compared to UK regulations (low NOx burners). As a result, there is a 

considerable potential for error here, in the countries with strict regulations a significant part 

of damages may already be internalized, while in countries with less strict regulations only a 

small portion of damages may be internalized. Thus, the comparison of studies among 

countries and hence among varying levels of regulations may be rather complex. 

 The objective of this article makes it very difficult to test if the assumptions made in the 

externality studies affect valuation estimates. For example, the use of certain fuels do not give 

rise to SO2 emissions and, consequently, not all studies need to make any assumptions about 

SO2 emissions. Therefore, since this study covers all fuels, no variable to measure the impact 

of assumptions made is included in the model tested in section 4.  

Other Issues 

There also exist differences in objectives among studies. For example, Hohmeyer’s (1988) 

study looks at the economic consequences of replacing fossil fuels with renewables while 

most studies “only” focus on the external costs and benefits as such. Partly due to this fact, 

the studies also differ with respect to the types of externalities on which they focus. Hence, if 

a study tries to assess the “true” production costs the consideration of all costs (internal as 

well as external) is relevant. In addition, a study that tries to evaluate the effects of replacing 

the existing electricity structure is correct in including the benefits of avoiding the damages of 

the present structure into the calculations (e.g., Hohmeyer, 1988). However, this does not 

mean that all of the avoided damage costs of the present electricity structure are “external.”  
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4. The Econometric Analysis 

This section quantitatively extends the analysis for three of the hypotheses posed above using 

the statistical model ANOTA (Analysis Of Tables).3 

The ANOTA Model 

In the ANOTA model both dependent and independent variables are discrete (categorical) and 

it uses least squares to estimate coefficients (Deuerloo et al., 1987); it thus resembles linear 

regression analysis and explores statistical relationships between categorical variables. One of 

the variables is assigned the role of dependent variable, while the other variables, the 

explanatory variables, are predictors of the dependent variable. The coefficients of the 

explanatory variables measure the effect of the categories of the explanatory variables on the 

categories of the dependent variable as deviations from the average. The estimated 

coefficients can be interpreted as partial regression coefficients, i.e., as the percentage 

probability of getting a value higher or lower than the average. As an example, consider a 

model with a dependent variable that has two categories, A and B, and where 40 percent of 

the observations fall into category A. If the estimated coefficient for the explanatory variable 

x is 10, then the probability of getting a value in category A, given x and holding everything 

else constant, is 50 (40+10) percent. 

 More formally, the ANOTA model originates from the following linear (regression) 

equation (Bethlehem, 1990; Keller et al., 1985): 

 

 ( ) Xby =E , (1) 

 

where y is an n-vector of dependent scores, X an n·p-matrix of predictor scores, b a p-vector 

of regression coefficients, and E(y) the expected value of y. The model can be generalized to 

a multivariate linear model: 

 

 ( ) XBY =E , (2) 

 

where Y is an n·q-matrix, and B a p·q-matrix of regression coefficients. X is assumed to be 

representative of the scores of the m predictor variables. Y is a matrix of scores on a 

                                                 
3 For other applications of ANOTA see, for instance, Deurloo et al. (1987), Dieleman et al. (1989), Lundmark 

(1998), and Carlsson et al. (2000). 
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dependent variable only assuming the values 0 and 1, and each row of E(Y) is a vector of 

probabilities that sum to 1. In order to interpret equation (2), consider the scalar representation 

of an arbitrary element in the k-th column of (2), then: 

 

 ( ) ( )iki

m

i
kmk jbbj,...,j,jp Σ+=

=1
021 , (3) 

 

where bk0 is the constant, i.e., the k-th element in the first row of B, and with bki(ji) equal to 

the k-th element of B in the row corresponding to the ji-th category of the predictor variable 

Xi. Hence, the model says that the cell probabilities are equal to the sum of regression 

coefficients, which depend only on the bivariate indices. Furthermore, in order to estimate B 

consider: 

 

 XX'B'XY' = . (4) 

 

Solving (4) using ordinary least squares (OLS) gives the ANOTA estimator, which formally 

is the (consistent) OLS estimator of equation (2). To sum up, ANOTA is the linear (main 

effects) model for the expected proportions of Y. 

 The choice of the ANOTA model is advantageous in this specific case, in comparison 

with for example OLS analysis.4 First, it permits the use of a discrete dependent variable 

when assessing policy relevance, i.e., the ANOTA technique allows for differentiation 

between “high” and “low” externality values rather than a continuum of values. Second, since 

many of the variables that can be used to explain the variability of externality estimates are 

“by nature” categorical, the use of a discrete model like ANOTA is advantageous. Third, the 

use of ANOTA circumvents the problem of outliers, i.e., any extreme externality estimates, of 

which there are many in the studies covered, will simply be classified and grouped together 

with the other studies without dominating the estimated results. Finally, compared to, for 

example, logit analysis ANOTA is less demanding on individual observed cell frequencies 

and the interpretation of the estimated coefficients is more straightforward (Deurloo et al., 

1987). The main disadvantage of the model is that it assumes that a linear additive model 
                                                 
4 In a pre-study to this paper Larsson (2000) applied OLS to a log-linear model with the “worst-case” external 

cost estimates for coal and oil from 42 externality appraisals as the dependent variable. The results indicate that 

the abatement cost approach and a higher absolute number of externalities assessed, ceteris paribus, tend to give 

rise to higher external cost estimates. The former result is repeated in this paper.  
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adequately represents the data (Dieleman et al., 1989). Still, in our case there are no a priori 

reasons to assume that a non-linear and/or multiplicative model would provide a more 

appropriate specification. 

Model Specification 

The dependent variable is the “worst case” total external cost estimate produced by the 

individual studies, i.e., the estimate that if implemented will have the most impact on policy. 

In order to categorize this variable, all external cost estimates are compared to projected costs 

of new electricity generating capacity as calculated by IEA/NEA (1998). IEA/NEA has 

projected generation costs for different types of new capacity commercially available by the 

years 2005-2010 in 19 countries. The estimated costs range from a low of 2.48 US cents per 

kWh to a high of 5.64 US cents per kWh for coal and between 2.33-7.91 US cents per kWh 

for new gas capacity. The total range for “all” fuels is 2.33-9.42 US cents per kWh. No 

estimate is available in the report for hydro and solar-based power, and only one for oil based 

production. However, based on projections from SNEA (1998) the total production costs for 

these types of new capacity are approximately as high as for the other fuels and on a level 

comparable with the IEA/NEA projections.  

 The mean cost of new capacity has, based on the IEA/NEA projections, been estimated 

at 3.97 US cents per kWh. This mean value for the “internal costs” of new capacity will be 

used to categorize the external costs for the different fuels as either “high” (> 3.97 US cents) 

or “low” (< 3.97 US cents). The categorization is chosen so as to reflect the included studies 

in a reasonable way while still being transparent enough to distinguish between estimates that 

will have a big impact on the costs of power plants (and indirectly on prices) and those that 

will have a low to moderate impact. 

 The first explanatory variable is the methodological approach chosen by the individual 

studies. There are, as we have seen, three basic methods that can be used, the categorization 

with respect to methodology is hence; (i) abatement cost, (ii) top-down damage cost, and (iii) 

bottom-up damage cost. For the bottom-up studies a more transparent categorization that 

reflect the monetization of impacts more in depth would probably be preferable, this since the 

approach relies on different valuation techniques to derive monetary values while the other 

two approaches directly give monetary estimates of the external costs and benefits involved. 

However, such an undertaking would require a much closer focus on the bottom-up studies 

only and this is beyond the scope of this paper. Theoretically, the choice of methodology 

should not matter, since the approaches basically measure the same thing, i.e., damage done. 
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Nonetheless, based on the above discussion about the abatement cost method, there might be 

some justification for assuming that this specific approach might, on average, produce higher 

estimates. Thus, the possibility of getting a low externality value will decrease (negative 

sign), ceteris paribus, if a study utilizes the abatement cost approach. There are also, as 

indicated above, reasons to expect that the top-down approach will tend to produce 

comparatively high damage estimates (negative sign), while the use of the bottom-up damage 

cost approach will increase the possibility of getting a low value.  

 The remaining explanatory variables are included to capture other possible effects that 

may affect the size of the external cost estimate. The first of these, fuel type is included to 

capture any effects that the type of fuel might have on estimated costs (categorization by 

fuel). The variable is thus incorporated into the analysis since it reflects “real” differences in 

externalities among the different fuels. Generally it is expected that the use of the more 

environmentally benign fuels (e.g., wind and solar) as a basis for power production will 

negatively affect estimates (i.e., increasing probability of low estimate), while the use of 

allegedly “bad” fuels (e.g., coal and oil) is expected to affect external cost estimates 

positively. This variable (given that statistical significance can be established) permits us to 

capture what is of relevance for policy makers in the fuel choice issue, i.e., whether some 

fuels from an environmental point of view are, ceteris paribus, better or worse than others. 

 The third explanatory variable pertains to whether the individual studies have addressed 

the full fuel cycle or not, i.e., fuel stages other than generation. This variable is thus included 

to capture the scope of each study. It is expected that, everything else held constant, including 

more of the fuel cycle will tend to positively affect externality estimates. 

 The fourth explanatory variable is income. The measure used for categorization is GDP 

per capita (1996 prices) expressed in current international dollars (PPP adjusted) to make 

comparison possible, as published by the World Bank (1998). The measure is supposed to 

capture how income variations as well as regional variations affect externality estimates. That 

is, to (coarsely) test the hypothesis of site specificity. It is, a priori, expected that the higher 

the income the higher the willingness to pay for avoiding damage. Thus, higher GDP per 

capita should positively affect external costs, in line with the hypothesis of the environment 

being a luxury good. However, there are only two developing countries among the studies, 

India and South Africa. This makes the normal categorization (developed or developing 

countries) non-transparent. There are still plenty of differences among the countries in the 

developed world that would not be captured by this categorization, an example being the US 

with a GDP per capita of 28023 USD and Portugal with a GDP per capita of 13535 USD both 
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qualifying for the developed group. A more transparent categorization does (to the author’s 

knowledge) not exist. After examining the GDP per capita values of the various countries 

included in the analysis it was concluded that the median value (20139 USD) among the 

various countries would be used for categorizing the studies.  

 The final explanatory variable is population density (i.e., people per square kilometer) 

in each of the countries considered, data taken from the World Bank (1998). This variable is 

also included to verify the validity of the site specificity supposition. No obvious way of 

categorizing this variable could be found so the categorization chosen is based on the median 

value (106 people per square kilometer). A high population density is expected to positively 

affect external costs. This since more people will be affected in a densely populated area than 

in a sparsely populated area, which implies a higher total willingness to pay in a densely 

populated area. 

 Some important caveats of the model must be noted before we go on with the analysis. 

The model derived above is not in any way optimal or all-encompassing. As discussed above 

one of the hypotheses (i.e., assumptions) have due to scope reasons been omitted from the 

model, and there may be other important explanatory variables that have been left out of the 

analysis. The results presented below should therefore be interpreted with these limitations in 

mind. Nevertheless, while very preliminary, the results also represent novel statistical 

indications of the causes of variations in electricity valuations. As such they should provide 

an appropriate starting point and open the field for future research efforts. 

Model Results 

The results from the ANOTA analysis are presented in Table 7. The ANOTA-program also 

presents coefficients for the “high”-equation. However, when the dependent variable has two 

categories exactly the same coefficients (with opposite signs) and standard deviations are 

presented; the “high”-equation is therefore omitted here. 

 As the results reveal 59.1 percent of the studies have been categorized as having “low” 

external cost estimates (78 observations). The results further show that several of the 

explanatory variables significantly affect the size of externality estimates in the considered 

studies. First, for the method variables it can be established that the use of the abatement cost 

and top-down approaches decreases the possibility of getting a low external cost estimate (a 

result that is statistically significant at the 1-percent level). Thus, as was suggested above, and 

not in line with economic theory, the analysis shows that on average, the use of abatement and 

top-down costing will produce higher externality estimates. The results also show that the use 
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of the bottom-up approach significantly affects externality estimates. The probability of 

getting a low value is, ceteris paribus, higher when bottom-up approach is used. Hence, 

overall it can be established that the choice of method matters and that this provides one 

explanation to the divergence of externality costing results. 

 

Table 7: Results of the ANOTA Analysis: Low Equation (N=132) 

Dependent Variable:    
External Cost (low): Average 59.1 (78)   
Explanatory Variables: Category: Coefficient: Standard Error: 
Method: AC (15) -43.6** 15.4 
 TD (33) -40.7** 12.4 
 BU (84) 23.8** 6.1 
Fuel type: COAL (29) -20.4* 8.3 
 OIL (15) -33.3** 12.0 
 GAS (24) -12.6 9.1 
 NUCLEAR (16) 10.5 12.0 
 HYDRO (11) 32.0* 14.5 
 WIND (14) 41.0** 12.5 
 SOLAR (7) 48.1* 18.9 
 BIOMASS (16) -2.3 12.0 
Fuel stages: YES (75) -23.5** 7.1 
 NO (57) 30.9** 9.3 
Income: LOW (40) -5.3 6.8 
 HIGH (92) 2.3 3.0 
Population density: LOW (66) -0.8 4.8 
 HIGH (66) 0.8 4.8 

 ** Statistically significant at the 1-percent level 
 * Statistically significant at the 5-percent level 

 

 The interpretation of the coefficients is as follows: the use of the abatement cost (top-

down) approach will lower the probability of getting an externality estimate lower than the 

average by 43.6 (40.7) percentage points, i.e., the probability of getting a low estimate when 

using the abatement cost (top-down) approach is 15.5 (18.4) percent, while given that the 

bottom-up approach is used in a study, the probability of getting a low estimate is 82.9 

(59.1+23.8) percent. 

 The coefficients for the fuel type variables show that there exist important differences 

between fuels, i.e., as expected some of the fuels (coal and oil) have more adverse impacts 

than do the renewables (hydro, wind and solar). For gas, nuclear and biomass no strong 

statistical significance could be established. However, the signs indicate that the probability of 

getting a low external cost estimate decreases when gas and biomass are the fuels under study 

while it increases when nuclear is the assessed fuel. This indicative result is somewhat 

surprising since biomass and gas has been advocated as relatively environmentally benign 

fuel sources throughout the Western World and the use of biomass for power generation is 

often actively promoted through different subsidy schemes. With the ANOTA analysis it is 

thus possible to establish that certain fuels tend to give rise to higher environmental damages 
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(and hence produce higher externality estimates), a result that is of relevance for policy 

makers when they make decisions about future generation capacity. 

 For fuel stages, statistical significance could be established at the 1-percent level. The 

signs are as expected, thus suggesting that assessing other stages in the fuel cycle than 

generation will on average give higher externality estimates and thus lending support to the 

scope hypothesis. Hence, the more all-encompassing the studies are in their approach, the 

higher the estimates. 

 No statistical significance could be established for the two site specificity variables 

income and population density. Furthermore, the signs of the variables are not in line with 

what could be expected. The lack of statistical significance indicates that the site specificity 

argument, which has been put forward as one of the main explanations to the disparity of 

results, may not be valid. Note however that these measures can be considered rather 

“coarse”, i.e., they do not fully account for the variation due to site specificity and also that if 

this study was done on a more disaggregated level the site specificity variables may have been 

of more significance. 

5. Concluding Remarks 

The purpose of this paper was to explain the variability of electricity externality estimates as 

reported in previous studies. This issue was approached by examining existing externality-

costing studies in search of systematical explanations to the variance in results based on 

hypotheses posed. The assessment relied on statistical analysis utilizing the ANOTA model.  

 The analysis shows that there are several reasonable (systematical) explanations to the 

discrepancies among studies. For example, it has been shown that the choice of 

methodological approach tends to affect the estimates, and that there are significant 

differences among fuel externalities. Furthermore, the completeness of approach tends to 

affect the size of estimates. It cannot be shown that the disparity of results arises due to site 

specificity. Consequently, the results indicate that the disparity arises due to methodological 

reasons and due to problems in the application of these methods (especially abatement cost 

and top-down approaches). Thus, the results produced by the previous externality costing 

studies may be problematic to interpret and use in some reasonable way. The results also 

show that the bottom-up approach produces the lowest external cost estimates. Whether this is 

due to some problem in the application of the method or due to the fact that the other 

methodologies produce too high estimates is, however, beyond the scope of this study.  
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 Moreover, the analysis carried out here is not sufficient to explain all of the variability 

in externality estimates. Thus, with respect to policy relevance it must, hence, be concluded 

that it might have to be improved. The possibility of making general policy decisions based 

on the studies carried out so far may be limited. This does not imply that previous externality 

studies have been done in vain or that the results are irrelevant. We simply point to the fact 

that policy makers, who wish to know which fuels to promote from an external cost point of 

view, may find it hard to obtain guidance from this “research program”. This is further 

reflected by the fact that the studies are hard to compare directly, this because they differ with 

respect to scope, methods used, basic assumptions, how existing regulations are dealt with 

etc. 

 However, even if the studies carried out thus far may be of limited relevance to policy 

makers, the fact that they have been carried out means that new methods and approaches to 

the issue of externality appraisal has had to be developed. Consequently, past research efforts 

may have increased the possibilities of deriving more robust externality estimates in the 

future. Thus, future studies that can avoid the problems encountered in the studies carried out 

during the 1980s and 1990s may be of more relevance to policy. For this to come true, 

however, analysts and policy makers must come to some kind of consensus on how to deal 

with the issues just raised above. For example, guidelines must be established for what scope 

externality studies should have, which methodological approach to employ, and how 

researchers should choose the scope of their assessment, etc.  

 In doing this, one has to raise the issue of how far one should go in the search for the 

“true” external cost. Where should one draw the line between political values on the one hand 

and economic valuation techniques on the other? This question cannot be answered by 

pursuing additional externality studies; it has to be resolved within the realms of public 

discourse. It is probably fair to conclude that before this is done externality studies, as those 

covered here, may only provide limited guidance to policy makers. 
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Abstract 

During the last decade a series of valuation studies that attempt at estimating the external 

environmental costs of various power generation sources have been commissioned. By 

relying on valuation methodologies drawn from the welfare economics literature, these all aim 

at assessing the “full cost” of different electric power technologies. The purposes of this paper 

are: (a) to explore some of the ethical limits of environmental valuation; and (b) to analyze 

what the implications are of these limits for the social choice between different power 

sources. Valuation based on welfare economic theory is a tool for aggregation of exogenous 

private preferences, and not for public discussion. For this reason the range of electricity 

externalities where economic valuation should be applied from an ethical point of view is 

likely to be narrower than commonly assumed. After analyzing the scope, methodology and 

the results of the so-called ExternE project, the paper concludes that many power generation 

externalities are either inherently “new” or inherently “complex”. In these cases the initial 

challenge lies not in “discovering” private preferences, but in specifying the conditions for 

public discourse over common ways of understanding what the pertinent issues are about. 

This implies that research on the environmental externalities of power generation must, in 

addition to refining the theory and the applications of existing non-market valuation 

techniques, also address the instruments and content of political and moral debate.  
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1. Introduction 

One of the key elements of energy and environmental policies in the western world is to “get 

prices right” and to ensure that environmental externalities are accounted for in market 

mechanisms. Policy makers and economists have particularly targeted the environmental 

damages arising from power generation.1 A series of valuation studies that attempt at 

estimating the environmental costs of various power-generating technologies have been 

commissioned by governmental authorities such as the European Commission, the U.S. 

Department of Energy, and the U.K. Department of Trade and Industry (European 

Commission, 1995a, 1999; Ottinger et al., 1990; Pearce et al., 1992; Rowe et al., 1995). In his 

review and methodological critique of some of the most important external cost studies 

Andrew Stirling (1998, p. 268) concludes that:  

 

“[…], there is little doubt that neoclassical environmental valuation techniques are the 

approach to environmental appraisal currently preferred by the official bodies responsible 

for the formulation, implementation, and international coordination of environmental 

regulation in the electricity supply sector.” 

 

 In other words, the theoretical support for externality valuation exercises is drawn from 

the neoclassical welfare economics literature. Within this strand of research, there are a 

number of valuation methods in use (e.g., abatement cost, contingent valuation, hedonic 

pricing, etc.), but ultimately they all aim at discovering people’s preferences expressed as 

willingness to pay (WTP) for environmental goods and services (see sections 2 and 3). The 

valuation and internalization of externalities is generally deemed to be necessary for assisting 

market processes and for making efficient social choices.2 The implications for energy policy 

of these external cost assessments are thus essential. For example, in order to improve 

efficiency in the selection of new power generation sources damage estimates can be used to 

                                                 
1 The reasons for focusing especially on the power-generating sector are twofold. First, power generation 

generally provides much more flexibility in terms of fuel choices than is the case for other energy sectors (e.g., 

transport), and the various technologies have significantly different environmental impacts. Second, power plants 

are concentrated in relatively few and thus easily identifiable facilities.  
2 According to the Coase theorem bargaining between the polluter and the affected agent(s) can, under certain 

circumstances (such as low transaction costs), internalize externalities and achieve an efficient market outcome 

(Coase, 1960). However, in most cases, due to the large number of parties involved, such bargaining will be too 

complex and expensive and government intervention is therefore called for. 
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determine “adders” to the private production costs (Eyre, 1997). In addition, external cost 

estimates can be used to evaluate existing pollution taxes and/or tradable permit systems, or 

help in designing new ones. Taxes and subsidies that reflect the external costs or benefits will 

then ensure that profit-maximizing firms select the mix of goods and production technologies 

that best satisfy environmental and economic goals.  

However, a number of researchers in the social science field have begun to question the 

use of non-market valuation techniques as the basis for integrating public input into the 

environmental policy process (e.g., Sagoff, 1988; Spash, 1997). In brief, these methods, it is 

argued, rely on overly restrictive assumptions and ethical principles, implying that they often 

produce poor descriptions of the environmental values people hold and serve as inadequate 

inputs to policy decisions. So far, though, the validity of these concerns in the empirical 

context of power generation externalities is only poorly understood (Stirling, 1997).  

The purposes of this paper are thus to: (a) explore some of the ethical limits of 

environmental valuation methods within the welfare economics paradigm; and (b) discuss 

what the implications of these limits are for the social choice between power-generation 

technologies. The main thesis of the paper is that the scope of electricity externalities where 

environmental valuation can be applied from an ethical point of view is probably narrower 

than commonly assumed. Also, since various power sources give rise to different types of 

externalities – some likely to be less amenable to social cost pricing than others – the choice 

between different technologies becomes more complex than is implied by the welfare 

economics literature.  

 Before proceeding it is important to note that one of the most important ethical 

principles in welfare economics is that “only” human (subjective) preferences should count; 

all values in this case are thus anthropocentric in the sense that they lack existence apart from 

the human valuer. This is also the approach taken in this paper. Thus, the possible existence of 

intrinsic values (e.g., Rolston, 1982), implying that the environment is valuable in its own 

right, is brought up neither in economic theory nor in this paper. Our main argument, 

however, is that in contrast to welfare economics, which assumes a single preference ordering 

for each individual, there are strong reasons to believe that people possess two or more 

preference orderings, using different ones in different instances. This implies that the 

usefulness of economics in making rational choices over limited resources ought to be 

complemented by other forms of social agreements about what should be the important 

criteria in energy and environmental policy.  
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 The paper proceeds as follows. In section 2, we briefly review the methods used to 

assess the external costs of electricity generation and present some of the results obtained in 

previous studies. Section 3 discusses the ethical foundations and the limits of environmental 

valuation techniques as well as alternative philosophical approaches to human preferences and 

social choice. Section 4 analyzes these ethical limitations in the empirical context of the 

power generation externalities examined in the European Commission’s so-called ExternE 

project. Finally, section 5 provides some concluding comments and remarks.  

2. The Valuation of Power Generation Externalities: Methods and Results 

An externality is an unpriced benefit or cost directly bestowed or imposed upon one agent by 

the actions of another agent. Externalities cause market failures in the sense that there will 

exist a difference between the private and the social (private plus external) costs and benefits 

of an action, and the free market’s allocation of resources will, as a result, be non-optimal 

from society's point of view (Varian, 1992). Most electricity externality studies assess the 

negative externalities (external costs), most importantly the environmental damages, for 

selected power generation sources. In these cases the private costs of power production is thus 

deemed to be lower than the social costs, and electricity markets will tend to clear at a price 

level below the marginal social cost. The social choice between different power generation 

technologies will be inefficient and biased towards energy sources with low private 

production costs, but not necessarily low social costs.  

Even though externalities are not reflected in market transactions they do have a direct 

impact on people’s welfare and thus on economic value. The economic valuation of 

externalities, and thus of many environmental impacts, builds on the assumption that people 

seek to satisfy their preferences, i.e., maximize utility or welfare. The change in the level of 

individual welfare resulting from a given environmental change is typically measured as the 

amount of income necessary to maintain a constant level of utility before, and after, the 

change. In this way one can elicit welfare changes in monetary terms through willingness-to-

pay (or willingness-to-accept) measures (see also section 3). Externality valuation is thus 

ultimately concerned with applying different empirical methods to identify these measures. 

There are two broad methodological approaches employed in practice to assess the value of 

electricity externalities: (a) the abatement cost approach and (b) the damage cost approach.  

The abatement cost approach uses the costs of controlling or mitigating damage or the 

costs of meeting legislated regulations as an implicit value of the damage avoided. The 

rationale behind this approach is that legislatures are assumed to having considered the 
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willingness of the public to pay for alleviation of the damage in setting the standard, thus 

providing a revealed preference damage estimate not necessarily less reliable than the more 

explicit valuation methods (see below).  

 The damage cost approach, on the other hand, is aimed at providing an explicit (rather 

than an implicit) measure of the economic damages arising from a negative externality. It can 

be subdivided into two main categories: top-down and bottom-up. Top-down approaches 

make use of highly aggregated data to estimate the external costs of pollution. Specifically, 

some estimate of national damage is divided by total pollutant depositions to obtain a measure 

of physical damage per unit of pollutant. These physical damages are then attributed to power 

plants and converted to damage costs using available monetary estimates on the damages 

arising from the pollutants under study. In the bottom-up approach damages from a single 

source are typically traced, quantified and monetized through damage functions/impact 

pathways. This approach makes use of technology-specific data, combined with dispersion 

models, information on receptors, and dose-response functions to calculate the physical 

impacts of specific externalities. 

There exist then several ways of monetizing these externalities. The first two 

approaches discussed above – abatement cost and top-down damage cost – directly provide a 

monetary estimate of the damages associated with the externalities. However, in the third 

approach – bottom-up damage cost – one needs to translate the identified and physically 

quantified impacts into monetary terms. Generally it can be said that whenever market prices 

can be used as a basis for valuation, they are used. However, since externalities by definition 

are external to markets, impacts from externalities are not reflected in market prices. 

Consequently any attempt to monetize an externality when making use of the bottom-up 

damage cost approach need to rely on non-market valuation methods. These methods can in 

turn be sub-divided into (a) direct methods, and (b) indirect methods.3 

 The direct methods attempt to create a hypothetical market for the environmental good. 

These methods are direct in the sense that they are based on direct questions to households 

about willingness to pay. The direct methods possess the advantage that they can assess total 

economic values, i.e., the use as well as the non-use values (i.e., existence values) associated 

with the good. Well-known techniques sorting under this approach include contingent 

                                                 
3 There exists an extensive literature on different environmental valuation methods, and to review this in detail 

here would be beyond the scope of this paper. For an excellent overview, however, see Garrod and Willis 

(1999).  
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valuation and choice experiment. The indirect methods are based on the actual (rather than the 

hypothetical) behavior of individuals. Either the welfare effects in terms of willingness to pay 

show up as changes in costs or revenues in observable markets, or in markets closely related 

to the resource that is affected by the externality. The damage is thus indirectly valued using 

an existing relation between the externality and some good that is traded in a market. 

Examples of indirect methods are hedonic pricing, travel costs and replacement costs. 

 Increasing attention from policy makers and researchers has, in recent years, been given 

to the assessment of external costs in the electricity sector. Several major studies have 

addressed the issue and examples include the ExternE-project in the Europe (European 

Commission, 1995a) and, in the USA, the New York State Environmental Externality Cost 

Study (Rowe et al., 1995). As has been noted above, welfare economic theory directs us how 

to go about when valuing externalities, and previous electricity externality studies have relied 

heavily on the methods outlined above. Theoretically the choice of method should not matter, 

i.e., it should not matter whether people’s willingness to pay has been “filtered” through the 

political process or if it has been elicited directly in, for instance, contingent valuation 

surveys. Still, this presumption builds on the rather strong assumption that politicians make 

optimal decisions, i.e., they know the true (marginal) abatement and (marginal) damage costs 

and they aim at maximizing social welfare.  

For the studies that have been completed the externality estimates produced for each 

electricity source range from very high effects to more or less insignificant effects. Figure 1 

displays the external cost estimates from 63 different studies carried out during the 1980s and 

the 1990s. Looking at, for example, coal the range of external cost estimates is from 0.03 to 

more than 1000 US cents per kWh. Similar ambiguities exist for the other electricity sources.  

The reported discrepancies in results for similar fuels raise some concerns about the 

validity and reliability of the conducted valuation studies. Still, it must be made clear that 

there is no reason to question the general notion that to some extent the numbers should differ 

due to, for instance: (a) the use of different technologies (e.g., implying separate emission 

factors); (b) the characteristics of the specific site under consideration (e.g., population 

density, income, transport distances etc.); and (c) differences in scope (e.g., only a fraction of 

all externalities may be included, the entire fuel cycle rather than only the generation stage 

has been evaluated etc.). Still, by employing statistical analysis and 132 observations of 

external cost estimates for a set of different fuels, Sundqvist (2002) shows that one additional, 

and more troubling, reason for this disparity is also the choice of externality assessment 

approach. Most notably, he reports that the probability of obtaining a low externality cost 
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value is, ceteris paribus, lower when the abatement cost or top-down damage cost approaches 

are used while the opposite is true for the bottom-up damage cost approach.  

Figure 1 also displays that the ranges also intertwine across fuels making the ranking of 

various fuels with respect to externality impacts a difficult task. Still, some tentative 

conclusions can be drawn. For instance, the results suggest that fossil fuel fired power, in 

particular coal and oil, gives rise to the highest external costs, while some of the renewable 

energy sources, solar, wind and also hydropower, tend to have the lowest.  
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Figure 1: Range of External Cost Estimates in Power Generation 

Sources: See Sundqvist (2000; 2002). 

 

According to Stirling (1997, p. 531), “[t]his ambiguity in the comparison of different 

options is a serious defect in technique which aspires to present a robust and systematic 

representation of environmental performance.” He argues that one of the most important 

defects of these studies is that they fail to address the multi-dimensional nature of power 

generation externalities. The different dimensions relate to, for example, the distribution of 

effects in terms of space, time and people, the particular forms they take (e.g., in terms of 

severity, reversibility etc.), and the degree of autonomy of those affected (Ibid.). Thus, 

according to Stirling most of the existing valuation studies are still “immature” and very 

preliminary; more realism in the treatment of the multi-dimensional nature of the external 

effects is therefore needed.  
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 While previous critics, such as Stirling, address many of the practical and the 

methodological problems associated with assessing the externalities arising from power 

generation, the analysis in this paper is of a more fundamental nature. We argue that the 

behavioral and ethical foundations of environmental valuation, as applied to the valuation of 

external effects, are likely to be too restrictive for serving as the sole basis for social choice. 

The analysis also adds a new perspective to the observed differences in reported externality 

estimates between the abatement cost approach and the damage cost approach, i.e., between 

implicit and explicit valuation. Policy makers are in their formulation of regulations likely to 

base their decisions also on additional ethical foundations, and the implicit values reported in 

abatement cost studies may thus reflect a different reasoning process than that provided in the 

welfare economics discipline.  

3. Ethical Limits of Welfare Economics and the Implications for Social Choice 

Since the basic thesis of this paper is that the economic valuation of environmental 

externalities relies on specific behavioral assumptions and ethical foundations, it is useful to 

briefly review these before discussing alternative ethical bases for social choice and their 

consequences.  

In the welfare economics discipline, human beings are treated as autonomous 

individuals who seek to satisfy their private preferences, which are complete, ethically 

unchallengable (i.e., subjective), and exogenously determined. This implies that individuals 

have given preferences (“indifference maps”) for public goods and are willing to consider 

tradeoffs in relation to the quantity or quality of these goods (Pearman et al., 1999). The 

objective of the analysis is to elicit from each individual his/her personal valuation of given 

environmental “goods”, measured in willingness to pay (WTP) terms. For example, within 

this theoretical framework each individual i’s welfare is often expressed as:  

 

 ( )ZXUi ,= , (1) 

 

where U is the utility of individual i, X is a vector of the quantity private goods, and Z 

represents the quantity of the public environmental good (e.g., air quality). The maximum 

WTP of individual i for increased provision of the public good is given by the solution to: 

 

 ( ) ( )1000 ,, ZWTPXUZXU ii −= , (2) 
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which is equivalent to the compensating variation associated with the move from 0Z  to 1Z at 

the initial level of private-good consumption level, 0X . Thus, if individuals can be assumed 

to maximize their utility, welfare can be understood as units of measure of the maximum WTP 

for a given outcome (or, reversing the property rights aspect, as a measure of the 

compensation an individual would require to give up some existing good, i.e., the minimum 

willingness to accept).4  

 Generally the welfare economics literature suggests that these welfare measures should 

be aggregated into the overall preference (utility) of society. The policy that maximizes total 

preference satisfaction should be chosen. The fundamental philosophical positions guiding 

social choice are thus that the net utility (benefits over costs) from the consequences of an 

action determines whether that action is right or wrong, and a sense of society as the sum of 

the preferences (utilities) of its individual members. It should be noted, however, that this 

choice of ethical principle for social choices does not follow logically from the fact that utility 

maximization is assumed to be the behavioral foundation for individual choices. However, in 

practice they are likely to be closely related. The use of WTP as a welfare measure builds 

entirely on the assumption of utility maximizing behavior, and there would probably be few 

reasons to estimate WTP as such if these estimates are not intended to form part of, say, social 

cost-benefit analyses that in turn are important (but not necessarily the only) input into the 

political decision process. Thus, as many philosophers point out, the development of ethical 

guidelines is largely an empirical question about people’s behavior and values.  

While the standard environmental valuation techniques build on the assumption of 

utility maximizing behavior, the environmental stance of individuals is in many cases likely to 

be based on a deontological or rights-based approach to decision-making (e.g., Brennan, 

1995). In this context, decisions are made on the basis of whether the act itself is right or 

wrong regardless of its consequences, i.e., this approach recognizes the priority of the right 

over the good. For example, people may believe that aspects of the environment, such as 

wildlife threatened by a hydropower development project, have an absolute right to be 

protected. They are thus willing to defend the existence or the well being of the environment 

apart from any instrumental value it provides. This is in line with Sen’s (1977) distinction 

between sympathy, where concern for others forms one part of the utility function, and 

commitment, where acts of altruism are chosen, even though they may result in lower utility 

                                                 
4 In equation (2) the unit of WTP is the quantity of private goods. However, by employing so-called indirect 

utility functions one can express WTP as a money metric measure. See, for instance, Freeman (1993).  
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for the individual. In other words, deontology denies the rationality attributed to making 

tradeoffs, whatever the commodity, and therefore suggests the existence of so-called 

lexicographic preferences. In this case, the axiom of continuity is violated, and the utility 

function in equation (1) is undefinable for an individual.5 Thus, the indifference curves 

collapse to single points, denying the principle of substitution. 

 Spash and Hanley (1995) present empirical support for the existence of a deontological 

ethics, and concludes that standard valuation methods which elicit bids for biodiversity 

preservation fail as measures of welfare changes due to the existence of lexicographic 

preferences. Stevens et al. (1991) performs a contingent valuation study of species 

preservation in New England. A majority of the respondents (79 percent) agreed with the 

statement that: “all species of wildlife have a right to live independent of any benefit or harm 

to people.” Still, when confronted with the WTP question, most of the respondents refused to 

pay. In other words, they were reluctant to choose between something of instrumental value 

(private goods) and a true moral position, and in this way they used a decision-making 

process inconsistent with the welfare economics paradigm.6  

 The motivation for the existence of a rights-based ethics, however, need not rely solely 

on empirical evidence. It is equally important to recognize that utilitarianism (and 

consequentialism) will not in itself be a sufficient moral theory for social choice. Since we 

cannot evaluate the net utility of an infinite number of alternatives, pure utilitarianism 

becomes a tautology. Some options simply have to be ruled out, and this selection cannot be 

justified in utilitarian terms; instead we need to choose among options that we regard as 

morally or politically worth considering.  

This does not imply that we should abandon the utilitarian approach to social choice. It 

merely points to the simple fact that people may approach the same issue in different ways, 

i.e., with different ethical standpoints. Environmental values often have a broad ethical 

content, and since ethics are a matter for argument environmental valuation ought to be 

endogenous to the political process and ultimately rely on social agreements. In other words, 

“the collective choice problem is, first of all, about advancing common ways of understanding 

what the pertinent issues are about. Only then can we develop a basis for collective choice 

predicated upon the elicitation of individual choice,” (Vatn and Bromley, 1994, p. 142). 

Uncoerced and reasoned political argument among citizens does not exclude utilitarian (or 

                                                 
5 The seminal work in this area is Georgesu-Roegen (1936).  
6 See also Commons et al. (1997), who survey the empirical evidence on this issue, and Russell et al. (2001). 
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indeed any other) belief systems but contextualizes them and helps us reflect upon our own 

arguments. We may not agree on the importance of different fundamental moral values but 

may still be able to come to a consensus on how to deal with moral aspects of practical issues. 

This consensus on the principles for social choice may (or is even likely to) involve a reliance 

on social-cost benefit analyses in some – but as indicated above not in all – instances.  

 This line of reasoning mirrors the work of Sagoff (1988; 1998). He suggests that 

individuals have two distinct roles; they act both as consumers with private preferences and as 

citizens with public preferences. Private preferences reflect what the individual thinks is good 

from a pure utility maximizing perspective, e.g., he or she prefers Coke to Pepsi. Public 

preferences, in contrast, state what a person believes is best or right for the community as a 

whole, e.g., “society should not legalize drugs.” For instance, some people may regard 

environmental pollution as something inherently wrong, and what Sagoff rejects is the view 

of such moral objections as constituting just another kind of external cost that can and should 

enter a cost-benefit analysis.  

Although the distinction between private and public preferences often is hard to 

operationalize, the consequences of not understanding the difference can lead to results that 

we would normally like to avoid. For example, economists usually argue that for the purpose 

of cost-benefit analyses it does not matter why people value environmental goods. As such, 

economists assume that all preferences are private, and they grant equal credibility to every 

motive that underlies these preferences. To base social choice on this approach, Sagoff 

argues, is the equivalent of trying to decide whether a person on trial is guilty by discovering, 

before any evidence has been heard, what the preferences of the jury are in this regard, and 

then calculating the net benefits of the two possible verdicts. It thus involves “an underlying 

confusion between preferences that may be priced and values that are to be heard, considered, 

criticized, and understood” (Sagoff, 1988, p. 95).  

 This suggests therefore that, apart from simply “speaking out” their given private 

preferences, individuals engage in a social process in which they form a collective 

understanding as citizens about what is appropriate, right or good, and in this way construct a 

basis for social choice.7 In other words, public preferences are endogenous rather than 

                                                 
7 This so-called deliberative approach to environmental valuation also lends support from the normative political 

theory of deliberative democracy, which recognizes that it is no less rational to focus on the procedure of the 

political decision-making process than on its outcome. See, for instance, Jacobs (1997) and Sagoff (1998) for 

reviews of this literature.  
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exogenous. For this reason, public values are also context relative, i.e., they are determined by 

social processes that play important roles in internalizing norms and beliefs about what is 

right and wrong. Preferences are also likely to change over time due to the influence of 

education and cultural variations (Norton et al., 1998).  

 Private preferences towards private goods may of course also be endogenous and thus 

change over time, but normally this does not call for broader public deliberations about 

fundamental values. The social learning process does, however, become particularly 

important when individuals are confronted with public goods that: (a) they have little past 

experience of (i.e., preferences normally do not exist until we find a need to build them); (b) 

involve ethical dilemmas; or (c) have very complex characteristics. This is often the case 

when environmental goods are involved. The myriad of different classes of environmental 

effects, the many cross-cutting dimensions of these effects and the different risk 

characteristics involved cannot be casually separated in many cases. In addition, the 

conventional way of learning about the attributes of a good – learning by doing – becomes 

difficult and indeed often risky. It is one thing to choose between Pepsi and Coke, but another 

to choose between the preservation of an entire ecosystem and the development of a 

hydropower plant.  

 To sum up, in this section we have suggested that environmental goods and services 

embody characteristics that present serious ethical complications when social choices are to 

be made on the basis of recommendations derived from standard environmental valuation 

techniques. Preferences toward public goods are often endogenous to the political process, 

and there is thus an important distinction to be made between private and public preferences. 

The latter includes not only utility maximizing motives, but also other ethical positions, such 

as a deontological approach to decision making. In many cases, therefore, the initial challenge 

lies not in “discovering” private preferences, but in specifying the conditions for public 

discourse over what is worth valuing and for what reason.8 This becomes particularly 

important for many environmental goods, which are often both “new” (e.g., global warming) 

and “complex” (e.g., ecosystems).  

                                                 
8 See also the seminal work by William Kapp, who concludes: “Indeed the really important problems of 

economics are questions of collective decision-making which cannot be dealt with in terms of calculus 

deductively derived from a formal concept of individual rationality under hypothetically assumed and 

transparent conditions” (Kapp 1978, p. 288). Thus, for Kapp environmental policy was a question of political 

economy rather than a technical issue to be decided by cost-benefit analysis.  
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4. The ExternE Study as a Basis for Social Choice in the Power Generation Sector 

In this section we discuss the relevance of the above theoretical discussion for social choice in 

the empirical context of power generation externalities as addressed in the so-called ExternE 

project (European Commission, 1995a; 1999). This project has aimed at evaluating the 

external costs of the different power generation fuel cycles in the European Union. The results 

and the methods of the studies have been utilized as inputs in important modeling work and 

have served as vehicles in developing additional methodological work in the environment and 

energy field (Krewitt, 2002).9 As the ExternE project represents one of the most ambitious 

and internationally recognized attempts at coming up with “true” external cost estimates for 

the different power technologies (Krewitt, 2002), it serves well as a case study of the ethical 

limits of environmental valuation in the power sector. Tables 1-2 present the different power 

generation externalities quantified and priced within the ExternE core project (European 

Commission, 1995a).10  

 

Table 1: Externalities Priced within the ExternE Core Project: Coal, Oil and Gas 

Externality Coal Oil Gas 
Public health PM, ozone, and accidents: 

Mortality, morbidity, and 
transport impacts 

PM and ozone: Mortality, 
morbidity, and transport 
impacts 

PM: Mortality, morbidity, 
and transport impacts 

Occupational 
health 

Diseases from mining and 
accidents during mining, 
transport, construction, and 
dismantling 

Accidents: death and injury 
impacts 

Accidents: death and injury 
impacts 

Agriculture Sulfur, acidification, and 
ozone: crop and soil impacts 

Sulfur, acidification, and 
ozone: crop and soil impacts 

 

Forests Sulfur, acidification, and 
ozone damages 

Sulfur, acidification, and 
ozone damages 

 

Marine  Acidification impacts Accidents with oil tankers Fishery: extraction impacts 
Materials Sulfur and acidification 

damages on surfaces 
Sulfur and acidification 
damages on surfaces 

Sulfur and acidification 
damages on surfaces 

Amenity Noise: operational road and 
rail traffic impacts 

 Noise: operational impacts 

Global warming CO2, CH4 and N2O 
damages 

CO2, CH4 and N2O 
damages 

CO2, CH4, and N2O 
damages 

Total estimate 
(US cents/kWh) 

2.8-4.1* 2.7-2.9* 1.7* 

* The global warming impacts constitute roughly half of the reported external cost estimates for coal-, oil- 
and gas-fired power. In the ExternE core project these estimates were drawn from Cline (1992). 

Source: European Commission (1995a).  

                                                 
9 See, for instance, Bigano et al. (2000), and Vennemo and Halseth (2001).  
10 In 1999 the ExternE core project was followed up by the so-called national implementation projects (European 

Commission, 1999), whose aim has been to develop an EU-wide set of external cost data for the different fuel 

cycles and countries, utilizing the methodology developed within the core project.  
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Table 2: Externalities Priced within the ExternE Core Project: Nuclear, Hydro and Wind 

Externality Nuclear Hydro Wind 
Public health Radiation and non-

radiation: mortality and 
transport impacts from 
operations and accidents 

 Accidents: travel to and 
from work 

Occupational 
health 

Radiation and non-
radiation: mortality and 
transport impacts from 
operations and accidents 

Accidents during construc-
tion and operation 

Accidents during manufac-
turing, construction, and 
operation of turbine 

Agriculture  Loss of grazing land Acidification: damage on 
crops 

Forests  Forest production loss due 
to flooding and land use 

Acidification damages 

Marine   Water supply and ferry 
traffic 

Acidification damages 

Materials   Acidification damages 
Amenity  Visual amenity loss Noise and visual amenity 

loss: operational impacts 
Global warming   CO2, CH4, and N2O 

damages 
Recreation  Fishing and hunting  
Cultural objects  Objects of cultural and 

archeological interest 
 

Biodiversity  Terrestrial and aquatic  
ecosystems 

 

Total estimate 
(US cents/kWh) 

0.0003-0.01 0.3 0.1-0.3 

Source: European Commission (1995a).  

 

 All studies that form part of the project primarily use the bottom-up damage cost 

approach. The analyses begin by identifying the range of the burdens and impacts that result 

from the different fuel chains. Only impacts that are deemed to have “significant” effects are 

included in the final assessment. These are then quantified and monetized based on WTP 

measures, using methodologies appropriate for each specific externality. 

 When inspecting Tables 1-2 we first note that most of the fuel cycles involve significant 

impacts on the health and deaths of humans (“public and occupational health”). In the 

ExternE project considerable attention was put on evaluating these impacts and much was 

learnt, especially about the importance of fine particles emissions for public health (Krewitt, 

2002). In the core project the value of a statistical life was used to calculate the external costs 

of mortality,11 and chronic and acute morbidity effects from air emissions were monetized 

                                                 
11 In the national implementation part of the ExternE project the decision was made to introduce an alternative 

measure on which to base the valuation of mortality impacts due to air pollution. This is the so-called Years of 

Life Lost (YOLL) approach, which essentially assigns a WTP to the risk of reducing life expectancy rather than 

to the risk of death.  
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using previous estimates of WTP to avoid different symptoms. However, according to a 

deontological ethics, human beings are moral ends in themselves, and there is thus no 

compensation for the death of a human being. This comes into direct conflict with the ethical 

basis of the ExternE project, which (implicitly) aims at maximizing society’s total utility.  

 This does not imply that we should spend the entire public budget on saving lives and 

preventing morbidity impacts; it simply points to the fact that such impacts involve a moral 

dilemma. To what extent should we treat humans as means to an end (utility) or as ends in 

themselves? This question cannot be resolved with the help of cost-benefit analyses, but 

rather within the realms of public discourse. It is not enough in this instance to make the 

remark that we do already reveal our preferences against health and death risks by our daily 

risk-taking behavior. “Precisely because we fail, […], to give life-saving the value in 

everyday personal decisions […], we may wish our social decisions to provide us the 

occasion to display the reverence for life that we espouse but do not always show,” (Kelman, 

1981, p. 38). This suggests also that, in contrast to the postulations of welfare economic 

theory, in social choices involving less than perfect information about risks it may be sensible 

to make a distinction between preferences, in terms of individual choices made, and welfare, 

which is a broader measure of well-being (Johansson-Stenman, 2002).  

 Since different power-generation sources differ in terms of their relative impact on 

mortality and morbidity, the above concerns may have a direct impact on the actual choice 

between fuels. For example, the risks presented by nuclear power are generally more 

dominated by disease impacts than those of, say, gas and hydropower. In addition, the 

aggregation of effects of different severity (e.g., morbidity versus mortality) into a single 

monetary value also raises the ethical question of how society should weigh the importance of 

each of these impacts.  

 From an ethical point of view mortality and morbidity impacts are likely to differ from 

those externalities affecting materials, such as corrosion caused by acidic deposition. In the 

latter case the implicit trade-off is between higher electricity production and less material 

damages. Parts of the natural environment (including humans) are (for all practical reasons) 

never at stake here, and, for this reason, private preferences may well serve as an appropriate 

basis for social choice.  

 Another ambiguity in how to deal with novel social choice problems arises when one 

considers the fundamental differences in the nature of risk between the different electricity 

alternatives. With nuclear power, an option with very low probabilities of very large negative 

impacts has been introduced on the electric power arena. This is in contrast to fossil-fueled 
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power generation, which gives rise to continuous but also comparably modest impacts. In his 

review of the ExternE project Krewitt (2002, p. 844) concludes that: 

 

“The instruments for the assessment of consequences from beyond design accidents in 

nuclear power plant are well established, and the message from the use of such models is 

rather clear and non-ambiguous: the impacts from a single event can be very large, 

resulting in up to several ten thousand cases of fatal cancers, and in monetary terms they 

could amount to billions of Euro. Normalised to the probability of the event, and to the 

electricity generation over the power plant’s lifetime, the expected value of risk (i.e., the 

probability times consequences) is low, a fact which is even robust against uncertainties 

in the accident probability.” 

 

Many experts claim that laypeople in general tend to overestimate the very low 

probabilities of nuclear accidents, but people are often unimpressed by arguments stating that 

the expected damages of nuclear are lower than those of other alternatives. An extended 

research tradition (e.g., Slovic, 1987) attempts to explain such behavior. Here it is in 

particular noted that the public finds it especially hard to accept risks that are hard to identify 

because they arise from novel circumstances or technologies, or have a catastrophic potential 

and may constitute a threat to future generations. Laypersons also rank as serious, risks that 

are involuntary, uncontrollable or having an uncertain and inequitable distribution of 

consequences, and for many power generation possesses a large number of these risk profiles 

(Ibid.).  

 There is thus a large degree of “catastrophe aversion” among the public. This is far from 

an indication of “irrational” behavior; instead, it expresses that the willingness to accept a 

certain risk is related to the capacity to deal with the consequences should they arise. For 

example, nuclear waste management risks are essentially irreversible after the plant has been 

commissioned, while the visual amenity and noise impacts from wind power are more or less 

reversible since the plant can be removed. Such differences are likely to affect the public 

preferences toward power-generating technologies. In sum, most people are not willing to 

engage in a trade-off discussion regarding events that may lead to disastrous effects (for 

present or future generations) even though the probability of that disaster is extremely low. 

Thus, in such cases there simply exists no well-defined private utility function on which to 

base external cost estimates.  
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 Furthermore, in trying to evaluate and assess the problems of nuclear waste 

management and radiation, individuals need to rely heavily on the statements of scientists. 

These can provide important information about the main physical relationships and may be 

able to present different scenarios and discuss the outcome of each. Still, the perceptions of 

what constitutes a significant risk are essentially socially constructed. The question of how 

risk should be evaluated therefore requires a broader public discussion in which, of course, 

scientists ought to take an active part.12 This would enable the public to revise their 

perceptions of different risk profiles by considering the arguments of researchers as well as of 

other laypeople. In this way any “overestimations” of the risks involved could be removed, 

not by informing people about the “true”, “objective” risks but by encouraging them to reflect 

and engage in deliberations with others.  

In the 1980s, many countries (e.g., Austria, Germany, Italy, Switzerland etc.) put a 

moratorium on further nuclear expansion. These political outcomes do not only reflect the fact 

that nuclear energy was found economically inefficient. They also express ethical 

commitments towards future generations and an unwillingness to accept the associated risks. 

Thus, nuclear energy is essentially a new “good” with complex and far-reaching risk 

characteristics, for which most societies have not yet found an overall ethical position on 

which to base public and private decisions.13  

 This latter argument applies to the impacts of global warming (primarily caused by 

carbon dioxide emissions) as well. If it were not for reports from scientists, people in general 

would know nothing of their existence. The effects of global warming are inherently global, 

irreversible, long-term, and asymmetrically distributed over time. This is in heavy contrast 

with other emissions from the power sector (e.g., sulfur dioxide), whose impacts are more 

tangible and directly connected to present human (dis)utility.  

 Again, society (and in this case countries) need to establish the conditions on which to 

base social choices in this matter. For example, an ethical position about the claims of future 

                                                 
12 The problem is complicated further by the fact that most scientists tend to transform genuine uncertainty into 

risk, where risk reflects a situation where the probabilities of different outcomes are known. In other words, they 

make an implicit assumption that their understanding of causal effects and overall system behavior (e.g., the 

nuclear power process) is more or less correct (Shackley and Wynne, 1996). 
13 In addition, the opposition towards nuclear has not only been directed towards environmental and risk-related 

issues. It has also been a struggle between the local and the national level of the political life, where local 

communities often see no benefits in nuclear development and resisted to accept decisions exclusively taken at 

the national level.  
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generations needs to be chosen. In this process, the need for actual compensation when there 

are damages to future generations,14 as well as any inviolable rights of coming generations 

would have to be considered (Spash, 1993). Related to this, one has also to decide what is the 

relevant degree of risk acceptance, and within which limits of risk should pure cost-benefit be 

applied. A first attempt to agree upon a global climate policy was made by the rich market 

economies at the Kyoto conference in 1997. After making some necessary simplifying 

assumptions Radetzki (2000) concludes that the implicit marginal price set on carbon dioxide 

emissions by the political process in Kyoto is somewhere in the range 5 to 25 times higher 

than the more explicit marginal damage cost estimates employed in the ExternE project (see 

Table 1).15 

 What do we make of this discrepancy? According to welfare economic theory it 

suggests that the outcome of the Kyoto process was highly inefficient, this since the 

constraints on carbon emissions agreed to are not motivated by generally accepted external 

cost calculations. However, if one accepts the ethical approach discussed in this paper one 

should note that the “Kyoto price” and the “ExternE price” reflect different reasoning 

processes, and are therefore not directly comparable. Within the ExternE project hypothetical 

prices are established in advance as one of the raw materials for calculating the “total” cost of 

energy. Thus, these prices together determine whether a specific energy source is better than 

another. The “Kyoto price”, on the other hand, did not play a causal role in the decision made 

at Kyoto but at most merely reflects the economic results of the political process. In this latter 

case, it is therefore the process that defines the legitimacy of choice, not the result. 

Accordingly, any inadequacies of the outcome arrived at under this process are essentially 

inadequacies of the process that produced them, and cannot be attributed to the fact that the 

“in effect” price put on carbon emissions is much higher than the “true”, or “total” price 

presented in the ExternE project. As was suggested above (section 2), this implies that there is 

a fundamental ethical difference between the abatement cost (regulatory revealed preference) 

approach and the damage cost approach.  

                                                 
14 This differs from the ethical approach in welfare economics, which normally builds on a potential 

compensation criterion. 
15 This implicit price equals the carbon price, which would have to prevail in order to fulfill the emissions 

reductions agreed to at Kyoto. Krewitt (2002) also reports the existence of substantial differences between this 

implicit price and marginal damage costs for Europe.  
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 In order to evaluate the legitimacy of the Kyoto process we need to know how ordinary 

citizens frame their discussions on global warming and develop preferences about climate 

policy. A major research project has investigated what dimensions of climate change are 

important to the European public (Kasemir et al., 2000). Focus groups, covering a total of 

about 600 people in seven densely populated areas in Western Europe were convened. The 

researchers conclude that the participants usually favored a two-stage policy process. First 

governments need to set limits – “tolerable windows” – on the behavior of firms and 

individuals, especially in terms of overall energy use. These limits reflected primarily ethical 

(and not economic) considerations expressed as safe minimum standards. In a second stage, 

however, cost considerations become highly important. Climate policy should find cost-

efficient ways to stay within these “windows”. Thus, the deliberations of the groups indicated 

clearly that value for money rather than monetary valuation appears to be the relevant issue 

for laypeople in Europe in attempting to reach a judgment on climate policy.  

 Finally, the ExternE project includes a contingent valuation (CVM) study of some of 

the impacts of hydropower development in Norway (European Commission, 1995b). These 

impacts comprise three basic damage components: losses of recreation, cultural objects and 

ecosystems/nature. The respondents were asked how much they were willing to pay to avoid 

the above impacts.16 This sub-study, we argue, implicitly raises many of the ethical dilemmas 

posed in this paper.  

 First, the complexity of the three “goods” differs much. Recreation is essentially a 

private good, and a hypothetical bid for, say, hunting or fishing permits may be as trustworthy 

as any market price. But as soon as the valuation range is broadened to include entire 

ecosystems, the problem of what is actually valued – and for what reason – becomes apparent. 

In a CVM study ecosystems are described in a manner that renders them commodity-like 

(with a use value and an existence value), and there may be little room for what we would 

normally claim is the most important aspect of an ecosystem – its functional aspects (e.g., its 

life-supporting mechanisms and the role of ecological diversity) (Vatn and Bromley, 1994). In 

addition, the site dependent impacts on local ecosystems may be hard to quantify.   

Second, the complexity of ecosystems is also related to the moral philosophies held by 

individuals. If we believe that a particular ecosystem is essential for life to be worthwhile, 

                                                 
16 It is worth noting that the hypothetical price derived from this CVM study basically equals the total external 

cost of 0.3 U.S. cents per kWh reported in Table 2. The remaining external costs are, in other words, comparably 

small and range between 0.0004 and 0.001 U.S. cents per kWh (European Commission, 1995b). 
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there is an indirect moral commitment to the system itself. According to this view there would 

be no substitute means for achieving human satisfaction, and this invalidates a contingent 

pricing analysis.17 A similar argument can be made for some cultural objects. People wish to 

see some pattern to their lives, and they want their lives to be set in some larger context. In 

many instances, cultural phenomena provide exactly that desired context. This is in contrast to 

a pure recreation good; it can normally be replaced by something else with an equivalent 

value. For the above reasons, it is probably fair to conclude that the values derived from this 

study, although competently conducted, are likely to serve as an insufficient guide toward an 

informed choice between preservation and hydropower development. 

5. Concluding Remarks 

The pricing of power-generation externalities, it is argued, is necessary for making consistent 

and meaningful comparisons between technologies. Tradeoffs (however unfair they may 

seem) must always be made, and it is best to make them explicit in a cost-benefit analysis. 

Our main argument in this paper, however, is this argument is based on restrictive behavioral 

assumptions and ethical principles outlined in the welfare economics literature. We do not 

claim that one has to choose this philosophy or reject it; we simply point to the fact that 

choosing this particular perspective gives us only partial insight into many environmental 

issues. All policies that attempt to reflect human preferences have to be sensitive to the actual 

behavior of humans; they cannot simply assume that all humans possess a single well-defined 

utility function, which is “employed” in all situations. Since environmental issues often have 

a broad ethical content and people tend to possess different preference structures, there are no 

simple answers to the question of how decision-makers should collect public preferences and 

integrate them into the environmental policy process. What is clear, however, is that any 

meaningful policy process should aim at incorporating these different modes of articulating 

preferences towards the environment.  

 In practice, most societies adopt a two-step approach to achieving environmental goals, 

and – as we have tried to show in this paper – probably for good reasons. Take the example of 

the U.S. sulfur allowance system. First, the government sets limits on the behavior of firms 

and individuals. For example, the Environmental Protection Agency (EPA) sets a cap on 

overall sulfur dioxide emissions. Ideally these limits (or minimum standards) reflect not only 

                                                 
17 This dilemma is probably best illustrated by the building of China’s Three Gorges dam. It leads to the flooding 

of large tropical forests and to the displacement of millions of people (e.g., ‘Water Power in Asia,…’, 1999).  
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the social costs and benefits of the policy, but also society’s attitude toward risk and its ethical 

commitments towards the rights of natural amenities and ecosystems. This first step therefore 

requires a broad political dialogue among citizens and experts in order to illuminate and 

address the dilemmas and the underlying value conflicts. In a second step, the EPA 

encourages electric utilities to buy and sell emission allowances. The utilities will do so only 

when benefits exceed costs. Thus, within the overall emission limit, pure cost-benefit 

principles are allowed to dominate choices. There is, in other words, a fundamental ethical 

difference between a tradable permit system (which to some extent represents the solution to a 

cost-effectiveness analysis), and a pure cost-benefit analysis (that forms the sole basis of the 

policy decision).  

 It may well be that the American government, in some sense, allows too much or too 

little sulfur emissions. Put differently, one may argue that the implicit price on sulfur 

emissions is too low or too high. However, it is hard to see in what way a cost-benefit analysis 

of the “full” cost of electricity would help us resolve this. Environmental valuation based on 

the welfare economics theory is primarily a tool for aggregation of private preferences and not 

for public discussion. In a democratic society, however, the discussion itself is important, 

since ethical positions and public preferences tend to be endogenous to the political process. 

Our analysis of the ExternE study’s evaluation of a number of electricity externalities shows 

that the understanding of people’s preferences towards many environmental impacts in this 

sector requires a stronger focus on the instruments and the content of political and moral 

debate. The ExternE project may very well have provided a nice starting point for such a 

discussion, but it will not be able to substitute for it. Any talk of the “full” cost of electricity 

has thus to be understood as at best metaphorical.  

We do not suggest in this paper that standard non-market valuation exercises are 

fundamentally flawed. Under some circumstances (e.g., private goods, few ethical conflicts, a 

lot of prior experience on the part of the valuer etc.), they provide very relevant and reliable 

information for policy makers. What we suggest, however, is that in other cases, e.g., for 

“new”, “complex” goods, researchers need to take two issues more seriously than has been 

the case in the past: (a) the process of preference formation; and (b) the distinction between 

public and private preferences. Researchers must increasingly help people build preferences 

(rather than assume them as given).18 In general there is a need for combining analyzes based 

on intensive value structuring, involving small numbers of people in focus groups, with more 

                                                 
18 See also Johansson-Stenman (2002) and Gregory et al. (1993) for more on these issues.  



 21 

extensive value information gathered via surveys from large numbers of people. Such studies 

may also involve monetary valuation (e.g., WTP elicitation), but should also include a strong 

focus on the ethical values held by the respondent.  

Both public and private preferences are important for informed social choices. 

However, a common problem is that people often express public preferences in surveys 

designed to elicit private preferences. Put differently, people’s view of the issues presented in 

the scenarios presented to them in CVM surveys is often not compatible with the theoretical 

framework used to interpret the responses. To some extent this is of course a practical 

problem, and one may, for instance, alter the scenario preceding the WTP question so as to 

only trigger private preferences (e.g., Russell et al., 2001). However, in order to trigger also 

the public preferences one would need to adopt a broader theoretical framework when 

analyzing people’s responses/arguments in focus groups as well as in surveys. The usefulness 

of economics in making rational choices over limited resources is vital, but in the 

environment and energy field it must be complemented by other forms of social intelligence 

about what should be the important criteria in social choice.  

Acknowledgements 

An earlier version of this paper was presented at the 23rd IAEE International Conference, 

Energy Markets and the New Millennium: Economics, Environment, Security of Supply, 

Sydney, Australia, 7-10 June, 2000. Financial support from Vattenfall and the Kempe 

Foundations is gratefully acknowledged, as are valuable comments from Christian Azar, 

Fredrik Carlsson, and Marian Radetzki. Any remaining errors, however, reside solely with the 

authors.  



 22 

References 

Bigano, A., S. Proost, and J. Van Rompuy (2000). Alternative Environmental Regulation 

Schemes for the Belgian Power Generation Sector, Environmental and Resource 

Economics, 16, pp. 121-160.  

Brennan, A. (1995). Ethics, Ecology and Economics. Biodiversity and Conservation, 4, pp. 

798-811.  

Cline, W.R. (1992). The Economics of Global Warming. Washington: Institute for 

International Economics. 

Coase, R.H. (1960). The Problem of Social Cost. Journal of Law and Economics, 3, pp. 1-44. 

Common, M., I. Reid and R. Blamey. (1997). Do Existence Values for Cost Benefit Analysis 

Exist? Environmental and Resource Economics, 9, pp. 225-238.  

European Commission (1995a). ExternE: Externalities of Energy. Volume 1, Summary, EUR 

16521 EN, DGXII, Science, Research and Development. Luxembourg: Office for 

Official Publications of the European Communities. 

European Commission (1995b). ExternE: Externalities of Energy. Volume 6, Wind and 

Hydro. EUR 16525 EN, DGXII, Science, Research and Development. Luxembourg: 

Office for Official Publications of the European Communities.  

European Commission [EC]. (1999). ExternE: Externalities of Energy. Volume 10, National 

Implementation. EUR 18528 EN DGXII, Science, Research and Development. 

Luxembourg: Office for Official Publications of the European Communities. 

Eyre, N. (1997). “External Costs – What do They Mean for Energy Policy?” Energy Policy, 

25, pp. 85-95.  

Freeman, A.M. (1993). The Measurement of Environmental and Resource Values: Theory 

and Methods. Washington: RfF. 

Garrod, G.D. and K.G. Willis. (1999). Economic Valuation and the Environment - Methods 

and Case Studies. Cheltenham: Edward Elgar. 

Georgescu-Roegen, N. (1936). The Pure Theory of Consumer Behavior. Quarterly Journal of 

Economics, 50, pp. 545-593.  

Gregory, R., S. Lichtenstein, and P. Slovic (1993). Valuing Environmental Resources: A 

Constructive Approach. Journal of Risk and Uncertainty, 7, pp. 177-197.  

Jacobs, M. (1997). Environmental Valuation, Deliberative Democracy and Public Decision-

Making Institutions (in Valuing Nature? Economics, Ethics and Environment, J. Foster 

(Ed.)). London: Routledge.  



 23 

Johansson-Stenman, O. (2002). Evironmental Policy When People’s Preferences Are 

Inconsistent, Non-welfaristic, or Simply Not Developed (in Economics, Ethics. and 

Environmental Policy: Contested Choices, D. Bromley and J. Paavola (Eds.)). London: 

Blackwell. 

Kapp, K.W. (1978). The Social Cost of Business Enterprise. (3rd Edition). Nottingham: 

Spokesman.  

Kasemir, B., D. Schibli, S. Stoll and C.C. Jaeger. (2000). Involving the Public in Climate and 

Energy Decisions. Environment, 42, pp. 32-42.  

Kelman, S. (1981). Cost-Benefit Analysis. An Ethical Critique. Regulation, January, pp. 33-

40.  

Krewitt, W. (2002). External Costs of Energy – Do the Answers Match the Questions? 

Looking back at 10 Years of ExternE. Energy Policy, 30, pp. 839-848. 

Norton, B., R. Costanza and R.C. Bishop. (1998). The Evolution of Preferences. Why 

‘Sovereign’ Preferences May Not Lead to Sustainable Policies and What to Do About 

It. Ecological Economics, 24, pp. 193-211.  

Ottinger, R.L., D.R. Wooley, N.A. Robinson, D.R. Hodas, and S.E. Babb. (1990). 

Environmental Costs of Electricity. New York: Oceana Publications.  

Pearce, D.W., C. Bann, and S. Georgiou (1992). The Social Costs of Fuel Cycles. London: 

HMSO.  

Pearman, R., Y. Ma, J. McGilvray and M. Common (1999). Natural Resource and 

Environmental Economics (2nd Edition). London: Longman. 

Radetzki, M. (2000). Coal or Nuclear in New Power Stations: The Political Economy of an 

Undesirable but Necessary Choice. The Energy Journal, 21, pp. 135-147.  

Rolston III, H. (1982). Are Values in Nature Subjective or Objective. Environmental Ethics, 

4, pp. 125-151.  

Rowe, R.D., C.M. Lang, L.G. Chestnut, D.A. Latimer, D.A. Rae, S.M. Bernow and D.E. 

White. (1995). New York State Environmental Externalities Cost Study. Empire State 

Electric Energy Research Corporation (ESEERCO). New York: Oceana Publications.  

Russell, C.S., T. Bue Bjørner and C.D. Clark (2001). Searching for Evidence of Alternative 

Preferences: Public as Opposed to Private (Working Paper No. 1-W01). Department of 

Economics, Vanderbilt University, Nashville, USA. 

Sagoff, M. (1988). The Economy of the Earth. Cambridge: Cambridge University Press.  

Sagoff, M. (1998). Aggregation and Deliberation in Valuing Environmental Public Goods: A 

Look Beyond Contingent Pricing. Ecological Economics, 24, pp. 213-230.  



 24 

Sen, A.K. (1977). Rational Fools: A Critique of the Behavioral Assumptions of Economic 

Theory. Philosophy and Public Affairs, 6, pp. 317-344.  

Shackley, S., and B. Wynne. (1996). Representing Uncertainty in Global Climate Change 

Science and Policy: Boundary-Ordering Devices and Authority. Science, Technology 

and Human Values, 21, pp. 275-302.  

Slovic, P. (1987). Perception of Risk. Science, 236.  

Spash, C.L. (1993). Economics, Ethics, and Long-Term Environmental Damages. 

Environmental Ethics, 15, pp. 117-132.  

Spash, C.L. (1997). Ethics and Environmental Attidtudes with Implications for Economic 

Valuation. Journal of Environmental Management, 50, pp. 403-416.  

Spash, C.L., and N. Hanley. (1995). Preferences, Information and Biodiversity Preservation. 

Ecological Economics, 12, pp. 191-208.  

Stevens, T., J. Echevarria., R. Glass, T. Hager, and T. More (1991). Measuring the Existence 

Value of Wildlife: What Do CVM Estimates Really Show? Land Economics, 67, pp. 

390-400.  

Stirling, A. (1997). Limits to the Value of External Costs. Energy Policy, 25, pp. 517-540.  

Stirling, A. (1998). Valuing the Environmental Impacts of Electricity Production: A Critical 

Review of Some ‘First-Generation’ Studies. Energy Sources, 20, pp. 267-300.  

Sundqvist, T. (2000). Electricity Externality Studies – Do the Numbers Make Sense? 

(Licentiate Thesis 2000:14). Luleå: Luleå University of Technology. 

Sundqvist, T. (2002). What Causes the Disparity of Electricity Externality Estimates? 

Unpublished manuscript, Division of Economics, Luleå University of Technology. 

Submitted to Energy Sources. 

Varian, H.R. (1992). Microeconomic Analysis (3rd Edition). New York: Norton. 

Vatn, A., and D.W. Bromley (1994). Choices without Prices without Apologies. Journal of 

Environmental Economics and Management, 26, pp. 129-148.  

Vennemo, H., and A. Halseth (2001). Environmental Regulation of a Power Investment in an 

International Market. Resource and Energy Economics, 23, pp. 157-173.  

“Water Power in Asia. The Dry Facts about Dams.” (1999). The Economist. November 20, p. 

82. 



 

 

 

Paper 4 



 



 

Quantifying Household Preferences over the Environmental 

Impacts of Hydropower in Sweden: 

A Choice Experiment Approach 

 

 

Thomas Sundqvist 

Luleå University of Technology 

Division of Economics 

S-971 87 Luleå 

SWEDEN 

 

Fax: +46-920-49 20 35 

E-mail: Thomas.Sundqvist@ies.luth.se 

 

Abstract 

This paper uses the choice experiment approach to estimate how different environmental 

impacts arising from hydroelectric production are perceived and valued by Swedish house-

owning households. The basis of the choice-exercise is taken in the criteria set up by the 

Swedish Society for Nature Conservation (SNF) under which existing hydropower in Sweden 

can be labeled as “green” electricity. Data was gathered using a mail-out survey to 1000 

randomly chosen households in Sweden. The results of the pooled econometric analysis on a 

sample of 397 individuals show that the environmental mitigation measures should be 

directed towards lowering the impacts from erosion and on vegetation, as well as on 

improving the situation for fish life affected by hydroelectric development. The mitigation 

measures must however be take at a low cost. The analysis also implies that some of the 

respondents favor other green power sources than hydropower (i.e., wind, solar etc.), and that 

government provision of “green” power for some is a preferred solution to the problem of 

increasing the share of “green” generation capacity in Sweden. The analysis further indicates 

that the SNF-criteria are only partly supported by the perceptions of the respondents, 

something which may hinder the success of the SNF “green” labeling system in the future. 
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1. Introduction 

The deregulation of the Swedish electricity market in 1996 led to major changes for the 

producers and consumers of electricity, of which the most significant change may be the 

possibility for consumers to actively choose from what producer to buy their electricity and 

thus the way (i.e., with which fuel) the electricity is produced. The deregulation hence permits 

consumers to directly express their preferences for or against certain ways of producing 

electricity by actively choosing among the available alternatives, and, in this way, also state 

their preferences towards the various positive and negative externalities that arise from 

electricity production. The producers, on the other hand, will have an incentive to differentiate 

their services by marketing parts of their production as “green electricity”. 

 In 1996, as a direct consequence of the deregulation of the electricity market, the 

Swedish Society for Nature Conservation [SNF] initiated their program for labeling of green 

electricity (BRA MILJÖVAL). SNF’s expressed purpose was to “speed up the development 

towards a more sustainable production of electricity” (SNF, 2002). The labeling is available 

for electricity from wind power, biomass, solar power, and hydropower (existing plants in 

combination with another renewable energy source). Usually almost 50 percent of the 

electricity produced in Sweden comes from hydropower installations. The possibility for the 

Swedish hydropower producers to differentiate and somehow label their electricity as green 

may be of great importance. Even if hydropower is considered to be a relatively 

environmentally benign way of producing electricity, formal certifications available to 

producers may require additional mitigation measures to be taken.1 In addition, as IEA (2000, 

p. 1) notes: “public acceptance or public awareness is among the highest priorities facing the 

hydropower industry, and […] the Hydropower Agreement should focus its efforts on this 

activity.”2 

 Thus, given the “new” situation in the Swedish deregulated electricity market, it is of 

importance for hydroelectric producers to know how the attitudes of electricity consumers are 

formed and the premium that consumers are willing to incur on green electricity. This 

                                                 
1 The external costs associated with hydropower are relatively low in comparison to other fuels. By comparing 

the results of approximately 40 externality-costing studies Sundqvist (2001) shows that the external costs arising 

from hydropower are well below those arising from fossil based power production.  
2 The Hydropower Agreement is a working group consisting of IEA member countries and the hydropower 

industry, and it “intends to provide objective, balanced information about the advantages and disadvantages of 

hydropower” (IEA, 2002). 
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suggests that some kind of valuation exercise is called for, and especially an approach that 

permits a distinction between various mitigating schemes and environmental attributes of 

hydropower. An environmental valuation method that has received increased attention in 

recent years is the choice experiment method. It has evolved from the marketing literature on 

conjoint analysis and tries to address some of the limitations of the traditional valuation 

methods (e.g., contingent valuation) (Hanley et al., 1998). The use of choice experiments to 

elicit consumer preferences for hydroelectricity would permit the valuation of distinct (un-

priced) environmental attributes something that is not provided by a standard market analysis. 

The use of the choice experiment method is further especially advantageous for a power 

source as hydropower where the environmental impacts are quite complex, i.e., hydroelectric 

power production have many environmental attributes, and it is important to understand how 

households weigh the various impacts against each other. Thus, the result of such an analysis 

provides a good basis for evaluating which environmental improvements are most important 

for power producers to implement. 

 The purpose of the present study is to analyze Swedish households’ attitudes towards 

green electricity from hydropower. Specifically we will investigate the premium households 

are willing to incur for specific environmental attributes and, thus, indirectly the mitigation 

measures than can be taken to limit the environmental impacts of hydroelectric production. 

 Many studies have used the choice experiment approach to assess the willingness to pay 

for environmental improvements; examples include Adamowicz et al. (1994), Boxall et al. 

(1996), and Cameron et al. (2002). Examples of studies that have addressed the issue of green 

electricity choice using this approach are scarcer. One example is Roe et al. (2001) that 

analyze the demand for green electricity in the US. They use hedonic pricing results in 

combination with a choice experiment to estimate consumer willingness to pay for green 

electricity in general and show that consumer demand can facilitate the expansion of US 

renewable energy capacity. Another example of a study that utilizes a choice experiment 

approach to assess public preferences for a green electricity source is Álvarez-Farizo and 

Hanley (2002), who estimate willingness to pay for the environmental impacts of wind farms 

in Spain. They show that there are considerable external costs associated with wind farm 

developments and that their results indicate ways to limit these impacts. This study expands 

on the existing literature by applying the choice experiment approach on an existing 

electricity source that has been a viable option for quite some time, and where environmental 

mitigation measures can be taken in an industry with lower capital turnover. In addition, this 
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study explicitly looks at attributes that are strongly related to tangible environmental 

mitigation measures of current interest in existing power sources. 

 The paper proceeds as follows. In section 2 the role of hydropower in Sweden, the 

SNF’s green labeling system, and the most relevant environmental impacts of hydropower is 

discussed. Section 3 introduces the choice experiment model, while section 4 discusses the 

development of the questionnaire that was used in the study. In section 5 some survey 

statistics are presented and compared to the typical Swedish house-owning household. Section 

6 presents and discusses the results of the choice experiment. Finally, section 7 summarizes 

the main conclusions and implications of the study. 

2. The Role of Hydropower as a Source of Green Electricity in Sweden 

Hydropower accounts for a large share of total electricity production in Sweden; in 2000 (a 

year with an unusual amount of rain) more than 50 percent of the electricity produced (or 78 

TWh) came from hydroelectric installations (SNEA, 2001). Also, as illustrated in Figure 1, 

hydropower is expected to continue to play an important role in the Swedish electricity 

system in the future. More than 60 percent of the hydropower is produced in four rivers; the 

Luleå River, the Umeå River, the Ångerman River, and the Indal River. These rivers have 

typically been completely altered following the hydroelectric development and almost all of 

the power plants have their own dam and reservoir. 
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Figure 1: Actual and Predicted Electricity Production Shares by Fuel in Sweden 1990-2010 

Source: SNEA (2001). 
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 The residential sector consumes roughly 23 percent (34 TWh) of the electricity used in 

Sweden. Among households, small house owners consume the most; in 2000 17 percent of 

total electricity used (25.3 TWh), or more than 75 percent of residential consumption 

(Statistics Sweden, 2002). 

 As mentioned above hydropower is one of the electricity sources that can be branded as 

BRA MILJÖVAL (translates to “good environmental choice”) according to the criteria set up 

by the SNF.3 In their original criteria SNF (1995), the organization stipulated that only 

electricity from hydropower installations built before 1996 could be sold as “green” given that 

it meets certain sustainability conditions, i.e., that the best-available methods for 

environmental mitigation are used. Yearly revisions are also carried out to ensure compliance 

with these criteria (SNF, 2002).  

 As Figure 2 indicates, the labeling of green electricity under SNF’s system initially had 

limited success from a demand point of view; out of the approximately 146 TWh of electricity 

that was consumed in 1999 4.7 percent (6.8 TWh) was “green” under SNF’s standards.  
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Figure 2: Annual Sales of Green Electricity (BRA MILJÖVAL) in Sweden 1996-2001 

Sources: SNF (2002) and Wickström (2002). 

 

 However, during the last years there has been a considerable increase in the 

consumption of green electricity. In 2001, 9 percent (14 TWh) of the electricity consumed 

was “green”. Most of the green electricity sold is consumed by government authorities and 

companies; examples include the Swedish railroad companies SJ and Green Cargo, who 
                                                 
3 Alternative ways for Swedish electricity producers to differentiate their electricity through green labeling do 

exist. For example, certification under the ISO 14000-series which among other things requires companies with 

an environmental control system in place to put together an Environmental Management Declaration (EMD), 

and certified Environmental Product Declarations (EPD). See SEMC (2001) for details.  
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decided in 1999 that all their electricity powered trains should use green electricity from 

hydropower, and these companies today buy more than 1.1 TWh of green electricity annually 

(Wickström, 2002). A possible explanation for the slow development of demand (especially 

from smaller buyers) may be found in the fact that green electricity is simply more expensive. 

According to the SNF the extra premium for small buyers of green electricity in 1999 ranged 

between 0.5 and 6 Swedish öre per kWh (SNF, 2002). The average spot price (excluding 

taxes) in Sweden during that same year was 11.6 öre per kWh (SNEA, 2000).4  

 In the new SNF-criteria, in effect in 2003, additional requirements were introduced 

(SNF, 2001). These stipulate that all electricity deliveries from hydropower should be 

complemented with electricity from at least another renewable (i.e., green) electricity source. 

For instance, if wind power is used to complement hydro then at least five percent of the 

electricity delivered to the consumer should come from wind. Also, minimum flow and 

release requirements are introduced. In addition to these conditions, the SNF require that the 

firms that deliver hydro-based electricity set aside money to a fund that is to be used for 

environmental mitigation measures at their respective hydroelectric facilities.  

 Thus, the SNF-criteria have been created to motivate producers to differentiate their 

products by lowering the environmental impacts arising in the production of electricity at the 

hydroelectric facilities and to give consumers the option to buy electricity with lower 

environmental impacts. The stated motivation for the initially low requirements on 

hydroelectricity was, as reported in Carlsson (2001), that SNF wanted a large part of existing 

hydropower to be certified as green. So far, more than half of the hydropower facilities in 

Sweden have been certified as BRA MILJÖVAL. The new and stricter requirements that were 

introduced in 2002 are aimed at alleviating the most important environmental impacts arising 

from hydropower and to increase electricity production from other renewable sources (i.e., the 

complementary requirement). First, the flow and release requirements are introduced to limit 

erosion and ecosystem impacts caused by altering the water flow in the affected river. Second, 

the environmental mitigation fund is to be used to lower the environmental impacts at specific 

facilities according to a list specified by the SNF. 

 The environmental impacts of hydropower have been extensively covered in several 

major studies during the 1990s. A number of externality studies have, for example, addressed 

the issue of quantifying and monetizing the externalities arising from hydropower. Examples 

include the European ExternE-study (EC, 1995; 1999) and the “Externalities of Fuel Cycles” 

                                                 
4 1 Swedish Krona (SEK) roughly corresponds to 10 US cents, thus 10 Swedish öre is approximately 1 US cent. 
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study in the US (ORNL and RfF, 1994-1998). Other types of studies that have looked at the 

environmental impacts while not specifically addressing the issue of externality valuation, 

include Jacobs and Wescoat (2002), who focus on the management of rivers that have been 

developed for hydropower from a social science perspective. One type of impact normally 

regarded as significant in these studies, but not explicitly covered by the SNF-criteria, is the 

effect on the fish life in the affected river from hydroelectric development. Fish may, for 

example, be hindered by the dams to migrate up the river and/or may be damaged by the 

turbines when moving downstream. Mitigating measures that can be taken to limit these 

problems are fish ladders and equipping the turbines with blades that do not damage fish. 

Additional environmental impacts that typically arise from the hydroelectric development of a 

river include amenity impacts, and loss of land and cultural sites inundated by the reservoirs 

etc. These types of impacts are, however, not explicitly covered in the analysis below. The 

land and cultural site impacts are covered in the decisions by the Swedish water court. Thus, a 

majority of these external impacts are likely to be internalized through the court rulings. The 

amenity impacts are also very site specific, while this study instead focuses on Swedish 

hydropower in general. Hence, following the above, the choice experiment carried out here 

will focus on water level, erosion and fishery related impacts that can be considered common 

for all types of hydroelectric development where dams and reservoirs are present. 

3. The Choice Experiment Model 

This paper utilizes a so-called choice experiment to estimate willingness to pay (WTP) for the 

environmental attributes of hydropower.5 In a choice experiment, respondents in a survey are 

asked to choose among bundles of attributes. Consequently, the method follows from the 

notion that value (i.e., utility) is derived from the specific attributes of a good or service. This 

is in line with the characteristics theory of value as developed by Lancaster (1966). The 

random utility framework (McFadden, 1974; Hanemann, 1984) forms the basis for the 

empirical analysis of respondent behavior in the choice experiment. The random utility 

approach builds on the assumption that individuals base their choices on the observable 

attributes of goods and services (objective component) along with some unknown degree of 

randomness (random component). The random component may be a result of randomness in 

the preferences of the individuals or arise because the researcher does not have the complete 

                                                 
5 Excellent overviews of the choice experiment methodology are given in Hanley et al. (1998), Louviere et al. 

(2000), Alpizar et al. (2001), and Bennet and Blamey (2001). 
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set of information about the individuals available (Garrod and Willis, 1999). Thus, the 

indirect utility function, Uij, for individual i in choice situation j may be expressed as follows: 

 

 ( ) ijijijij VU ε+= βx , (2) 

 

where xij is a vector of observable attributes and socio-economic characteristics interacting 

with these attributes, and β a vector of parameters to be estimated. The indirect utility 

function consists of an observable (deterministic) component, Vij, and a random (stochastic) 

component, εij. Typically choices are predicted on the assumption that respondents are trying 

to maximize their utility, i.e., an individual chooses alternative j over k iff Uij > Uik. If we 

define a binary variable, yij, which equals 1 if the individual chooses alternative j, the 

probability, P, of individual i choosing alternative j is given by: 

 

 ( ) ( )( )ijijijij VPyP βx−>== ε1 . (3) 

 

Usually the observations on individual choices are assumed to be independent; however, this 

assumption may be violated since respondents often are asked to make repeated choices. 

Thus, the observations on the individual level can be dependent (i.e., correlated random 

component). Following Butler and Moffitt (1982) and Hammar and Carlsson (2001), the error 

term is therefore specified as: 

 

 ijiij vu +=ε  with ( )20 ui ,N~u σ  and ( )20 vij ,N~v σ , (4) 

 

where ui is the unobservable individual specific effect, vij is the remainder disturbance, and σ2 

the variance of u and v, respectively. With this specification the random component is 

independently distributed and we have the standard random effects binary probit model: 

 

 ( )
22

2

ρ
vu

u
ikij ,Corr

σσ
σεε
+

== , (5) 

 

which assumes equal correlation across choices for each individual. In a choice experiment 

framework this implies stable preferences and/or no learning or fatigue effects over the choice 

exercise (Hammar and Carlsson, 2001). This is, however, a reasonable assumption in the 
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present context given the limited number of choice sets and attributes presented to 

respondents in the choice experiment. 

 If a monetary attribute is included in the model it is possible to calculate welfare effects 

(implicit prices). The implicit prices (IP) are the marginal rates of substitution between one of 

the attributes and the monetary attribute and are, assuming a linear utility function, given by 

the negative ratio of one of the non-monetary attributes and the monetary attribute so that 

(see, for instance, Alpizar et al., 2001): 

 

 




−=

c

z
zIP β

β , (6) 

 

where βz is the coefficient of attribute z and βc the coefficient on the monetary attribute (i.e., 

normally the cost attribute). If the resulting implicit price is positive it can be interpreted as a 

marginal willingness to pay (MWTP) measure and it is theoretically correct only as long as a 

status quo alternative is included in the choice set (Àlvarez-Farizo and Hanley, 2002). 

 To sum up, using choice experiments in a situation like the one covered here, permits 

direct calculations of WTP for specific environmental attributes of an energy source. Thus, in 

contrast to a standard environmental valuation analysis (e.g., contingent valuation), which 

typically involves asking respondents to state their attitudes for or against a certain scenario in 

general (in the present case green electricity from hydropower), the approach reveals, in 

monetary terms, how important certain environmental improvements are relative to others. 

These monetary measures can then constitute important inputs into corporate decision-

making, i.e., by using the information on the relative merits of possible environmental 

improvements as expressed by consumers in the Swedish electricity market.  

4. Questionnaire Design Issues 

In this study a mail-out survey was chosen over an interview approach since it was deemed as 

cost efficient, i.e., a larger group of respondents could be reached for the amount of financial 

resources and time that was available. The valuation literature usually suggests that personal 

interviews should be used. One of the most influential reports in this area is the NOAA-panel 

report on contingent valuation (Arrow et al., 1993) that rules out the possibility of getting 

valid responses using the mail-out format since mail-out surveys usually are sent to 

populations that are not representative of the relevant research population, and since the non-

response rate may be high. They also point to the fact that the mail-out format usually has a 
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built in sample selection bias since the respondents get to review the questionnaire before 

deciding to answer, which may lead to overrepresentation of respondents with a special 

interest in the issue at hand. In order to minimize these problems we employed a random 

sampling from all Swedish house-owning households in the National Register. In addition, as 

discussed below, we compared our respondent population with national averages for house-

owning households. The selection bias problem is also further discussed below. 

 The mail-out questionnaire was developed using the information obtained from 

discussions with hydropower industry representatives (Vattenfall AB), colleagues, and a 

group of graduate students. These discussions lead to a draft questionnaire that subsequently 

was tested in a focus group, where the questionnaire was discussed in detail, with specific 

attention given to whether the information provided in the choice experiment part was 

understandable and perceived as relevant. The focus group discussion further focused on 

deciding upon the size of the price levels. Other changes made due to the deliberations in the 

focus group were that the introduction to the choice experiment was somewhat shortened and 

that the examples used to familiarize the respondents with the effect of changes in the price 

level were clarified. A limited pretest of the mail-out survey was also carried out among 

house owners to test the overall design of the questionnaire. The pretest resulted in minor 

modifications of the introductory letter and to some questions in the final questionnaire being 

slightly revised.6 

 The first part of the questionnaire included questions about the respondents’ attitudes 

towards the environment and electricity in general, and “green” electricity in particular.7 The 

second part of the questionnaire contained the choice experiment. Initially the respondents 

were informed that this part would deal only with hydropower and that mitigating measures 

can be taken to limit the environmental impacts of hydroelectric facilities but that this likely 

will affect their electricity bill. Information on the average electricity price per kWh for 

households was also provided. In order to illustrate how an increase in the electricity price 

will affect households a numerical example was used, where the various price changes per 

kWh were related to the increase in monthly and yearly electricity costs for households using 

                                                 
6 The introductory letter and an example of a questionnaire sent out to respondents are included in the Appendix. 
7 A contingent valuation question, where the respondents were asked to express their WTP towards market and 

government solutions to the problem of increasing the amount of “green” electricity in Sweden, was also 

included in the questionnaire. The results of this exercise is, however, reported elsewhere and not further 

discussed here. 
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low and high amounts of electricity (i.e., depending on if the house has electric heating or 

not). The respondents were further informed what the price changes would involve in 

percentage increases in comparison to the current electricity price.  

 After that, the attributes and their levels were presented.8 The first two attributes used in 

the survey were included to reflect the revised criteria set up by SNF (2002). These attributes 

describe the effects of changes in the water flow. The first of these, downstream water level, 

was included to cover impacts on flora and fauna downstream from a hydroelectric facility. 

The respondents were informed that hydroelectric facilities are normally required to release a 

certain amount of water (i.e., keep a minimum flow in the affected river) but that this flow 

may not be enough to guarantee that all species will survive. The minimum flow was included 

as a base case (status quo), and the two other levels that were used involved a higher water 

flow, thus increasing the possibilities for affected flora and fauna to survive as compared with 

the present situation.  

 The second water-related attribute, erosion and vegetation, was included to cover 

reservoir related impacts. The respondents were informed that variations in the water level in 

the reservoir give rise to erosion and this affects beach adjacent vegetation. They were further 

informed that changes in the release schedule may lower these types of impacts. The present 

situation (status quo), i.e., unchanged impacts from erosion and on vegetation, was included 

in the questionnaire as a base case. The other two levels used were related to the base case and 

thus described two situations with lowered impacts from erosion on beach adjacent 

vegetation. 

 The final non-monetary attribute included relates to the impacts on fish life arising from 

hydropower development. Impacts on fish life affect the possibility to successfully catch fish 

in the affected river. This specific impact is not explicitly covered by the SNF-criteria even if 

it is arguably the case that the fish life in a river is affected by the water level. However, the 

attribute was included since it is the most commonly known impact from hydroelectric 

development of a river. The base case (status quo) used was that the present situation may be 

harmful to certain fish species. However, given that mitigating measures are taken the river 

may be adapted to migratory fish species, and also to all inhabitant fish species. These were, 

hence, the other levels used in the questionnaire.  

                                                 
8 In the analysis the qualitative attributes were described using effect codes (see Table 3). Effect codes are 

especially advantageous because they permit the direct assessment of the different levels of the attributes in the 

indirect utility function (1) above (Boxall et al., 1996). 
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 The last attribute that was included in the choice set was the cost attribute, described to 

the respondents as a price change (increase) and consisted of six levels ranging from 0 öre per 

kWh (status quo) up to an increase of 25 öre per kWh. The mitigating measures that can be 

undertaken can all be considered environmental improvements that will increase the costs of 

the producers which, in turn, will raise the price that the consumers have to pay. The price 

levels chosen were (as mentioned above) decided by relying heavily on the focus group 

discussions.  

 One example of a choice set used in the survey is given in Table 1. As the example 

shows each choice set consisted of two alternatives (A and B). The attributes and levels were 

varied in alternative A, while alternative B represented the status quo option, i.e., the 

environmental characteristics of a standard hydropower facility in Sweden as of today. No 

opt-out alternative was included. Thus, respondents could only choose between existing and 

environmentally improved hydropower. The reason for omitting the opt-out alternative was 

that including this option would likely have led to a large sample of respondents choosing this 

alternative making the identification of their attitudes toward environmental improvements to 

hydropower in Sweden more difficult. The omission of the opt-out alternative makes the 

resulting implicit price measures somewhat hypothetical and not fully representative for the 

actual situation in the Swedish electricity market. However, since the present study seeks to 

identify how the various mitigation measures demanded by SNF in their revised criteria are 

valued and their relative importance rather than how Swedish electricity consumers value 

hydropower per se, this issue is of minor importance here.  

 Orthogonal main-effects design was used to reduce the number of choice sets presented 

to the respondents. In the present case a full factorial design would involve 135 different 

choice sets (i.e., 3 x 3 x 3 x 5), which would be a quite burdensome task for the respondents. 

Orthogonal main-effects design selects the combinations of attributes to be used by sampling 

from the full factorial (Louviere et al., 2000).9 The experimental design procedure reduced the 

number of choice sets to be presented to the respondents to 30. These were then randomly 

divided into five groups so that each respondent had to answer six choice sets.  

 

                                                 
9 The built-in orthogonal-design feature in the statistical software SPSS was used to create the main-effects 

design. The choice set design also allows for two-way interactions to be estimated, but initial tests showed little 

relevance for these in the present study. Consequently, two-way interactions were left out of the estimated 

model. 
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Table 1: Choice Set Example 

The table below defines two different alternatives. Alternative A offers environmental improvements in 
comparison with existing hydropower (alternative B), but also involves a higher cost per kWh. Carefully 
consider what is being offered by each alternative and decide which of the alternatives you would have chosen. 
 

 A B 
Downstream water level: At least minimum flow At least minimum flow 

Erosion & vegetation: 
50 % lower erosion and 

damages to beach adjacent 
vegetation 

Existing erosion and damages 
to beach adjacent vegetation 

Fish:  
Adapted to migratory fish 
species such as the salmon 

May be harmful to some fish 
species 

Increase in electricity price per 
kWh: + 5 öre 0 öre 

 
 If only the above electricity alternatives had been available the last time you chose your electricity 

supplier, which of the alternatives would you then most likely have chosen? 
 
  Alternative A  Alternative B 

 

 The choice sets were followed by debriefing questions where the respondents had to 

state why they answered the choice sets as they did. Thus, statements were formulated as to 

capture the behavior of the respondents in the choice experiments (e.g., if they behaved as 

utility maximizers or not, if they would rather buy green electricity from other energy sources, 

etc.). 

 The final part of the questionnaire contained socio-economic questions (e.g., gender, 

educational level, family situation, income, etc.) and specific questions about the respondents’ 

housing situation (e.g., number of rooms, type of heating, etc.). Also, at the end of the 

questionnaire space was reserved for the respondents to comment on the questionnaire or on 

any other related issue.  

5. Survey Logistics 

The mail-out survey was distributed to 1000 randomly chosen Swedish house-owning 

households in the spring of 2002. 9 surveys were returned because the respondents had moved 

or were unable to answer the questionnaire. Respondents were not pre-recruited nor given a 

reply-incentive. The study was limited to house owners because they can choose among 

different electricity suppliers and they should (in contrast to people living in apartments), 

thus, be relatively familiar with the choice situation facing them in the questionnaire. Two 

complete send-outs including an introductory letter and the questionnaire were made with 
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approximately 3 weeks in between them. Another three weeks later a letter reminding the 

remaining respondents of the survey was mailed out. A total of 479 replies were received 

(response rate of 48 percent); 21 of these declined to answer and 61 of the questionnaires 

were incomplete due to item non-response, predominantly in the choice experiment and on 

the question about household income. Thus, the final sample size consisted of 397 

individuals, each answering six choice sets (resulting in a total of 2382 observations). The 

response rate can be considered in line with what could be expected given the complexity of 

the task facing the respondents.  

 The socio-demographics of the survey respondents are shown and compared to the 

typical Swedish house-owning household in Table 2.  

 

Table 2: Socio-Demographic Comparison 

Variable Sample Typical Swedish House Owner 
Age (% > 65 years): 28% 24% (1997) 
Family (% 2 or more adults with children): 35% 30% (1997) 
Mean income: 30000-40000 SEK 32000 SEK (1997) 
Education (% university-level): 31% 24 % (2001)# 
Electric-heating (%): 54% 67% (2000) 

 # Estimate for average Swede. 

Source: Statistics Sweden (2002). 

 

 As the table shows, the age-distribution of the sample is slightly higher than the 

Swedish average. The over-representation of older people may arise because older people are 

more likely to answer questionnaires; partly due to their relatively low opportunity cost of 

time. With respect to the family-comparison, the sample has a higher share of households 

with two or more adults with children. However, the statistic used to represent the typical 

house-owner is based upon spouses with children, thus leaving out unmarried couples. The 

sample mean income compares well with the typical household. When it comes to the level of 

education the sample clearly indicate a higher share of people with university-level education. 

This possible (“selection”) bias in the sample may arise due to fact that people with higher 

education more easily comprehend the complexity of the task facing the respondents in the 

choice experiment. The sample, further, has a lower share of houses with electric heating than 

do the typical household. A reason for this difference may be that the respondents using very 

little electricity for heating, e.g., as a complement to wood heating, may have answered that 

they do not use any electricity to heat their house. However, in general, the sample compares 

well with the typical Swedish house-owning household, which implies that the results 
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presented below can be considered reasonably representative for the Swedish population of 

house owners. 

6. Results 

Table 3 introduces the variables, their coding, and gives some descriptive statistics for the 

sample used in the econometric analysis. 

 

Table 3: Variable Specification and Descriptive Statistics 

Variable Definition and Coding Mean S.D. Min Max 
Choice 1 if chose alternative A 0.47 0.50 0 1 
Water level (+50%) 1 if 50% higher, 0 if 25% higher, -1 if 

min. level 
0.14 0.81 -1 1 

Water level (+25%) 1 if 25% higher, 0 if 50% higher, -1 if 
min. level 

0.06 0.77 -1 1 

Erosion & vegetation (-50%) 1 if 50% lower, 0 if 25% lower, -1 if 
unchanged 

0.13 0.81 -1 1 

Erosion & vegetation (-25%) 1 if 25% lower, 0 if 50% lower, -1 if 
unchanged 

0.06 0.77 -1 1 

Fish (all) 1 if adapted to all fish, 0 if adapted to 
migratory fish, -1 if unchanged 

0.20 0.79 -1 1 

Fish (migratory) 1 if adapted to all fish, 0 if adapted to 
migratory fish, -1 if unchanged 

0.09 0.75 -1 1 

Price change +5, +10, +15, +20 and +25 öre per 
kWh 

14.60 7.60 5 25 

Environmental goods 1 if regularly buy environmental goods 0.60 0.49 0 1 
Recreational fishing 1 if regularly fish for recreation 0.36 0.48 0 1 
Government provision 1 if prefer government provision of 

green electricity 
0.45 0.50 0 1 

Value for the money 1 if chose alternative which gave the 
most value for the money  

0.21 0.40 0 1 

Afford 1 if could not afford to pay more/much 
more for green electricity 

0.42 0.49 0 1 

Other power sources 1 if would rather spend money to make 
other power sources more env. benign 

0.08 0.27 0 1 

Comprehensive 1 if weighed all attributes against each 
other 

0.40 0.49 0 1 

Gender 1 if man 0.79 0.41 0 1 
Income 1 if monthly household income higher 

than 50000 SEK 
0.15 0.36 0 1 

Child 1 if family with children 0.39 0.49 0 1 
Education 1 if university education 0.31 0.46 0 1 
Electric heating 1 if electricity heated house 0.54 0.50 0 1 

 

 In the sample, 47 percent of the choices correspond to the environmental improvement 

alternative (A), a majority are men (79 percent), 15 percent have a monthly household income 

of more than 50000 SEK (about 5000 USD), and 39 percent have at least one child in the 

household.  
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 The sample exhibits “lexicographic” behavior within the experiment in the sense that 20 

percent of respondents always chose the environmental improvement alternative (A), while 23 

percent always chose the status quo alternative (B). This behavior could be the consequence 

of insufficient differences among attribute levels to ensure trade-offs, “yea” or “nay” saying, 

strategic behavior, or just arise “out of ease” from the respondent, and may have introduced 

systematic errors that bias the results (Alpizar et al., 2001). However, due to the pre-testing 

before the questionnaire was distributed to respondents we believe that this is not a major 

problem in this study. These responses, however, provide relatively little information for the 

estimated model.  

 In the econometric analysis all of the non-monetary attributes are expected to have 

positive signs, this since they all involve environmental improvements that should raise the 

utility of respondents. On the other hand an increase in the electricity price should lower the 

utility of respondents and, hence, lower the probability of alternative A being chosen over 

alternative B (negative sign). 

 Socio-economic and attitudinal variables were also included in the econometric analysis 

and were implemented so as to interact with the constant or with the attributes. The first of 

these, environmental goods, shows whether respondents regularly buy “green” product and is 

included to capture a “general” attitude towards the environment. It is expected that this 

interest will lead to a higher probability of choosing the environmental improvement 

alternative in the choice experiment. The recreational fishing variable reflects an interest 

essentially related to all of the attributes in the choice experiment and it is a priori expected to 

increase the probability of choosing alternative A. The next five variables are based on the 

respondents answers in the debriefing question, i.e., the reasons stated by the respondents as 

to why the answered the choice sets as they did. These are expected to have a negative sign 

except the value for the money, included to capture utility maximizing behavior, and 

comprehensive variables for which there are no a priori expectations. For the gender variable 

there are no reasons to believe that men would be more or less likely to choose alternative A 

or B (no expected sign). The last four socio-economic variables included in the estimation 

were interacted with some of the attributes. Income was interacted with erosion and 

vegetation (-50 percent) and child with fish (all). The price change attribute was interacted 

with education and electric heating, respectively. The (individual) expected signs of these 

variables are positive for income and education, negative for electric heating, while there are 

no expectations for the child variable. 
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 The results obtained by estimating the random effects binary probit model, pooled by 

individual, for the sample data are presented in Table 4. The estimated correlation between 

the error terms, ρ, is relatively high as well as statistically significant at the 1 percent level. 

Thus, it is not possible to reject the random effects model in favor of a model with no 

correlation between the error terms. A likelihood test of the joint hypothesis that all 

coefficients are zero was conducted on a chi-squared value of 737.01. With 1 degree of 

freedom the critical value on the 1 percent level is 6.64, which shows that the joint hypothesis 

of all coefficients being zero may be rejected. 

 

Table 4: Random Effects Binary Probit Model Results 

Variable Coefficient t-statistic 
Constant 3.25*** 7.89 
Water level (+50%) -0.08 -1.15 
Water level (+25%) 0.07 0.94 
Erosion & vegetation (-50%) 0.20*** 2.61 
Erosion & vegetation (-25%) -0.04 -0.42 
Fish (all) 0.23** 2.47 
Fish (migratory) 0.08 1.08 
Price change -0.14*** -18.75 
Environmental goods 0.57** 2.09 
Recreational fishing 0.64** 2.37 
Government provision -1.37*** -4.87 
Value for the money -1.20*** -3.52 
Afford -0.57** -2.08 
Other power sources -1.36*** -2.79 
Comprehensive 1.41*** 4.99 
Gender -1.23*** -3.85 
Erosion & vegetation (-50%)*Income 0.36* 1.91 
Fish (all)*Child 0.25* 1.77 
Price change*Education -0.06*** -3.44 
Price change*Electric heating -0.03*** -4.60 
ρ 0.84*** 46.31 
Summary statistics 
Sample size: 397 individuals 
Log-likelihood: -886.77 
Chi-squared (1 d.f.): 737.01*** 

 *** Statistically significant at the 1-percent level 
 ** Statistically significant at the 5-percent level 
 * Statistically significant at the 10-percent level 
 

 The constant is statistically significant and positive, which shows that on average the 

environmental improvement alternative is preferred to the status quo. Among the parameter 

estimates for the non-monetary attributes there are some unexpected results; the coefficients 

for water level (+50 percent) and erosion and vegetation (-25 percent) both have negative 

signs, implying a lower probability of choosing the environmental improvement alternative. 

These parameter estimates are however not statistically significant. The other four non-
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monetary attribute coefficients have the expected signs, statistical significance can though 

only be established for the erosion and vegetation (-50 percent) estimate and for the fish (all) 

estimate. The price change estimate is significant and has the expected sign. The results 

further indicate that the fish (all) level has the strongest relative impact on respondent utility 

among the attribute levels included in the choice experiment.  

 All of the parameter estimates for the socio-economic and attitudinal variables 

interacted with the constant are statistically significant. Positive environmental attitudes and 

interests related to fishing amongst respondents clearly increase the possibility of choosing 

environmentally improved hydropower. Respondents believing in a government solution to 

the problem of increasing the share of “green” power in the Swedish power production mix 

are less likely to choose the (market based) environmental improvement alternative. Utility 

maximizing behavior seems to lower the probability of choosing alternative A. The 

respondents that indicated that they had considered their budget constraint in the choice 

exercise are also less likely to choose the more expensive environmental improvement 

alternative. As could be expected respondents that indicated that they would rather spend their 

money on other power sources are less likely to choose alternative A, i.e., indicating that these 

respondent would have been prone to opt-out if given the possibility and that they would have 

preferred other “green” (or possibly “none-green”) power sources. The results also show that 

respondents that were carefully weighed the options presented to them in the choice sets are 

more likely to choose the environmental improvement alternative, and that men have a lower 

probability of choosing alternative A. The parameter estimates that reveal the strongest 

relative impact on respondent choices within the experiment are those related to public 

provision of “green” power, individual budget concerns, to whether respondents would have 

preferred to buy electricity from other power sources, and to the carefulness which 

respondents employed in the choice exercise. 

 The socio-economic attribute interactions are all statistically significant. High income 

respondents are more likely to choose the environmental improvement alternative when 

“offered” the lowest erosion and vegetation impact. Respondents with children tend to have a 

higher probability of choosing alternative A when presented with the maximum fish 

improvement level. The interactions further show that university educated respondents tends 

to be more price sensitive as are respondents with electric heating. Among the attribute 

interactions the income and child interactions reveal the strongest relative impact on 

respondent choices within the sample. 
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 Implicit prices from the estimated model are presented in Table 5. The t-statistics for the 

implicit prices in the model were calculated using the delta method (Greene, 2000), while the 

95-percent confidence intervals were estimated using the Krinsky and Robb (1986) procedure 

with 5000 random draws from the asymptotic normal distribution of the parameter estimates. 

These implicit prices reflect the relative importance the respondents place on each of the non-

monetary attributes, i.e., the trade-offs the respondents would be willing to make among the 

non-monetary attributes included in the experiment. 

 

Table 5: Implicit Price Estimates (öre per kWh) 

 Model Estimates 95% Confidence Intervals 
Attribute Mean t-statistic Mean Min Max 
Water level (+50%) -0.56 -1.15 -0.57 -1.39 0.25 
Water level (+25%) 0.54 0.95 0.55 -0.38 1.47 
Erosion & vegetation (-50%) 1.47*** 2.66 1.48** 0.58 2.39 
Erosion & vegetation (-25%) -0.26 -0.42 -0.26 -1.31 0.78 
Fish (all) 1.66** 2.45 1.67** 0.54 2.81 
Fish (migratory) 0.61 1.09 0.60 -0.32 1.49 

 *** Statistically significant at the 1-percent level 
 ** Statistically significant at the 5-percent level 
 

 The negative signs for water level (+50 percent) and erosion and vegetation (-25 

percent) are somewhat counterintuitive. They indicate that for these two levels, which both 

involve environmental improvements, respondents would require compensation (i.e., they 

represent point estimates of willingness to accept). However, positive values are included in 

the confidence intervals for both of the attributes. The other implicit prices reflect willingness 

to pay, which is as could be expected for environmental improvements. Statistical 

significance can though only be established for two of the attribute implicit prices; erosion 

and vegetation (-50 percent) and fish (all). Overall no statistical significance can be 

established for the mid-levels, possibly indicating that respondents tend to go for the “big” 

environmental improvements in the experiment. The implicit price estimates show that within 

the experiment respondents are, ceteris paribus, willing to pay 1.67 öre (approximately 0.16 

US cents) per kWh extra for all fish species to be preserved or 1.48 öre per kWh for erosion 

and beach adjacent vegetation impacts to be lowered by 50 percent. As a comparison, the 

average respondent would accept a premium for one of the environmental improvements 

included in the choice exercise that is “on the lower bound” of the premium currently paid for 

green electricity in Sweden today, i.e., 0.3 to 6 öre per kWh. 

 Finally, the implicit prices reported here need to be interpreted with some caution. Even 

if these implicit prices reflect the WTP for the environmental attributes of existing 
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hydropower, it is assumed that all other attributes as well as power sources are held constant. 

Thus, in real life respondents, even those with positive implicit prices for the environmental 

improvements covered here, may chose to consume another type of electricity (e.g., green 

electricity from wind power) simply because this “product” satisfy their preferences for other 

attributes etc. This is also implied by results presented above which show that some of the 

respondents would rather buy green electricity from other power sources if given the option. 

However, given the large share of hydropower in the Swedish electricity market, hydropower 

may be considered very representative of the Swedish electricity production system, which 

implies that the behavior expressed by the respondents in the experiment is indicative of the 

actual behavior of house-owners in the Swedish electricity market.  

7. Concluding Remarks 

This paper has used the choice experiment approach to estimate how the environmental 

impacts arising from hydroelectric production are perceived by Swedish house-owning 

households. The analysis shows that among the attributes, the price attribute has a significant 

impact on the utility of the respondents, thus indicating that environmental improvements 

must come at a low cost for the consumers. This is further enforced by the results of the 

estimated model, which indicate that the budget constraint may limit respondent willingness 

to pay for environmental improvements. For the non-monetary attributes the analysis 

indicates that erosion and fish life improvements are relatively most important and that there 

are significant social costs arising from hydroelectric development. 

 In addition, the results of the econometric analysis imply that some of the Swedish 

house-owning households favor other green power sources than hydropower (i.e., wind, solar 

etc.), and that for some government provision of “green” power is a preferred solution to the 

problem of increasing the share of “green” generation capacity, which is not in line with a 

market solution such as the BRA MILJÖVAL system. 

 Consequently, the results of the choice experiment indicate that if the environmental 

costs arising from hydropower are to be minimized the mitigating measures that are taken 

(and demanded by the SNF) should focus on limiting the impacts from reservoir erosion and 

on improving the situation for the fish that inhabit the affected river. However, these measures 

must be taken at a low cost since households are sensitive to price increases. Also, the results 

suggest that the criteria set up by the SNF on hydro power are only partly in line with 

perception of the average respondent. Something that, if this perception is representative of 
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the average Swedish household, may limit the success of the BRA MILJÖVAL system in the 

future.  
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Appendix to Paper 4: Letter and Questionnaire 

Swedish Original:  

 
 
 
 
 Luleå datum månad 
 
 
Hej! 
 
Luleå tekniska universitet genomför en undersökning som handlar om hushållens inställning 
till hur vi producerar elektricitet i Sverige. Vi är väldigt tacksamma om du så snart som 
möjligt besvarar det medföljande frågeformuläret och återsänder det till oss i det bifogade 
svarskuvertet. 
 
Dina svar är helt konfidentiella och anonyma. Det kommer inte att vara möjligt att urskilja 
vad du eller någon annan svarat i de resultat som publiceras. 
 
Frågeformuläret innehåller frågor om din inställning till vad som i vardagstal kallas ”grön el”. 
Vad som är ”grönt” varierar ofta efter vem man frågar men oftast brukar man hänvisa till 
förnybara energikällor såsom vindkraft, solkraft och vattenkraft. Dessa energikällor anses ha 
jämförelsevis liten miljöpåverkan, exempelvis genom att de har små utsläpp till luft och 
genom att energikällan är just förnybar (och inte uttömlig såsom olja, gas och kol). De flesta 
elproducenter kan erbjuda elektricitet från förnybara elkällor. Därav är det normalt inga 
problem att köpa ”grön el” från din lokala elleverantör. 
 
Om det är något i frågeformuläret som är oklart eller om du har några andra frågor angående 
projektet, kontakta gärna Thomas Sundqvist på telefon 0920-49 22 64, fax 0920-49 20 35 
eller via e-post Thomas.Sundqvist@ies.luth.se. 
 
Tack på förhand för din medverkan! 
 
Med vänlig hälsning, 
 
 
 
 
Patrik Söderholm 
Docent 





 A4-3

FRÅGEFORMULÄR 
 

Del A: 
 
Den el som produceras i Sverige är av olika slag; ca 55 % kommer från vattenkraft, ca 39 % från 
kärnkraft och resterande del i huvudsak från biomassa och vindkraft. Andelen el från förnybara 
elkällor kan ökas. Men detta skulle kräva att elproducenterna investerar i dessa nya elkällor och detta 
kan komma att påverka din elräkning. Vi kommer snart att fråga dig om din åsikt angående denna 
extra kostnad, men först ber vi dig att besvara frågorna nedan. 

 
1.  Vilka anser du är de allvarligaste miljöproblemen för Sverige idag? Kryssa för ett 
 eller flera alternativ. 

 
  Växthuseffekten (klimatproblematiken) 
  Utsläpp till luft och vatten (t.ex. försurning orsakad av utsläpp av svaveldioxid) 
  Överanvändning av naturresurser 
  Minskad artrikedom 
  Avfallsproblematiken 
  Annat, nämligen:     
 
2.  Hur väl motsvarar följande påståenden dina åsikter? Ringa in lämpligt alternativ. 
 

a) Staten bör begränsa utsläpp till miljön genom miljöregleringar. 
5 

Instämmer 
helt 

4 3 
Instämmer 

delvis 

2 1 
Instämmer 

inte 

 0 
Ingen åsikt/ 

Vet ej 
 

b) Det är viktigt att elpriserna hålls på en låg nivå. 
5 

Instämmer 
helt 

4 3 
Instämmer 

delvis 

2 1 
Instämmer 

inte 

 0 
Ingen åsikt/ 

Vet ej 
 

c) Vi bör minska mängden miljöfarliga utsläpp från elproduktion. 
5 

Instämmer 
helt 

4 3 
Instämmer 

delvis 

2 1 
Instämmer 

inte 

 0 
Ingen åsikt/ 

Vet ej 
 

d) Staten bör hjälpa till att utveckla mer miljövänliga energikällor genom att till 
exempel ge ekonomiska bidrag till befintlig och ny förnybar elproduktion. 

5 
Instämmer 

helt 

4 3 
Instämmer 

delvis 

2 1 
Instämmer 

inte 

 0 
Ingen åsikt/ 

Vet ej 
 

e) Människor i allmänhet kan göra mycket för att förbättra vår miljö, till 
exempel genom att minska energiförbrukningen. 

5 
Instämmer 

helt 

4 3 
Instämmer 

delvis 

2 1 
Instämmer 

inte 

 0 
Ingen åsikt/ 

Vet ej 
 

Frågan fortsätter på nästa sida. 
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 f) Jag har inte råd att bidra mer ekonomiskt till underhållet av naturmiljön än 
  vad jag gör för tillfället genom exempelvis skatter och donationer. 

5 
Instämmer 

helt 

4 3 
Instämmer 

delvis 

2 1 
Instämmer 

inte 

 0 
Ingen åsikt/ 

Vet ej 
 
 g) Jag har inte tid att bidra mer till underhållet av naturmiljön än vad jag gör för 
  tillfället. 

5 
Instämmer 

helt 

4 3 
Instämmer 

delvis 

2 1 
Instämmer 

inte 

 0 
Ingen åsikt/ 

Vet ej 
 
3.  Brukar du eller någon annan medlem av ditt hushåll regelbundet köpa gröna eller 
 miljömärkta produkter (till exempel kravmärkta livsmedel och svanenmärkta 
 produkter)? 
 
  Ja  Nej  Vet ej 
 
4.  Deltar du eller någon annan medlem av ditt hushåll regelbundet i någon av följande 

aktiviteter i naturen? Kryssa för ett eller flera alternativ. 
 
  Jakt  Fiske 
  Fågelskådning  Bär-/Svampplockning 
  Vandring  Camping 
  Skidåkning  Skoteråkning 
  Annat, nämligen:     
 
5.  Hur miljövänliga upplever du att följande energislag är? Ringa in lämpligt 

alternativ. 
 

 Mycket 
miljövänlig 

 Ganska 
miljövänlig 

 Inte alls 
miljövänlig 

 Vet ej 

 
Kärnkraft: 
 

 
5 

 
4 

 
3 

 
2 

 
1 

  
0 

 
Vattenkraft: 
 

 
5 

 
4 

 
3 

 
2 

 
1 

  
0 

 
Kolkraft: 
 

 
5 

 
4 

 
3 

 
2 

 
1 

  
0 

 
Gaskraft: 
 

 
5 

 
4 

 
3 

 
2 

 
1 

  
0 

 
Vindkraft: 
 

 
5 

 
4 

 
3 

 
2 

 
1 

  
0 

 
Solkraft: 
 

 
5 

 
4 

 
3 

 
2 

 
1 

  
0 

 
Biobränslebaserad kraft: 
 

 
5 

 
4 

 
3 

 
2 

 
1 

  
0 
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6.  Tycker du att kraftföretagen (elproducenterna) arbetar tillräckligt hårt med att 
 utveckla ny miljövänlig produktion? 
 
  Ja  Nej  Vet ej 
 
7.  Hade du hört talas om begreppet “grön el” före du fick denna enkät? 
 
  Ja  Nej  Vet ej 
 
 Om ja, ange hur du lärde dig om det (kryssa för ett eller flera alternativ): 
 
  Tidning  TV 
  Radio  Vänner 
  Skola  Reklam 
  Miljögrupp/organisation  Elleverantör 
  Minns ej 
  Annat, nämligen:      
 
8.  Har ni i ert hushåll köpt grön el? 
 
  Ja  Nej  Vet ej 
 
 Om nej, vilken är huvudorsaken till varför ni inte har köpt grön el? Kryssa för ett 

alternativ. 
 
  Bristande kunskap, inte säker vad det är. 
  Har inte blivit erbjuden att köpa grön el. 
  Kan inte välja elleverantör/typ av el. 
  För dyrt. 
  Jag tror inte på produkten, det finns ingen anledning att köpa grön el. 
  Bryr mig inte. 
  Har inte tänkt på det. 
  Annat, nämligen:     

 

9.  Tror du att ni i ert hushåll kommer att vara intresserade av att köpa grön el i 
 framtiden? 

5 
Ja, absolut 

4 3 
Kanske 

2 1 
Nej, 

definitivt 
inte 

 0 
Vet ej 

 

 
10.  Den el som säljs som grön är normalt märkt med Naturskyddsföreningens Bra 
 Miljöval. Skulle ni i ert hushåll kunna tänka er att köpa grön el som inte är märkt 
 med Bra Miljöval? 
 
  Ja  Nej  Vet ej 
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11. Antag att regeringen lade fram ett politiskt förslag som innebar att 10 procent av 
den svenska elproduktionen måste utgöras av nya förnybara elkällor såsom 
exempelvis vind- och biobränslebaserad elkraft (ej vattenkraft). Detta skulle göra 
det nödvändigt för elproducenterna att investera i nya elkraftverk baserade på 
förnybar teknologi samt höja elproducenternas kostnader. Detta skulle i sin tur 
innebära högre elpriser for konsumenterna. Skulle du stödja detta förslag om dina 
elkostnader ökade med 25 kr per månad som en direkt följd av förslaget? 

 
  Ja  Nej  Vet ej 
 
 Om nej, varför inte? Kryssa för ett eller flera alternativ. 
 
  Jag har inte råd att betala en dyrare elräkning. 
  Jag tycker att staten ska tillhandahålla elektricitet som är miljövänlig utan extra 
  kostnad for konsumenterna. 
  Jag tror inte att elräkningen blir dyrare om, elbolagen investerar i nya förnybara 
 elkällor.  
  Jag tycker att elföretagen ska tillhandahålla elektricitet som är miljövänlig utan 
  extra kostnad for konsumenterna. 
  Jag spenderar hellre mina pengar på andra miljöförbättrande åtgärder. 
  Annat, nämligen:     
 
12.  Hur viktiga anser du att följande alternativ är för att du skulle välja att köpa grön 
 el? Ringa in lämpliga alternativ. 
 
 a)  Det är viktigt att veta vilket företag som levererar den gröna elen (det vill säga 
  Birka Energi, Sydkraft, Vattenfall etc.). 

5 
Mycket 
viktigt 

4 3 
Ganska 
viktigt 

2 1 
Inte 

viktigt 

 0 
Ingen åsikt/ 

Vet ej 
 
 b)  Det är viktigt att veta vilken typ av grön el du köper (det vill säga vindkraft, 
  vattenkraft etc.).  

5 
Mycket 
viktigt 

4 3 
Ganska 
viktigt 

2 1 
Inte 

viktigt 

 0 
Ingen åsikt/ 

Vet ej 
 
 c)  Det är viktigt att veta ifrån vilken produktionsanläggning som den gröna elen 
  kommer (det vill säga om den kommer från ett visst kraftverk).  

5 
Mycket 
viktigt 

4 3 
Ganska 
viktigt 

2 1 
Inte 

viktigt 

 0 
Ingen åsikt/ 

Vet ej 
 
 d)  Det är viktigt att veta i detalj vad det du betalar extra för grön el går till för 
  ändamål.  

5 
Mycket 
viktigt 

4 3 
Ganska 
viktigt 

2 1 
Inte 

viktigt 

 0 
Ingen åsikt/ 

Vet ej 
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Del B: 
 
Den här delen av enkäten handlar om vattenkraft (el från strömmande vatten). Sveriges regering har 
bestämt att det inte kommer att byggas några nya storskaliga vattenkraftsanläggningar. Men det är 
möjligt att anpassa befintliga vattenkraftverk så att de har mindre miljöpåverkan. Detta kommer dock, 
i de flesta fall, att leda till högre produktionskostnader vilket kan komma att påverka din elräkning. 
 
I dag kostar el i genomsnitt mellan 50 och 65 öre per kilowattimme (kWh) inklusive skatt. Följande 
tabell visar hur mycket kostnaden förändras, för en familj som bor i ett hus utan elvärme respektive ett 
hus med elvärme och som förbrukar 400 respektive 2000 kWh el per månad, då elpriset ökar:  
 

 Ökad månadskostnad Ökad årskostnad Förändring 
Elprisökning 400 kWh 2000 kWh 400 kWh 2000 kWh (60 öre/kWh) 

+ 5 öre per kWh + 20 kr + 100 kr + 240 kr + 1200 kr +8 % 
+ 10 öre per kWh + 40 kr + 200 kr + 480 kr + 2400 kr +17 % 
+ 15 öre per kWh + 60 kr + 300 kr + 720 kr + 3600 kr +25 % 
+ 20 öre per kWh + 80 kr + 400 kr + 960 kr + 4800 kr +33 % 
+ 25 öre per kWh + 100 kr + 500 kr + 1200 kr + 6000 kr + 42 % 

 
Nedan beskrivs de miljöförbättringar som kan genomföras på befintliga vattenkraftsanläggningar. 
Bekanta dig gärna med de begrepp som används i fråga 13 till 18. 
 
Nedströms vattennivå: 
Vattenkraftsutbyggnad leder normalt till att vattennivån nedströms kraftverket påverkas. Den kan 
större delen av året vara lägre än vad den varit om älven inte byggts ut. Djur- och växtlivet nedströms 
en damm kan kräva en viss nivå av vatten för att överleva. I normala fall krävs det att 
vattenkraftsproducenterna minst håller ett visst minimiflöde. Detta minimiflöde kan dock vara för litet 
för att garantera att alla arter ska kunna överleva. Ett högre vattenflöde skulle ge bättre möjligheter för 
att alla arter ska kunna överleva. I frågorna nedan används följande nivåer för att visa hur väl en 
utbyggd älv är anpassad till de arter som lever nedströms en damm: 

• Minst 50 % högre vattenflöde (än minimiflöde). 
• Minst 25 % högre vattenflöde (än minimiflöde). 
• Minst minimiflöde. 

 
Erosion och växtlighet: 
Variationer i vattennivån i reservoaren (dammen) kan orsaka erosion (nötning av jordytan) vilket 
skadar mark nära stranden och också skada vattennära växtlighet. Effekterna av erosion (och de på 
växtligheten) kan begränsas genom att vattennivån stabiliseras genom ändringar i utsläppsschemat. I 
frågorna nedan används följande nivåer för att beskriva erosions- och vegetationseffekter:  

•  50 % lägre erosion och 50 % lägre skador på strandnära växtlighet. 
•   25 % lägre erosion och 25 % lägre skador på strandnära växtlighet. 
•  Befintlig erosion och skador på strandnära växtlighet (som i dag). 

 
Fiske: 
En vattenkraftsanläggning kan påverka fisklivet i en älv. Detta kan påverka möjligheterna att fiska i 
älven. Det är dock möjligt att anpassa vattenkraftsanläggningarna så att skadorna på fisklivet 
begränsas. Till exempel genom att installera fisktrappor och genom att utrusta turbinen med blad som 
inte skadar fisk. I frågorna nedan så används följande nivåer för att visa hur väl en utbyggd älv är 
anpassad till fisklivet i älven: 

• Anpassad till alla fiskarter. 
• Anpassad till vandrande fiskarter så som laxen. 
• Kan vara skadlig för vissa fiskarter. 
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13.  Tabellen nedan definierar två olika alternativ. Alternativ A erbjuder miljöförbättringar 
 jämfört med befintlig vattenkraft (alternativ B) men medför också en högre kostnad per 
 kWh. Tänk igenom vad som erbjuds av respektive alternativ och bestäm sedan vilket av 
 alternativen du mest sannolikt hade valt. 
 

 A B 

Nedströms vattennivå: 
Minst 25 % högre 

vattenflöde (än 
minimiflöde) 

Minst minimiflöde 

Erosion och växtlighet: 
50 % lägre erosion och 
50 % lägre skador på 
strandnära växtlighet 

Befintlig erosion och 
skador på strandnära 

växtlighet 

Fiske : Anpassad till alla fiskarter Kan vara skadlig för vissa 
fiskarter 

Ökning av elpris per kWh: + 20 öre 0 öre 

 
 Om endast ovanstående el-alternativ hade varit tillgängliga när du senast valde 

elleverantör vilket av alternativen skulle du då mest sannolikt ha valt? 
 
  Alternativ A  Alternativ B 

 
14.  Tabellen nedan definierar två olika alternativ. Alternativ A erbjuder miljöförbättringar 
 jämfört med befintlig vattenkraft (alternativ B) men medför också en högre kostnad per 
 kWh. Tänk igenom vad som erbjuds av respektive alternativ och bestäm sedan vilket av 
 alternativen du mest sannolikt hade valt. 
 

 A B 

Nedströms vattennivå: 
Minst 50 % högre 

vattenflöde (än 
minimiflöde) 

Minst minimiflöde 

Erosion och växtlighet: 
50 % lägre erosion och 
50 % lägre skador på 
strandnära växtlighet 

Befintlig erosion och 
skador på strandnära 

växtlighet 

Fiske : Anpassad till vandrande 
fiskarter så som laxen 

Kan vara skadlig för vissa 
fiskarter 

Ökning av elpris per kWh: + 25 öre 0 öre 

 
 Om endast ovanstående el-alternativ hade varit tillgängliga när du senast valde 

elleverantör vilket av alternativen skulle du då mest sannolikt ha valt? 
 
  Alternativ A  Alternativ B 
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15.  Tabellen nedan definierar två olika alternativ. Alternativ A erbjuder miljöförbättringar 
 jämfört med befintlig vattenkraft (alternativ B) men medför också en högre kostnad per 
 kWh. Tänk igenom vad som erbjuds av respektive alternativ och bestäm sedan vilket av 
 alternativen du mest sannolikt hade valt. 
 

 A B 

Nedströms vattennivå: 
Minst 25 % högre 

vattenflöde (än 
minimiflöde) 

Minst minimiflöde 

Erosion och växtlighet: 
50 % lägre erosion och 
50 % lägre skador på 
strandnära växtlighet 

Befintlig erosion och 
skador på strandnära 

växtlighet 

Fiske : Kan vara skadlig för vissa 
fiskarter 

Kan vara skadlig för vissa 
fiskarter 

Ökning av elpris per kWh: + 10 öre 0 öre 

 
 Om endast ovanstående el-alternativ hade varit tillgängliga när du senast valde 

elleverantör vilket av alternativen skulle du då mest sannolikt ha valt? 
 
  Alternativ A  Alternativ B 

 
16.  Tabellen nedan definierar två olika alternativ. Alternativ A erbjuder miljöförbättringar 
 jämfört med befintlig vattenkraft (alternativ B) men medför också en högre kostnad per 
 kWh. Tänk igenom vad som erbjuds av respektive alternativ och bestäm sedan vilket av 
 alternativen du mest sannolikt hade valt. 
 

 A B 

Nedströms vattennivå: 
Minst 25 % högre 

vattenflöde (än 
minimiflöde) 

Minst minimiflöde 

Erosion och växtlighet: 
25 % lägre erosion och 
25 % lägre skador på 
strandnära växtlighet 

Befintlig erosion och 
skador på strandnära 

växtlighet 

Fiske : Kan vara skadlig för vissa 
fiskarter 

Kan vara skadlig för vissa 
fiskarter 

Ökning av elpris per kWh: + 25 öre 0 öre 

 
 Om endast ovanstående el-alternativ hade varit tillgängliga när du senast valde 

elleverantör vilket av alternativen skulle du då mest sannolikt ha valt? 
 (kryssa för ett alternativ) 
 
  Alternativ A  Alternativ B 
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17.  Tabellen nedan definierar två olika alternativ. Alternativ A erbjuder miljöförbättringar 
 jämfört med befintlig vattenkraft (alternativ B) men medför också en högre kostnad per 
 kWh. Tänk igenom vad som erbjuds av respektive alternativ och bestäm sedan vilket av 
 alternativen du mest sannolikt hade valt. 
 

 A B 

Nedströms vattennivå: Minst minimiflöde Minst minimiflöde 

Erosion och växtlighet: 
50 % lägre erosion och 
50 % lägre skador på 
strandnära växtlighet 

Befintlig erosion och 
skador på strandnära 

växtlighet 

Fiske : Anpassad till alla fiskarter Kan vara skadlig för vissa 
fiskarter 

Ökning av elpris per kWh: + 10 öre 0 öre 

 
 Om endast ovanstående el-alternativ hade varit tillgängliga när du senast valde 

elleverantör vilket av alternativen skulle du då mest sannolikt ha valt? 
 (kryssa för ett alternativ) 
 
  Alternativ A  Alternativ B 

 
18.  Tabellen nedan definierar två olika alternativ. Alternativ A erbjuder miljöförbättringar 
 jämfört med befintlig vattenkraft (alternativ B) men medför också en högre kostnad per 
 kWh. Tänk igenom vad som erbjuds av respektive alternativ och bestäm sedan vilket av 
 alternativen du mest sannolikt hade valt. 
 

 A B 

Nedströms vattennivå: 
Minst 50 % högre 

vattenflöde (än 
minimiflöde) 

Minst minimiflöde 

Erosion och växtlighet: 
Befintlig erosion och 
skador på strandnära 

växtlighet 

Befintlig erosion och 
skador på strandnära 

växtlighet 

Fiske : Kan vara skadlig för vissa 
fiskarter 

Kan vara skadlig för vissa 
fiskarter 

Ökning av elpris per kWh: + 25 öre 0 öre 

 
 Om endast ovanstående el-alternativ hade varit tillgängliga när du senast valde 

elleverantör vilket av alternativen skulle du då mest sannolikt ha valt? 
 (kryssa för ett alternativ) 
 
  Alternativ A  Alternativ B 
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19. Vilket eller vilka av följande påståenden förklarar bäst ditt resonemang när du 
 besvarade fråga 13 till 18? Kryssa för ett eller flera alternativ. 

 
  Jag tycker inte att allmänheten ska behöva betala mer för att erhålla mer miljövänlig 

  elektricitet.  
 

  Jag valde det alternativ som gav mig mest för pengarna. 
 

  Jag har inte råd att betala något mer för miljövänlig elektricitet. 
 

  Jag har inte råd att betala mycket mer för miljövänlig elektricitet. 
 

  Jag spenderar hellre mina pengar på att göra andra el-källor än vattenkraft 
  miljövänligare. 

 

  Jag tycker att nedströms vattennivå är viktigast och valde uteslutande alternativ 
  baserat på detta.  

 

  Jag tycker att reservoarerosion och strandnära vegetation är viktigast och valde 
  uteslutande alternativ baserat på detta. 

 

  Jag tycker att tillgången på fisk är viktigast och valde uteslutande alternativ baserat 
  på detta.  

 

  Jag tycker att låga elpriser är viktigast och valde alltid det billigaste alternativet.  
 

  Jag vägde alla effekter mot varandra (gjorde en helhetsbedömning) och valde det 
  alternativ som sammanlagt var att föredra. 

 

  Jag köper hellre el från andra gröna elkällor (till exempel vindkraft, solkraft, 
  biomassa etc.).  

 

  Annat, nämligen: 
 
 

Del C: 
 

20. Är du kvinna eller man? 
 
  Kvinna  Man 
 
21. Hur gammal är du? 
 
 _______ år 
 
22.  Vilken högsta utbildning har du? 
 
  Grundskola eller realskola 
  Gymnasium 
  Folkhögskola 
  Högskola eller universitet 
  Annan, nämligen:      
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23. Vilket av följande alternativ motsvarar din familjesituation? 
 
  Ensamstående, utan barn under 18 år 
  Ensamstående, med barn under 18 år 
  Två eller fler vuxna, utan barn under 18 år 
  Två eller fler vuxna, med barn under 18 år 
  Annan 

 

24.  Ungefär hur stor är ditt hushålls sammanlagda inkomst per månad, före skatt? 
Inkludera även andra inkomstslag än inkomst av arbete som till exempel 
sjukpenning, föräldrapenning, studiemedel eller arbetslöshetsersättning och kryssa 
för ett alternativ. 

 
  Mindre än 5000 kr per månad 
  Mellan 5001 och 10000 kr per månad 
  Mellan 10001 och 15000 kr per månad 
  Mellan 15001 och 20000 kr per månad 
  Mellan 20001 och 30000 kr per månad 
  Mellan 30001 och 40000 kr per månad 
  Mellan 40001 och 50000 kr per månad 
  Mellan 50001 och 60000 kr per månad 
  Mellan 60001 och 70000 kr per månad 
  Mer än 70000 kr per månad 
 
25.  Bor du i ett eluppvärmt hus? 
 
  Ja  Nej  Vet ej 
 
26.  Hur många rum är det i ditt hus? 
 
  1-2 rum  3-4 rum 
  5-6 rum  7-8 rum 
  9 rum eller fler 

Kommentarer: 
 
Tack för din hjälp! Använd gärna utrymmet nedan för att tala om för oss om det är någonting du vill 
tillägga om exempelvis grön el, enkäten etc. 
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English Translation: 

 
 
 
 
 Luleå date month 
 
 
Hi! 
 
Luleå University of Technology is carrying out a survey into people’s attitudes towards the 
ways in which we are producing electricity in Sweden. We would be very grateful if you 
could fill in this questionnaire and return it to us in the enclosed pre-paid envelope. 
 
The answers that you give will be completely confidential and anonymous. It will not be 
possible to distinguish what you or any other respondent have answered from the results that 
will be published.  
 
This questionnaire contains questions concerning your attitude to what is normally called 
“green electricity”. What is considered “green” depends upon who you are asking but usually 
it refers to renewable energy sources such as wind power, solar power and hydro power. 
These energy sources are considered to have relatively low environmental impacts, for 
instance, since they emit little pollution to the air and also because the energy source is 
renewable (and not depletable such as oil, gas and coal). Most electricity companies can 
supply electricity from renewable electricity sources so there is usually no problem to buy 
green electricity from your local supplier. 
 
If there is anything in the questionnaire that is unclear or if you have any questions about the 
project, feel free to contact Thomas Sundqvist, telephone 0920-49 22 64, fax 0920-49 20 35, 
or via e-mail: Thomas.Sundqvist@ies.luth.se. 
 
Thank you in advance for participating! 
 
Yours sincerely, 
 
 
 
 
Patrik Söderholm 
Associate Professor 
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QUESTIONNAIRE 
 

Part A: 
 
Electricity comes from various sources in Sweden; 55 % comes from hydropower, 39 % from nuclear 
power and the rest mostly from, for example, biomass and wind power. The amount obtained from 
renewable sources could be increased and this will benefit the environment. But it will involve the 
electricity companies investing in these new sources and this might affect your electricity bill. Soon 
we will ask you about your view on this extra cost but first please complete the next section. 

 

1.  What are the most important environmental problems facing Sweden today? 
 

  The green house effect (i.e., global warming) 
  Air and water pollution (e.g., acidification caused by releases of sulfur dioxide) 
   Over-exploitation of our natural resources 
   Decreasing biodiversity 
   Waste 
  Other, namely:      
 
2.  How well do you agree with the following statements? Circle appropriate 
 alternative. 
 

a) The government should act to limit the pollution to our environment by 
regulations. 

5 
Fully 
agree 

4 3 
Partly 
agree 

2 1 
Do not 
agree 

 0 
No opinion/ 
Don’t know 

 

b) It is important that electricity costs are low. 
5 

Fully 
agree 

4 3 
Partly 
agree 

2 1 
Do not 
agree 

 0 
No opinion/ 
Don’t know 

 

c) We should lower the pollution of our environment caused by electricity 
production. 

5 
Fully 
agree 

4 3 
Partly 
agree 

2 1 
Do not 
agree 

 0 
No opinion/ 
Don’t know 

 

d) The government should help develop new, more environmentally friendly, 
energy sources by funding research. 

5 
Fully 
agree 

4 3 
Partly 
agree 

2 1 
Do not 
agree 

 0 
No opinion/ 
Don’t know 

 

e) People in general can do a lot to improve the natural environment through, for 
example, lowering their energy consumption. 

5 
Fully 
agree 

4 3 
Partly 
agree 

2 1 
Do not 
agree 

 0 
No opinion/ 
Don’t know 

 
The question continues on the next page. 
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 f) I cannot afford to contribute more to the upkeep of the natural environment 
  than what I do at the moment. 

5 
Fully 
agree 

4 3 
Partly 
agree 

2 1 
Do not 
agree 

 0 
No opinion/ 
Don’t know 

 
 g) I do not have the time to contribute more to the upkeep of the natural 
  environment than what I do at the moment. 

5 
Fully 
agree 

4 3 
Partly 
agree 

2 1 
Do not 
agree 

 0 
No opinion/ 
Don’t know 

 
3.  Do you, or someone else in your household, regularly buy green or 
 environmentally friendly products? 
 
  Yes  No  Don’t know 
 
4.  Do you, or any member of your household, regularly do any of the following things 

in the countryside? Tick appropriate alternatives. 
 
  Hunting  Fishing 
  Bird watching  Berry-/Mushroom-picking 
  Walking  Camping 
  Skiing  Use the snow mobile 
  Other, namely:     
 
5.  How environmentally friendly do you feel that the following energy sources are? 

Circle appropriate alternative. 
 

 Very 
friendly 

 Rather 
friendly 

 Not 
friendly 

 Don’t 
know 

 
Nuclear power: 
 

 
5 

 
4 

 
3 

 
2 

 
1 

  
0 

 
Hydropower: 
 

 
5 

 
4 

 
3 

 
2 

 
1 

  
0 

 
Coal power: 
 

 
5 

 
4 

 
3 

 
2 

 
1 

  
0 

 
Gas power: 
 

 
5 

 
4 

 
3 

 
2 

 
1 

  
0 

 
Wind power: 
 

 
5 

 
4 

 
3 

 
2 

 
1 

  
0 

 
Solar power: 
 

 
5 

 
4 

 
3 

 
2 

 
1 

  
0 

 
Biomass power: 
 

 
5 

 
4 

 
3 

 
2 

 
1 

  
0 

 



 A4-17

6.  Do you think that the power producers are working hard enough with developing 
 new environmentally friendly production? 
 
  Yes  No  Don’t know 
 
7.  Where you familiar with the concept “green electricity” before you received this 
 questionnaire? 
 
  Yes  No  Don’t know 
 
 If yes, please state how you learned about it (tick appropriate boxes): 
 
  Newspaper  TV 
  Radio  Friend 
  School  Commercials 
  Env. group/organization  Electricity supplier 
  Don’t know 
  Other, namely:      
 
8.  Have you ever purchased green electricity? 
 
  Yes  No  Don’t know 
 
 If no, what is the main reason to why you have not purchased green electricity? 

Tick one box. 
 
  Lack of knowledge, not sure what it is. 
  Have not been offered to buy green electricity. 
  Cannot choose electricity supplier/type of electricity. 
  Too expensive. 
  I don’t believe in the product, there is no need to buy green electricity. 
  Don’t care. 
  Have not thought about it. 
  Other, namely:     

 

9.  Do you think that you will be interested in buying green electricity in the future? 
5 

Yes, 
absolutely 

4 3 
Maybe 

2 1 
No, 

absolutely not 

 0 
Don’t know  

 

 
10.  The electricity sold as green is normally branded with the Swedish Association for 
 Nature Conservations Bra Miljöval. Would you in your household consider buying 
 green electricity not branded with Bra Miljöval? 
 
  Yes  No  Don’t know 



 A4-18

11. Assume that the government put forward a political proposal that meant that 10 
percent of the Swedish electricity production had to come from renewable 
electricity sources such as wind and biomass based power (not hydropower). This 
would make it necessary for the power producers to invest in new power plants 
based on renewable technology and also raise the costs of the power producers. This 
would in turn lead to higher electricity prices for the consumers. Would you 
support this proposal if your electricity costs increased by 25 SEK each month as a 
direct consequence of the proposal? 

 
  Yes  No  Don’t know 
 
 If no, why not? Tick appropriate boxes. 
 
  I cannot afford to pay a higher electricity bill. 
  I think that the state should provide electricity that is environmentally friendly 
  without any extra costs for the consumers. 
  I do not think the electricity costs will go up if the power producers invest in new 
  renewable electricity sources.  
  I think the power producers should provide electricity that is environmentally 
  friendly without any extra costs for the consumers. 
  I would rather spend my money on other measures that lowers the burden on the 
  environment. 
  Other, namely:     
 
12.  Rate the following alternatives with respect to importance if you were to buy green 
 electricity? Circle appropriate alternative. 
 
 a)  It is important to know which company that delivers the green electricity (i.e., 
  Birka Energi, Sydkraft, Vattenfall etc.). 

5 
Very 

important 

4 3 
Rather 

important 

2 1 
Not 

important 

 0 
No opinion/ 
Don’t know 

 
 b)  It is important to know what type of green electricity you are buying (i.e., wind 
  power, hydropower etc.).  

5 
Very 

important 

4 3 
Rather 

important 

2 1 
Not 

important 

 0 
No opinion/ 
Don’t know 

 
 c)  It is important to know at which power plant the green electricity is produced.  

5 
Very 

important 

4 3 
Rather 

important 

2 1 
Not 

important 

 0 
No opinion/ 
Don’t know 

 
 d)  It is important to, in detail, know for what purpose the extra the amount you 
  pay for green electricity is used.  

5 
Very 

important 

4 3 
Rather 

important 

2 1 
Not 

important 

 0 
No opinion/ 
Don’t know 
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Part B: 
 
This section of the questionnaire is concerned with hydropower (electric power from streaming water). 
The Swedish government has decided that there will be no new large-scale hydropower plants. But it 
is possible to adapt some of the existing hydropower plants so that they have lower environmental 
impacts. This will however in most cases increase the cost of producing electric power and maybe also 
the electricity bill. 
 
The electricity cost today is on average between 50 and 65 öre per kilowatt hour (kWh) including 
taxes. The following table shows how much the cost changes, for a family in a house without electric 
heating and a house with electric heating that uses 400 and 2000 kWh per month, respectively, when 
the electricity price increases:  
 

 Monthly cost increase Annual cost increase Change 
Electricity price increase 400 kWh 2000 kWh 400 kWh 2000 kWh (60 öre/kWh) 

+ 5 öre per kWh + 20 SEK + 100 SEK + 240 SEK + 1200 SEK +8 % 
+ 10 öre per kWh + 40 SEK + 200 SEK + 480 SEK + 2400 SEK +17 % 
+ 15 öre per kWh + 60 SEK + 300 SEK + 720 SEK + 3600 SEK +25 % 
+ 20 öre per kWh + 80 SEK + 400 SEK + 960 SEK + 4800 SEK +33 % 
+ 25 öre per kWh + 100 SEK + 500 SEK + 1200 SEK + 6000 SEK + 42 % 

 
Below the environmental improvements that can be made on existing hydroelectric facilities are 
described. Please familiarize yourself with the terminology used in the question 13 to 18. 
 
Downstream water level: 
Hydroelectric development typically affects the water level downstream of the power plant. It may 
during a majority of the year be lower than it would have been had the river not been developed. The 
animal- and plant life downstream of a dam may require a certain water level to survive. Normally, 
hydro producers are required to keep a certain minimum flow. This minimum flow may however be to 
small for all species to survive. A higher water flow may be required to ensure species survival. In the 
questions below the following levels are used to indicate how well a developed river is adapted to the 
species downstream of a plant: 

• At least 50 % higher water flow (than minimum flow). 
• At least 25 % higher water flow (than minimum flow). 
• At least minimum flow. 

 
Erosion and vegetation: 
Variations in the water level in the reservoir may cause erosion (wearing of the earth crust), which 
damages land close to the beach and that may also damage beach adjacent vegetation, The effects of 
erosion (and on vegetation) may be limited by changes to the release schedule. In the questions below 
the following levels are used to describe erosion and vegetation effects:  

•  50 % lower erosion and damages to beach adjacent vegetation. 
•   25 % lower erosion and damages to beach adjacent vegetation. 
•  Existing erosion and damages to beach adjacent vegetation (as today). 

 
Fishing: 
A hydro facility may affect fish life in a river. This may affect the possibilities to successfully angle 
for fish in a river. It is though possible to adapt the hydro facilities so that the damages on fish life are 
limited. For instance, fish ladders may be installed and turbines can be equipped with blades that do 
not damage fish. In the questions below the following levels are used to indicate how well a developed 
river is adapted to the fish that inhabit the river: 

• Adapted to all fish species. 
• Adapted to migratory fish species such as the salmon. 
• May be harmful to some fish species. 
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13.  The table below defines two different alternatives. Alternative A offers environmental 
 improvements compared to existing hydropower (alternative B), but also involves a 
 higher cost per kWh. Carefully consider what is being offered by each alternative and 
 decide which of the alternatives you would have chosen. 
 

 A B 

Downstream water level: At least 25 % higher water 
flow (than minimum flow) At least minimum flow 

Erosion and vegetation: 
50 % lower erosion and 

damages on beach adjacent 
vegetation 

Existing erosion and 
damages to beach adjacent 

vegetation 

Fishing: Adapted to all fish species May be harmful to some 
fish species 

Price increase per kWh: + 20 öre 0 öre 

 
 If only the above electricity alternatives had been available the last time you chose 

your electricity supplier, which of the alternatives would you then most likely have 
chosen? 

 
  Alternative A  Alternative B 

 
14.  The table below defines two different alternatives. Alternative A offers environmental 
 improvements compared to existing hydropower (alternative B), but also involves a 
 higher cost per kWh. Carefully consider what is being offered by each alternative and 
 decide which of the alternatives you would have chosen. 
 

 A B 

Downstream water level: At least 50 % higher water 
flow (than minimum flow) At least minimum flow 

Erosion and vegetation: 
50 % lower erosion and 

damages on beach adjacent 
vegetation 

Existing erosion and 
damages to beach adjacent 

vegetation 

Fishing: Adapted to migratory fish 
species such as the salmon 

May be harmful to some 
fish species 

Price increase per kWh: + 25 öre 0 öre 

 
 If only the above electricity alternatives had been available the last time you chose 

your electricity supplier, which of the alternatives would you then most likely have 
chosen? 

 
  Alternative A  Alternative B 
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15.  The table below defines two different alternatives. Alternative A offers environmental 
 improvements compared to existing hydropower (alternative B), but also involves a 
 higher cost per kWh. Carefully consider what is being offered by each alternative and 
 decide which of the alternatives you would have chosen. 
 

 A B 

Downstream water level: At least 25 % higher water 
flow (than minimum flow) At least minimum flow 

Erosion and vegetation: 
50 % lower erosion and 

damages on beach adjacent 
vegetation 

Existing erosion and 
damages to beach adjacent 

vegetation 

Fishing: May be harmful to some 
fish species 

May be harmful to some 
fish species 

Price increase per kWh: + 10 öre 0 öre 

 
 If only the above electricity alternatives had been available the last time you chose 

your electricity supplier, which of the alternatives would you then most likely have 
chosen? 

 
  Alternative A  Alternative B 

 
16.  The table below defines two different alternatives. Alternative A offers environmental 
 improvements compared to existing hydropower (alternative B), but also involves a 
 higher cost per kWh. Carefully consider what is being offered by each alternative and 
 decide which of the alternatives you would have chosen. 
 

 A B 

Downstream water level: At least 25 % higher water 
flow (than minimum flow) At least minimum flow 

Erosion and vegetation: 
25 % lower erosion and 

damages on beach adjacent 
vegetation 

Existing erosion and 
damages to beach adjacent 

vegetation 

Fishing: May be harmful to some 
fish species 

May be harmful to some 
fish species 

Price increase per kWh: + 25 öre 0 öre 

 
 If only the above electricity alternatives had been available the last time you chose 

your electricity supplier, which of the alternatives would you then most likely have 
chosen? 

 
  Alternative A  Alternative B 
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17.  The table below defines two different alternatives. Alternative A offers environmental 
 improvements compared to existing hydropower (alternative B), but also involves a 
 higher cost per kWh. Carefully consider what is being offered by each alternative and 
 decide which of the alternatives you would have chosen. 
 

 A B 

Downstream water level: At least minimum flow At least minimum flow 

Erosion and vegetation: 
50 % lower erosion and 

damages on beach adjacent 
vegetation 

Existing erosion and 
damages to beach adjacent 

vegetation 

Fishing: Adapted to all fish species May be harmful to some 
fish species 

Price increase per kWh: + 10 öre 0 öre 

 
 If only the above electricity alternatives had been available the last time you chose 

your electricity supplier, which of the alternatives would you then most likely have 
chosen? 

 
  Alternative A  Alternative B 

 
18.  The table below defines two different alternatives. Alternative A offers environmental 
 improvements compared to existing hydropower (alternative B), but also involves a 
 higher cost per kWh. Carefully consider what is being offered by each alternative and 
 decide which of the alternatives you would have chosen. 
 

 A B 

Downstream water level: At least 50 % higher water 
flow (than minimum flow)) At least minimum flow 

Erosion and vegetation: 
Existing erosion and 

damages to beach adjacent 
vegetation 

Existing erosion and 
damages to beach adjacent 

vegetation 

Fishing: May be harmful to some 
fish species 

May be harmful to some 
fish species 

Price increase per kWh: + 25 öre 0 öre 

 
 If only the above electricity alternatives had been available the last time you chose 

your electricity supplier, which of the alternatives would you then most likely have 
chosen? 

 
  Alternative A  Alternative B 
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19. Which of the following reasons best explains the reasoning behind your choices in 
 question 13 to 18? Tick appropriate boxes. 
 

  I don’t think that the public should have to pay more to get more environmentally 
  friendly electricity.  

 

  I chose the alternative that gave me the most value for the money. 
 

  I could not afford to pay anything more to get more environmentally friendly 
  electricity. 

 

  I could not afford to pay much more to get more environmentally friendly 
  electricity. 

 

  I would rather spend my money on making other power sources more 
  environmentally friendly. 

 

  I think that downstream water level is most important, and chose alternative based 
on this option.  

 

  I think that erosion and beach adjacent vegetation is most important, and chose 
  alternative based on this option. 

 

  I think that fish availability is most important, and chose alternative based on this 
option.  

 

  I think that low electricity prices are most important, and chose alternative based on 
this option.  

 

  I weighed each effect against each other, and chose the alternative that overall was 
most favorable. 

 

  I would rather spend my money on buying power from other green sources (e.g., 
wind power, solar power, biomass power). 

 

  Other, namely: 
 

Part C: 
 

20. Are you a woman or man? 
 

  Woman  Man 
 

21. How old are you? 
 
 _______ years 
 
22.  What is your highest level of education? 
 

  Elementary school or equivalent 
  Senior high school or equivalent 
  Residential college 
  College or university 
  Other, namely:      
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23. Which of the following alternatives best describe your household? 
 
  Single adult, without children under 18 
  Single adult, with children under 18 
  Two or more adults, without children under 18 
  Two or more adults, with children under 18 
  Other 

 

24.  Which of the following alternatives best describes your total monthly household 
income before taxes? Also include other forms of income, such as housing 
allowance, parent’s allowance, study support, unemployment benefits etc. 

 
  Less than 5000 SEK per month 
  Between 5001 and 10000 SEK per month 
  Between 10001 and 15000 SEK per month 
  Between 15001 and 20000 SEK per month 
  Between 20001 and 30000 SEK per month 
  Between 30001 and 40000 SEK per month 
  Between 40001 and 50000 SEK per month 
  Between 50001 and 60000 SEK per month 
  Between 60001 and 70000 SEK per month 
  More than 70000 SEK per month 
 
25.  Do you live in an electricity heated house? 
 
  Yes  No  Don’t know 
 
26.  How many rooms are there in your house? 
 
  1-2 rooms  3-4 rooms 
  5-6 rooms  7-8 rooms 
  9 rooms or more 

Comments: 
 
Thank you for your assistance! Please use the space below to tell us anything else you think we 
should know about, for example, green electricity, the questionnaire etc. 
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Abstract 

This paper provides a novel attempt at using the choice experiment approach to estimate how 

environmental impacts arising from hydroelectric production are perceived and valued by 

non-residential electricity consumers in Sweden. The basis of the choice-exercise is taken in 

the criteria set up by the Swedish Society for Nature Conservation (SNF) under which 

existing hydropower in Sweden can be labeled as “green” electricity. Data was gathered using 

a mail-out survey to 845 randomly chosen private and public enterprises in Sweden. The 

results of the pooled econometric analysis on a sample of 243 firms show that the 

environmental mitigation measures in the hydro sector should primarily be directed towards 

lowering the impacts on fish life in the rivers affected by hydroelectric development. These 

mitigation measures must however be taken at a low cost. With respect to firm behavior the 

analysis shows that public sector firms are more likely to opt for a green power alternative, 

and that green concerns within firms increases the possibility that firms will chose to buy 

“green”. The analysis also indicates that the SNF-criteria are only partly supported by the 

perceptions of the non-residential respondents, something which may hinder the success of 

the future SNF “green” labeling system. 
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1. Introduction 

The deregulation of the Swedish electricity market in 1996 led to major changes for the 

producers and consumers of electricity, of which the most significant change may be the 

possibility for consumers to actively choose from what producer to buy their electricity and 

thus the way (i.e., with which fuel) the electricity is produced. The deregulation hence permits 

consumers to directly express their preferences for or against certain ways of producing 

electricity by actively choosing among the available alternatives, and, in this way, also state 

their preferences towards the various positive and negative externalities that arise from 

electricity production. The producers, on the other hand, will have an incentive to differentiate 

their services by marketing parts of their production portfolio as “green electricity”. 

 In 1996, as a direct consequence of the deregulation of the electricity market, the 

Swedish Society for Nature Conservation [SNF] initiated their program for labeling of green 

electricity (BRA MILJÖVAL). SNF’s expressed purpose was to “speed up the development 

towards a more sustainable production of electricity” (SNF, 2002). The labeling is available 

for electricity from wind power, biomass, solar power, and hydropower (existing plants in 

combination with another renewable energy source). Normally almost 50 percent of the 

electricity produced in Sweden comes from hydropower installations. The possibility for the 

Swedish hydropower producers to differentiate and somehow label their electricity as green 

may thus be of great importance. Even if hydropower is considered to be a relatively 

environmentally benign way of producing electricity, formal certifications available to 

producers may require additional mitigation measures to be taken.1 In addition, as IEA (2000, 

p. 1) notes: “public acceptance or public awareness is among the highest priorities facing the 

hydropower industry, and […] the Hydropower Agreement should focus its efforts on this 

activity.”2 

 Thus, given the “new” situation in the Swedish deregulated electricity market, it is of 

importance for hydroelectric producers to know how the attitudes of electricity consumers are 

formed and the premium that consumers are willing to incur on green electricity. This 

                                                 
1 The external costs associated with hydropower are relatively low in comparison to other fuels. By comparing 

the results of approximately 40 externality-costing studies Sundqvist (2001) shows that the external costs arising 

from hydropower are well below those arising from fossil based power production.  
2 The Hydropower Agreement is a working group consisting of IEA member countries and the hydropower 

industry, and it “intends to provide objective, balanced information about the advantages and disadvantages of 

hydropower” (IEA, 2002). 
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suggests that some kind of valuation exercise is called for, and especially an approach that 

permits a distinction between various mitigating schemes and the environmental attributes of 

hydropower. Economic valuation utilizing the so-called choice experiment method to elicit 

customer preferences for hydroelectricity would permit the valuation of distinct (un-priced) 

environmental attributes, something that is not provided by a standard market analysis. The 

use of the choice experiment method is further especially advantageous for a power source as 

hydropower where the environmental impacts are multifold, i.e., hydroelectric power 

production have many environmental attributes, and it is important to understand how 

electricity customers weigh the various impacts against each other. Thus, the result of such an 

analysis provides a good basis for evaluating which environmental improvements are the most 

important for power producers to implement.  

 Usually choice experiments are applied to assess household preferences. However, the 

study of non-residential (i.e., private and public enterprise) attitudes towards green electricity 

are important for several reasons. Holt et al. (2001), for example, identify the following 

reasons why non-residential customers are of crucial importance for electricity producers: 

• Non-residential buyers typically purchase larger quantities than do residential customers 

(i.e., they are important from a demand perspective). 

• The cost per kWh to acquire a non-residential customer is lower (i.e., more cost-effective). 

• Non-residential customers can have a “secondary marketing value” as they may, for 

example, raise public awareness and hence encourage other (residential or non-residential) 

customers to buy green electricity. 

 The purpose of the present study is to analyze Swedish non-residential attitudes towards 

green electricity from hydropower. Specifically, we will investigate the premium non-

residential consumer’s are willing to incur for specific environmental attributes and, thus, 

indirectly the mitigation measures than can be taken to limit the environmental impacts of 

hydroelectric production. 

 Many studies have used the choice experiment approach to assess the willingness to pay 

for environmental improvements; examples include Adamowicz et al. (1994), Boxall et al. 

(1996), and Cameron et al. (2002). Examples of studies that have addressed the issue of green 

electricity choice using this approach are scarcer. One example is Roe et al. (2001) that 

analyze the demand for green electricity in the US. They use hedonic pricing results in 

combination with a choice experiment to estimate consumer willingness to pay for green 

electricity in general and show that consumer demand can facilitate the expansion of US 

renewable energy capacity. Another example of a study that utilizes a choice experiment 
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approach to assess public preferences for a green electricity source is Álvarez-Farizo and 

Hanley (2002), who estimate willingness to pay for the environmental impacts of wind farms 

in Spain. They show that there are considerable external costs associated with wind farm 

developments and that their results indicate ways to limit these impacts. The present study 

expands on the existing literature by applying the choice experiment approach on an 

electricity source that has been a viable option for quite some time, and where environmental 

mitigation measures can be taken in an industry with lower capital turnover. In addition, this 

study explicitly looks at attributes that are strongly related to tangible environmental 

mitigation measures of current interest in existing power sources. Finally, it also represents a 

novel attempt at utilizing the choice experiment method to elucidate non-residential behavior. 

 The paper proceeds as follows. In section 2 the role of hydropower in Sweden, the 

SNF’s green labeling system, and the most relevant environmental impacts of hydropower are 

discussed. Section 3 discusses the possibility of using the utility maximization framework for 

firms. Section 4 introduces the choice experiment model, while section 5 discusses the 

development of the questionnaire that was used in the study. In section 6 some survey 

statistics are presented. Section 7 presents and discusses the results of the choice experiment. 

Finally, section 8 summarizes the main conclusions and implications of the study. 

2. The Role of Hydropower as a Source of Green Electricity in Sweden 

Hydropower accounts for a large share of total electricity production in Sweden; in 2000 (a 

year with an unusual amount of rain) more than 50 percent of the electricity produced (or 78 

TWh) came from hydroelectric installations (SNEA, 2001). Also, as illustrated in Figure 1, 

hydropower is expected to continue to play an important role in the Swedish electricity 

system in the future. More than 60 percent of the hydropower is produced in four rivers; the 

Luleå River, the Umeå River, the Ångerman River, and the Indal River. These rivers have 

typically been completely altered following the hydroelectric development and almost all of 

the power plants have their own dam and reservoir. 

 The consumption of electricity in Sweden is dominated by the non-residential sector, 

which in 2000 consumed roughly 69 percent (102 TWh) of the electricity used, while 

residential consumption amounted to 23 percent (34 TWh). The two main non-residential 

groups are the manufacturing industry and the service sector; in 2000 these two groups 

consumed 39 percent and 28 percent of total electricity used, respectively (Statistics Sweden, 

2002). 
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Figure 1: Actual and Predicted Electricity Production Shares by Fuel in Sweden 1990-2010 

Source: SNEA (2001). 

 

 As mentioned above hydropower is one of the electricity sources that can be branded as 

BRA MILJÖVAL (translates to “good environmental choice”) according to the criteria set up 

by the SNF.3 In their original criteria SNF (1995), the organization stipulated that only 

electricity from hydropower installations built before 1996 could be sold as “green” given that 

it meets certain sustainability conditions, i.e., that the best-available methods for 

environmental mitigation are used. Yearly revisions are also carried out to ensure compliance 

with these criteria (SNF, 2002).  

 As Figure 2 indicates, the labeling of green electricity under SNF’s system initially had 

limited success from a demand point of view; out of the approximately 146 TWh of electricity 

that was consumed in 1999 4.7 percent (6.8 TWh) was “green” under SNF’s standards. 

However, during the last years there has been a considerable increase in the consumption of 

green electricity. In 2001, 9 percent (14 TWh) of the electricity consumed was “green”. Most 

of the green electricity sold is consumed by government authorities and companies; examples 

include the Swedish railroad companies SJ and Green Cargo, who decided in 1999 that all 

their electricity powered trains should use green electricity from hydropower, and these 

                                                 
3 Alternative ways for Swedish electricity producers to differentiate their electricity through green labeling do 

exist. For example, certification under the ISO 14000-series which among other things requires companies with 

an environmental control system in place to put together an Environmental Management Declaration (EMD), 

and certified Environmental Product Declarations (EPD). See SEMC (2001) for details.  
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companies today buy more than 1.1 TWh of green electricity annually (Wickström, 2002). A 

possible explanation for the slow development of demand (especially from smaller buyers) 

may be found in the fact that green electricity is simply more expensive. According to the 

SNF the extra premium for small buyers of green electricity in 1999 ranged between 0.5 and 6 

Swedish öre per kWh (SNF, 2002). The average spot price (excluding taxes) in Sweden 

during that same year was 11.6 öre per kWh (SNEA, 2000).4  
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Figure 2: Annual Sales of Green Electricity (BRA MILJÖVAL) in Sweden 1996-2001 

Sources: SNF (2002) and Wickström (2002). 

 

 In the new SNF-criteria, in effect in 2003, additional requirements were introduced 

(SNF, 2001). These stipulate that all electricity deliveries from hydropower should be 

complemented with electricity from at least another renewable (i.e., green) electricity source. 

For instance, if wind power is used to complement hydro then at least five percent of the 

electricity delivered to the consumer should come from wind. Also, minimum flow and 

release requirements are introduced. In addition to these conditions, the SNF require that the 

firms that deliver hydro-based electricity set aside money to a fund that is to be used for 

environmental mitigation measures at their respective hydroelectric facilities.  

 Thus, the SNF-criteria have been created to motivate producers to differentiate their 

products by lowering the environmental impacts arising in the production of electricity at the 

hydroelectric facilities and to give consumers the option to buy electricity with lower 

environmental impacts. The stated motivation for the initially low requirements on 

hydroelectricity was, as reported in Carlsson (2001), that SNF wanted a large part of existing 

hydropower to be certified as green. So far, more than half of the hydropower facilities in 

Sweden have been certified as BRA MILJÖVAL. The new and stricter requirements that were 

                                                 
4 1 Swedish Krona (SEK) roughly corresponds to 10 US cents, thus 10 Swedish öre is approximately 1 US cent. 
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introduced in 2002 are aimed at alleviating the most important environmental impacts arising 

from hydropower and to increase electricity production from other renewable sources (i.e., the 

complementary requirement). First, the flow and release requirements are introduced to limit 

erosion and ecosystem impacts caused by altering the water flow in the affected river. Second, 

the environmental mitigation fund is to be used to lower the environmental impacts at specific 

facilities according to a list specified by the SNF. 

 The environmental impacts of hydropower have been extensively covered in several 

major studies during the 1990s. A number of externality studies have, for example, addressed 

the issue of quantifying and monetizing the externalities arising from hydropower. Examples 

include the European ExternE-study (EC, 1995; 1999) and the “Externalities of Fuel Cycles” 

study in the US (ORNL and RfF, 1994-1998). Other types of studies that have looked at the 

environmental impacts while not specifically addressing the issue of externality valuation, 

include Jacobs and Wescoat (2002), who focus on the management of rivers that have been 

developed for hydropower from a social science perspective. One type of impact normally 

regarded as significant in these studies, but not explicitly covered by the SNF-criteria, is the 

effect on the fish life in the affected river from hydroelectric development. Fish may, for 

example, be hindered by the dams to migrate up the river and/or may be damaged by the 

turbines when moving downstream. Mitigating measures that can be taken to limit these 

problems are fish ladders and equipping the turbines with blades that do not damage fish. 

Additional environmental impacts that typically arise from the hydroelectric development of a 

river include amenity impacts, and loss of land and cultural sites inundated by the reservoirs 

etc. These types of impacts are, however, not explicitly covered in the analysis below. The 

land and cultural site impacts are covered in the decisions by the Swedish water court. Thus, a 

majority of these external impacts are likely to be internalized through the court rulings. The 

amenity impacts are also very site specific, while this study instead focuses on Swedish 

hydropower in general. Hence, following the above, the choice experiment carried out here 

will focus on water level, erosion and fishery related impacts that can be considered common 

for all types of hydroelectric development where dams and reservoirs are present. 

3. Modeling Firm Behavior in the Green Electricity Market 

Using the choice experiment model to analyze firm behavior and preferences is not 

straightforward. The model builds, as discussed below, on the random utility framework and 

thus on the assumption of utility maximizing consumers. The model is therefore normally 

applied to explain individual (household) behavior, while firm behavior is usually assessed 
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under the assumptions of cost minimization or profit maximization. Thus, one alternative 

approach would be to re-specify the discrete choice model using cost minimization or profit 

maximization as a basis. Examples of previous research taking the cost minimization route are 

Anderson and de Palma (1999) that derive the cost minimization equivalent for the 

multinomial logit model, and Erlander and Lundgren (2000) that generalize cost-minimizing 

behavior in a discrete choice framework. Cost minimization, however, rules out choosing a 

more costly alternative like green electricity unless the firm is trying to minimize social costs, 

which is rather unlikely. Profit maximization, on the other hand, may, thus, provide a more 

feasible solution to the problem, but pure profit maximization cannot, directly, be represented 

by the utility framework.  

 However, there exist studies and alternative theories that expand upon the pure profit 

maximization framework by considering other motives or values that a firm may pursue. It is 

commonly agreed that non-profit organizations or firms pursue other goals than profit 

maximization and they are thus more easily analyzed within the utility maximization 

framework (see, for instance, Newhouse, 1970). In addition, a recent study by Holt et al. 

(2001), which examines non-residential demand for green power in the US, shows that the 

firms that are already buying green electricity (as well as potential green electricity buyers) 

are strongly motivated by altruistic factors mainly driven by organizational values and a sense 

of civic responsibility. Furthermore, in a study on private firm owner motivation in the 

Californian wine industry Scott Morton and Podolny (1998) find evidence that owners with 

strong non-financial motivations act more as utility maximizers than profit maximizers, thus 

choosing to go more for quality of output than for maximum revenue. Their results further 

indicate that the cost increases and/or inefficiencies these non-profit related motives cause are 

compensated by the owners “consumption” of features of their product or business, and also 

that both non-profit maximizing and profit maximizing firms may coexist in an industry. Aora 

and Gangopadhyay (1995) theoretically discuss why firms may voluntary over-comply with 

environmental regulation and show that publicly available information on the environmental 

performance of a firm may be used by the consumers to identify “clean” firms and that this 

may give the firm a profit-related incentive to over-comply with the regulation. A similar 

notion is empirically tested by Henriques and Sadorsky (1996); their results suggests that firm 

decisions, especially with respect to environmental issues, are affected by outside pressure, 

e.g., from customers, governmental regulations etc. 

 Consequently, by acknowledging that only a part of the values that firms are trying to 

maximize are directly related to (short-run) profits it is possible to incorporate firm behavior 
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in the utility maximization framework. That is, assume that the utility (U) of firm i may be 

represented by the following function: 

 

 ( )π,GfU
i

= , (1) 

 

where G represents the goodwill that the firm receives from maximizing values other than 

profits and π represents profits. For some firms the goodwill related values may tend to 

dominate firm decisions; these firms are then mostly driven by non-profit motives (e.g., 

public firms such as hospitals). For other firms profits are the main determinant; thus, these 

firms are then mostly driven by profit motives. The goodwill related values are also, in part, 

related to profit maximization; increased goodwill may generate higher profits in the future 

but also lead to other non-quantifiable effects related to for example organizational values. 

Thus, parts of the goodwill values will give rise to observable effects in the form of increased 

long-run profits while the other part remains unobservable.  

4. The Choice Experiment Model 

This paper utilizes a so-called choice experiment to estimate implicit values for the 

environmental attributes of hydropower.5 In a choice experiment, respondents in a survey are 

asked to choose among bundles of attributes. Consequently, the method follows from the 

notion that value (i.e., utility) is derived from the specific attributes of a good or service. This 

is in line with the characteristics theory of value as developed by Lancaster (1966). The 

random utility framework (McFadden, 1974; Hanemann, 1984) forms the basis for the 

empirical analysis of respondent behavior in the choice experiment.6 The random utility 

approach builds on the assumption that agents, in our case firms, base their choices on the 

observable attributes of goods and services (objective component) along with some unknown 

degree of randomness (random component). The random component may be a result of 

randomness in the preferences of the agent or arise because the researcher does not have the 

complete set of information about the agents available (Garrod and Willis, 1999). Thus, the 

indirect utility function, Uij, for agent i in choice situation j may be expressed as follows: 

 

                                                 
5 Excellent overviews of the choice experiment methodology are given in Hanley et al. (1998), Louviere et al. 

(2000), Alpizar et al. (2001), and Bennet and Blamey (2001). 
6 An earlier study that applies the random utility framework to explain firm behavior is Collins et al. (1999). 
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 ( ) ijijijij VU ε+= βx , (2) 

 

where xij is a vector of observable attributes and agent specific characteristics interacting with 

these attributes, and β a vector of parameters to be estimated. The indirect utility function 

consists of an observable (deterministic) component, Vij, and a random (stochastic) 

component, εij. Typically choices are predicted on the assumption that respondents are trying 

to maximize their utility, i.e., an agent chooses alternative j over k iff Uij > Uik. If we define a 

binary variable, yij, which equals 1 if the agent chooses alternative j, the probability, P, of 

agent i choosing alternative j is given by: 

 

 ( ) ( )( )ijijijij VPyP βx−>== ε1 . (3) 

 

Usually the observations on choices are assumed to be independent; however, this assumption 

may be violated since respondents often are asked to make repeated choices. Thus, the 

observations on the respondent level can be dependent (i.e., correlated random component). 

Following Butler and Moffitt (1982) and Hammar and Carlsson (2001), the error term is 

therefore specified as: 

 

 ijiij vu +=ε  with ( )20 ui ,N~u σ  and ( )20 vij ,N~v σ , (4) 

 

where ui is the unobservable agent specific effect, vij is the remainder disturbance, and σ2 the 

variance of u and v, respectively. With this specification the random component is 

independently distributed and we have the standard random effects binary probit model: 

 

 ( )
22

2

ρ
vu

u
ikij ,Corr

σσ
σεε
+

== , (5) 

 

which assumes equal correlation across choices for each agent. In a choice experiment 

framework this implies stable preferences and/or no learning or fatigue effects over the choice 

exercise (Hammar and Carlsson, 2001). This is, however, a reasonable assumption in the 

present context given the limited number of choice sets and attributes presented to 

respondents in the choice experiment. 
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 If a monetary attribute is included in the model it is possible to calculate welfare effects 

(implicit prices). The implicit prices (IP) are the marginal rates of substitution between one of 

the attributes and the monetary attribute and are, assuming a linear utility function, given by 

the negative ratio of one of the non-monetary attributes and the monetary attribute so that 

(see, for instance, Alpizar et al., 2001): 

 

 




−=

c

z
zIP β

β , (6) 

 

where βz is the coefficient of attribute z and βc the coefficient on the monetary attribute (i.e., 

normally the cost attribute). Given that the goodwill and profit related values that the firm is 

trying to maximize are substitutes the implicit prices represent the trade-off between these 

values. 

 To sum up, using choice experiments in a situation like the one covered here, permits 

direct calculations of implicit values for specific environmental attributes of an energy source. 

Thus, in contrast to a standard environmental valuation analysis (e.g., contingent valuation), 

which typically involves asking respondents to state their attitudes for or against a certain 

scenario in general (in the present case green electricity from hydropower), the approach 

reveals, in monetary terms, how important certain environmental improvements are relative to 

others. These monetary measures can then constitute important inputs into corporate decision-

making, i.e., by using the information on the relative merits of possible environmental 

improvements as expressed by non-residential customers in the Swedish electricity market.  

5. Questionnaire Design Issues 

In this study a mail-out survey was chosen over an interview approach since it was deemed as 

cost efficient, i.e., a larger group of respondents could be reached for the amount of financial 

resources and time that was available. The valuation literature usually suggests that personal 

interviews should be used. One of the most influential reports in this area is the NOAA-panel 

report on contingent valuation (Arrow et al., 1993) that questions the possibility of getting 

valid responses using the mail-out format since mail-out surveys usually are sent to 

populations that are not representative of the relevant research population, and since the non-

response rate may be high. They also point to the fact that the mail-out format usually has a 

built in sample selection bias since the respondents get to review the questionnaire before 

deciding to answer, which may lead to an overrepresentation of respondents with a special 
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interest in the issue at hand. In order to minimize these problems we employed a random 

sampling from all Swedish small- to medium-sized firms (between 1 and 100 employees) in 

the National Register. Still, a careful test of sample selection bias was difficult to perform. 

Thus, when interpreting the results, it must be remembered that these are not necessarily 

representative for the entire Swedish population of small- and medium-sized firms.  

 The mail-out questionnaire was developed using the information obtained from 

discussions with hydropower industry representatives (Vattenfall AB), colleagues, and a 

group of graduate students. The input from Vattenfall AB helped to guarantee the relevance of 

the questions posed. A pretest of the mail-out survey was also carried out among a small 

group of firms to test the overall design of the questionnaire. The pretest resulted in minor 

modifications to some questions in the final questionnaire.7 

 The first part of the questionnaire included questions about the firm’s position with 

respect to the environment and electricity in general, and “green” electricity in particular. The 

second part of the questionnaire contained the choice experiment. Initially the respondents 

were informed that this part would deal only with hydropower and that mitigating measures 

can be taken to limit the environmental impact of hydroelectric facilities but that this likely 

will affect their electricity bill. Information on the average electricity price per kWh for firms 

was also provided. In order to illustrate how an increase in the electricity price will affect the 

firm a numerical example was used, where the various price changes per kWh were related to 

the increase annual electricity costs for firms using low and high amounts of electricity.  

 After that, the attributes and their levels were presented.8 The first two attributes used in 

the survey were included to reflect the revised criteria set up by SNF (2002). These attributes 

describe the effects of changes in the water flow. The first of these, downstream water level, 

was included to cover impacts on flora and fauna downstream from a hydroelectric facility. 

The respondents were informed that hydroelectric facilities are normally required to release a 

certain amount of water (i.e., keep a minimum flow in the affected river) but that this flow 

may not be enough to guarantee that all species will survive. The minimum flow was included 

as a base case (status quo), and the two other levels that were used involved a higher water 

                                                 
7 The introductory letter and an example of a questionnaire sent out to respondents are included in the Appendix. 
8 In the analysis the qualitative attributes were described using effect codes (see Table 2). Effect codes are 

especially advantageous because they permit the direct assessment of the different levels of the attributes in the 

indirect utility function (2) above (Boxall et al., 1996). 
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flow, thus increasing the possibilities for affected flora and fauna to survive as compared with 

the present situation.  

 The second water-related attribute, erosion and vegetation, was included to cover 

reservoir related impacts. The respondents were informed that variations in the water level in 

the reservoir give rise to erosion and this affects beach adjacent vegetation. They were further 

informed that changes in the release schedule may lower these types of impacts. The present 

situation (status quo), i.e., unchanged impacts from erosion and on vegetation, was included 

in the questionnaire as a base case. The other two levels used were related to the base case and 

thus described two situations with lowered impacts from erosion on beach adjacent 

vegetation. 

 The final non-monetary attribute included relates to the impacts on fish life arising from 

hydropower development. Impacts on fish life affect the possibility to successfully catch fish 

in the affected river. This specific impact is not explicitly covered by the SNF-criteria even if 

it is arguably the case that the fish life in a river is affected by the water level. However, the 

attribute was included since it is the most commonly known impact from hydroelectric 

development of a river. The base case (status quo) used was that the present situation may be 

harmful to certain fish species. However, given that mitigating measures are taken the river 

may be adapted to migratory fish species, and also to all inhabitant fish species. These were, 

hence, the other levels used in the questionnaire.  

 The last attribute that was included in the choice set was the cost attribute, described to 

the respondents as a price change (increase) and consisted of six levels ranging from 0 öre per 

kWh (status quo) up to an increase of 25 öre per kWh. The mitigating measures that can be 

undertaken can all be considered environmental improvements that will increase the costs of 

the producers which, in turn, will raise the price that the consumers have to pay.  

 One example of a choice set used in the survey is given in Table 1. As the example 

shows each choice set consisted of two alternatives (A and B). The attributes and levels were 

varied in alternative A, while alternative B represented the status quo option, i.e., the 

environmental characteristics of a standard hydropower facility in Sweden as of today. No 

opt-out alternative was included. Thus, respondents could only choose between existing and 

environmentally improved hydropower. The reason for omitting the opt-out alternative was 

that including this option would likely have led to a large sample of respondents choosing this 

alternative making the identification of their attitudes toward environmental improvements to 

hydropower in Sweden more difficult. The omission of the opt-out alternative makes the 

resulting implicit price measures somewhat hypothetical and not fully representative for the 
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actual situation in the Swedish electricity market. However, since the present study seeks to 

identify how the various mitigation measures demanded by SNF in their revised criteria are 

valued and their relative importance rather than how Swedish electricity consumers value 

hydropower per se, this issue is of minor importance here.  

 

Table 1: Choice Set Example 

The table below defines two different alternatives. Alternative A offers environmental improvements in 
comparison with existing hydropower (alternative B), but also involves a higher cost per kWh. Carefully 
consider what is being offered by each alternative and decide which of the alternatives you would have chosen. 
 

 A B 
Downstream water level: At least minimum flow At least minimum flow 

Erosion & vegetation: 
50 % lower erosion and 

damages to beach adjacent 
vegetation 

Existing erosion and damages 
to beach adjacent vegetation 

Fish:  
Adapted to migratory fish 
species such as the salmon 

May be harmful to some fish 
species 

Increase in electricity price per 
kWh: 

+ 5 öre 0 öre 

 
 If only the above electricity alternatives had been available the last time you chose your electricity 

supplier, which of the alternatives would you then most likely have chosen? 
 
  Alternative A  Alternative B 

 

 Orthogonal main-effects design was used to reduce the number of choice sets presented 

to respondents.9 In the present case a full factorial design would involve 135 different choice 

sets (i.e., 3 x 3 x 3 x 5), which would quite burdensome for the respondents. Orthogonal main-

effects design selects the combinations of attributes to be used by sampling from the full 

factorial (Louviere et al., 2000). The experimental design procedure reduced the number of 

choice sets to be presented to the respondents to 30. These were then randomly divided into 

five groups so that each respondent had to answer six choice sets.  

 The choice sets were followed by debriefing questions where the respondents had to 

state why they answered the choice sets as they did. Thus, statements were formulated as to 

capture the behavior of the respondents in the choice experiments (e.g., if they behaved 

                                                 
9 The built-in orthogonal-design feature in the statistical software SPSS was used to create the main-effects 

design. The choice set design also allows for two-way interactions to be estimated, but initial tests showed little 

relevance for these in the present study. Consequently, two-way interactions were left out of the estimated 

model. 
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largely profit maximizers or not, if they would rather buy green electricity from other energy 

sources, etc.). The final part of the questionnaire contained background questions (i.e., type of 

activity, number of employees, turnover and electricity usage). Also, at the end of the 

questionnaire space was reserved for the respondents to comment on the questionnaire or on 

any other related issue. 

6. Survey Logistics 

The mail-out survey was distributed to 845 randomly chosen Swedish small- and medium-

sized firms in the spring of 2002. 17 surveys were returned because the firms were no longer 

in operation, unable to answer the questionnaire, or due to unknown address. Respondents 

were not pre-recruited nor given a reply-incentive. The study was limited to small and 

medium sized firms since these are the non-residential group targeted by SNF’s green 

electricity standard. Three complete send-outs including an introductory letter and the 

questionnaire were made. In addition, two reminders were sent out to respondents. A total of 

306 replies were received (response rate of 36 percent); 19 of these declined to answer and 44 

of the questionnaires were incomplete due to item non-response, primarily in the choice 

experiment and on the firm specific question about electricity cost-share. Thus, the final 

sample size consisted of 243 firms, each answering six choice sets (resulting in a total of 1458 

observations). The response rate can be considered in line with what could be expected given 

the complexity of the task facing the respondents and the fact that firms in general, in 

comparison with households, are less prone on answering mail-out surveys.  

7. Results 

Table 2 introduces the variables, their coding, and gives some descriptive statistics for the 

sample used in the econometric analysis. As the table shows, within the sample, 51 percent of 

choices represent the environmental improvement alternative (A), 6 percent of the firms 

operate in the public sector and, in comparison, 18 percent of the firms belong to the primary 

or manufacturing industry (not shown in the table). 12 percent of the firms expressed an 

actual interest in or are already buying green electricity. The average electricity share of costs 

among firms is between 5 and 10 percent. Also, and not shown in Table 2, the mean annual 

turnover of firms in the sample is in the range of 5 to 10 million SEK (about 500-thousand to 

1 million US dollars) and the average firm has between 11 and 20 employees. 
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Table 2: Variable Specification and Descriptive Statistics 

Variable Description and Coding Mean S.D. Min Max 
Choice 1 if chose alternative A 0.51 0.50 0 1 
Water level (+50%) 1 if 50% higher, 0 if 25% higher, -1 if 

min. level 
0.14 0.81 -1 1 

Water level (+25%) 1 if 25% higher, 0 if 50% higher, -1 if 
min. level 

0.07 0.77 -1 1 

Erosion & vegetation (-50%) 1 if 50% lower, 0 if 25% lower, -1 if 
unchanged 

0.15 0.81 -1 1 

Erosion & vegetation (-25%) 1 if 25% lower, 0 if 50% lower, -1 if 
unchanged 

0.07 0.77 -1 1 

Fish (all) 1 if adapted to all fish, 0 if adapted to 
migratory fish, -1 if unchanged 

0.19 0.80 -1 1 

Fish (migratory) 1 if adapted to all fish, 0 if adapted to 
migratory fish, -1 if unchanged 

0.08 0.75 -1 1 

Price change +5, +10, +15, +20 and +25 öre per 
kWh 

14.75 7.62 5 25 

Environmental impact Environmental impact of hydro; 1 not 
benign, 5 very benign 

3.96 1.05 1 5 

Environmental concerns Importance of env. concerns when 
choosing electricity supplier; 1 not 
crucial, 5 crucial 

3.61 1.03 1 5 

Buying interest 1 if buying/planning to buy green 
electricity 

0.12 0.32 0 1 

Green image Importance of maintaining a green 
public image; 1 not crucial, 5 crucial  

3.53 1.08 1 5 

Government provision 1 if prefer government provision of 
green electricity 

0.27 0.44 0 1 

Public sector 1 if public enterprise 0.06 0.24 0 1 
Electricity cost share Electricity share of total costs 0.05 0.06 0.025 0.40 

 

 The sample exhibits “lexicographic” behavior within the experiment in the sense that 23 

percent of respondents always chose the environmental improvement alternative (A), while 22 

percent always chose the status quo alternative (B). This behavior could be the consequence 

of insufficient differences among attribute levels to ensure trade-offs, “yea” or “nay” saying, 

strategic behavior, or just arise “out of ease” from the respondent, and may have introduced 

systematic errors that bias the results (Alpizar et al., 2001). However, due to the pre-testing 

before the questionnaire was distributed to respondents we believe that this is not a major 

problem in this study. These responses, however, provide relatively little information for the 

estimated model.  

 In the econometric analysis all of the non-monetary attributes are expected to have 

positive signs, this since they all involve environmental improvements that should raise the 

utility of respondents. On the other hand an increase in the electricity price should lower the 

utility of respondents and, hence, lower the probability of alternative A being chosen over 

alternative B (negative sign). 
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 Attitudinal and firm-specific variables were also included in the econometric analysis 

and were implemented so as to interact with the constant.10 The first of these variables, 

environmental impact, shows how environmentally friendly hydropower is as expressed by 

respondents on a scale ranging from 1 (not environmentally benign) up to 5 (very 

environmentally benign) That is, the variable provides a “measure” of the perceived 

environmental impacts of hydropower among respondents and it is expected to increase the 

probability of choosing alternative A since respondents that believe that hydropower has a 

low environmental impact will be more positive towards hydropower in general. The second 

additional explanatory variable shows how important firms believe environmental concerns 

are when they chose their electricity supplier and it is expected to have a positive as well. The 

buying interest variable shows whether the respondent firms are interested in buying or are 

already buying green electricity, which is expected to increase the likelihood of choosing 

alternative A. The importance of maintaining a green image for the firms is expected to 

positively affect the probability of choosing the environmental improvement alternative. If the 

respondent firm is  a public enterprise, this is also a priori expected to increase the possibility 

of alternative A being chosen, this since these respondents are probably less driven by pure 

profit motives. Firms that believe that government provision of green electricity is a preferred 

solution to the problem of increasing the share of green electricity in the energy sector are 

expected to have a lower likelihood of choosing the environmental improvement alternative. 

Finally, firms that have a relatively high share of electricity costs are expected to be less likely 

to choose the more expensive alternative A. 

 The results obtained by estimating the random effects binary probit model, pooled by 

firm, for the sample data are presented in Table 3. The estimated correlation between the error 

terms, ρ, is relatively high as well as statistically significant at the 1 percent level. Thus, it is 

not possible to reject the random effects model in favor of a model with no correlation 

between the error terms. A likelihood test of the joint hypothesis that all coefficients are zero 

was conducted on a chi-squared value of 617.91. With 1 degree of freedom the critical value 

on the 1 percent level is 6.64. This shows that the joint hypothesis of all coefficients being 

zero may be rejected. 

 

                                                 
10 Attempts to interrelate attitudinal and firm-specific variables with the attributes were also made. These 

attempts, however, added little information and are therefore not included in the results presented here. 
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Table 3: Random Effects Binary Probit Model Results 

Variable Coefficient t-statistic 
Constant 3.225*** 3.683 
Water level (+50%) 0.144 1.280 
Water level (+25%) 0.155 1.331 
Erosion & vegetation (-50%) 0.286*** 2.596 
Erosion & vegetation (-25%) -0.248* -1.875 
Fish (all) 0.356*** 3.403 
Fish (migratory) -0.037 -0.337 
Price change -0.203*** -17.943 
Environmental impact -0.683*** -4.704 
Environmental concerns 0.488*** 2.965 
Buying interest 1.572*** 2.623 
Green image 0.410*** 2.757 
Government provision -1.741*** -4.820 
Public sector 2.360*** 4.019 
Electricity cost share -12.199*** -4.450 
ρ 0.910*** 74.419 
Summary statistics 
Sample size: 1458 (243 individuals) 
Log-likelihood: -513.058 
Chi-squared (1 d.f.): 617.909*** 

 *** Statistically significant at the 1-percent level 
 * Statistically significant at the 10-percent level 
 

 The constant is statistically significant and positive, which shows that on average the 

environmental improvement alternative is preferred to the status quo. Among the parameter 

estimates for the non-monetary attributes there are some unexpected results; the coefficients 

for erosion and vegetation (-25 percent) and fish (migratory) both have negative signs, 

implying a lower probability of choosing the environmental improvement alternative. These 

negative parameter estimates are, however, only statistically significant for the first of these 

levels. The other four non-monetary attribute coefficients have the expected signs; statistical 

significance can though only be established for the erosion and vegetation (-50 percent) and 

fish (all) estimates. The price change coefficient is statistically significant and has the 

expected negative sign. The results further indicate that the fish (all) level has the strongest 

relative impact on respondent utility among the attribute levels included in the choice 

experiment.  

 All of the coefficient estimates for the firm-specific and attitudinal variables interacted 

with the constant are statistically significant and all have the expected signs, except for the 

environmental impact parameter that in contrast to our a priori expectations has a negative 

sign. Thus, firms that believe that hydropower has a low environmental impact tend to be less 

likely to chose alternative A, possibly indicating that these respondents, since hydropower is 

already environmentally friendly, feel that there is no need to take additional environmental 
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mitigation measures. Respondents who prioritize environmental concerns when deciding upon 

electricity supplier are more likely to choose the environmental improvement alternative. The 

firms that are interested in buying or already buying “green” electricity naturally are more 

prone to opt for alternative A. The importance of maintaining a “green” image also increases 

the probability of alternative A being chosen. Respondents who believe in a government 

solution to the problem of increasing the share of “green” power in the Swedish power 

production mix are less likely to choose the (market based) environmental improvement 

alternative. Public sector enterprises are more likely to choose environmentally improved 

hydropower and firms with a high electricity cost share of total costs tend to go for the status 

quo alternative. Among the attitudinal and firm-specific variables the results of the model 

estimation show that the firm type has the strongest positive impact on respondent choices, 

while the relative electricity cost share among firms has the strongest negative impact. 

 Implicit prices from the estimated model are presented in Table 4. The t-statistics for the 

implicit prices in the model were calculated using the delta method (Greene, 2000), while the 

95-percent confidence intervals were estimated using the Krinsky and Robb (1986) procedure 

with 5000 random draws from the asymptotic normal distribution of the parameter estimates. 

The implicit prices reflect the relative importance the respondents place on each of the non-

monetary attributes, i.e., the trade-offs the firms would be willing to make among the non-

monetary attributes included in the experiment. 

 

Table 4: Estimates of Implicit Prices 

 Model Estimates 95% Confidence Intervals 
Attribute Mean t-statistic Mean Min Max 
Water level (+50%) 0.71 1.31 0.71 -0.19 1.56 
Water level (+25%) 0.77 1.31 0.77 -0.19 1.75 
Erosion & vegetation (-50%) 1.41** 2.49 1.41** 0.51 2.36 
Erosion & vegetation (-25%) -1.23* -1.86 -1.23** -2.33 -0.13 
Fish (all) 1.76*** 3.71 1.76** 0.96 2.51 
Fish (migratory) -0.18 -0.34 -0.18 -1.07 0.70 

 *** Statistically significant at the 1-percent level 
 ** Statistically significant at the 5-percent level 
 * Statistically significant at the 10-percent level 
 

 The negative implicit price estimates for erosion and vegetation (-25 percent) and fish 

(migratory) are somewhat counterintuitive. They indicate that for these two levels, which both 

involve environmental improvements, respondents would require compensation. The negative 

implicit price estimates are, however, only statistically significant for the fish (migratory) 

level. No good explanation can be given for this phenomenon; it is simply the “behavior” 
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expressed by the respondents in the sample. The other implicit prices have the expected sign, 

which indicates that the respondents would be willing to incur extra costs for each of these 

environmental improvements. For the positive implicit prices statistical significance can, 

though, only be established for the erosion and vegetation (-50 percent) and the fish (all) 

levels. The implicit price estimates for these two levels show that within the experiment 

respondents are, ceteris paribus, willing to incur a cost that is 1.76 öre (around 0.18 US cents) 

per kWh higher for all fish species to be preserved or 1.41 öre per kWh higher for erosion and 

beach adjacent vegetation impacts to be lowered by 50 percent. As a comparison, the average 

respondent would be willing to incur a premium for one of the environmental improvements 

that is “on the lower bound” of the premium currently paid for green electricity in Sweden 

today, i.e., 0.3 to 6 öre per kWh.  

 Finally, the implicit prices reported here need to be interpreted with some caution. Even 

if these implicit prices reflect the premium respondents in the survey would be willing to 

incur for the environmental attributes of existing hydropower, it is assumed that all other 

attributes as well as power sources are held constant. Thus, in real life respondents, even those 

with positive implicit prices for the environmental improvements covered here, may chose to 

consume another type of electricity (e.g., green electricity from wind power) simply because 

this “product” satisfy their preferences for other attributes etc. However, given the large share 

of hydropower in the Swedish electricity market, hydropower may be considered very 

representative of the Swedish electricity production system, which implies that the behavior 

expressed by the respondents in the experiment provides a relevant (but not necessarily a 

comprehensive) picture of the actual behavior of small- to medium-sized firms in the Swedish 

electricity market. 

8. Concluding Remarks 

This paper has used the choice experiment approach to estimate how the environmental 

impacts arising from hydroelectric production are perceived by Swedish non-residential 

electricity customers, represented in the survey by small to medium sized firms. The analysis 

shows that the price attribute has a strong impact on the respondents, thus indicating that any 

environmental improvements must come at a low cost for the firms. For the non-monetary 

attributes the analysis indicates that actions that can be taken to lower the impacts on fish life 

are deemed to be the most important. 

 In addition, the results of the econometric analysis imply that some of the Swedish firms 

favor a government solution to the problem of increasing the share of “green” generation 



 20 

capacity in the power production mix, which is not in line with a market solution such as the 

BRA MILJÖVAL system. Firms with relatively high electricity outlays, on the other hand, 

tend to be more likely to choose the least costly alternative. With respect to firm behavior the 

analysis shows that public sector firms are more likely to opt for a green power alternative, 

and that green concerns within firms increases the possibility that firms will chose to buy 

“green”.  

 For the SNF-standard, the results of the choice experiment indicate that if the 

environmental costs arising from hydropower are to be minimized the mitigating measures 

that are taken (and in line with what is demanded by SNF) should focus on limiting the major 

impacts arising from erosion and on vegetation, as well as on improving the situation for the 

fish that inhabit the affected river. However, these measures must be taken at a low cost since 

firms are sensitive to price increases. Also, the results suggest that the criteria set up by the 

SNF on hydropower are only partly in line with perception of the average respondent, this 

since no statistical significance could be established for water level related impacts. Thus, if 

this perception is representative for the average Swedish non-residential electricity customer, 

this fact may hinder the success of the BRA MILJÖVAL system in the future. 

 Finally, this study has provided a novel attempt at using the choice experiment method 

to analyze non-residential behavior in the green electricity market. The results show that, 

under the assumption of utility maximizing behavior among firms, this method can provide 

important insights into firm behavior and thus into the ways in which green purchasing can be 

increased. 
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Appendix to Paper 5: Letter and Questionnaire 

Swedish Original 

 
 
 
 
 Luleå dag månad 
 
 
Hej! 
 
Luleå tekniska universitet genomför en vetenskaplig undersökning som handlar om företag 
och organisationers inställning till hur vi producerar elektricitet i Sverige. Vi är väldigt 
tacksamma om ni så snart som möjligt besvarar det medföljande frågeformuläret och 
återsänder det till oss i det bifogade svarskuvertet. 
 
Era svar kommer att behandlas helt konfidentiellt och anonymt. Det kommer inte att vara 
möjligt att urskilja vad ni eller något annat företag eller organisation svarat i de resultat som 
publiceras. 
 
Enkäten frågar er om er inställning till vad som i vardagstal kallas ”grön el”. Vad som är 
”grönt” varierar beroende på vem man frågar men oftast förknippas grön el med förnybara 
energikällor såsom vindkraft, solkraft och vattenkraft. Dessa energikällor anses ofta ha en 
jämförelsevis liten miljöpåverkan, exempelvis genom att de har små utsläpp till luft och 
genom att energikällan är just förnybar (och inte uttömlig såsom olja, gas och kol). De flesta 
elproducenter kan erbjuda elektricitet från förnybara elkällor. Därav är det normalt inga 
problem att köpa ”grön el” från de flesta elleverantörer. 
 
Om det är något i frågeformuläret som är oklart eller om ni har några frågor angående 
projektet, kontakta gärna Thomas Sundqvist på telefon 0920-49 22 64, fax 0920-49 20 35 
eller via e-post: Thomas.Sundqvist@ies.luth.se. 
 
Tack på förhand för er medverkan! 
 
Med vänlig hälsning, 
 
 
 
 
Patrik Söderholm 
Docent 
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FRÅGEFORMULÄR 
 

Del A: 

 
Den el som produceras i Sverige är av olika slag; ca 55 % kommer från vattenkraft, ca 39 % 
från kärnkraft och resterande del i huvudsak från biomassa och vindkraft. Andelen el från 
förnybara elkällor kan ökas. Men detta skulle kräva att elproducenterna investerar i dessa nya 
elkällor och detta kan komma att påverka era elkostnader. Vi kommer snart att fråga om er 
åsikt angående denna extra kostnad, men först ber vi er att besvara frågorna nedan. 

 
1. Har ni i er verksamhet en policy för hur ni ska hantera miljöfrågor? 
 
  Ja  Nej  Vet ej 
 
 Om ja, vilken typ av policy är det? Kryssa i ett eller flera alternativ. 
 
  Formellt policydokument som beskriver miljöplanen. 
  Generellt dokument som anger riktlinjer för verksamhetens miljöarbete. 
  En miljöplan som presenterats till ägare. 
  En miljöplan som presenterats till anställda. 
  Annat, nämligen: 

 
2. Hur viktiga är följande kriterier i er verksamhets val av elleverantör? Ringa in 
 det alternativ (1–5) som bäst överensstämmer med er åsikt. 
 
 Inte 

viktigt 
 Mycket 

viktigt 
 
 Elpris: 
 

 
1 

 
2 

 
3 

 
4 

 
5 

 
 Kontraktstyp och längd: 
 

 
1 

 
2 

 
3 

 
4 

 
5 

 
 Leveranstrygghet: 
 

 
1 

 
2 

 
3 

 
4 

 
5 

 
 Typ av elektricitet (förnybar, kärnkraft etc.): 
 

 
1 

 
2 

 
3 

 
4 

 
5 

 
 Miljöhänsyn: 
 

 
1 

 
2 

 
3 

 
4 

 
5 
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3.  Hur miljövänliga upplever du att följande energislag är? Ringa in lämpligt 
 alternativ (1–5). 
 

 Mycket 
miljövänlig 

 Ganska 
miljövänlig 

 Inte alls 
miljövänlig 

 Vet ej 

 a) Kärnkraft: 
 
5 
 

 
4 

 
3 

 
2 

 
1 

  
0 

 b) Vattenkraft: 
 
5 
 

 
4 

 
3 

 
2 

 
1 

  
0 

 c) Kolkraft: 
 
5 
 

 
4 

 
3 

 
2 

 
1 

  
0 

 d) Gaskraft: 
 
5 
 

 
4 

 
3 

 
2 

 
1 

  
0 

 e) Vindkraft: 
 
5 
 

 
4 

 
3 

 
2 

 
1 

  
0 

 f) Solkraft: 
 
5 
 

 
4 

 
3 

 
2 

 
1 

  
0 

 g) Biobränslebaserad kraft: 
 
5 
 

 
4 

 
3 

 
2 

 
1 

  
0 

 
4.  Hade du hört talas om begreppet ”grön” el före ni erhöll denna enkät? 
 
  Ja  Nej 
 
 Om ja, ange hur du lärt dig om begreppet (kryssa för ett eller flera alternativ): 
 
  Tidning  TV 
  Radio  Andra företag 
  Reklam  Miljögrupp/organisation 
  Elleverantör  Vet ej 
  Annat, nämligen: 

 
5.  Den el som säljs som ”grön” är vanligtvis märkt med Naturskyddsföreningens Bra 
 Miljöval. Skulle ni kunna tänka er att köpa ”grön” el som inte är märkt med Bra 
 Miljöval? 
 
  Ja  Nej  Vet ej 

 
6. Köper ni eller planerar ni i er organisation att köpa ”grön” el för tillfället? 
 
  Ja  Nej  Vet ej 
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 Om nej, vilken är huvudorsaken till varför ni inte har köpt eller planerar att köpa 
 ”grön” el? Kryssa för ett alternativ 
 
  Bristande kunskap, inte säker på vad det är. 
  Har inte blivit erbjudna att köpa grön el. 
  Vi har inte möjlighet att välja elleverantör/typ av el. 
  För dyrt. 
  Tror inte på produkten, det finns ingen anledning att köpa grön el. 
  Har inte tänkt på det. 
  Annat, nämligen:  

 
7. Tror du att ni i er organisation kommer att vara intresserade av att köpa ”grön” el 

i framtiden? 
 

5 
Ja, absolut 

4 3 
Kanske 

2 1 
Nej, definitivt 

inte 

 0 
Vet ej 

 
8. I vilken utsträckning är följande påståenden viktiga för ert företag? 
 
 Instämmer 

helt 
 Instämmer 

inte 

Att upprätthålla en ”grön” image gentemot 
omvärlden är viktigt för oss. 

 
5 
 

 
4 

 
3 

 
2 

 
1 

Det är viktigt att vi kan möta våra kunders, 
uppdragsgivare och ägares behov och önskningar när 
det gäller vår verksamhets miljöansvar.  

 
5 
 

 
4 

 
3 

 
2 

 
1 

I vår verksamhet känner vi ett starkt ansvar för 
allmänhetens hälsa och vår naturmiljö. 

 
5 
 

 
4 

 
3 

 
2 

 
1 

Vi känner ett ansvar att vara ledande i vårt samhälle, 
inte bara med avseende på miljön. 

 
5 
 

 
4 

 
3 

 
2 

 
1 

De anställda känner mer stolthet i ett företag som tar 
hänsyn till miljön. 

 
5 
 

 
4 

 
3 

 
2 

 
1 

Våra frivilliga åtgärder inom miljöområdet minskar 
behovet av framtida statliga interventioner och 
regleringar. 

 
5 
 

 
4 

 
3 

 
2 

 
1 
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9. Om ni i er verksamhet funderade på att köpa grön el, hur sannolikt tror du att det 
 är att följande faktorer skulle försvåra ert beslut? 
 
 Inte 

sannolikt 
 Mycket 

sannolikt 

Den extra kostnaden för grön el: 
 
1 
 

 
2 

 
3 

 
4 

 
5 

Internt motstånd från viktiga beslutsfattare: 
 
1 
 

 
2 

 
3 

 
4 

 
5 

Ofullständig information om de sanna miljömässiga 
fördelarna med grön el: 

 
1 
 

 
2 

 
3 

 
4 

 
5 

Ökad granskning från miljöorganisationer: 
 
1 
 

 
2 

 
3 

 
4 

 
5 

Elleverantörs svårigheter att möta våra behov: 
 
1 
 

 
2 

 
3 

 
4 

 
5 

Existerande eller framtida regleringar: 
 
1 
 

 
2 

 
3 

 
4 

 
5 

 
Del B: 

 
Den här delen av enkäten behandlar endast vattenkraft (el från strömmande vatten). Sveriges 
regering har bestämt att det inte kommer att byggas några nya storskaliga 
vattenkraftsanläggningar. Men det är möjligt att anpassa befintliga vattenkraftverk så att de 
har mindre miljöpåverkan. Detta kommer dock, i de flesta fall, att leda till högre 
produktionskostnader vilket kan komma att påverka era elkostnader. 
 
I dag ligger elpriset för ett företag i genomsnitt mellan 40 och 60 öre per kilowattimme 
(kWh). En ökning av elpriset kommer att påverka din organisations utgifter; tabellen visar hur 
mycket den årliga kostnaden förändras för ett företag som använder 2000 respektive 10000 
kWh el per månad:  
 

 Ökning av elkostnad per år 
Ökning av elpris 2000 kWh/månad 10000 kWh/månad 
+ 5 öre per kWh + 1200 kr + 6000 kr 
+ 10 öre per kWh + 2400 kr + 12000 kr 
+ 25 öre per kWh + 6000 kr + 30000 kr 
+ 40 öre per kWh + 9600 kr + 48000 kr 

 
Nedan beskrivs de miljöförbättringar som kan genomföras på befintliga vattenkraftsanläg-
gningar. Bekanta dig gärna med terminologin som används i fråga 10 till 15. 
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Nedströms vattennivå: 
Vattenkraftsutbyggnad leder normalt till att vattennivån nedströms kraftverket påverkas. Den 
kan större delen av året vara lägre än vad den varit om älven inte byggts ut. Djur- och 
växtlivet nedströms en damm kan kräva en viss nivå av vatten för att överleva. I normala fall 
krävs det att vattenkraftsproducenterna håller ett visst minimiflöde. Detta minimiflöde kan 
dock vara för litet för att garantera att alla arter ska kunna överleva. Ett högre vattenflöde 
skulle ge bättre möjligheter för att alla arter ska kunna överleva. I frågorna nedan används 
följande nivåer för att visa hur väl en utbyggd älv är anpassad till de arter som lever 
nedströms en damm: 
 

• Minst 50 % högre vattenflöde (än minimiflöde). 
• Minst 25 % högre vattenflöde (än minimiflöde). 
• Minst minimiflöde. 

 
Erosion och växtlighet: 
Variationer i vattennivån i reservoaren (dammen) kan orsaka erosion (nötning av jordytan) 
vilket skadar mark nära stranden och också vattennära växtlighet. Effekterna av erosion (och 
de på växtligheten) kan begränsas genom att vattennivån stabiliseras genom ändringar i 
utsläppsschemat. I frågorna nedan används följande nivåer för att beskriva erosions- och 
vegetationseffekter:  
 

•  50 % lägre erosion och 50 % lägre skador på strandnära växtlighet. 
•   25 % lägre erosion och 25 % lägre skador på strandnära växtlighet. 
•  Befintlig erosion och skador på strandnära växtlighet (som i dag). 

 
Fiske: 
En vattenkraftsanläggning kan påverka fisklivet i en älv. Detta kan påverka möjligheterna att 
fiska i älven. Det är dock möjligt att anpassa vattenkraftsanläggningarna så att skadorna på 
fisklivet begränsas. Till exempel genom att installera fisktrappor och genom att utrusta 
turbinen med blad som inte skadar fisk. I frågorna nedan används följande nivåer för att visa 
hur väl en utbyggd älv är anpassad till fisklivet i älven: 
 

• Anpassad till alla fiskarter. 
• Anpassad till vandrande fiskarter så som laxen. 
• Kan vara skadlig för vissa fiskarter. 
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10.  Tabellen nedan definierar två olika alternativ. Alternativ A erbjuder miljöförbättringar 
 jämfört med befintlig vattenkraft (alternativ B) men medför också en högre kostnad per 
 kWh. Tänk igenom vad som erbjuds av respektive alternativ och bestäm sedan vilket av 
 alternativen ni mest sannolikt hade valt. 
 

 A B 

Nedströms vattennivå: 
Minst 25 % högre 

vattenflöde (än 
minimiflöde) 

Minst minimiflöde 

Erosion och växtlighet: 
50 % lägre erosion och 
50 % lägre skador på 
strandnära växtlighet 

Befintlig erosion och 
skador på strandnära 

växtlighet 

Fiske: Anpassad till alla fiskarter Kan vara skadlig för vissa 
fiskarter 

Ökning av elpris per kWh: + 20 öre 0 öre 

 
 Om endast ovanstående el-alternativ hade varit tillgängliga när ni senast valde 

elleverantör vilket av alternativen skulle ni då mest sannolikt ha valt? 
 
  Alternativ A  Alternativ B 

 
11.  Tabellen nedan definierar två olika alternativ. Alternativ A erbjuder miljöförbättringar 
 jämfört med befintlig vattenkraft (alternativ B) men medför också en högre kostnad per 
 kWh. Tänk igenom vad som erbjuds av respektive alternativ och bestäm sedan vilket av 
 alternativen ni mest sannolikt hade valt. 
 

 A B 

Nedströms vattennivå: 
Minst 50 % högre 

vattenflöde (än 
minimiflöde) 

Minst minimiflöde 

Erosion och växtlighet: 
50 % lägre erosion och 
50 % lägre skador på 
strandnära växtlighet 

Befintlig erosion och 
skador på strandnära 

växtlighet 

Fiske: Anpassad till vandrande 
fiskarter så som laxen 

Kan vara skadlig för vissa 
fiskarter 

Ökning av elpris per kWh: + 25 öre 0 öre 

 
 Om endast ovanstående el-alternativ hade varit tillgängliga när ni senast valde 

elleverantör vilket av alternativen skulle ni då mest sannolikt ha valt? 
 
  Alternativ A  Alternativ B 
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12.  Tabellen nedan definierar två olika alternativ. Alternativ A erbjuder miljöförbättringar 
 jämfört med befintlig vattenkraft (alternativ B) men medför också en högre kostnad per 
 kWh. Tänk igenom vad som erbjuds av respektive alternativ och bestäm sedan vilket av 
 alternativen ni mest sannolikt hade valt. 
 

 A B 

Nedströms vattennivå: 
Minst 25 % högre 

vattenflöde (än 
minimiflöde) 

Minst minimiflöde 

Erosion och växtlighet: 
50 % lägre erosion och 
50 % lägre skador på 
strandnära växtlighet 

Befintlig erosion och 
skador på strandnära 

växtlighet 

Fiske: Kan vara skadlig för vissa 
fiskarter 

Kan vara skadlig för vissa 
fiskarter 

Ökning av elpris per kWh: + 10 öre 0 öre 

 
 Om endast ovanstående el-alternativ hade varit tillgängliga när ni senast valde 

elleverantör vilket av alternativen skulle ni då mest sannolikt ha valt? 
 
  Alternativ A  Alternativ B 

 
13.  Tabellen nedan definierar två olika alternativ. Alternativ A erbjuder miljöförbättringar 
 jämfört med befintlig vattenkraft (alternativ B) men medför också en högre kostnad per 
 kWh. Tänk igenom vad som erbjuds av respektive alternativ och bestäm sedan vilket av 
 alternativen ni mest sannolikt hade valt. 
 

 A B 

Nedströms vattennivå: 
Minst 25 % högre 

vattenflöde (än 
minimiflöde) 

Minst minimiflöde 

Erosion och växtlighet: 
25 % lägre erosion och 
25 % lägre skador på 
strandnära växtlighet 

Befintlig erosion och 
skador på strandnära 

växtlighet 

Fiske: Kan vara skadlig för vissa 
fiskarter 

Kan vara skadlig för vissa 
fiskarter 

Ökning av elpris per kWh: + 25 öre 0 öre 

 
 Om endast ovanstående el-alternativ hade varit tillgängliga när ni senast valde 

elleverantör vilket av alternativen skulle ni då mest sannolikt ha valt? 
 
  Alternativ A  Alternativ B 
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14.  Tabellen nedan definierar två olika alternativ. Alternativ A erbjuder miljöförbättringar 
 jämfört med befintlig vattenkraft (alternativ B) men medför också en högre kostnad per 
 kWh. Tänk igenom vad som erbjuds av respektive alternativ och bestäm sedan vilket av 
 alternativen ni mest sannolikt hade valt. 
 

 A B 

Nedströms vattennivå: Minst minimiflöde Minst minimiflöde 

Erosion och växtlighet: 
50 % lägre erosion och 
50 % lägre skador på 
strandnära växtlighet 

Befintlig erosion och 
skador på strandnära 

växtlighet 

Fiske: Anpassad till alla fiskarter Kan vara skadlig för vissa 
fiskarter 

Ökning av elpris per kWh: + 10 öre 0 öre 

 
 Om endast ovanstående el-alternativ hade varit tillgängliga när ni senast valde 

elleverantör vilket av alternativen skulle ni då mest sannolikt ha valt? 
 
  Alternativ A  Alternativ B 

 
15.  Tabellen nedan definierar två olika alternativ. Alternativ A erbjuder miljöförbättringar 
 jämfört med befintlig vattenkraft (alternativ B) men medför också en högre kostnad per 
 kWh. Tänk igenom vad som erbjuds av respektive alternativ och bestäm sedan vilket av 
 alternativen ni mest sannolikt hade valt. 
 

 A B 

Nedströms vattennivå: 
Minst 50 % högre 

vattenflöde (än 
minimiflöde) 

Minst minimiflöde 

Erosion och växtlighet: 
Befintlig erosion och 
skador på strandnära 

växtlighet 

Befintlig erosion och 
skador på strandnära 

växtlighet 

Fiske: Kan vara skadlig för vissa 
fiskarter 

Kan vara skadlig för vissa 
fiskarter 

Ökning av elpris per kWh: + 25 öre 0 öre 

 
 Om endast ovanstående el-alternativ hade varit tillgängliga när ni senast valde 

elleverantör vilket av alternativen skulle ni då mest sannolikt ha valt? 
 
  Alternativ A  Alternativ B 
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16. Vilka av följande påståenden förklarar bäst ditt resonemang när du besvarade 
 fråga 10 till 15? 
 
  Jag tycker inte att företag ska behöva betala mer för att erhålla mer miljövänlig 

elektricitet.  
 
  Jag valde det alternativ som gav oss mest för pengarna. 
 
  Vi har inte råd att betala något mer för miljövänlig elektricitet. 
 
  Vi har inte råd att betala mycket mer för miljövänlig elektricitet. 
 
  Vi spenderar hellre våra pengar på att göra andra elkällor än vattenkraft 

miljövänligare. 
 
  Vi tycker att nedströms vattennivå är viktigast och valde uteslutande alternativ 

baserat på detta.  
 
  Vi tycker att reservoarerosion och strandnära vegetation är viktigast och valde 
   uteslutande alternativ baserat på detta. 
 
  Vi tycker att tillgången på fisk är viktigast och valde uteslutande alternativ baserat på 

detta.  
 
  Vi tycker att låga elpriser är viktigast och valde det billigaste alternativet.  
 
  Jag vägde alla effekter mot varandra (gjorde en helhetsbedömning) och valde det 
   alternativ som sammanlagt var att föredra för oss. 
 
  Vi köper hellre el från andra gröna elkällor (till exempel vindkraft, solkraft, 
   biomassa etc.).  
 
  Annat, nämligen: 
 

 

Del C: 

 
17. Vilket av följande verksamhetsområden motsvarar mest den verksamhet ni 
 bedriver? 
 
  Primärindustri 
  Tillverkning 
  Parti-/grosshandel 
  Detaljhandel 
  Service 
  Privat icke-vinstdrivande (ideell) 
  Offentlig sektor (statlig, kommunal eller landsting) 
  Annat, nämligen:  
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18. Hur många anställda har ni i er organisation? 
 
  1 till 5 anställda 
  6 till 10 anställda 
  11 till 20 anställda 
  21 till 40 anställda 
  41 till 60 anställda 
  61 till 100 anställda 
  Mer än 100 anställda 

 
19. Ungefär hur mycket omsätter er verksamhet per år? 
 
  Mindre än 250 000 kr 
  Mellan 250 001 kr och 500 000 kr 
  Mellan 500 001 kr och 1000 000 kr 
  Mellan 1000 001 kr och 5000 000 kr 
  Mellan 5000 001 kr och 10 000 000 kr 
  Mellan 10 000 001 kr och 20 000 000 kr 
  Mer än 20 000 000 kr 
 

20. Ungefär hur stor andel av era årliga omkostnader utgörs av elkostnader? 
 
  Mindre än 5 % 
  Mellan 5 % och 10 % 
  Mellan 10 % och 20 % 
  Mellan 20 % och 40 % 
  Mer än 40 % 
 

Kommentarer: 

 
Tack för er hjälp! Använd gärna utrymmet nedan för att tala om för oss om det är någonting ni tycker 
att vi bör känna till om exempelvis grön elektricitet, enkäten etc. 
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English Translation 

 
 
 
 
 Luleå date month 
 
 
Hi! 
 
Luleå University of Technology is carrying out a survey into private and public enterprise 
attitudes towards the ways in which we are producing electricity in Sweden. We would be 
very grateful if you could fill in this questionnaire and return it to us in the enclosed pre-paid 
envelope. 
 
The answers that you give will be completely confidential and anonymous. It will not be 
possible to distinguish what you or any other respondent have answered from the results that 
will be published.  
 
This questionnaire contains questions concerning your attitude to what is normally called 
“green electricity”. What is considered “green” depends upon who you are asking but usually 
it refers to renewable energy sources such as wind power, solar power and hydro power. 
These energy sources are considered to have relatively low environmental impacts, for 
instance, since they emit little pollution to the air and also because the energy source is 
renewable (and not depletable such as oil, gas and coal). Most electricity companies can 
supply electricity from renewable electricity sources so there is usually no problem to buy 
green electricity from your local supplier. 
 
If there is anything in the questionnaire that is unclear or if you have any questions about the 
project, feel free to contact Thomas Sundqvist, telephone 0920-49 22 64, fax 0920-49 20 35, 
or via e-mail: Thomas.Sundqvist@ies.luth.se. 
 
Thank you in advance for participating! 
 
Yours sincerely, 
 
 
 
 
Patrik Söderholm 
Associate Professor 





 A5-15 

QUESTIONNAIRE 
 

Part A: 

 
Electricity comes from various sources in Sweden; 55 % comes from hydropower, 39 % from 
nuclear power and the rest mostly from, for example, biomass and wind power. The amount 
obtained from renewable sources could be increased and this will benefit the environment. 
But it will involve the electricity companies investing in these new sources and this might 
affect your electricity bill. Soon we will ask you about your view on this extra cost but first 
please complete the next section. 

 
1. Do you in your business have a policy for how to handle environmental questions? 
 
  Yes  No  Don’t know 
 
 If yes, what type of policy is it? Tick appropriate boxes. 
 
  Formal policy document describing the environmental plan. 
  General document providing guidelines for environmental issues. 
  An environmental plan presented to owners. 
  An environmental plan presented to employees. 
  Other, namely: 

 
2. How important are the following criteria in your organization’s selection of a 
 power supplier? Circle appropriate alternative (1–5). 
 
 Not 

important 
 Very 

important 
 
 Price: 
 

 
1 

 
2 

 
3 

 
4 

 
5 

 
 Type of contract and contract length: 
 

 
1 

 
2 

 
3 

 
4 

 
5 

 
 Security of supply: 
 

 
1 

 
2 

 
3 

 
4 

 
5 

 
 Type of electricity: 
 

 
1 

 
2 

 
3 

 
4 

 
5 

 
 Environmental concerns: 
 

 
1 

 
2 

 
3 

 
4 

 
5 
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3.  How environmentally friendly do you feel that the following energy sources are? 
 Circle appropriate alternative (1–5). 
 

 Very 
benign 

 Rather 
benign 

 Not 
benign 

 Don’t 
know 

 a) Nuclear power: 
 
5 
 

 
4 

 
3 

 
2 

 
1 

  
0 

 b) Hydropower: 
 
5 
 

 
4 

 
3 

 
2 

 
1 

  
0 

 c) Coal power: 
 
5 
 

 
4 

 
3 

 
2 

 
1 

  
0 

 d) Gas power: 
 
5 
 

 
4 

 
3 

 
2 

 
1 

  
0 

 e) Wind power: 
 
5 
 

 
4 

 
3 

 
2 

 
1 

  
0 

 f) Solar power: 
 
5 
 

 
4 

 
3 

 
2 

 
1 

  
0 

 g) Biomass power: 
 
5 
 

 
4 

 
3 

 
2 

 
1 

  
0 

 
4.  Where you familiar with the concept “green electricity” before you received this 
 questionnaire? 
 
  Yes  No 
 
 If yes, please state how you learned about it (tick appropriate boxes): 
 
  Newspapers  TV 
  Radio  Other firms 
  Commercials  Environmental group/organization 
  Electricity supplier  Don’t know 
  Other, namely: 

 
5.  The electricity sold as green is normally branded with the Swedish Association for 
 Nature Conservations Bra Miljöval. Would you in your household consider buying 
 green electricity not branded with Bra Miljöval? 
 
  Yes  No  Don’t know 

 
6. Are your presently buying or planning to buy green electricity? 
 
  Yes  No  Don’t know 
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 If no, what is the main reason to why you have not purchased and are not planning 
 to buy green electricity? Tick one box. 
 
  Lack of knowledge, not sure what it is. 
  Have not been offered to buy green electricity. 
  Cannot choose electricity supplier/type of electricity. 
  Too expensive. 
  I don’t believe in the product, there is no need to buy green electricity. 
  Don’t care. 
  Have not thought about it. 
  Other, namely: 

 
7. Do you think you will be interested in buying green electricity in the future? 
 

5 
Yes, 

absolutely 

4 3 
Maybe 

2 1 
No,  

definitely not 

 0 
Don’t 
know 

 
8. How important are the following considerations for your organization? 
 
 Very 

important 
 Not 

important 

Maintaining a “green” public image is important to 
us. 

 
5 
 

 
4 

 
3 

 
2 

 
1 

It is important that we accommodate the needs of our 
customers, shareholders, constituents. 

 
5 
 

 
4 

 
3 

 
2 

 
1 

Our organization feels a strong and pervasive 
commitment to public health and the environment. 

 
5 
 

 
4 

 
3 

 
2 

 
1 

We feel a responsibility to be community leaders, not 
just for the environment. 

 
5 
 

 
4 

 
3 

 
2 

 
1 

Employees feel more pride in an organization that is 
giving back to the environment, 

 
5 
 

 
4 

 
3 

 
2 

 
1 

Our voluntary actions towards environmental issues 
may reduce the need for future government 
intervention and regulation. 

 
5 
 

 
4 

 
3 

 
2 

 
1 
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9. If your organization were considering to buy green electricity, how likely are the 
 following factors to complicate your decisions? 
 
 Not 

likely 
 Very 

likely 

The extra cost of green power: 
 
1 
 

 
2 

 
3 

 
4 

 
5 

Internal resistance by key decision-makers: 
 
1 
 

 
2 

 
3 

 
4 

 
5 

Incomplete information about the true environmental 
benefits of green power: 

 
1 
 

 
2 

 
3 

 
4 

 
5 

Increased scrutiny by environmental groups: 
 
1 
 

 
2 

 
3 

 
4 

 
5 

Power suppliers difficulty in meeting our needs: 
 
1 
 

 
2 

 
3 

 
4 

 
5 

Existing or future regulations: 
 
1 
 

 
2 

 
3 

 
4 

 
5 

 
Part B: 

 
This section of the questionnaire is concerned with hydropower (electric power from 
streaming water). The Swedish government has decided that there will be no new large-scale 
hydropower plants. But it is possible to adapt some of the existing hydropower plants so that 
they have lower environmental impacts. This will however in most cases increase the cost of 
producing electric power and maybe also the electricity bill. 
 
The average electricity price for firms today is between 40 and 60 öre per kilowatt hour 
(kWh). An increase in the electricity price will affect your firms expenses, the table shows 
how much the annual cost changes for firms using 2000 and 1000 kWh each month, 
respectively:  
 

 Annual cost increase 
Electricity price increase 2000 kWh/month 10000 kWh/month 

+ 5 öre per kWh + 1200 SEK + 6000 SEK 
+ 10 öre per kWh + 2400 SEK + 12000 SEK 
+ 25 öre per kWh + 6000 SEK + 30000 SEK 
+ 40 öre per kWh + 9600 SEK + 48000 SEK 

 
Below the environmental improvements that can be made on existing hydroelectric facilities 
are described. Please familiarize yourself with the terminology used in the question 10 to 15.
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Downstream water level: 
Hydroelectric development typically affects the water level downstream of the power plant. It 
may during a majority of the year be lower than it would have been had the river not been 
developed. The animal- and plant life downstream of a dam may require a certain water level 
to survive. Normally, hydro producers are required to keep a certain minimum flow. This 
minimum flow may however be to small for all species to survive. A higher water flow may 
be required to ensure species survival. In the questions below the following levels are used to 
indicate how well a developed river is adapted to the species downstream of a plant: 

• At least 50 % higher water flow (than minimum flow). 
• At least 25 % higher water flow (than minimum flow). 
• At least minimum flow. 

 
Erosion and vegetation: 
Variations in the water level in the reservoir may cause erosion (wearing of the earth crust), 
which damages land close to the beach and that may also damage beach adjacent vegetation, 
The effects of erosion (and on vegetation) may be limited by changes to the release schedule. 
In the questions below the following levels are used to describe erosion and vegetation 
effects:  

•  50 % lower erosion and damages to beach adjacent vegetation. 
•   25 % lower erosion and damages to beach adjacent vegetation. 
•  Existing erosion and damages to beach adjacent vegetation (as today). 

 
Fishing: 
A hydro facility may affect fish life in a river. This may affect the possibilities to successfully 
angle for fish in a river. It is though possible to adapt the hydro facilities so that the damages 
on fish life are limited. For instance, fish ladders may be installed and turbines can be 
equipped with blades that do not damage fish. In the questions below the following levels are 
used to indicate how well a developed river is adapted to the fish that inhabit the river: 

• Adapted to all fish species. 
• Adapted to migratory fish species such as the salmon. 
• May be harmful to some fish species. 
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10.  The table below defines two different alternatives. Alternative A offers environmental 
 improvements compared to existing hydropower (alternative B), but also involves a 
 higher cost per kWh. Carefully consider what is being offered by each alternative and 
 decide which of the alternatives you would have chosen. 
 

 A B 

Downstream water level: At least 25 % higher water 
flow (than minimum flow) At least minimum flow 

Erosion and vegetation: 
50 % lower erosion and 

damages on beach adjacent 
vegetation 

Existing erosion and 
damages to beach adjacent 

vegetation 

Fishing: Adapted to all fish species May be harmful to some 
fish species 

Increase in electricity price 
per kWh: 

+ 20 öre 0 öre 

 
 If only the above electricity alternatives had been available the last time you chose 

your electricity supplier, which of the alternatives would you then most likely have 
chosen? 

 
  Alternative A  Alternative B 

 
11.  The table below defines two different alternatives. Alternative A offers environmental 
 improvements compared to existing hydropower (alternative B), but also involves a 
 higher cost per kWh. Carefully consider what is being offered by each alternative and 
 decide which of the alternatives you would have chosen. 
 

 A B 

Downstream water level: At least 50 % higher water 
flow (than minimum flow) At least minimum flow 

Erosion and vegetation: 
50 % lower erosion and 

damages on beach adjacent 
vegetation 

Existing erosion and 
damages to beach adjacent 

vegetation 

Fishing: Adapted to migratory fish 
species such as the salmon 

May be harmful to some 
fish species 

Increase in electricity price 
per kWh: 

+ 25 öre 0 öre 

 
 If only the above electricity alternatives had been available the last time you chose 

your electricity supplier, which of the alternatives would you then most likely have 
chosen? 

 
  Alternative A  Alternative B 
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12.  The table below defines two different alternatives. Alternative A offers environmental 
 improvements compared to existing hydropower (alternative B), but also involves a 
 higher cost per kWh. Carefully consider what is being offered by each alternative and 
 decide which of the alternatives you would have chosen. 
 

 A B 

Downstream water level: At least 25 % higher water 
flow (than minimum flow) At least minimum flow 

Erosion and vegetation: 
50 % lower erosion and 

damages on beach adjacent 
vegetation 

Existing erosion and 
damages to beach adjacent 

vegetation 

Fishing: May be harmful to some 
fish species 

May be harmful to some 
fish species 

Increase in electricity price 
per kWh: 

+ 10 öre 0 öre 

 
 If only the above electricity alternatives had been available the last time you chose 

your electricity supplier, which of the alternatives would you then most likely have 
chosen? 

 
  Alternative A  Alternative B 

 
13.  The table below defines two different alternatives. Alternative A offers environmental 
 improvements compared to existing hydropower (alternative B), but also involves a 
 higher cost per kWh. Carefully consider what is being offered by each alternative and 
 decide which of the alternatives you would have chosen. 
 

 A B 

Downstream water level: At least 25 % higher water 
flow (than minimum flow) At least minimum flow 

Erosion and vegetation: 
25 % lower erosion and 

damages on beach adjacent 
vegetation 

Existing erosion and 
damages to beach adjacent 

vegetation 

Fishing: May be harmful to some 
fish species 

May be harmful to some 
fish species 

Increase in electricity price 
per kWh: 

+ 25 öre 0 öre 

 
 If only the above electricity alternatives had been available the last time you chose 

your electricity supplier, which of the alternatives would you then most likely have 
chosen? 

 
  Alternative A  Alternative B 
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14.  The table below defines two different alternatives. Alternative A offers environmental 
 improvements compared to existing hydropower (alternative B), but also involves a 
 higher cost per kWh. Carefully consider what is being offered by each alternative and 
 decide which of the alternatives you would have chosen. 
 

 A B 

Downstream water level: At least minimum flow At least minimum flow 

Erosion and vegetation: 
50 % lower erosion and 

damages on beach adjacent 
vegetation 

Existing erosion and 
damages to beach adjacent 

vegetation 

Fishing: Adapted to all fish species May be harmful to some 
fish species 

Increase in electricity price 
per kWh: 

+ 10 öre 0 öre 

 
 If only the above electricity alternatives had been available the last time you chose 

your electricity supplier, which of the alternatives would you then most likely have 
chosen? 

 
  Alternative A  Alternative B 

 
15.  The table below defines two different alternatives. Alternative A offers environmental 
 improvements compared to existing hydropower (alternative B), but also involves a 
 higher cost per kWh. Carefully consider what is being offered by each alternative and 
 decide which of the alternatives you would have chosen. 
 

 A B 

Downstream water level: At least 50 % higher water 
flow (than minimum flow)) At least minimum flow 

Erosion and vegetation: 
Existing erosion and 

damages to beach adjacent 
vegetation 

Existing erosion and 
damages to beach adjacent 

vegetation 

Fishing: May be harmful to some 
fish species 

May be harmful to some 
fish species 

Increase in electricity price 
per kWh: 

+ 25 öre 0 öre 

 
 If only the above electricity alternatives had been available the last time you chose 

your electricity supplier, which of the alternatives would you then most likely have 
chosen? 

 
  Alternative A  Alternative B 
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16. Which of the following reasons best explains the reasoning behind your choices in 
 question 10 to 15? Tick appropriate boxes. 
 

  I don’t think that the firms should have to pay more to get more environmentally 
  friendly electricity.  

 

  I chose the alternative that gave us the most value for the money. 
 

  We cannot afford to pay anything more to get more environmentally friendly 
  electricity. 

 

  We cannot afford to pay much more to get more environmentally friendly 
  electricity. 

 

  We would rather spend our money on making other power sources more 
  environmentally friendly. 

 

  We think that downstream water level is most important, and chose alternative 
based on this option.  

 

  We think that erosion and beach adjacent vegetation is most important, and chose 
  alternative based on this option. 

 

  We think that fish availability is most important, and chose alternative based on this 
option.  

 

  We think that low electricity prices are most important, and chose alternative based 
on this option.  

 

  We weighed each effect against each other, and chose the alternative that overall 
was most favorable. 

 

  We would rather spend our money on buying power from other green sources (e.g., 
wind power, solar power, biomass power). 

 

  Other, namely: 
 
 

Part C: 

 
17. Which of the following alternatives best describes your activity? 
 
  Primary industry 
  Manufacturing 
  Wholesale 
  Retail 
  Service 
  Private non-profit 
  Public sector 
  Other, namely: 
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18. How many employees do you have? 
 
  1 to 5 employees 
  6 to 10 employees 
  11 to 20 employees 
  21 to 40 employees 
  41 to 60 employees 
  61 to 100 employees 
  More than 100 employees 

 
19. What is your annual turnover? 
 
  Less than 250 000 SEK 
  Between 250 001 SEK and 500 000 SEK 
  Between 500 001 SEK and 1000 000 SEK 
  Between 1000 001 SEK and 5000 000 SEK 
  Between 5000 001 SEK and 10 000 000 SEK 
  Between 10 000 001 SEK and 20 000 000 SEK 
  More than 20 000 000 SEK 
 

20. Approximately, what share of your total annual costs can be attributed to 
 electricity costs? 
 
  Less than 5 % 
  Between 5 % and 10 % 
  Between 10 % and 20 % 
  Between 20 % and 40 % 
  More than 40 % 
 

Comments: 

 
Thank you for your assistance! Please use the space below to tell us anything else you think 
we should know about, for example, green electricity, the questionnaire etc. 
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Abstract 

This paper examines the impact of public research and development (R&D) support on cost 

reducing innovation for wind turbine farms in Denmark, Germany and the United Kingdom 

(UK). First we survey the literature in this field. The literature indicates that in Denmark R&D 

policy has been more successful than in Germany or the UK in promoting innovation of wind 

turbines. Furthermore, previous studies point out that (subsidy-induced) capacity expansions 

have been more effective in the UK and Denmark in promoting cost-reducing innovation than 

in Germany. The second part of the paper describes the quantitative analysis of the impact of 

R&D and capacity expansion on innovation. This is calculated using the two-factor learning 

curve (2FLC) model, in which investment cost reductions are explained by cumulative 

capacity and the R&D based knowledge stock. Time-series data were collected for the three 

countries and organized as a panel data set. The parameters of the 2FLC model were 

estimated, focusing on the homogeneity and heterogeneity of the parameters across countries. 

We arrived at robust estimations of a learning-by-doing rate of 5.4 percent and a learning-by-

searching rate of 12.6 percent. The analysis, further, underlines the homogeneity of the 

learning parameters, i.e., a given capacity expansion tends to lead to similar cost reductions in 

all three countries. 
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1. Introduction 

The development of environmentally friendly energy technologies has accelerated in response 

to the growing concern of the impacts from climate change. However, (liberalized) market 

circumstances are often unfavorable for those new technologies because they tend to be more 

expensive than the existing, but not necessarily environmentally benign, technologies. 

Innovation that leads to cost reduction is therefore crucial for these environmentally benign 

technologies in order to gain larger market shares and policy interventions to initiate such 

innovations are called for. That is, if the goal of policy makers is to increase the share of 

renewables in the energy system such policy interventions, in the form of, for instance, 

subsidies, can be justified on the basis of “technological learning”. From an economic 

efficiency point of view policy support for not yet commercialized technologies is motivated 

by the public good nature of research and development activities. 

 “Technological learning” refers to the phenomenon that the cost of a technology 

decreases as the cumulative installation of the technology increases (Argote and Epple, 1990; 

Arrow, 1962; Dosi, 1988; Dutton and Thomas, 1984). Technology policies would stimulate 

innovation and higher up-front costs could be recovered in the long run after successful 

technological learning. Without proper policy measures for new technologies, current 

technologies would however maintain their competitive advantage and remain locked in a 

situation relying on technologies that might not be environmentally friendly. In the past, 

technology-policies such as procurement subsidies and public R&D support have played a 

key role in promoting cost-reducing innovation of environmentally benign technologies.  

 In the conventional learning literature, the focus is on the effect of capacity expansion 

(possibly stimulated by procurement policy) of the cost-reducing innovation. The purpose of 

this paper is to extend the conventional analysis of the learning effects by including the effect 

of R&D, based on experience with wind energy innovation in three European countries, 

Denmark, Germany, and UK.  

 We focus on wind energy as it is currently one of the fastest growing energy sources 

and a carbon-free alternative for traditional fossil fuel based technologies. The selection of the 

three countries was based on the following arguments: Denmark is the largest global exporter 

of wind turbines and has the highest per capita levels of wind energy capacity installed. 

Germany has the highest capacity installed worldwide (BWE, 2000), while the UK, in 

contrast to Denmark and Germany, promoted competition among different renewable energy 

forms through the introduction of a competitive bidding scheme for subsidies. 
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 Although an abundance of theoretical literature exists on the effects of policy 

instruments on innovation, surprisingly little empirical research has been conducted (see Jaffe 

et al., 2001). Our analysis is empirical and based on a review of wind energy policy in the 

three countries and on technological learning concepts. This paper differs from the existing 

literature on the relation between policy instruments and innovation for wind energy (e.g., 

Hemmelskamp, 1999; Loiter and Norberg-Bohm, 1999; Mitchell, 1995; 2000) since the focus 

is on the quantification of the impacts of policy instruments on innovation (i.e., public R&D).  

 The quantification is done based on a modified version of the two-factor learning curve 

(2FLC) model introduced by Kouvaritakis et al. (2000). The 2FLC is an extended version of 

the conventional learning curve (based only on cumulative capacity) in that it includes both 

cumulative capacity and knowledge stock (resulting from past R&D expenditures). This is a 

rather novel concept and its empirical validation has not yet been demonstrated successfully. 

One of the important contributions of this paper is thus to attempt to give a solid empirical 

foundation by using an econometric analysis using panel data for three countries. In addition, 

our version of the 2FLC refines the original knowledge stock concept, based on simple 

cumulative R&D, by introducing a concept of knowledge stock based on cumulative R&D 

adjusted by the depreciation of the knowledge stock as well as a time lag between the actual 

timing of R&D expenditures and their addition to the R&D based knowledge stock.  

 The paper proceeds as follows. Section 2 describes the different policies in the three 

countries to promote the diffusion of wind energy and summarizes the literature on the 

impacts of R&D and (policy-induced) capacity expansions on innovation in these countries. 

Section 3 introduces the two-factor learning curve model that is used to assess the impacts of 

policy instruments on cost reducing innovation. Section 4 summarizes the data used for our 

panel analysis. Section 5 gives the results of the econometric analysis, while section 6 

concludes and discusses the results obtained. 

2. Policy Instruments for Promoting Innovation in Wind Energy 

Progress in wind turbine technology can be attributed to R&D programs and accumulated 

experience in producing wind turbines. Capacity expansion leading to enhanced experience in 

producing wind turbines can partially be gained by financial incentives to increase demand 

such as subsidies. This section will take a closer look at R&D programs and demand-based 

for promoting the wind energy incentives in three European countries. 
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Denmark 

The promotion of wind energy started in Denmark in the mid-1970s and in 1991 wind 

turbines provided around 3 percent of the Danish electricity consumption. By the end of 1999, 

capacity had grown to 1771 megawatts (MW). The investment subsidy between 1979 and 

1989 was instrumental in achieving such a rapid expansion of the capacity. This subsidy 

scheme offered 30 percent of the total investment cost for the installation of wind turbines 

that were approved by a test station (Olivecrona, 1995). From the mid-1980s, the Danish 

government provided another kind of incentive consisting of a partial refund for the energy 

and environmental taxes levied on electricity consumption in Denmark. This in effect 

consisted of the payment of a guaranteed tariff that was paid out to the wind farm operators 

by the energy supply companies for selling electricity to the electricity companies, and which 

helped in expanding overall capacity (Morthorst, 1999). A typical characteristic of the Danish 

system is that it combined market-stimulation incentives with national targets, resulting in the 

expansion of the domestic market for wind energy (Hemmelskamp, 1999).  

 A coordinated program of R&D support in all energy areas in Denmark started in 1976. 

The wind energy projects focused on the provision of information on the construction of large 

wind turbines, involving Danish electricity companies, Risø National Laboratory and the 

Danish University of Technology. From 1976 to 1995, 10 percent of the total energy research 

program was spent on wind energy projects (Olivecrona, 1995). From 1983 to 1989, R&D 

support was mainly geared towards wind farms and large wind turbines. The percentage of 

R&D funds given to small wind turbine projects, however, increased over time.  

 Evidence suggests that in Denmark R&D resulted in technically reliable wind turbines 

that were available at the end of the 1980s. After this development of the technological niche, 

subsidy schemes successfully paved the way for a market niche. In terms of R&D 

expenditures, the setting up of a test center that tested every wind turbine before being 

released on the market was relevant. R&D as well as demonstration projects in conjunction 

with investment subsidies (until the end of the 1980s) led to the development of reliable small 

wind turbines at the end of the 1970s. Part of the successful introduction at that stage was the 

shift of support away from the manufactures to the operators in order to stimulate further 

market introduction. Relevant in this context were the strong integration of the energy supply 

companies and the guaranteed feed-in tariff and the refunding of CO2 and energy tax to wind 

turbine operators (Hemmelskamp, 1999). The careful balance and timing of R&D 

expenditures and procurement support have both played an important function in Denmark in 

promoting both innovation and diffusion of wind energy.  
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Germany 

Germany has encouraged the use of wind energy since the 1970s. The major government 

instruments that led to the rapid diffusion of wind power capacity at the end of the 1980s 

consisted of: the 100/250 MW program, the feed-in law (“Stromeinspeisungsgesetz”), tax 

breaks, as well as the provision of low-interest loans (Hemmelskamp, 1999). The 

100/250 MW program was the combination of the certification programs, i.e., requirements 

on technical quality guaranteed by test and research centers and investment subsidies. The 

feed-in law regulates the purchasing of renewable electricity by public energy supply 

companies. These companies are obliged to pay at least 90 percent of the average electricity 

price paid by the final consumers to the companies selling them wind energy. In addition, 80 

to 90 percent of the companies building wind turbines received low-interest loans (1-2 

percentage points below the market rate). The various subsidies reduced the risk of 

investments and offered a secure basis. The feed-in law did not only induce demand but also 

provided an incentive to use efficient wind turbines (producing more electricity) in areas with 

favorable wind conditions and, perhaps more importantly, promoted product and, in 

particular, process innovation. As a result, wind turbines can now operate profitably at 

locations with favorable wind conditions given the feed-in tariff and the low-interest loans 

from the government (Ibid.). As a final point, investment costs could be written off against tax 

as capital or operating expenses, and initial losses incurred by the operators during the start up 

period can be used to reduce tax payments in future years when the wind turbine becomes 

profitable. In general, presently only the feed-in law tariff and the nationally supplied low 

interest loans are of major significance for the economic feasibility of wind energy (Ibid.). 

 R&D support for wind energy started in 1974 with the Growian (“Grosswindanlage“) 

project, which later ended in 1987. With a new focus for wind energy in the mid-1980s, R&D 

support was resumed again in Germany. This second wave included wind turbines with sizes 

of 640 to 1.2 kilowatts (kW) as well as various projects concentrating on the development of 

small wind turbines. Some of the prototypes were later launched into the market in modified 

form. In Germany, the first R&D programs (in the 1970s) to develop large-scale wind 

turbines (using aerospace knowledge) were regarded a failure due to the considerable 

expenditures (Ibid.). The progress of small wind turbines proved to be more successful as they 

were developed on the basis of engineering and shipbuilding knowledge. Knowledge 

spillovers did occur; in particular, small German windmill manufacturers were able to benefit 

from the Danish expertise.  
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United Kingdom 

In the United Kingdom, the passing of the new electricity act in 1989 marked the beginning of 

support for renewable energy. The act aims at promoting those forms of energy that are 

competitive. The government also set a target of 1500 MW of renewable energy capacity by 

the year 2000 (Hemmelskamp, 1999). The UK policy created to stimulate the role of 

renewable energy (including wind) basically consists of a two-tier strategy. First, renewable 

energy policy is promoted through R&D and demonstration projects (Mitchell, 1995). The 

support budget for renewable R&D has, however, more than halved from 1992 and 1993 to 

1997 and 1998. 

 Secondly, with the privatization of the electricity sector in 1989 and 1990, R&D efforts 

were complemented by a guaranteed premium price per kilowatt hour (kWh) generated for 

those projects that successfully tendered for this subsidy through the so-called non-fossil fuel 

obligation (NFFO) (DTI, 2000). The NFFO obliges public electricity suppliers or regional 

electricity companies (RECs) to buy a certain amount of renewable electricity. The difference 

between the premium price and the average monthly pool-purchasing price for electricity is in 

effect a subsidy (Mitchell, 1995). A typical element of the UK system is that the contracts 

awarded under the NFFO and the price paid for the renewable generation result from a 

process of competitive bidding within a (renewable) technology band on a pre-set date 

(Mitchell, 2000).  

 In the UK, the NFFO has been less successful in increasing the capacity of wind energy. 

This was mainly due to the lack of public acceptance in the spatial planning procedure, which, 

according to some authors, was related to the competitive pressure, which forced companies 

to invade profitable but sensitive sites (Elliott, 2000; Hemmelskamp, 1999; DTI, 2000). 

Mitchell (2000) finds that, with respect to capacity expansion, the UK has not been as 

successful since the focus was on one single instrument such as the NFFO. The UK’s NFFO 

is believed to have been successful though in reducing costs of renewable energy sources 

down to a level where they can compete (Mitchell, 2000; DTI, 2000). Part of the price 

reduction in the UK was related to importing overseas technologies, the costs of which have 

declined as a result of their domestic markets as well (Mitchell, 2000). 

 The R&D expenditures in the UK mainly supported large-scale wind turbines (above 3 

MWe) although this later changed to smaller-scale turbines whereas the NFFO supported 

medium-sized turbines (300 to 750 kWe). R&D support was biased towards a few large-scale 

projects (Mitchell, 1995). Elliott (1996) finds that the NFFO subsidy scheme is reasonable for 
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supporting near-market technologies but no substitute for R&D support for the longer-term 

development of technologies for which private R&D support is unrealistic.  

Summarizing Policy Review for the Three Countries 

In summary we can conclude that: 

• In Denmark, R&D as well as demonstration projects, in conjunction with investment 

subsidies, led to the development of reliable small wind turbines. The careful balance 

and timing of R&D and procurement support have both been important to promote 

both innovation and diffusion of wind energy; 

• In Germany, the R&D programs (in the 1970s) aimed at developing large-scale wind 

failed but the development of small wind turbines was successful. The various 

subsidies (i.e., those under the feed-in-law) provided an incentive for product and 

process innovation but overlapping subsidies might have resulted in efficiency losses; 

• In the UK, R&D expenditures for wind were insufficiently geared towards the type of 

turbines being installed. The UK subsidy scheme (NFFO) has however been 

successful in driving down costs. 

 

 Thus, the above evidence suggests that Denmark’s R&D expenditures might have been 

more successful in promoting innovation than similar expenditures in Germany or the UK. 

Previous studies also indicate that the UK scheme of (subsidy-induced) capacity expansion 

and the Danish procurement support might have been more effective in stimulating (cost-

reducing) innovation than the German support schemes. In the next section, we describe the 

quantitative analysis for this study.  

3. The Two Factor Learning Curve 

One measurable aspect of technological innovation is the cost reduction of technology. A 

number of studies have found an empirical relationship between cost reduction and 

cumulative capacity, and it is known as the “learning-curve” (Argote and Epple 1990; Dutton 

and Thomas, 1984). Conventional learning curves include cumulative capacity as the 

explanatory factor for technology cost reduction. The most commonly used formulation of the 

learning curve is: 

 

 α−⋅= CCASPC , (1) 
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where SPC is the costs of a technology per unit (specific cost), CC the cumulative capacity, -α 

a learning index, and A the specific cost at unit cumulative capacity.  

 The above formulation implies that for each doubling of capacity costs there is a 

constant percentage decrease, called the learning rate (defined as 1-2-α). Typical learning rates 

calculated for studies on wind turbines range from 4 to 32 percent. The range is dependent on 

the country/region studied and the indicator used (investment costs or production costs) to 

estimate the learning rate (McDonald and Schrattenholzer, 2001). 

 From a policy point of view, a shortcoming of the above conventional one-factor 

learning curve, which uses cumulative capacity as the only explanatory factor, is that the 

learning rate – and the learning process altogether – only depends on capacity expansion. 

Hence, only procurement policies, which increase demand and hence expand capacity, would 

play a role in reducing the costs of a technology. R&D, despite its popularity as a policy 

instrument and its obvious impact on innovation, especially in early development phases, has 

no place in it. Thus the traditional learning curve does not assist policymakers in the 

allocation of scarce resources over capacity expansion and R&D expenditures. This is 

remarkable since the use of cumulative R&D expenditures to estimate the impact of R&D 

expenditures on levels of output is well established in both macroeconomic and sector 

specific studies (see, for example, Lieberman, 1984; Griliches, 1995; Nordhaus, 2002).  

 In response to this observation Kouvaritakis et al. (2000) have proposed an extended 

learning curve concept, the two-factor learning curve (2FLC), which includes cumulative 

R&D expenditures as the second factor, in addition to cumulative capacity, to add a more 

direct policy variable in the learning curve model. We refine the original 2FLC by replacing 

the cumulative R&D with a more general knowledge stock concept, which takes into account 

the depreciation of the cumulative knowledge stock and adds a time lag between the actual 

R&D expenditures and their addition to the knowledge stock. Knowledge is then defined as: 

 

 xttt RDKS)(KS −− +⋅−= 11 δ , (2) 

 

where KSt is the R&D based knowledge stock at time t, RDt the R&D expenditures at time t, x 

a time lag for adding R&D to the knowledge stock, and δ the annual knowledge stock 

depreciation rate. 

 By doing this, we take into account the following two observations. First, the effect of 

R&D is not instantaneous. Money invested in research will only deliver tangible results (if at 
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all) at some future point in time. Just as it takes some time for a paper to be written, reviewed 

and published. Second, knowledge depreciates (e.g., Griliches, 1995); the effect of successful 

past R&D – knowledge – gradually becomes irrelevant. With this knowledge stock, the two-

factor learning curve can now be formulated as:  

 

 βα −− ⋅⋅= KSCCASPC , (3) 

 

where SPC is the costs of a technology per unit (specific cost), CC the cumulative capacity, 

KS the R&D based knowledge stock, -α a learning-by-doing index, -β a learning-by-searching 

index, and A the specific cost at unit cumulative capacity and unit knowledge stock. 

Empirically equation (3) is estimated in logarithmic form so that: 

 

 ( ) ( ) ( ) ( ) εβα +−−= KSCCASPC lnlnlnln , (4) 

 

where ε is an additive error term, which is assumed to have a zero mean, constant variance, 

and to be independent and normally distributed. The 2FLC model is estimated using ordinary 

least squares regression techniques. 

4. Data 

To analyze the quantitative relationship between the development of the investment costs over 

time on the one hand and cumulative capacity and the knowledge stock (based on R&D) on 

the other, we collected the following data:  

• The (average) investment costs per kWe (Figure 1), 

• Cumulative capacity (Figure 2), and 

• Annual public R&D expenditures (Figure 3). 

 

 Figure 1 depicts the data collected on the investment costs. For Denmark and Germany, 

investment cost data for wind-farms installed were based on ISET (2000) and Durstewitz 

(2000). Data for the UK were based on Milborrow (2000). Note that, in contrast to other 

estimates, the investment cost data cover all investment cost items, such as grid connections, 

foundations, electrical connections and not only the costs of the wind turbines (Rohrig, 2001; 

Varela, 2001). This is a significant difference since the non-turbine part of the investment 

costs might amount to 10 to 40 percent of the overall investment costs.  
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Figure 1: Average Investment Costs for Wind Farms per kWe 

Sources: Durstewitz (2000), ISET (2000) and Milborrow (2000). 

 

 Figure 1 further shows that in all three countries the investment costs have declined, 

albeit not continuously. Data for 1992 for the UK are only for one project whereas data for the 

other years are generally averages of various projects. The data for the UK suggest that 

initially (1992–1993) investment costs went up. This is due to the data limitation mentioned 

above but might also reflect the start-up of the NFFO program, which was marked by 

uncertainty on the actual costs of wind turbines. Only after 1993, has there been a rapid 

decline in the investment costs. The German data shows a much more regular though less 

sharp decrease over the whole period (1990–1998). Danish data suggest a gradual trend down 

from 1986 onwards with two periods of increasing costs. Differences in the level of the costs 

across the countries are not only related to country specific factors but also reflect differences 

in the average size of the wind turbines installed. 

 The development of cumulative capacity in the three countries is shown in Figure 2. 

Clearly, Denmark started early whereas Germany and the UK expanded wind energy capacity 

only in the 1990s. From 1994 German wind energy capacity exceeded Danish capacity and 

the German market is now twice the size of the Danish market and is nearly ten times bigger 

than the UK market.  
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Figure 2: Development of (On-Shore) Wind Energy Capacity Installed (MWe) 

Sources: BWE (2000), BWEA (2000), DWTMA (2000), and ISET (2000). 

 

 Figure 3 shows the development of the annual public R&D expenditures on wind 

energy based on IEA data (2000). German expenditures have generally been higher than those 

for both other countries, with the exception of the period between 1983 and 1992. From the 

mid-1990s R&D expenditures in both Germany and the UK were cut significantly whereas 

Danish R&D outlays remained more or less stable.  
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Figure 3: Public Energy R&D Expenditures for Wind Energy 

Source: IEA (2000). 

 

 In order to translate these annual public R&D expenditures into the development of a 

knowledge stock, assumptions are needed on the time lag between R&D expenditures and 

their addition to the knowledge stock as well as on the depreciation of the knowledge stock. 
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Griliches (1998) suggests that for commercial R&D expenditures a time lag of 3 to 5 years 

might be appropriate and depreciation would be so fast that hardly any of the private R&D 

spent 10 years ago would remain. This suggests an annual depreciation rate in excess of 10 

percent. He also finds that for social (or public) R&D expenditures, the data situation is much 

more difficult, but one would expect the social rates of depreciation to be lower than the 

private ones. Nordhaus (2002) indicates that the depreciation rates are variously estimated at 1 

to 10 percent. IEPE (2001) uses a depreciation rate of 3 percent in calculating the R&D 

knowledge stock for a number of energy technologies. Watanabe (1999; 2000) finds a time 

lag of 2 to 3 years to be appropriate for R&D expenditures in the case of Japanese solar PV 

cells. Our own initial estimates of the time lag for solar PV and wind turbines on a global base 

indicated that time lags of 2 to 3 years and depreciation rates of around 5 percent lead to 

acceptable statistical results (Kobos, 2000). For this study we use a depreciation rate of 3 

percent and a time lag of 2 years. We think the shorter time lags (2-3 years) are more 

appropriate for our work since they were derived for individual energy technologies (such as 

solar PV) rather than from studies with an industry specific or macroeconomic orientation 

(such as Griliches, 1998; Nordhaus, 2002).  

 Figure 4 depicts the result of this calculation of the knowledge stock. Clearly, the effect 

of reduced R&D expenditures in the UK since the beginning of the 1990s becomes noticeable 

and the depletion effect of old knowledge overweighs the creation of the new knowledge in 

the very recent years. This is not yet the case in Germany due to the time lags and the 

depreciation rate of public (R&D based) knowledge. 
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Figure 4: Development of the R&D Based Knowledge Stock for Wind Power 
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5. Assessment of the Impact of R&D and Capacity Expansion 

This section analyzes the effect of the cumulative capacity expansion and public R&D 

expenditures on the innovation of wind turbines in a quantitative way based on the above-

introduced 2FLC. In this example, we used time-series data for the three countries, organized 

as a panel data set (a data set that combines time series and cross sections). Analyzing a panel 

data set has several advantages over an analysis done based on time series of single country 

data.  

 The first advantage is that the sample size increases and we therefore obtain results that 

are more statistically reliable. Estimation of the learning curve for a relatively new technology 

such as wind is usually unreliable since sample sizes are usually limited to short time periods, 

i.e., insufficient degrees of freedom. For example, in our data set, there are 14 observations 

for Denmark, and 10 for Germany and the UK. By pooling the time series data and cross-

section data, the number of observations increases to 34, which gives us a sufficient degree of 

freedom for statistical analysis. 

 The second advantage of a panel data analysis is the possibility to analyze cross-

sectional variation, i.e., the homogeneity and heterogeneity across countries. The panel data 

analysis is suitable for testing whether the “learning” phenomenon, more specifically the 

capacity related learning coefficient and the knowledge-based searching coefficient, has a 

technology specific character or a country specific character.  

Fixed Effect Model: Common Slopes and Country-Specific Intercepts 

Two possible error specifications of an econometric model with panel data are those of fixed 

and random effects models. In this case, a fixed effects specification is to be preferred since 

we are primarily interested in capturing within-country variations among the specific 

countries chosen for the study. The random effects specification, however, would have been 

appropriate if we were drawing N countries randomly from a large population (Baltagi, 1995). 

The fixed effects model assumes common slope coefficients and different intercepts across 

cross-sections (in our case they are countries). In the specific context of our two-factor 

learning curve estimation, all three countries are assumed to have common learning 

parameters but the specific costs at unit cumulative capacity and unit knowledge stock are 

different across the three countries. Note that we estimate the 2FLC in a logarithmic form 

(equation 4). Thus the coefficients for the learning parameters become slopes and parameter A 

becomes the intercept of the model. The validities of these assumptions are then tested 

statistically.  
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 Table 1 presents the result of our estimation of the two-factor learning curve based on 

the fixed effect model. One common set of learning parameters is estimated for three 

countries and parameter A is estimated for each country. The important point to underline 

here is that all parameters have the expected (negative) sign. In many cases with the 

estimation based on single time series, such estimates often result in counterintuitive positive 

signs, especially for the impact of cumulative R&D expenditures (e.g., Criqui et al., 2000; 

Kouvaritakis et al., 2000).  

 

Table 1: The Results of the 2FLC Based on the Fixed Effect Model 

Variable Coefficient t-statistic 
LOG (Cumulative Capacity) (-α) -0.08** -3.68 
LOG (Knowledge Stock) (−β) -0.19* -2.22 
DK-C(A) 8.58** 34.51 
DE-C(A) 8.94** 23.34 
UK-C(A) 8.78** 24.68 
R2 (adjusted) 0.75 (0.72)  
 ** Statistically significant at the 1-percent level 
 * Statistically significant at the 5-percent level 
 

 Note that the use of panel analysis itself does not explain the improved results in terms 

of signs. However, there is an improvement compared with the result based on single country 

estimation, given that uncertainty in estimating parameter A and uncertainty in estimating the 

learning parameters are partially separated by the use of the fixed effect model. What this 

means is that, with an estimation based on single country data, country specifications are 

included in the estimated parameter and there is no way to separate them from the “pure” part 

of “learning parameter” which is assumed robust (by the formulation of the fixed effect 

model) regardless of the selection of countries. With the fixed effect model formulation of the 

panel data, we can, by assuming that the country-specific effect is constant over time, 

eliminate unobserved country-specific variation from the learning parameters estimation. In 

this way we obtain more robust estimations of the learning parameters, which is of particular 

analytical interest for energy modeling purposes.  

 If we translate the estimated parameters into a learning-by-doing rate (based on 

cumulative capacity) of 5.4 percent and a learning-by-searching rate (based on the knowledge 

stock) of 12.6 percent, we also obtain results that fit well with ranges obtained in other studies 

(Kouvaritakis et al., 2000; McDonald and Schrattenholzer, 2001). The t-statistics for each 

variable also indicate that all of them are statistically significant. We also observe that the 

overall fit of the equation is reasonably good, with an R-square of 0.75.  
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Statistical Test of Cross-Country Variation 

The fixed effect model is built on two assumptions: (1) common slopes (common learning 

parameters) and (2) different intercept terms (different parameter A) across countries. The 

next step of this study was to test these two assumptions statistically. Such tests are carried 

out by formulating two alternative panel data models and compare the sums of their squared 

residuals with the fixed effect model (within the framework of a standard F-test). One 

alternative panel data model is formulated with common slopes and a common intercept for 

all countries; the other consists of different intercepts and different slopes for each country. 

For ease of reference, the three considered specifications are numbered as follows: 

(I) Common regression for all countries (Common slopes, common intercept), 

(II) Different intercepts, common slopes (fixed effect model), and 

(III) Different intercepts, different slopes (equivalent to estimations based on single 

country data). 

 

 The test of different (country-specific) intercepts (parameter A) is performed by 

contrasting model I with model II. The test of common learning parameters (common slopes) 

is performed by contrasting model II with model III. Whether these assumptions are 

statistically accepted or not can be assessed by examining the F-statistics that are calculated 

using the sum of the squared residuals (SSR) and the degrees of freedom (DF) in the 

estimation of two contrasted formulations. The null hypotheses and the exact formulation of 

the test statistics are outlined in Table 2. 

 

Table 2: Null Hypotheses and Test Statistics 

Test H0 Test Statistic 
Differential slopes αGermany=αUK=αDenmark 

& 
βGermany=βUK=βDenmark 

),(~
/

)/()(
IIIIIIII

IIIIII

IIIIIIIIII DFDFDFF
DFSSR

DFDFSSRSSR
F −

−−
=

 

Differential intercepts AGermany=AUK=ADenmark ),(~
/

)/()(
IIIII

IIII

IIIIII DFDFDFF
DFSSR

DFDFSSRSSR
F −

−−
=  

 

 We performed ordinary least square estimations for the three models. The sum of the 

squared residuals and the degrees of freedom for the estimations are summarized in Table 3.  
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Table 3: The Results of Model I - III 

Model Sum of Squared Residual Degrees of Freedom 
Common slope and common intercept (I) SSRI = 0.427 32 
Common slope and different intercept (II) SSRII = 0.319 30 
Different slopes and different intercept (III) SSRIII = 0.279 28 

 

 Using the result of Table 3, the F-statistics were calculated (see Table 4). To summarize 

the results, the F-statistics for the common slope were insignificant and thus the null 

hypothesis could not be rejected. Hence, the evidence supports the existence of common 

learning parameters for each country. The F-statistics for the common intercept was, however, 

statistically significant and the null hypothesis was rejected at a 1-percent significance level. 

These tests of the model specifications thus support the formulation of the fixed effect model 

for the two-factor learning curve, whose results were presented in the previous section.  

 

Table 4: F-Statistics and Probability 

Null-Hypothesis F-Statistic Probability 
Common slopes (learning indexes α and β) (II-III) 0.94 0.40 
Common intercept (A) (I-II) 5.01 0.01 

 

 The F-test for the common slope shows that the specific cost at unit cumulative capacity 

and knowledge stock (A) appears to differ between countries. This does not strike us as a 

surprise. There is no a priori reason that we can assume that they are identical, given the 

difference in price level in general and difference in country specific circumstances such as 

building codes and siting requirements prevailing in the three countries. The test for the 

common slope suggests that learning parameters are common to the three countries and 

“country effects” were not observed with these parameters. This implies that for the three 

countries and the wind technology we examined, “technological learning” seems to be a 

technology specific phenomenon, rather than a country specific one.  

6. Conclusions and Discussion 

This paper examined the impact of (subsidy induced) capacity expansion and public R&D 

expenditures on cost reducing innovation for wind turbine farms in Denmark, Germany and 

the United Kingdom. In doing so, we used an extended version of the traditional learning 

curve, the 2FLC formulation, which now incorporates both (public) R&D expenditures as 

well as cumulative capacity expansion as variables. We used panel data to estimate the 

learning curve.  



 16 

 Our survey of the literature suggests that in Denmark, R&D as well as demonstration 

projects, in conjunction with investment subsidies, led to the development of reliable small 

wind turbines and the careful balance and timing of R&D and procurement support promoted 

both innovation and diffusion of wind energy. In Germany, the R&D programs to develop 

large-scale wind failed but the development of small wind turbines was successful. The 

various subsidies provided an incentive for product and process innovation but overlapping 

subsidies might have resulted in efficiency losses. In the UK, R&D expenditures for wind 

were insufficiently geared towards the type of turbines being installed. The UK subsidy 

scheme (NFFO) has been successful in driving down costs. This suggests that R&D policy in 

Denmark was most successful in supporting innovation and capacity promoting subsidies 

were most effective in Denmark and Germany is stimulating innovation.  

 The statistical analysis of the investment cost reductions of wind generation 

technologies in the three countries supported the validity of the 2FLC formulation, in which 

the cost reductions are explained by cumulative capacity and the R&D based knowledge 

stock. The analysis suggests that the learning parameters for the three countries are not found 

to be significantly different, and the tests supported the fixed effect specification of the panel 

data, i.e., learning parameters are common to the three countries but the intercept parameter A 

differs for the three countries. In addition, all the estimated parameters were statistically 

significant and the learning parameters (which are 5.4 percent for learning-by-doing and 12.6 

percent for the R&D based, learning-by-searching rate) have values in line with the literature.  

 In concluding, we would like to note a few points for further discussion. First, the 

analysis was restricted to the 1990s due to data limitations especially on investment costs. 

Secondly, the analysis was restricted to an evaluation of public R&D expenditures and did not 

take into account private R&D expenditures as a separate factor. Consequently, we might 

have overestimated the impact of public R&D expenditures. Global estimates of private R&D 

expenditures for wind energy based on sales and patent data from electricity generation 

equipment producers suggest that over the last 25 years (1974-1999) private R&D 

expenditures for wind energy might have been approximately 75 percent higher than public 

R&D expenditures (Criqui et al., 2000). This is an area that requires more country specific 

research. Another area where more detailed country analysis might be warranted is the 

treatment of spillover effects between the three countries. More than 95 percent of the wind 

turbines installed in the United Kingdom were imported; around 80 percent of the installed 

capacity was imported from Denmark (BWEA, 2000; EUWINET, 2001). Nearly 40 percent 

of the wind turbine capacity installed in Germany was imported from Denmark, 0.5 percent 
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was exported from the Netherlands and the rest came from domestic sources. In order to take 

this into account, we would need to refine the data and methodology we use. Finally, our 

analysis was restricted to innovation in terms of investment costs reductions in three countries 

and it might thus be that differences in innovation between the countries have occurred in 

other areas such as operating and maintenance costs and efficiency improvements.  

 Bearing in mind the above discussion, we believe that our approach based on the 

extended learning curve is a potentially powerful tool for policy makers to assess the impact 

of reducing or increasing R&D expenditures on technology costs and hence the diffusion of 

carbon free wind turbines. It also offers a tool to start thinking on the appropriate level, as 

well as the optimal allocation of subsidies between procurement (such as feed-in tariffs and 

investment subsidies) and public R&D support so as to steer long-term technological 

development into the desired direction.  
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