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Introduction 

Within the European Union, the integrated project NEEDS (New 
Energy Externalities Developments for Sustainability), addresses 
sustainable energy systems and socio-economic tools and concepts 
for energy strategies. Its ultimate objective is to evaluate the full costs 
and benefits of energy policies and future energy systems, both at the 
level of individual countries and for the expanded European Union 
as a whole. For the evaluation of full costs and benefits, different ef-
forts have to be made. For example a distinction between direct and 
external costs and the evaluation of entire energy chains. While pur-
chasers pay the direct costs of energy systems monetarily, the indirect 
costs cannot easily be expressed in monetary terms. By using the 
specification “external costs”, we refer to the ExternE project, which 
defines external costs as “…an externality, which arises when the 
social or economic activities of one group of persons have an impact 
on another group and when that impact is not fully accounted, or 
compensated for, by the first group.”1

                                                           
1 Further information about the ExternE project and also the citation can be 
found on : www.externe.info 

 This description of external 
costs shows that the concept is broadly applicable. External costs of 
energy systems can affect economic, ecological or social impacts. 
They can be credited to such diverse issues as CO² emissions, qualita-
tive risk perception or number of newly created job opportunities. 
Within this wide range of external costs this report addresses the 
social impact of energy systems. Therefore this report provides in-
sight into the establishment and measurement of social indicators for 
the assessment of energy systems. The emphasis will be placed on the 
measurement of the social indicators and the analysis of results. The 
social indicators within the NEEDS project were developed on the 
basis of literature research, surveys and a participative procedure 
involving multiple stakeholders’ opinions. By using this multiple step 
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procedure 26 indicators were developed. In a further step these 26 
indicators had to be measured. As one of the purposes of NEEDS is to 
provide input for future energy policies, the indicators were meas-
ured for the year 2050. 

The measurement of social indicators was predominantly carried out 
via expert phone interviews. Scientific experts were contacted and 
asked to provide judgments on social indicators to assess different 
energy systems. The expert interviews were conducted on the basis of 
a questionnaire, which was sent to the respondents in advance and 
covered a total of 14 item batteries each pertaining to different indica-
tors and one open ended question focusing citizens perception of 
renewable and fossil fuels today and in the future. The expert survey 
was carried out in four sample countries: France, Germany, Italy and 
Switzerland. These countries were selected since each country is 
characterised by a specific energy resource and supply situation. The 
indicators were not only measured within the four selected countries 
but also for 16 sample technologies Energy system descriptions were 
provided which informed the interviewee about the main characteris-
tics of each technology. This report provides an overview of the ex-
pert telephone interview results for each indicator, emphasizing a) 
technologies that deviate from the mean evaluations b) differences in 
evaluations of indicators between experts from the four different 
countries. In the following these topics will be covered: 
 

• Development of social indicators 

• Measurement of social indicators used within the NEEDS 
project 

• Empirical results of the research 

• Conclusion – Summary of the most important results 
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1 Social indicator research – a short 
summary 

The concept of quality of life was first introduced with the emergence 
of social welfare states in the early 1960s. The concept incorporates 
two major dimensions: objective living conditions as well as subjec-
tive well-being. Subjective well-being relies on the perception, 
evaluation and appreciation of life and living conditions by the indi-
vidual citizens2

The amount of social indicator development and categorisation lead 
to different surveys on indicators. When having a look at the Euro-
pean Union, it can be pointed out that most European countries regu-
larly publish reports on social trends. Here we can for example refer 
to the British reports on “Social Trends”, published by the Office for 
National Statistics, the “Dutch Social and Cultural Report”, published 
by the Sociaal Cultural Planbureau or the German “Sozial Report”, 
published by the Sozialwissenschaftliches Forschungszentrum. On 

. 

Scientific researchers deal with the question of how to measure „qual-
ity of life” and how the factors influencing quality of life can be as-
sessed adequately. These questions brought fourth social indicator 
research. According to Bauer (1966), social indicators were defined as 
“statistics, statistical series and all other forms of evidence that enable 
us to assess where we stand and are going with respect to our values 
and goals” (Bauer 1966: 1) In the 1960s a “social indicator movement” 
(Lass and Reisswig 2001: 17) was initiated, which persists until today. 
While in the 1960s social indicators were primarily developed to as-
sess societies economic growth, social indicators are nowadays 
adopted in a broader sense and are also related to the assessment of 
technologies or the assessment of political strategies, especially in 
reference to sustainable decision making strategies. 

                                                           
2 Noll 2002 
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the European or even the international level only few cross-national 
surveys on social indicators have been conducted. Cross-national 
surveys often show a lack of harmonisation and standardisation con-
cerning the used indicators. The reason for this is that in the social 
sciences no generally agreed-upon model of social indicators exists. 
One of the main problems of social indicator research is that social 
indicators cannot be derived from an overarching societal theory. A 
widely accepted theory for the measurement of social impact does 
not exist. There are different concepts or models, which can be used 
for social indicator research, like the quality of life concept, lifestyle 
schemas or cultural and value related concepts but no fundamental 
theory, which allows to derive social indicators and claims universal 
validity, exists. Social concepts and models always relate to specific 
actors, institutions or other parts of the meso- or micro level without 
claiming universal validity. 

The lack of theoretical agreement is accompanied by a lack of empiri-
cal strategies to identify basic functional requirements through ob-
servation and experimentation. Therefore the usage of social indica-
tors in a methodologically and theoretically comprehensive way has 
to be assured3. Facing this challenge, the development of social indi-
cators to be used within the European Union in a comprehensive and 
harmonised way is part of the project funded by the European Union 
“New Energy Externalities Development for Sustainability”4

                                                           
3 see for the requirements on indicator development also 

. In a 
first phase of this project social scientists surveyed existing social 
criteria and indicators and attempted to combine them with newly 
developed ones, to better assess energy technologies in regards to 
sustainability. 

 

http://www.helio-
international.org/energywatch/methodology.cfm 
4 see for the establishment of social indicators: Brukmajster et al 2007 

http://www.helio-international.org/energywatch/methodology.cfm�
http://www.helio-international.org/energywatch/methodology.cfm�
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1.1 The social indicator research within 
the NEEDS project 

Within the framework of the project „New Energy Externalities De-
velopment for Sustainability“ it is one of the research tasks to estab-
lish and to measure social indicators for the assessment of energy 
systems. The social criteria and indicators were developed as part of a 
participative procedure involving multiple stakeholders’ opinions. In 
a first step the research team searched in empirical studies and rele-
vant literature for suitable indicators. In a next step, the research team 
developed more appropriate indicators concerning the energy issue 
and the purpose of the project and discussed them with European 
stakeholders. By conducting surveys and arranging a Stakeholder-
Delphi a broad range of possibly applicable and widely accepted 
indicators was established. As a result of this multiple step procedure 
26 indicators were developed, which can be grouped into four main 
categories.  

The fist category “security and reliability of energy provision” refers 
to the stability of energy systems and emphasizes the importance of 
the security of energy supply for individuals and society. To measure 
this criterion, indicators such as “market concentration in the supply 
or primary sources of energy” or “time span for known reserves and 
assumed resources for each energy system if used at present rate” 
were developed. 

The second criterion pertains to the aspects political stability and 
legitimacy. This criterion includes the need for participative decision-
making processes when implementing different kinds of technologies 
or the possibility for peaceful procedures to resolve technology-
induced conflicts. Such conflicts might arise if the acceptability of 
energy systems or political decisions is perceived as low. Suitable 
indicators for the measurement of this criterion are for example “the 
willingness of NGOs and other citizen movements to act for or 
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against the realisation of an option“ or the indicator “reliance on par-
ticipative decision-making processes”, which refers to the necessity of 
carrying out participative decision making procedures when select-
ing sites for energy technologies. 

In addition to the criteria mentioned above, the third criterion refers 
to the perceived individual and social risks, attributed to energy 
technologies. Qualitative risk characteristics such as “subjectively 
expected health consequences” or “trust in risk management” are 
part of this criterion.  

Finally, the last criterion refers to the aspects describing the “quality 
of life”. Issues such as aesthetical impact of technology on the land-
scape or the effects on the quality of the landscape area are subsumed 
here among others.  

All main criteria were subdivided into subcriteria. Corresponding 
indicators were developed for each sub criterion. The table below 
gives a short overview of the allocation of criteria and subcriteria. A 
complete overview of criteria, subcriteria and indicators can be found 
in Brukmajster et al. 2007. 

 

Table 1: Indicator and criteria overview 

Main  
criterion 

Sub-criterion 

Security and reliabil-
ity of energy provi-
sion 

- System availability on demand 
- Diversity of energy suppliers 
- Reserves and resources 
- Waste management 

 - Flexibility to respond to market -signals 
- Flexibility to incorporate technical developments 

Political stability 
and legitimacy 

- Potential of conflicts induced by energy systems 
- Willingness to act (mobilization potential) 
- Reliance on participative decision-making processes 
- Citizens acceptance of the system 

Social and individ-
ual risks 

- Perceived risk characteristics for accidents 
- Perceived risk characteristics for normal operation 
- Trust in risk management 
- Health effects from normal operation 
- Health effects from accidents 
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Main  
criterion 

Sub-criterion 

- Terrorists threat_ potential for a attack 
- Effects of a successful assault 

Quality of life - Equitable life conditions 
- Perception of the fairness of risks  
- Effects on the quality of the landscape area 

 

These criteria and indicators build the basis of the social indicator-set, 
used within the NEEDS project5

1.2 Technology descriptions 

. In a further step of the project these 
indicators were measured in reference to the four main life cycle 
phases of energy systems: energy extraction and processing, trans-
port, power plant (conversion to electricity) and waste management 
(considering the entire back-end). 

As it is one of the research tasks of the NEEDS project to assess en-
ergy systems, descriptions of the energy systems, which had to be 
assessed, were provided to the interviewees in advance. Technology 
descriptions6

1. 

, which were developed by our colleagues from the Paul 
Scherrer Institute, informed about the main characteristics of the 16 
energy technologies in question. These energy system description 
were used as the basis for the measurement of social indicators. The 
following aspects were described in detail: 

Technical description

                                                           
5 For the entire list of indicators see the appendix 
6 The technology description was provided by our colleague Warren Schenler 
from the Paul Scherrer Institute, Switzerland 

: the technical description informed 
about the technical process, which is required for the produc-
tion of energy. As an example the description of a run-of 
river-plant can be mentioned. The description informs that 
“… a river is diverted from its normal course, and then di-
rected through a low head, high flow turbine generator. Dam 
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height and water storage is relatively low, and generation 
therefore varies seasonally.” (Schenler 2008: 12) 

2. Primary energy source

3. 

: the technology description also pro-
vided information about the primary source of energy. A 
geothermal power plant refers for example to hot rock. 

Type of waste requiring storage

4. 

: As the NEEDS project aims 
at assessing the whole life cycle of energy systems, it is also 
important to consider the waste issue. This is especially im-
portant when talking about nuclear power plants and the 
storage of nuclear fuel rods. 

Record of past public acceptance

5. 

: this category informs about 
the past public acceptance of an energy technology. This cri-
terion seems to be relevant for example for onshore wind 
parks. In this case the technology description informs about 
local opposition due to “bird-killing” or visual landscape im-
pact. 

Proliferation and misuse

6. 

: this item refers to all products of 
the energy chain, which can be used inadequately. This pri-
marily refers to radioactive material misused for weapons. 

Division of tasks within the technology chain

7. 

: this part of the 
technology description informs about the contribution of the 
described technology within the entire energy chain. For ex-
ample, the description of coal power plants takes into ac-
count mining, transport, plant construction and energy gen-
eration since experts were supposed to consider the entire 
energy chain when assessing social effects of an energy sys-
tem. 

Visual disturbance: the aspect of visual disturbance is one 
main topic, when it comes to citizen’s impairment through 
energy systems. There is a general distinction between per-
ceptible impact and non-perceptible impact. Visual distur-
bances are perceptible and thus citizens feel affected. This is-
sue mainly relates to windmill power plants but also to steam 
towers of nuclear power plants or to coal mining. 
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8. Noise

All the above-mentioned categories are important issues, which have 
to be considered when it comes to the social assessment of energy 
systems. Detailed descriptions for following technologies were pro-
vided: 

: the last category of the technology description informs 
about possible noise impact caused by energy systems. There 
are some significant differences. For example fuel cells used 
by cogeneration cause next to no noise. In the case of coal 
mining on the other hand noise becomes a significant issue, 
especially on the mining and plant site. 

• Hydro power storage dam / hydro power run-of-river 

• Cogeneration small engine / cogeneration fuel cells 

• Nuclear power European Pressurized Reactor / nuclear 
power Liquid metal fast breeder reactor 

• Solar power, thermal trough / Solar power photovoltaic gen-
eration 

• Wind power, onshore / wind power offshore 

• Wave power 

• Geothermal power 

• Coal power, integrated gasification combined cycle / pulver-
ized coal steam plant 

• Carbon separation and sequestration 

• Gas turbine combined cycle 

As an example the description of nuclear power is shown below in 
table 27

                                                           
7 Table taken from NEEDS technology description, Schenler 2008 

: 
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Table 2: description of nuclear power 

Generation Technology Nuclear power, EPR 

Technical description European Pressurized Reactor. Generation 3 pres-
surized water reactor (PWR) with enhanced reli-
ability and safety. 

Primary energy 
source 

Uranium 

Form of waste requiring stor-
age 

Low to high level radioactive waste (spent fuel 
depends on fuel cycle and reprocessing) 

Record of past public accep-
tance 

Very limited past acceptance for EPR in specific. 
Past nuclear acceptance in general has been mixed 
to poor. Accident risks, waste storage and prolif-
eration will probably remain controversial. 

Possible proliferation or mis-
use 

Possible misuse of fissile materials for making 
weapons. 

Labour mix for technology 
chain 

Fuel cycle, plant operation construction and demo-
lition, waste 

Visual disturbance Moderate 

Noise Low 

 

The social indicators within the NEEDS project were measured for all 
technologies mentioned above. Furthermore the measurement of 
social indicators was limited to four selected countries. 

1.3 Country selection 

The measurement of social indicators within the NEEDS project was 
carried out in four selected European countries: France, Germany, 
Italy and Switzerland. These countries were selected due to the fact 
that they all vary greatly concerning their structure of energy supply, 
energy use and availability of energy resources. Italy for example is 
characterised by limited resources. With the exception of gas, Italy is 
dependent on energy imports from other European countries. Italy's 
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electricity production mainly relies on thermal gas power plants and 
has to be supplemented through energy imports from Switzerland or 
France. Without these imports, Italy would not be able to provide a 
sufficient amount of energy for all its households. Within the Euro-
pean Union it is a distinctive feature of Italy that since 1990 it hasn’t 
produced energy with nuclear power plants. 

The situation in Germany on the other hand is completely different. 
While in the year 2000, German government decided to phase out 
nuclear energy production by 2020 it is currently being debated if this 
commitment should truly be fulfilled. Those in support of phasing 
out nuclear energy point to the risks: namely negative health effects 
and insufficient strategies for nuclear waste management but also the 
misuse of nuclear weapons. Those who wish to continue nuclear en-
ergy production claim that nuclear power plants provide cheap en-
ergy, that risks are manageable and that nuclear energy production 
creates jobs and helps to fulfil the goals of the Kyoto protocol con-
cerning CO² emission. While the discussion about nuclear energy 
goes on, the support for renewable energy in Germany rises. A law, 
which supports the use of renewable energies with financial benefits 
already, exists8. Additionally, a more efficient implementation of 
technologies using renewable energies is planned and supported by 
the government9. Currently the German electricity market is charac-
terised through its primary reliance on fossil fuels and nuclear re-
sources. Germany's reliance on coal mining is also an important issue. 
Nearly 50% of Germany's electricity is generated via coal power and 
coal mining is heavily subsidised by the government. Even though 
coal mining is not sustainable, politicians support coal because thou-
sands of jobs are dependent on this industrial sector10

                                                           
8 see Bundestag 2004 
9 Bundesministerium für Wirtschaft 2006 
10 Storchmann, 2004 

. It is quite pos-
sible that the German electricity market will undergo great changes in 
the future. Due to rising energy prices and the global climate chal-
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lenge, it is not yet clear, which direction Germany's energy policy will 
be headed.  

While Germany seems to be unsure about the ongoing processes on 
the energy market, Switzerland is confronted with a rising lack of 
energy supply11. A constantly rising energy demand and the simulta-
neous phasing out of energy supply contracts with France as well as 
the planned decommissioning of two nuclear energy plants seem to 
be big challenges for the country. Decisions concerning new depend-
encies from suppliers or the extension of own energy production 
have to be made. Traditionally Switzerland relies heavily on hydro 
power plants. Having the Alps with the smelt water and a large 
number of rivers and lakes, Switzerland has ideal conditions for the 
application of hydropower. But even here next to no capacities for the 
construction of new plants seem to be given. Nearly everywhere, 
were there were opportunities for building hydro power stations the 
Swiss have already built energy systems. Citizens’ movements and 
non-governmental organisations are now demonstrating and com-
plaining about the ongoing application of hydro power plants in the 
Alpine region because they believe that no further hydro power sta-
tions can be operated in a sustainable way12

Unlike Switzerland, France does not struggle with insufficient energy 
production. The French energy market is characterised by a strong 
focus on the use of nuclear energy, with nuclear power plants provid-
ing nearly 80% of France’s electricity

. 

13. This strong focus on nuclear 
energy allows France to produce massive amounts of electricity cost 
efficiently14

                                                           
11 See Axpo 2006:4ff Furthermore: Wahl, Stefanie 2007 
12 For example.: Umbrellaorganisation for environmental protection in Südti-
rol, Naturschutzblatt 4/2007 

. Therefore France is the country within the European 
Union with the most contracts for supplying energy to other Euro-
pean countries. France supplies energy to Germany, Spain, Austria 

13 see. i.a. http://www.eia.doe.gov/emeu/cabs/France/Electricity.html (Date of 
Access: 05.12.2006) 
14 ADEME & VOUS 2008 

http://www.eia.doe.gov/emeu/cabs/France/Electricity.html�
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and Switzerland for example15. Therefore France without a doubt has 
no lack in its energy supply. The only discussion arising in France 
concerning the energy sector involves the debate about waste man-
agement of nuclear material. But this topic does not seem to be as big 
of an issue as in other countries, such as Germany for example16

Table 3: Overview of the electricity production in France, Germany, 
Italy (share of electricity production by fuel type in 2004. Unit: 
ktoe) 

.  

When we have a look at the differences between the selected coun-
tries concerning the primary energy sources we see that France fo-
cuses on nuclear energy, Germany receives its electricity predomi-
nantly from coal technologies, Italy refers to gas resources and Swit-
zerland gains its electricity primarily through hydro power systems. 
The table below details the use of energy sources in these three coun-
tries. 

 

Primary energy 
source / country 

France Germany Italy 

Nuclear 78.3 27,5 0 
Other fuels 0.9 1.3 2.8 
Renewable 11.5 9.6 18.2 
Coal and lignite 4.5 48.3 15.0 
Oil 1.0 1.7 19.4 
Gas 3.7 11.6 44.6 

Source: Data taken from Eurostat energy statistics 

 

Data concerning the Swiss electricity production figures cannot be 
found in the Eurostat statistics but in a booklet of the Axpo energy 
group17

                                                           
15 see EDF.fr 
16 further information in: Lidskog and Andersson, 2002 
17 Axpo 2006 

. According to these figures Switzerland produces 56% of its 
electricity via hydropower. The second most important energy source 
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is nuclear with 40%. Only one percent of the electricity is produced 
by renewable sources like biomass or photovoltaic. 

It is apparent that enormous differences concerning the energy and 
resource situation of the four selected countries exist, especially with 
regards to energy production and use of different technologies. The 
measurement of the social effects of energy systems within the 
NEEDS project was conducted for these four selected countries and 
for a range of energy systems. Furthermore the measurement of so-
cial indicators referred to a future time point, the year 2050. The time 
span of nearly 40 years has to be considered because the NEEDS pro-
ject is aimed not only at assessing energy system related costs and 
benefits, but also to support future political energy strategies. There-
fore the measurement of social indicators has to keep in mind future 
developments on the energy market. 
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2 Measurement of social indicators: 
Data availability 

To measure social indicators for the selected energy systems a two-
step procedure was chosen. In a first step, the research team searched 
for existing indicators available in publications from the last twenty 
years. The keywords “social indicator”, “sustainability”, “environ-
mental indicator” and “energy indicator” were used to guide this 
research process. As a result of this research 1320 indicators were 
found. In a second step, these indicators were scrutinized according 
to the following meta-criteria: 

1. The clarity of the indicators.  

2. Whether the indicators are simple and logical.  

3. Whether the indicators can be applied throughout Europe. 

4. Whether they combine social and energy system-related as-
pects.  

Only 148 of the 1320 indicators passed this step of the research proc-
ess. These indicators were assessed according to three main ques-
tions, which should ensure that the indicators meet the requirements 
of the NEEDS project:  

1. Whether they can be applied to future technologies. 

2. Whether their focus is on the country level and not only on 
the regional level.  

3. And whether the indicators allow to differentiate between 
energy technologies. 

Only 26 of the 148 indicators passed this filter process and are able to 
measure the social dimension of present and future energy systems. 
These indicators have been attributed to concepts derived from the 
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theoretical concept of social compatibility18

1. Continuity of Energy Service over Time 

. With reference to the 
theoretical concept of social compatibility the indicators were allo-
cated to four main criteria, these criteria are (see the detailed descrip-
tion in chapter 1.2):  

2. Political Stability and Legitimacy 

3. Social Components of Risk 

4. Quality of Life. 

For every criterion suitable indicators were defined and added. The 
described criteria and indicators build the basis of our social indica-
tor-set. The indicators were measured with reference to the four main 
life cycle phases of energy systems: energy extraction and processing, 
transport, power plant (conversion to electricity) and waste manage-
ment (considering the entire process). As it is the aim of the NEEDS 
project to assess the effects of energy systems and to give advice for 
future policy strategies on energy related issues for the European 
Union, four European countries were chosen for the measurement of 
social indicators. The reasons for selecting France, Germany, Italy and 
Switzerland have already been described in chapter 1.4 of this report. 
This chapter discusses the difficulties, which we were confronted 
with when searching for country specific und suitable data. 

In an attempt to find appropriate data sources different kinds of 
cross-national and national studies were surveyed. But when search-
ing for suitable data, several problems arose: 

1. Relevant data could not be found for all four countries, only 
for some selected countries 

2. Relevant data was not measured for all selected technologies 

3. Relevant data was not specified for the selected time point 
(the year 2050) 

                                                           
18 The social compatibility concept was developed by Häfele/Münch/Renn 
1985 
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4. General problems concerning the comparability of different 

studies (problem of reliability/ use of different measurement 
methods) 

5. Relevant data was not measured. This specific problem refers 
to studies comparing countries with different research ques-
tions or object of investigation. 

This short list of main problems, which came up, when, searching for 
suitable data clearly shows that the recourse to the available data 
cannot lead to any success. There is no way to find all relevant data 
for the measurement of social indicators used within the NEEDS pro-
ject by desktop research or literature review. The selected indicators, 
countries and technologies are too specific to find any useful and 
comparable data in secondary literature. Nevertheless some surveys 
and databases provided some interesting input and could be used as 
background information. The following chapter will review the more 
useful studies on energy. These studies do not contain all the data we 
were searching for but provided an insight into the energy issues and 
the main energy related attitudes of European citizens. In the follow-
ing review of these studies it will be pointed out, via detailed exam-
ples, why certain data, which was found in the literature can not be 
applied. Furthermore it will be demonstrated which parts of the data 
can be used for the NEEDS project. 

2.1 The Eurobarometer survey 

The Eurobarometer is a public opinion poll, which is conducted regu-
larly by the European Commission. This public opinion poll is carried 
out in all member states of the European Union. The results of the 
first Eurobarometer study were published in 197319

                                                           
19 see www.gesis.de 

. Since then the 
Eurobarometer is conducted semi-annually. The Eurobarometer is 
characterised by the use of “standard questions” for the measurement 
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of social and political attitudes of European citizens. All of these 
standard questions are asked regularly and repeatedly in every con-
ducted survey. Therefore a trend analysis including several years of 
citizen’s attitudes can be undertaken. Furthermore, the survey fre-
quently contains questions concerning specific topics and issues. 
These topics vary with every survey and focus on issues such as 
health, protection of the environment, information technology or 
energy issues. As part of the survey about 1000 persons are asked 
their opinions in every European country. The survey is conducted 
with persons 15 years of age or older. Results of the Eurobarometer 
can be found at the Homepage of the European Commission for pub-
lic attitudes20 or in the ZUMA-GESIS-Database21

If we have a look at the social criteria, which we have to consider 
within the NEEDS project and search for useful data in the Euro-
barometer surveys, we can find some interesting information and 
relevant data. Some examples are mentioned below. Concerning the 
criterion „continuity of energy service over time“ important informa-
tion can be found in a 2002 Eurobarometer survey

. 

The Eurobarometer surveys, which focus on energy issues, deal pri-
marily with the attitudes of Europeans concerning energy politics, 
behaviour concerning the use of energy and the acceptance of energy 
technologies. Nuclear energy takes an exceptional position in the 
energy field. In the Eurobarometer surveys respondents are asked 
about their opinion concerning nuclear waste disposal, nuclear reac-
tors and anticipated risks. 

22

                                                           
20 see http://ec.europa.eu 
21 see http://www.gesis.org/en/data%5Fservice/eurobarometer/index.htm 
22 see European Commission 2002 

. This data allows 
us to draw conclusions about citizens’ attitudes concerning energy 
policy and energy resources. 
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Table 4: Eurobarometer 2002 

Eurobarometer 169 (2002): 
• “In respect of energy, what do you think the two first priorities for 

the government should be?” (Max. 2 answers) 
-Low prices for consumers 
-Ensuring uninterrupted supplies of oil, gas, electricity 
-Protection of the environment and public health and safety 

associated with energy supply 
-Other (spontaneous) 
-DK 
• “In 20 years from now, do you think that all our energy needs will be 

satisfied by...?” (One answer) 
-One single energy source 
-A mix of different energy sources 
-DK 

 

With the questions from the Eurobarometer we cannot find direct 
answers for the criterion No. 2 „continuity of energy service over 
time“. Merely indirectly and as a “subcategory” of different possibili-
ties of answers, the Eurobarometer survey deals with the stability of 
energy supply. There is no technology specification or question con-
cerning the year 2050. However, the results of the survey can be used 
as background information that shows us if this topic, dealing with a 
limited energy supply, is an important issue for European citizens or 
not. Furthermore it is useful to get an impression of citizens percep-
tions of the future energy supply.  

Some other interesting questions can be found in the Eurobarometer 
when searching for data on the criterion „perceived risk characteris-
tics for normal operations“. Some questions dealing with the issue of 
risk from the Eurobarometer are listed below: 
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Table 5: Eurobarometer 1986, 97, 2005 

Eurobarometer 32 (1986):  
• “On this list you will find a number of different kinds of 

industrial installation. Among these could you select three 
which in your opinion create the greatest risks for people living 
nearby?” (Three responses possible) 

1.An oil refinery 
2.A coal-fired power-station 
3.A large airfield or airport 
4.A food factory 
5.A nuclear power-station, which uses atomic energy to produce electric-

ity 
6.A chemical factory (producing sulphuric acid, ammonia, chlorine, etc.) 
7. An explosives factory 
8. An installation for processing natural gas 
9. A furniture factory 
10. A dam producing hydro-electric power 
- Don't know 
Eurobarometer 104 (1997) 
• “Here are three opinions on the development of nuclear power 

stations, which one comes closest to your opinion?” 
-Worthwhile  
-Neither develop nor abandon  
-Unacceptable risk 
Eurobarometer 227 (2005):  

• “Do you think that the transport o f low level radio active waste 
is something that represents…?” 

- A very high risk 
-A fairly high risk 
-A low risk 
-No risk at all 
-DK 
Eurobarometer 227 (2005): 

• “Do you think that the storage of low level radioactive waste is 
something that represents…?” 

-A very high risk 
-A fairly high risk 
-A low risk 
-No risk at all 
-DK 

All of the listed questions clearly show that the issue “subjective risk 
estimation” is primarily associated with nuclear energy within the 
Eurobarometer survey. Questions concerning the risks of other en-
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ergy sources or fuels are rarely asked. Thus the focus is very much 
limited. Again the problem of non-specified time points and technol-
ogy specification arises.  

The Eurobarometer survey offers a more comprehensive data collec-
tion on the criterion „citizen’s acceptance of the system“.  

Even though the Eurobarometer in this case also focuses mainly on 
nuclear energy we can find a question dealing with other energy 
sources, such as renewables and solar energy. These were the ques-
tions asked: 

 

Table 6: Eurobarometer 1986, 97, 2002, 2005 

Eurobarometer Nr. 32 (1986): 
• “There is a lot of discussion about nuclear energy for producing 

electricity. For each of the statements I am going to make, 
please tell me if you agree or not, that is agree completely, agree 
to some extent, disagree to some extent or disagree 
completely.” (One reply per statement) 

-Accepting nuclear power stations means sooner or later accepting nu-
clear weapons 

-The large-scale production of electricity from nuclear power stations is a 
technical achievement for a country. 

-Increasing the number of nuclear power-stations means moving towards 
a society subject to too much regulation. 

-Nuclear energy ensures regular supplies of electrical power and helps 
the economy to work well. 
Answers to all statements: Agree completely, Agree to some extent, Dis-
agree to some extent, Disagree completely, DK 
Eurobarometer Nr.32 (1986): 

• “All new development in the industrial field implies effort, time 
and money; it may also involve risk. Here are three opinions 
about the development of nuclear power stations, which use 
atomic energy for the production of electricity. Which of these 
three statements comes closest to your own opinion on the 
development of nuclear power?” (One response only) 

-It is worth while 
-No particular interest 
-The risks involved are unacceptable 
-DK 
Eurobarometer Nr. 104 (1997):  

• “Here are three opinions on the development of nuclear power 
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stations, which one comes closest to your own opinion?”  

-Nuclear energy should be developed  
-Nuclear energy should be abandoned  
-Neither develop nor abandon  
-No answer 
Eurobarometer 169 (2002): 
“For which of the following reasons do you think the European Union 
should continue to fund nuclear research?” (Multiple answers) 
-To reduce the cost of nuclear power 
-To increase the safety of nuclear power stations in the European Union 
-To achieve a broadly accepted solution for the disposal of radioactive 

waste in the European Union 
-To improve nuclear safety and waste disposal in non-European Union 

countries 
-For other reasons 
-The European Union should not continue to fund nuclear research 
-DK 
Eurobarometer Nr. 225 (2005):  

• “I am going to read out a list of areas in which new 
technologies are currently developing. For each of these, do you 
think it will have a positive, a negative or no effect on our way 
of life in the next 20 years?” (One reply per statement) 

-Solar Energy 
-Nuclear energy for electricity production 
-New energy sources to power cars 
-Energy saving measures in the home 
Answers: very positive effect, fairly positive effect, fairly negative effect, 
very negative effect, no effect, DK 
Eurobarometer 227 (2005): 
“Are you ... to energy produced by nuclear power stations?”  
-Totally in favour 
-Fairly in favour 
-Fairly opposed 
-Totally opposed 
-DK 

 

We can clearly point out, that those questions listed, reflect only a 
limited spectrum of the criterion „citizen’s acceptance of the energy 
system“. The core of these questions deals with nuclear energy. It is 
assumed that not only nuclear energy but also other energy sources 
might be problematic concerning citizen’s acceptance or are dis-
cussed controversly. This is the case especially for wind power, but 
furthermore the population does not always support coal mining or 
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hydro power plants23

                                                           
23 Forsa 2004, Rheinaubund 2005 

. However, no thoughts have been given to this 
matter in the Eurobarometer survey.  

In conclusion, we can say, that Eurobarometer surveys provide data 
for all member states of the European Union. The Eurobarometer 
frequently focuses on energy issues, sometimes it also asks about 
technology specific issues. For these reasons the survey can be con-
sidered a good starting point for the analysis of social indicators in 
the four selected countries. It can be seen as a huge advantage of the 
survey that it regularly deals with energy issues. Topics such as the 
perception of risks in the energy field; political decisions or the accep-
tance of energy technologies provide an important input for the re-
search project. 

Even though the Eurobarometer survey includes extensive data on 
the topic of energy, we can merely use this data for our research in a 
limited way. As one reason for our difficulties with the available 
data, we have to mention that the citizens of Switzerland were not 
included in all relevant Eurobarometer surveys. For example we can-
not find data about Switzerland's inhabitants in the survey from 1997 
but we find their opinions included in the survey from 2005. The 
problem is that the survey from 1997 deals with different topics than 
the one from 2005. For our research it would be important to have 
information for both. Another difficulty deals with the technology 
specification. In many cases citizens’ opinions concerning specific 
energy technologies were not assessed. The questions in the Euro-
barometer survey mostly refer to renewable energy technologies in 
general or nuclear energy but not to gas or coal for example. As the 
social indicators of the NEEDS project should be measured for differ-
ent energy technologies (including gas or coal) we cannot use the 
data from the Eurobarometer survey. In a similar way, we have diffi-
culties concerning the measurable time points. The Eurobarometer 
only rarely asks questions pertaining to the future. Normally the 
Eurobarometer survey deals with questions about the present situa-
tion. 
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In conclusion, we have to say that the data from the Eurobarometer 
does not fit our research objectives and framework sufficiently. Even 
if we can find relevant data for isolated indicators and criteria, they 
usually do not fit time points or technologies. 

2.2 The Eurostat Survey24

Eurostat is the statistical office of the European Community

 

25. It col-
lects official statistics for every single member state of the European 
Union. These statistics, concerning topics such as population growth, 
demography, health issues, labour market or gas and electricity is-
sues (and many more), are collected and archived. In 2006 Eurostat 
published a report on the gas and electricity market of the European 
Union. The study gives an overview of the gas and electricity markets 
development and focuses on the liberalisation process between 1990 
and 2004. In detail, the report informs about electricity production, 
capacities of energy technologies to produce electricity, electricity 
consumption rates, prices and taxes. The report includes important 
information on nuclear technologies, conventional thermal technolo-
gies, hydroelectric power stations, wind power plants and geother-
mic power stations26

                                                           
24 Statistics concerning the european energy consumption as well as resource 
use and creation of capacities can also be obtained from the World Energy 
Organisation (www.worldenergy.org) 
25 http://epp.eurostat.ec.europa.eu 
26 European Community 2006 

. Thus the Eurostat report includes more tech-
nology specific information than the Eurobarometer surveys. For the 
assessment of the criterion „contribution to autonomous electricity 
generation“ and the criterion „diversity of primary energy suppliers“ 
there is a lot of useful information concerning the imports and ex-
ports of energy resources or the energy supply in general. We can see 
for example that the production of gas in Italy declined by about 24% 
between 1990 and 2004 while France raised its gas production by 
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about 14% and Germany by roughly 8%27

2.3 European Commission / Eurostat: 
Measuring progress towards a more 
sustainable Europe 

. In comparison: the total 
gas production in the 25 European countries merely rose by 1%. If we 
have a look at the general electricity production of France, Italy or 
Germany, we find that the total amount of electricity production has 
not increased as much as the gas production. It has stayed fairly con-
stant over the entire time period from 1990 to 2004. Besides providing 
insight on energy production, the Eurostat report also includes statis-
tics on market prices, market share of energy suppliers and shares of 
the production and usage of renewable energies.  

For the measurement of the social indicators this information is only 
of little use. Our measurement focuses primarily on questions con-
cerning perception and acceptance of energy technologies. While data 
on energy supply and production is also useful, it does not apply to 
the measurement of all indicators.  

For the analysis within the NEEDS project a crucial disadvantage of 
the Eurostat data is the lack of information concerning Switzerland, 
since it only covers the EU member states. A positive aspect is that 
the Eurostat statistics provide data for different time spans and thus 
enable trend analysis. Furthermore they contain data on different 
kinds of energy technologies, which is also very useful for the present 
research. 

The commitment of the European Union to the goal of sustainable 
development at the first Earth Summit in Rio de Janeiro in 1992 fi-
nally led to a EU-wide strategy for sustainable development, which 
was adopted by the Gothenburg European Council in 2001. Eurostat 

                                                           
27 Eurostat 2006 
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has developed a set of sustainable development indicators specifi-
cally geared towards monitoring the European Union's strategy. 
These indicators can be seen as the first step towards the objectives 
and goals of the European Union concerning sustainability. In 2005 
the European Commission formally endorsed them. The document 
“Measuring progress towards a more sustainable Europe”28

1. Economic development 

 describes 
the set of indicators for monitoring the implementation of the strat-
egy and focuses on quantitative trends. The indicators cover a wide 
range of topics: 

2. Poverty and social exclusion 

3. Ageing society 

4. Public health 

5. Climate change and energy 

6. Production and consumption patterns 

7. Management of natural resources 

8. Transport 

9. Good governance 

10. Global partnership 

The data used for the analysis was taken from the Eurostat New 
Cronos database in June and July 2005. The data predominantly cov-
ers the period from 1990 until the latest year for which data was 
available. However, in regards to the NEEDS project the problem 
arises that the evaluations do not include future projections. Like the 
Eurostat Survey data, this data refers to current European Union 
member states only. As data for France, Germany and Italy, but also 
for Switzerland is needed for further analysis, this study is not up to 
our standards. 

                                                           
28 http://epp.eurostat.ec.europa.eu/cache/ITY_OFFPUB/KS-68-05-551/EN/KS-
68-05-551-EN.PDF (Data of Access: 3rd August 2998) 

http://epp.eurostat.ec.europa.eu/cache/ITY_OFFPUB/KS-68-05-551/EN/KS-68-05-551-EN.PDF�
http://epp.eurostat.ec.europa.eu/cache/ITY_OFFPUB/KS-68-05-551/EN/KS-68-05-551-EN.PDF�
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The second section of the report, called “poverty and social exclu-
sion” provides information on the criterion “equitable life condi-
tions”. Amongst the topics “ageing society” and “public health”, 
indicators such as “life expectancy”, “serious accidents at work” (as-
signed to the criterion “work quality”) or “population suffering from 
noise” (assigned to criterion “Noise exposure”) are of further interest. 
The data demonstrates, that there have been significant decreases in 
the numbers of persons affected by noise between 1996 and 2000 for 
example29

                                                           
29 Based on EU-15 (old member states) 

. Nevertheless, the high level of exposure to noise (more 
than 25%, which represents approximately 95 million people) re-
mains a cause for concern. The differentiated data reveal that 39% of 
the Germans and Italians consider that they suffer from noise, but 
only 25% of the French. Even though the responses to the noise ques-
tions were aggregated in this study, the original questionnaire from 
the European Community household panel distinguished between 
noises from different sources (neighbours, street noise including traf-
fic, business, factories etc.). Altogether, this information is too general 
for our analysis and does not truly focus on energy systems. The 
chapter on energy is highly focused on economic indicators such as 
the “gross inland energy consumption” or the “energy intensity of 
the economy”. There’s also an indicator called “waste management”, 
but the data cannot be used for the measurement of our criterion as it 
is only available for the European Union as a whole and no country 
specific data is provided. 
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2.4 Organisation for Economic  
Cooperation and Development 
(OECD)30

The Organisation for Economic Cooperation and Development is an 
international organisation including 30 member states, all of which 
are industrial nations. It is the organisations aim to augment eco-
nomic growth and to support world trade. The OECD is subdivided 
into the following institutions: 

 

• CERI: Centre for educational research and innovation 

• DEV: Development Centre 

• ECMT: European Conference of Ministers of Transport 

• IEA: International Energy Agency 

• NEA: Nuclear Energy Agency 

• SAH: Sahel and West Africa Club 

• SIGMA: Support for Improvement in Governance and Man-
agement in Central and Eastern European Countries  

• DAC Development Assistance Committee 

For the purpose of the NEEDS project the publications of the Interna-
tional Energy Agency (IEA) and Nuclear Energy Agency (NEA) are 
of primary interest. 

The Nuclear Energy Agency is a stage, which should help interested 
persons to receive important information or to talk about experiences 
concerning energy matters. The NEA also supports international 
cooperation and research on energy issues. Special bulletin boards 
are held and reports published, which provide information about 
nuclear safety and regulation methods, development and research 

                                                           
30 www.oecd.org 
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issues or the management of nuclear waste disposal. When reviewing 
reports published by the NEA especially the study „Society and Nu-
clear Energy: Towards a better understanding“31

Citizen’s opinions concerning nuclear power plants were analysed 
based on data from different European countries

 seems to be of inter-
est for our research. In this study the risk perception and decision-
making procedures of laypersons concerning nuclear energy issues 
are examined. The study’s aim is to identify citizen’s attitudes to-
wards and perceptions of nuclear energy and to take these issues as a 
basis for political strategies concerning nuclear power. The method-
ology, which was used for carrying out the study, involved a desktop 
research including the survey of all studies, which deal with this is-
sues and which were published between 2001 and 2002. 

32 as well as the 
United States and Japan. Within the framework of the study research 
on France and Germany was conducted, which showed that French 
citizens have mainly positive attitudes towards nuclear energy and 
that Germans are marked by a high level of ambivalence33

This information is important concerning the assessment of the crite-
rion „citizens acceptance of the energy system“. Furthermore, the 
report shows that attitudes towards nuclear energy are dependent on 
age, gender and other demographic variables. The results show that 
older men are more positive towards nuclear energy than woman or 
younger persons. Additionally, the report analyses citizens’ attitudes 
in different geographical parts of the European Union. Hereunto the 
EU is divided into three parts: Eastern countries, southern countries 
and western countries. It is postulated that the citizens of southern 
European countries are the “nuclear friendliest”. The western Euro-
pean countries are referred to as “critical” and citizens of the eastern 
European countries are “tired” of nuclear energy

. 

34

                                                           
31 Nuclear Energy Agency 2002 
32 Finland, France, Germany, Great Britain 
33 Nuclear Energy Agency 2002: 113 

. 

34 Nuclear Energy Agency 2002: 18, for further information see also: Bruggink 
and van der Zwaan 2001 
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In general, the results of the NEA report give a good overview of 
European citizens’ attitudes and opinions towards nuclear energy. 
Furthermore it informs about citizens` risk assessment and percep-
tions of energy technologies. Nevertheless, this report is also not very 
useful for our work within the NEEDS project since the data used as a 
basis for the research is not comparable. All studies analysed in the 
NEA report were conducted autonomously and the questions or sur-
vey methods used within the different surveys were not brought into 
accord with each other. The authors of the NEA report combined the 
results of unique studies in a meta-analysing procedure. There is no 
information about the validity of this procedure. 

Out of the four countries that are covered in the NEEDS project, the 
NEA report provides data for two countries: France and Germany. 
The report gives insight into relevant data but the source is insuffi-
cient for our research, as it does not inform about Italy or Switzer-
land. A further restriction pertains to the aspect of technology specifi-
cation. Citizens’ attitudes are primarily measured for only one tech-
nology, nuclear power. If we have a more detailed look at the report 
we also have to conclude that there is no information concerning 
different time perspectives. Citizens’ attitudes were measured with 
regards to the present, no question about future time perspectives can 
be found. 

2.5 OECD/IEA: World Energy  
Outlook35

The annual World Energy Outlook provides information about me-
dium to long-term energy market projections and analysis. It includes 
a world alternative policy scenario, which can be used as a policy 
tool. The alternative policy scenario suggests to raise energy effi-
ciency and to increase the use of renewable and nuclear energy. Fur-

 

                                                           
35 International Energy Agency 2006a 
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thermore the World Energy Outlook contains a study on the impact 
of higher energy prices on demand and the economy. This study 
informs about the consequences of higher energy prices by using 
historical and future events as examples. Detailed global energy pro-
jections covering supply and demand by fuel and sector up to 2030 
can be found in the literature as well as an in-depth analysis of key 
countries such as India, China or Brazil. In general the World Energy 
Outlook deals with different kinds of energy sources, such as oil, gas, 
coal or renewable energies. It informs about resource specific energy 
trends, market situations, use and supply. All this information is 
available for future time spans and the present.  

When considering the World Energy Outlook with regards to our 
research, again, we come to the conclusion that the provided informa-
tion can only be used in a restricted manner. The report includes im-
portant knowledge, which can be used as a basis for the criteria „con-
tinuity of energy service over time“, „contribution to autonomous 
electricity generation“ and „flexibility and adaptation“ as well as 
„diversity of primary energy suppliers“. For other criteria such as 
“citizens’ acceptance of energy systems” no valid results are pro-
vided. Oftentimes the data is not classified for a number of countries 
under study. Large amounts of data are available for all OECD coun-
tries or the world as a whole, but not specified for groups of countries 
or specific countries. 

2.6 International Energy Agency (IEA): 
Key World Energy Statistics 

The IEA, which was established in November 1974, is an autonomous 
body within the OECD. The IEA has over the years gained recogni-
tion as one of the world’s most authoritative sources for energy statis-
tics. Its annual studies of oil, natural gas, coal, electricity and renew-
able energy give an overview of the word energy situation. 



32 Quantification of social indicators for the assessment of energy system effects 

 
The document “Key World Energy Statistics”36

2.7 International Atomic Energy 
Agency: Energy indicators for  
sustainable Development 

 published by the IEA 
contains detailed data on the supply, transformation and consump-
tion of major energy sources. Similar to the Eurostat Survey it mainly 
provides information on the criterion „contribution to autonomous 
electricity generation“ and the criterion „diversity of primary energy 
suppliers“. It also provides general data concerning imports and ex-
ports of energy resources or the supply of energy. As we focus 
mainly on data concerning the perception and acceptance of energy 
technologies this information does not specifically serve our purpose. 
In contrast to the Eurostat Survey, the IEA-study includes data about 
Switzerland since all four selected countries belong to the OECD. 
However, the data is mostly not classified for the various countries, 
but only available for OECD countries or the world as a whole, which 
means that this study also does not contain the type of data we are 
searching for. 

The International Atomic Energy Agency (IAEA) published (among 
other things) a report on energy indicators37

                                                           
36 International Energy Agency 2006b  
http://www.iea.org/Textbase/publications/free_new_Desc.asp?PUBS_ID=119
9 
37 International Atomic Energy Agency 2005: The project started in 1999. 

 in 2005. The publication 
was the product of an international initiative with the goal of finding 
a set of energy indicators as well as corresponding methodologies 
and guidelines. The IAEA developed the indicators in cooperation 
with the United Nations Department of Economic and Social Affairs 
(UNDESA), the International Energy Agency (IEA), Eurostat and the 
European Environment Agency (EEA). The publishers wished to 
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present a set of energy indicators to be used particularly at the na-
tional level and “…to serve as a starting point in the development of 
a more comprehensive and universally accepted set of energy indica-
tors relevant to sustainable development.”38

The project for the development of energy indicators started in 1999. 
It had two phases: in the first phase (2000-01) a potential set of energy 
indicators was identified, during the second phase the indicator-set 
was discussed and redefined. A core-set of energy indicators was 
developed, including social environmental and economic indicators. 
Concerning the measurement of social aspects, following indicators 
were identified.

 The report points out 
that much of the current energy supply and use is based on limited 
resources of fossil fuels. Therefore the report focuses on a judicious 
and fair use of resources at the local and national level.  

39

                                                           
38 International Atomic Energy Agency 2005: Foreword 
39 International Atomic Energy Agency 2005: 11 
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Table 7: IAEA social indicators 

Theme Sub theme Energy indicator 
Equity Accessibility Share of households (or population) 

without electricity or commercial 
energy, or heavily dependent on 
non-commercial energy 

Affordability Share of household income spent on 
fuel and electricity 

Disparities Household energy use for each 
income group and corresponding 
fuel mix 

Health Safety Accident fatalities per energy 
produced by fuel chain  

Source: IAEA 2005 

 

As can be seen, the focus of the IAEA social indicators was set differ-
ently than within the NEEDS project. The indicators were developed 
for use all over the world – in European countries as well as in Afri-
can, American or other countries. Therefore an indicator such as 
“share of households without electricity or commercial energy …” 
makes sense for the IAEA indicator-set but not for the purpose of the 
NEEDS project as we focus on four European countries in which 
every household should normally have access to electricity. The indi-
cator “share of household income spent on fuel and electricity” can 
be used as basic information for the measurement of the criterion 
“equitable life conditions”. Data is available for different nations but 
unfortunately not for all technologies, which are used within NEEDS.  
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To sum it up, the IAEA indicator set can be used in a limited way for 
our research purpose. We cannot find valid data for every indicator 
and also not for all technologies or different time points. 

2.8 ExternE (Externalities of Energy) – 
European Commission 

The ExternE project, which was launched by the European Commis-
sion, attempted to evaluate external costs associated with a range of 
different fuel cycles. In this project, the term “fuel cycle” refers to the 
chain of processes linked to the generation of electricity from a given 
fuel. The main objective was to apply this methodology to a wide 
range of different fossil, nuclear and renewable fuel cycles for power 
generation and energy conservation options. The ExternE external 
costs accounting framework is a widely accepted tool and has been 
successfully used within the European Union to support decision 
making processes in the field of energy and environmental policy40. A 
series of National Implementation Programmes to implement the 
ExternE methodology throughout Europe have been launched. These 
national implementation programs were also intended to provide 
comparable data for aggregate studies. Within the research concern-
ing the measurement of social indicators in the NEEDS project, a de-
tailed look at the national study conducted in Germany was pro-
vided. The ExternE German National Implementation report41

• Damages of the fossil fuel cycles (coal, lignite, oil, gas) 

 pre-
sents data for the following categories: 

• Damages of the nuclear fuel cycle 

• External costs of the photovoltaic fuel cycle 
                                                           
40 The methodology has been updated on a few areas within the project “NewExt – 
New Elements for the Assessment of External Costs from Energy Technologies” fi-
nanced by the EU from 2001 to 2003 
41 Krewitt et al 1997 
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• External costs of the wind fuel cycle 

• Damages of the biomass fuel cycle 

Focusing on the above mentioned energy systems, a set of priority 
impact pathways, which are expected to cause major environmental 
damage, were analysed. The categories “public health” – which in-
cludes mortality, morbidity and accidents – and “visual impacts” 
(assigned to the criterion “equitable life conditions”), “occupational 
health” (assigned to the criterion “work quality”) and “noise” (as-
signed to the criterion “noise exposure”) are of further interest for the 
NEEDS project. Monetary costs were measured in European Cur-
rency Unit (ECU) per kWh. “Noise” and “visual impacts” were esti-
mated as negligible without being quantified for most of the core 
technologies. Only for the wind fuel cycle a value of 0.064 mECU per 
kWh was calculated for noise impact. Most households were affected 
by a 1 decibel increase of noise. Statistics measuring citizens` willing-
ness to pay for noise reduction were used to valuate these increases. 
Thus the calculated value is highly site specific.  

The quantification of visual impacts by wind power plants is compa-
rably difficult. Willingness to pay for an intact countryside during 
holidays has been used to evaluate the impacts whereas a zone of two 
kilometres around the plant is considered to be primarily affected. 
The costs of visual impacts are estimated to be 0.06 mECU per kWh. 

Unfortunately, the report does not provide data for multiple time 
points and also does not refer to the future, which has been deter-
mined a requirement for data to be used within the NEEDS project. 
Furthermore the German report also does not provide appropriate 
information concerning all relevant kinds of technologies. In conclu-
sion, neither on the technology specific side nor on the relevant time 
points the ExternE German national report delivers suitable data for 
the ongoing research process within NEEDS. 

Besides the German report there also exist reports for Italy and 
France. The energy fuel cycles analysed in the French report42

                                                           
42 Spadaro and Robl 1998 

 include 
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coal, natural gas, fuel oil, biomass and waste incineration. The exter-
nal costs are expressed in mECU per kWh, which allows for compari-
sons with the German figures. The data show that the damage in 
terms of mortality43

The Italian national implementation report 

 and morbidity is lower in Germany for the coal 
fuel cycle as well as the oil fuel cycle whereas it is higher for the bio-
mass fuel cycle. In the French report the external costs for “acci-
dents”, “occupational health”, “noise” and “visual impacts” were 
predominantly stated as “not quantifiable”. 

44

This overview of the available and most suitable surveys and data-
bases shows the difficulties with which social indicator measurement 

 deals with the damages 
of the oil fuel cycle, the gas fuel cycle, the hydroelectric fuel cycle and 
the waste incineration fuel cycle. The hydroelectric fuel cycle is esti-
mated to have the lowest external costs of these. However, the meth-
odology of evaluation is completely different from the one used to 
asses fossil fuel cycles. The external costs regarding mortality and 
morbidity are lower in Germany than in Italy for the gas fuel cycle 
and higher for the oil fuel cycle. The Italian report provides no data 
for noise. The visual impacts of the waste incineration fuel cycle are 
expressed in ECU per ton and therefore cannot be compared with the 
visual impacts of the wind fuel cycle in Germany. Finally, the costs 
for occupational health are consistently low with 0.5 mECU/kWh not 
exceeding. 

Unfortunately, no national implementation report for Switzerland 
exists. To sum up the results of the data analysis within the ExternE 
project, it can be said that the data cannot be used in a comprehensive 
manner. In spite of the non availability of data on Switzerland for 
certain technologies and time points it is interesting and useful to be 
informed about different fuel cycles and their assessment including 
the evaluation of different forms of social impacts caused by energy 
systems. 

                                                           
43 Mortality impacts based on ‘years of life lost’ approach and on ‘value of statistical 
life’ approach 
44 Crapanzano. et al. 1998 
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within the NEEDS project is confronted. Several databases meet the 
requirements of the social indicator research in the NEEDS project to 
some extent. None of the available data meets all requirements. Ac-
cording to our goal of collecting comprehensive and valid data for 
four countries and for several technologies, we decided to conduct 
expert interviews in Italy, France, Germany and Switzerland. To suc-
cessfully carry out the expert interviews, a method and interviewees 
had to be chosen and a suitable questionnaire had to be developed. 
The following chapters will provide information about the interviews 
and the results of the survey which were conducted as part of the 
NEEDS project. 
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3 The Expert Interview 

The Expert Interview is a specific type of qualitative data gathering 
tool. In the context of the NEEDS project it was our aim to gather 
information pertaining to selected indicators and technologies. The 
research team is of the opinion that by questioning renowned experts 
a solid knowledge base on these very specific and technical questions 
can be established with which we can then measure a set of social 
indicators. 

Within the social sciences interviewing is one of the most important 
sources of data collection. Both quantitative and qualitative research 
employ interviewing as one of their key research tools. Interviews 
can be conducted with a single interviewee or a group of respon-
dents, so called focus groups.45 They can be carried out in person 
(face to face), by telephone or as of late via web based communica-
tion.46 Social scientists distinguish between three different types of 
interviews: structured, unstructured and semi structured.47

Structured interviews today are probably the most common type of 
interviews since they are easy to conduct and require less time to 
carry out. In structured interviews respondents are asked a series of 

 Inter-
viewing elites or experts does not deviate too far from regular non 
standardized forms of interviewing, while the researcher must take 
into account some specifics mostly pertaining to modes of sample 
selection, availability of interviewees and a generally more problem 
cantered focus of the interview, expert interviews follow the standard 
guidelines for qualitative interviewing. Hence this overview will 
cover general methodological concerns of interviewing and address 
the specifics of expert interviews as appropriate. 

                                                           
45 Fontana and Frey 1994: 364 
46 Opdenakker 2006 
47 Fontana and Frey 1994: 361 
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predetermined question consisting mainly of items with given re-
sponse categories and a few open-ended questions. Since the goal of 
such an interview is collecting quantifiable and codeable data, com-
parability between interviews is of the essence. All interviews in a 
project follow a fixed questionnaire, which also serves the purpose of 
recording data and interviews should be conducted in the given se-
quence using standardized wording of questions, answers and in-
structions. Such interviews require that the interviewer appear in a 
neutral fashion. The standardized interview is essentially a quantita-
tive tool and is generally employed in survey research.48

Unstructured interviews are derived from the field of ethnography; 
they are also commonly referred to as in-depth interviews. In-depth 
interviews do not seek comparability of data but an understanding of 
the specific situation of the interviewee and his behavior. In ethno-
graphic research interviewing is seen as part of immersing oneself in 
the field, the goal is to understand the deeper meanings of complex 
social patterns. To fully immerse himself the interviewer should give 
up his academic preconceptions and must also abandon any pretence 
of objectivity or neutrality. The interviewer will begin an interview 
knowing what he wishes to learn but have no fixed interview guide 
or even prepared questions. Data is gathered either via audio re-
cordings or jottings and subsequently elaborated field notes.

  

49

Semi structured or semi standardized interviews generally follow an 
interview guideline which is constructed prior to the interview, 
unlike a survey questionnaire it is not necessarily the same for all 
subjects in a given study and should be used more freely by the in-
terviewer. From a methodological perspective its key function lies in 
operationalizing the researcher’s theoretical concepts into concrete 
interview questions.

 

50

                                                           
48 Fontana and Frey 1994: 363-364 
49 Fontana and Frey 1994: 365-368 
50 Gläser and Laudel 2006: 108 

 Opinions on how to handle guidelines during 
interviews vary. Those interested in interpretive interviewing rec-
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ommend using guides merely as tentative.51 Furthermore changes of 
question wordings and the order of questions are recommended so as 
to emulate a natural conversation as well as using probes and being 
flexible in questioning to make sure that questions are understood, 
answered accurately and that the interview proceeds smoothly.52 
Those conducting research from a more positivist perspective argue 
that sticking to question order and wording is necessary to warrant 
the comparability of interviews.53

3.1 Constructing interview guidelines 

 As Aufenanger (1991) argues stan-
dardized procedures of analysis also require standardized proce-
dures of data collection. It seems logical that the form of interview be 
chosen according to the desired form of data analysis. The label ‘semi 
standardized’ is fairly diverse since it incorporates all types of inter-
views that cannot be assigned to one of the first two categories. For 
our specific expert interviews comparability of data was the central 
goal and thus the interview guideline is tightly structured including 
open ended questions and a large amount of indicator batteries, all of 
which allowed for and specifically asked interviewees to give any 
additional comments they thought important regarding their evalua-
tion of specific indicators. Since like almost all expert interviews, the 
interviews conducted within the NEEDS project fall under the cate-
gory of semi-structured interviews the construction of interview 
guidelines, conducting interviews and forms of analysis will be dis-
cussed in detail here. 

The interview guideline is elementary to the success of an interview. 
It is the key research tool, with it a researcher ‘translates’ his theoreti-
cal research questions into interview questions and thus great care 

                                                           
51 Rubin and Rubin 2005: 147 
52 Hopf 1978: 101 
53 Gläser and Laudel 2006: 140 
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should be given to constructing interview guidelines.54

The first part of the guideline should not contain any questions at all 
but should offer an introduction to the study and inform the inter-
viewee about all necessary procedures such as audio-recording of the 
interview and how the researcher will guarantee the interviewee 
anonymity. The interviewee must give informed consent in order to 
participate in the study.

 Following a 
few rules pertaining to the structure of guidelines as well as question 
wording can ensure a smooth flow of the interview, which subse-
quently leads to higher data quality.  

Another important consideration is that the guideline be concise, this 
is mainly in the interest of the interviewer since scampering through 
ones guideline in search of the correct question to ask can give the 
appearance that the interviewer is ill prepared.  

55

1. security and reliability of energy provision, 

  

Since the expert interviews within the NEEDS project were con-
ducted by phone, prospective interviewees were mailed the guide-
line, with an attached cover letter detailing the project as well as the 
technology descriptions in advance. Respondents were then con-
tacted by phone to set up an interview appointment and interviews 
were conducted at a time of the respondents choosing. 

When constructing the actual questionnaire a number of things have 
to be considered. First of all questions should be sorted by content. By 
avoiding jumping from topic to topic it will be easier for the inter-
viewee to recall from memory and accurately describe processes 
much like in a natural conversation, which will improve the quality 
of data. Thus the interviews were structured into four thematic 
blocks:  

2. political stability and legitimacy, 

3. social and individual risks, 

                                                           
54 Gläser and Laudel 2006: 138 
55 ebd. 140 
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4. quality of life. 

which were further subdivided to cover the individual indicators. 

 

Interview questions cannot only be distinguished by their function 
within the interview but also by content. The most basic distinction is 
that between opinion questions and fact questions. While opinion 
questions seek to elicit attitudes, judgments on processes or persons 
fact questions are more geared towards verifiable facts. Since the goal 
of expert interviews is to collect knowledge from different specialist 
so as to understand and reconstruct certain social processes the em-
phasis will always be on fact questions. In fact the expert as a person 
and his biography is not of interest to the research.56

• Clarity of questions: Questions should be worded so that it 
becomes clear what the interviewer is asking.  

 Within our pro-
ject questions were focused on experts predictions of how they 
evaluated technologies as well as citizens perception of the technolo-
gies in question concerning the indicator set. All questions were 
geared at eliciting interviewee responses from their perspective as 
experts. 

Regarding the wording of questions there are a number of rules that 
should be followed to minimize misunderstandings between the in-
terview partners and thus increase data quality.  

• Open questions: Questions should leave it to the interviewee 
how he wishes to answer. Since the researcher wants to learn 
as much from the respondent as possible the interviewee 
should not be constricted in sharing his knowledge. This 
principal is oftentimes at odds with the criteria of specific 
question wording and the time constraints of an interview. 
Likewise only one truly open-ended question was asked dur-
ing our interviews 

• Simplicity of questions: Properly worded questions should 
never attempt to ask for two different things at once since 

                                                           
56 Liebold and Trinczek 2002: 38 – 41; Meuser and Nagel 1991: 442 
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this will lead to unnecessary confusion and rarely elicit good 
responses from the interviewee.  

• Neutrality of question wording: Proper data assessment re-
quires that questions be worded in a neutral manner. Inter-
viewers should by all means avoid using loaded questions, 
which might prod interviewees to answer questions in a cer-
tain way. The only exception to this rule is when a researcher 
assumes that a question might be answered untruthfully due 
to social desirability bias.57

On the basis of these principals a questionnaire was constructed that 
would also guarantee comparability and quantifiability of some parts 
of the results. To ensure a balance between the principal of openness 
as well as comparability interviewees were repeatedly encouraged to 
provide reasoning for their evaluation of a particular item, which 
most of them did. Providing us with large amounts of additional and 
country specific information. 

The next important preparatory step in any social scientific inquiry is 
the mode of sample selection and is especially crucial when conduct-
ing expert interviews since random sampling methods cannot be 
applied here and the issue of accessing oftentimes-elite informants 
has to be considered. 

  

                                                           
57 social desirability bias: Due to the inclination of people to present them-
selves favorably in the eyes of others so as not to be viewed as abnormal, 
responses in interviews can oftentimes be affected by social desirability bias. 
This is a great problem for social scientists since respondents will not give 
true responses to questions. It is especially relevant when pertaining to inti-
mate or illicit activities and radical behaviors or attitudes. cp. Schnell, Hill, 
Esser 2005: 354 
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3.2 Selecting respondents 

Social scientists study social processes and phenomena. To observe 
these they must study people or groups of people. With every re-
search agenda a scientist must select a sample of potential research 
subjects based on what he wishes to learn. The first step in the re-
search agenda should be choosing a form of sample selection, which 
in turn is highly dependent on the target population (the group being 
studied). Large populations can be assessed with statistitically based 
sampling methods. When conducting research with small target 
populations or populations that prefer to remain hidden (e.g. crimi-
nals or drug users) random sampling methods become problematic. 
For our purposes, namely gaining knowledge on a set of social indi-
cators, a randomly selected sample of respondents is not likely to 
provide us with the needed information since a specific problem of 
the expert interview has to be considered, determining who is actual-
ly an expert. Thus depending on the analytical focus of the study 
experts can be scientists, politicians, officials, bureaucrats and other 
individuals working in organizations being studied. Meuser and 
Nagel58 define experts as persons who carry responsibility for design-
ing, implementing or controlling solutions to the specific problem or 
who have privileged access to information, persons, and groups of 
persons or organizations. Another definition, which is more geared 
towards scientists as experts by Liebold and Trinczek59 includes those 
who are significantly more knowledgeable than others in a certain 
field of study. Also seeing knowledge as the central criteria Gorden60

 

 
proposes four questions a researcher should ask himself when select-
ing respondents: 

                                                           
58 Meuser and Nagel 1991: 443 
59 Liebold and Trinczek 2002:37 
60 Gorden 1975: 196-197 as cited in Gläser and Laudel 2006: 113 
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1. Who has relevant knowledge? 

2. Who is most likely to give precise information? 

3. Who is most likely to give relevant information? 

4. Who of the potential informants is most likely to be availa-
ble? 

We have already concluded that random sampling methods are not 
applicable nor especially useful for our research within the NEEDS 
project; luckily social sciences also distinguish so-called non-
probability samples. Of the non-probability sampling methods the 
following are the most common:  

Convenience samples follow no underlying method. Respondents are 
chosen because they are close at hand. Such methods of sample selec-
tion are rather unscientific and should only be used in the prepara-
tory phase of the research, but are commonly employed in market 
research for example.61

In a purposeful sample the researcher chooses the sample based on 
who he thinks can provide information needed to answer his research 
questions. A purposeful sampling method generally follows given 
criteria making the process traceable. It is used primarily for expert 
interviews, especially when there is no register of such experts to 
draw a sample from.

  

62 Forms of purposeful sampling include snow-
balling, selecting extreme or typical cases. Selecting extreme cases can 
be used when conducting research on elites; the selection of typical 
cases is guided by the idea that this will make the research represen-
tative but suffers from the problem that the researcher must first de-
fine what is typical.63

                                                           
61 Schnell, Hill, Esser 2005: 297-298 
62 Schnell, Hill, Esser 2005: 298; Gläser and Laudel: 95 

 

When selecting samples of experts there are a number of methods 
commonly used to find potential interviewees: 

 

63 Schnell, Hill, Esser 2005: 298-299 
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• Researching in scientific journals and technical literature on 

the topic in question is often one of the simplest and efficient 
techniques when searching for scientist within a certain field 
of expertise 

• Drawing samples from registers of experts. This is a common 
practice when working with doctors or other medical profes-
sions but does not necessarily lead a researcher to those spe-
cialized in his field of study 

• “Snowballing”: Refers to the practice of asking interviewees, 
or other experts for referrals to people who might also have 
knowledge on a topic. The method is well geared towards 
exploring social networks, such as for example the scientific 
community where those who research within one field are 
usually familiar with other experts on the topic. Snowball 
samples can be problematic since they invite different types 
of biases. The starting point of the sample has a great effect 
on the overall characteristics of the sample. Scientists for ex-
ample might only refer to colleagues who share their own 
opinions.64

As part of the NEEDS project experts were selected in a two-step 
process. The first step entailed a large-scale literature review on the 
topic of social and energy indicators and technology assessment

  

65. To 
complement the sample gained from the literature review all parties 
involved in the NEEDS66

                                                           
64 Schnell, Hill, Esser 2005: 300 
65 see for detailed information on literature review: Brukmajster et al 2007 
66 Currently the following institutions are involved in Research stream 2b: 
European Institute for Energy Research (Germany), HELIO International (France), 
Istituto di Studi per l’Integrazione dei Sistemi (Italy), Paul Scherrer Institut 
(Switzerland), University of Stuttgart (Germany) 

 project provided further input on experts on 
the topic from their respective countries and fields of study. Thus the 
research team was able to compliment the sample from the literature 
with a broad based snowball sample. Ultimately a total of 60 experts 
were contacted for the survey 13 in Germany, 11 in Switzerland, 25 in 
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Italy and 11 in France. Of those 32 volunteered to be interviewed, 3 
respondents mailed us the filled in questionnaire since they were 
unable to make an appointment for an interview by phone. Of the 
final sample 10 respondents hailed from Italy, 9 from Germany, 10 
from Switzerland and 6 from France. The total response rate was 58.3 
%; the low response rate of merely 40% in Italy was mostly due to 
Italian experts declining interviews because they feared their lan-
guage skills were not sufficient to conduct an interview in English. 

The interviewed experts hail from many different fields of study. 
Most of them are engineers (12 respondents) with social scientists a 
close second with 10 respondents. Economists are represented with 6 
respondents. And 5 respondents are natural scientists. Further the 
sample contains one jurist and one economic geographer. 

3.3 Conducting the Interview 

Proper preparation and a good interview guideline are invaluable to 
a successful interview but are worthless if the interviewer is unable to 
handle the social interaction during the actual interview. 

The most crucial part of the interview is the early stage since it often 
predetermines an interviewee’s cooperation. The interviewer should 
attempt to begin with “breaking the ice” by elaborating on the study 
and answering any questions the interviewee might have.67

Of great importance to a successful interview is that both interview 
partners find their role, play it out for the duration of the interview 
and accept the role of the other. Only a respectful cooperation be-
tween both interview partners can ensure a smooth flow of the inter-

 By con-
tacting our experts in advance and providing them with the question 
guideline and necessary information on the technologies and the 
project the research team hoped to spark the interviewees interest 
and ensure their cooperation in advance.  

                                                           
67 Fontana and Frey 1994: 371 
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view. This requires the interviewer not only to ask the questions and 
essentially establish the rules for the conversation but also to actively 
listen to what the interviewee is saying. This includes not disrupting 
the interviewee and to allow for pauses so that the interviewee has 
time to elaborate his thoughts.68 In turn the interviewee should an-
swer questions to the best of his knowledge. The following quote 
from Benney and Hughes69

While in classic ethnographic fieldwork this assumption was usually 
understood as a demand towards researchers to step down from their 
high pedestal when working with those of lower station or in less 
developed countries it also holds true for situations where the inter-
viewee is of higher status as can often be the case during expert in-
terviews. While oftentimes during an expert interview status may 
seem leveled as when one scientist is interviewing another, the sim-
ple fact that the interviewee is more knowledgeable on the topic and 
subsequently wishes to teach the interviewer can already lead to him 
to step out of his role and attempt to dominate the conversation. This 
should be avoided at all cost since it will usually lead to the inter-
viewer not gaining the information he requires. During the interview 
it is the interviewer’s task to negotiate these roles. Especially in expert 
interviews it is of utmost importance to show the interviewee early 
on how knowledgeable one is on the subject so that he can better 
gauge what information and which explanations are necessary. If the 
interviewer manages to appear competent, well prepared and self-
confident this will lead the respondent to respect him in his role as 
interviewer. But even while displaying ones own knowledge and 
taking in the dominant role of the one asking the question the re-

 elaborates on how such cooperation be-
comes possible:  

“One of the most basic conceptions of interviewing is that the status 
of interviewee and interviewer must be leveled for the duration of the 
interview even if there are status differences.” 

                                                           
68 Gläser and Laudel: 168 
69 Benney and Hughes (1956: 162) 
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searcher must strike a balance between asserting himself as a scientist 
and respecting the interviewee’s competence and role as expert.70

3.4 Telephone Interviews 

 

Telephone interviews are generally employed in standardized ran-
dom surveys. Since the 1980s, when telephones became a standard 
feature in almost all households and it was possible to draw random 
samples via telephone, telephone interviews became commonplace in 
survey research in the social sciences and more importantly market 
research.71

Today telephone interviews are mostly conducted using CATI- Tech-
nology (Computer Assisted Telephone Interview). Such applications 
can handle large parts of survey administration by providing inter-
viewers with randomly selected phone numbers, handling question 
filtering and recording and coding responses to items and open 
ended questions. Thus the interviewer merely needs to follow the 
script provided to him by the program.

 

72

Telephone Interviews are not often used for non-standardized meth-
ods of analysis

  

73, but their use has increased over the last twenty 
years.74 Many authors argue that while telephone interviews are nec-
essary under some circumstances, conducting interviews face-to-face 
is generally preferable.75

                                                           
70 Rubin and Rubin 2005: 85; Gläser and Laudel 2006: 167 
71 Lavrakas 1993: 5; Schnell, Hill and Esser 2005: 363 
72 Lavrakas 1993: 17 
73 Sturges and Hanrahan 2004: 14 
74 Opdenakker 2006: 10 
75 Rubin and Rubin 2005: 125 

 In their research note on comparing face to 
face and telephone interviews Surges and Hanrahan (2004) found no 
significant differences in responses between the two modes. 
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When conducting telephone interviews there are a number of differ-
ences which researchers need to consider especially when designing 
questionnaires. One specific disadvantage of telephone interviews is 
that respondents are more likely to become fatigued which means 
that data quality declines with the length of the survey making the 
analytical scope of telephone interviews more limited76. Another ma-
jor disadvantage of conducting interviews via phone is that the inter-
viewer cannot register non-verbal cues, subsequently it becomes 
more difficult to judge if respondents have understood questions 
correctly.77 Also responses to open ended questions tend to be 
shorter.78

On the other hand the advantages of telephone interviews are nu-
merous. Due to the anonymity granted by the telephone social desir-
ability bias is less likely than during face-to-face interviews.

  

79 On a 
similar note, in interviews, which pertain to sensitive issues, the par-
tial anonymity granted by communication via telephone can lead to 
more honest responses.80

There are other major advantages to surveys administered via tele-
phone. As Lavrakas (1993) emphasizes telephone surveys offer much 
greater possibilities for quality control by those supervising the 
study. Also since conducting interviews via telephone allows for 
interviewers to work from at home or one central institution inter-
views can be carried out with much greater frequency and thus much 
faster and more cost efficient than standard face to face questioning

  

81. 
In regard to qualitative interviewing telephone interviews enable 
easier access to hard to reach respondent groups.82

                                                           
76 Lavrakas 1993: 6; Schnell, Hill, Esser 2005: 374 
77 Schnell, Hill, Esser 2005: 369 
78 Groves 1989: 510 as cited in Lavrakas 
79 Ebd. 512 
80 Surges and Hanrah 2004: 108 
81 Lavrakas 1993: 6 
82 Surges and Hanrahan 2004: 109 

 In the context of 
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the NEEDS project interviews were conducted via telephone out of 
pure necessity as carrying out interviews with over 30 respondents 
from 4 different countries would have been highly impractical, time 
consuming and would have exceeded the financial budget of the 
study. Furthermore conducting the interview by phone afforded re-
spondents the luxury of carrying out the interview at a time of their 
choosing which made coordinating interviews much easier. 

3.5 The Questionnaire 

The expert interviews were conducted on the basis of a questionnaire, 
which was sent to the respondents in advance. Experts were then 
contacted via phone to schedule an interview. Experts in Germany, 
Italy, France and Switzerland participated. Depending on their na-
tionality experts received the English, German or French version of 
the questionnaire.  

The questionnaire covered a total of 14 item batteries each pertaining 
to different indicators. Each indicator was introduced with a short 
description. The indicators were grouped into four thematic blocks. 

1. Security and reliability of energy provision  
This section included the indicators 'Market concentration in 
the supply of primary sources of energy'; 'Flexibility to incor-
porate technological innovations' and 'Probability of the not 
in time availability of a complete infrastructure of waste dis-
posal'. 

2. Political stability and legitimacy  
In this section respondents were asked to evaluate the 'Poten-
tial of conflicts induced by energy systems' and the 'Necessity 
of participative decision making processes for different kinds 
of energy systems'. 

3. Social and individual risks  
The three indicators 'Subjectively expected health conse-
quences of normal operation'; 'Potential for misuse of tech-
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nologies and substances within the nuclear energy chain' and 
'Psychometric variables: Personal control, catastrophic poten-
tial, and familiarity with risks' were covered in this section, 
the evaluation of psychometric variables was covered with 3 
separate item batteries, one for each variable. 

4. Quality of life  
Four items were used in the final section, two assessing the 
'Functional and aesthetic impact of energy infrastructure on 
the landscape' and one each covering the indicators 'Extent to 
which residents feel highly affected by noise caused by the 
generation plant’ and 'Work qualification'. 

The indicator 'Potential for misuse of technologies and substances 
within the nuclear energy chain' pertained specifically to nuclear 
energy while the remaining item batteries required interviewees to 
evaluate all 16 energy technologies in question: coal power steam, 
coal power, in gas. Cycle, carbon separation and sequestration, gas 
turbine combined cycle, nuclear power EPR, nuclear power LMFBR, 
cogeneration (small engine), cogeneration (fuel cell), hydro power 
(storage dam), hydro power (run of river), solar power (thermal), 
solar power (photovoltaic), wind power (onshore), wind power (off-
shore), wave power, and geothermal power. Respondents were spe-
cifically asked to consider the entire energy chain of the electric 
power supply (fuel extraction, processing, transport, power plant and 
waste storage) when giving their answers. If the answers for different 
components of the energy chain differ, the component with the worst 
judgment was to be judged.  

The reference year for all answers is the expected situation in 2050. 
This was done to evaluate future energy technologies, after all the 
external costs of power systems in operation today are well known 
but many questions arise when it comes to the assessment of future 
energy policies and possibilities. 

Each technology mentioned above had to be evaluated for all indica-
tors. The evaluation of each indicator was measured on a 5 level met-
ric scale with the answer categories (1) very low (2) rather low (3) 
middle (4) rather high (5) very high. The indicators 'Probability of the 
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not in time availability of a complete infrastructure of waste disposal' 
and ‘Subjectively expected health consequences of normal operation' 
also allowed experts to choose the category '(0) irrelevant'. Besides 
rating the technologies on a scale respondents were encouraged to 
provide reasons for their evaluation. These arguments were recorded 
in open-ended form. 

Additionally there was an open-ended question pertaining to a 2006 
Eurobarometer-Survey, which showed a high degree of acceptance 
towards renewable energies but only little acceptance of fossil energy 
resources. Experts were asked to evaluate this result and make pre-
dictions for citizens’ acceptance levels by the year 2050. 

At the end of the questionnaire Interviewees had the opportunity to 
provide any further thoughts they had on the questionnaire in open-
ended form. Interviews lasted between 35 and 90 minutes, depending 
on the extent of experts’ arguments and explanations. Below a sample 
item battery as used in the questionnaire is shown for the indicator 
“necessity of participative decision making processes”. 
 

Indicator: Necessity of participative decision making processes for different kinds 
of energy systems. 

Participative decision making processes are considered as a potential instrument for 
the settlement of conflicts. Assume that for the construction of a new energy system a 
site needs to be chosen. Do you think that citizens’ participation is necessary in the 
decision making process of finding new sites for certain energy systems? Please specify 
your judgment again on a scale from 1 to 5. Please evaluate each energy system, that I 
will read to you, and indicate whether you think that the necessity of the populations 
participation in the decision making process of finding a site in the year 2050 is 1 “very 
low” or 5 “very high”. The answer categories in between may help you to differentiate. 
Please give reasons for your rating of each energy system. 
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In the year 2050, I consider the necessity for the integration of citizens in the deci-
sion making process of finding a new site for … 

 
 

(1) very low 
(2) rather 

low 
(3) middle 

(4) rather 

high 

(5) very 

high 

… coal power steam 
to be …      

… coal power, int. 
gas. cycle to be …      

… carbon sep. and 
sequ. to be …      

… gas turbine com-
bined cycle to be 
… 

     

… nuclear power 
EPR to be …      

… nuclear power 
LMFBR to be …      

… cogeneration, 
small engine to be 
… 

     

… cogeneration fuel 
cell to be …      

… hydro power, 
storage dam to be 
… 

     

… hydro power, run 
of river to be …      

… solar power ther-
mal trough to be 
… 

     

… solar power pho-
tovoltaic to be …      
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(1) very low 
(2) rather 

low 
(3) middle 

(4) rather 

high 

(5) very 

high 

… wind power on-
shore to be …      

… wind power off-
shore to be …      

… wave power to be 
…      

… geothermal to be 
…      
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4 Results of the survey 

In this section experts evaluations of the different indicators will be 
reviewed and analysed on the basis of experts mean evaluations of 
indicators for different technologies (for detailed results see the tables 
9 to 14 in the Appendix). An overview of the results for each indica-
tor is provided, emphasizing a) technologies that deviate from the 
mean evaluations b) differences in evaluations of indicators between 
experts from the four different countries. 

4.1 Market concentration in the supply 
of primary sources of energy 

This indicator deals with the security of the electric power supply in 
the year 2050. Experts were asked to evaluate any potential of the 
electric power supply in their country being endangered due to few 
suppliers in the energy sector in question. The response categories 
given were (1) very low to (5) very high security of energy provision. 
Overall there seemed to be few concerns among experts, that market 
concentration will in fact endanger energy provision. There was only 
fairly small variance within the mean evaluations of the different 
technologies with wave power (mean evaluation of 2.47) being seen 
as the technology most at risk of overt market concentration, while 
nuclear power (EPR) was considered the least problematic in this 
regard (mean evaluation of 3.39). Overall most technologies received 
mean ratings very close to the mid point of the scale. However a large 
number of our experts chose not to respond to this item at all (cp. 
table 14), with non-response rates ranging from 9 to 17%. There were 
no large differences between the evaluations of experts from different 
countries. It seems that German experts are less concerned about 
bottlenecks in energy supply due to market concentration (mean 
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score of 3.26) while French experts see slightly greater potential for 
problems (mean evaluation of 2.88). 

4.2 Flexibility to incorporate  
technological innovations 

Energy technologies ability to adapt to new surrounding conditions 
is strongly dependent on the amount of economic and technological 
effort required to adapt the system, seeing that if too great invest-
ments become necessary the technology might no longer be lucrative. 
Thus the ability to incorporate new technological innovations and 
progress is essential to the long-term survival of energy technologies. 
Again (1) indicates very low and (5) very high flexibility. There was 
large variance between the mean evaluations of different technolo-
gies flexibility to incorporate technological innovations. Both hydro-
power run of river and storage dam were evaluated very poorly on 
this indicator (mean values of 2.09 and 2.06 respectively) as was coal 
power steam (mean value of 2.33). Cogeneration fuel cell (4.27) and 
solar power photovoltaic (mean evaluation of 4.39) were in turn seen 
as best suited to incorporate new innovations. Solar power thermal 
trough, wind power offshore and geothermal power also received 
mean evaluations of over 3.5. Overall there were no major discrepan-
cies between experts from different countries on this issue. 
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4.3 Probability of the not in time  
availability of a complete  
infrastructure of waste disposal 

This indicator asked experts to judge the likelihood that an infrastruc-
ture of storage facilities will not be available in time to take deliveries 
of waste materials from the fuel chain (including the fuel supply, 
plant construction, operation and decommissioning of the plant). 
Answer category (1) very low indicated that the availability was con-
sidered likely, whereas (5) very high indicated it was unlikely. Addi-
tionally experts could choose the category (0) irrelevant if they felt 
the topic of waste disposal was of no concern for a specific technol-
ogy. Overall the availability of an infrastructure for waste disposal 
was seen as fairly unproblematic by our experts with the average of 
their evaluations for all technologies being 2.26. Three technologies 
were seen in a much more critical light, namely nuclear power EPR 
and LMFBR (mean values of 3.65 and 3.71) as well as carbon separa-
tion and sequestration with a mean evaluation of 3.47. All other tech-
nologies received mean evaluations of below 2.5 with the lowest be-
ing cogeneration fuel cell with a score of 1.68. When examining the 
missing values for this indicator we can see that a large part of ex-
perts considers the issue of waste irrelevant for most technologies, 
especially renewable technologies, in the case of hydro power more 
than half of all respondents choose the response category (0) irrele-
vant. For nuclear power (EPR) on the other hand not a single respon-
dent chose this category. In their average evaluations Italian experts 
showed greater concerns that a waste disposal infrastructures will 
not be available, with a mean evaluation of 2.59 as opposed to a mean 
score of 2.16 for our Swiss and French experts. These differences can 
be explained mainly through Italians more critical evaluation of nu-
clear power technologies as well as carbon separation and sequestra-
tion. Italian experts pointed out potential problems with CO² disposal 



60 Quantification of social indicators for the assessment of energy system effects 

 
and largely seemed to be of the opinion that the issue of nuclear 
waste will not have been solved by the year 2050. 

4.4 Potential of conflicts induced by 
energy systems 

Based on experiences of past conflicts concerning energy systems, 
experts were asked to assess energy technologies conflict potential in 
the year 2050. Evaluations could range from (1) very low to (5) very 
high potential for conflicts. This indicator showed some of the largest 
discrepancies between the evaluations of single technologies of all 
our indicators. While most technologies are seen as completely un-
problematic or of only little concern, with no evaluations above 3.0 
nuclear power is seen as having enormous potential for conflict with 
mean evaluations of 4.43 (EPR) and 4.52 (LMFBR). Solar power, co-
generation technologies and wave power all received scores of below 
2.0. It appears that experts see the least potential for conflict in re-
newable technologies. There were differences in evaluations between 
Swiss and French experts, with Swiss experts seeing a higher degree 
of potential conflict (2.66) than the French (mean of 2.22). It appears 
that these differences are a result of special Swiss concerns towards 
geothermal power, which experts credit to a recent earthquake in 
Basel which was allegedly caused by a geothermal power plant as 
well as onshore wind power, which has a hard stand in Switzerland 
since landscape protection is considered very important. Also French 
experts showed a below average assessment of nuclear powers con-
flict potential. There are some interesting discrepancies between ex-
perts’ standpoints on wind power. Swiss experts argued that there 
was great conflict potential concerning onshore wind power in Swit-
zerland and in France due to landscape protection. And while all 
experts agreed that this is an important issue, evaluations of Swiss 
and French experts were slightly more critical of onshore wind 
power.  
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4.5 Necessity of participative decision 
making processes  

This indicator asked experts to evaluate the importance of citizens' 
participation in the decision making process of finding new sites for 
certain energy systems as a means of conflict resolution. The keynote 
here was that citizens’ participation processes are not necessary if 
there are no conflicts induced by energy systems but they become 
important if technologies are assessed as being prone to conflicts. 
Answer categories ranged from (1) very low to (5) very high neces-
sity. It appears that our experts see participative decision-making 
processes as rather important, assigning an average score of 3.48 to 
this indicator. While there is a handful of technologies where public 
participation is not seen as essential, namely: cogeneration technolo-
gies and solar power photovoltaic, which all received mean scores of 
below 2.5 all other technologies received mean evaluations of above 
3.0. The highest scores were again assigned to nuclear power EPR 
and LMFBR; both received mean evaluations of 4.63. Carbon separa-
tion and sequestration received the next highest evaluation with a 
mean score of 4.0. Especially German experts acknowledge the need 
for public participation to a far lesser extent (mean of 3.11) than for 
example French experts (mean of 3.79). This seems to be due to many 
of our German experts arguing that public participation in site selec-
tion complicated the process of finding optimal sites. The importance 
of this indicator seems to be emphasised by the low amount of non-
response, indicating that all experts had an opinion on this issue for 
almost all technologies in question. 
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4.6 Subjectively expected health  
consequences of normal operation 

This indicator attempts to assess the health concerns the population 
has towards energy technologies in times of normal operation of a 
large scale system. Besides assigning scores from (1) very low to (5) 
very high degree of health concerns respondents could choose the 
category (0) irrelevant. Most technologies were considered unprob-
lematic in regards to populations health concerns by our experts. 
Cogeneration, hydro power, wind power and solar power as well as 
wave power and geothermal power all received mean scores of below 
2.0, with solar power photovoltaic receiving the lowest score with 
1.24. On the other hand nuclear power was again seen as the most 
problematic technology with mean evaluations of 4.17 (EPR) and 4.15 
(LMFBR). The fact that for none of the six technologies that scored 
higher than 2.0 on the mean evaluations any experts chose the cate-
gory (0) irrelevant shows that there is a sharp divide between those 
technologies perceived as health risks and those seen as less or un-
problematic. Swiss experts seem to show the least amount of concern 
regarding health consequences. Specifically coal and nuclear power 
technologies are evaluated far more favourably by Swiss experts, 
which in the case of coal power seems to be due to the fact that Swit-
zerland maintains no coal power plants and Swiss experts optimism 
towards the development of new filter technologies. Swiss experts are 
much less critical when considering potential health risks of nuclear 
power, citing that in fact Switzerland is currently debating to build 
new reactors.  
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4.7 Psychometric variables 

When considering the perception and acceptance of energy systems, 
psychometric variables can help us understand how the population 
arrives at their evaluation of energy systems. Psychometric variables 
are variables, which describe the characteristic of an object. The three 
psychometric variables assessed in the survey "familiarity with risks", 
"personal control" and "catastrophic potential" were assessed as part 
of one indicator, each variable receiving it's own item battery. 

4.7.1 Familiarity with risks 

In the case of risk estimation, psychometric variables for example 
represent the willingness with which people do risky things. This 
indicator measure the importance of familiarity with a source of risk 
for its overall evaluation, since the familiarity with a source of risk 
can influence risk perceptions over time. Again experts could assign 
ratings from (1) very low importance to (5) very high importance. The 
importance of familiarity for citizen’s acceptance of energy systems is 
seen as especially high for nuclear power technologies (mean values 
of 3.65 and 3.72) as well as carbon separation and sequestration 
(mean value of 3.64). There is a strong tendency for the mean evalua-
tions to take on values close to the middle category with the least 
importance of familiarity attributed to solar power photovoltaic, 
which received an average score of 2.62. French experts assign famili-
arity with risks the least amount of importance. This was in part due 
to the low importance of familiarity attributed to coal power tech-
nologies with some experts arguing that citizens concerns about 
global warming would counteract the effects of familiarity. German 
experts on the other hand pointed out that the high levels of accep-
tance for coal power technologies were a consequence of them being 
regarded as basic energy provision. Swiss experts show less concern 
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regarding familiarity with nuclear power, arguing that it is well ac-
cepted in Switzerland. While German experts specifically argue that 
habituation effects cannot be observed in Germany, according to our 
experts the opposite seems to apply in Switzerland.  

4.7.2 Personal control 

This indicator assesses the importance of perceived possibilities for 
personal control of an energy system for citizens risk assessment. 
Again (1) indicated very low and (5) very high-perceived possibilities 
for control. The highest importance of personal control was attributed 
to nuclear power technologies (mean evaluations of 3.56 and 3.58). 
Expert’s evaluations tend not to deviate too far from the overall mean 
(3.00). The lowest score on average was assigned to wave power 
(mean evaluation of 2.43). There were drastic differences between 
German experts evaluations of this indicator (mean of 2.13) and their 
colleagues (total mean of 3.0). Which might be partially due to the 
complicated question wording and translation issues. When compar-
ing expert’s statements very similar verbal statements were often 
associated with directly opposed response categories. The high num-
ber of non-response as well as the amount of respondents that choose 
the middle category, recorded for this item gives further credit to the 
assumption that question wording was perhaps a bit unclear.  

4.7.3 Catastrophic potential 

Perceived catastrophic potential plays an important role in citizen's 
risk evaluation of a source of risk, since risks that bear catastrophic 
potential spark greater fear and catastrophic events are remembered 
longer. Again (1) indicated very low and (5) indicated very high im-
portance for the populations risk assessment. Expert evaluations of 
this indicator show far greater variance between technologies than 
any of the other psychometric variables. While it's overall importance 
is evaluated lower with a mean score of 2.45 for all technologies, ex-
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perts perceive serious catastrophic potential in a number of technolo-
gies. Again it comes as no surprise that experts see nuclear powers 
catastrophic potential as very important in shaping citizen's risk 
evaluation, with 97.1 % (EPR) and 94.3 % (LMFBR) of experts being of 
the opinion that the importance of nuclear powers catastrophic po-
tential is rather or very high resulting in mean evaluations of 4.74 and 
4.79 respectively. Storage dams, carbon separation and sequestration 
as well as coal power technologies are also seen as having above av-
erage catastrophic potential. The lowest score was assigned to solar 
power photovoltaic (mean evaluation of 1.32). It seems that Swiss 
experts perceived a higher importance of catastrophic potential 
(mean of 2.82) than experts from France (mean of 2.27). With the larg-
est differences showing in the evaluations of geothermal power and 
storage dams. The higher evaluation of geothermal power was as-
cribed to a recent earthquake in Basel, which was supposedly caused 
by a geothermal plant. Swiss experts argued that the high degree of 
danger to human lives from storage dams necessitated a high ranking 
on the indicator. There were great discrepancies in regards to storage 
dams, with Italian experts showing great concerns regarding citizen’s 
perception of catastrophic potential. They explained this as a result of 
a major accident that occurred in Italy in 1963. 

4.8 Potential for misuse of technologies 
and substances within the nuclear 
energy chain 

Within the nuclear energy chain, certain technologies and substances 
are used that can possibly be misused or diverted from their intended 
use. Experts were to assess the danger of such misuse occurring, with 
(1) indicating very low and (5) indicating a very high risk. Results for 
this indicator again show that there is a high degree of scepticism 
towards nuclear power amongst our experts. The potential for misuse 
is seen as problematic; with 51.4 % of experts agreeing that potential 
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for abuse is rather high or very high (mean evaluation of 3.63). There 
are minor discrepancies between the average scores assigned by ex-
perts from different countries, with German experts showing the 
greatest concerns (mean of 3.89) and Italian experts the least (3.30). 
Most experts argued that they did not as much fear potential for 
abuse in Europe but that especially politically unstable countries, in 
the east had strong incentives to utilize nuclear power until 2050. 
Here potential for abuse was considered higher.  

4.9 Functional impact of energy  
infrastructure on the landscape 

This indicator measures the incisions to quality of life through func-
tional damage to the landscape (e.g. obstructions of landscape due to 
cables, industrial plants or pipe lines, mines…). Response category (1) 
indicated a very low and (5) a very high degree of perceived func-
tional damage. Regarding this indicator, storage dams (mean evalua-
tion of 3.49) as well as coal power technologies (means of 3.41 and 
3.32) are seen as the most problematic technologies. Overall experts 
saw most technologies as being of relatively small concern but only 
cogeneration technologies received mean evaluations lower than 2.0. 
Again Swiss and French experts were of different opinions on this 
topic, with French experts showing a far greater degree of scepticism 
towards potential functional impacts on landscapes (mean sore of 
2.96) than their Swiss colleagues (2.38). French experts seem to be far 
more concerned about the functional impacts of coal power technolo-
gies, carbon separation and sequestration, cogeneration, wave and 
solar power technologies. Concerning coal power technologies our 
Swiss experts argued for example that functional damages should be 
kept to a minimum since CO² is stored subterranean.  
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4.10 Aesthetic impact of energy  
infrastructure on the landscape 

Overall experts seem to show slightly greater concerns for the aes-
thetic than for functional impacts of technologies on landscapes 
(overall mean evaluation of 2.91 compared to 2.66). Onshore wind 
power receives the most negative evaluation (mean score of 3.85) 
followed by coal and nuclear power technologies as well as storage 
damns. Again cogeneration technologies received the lowest scores 
(1.68 and 1.56). In regards to aesthetic impacts there were no great 
variations between the evaluations of experts from different countries 
although French experts again showed the highest amount of concern 
and Swiss the least. 

4.11 Extent to which residents feel 
highly affected by noise caused by 
the generation plant, as well as 
transport of materials to and from 
the plant 

To further evaluate incisions in quality of life, experts were to assess 
the extent that residents will be disturbed by noise caused through 
energy generation plants and the transport of materials to and from 
the plant. Again (1) indicated a very low and (5) a very high degree of 
perceived noise. Overall noise pollution seems to be considered a 
minor problem by our experts receiving the lowest overall mean 
evaluation of 1.93. Coal power technologies were again considered 
the most problematic technologies on this indicator (mean scores of 
3.24 and 3.21). Of the remaining technologies only three received 
mean scores above 2: Carbon separation and sequestration (2.75), 
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wind power onshore (2.66), and gas turbine combined cycle (2.07). 
There also seemed to be little controversy on the topic of noise pollu-
tion between our experts from different countries, with Italian experts 
being the only group to assign an average estimation for all technolo-
gies above 2.0 (mean score of 2.13). Interestingly this indicator 
showed the highest rate of non-response with over 14 % of experts 
not responding to the given answer categories on average. If this can 
be attributed mainly to fatigue, experts lacking knowledge about 
noise issues associated with the technologies in question, or the un-
importance attributed to this indicator remains unclear. 

4.12 Work qualification 

This indicator asked experts to judge the amount of knowledge and 
training required by an average worker employed within a particular 
energy technology system. Possible responses ranged from (1) very 
low to (5) very high degree of work qualification. Experts seemed to 
share the opinion that a fairly high degree of qualification will be 
required of the average worker in all technologies. Not a single tech-
nology received an average score of below 3.0 and the average of the 
mean scores was 3.57. Nuclear power technologies were the only to 
receive scores of above 4.0 (4.69 and 4.71 respectively); the least 
amount of work qualification is estimated to be required for hydro-
power, run of river (3.06), cogeneration small engine (3.13) and coal 
power steam (3.16). There were no great deviations in expert’s 
evaluations on this indicator, with German experts deeming work 
qualification slightly less important (mean evaluation of 3.45) than for 
example their French colleagues (mean score of 3.80). One of the ex-
pert’s main arguments when commenting on this indicator was, that 
a high degree of work qualification is needed for all technologies. All 
workers need to be highly specialized and therefore the question 
arose if this indicator made any sense at all, as it does not discrimi-
nate sufficiently between the selected technologies. Subsequently 
there was also a high degree of non-response on this item. 
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5 Open question: Acceptance of  
energy resources 

While the questionnaire for the most part consisted of standardized 
questions, which provided experts with the possibility to make some 
remarks and to give reasons for their evaluations, one question was 
completely open ended. The question was worded as follows: 

In 2006, citizens of the European Union were asked about their acceptance of 
energy resources in the context of an Eurobarometer-Survey. As a result of 
the survey a high acceptance of renewable energy sources was given (55% to 
80% acceptance) whereas fossil energy resources were evaluated more criti-
cally (20% to 42% acceptance). How do you judge these results? Do you 
think that the level of acceptance will change in the year 2050? Please let me 
know the reasons for your evaluation. 

This text involves two questions: first experts were asked to judge 
results and then should reflect on future perspectives concerning the 
acceptance of energy resources. 

When asking for the reasons of high acceptance of renewable energy 
resources the majority of the interviewees argued with the keywords: 
social desirability, low knowledge about negative consequences of 
renewables and citizens hope to mitigate the scarcity of fossil fuels. 
There is a clear tendency in expert’s responses showing that they 
believe that citizens’ support for renewable energies is more politi-
cally than personally motivated. While it is considered politically 
correct to support renewables, when renewable energy systems, such 
as biogas systems or wind power plants are built next to someone’s 
home, most experts argue that the positive evaluation will decline. 
The degree of personal concern affects the degree of acceptance.  

When distinguishing between the country specific answers it appears 
that the judgments of our French experts differ the most. While most 
of the interviewees agree on the results of the Eurobarometer con-
cerning citizens` judgment of renewable energies, the French experts 
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point out that in France the application of renewables is a heavily 
debated topic.  

When we asked experts for their opinion about citizen’s negative 
response concerning fossil fuels almost all of them agreed that citi-
zens showed little support for fossil fuels because of the limited fossil 
resources. Experts named the volatileness of fossil energy resources, 
the scarcity and the rise in costs due to scarcity as the primary reason 
for the low acceptance of fossil fuels. Furthermore the aspect that 
international conflicts have arisen due to the low availability and 
limited access to fossil resources were mentioned by some experts. 
While German and Swiss experts argued that the low acceptance of 
fossil fuels is due to aspects such as scarcity, costs, arising conflicts or 
impact on world climate, French and the Italian experts did not argue 
in such a differentiated matter. From their point of view, the main 
reason for a low acceptance of fossil fuels is to be seen in the scarcity 
of fossil resources. 

When asked about possible changes in the level of acceptance in the 
future, our experts’ responses varied considerably. While some of 
them argue that the positive evaluation of renewable energy will 
persist until the year 2050, others argued the opposite. Some pointed 
out that the expansion of renewables might cause an increase in con-
flicts due to local opposition specifically pertaining to the topics of 
land use or aesthetic impacts etc. Furthermore potentially arising 
ethical conflicts might also reduce citizen’s acceptance. When review-
ing all responses concerning the future judgment of renewable re-
sources no national patterns are apparent. In all countries arguments 
for and against a high future acceptance of renewables can be found. 
We come to vastly different results when analyzing the results for the 
future evaluation of fossil fuels. Almost all experts believe that due to 
the ongoing scarcity of fossil fuels and the lacking security of energy 
supply, the acceptance will continually decline. It is also pointed out 
that the ongoing climate change and the negative impact of fossil 
fuels on the environment will increasingly affect citizens’ acceptance. 
The only fossil resource, which might find increasing degrees of citi-
zen acceptance, is carbon, when used for separation and sequestra-
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tion. Here a large potential for technical innovation is seen, which 
might allow for the use of carbon in a safe and sustainable way and 
thus increase citizens acceptance. 
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6 Indicators not specified 

Most of the social indicators for the assessment of energy systems 
were measured by conducting expert interviews. But two indicators 
were not included as part of the expert interviews. The two indicators 
are the following:  

“Willingness of Non Governmental Organizations or citizens move-
ment to act against a certain technology option (including protest, 
petitions, signature drives etc.) The measurement unit was an ordinal 
scale, with values ranging from 0 to 5. The value 0 stands for no will-
ingness to act and the value 5 for a very high willingness to act. This 
indicator was included in the final social indicator set as the research 
team thought that it would provide high input on the criterion “po-
litical stability and legitimacy”. It was planned to measure this indi-
cator by contacting Non Governmental Organisations in the four 
selected countries. Therefore a short questionnaire including the six-
teen technologies and only the one question on willingness to act was 
sent out to several NGOs. The response rate was very low: only one 
NGO (WWF France) gave us the information we asked for. All the 
other organisations did not answer, not even after several inquiries. 
Since it was very difficult to get any response to our question we 
realised that it made no sense to ask further. As the criterion “politi-
cal stability and legitimacy” was also measured by two other indica-
tors (“reliance on participative decision making processes” and “en-
ergy system induced conflict potential”) there was no direct need for 
any further attempts.  

Another indicator, which was not assessed as part of telephone ex-
pert interviews, was the indicator “share of the effective electricity 
costs in a social welfare recipient's budget”. The measurement unit 
was percentage and this indicator was one of the indicators, which 
should inform us about the criterion “quality of life”. For the meas-
urement of this indicator the project team enquired about what per-
centage of social welfare recipients’ budget was calculated to pay for 
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electricity costs with authorities in the selected countries. The idea 
was to correlate the provided amount with technology specific elec-
tricity production costs. But when starting to ask the authorities 
about the required information several problems came up: first of all 
the project team was informed that no specific electricity costs are 
reported. Due to this, no figure could be mentioned directly, some 
authorities made the effort to calculate the part of the electricity costs 
but not all of them did. Furthermore great problems occurred when 
searching for the responsible authorities. There are crucial differences 
between the selected countries concerning the responsibilities. Finally 
the main point, which showed the research team that it was impossi-
ble to measure this indicator, is the simple fact that a social welfare 
principal like we found it in the other selected countries does not 
exist. In Italy no monetary support is given to persons who do not 
have any income. A welfare state, like it exists in Germany, Italy or 
France does not exist in Italy. Therefore no comparability between the 
selected nations was given and of course also no data was available. 

To sum it up, two of the originally selected social indicators could not 
be measured, even after great efforts had been made. As the criteria, 
which these two indicators are associated with have also been de-
scribed by other measured indicators the negative effect is neglible. 
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7 Summary of results 

When reviewing the results of the survey some general tendencies of 
our experts evaluations become rather apparent. When considering 
experts evaluations of different technologies it appears that nuclear 
power is seen rather critically by the experts, receiving the least fa-
vorable evaluations for the indicators "waste disposal", "potential for 
conflict" and "health concerns". Furthermore experts consider citizen 
participation in site selection for nuclear facilities paramount and 
attest that nuclear powers catastrophic potential is extremely impor-
tant in shaping citizens risk evaluation. Coal power also seems to 
meet with little approval from the surveyed experts. Coal power 
technologies scored poorly on the criterion quality of life, which in-
cludes the indicators "functional damages", "aesthetic impact" and 
"noise" while not receiving any overly favorable evaluations on any 
other indicators. 

There also seems to exist a correlation between the evaluations of 
experts from different countries concerning specific technologies and 
the importance of that technology for the countries energy provision. 
French experts for example assigned mean evaluations to nuclear 
energy that were more favorable than overall mean averages for all 
indicators save "market concentration" and "noise". Likewise Swiss 
experts seem to be more favorable in their evaluation of hydropower 
technologies, although they seem to acknowledge the problems 
commonly ascertained with the technologies to a far greater extent 
than this is the case for French experts and nuclear power. If we have 
a look at the Swiss experts evaluations of hydro power technologies, 
evaluations are even more ambiguous. While Swiss experts do em-
phasize the advantages of hydro power technologies, assigning ex-
tremely favorable evaluations to indicators such as "noise", "health 
concerns" and "waste disposal" they also are more critical than other 
experts when considering the indicators "innovative ability", "func-
tional damages" and "aesthetic impact" especially when considering 
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storage damns. Finally German experts do not seem especially fond 
of coal power showing that this observation does not universally 
hold true. While they generally see waste disposal as far less of an 
issue than other experts they are rather critical of coal power in re-
gards to it's innovative ability as well as it's functional and aesthetic 
impacts which can be seen all to clearly especially in Eastern Ger-
many.  

Another general observation seems to be that those technologies that 
are evaluated as unproblematic concerning citizen's health, waste 
disposal, damages to landscapes and posses low catastrophic poten-
tial are generally evaluated more favorably concerning the criterion 
political stability and legitimacy. Thus experts apparently perceive 
connections between technical aspects of an energy system and it's 
social acceptability, especially those technologies perceived as sus-
tainable are considered to be societal acceptable. Thus renewable 
energies were generally evaluated in a far more positive light. Of 
these cogeneration technologies received some of the most favorable 
evaluations. Some of these positive evaluations especially concerning 
the criteria "quality of life" and "social and individual risks" as well as 
"political stability and legitimacy" can be credited to the relatively 
small size of cogeneration units. Hydropower also received favorable 
evaluations although there seem to be a number of concerns regard-
ing the functional and aesthetic impacts of storage damns, further-
more hydro power's innovative ability is evaluated poorly by our 
experts. Wind power while also receiving some rather positive 
evaluations concerning indicators such as "health concerns", "waste 
disposal" and "innovative ability" is not seen as favorably as other 
renewables. Particularly onshore wind power was heavily criticized 
as causing major aesthetic impacts to landscapes and thus arousing 
the ire of citizen groups. Solar power on the other hand seems to re-
ceive only positive feedback, with the only minor concern among 
experts being functional and aesthetic impacts to landscapes. 
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9 Appendix 

Table of selected indicators 

The following tables provide a synopsis of the selected social indicators within the NEEDS project. 

Table 8: NEEDS indicator selection 

Criteria Stages of the 
energy system 

Whole 
Energy System Indicator Unit of measurement 

Indicators have been developed by 
drawing on following references: 

1.Security/Reliability of 
Energy Provision 

     

1.1 Continuity of Energy 
Service over Time 

a. System availabil-

ity on demand 

b. Diversity of en-

ergy suppliers  

c. Reserves and  

• Extraction and 
processing 

• Transport 
• Power Plant 

(conversion to 
electricity) 

• Waste 
management 

Energy System 

Need of reserve 
capacity  

Load factor This work 

Market concentra-
tion in the supply 
of primary sources 
of energy  

Ordinal scale 
 

Prognos AG (Hg.) 2000: Energiereport 
III. Die langfristige Entwicklung der 
Energiemärkte im Zeichen von Wett-
bewerb und Umwelt. Schäffer-Poeschel: 
Stuttgart 

Time span for 
known reserves 
and assumed 
resources for each 
energy system if 
used at present rate  

Interval scale 

Renn, O. 2005: Social indicators for the 
project ‘New Energy Externalities 
Developments for Sustainability’. 
Stuttgart 
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Criteria Stages of the 

energy system 
Whole 

Energy System Indicator Unit of measurement 
Indicators have been developed by 
drawing on following references: 

resources 

d. Waste manage-

ment 

 

Probability of the 
not-in-time avail-
ability of a com-
plete waste man-
agement concept  

Ordinal scale 

http://www.environment-
agency.gov.uk/subjects/waste/ 
1019330/1029396/?lang=_e Internet 
access: 12.08.2005 

1.2. Flexibility and 

Adaptation  

a. Flexibility to  

respond to market 

signals 

b. Flexibility to incorpo-
rate technological 
developments 

• Extraction and 
processing 

• Transport 
• Power Plant 

(conversion to 
electricity) 

• Waste 
management  

Energy System 

System flexibility 
to react to market 
changes, in particu-
lar sudden fuel 
price fluctuations  

Sensitivity to fuel 
price fluctuations 

Hirschberg et al. 2004: Sustainability of 
Electricity Supply Technologies under 
German Conditions: A Comparative 
Evaluation. Villigen: PSI Report Nr.04-
15 

Flexibility to 
incorporate new 
technological 
developments and 
breakthroughs  

Ordinal scale 
Häfele, W./Münch, E./Renn, O. (Hg.) 
1985: Zukünftige Energiepolitik. Ein 
Bürgergutachten. Tech: München 
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Quantification of social indicators for the assessment of energy system effects 87 

 
 

Criteria Stages of the 
energy system 

Whole 
Energy System Indicator Unit of 

measurement 
Indicators have been developed by 
drawing on following references: 

2. Political stability and 
legitimacy 
a. Potential of conflicts 
induced by energy 
systems.  
b. Willingness to act 
(mobilization potential) 
c. Reliance on partici-
pative decision-making 
processes 
d. Citizens acceptance 
of the system 

• Extraction and 
processing 

• Transport 
• Power Plant 

(conversion to 
electricity) 

• Waste 
management 

Energy System 

Potential of energy system 
induced conflicts that may 
endanger the cohesion of 
societies  

Ordinal scale 
Häfele, W./Münch, E./Renn, O. (Hg.) 
1985: Zukünftige Energiepolitik. Ein 
Bürgergutachten. Tech: München 

Willingness of NGOs and 
other citizen movements to 
act for or against the realisa-
tion of an option  

Ordinal scale 

Hampel, J./Weimer-Jehle 
W./Brukmajster D. 2005: Identification 
and measurement of social indicators 
for the sustain-ability of selected Swiss 
electric power systems 

Reliance on participative 
decision-making processes 
for different kinds of tech-
nologies  

Ordinal scale 

Nennen, H. U./Hörning, G. 1999: 
Energie und Ethik. Leitbilder im 
philosophischen Diskurs. Campus: 
Frankfurt/N. Y. 

Empirical survey results 
about citizens acceptance of 
the power plant  

Ordinal scale 

Arbeitsgemeinschaft 
DLR/WI/ZSW/IWR/FORUM 1999: 
Klimaschutz durch Nutzung erneuer-
barer Energien. (Hg.): Bundesministe-
rium für Umwelt, Naturschutz und 
Reaktorsicherheit Bonn 
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Criteria Stages of the 
energy system 

Whole 
Energy System 

Indicator Unit of measurement 

Indicators have been 
developed by drawing 

on following refer-
ences: 

3. Social and individual 

risks      

3.1 Subjective risk 
estimates  

a. Perceived risk charac-
teristics for accidents 

b. Perceived risk charac-
teristics for normal 
operation 

c. Trust in risk manage-
ment 

 

• Extraction and 
processing 

• Transport 
• Power Plant 

(conversion to 
electricity) 

• Waste 
management 

Energy System 

Psychometric variables such 
as personal control, catastro-
phic potential, perceived 
equity, familiarity and others  

Ordinal scale 

Lee, R. 1996: external-
ities studies: why are 
the numbers different? 
In: Hohmeyer, 
O./Ottinger, R.L./ 
Rennings, K. (Eds.) 
1996: social effects and 
sustainability. Valua-
tion and implementa-
tion in the energy and 
transport sector. 
Springer: Berlin  

Subjectively expected health 
consequences from normal 
operation  

Ordinal This work 



Quantification of social indicators for the assessment of energy system effects 89 

 

Criteria Stages of the 
energy system 

Whole 
Energy System Indicator Unit of measurement 

Indicators have been 
developed by drawing 

on following refer-
ences: 

Trust in risk management 
agencies (private and public)  

Ordinal scale 

Nennen, H. 
U./Hörning, G. 1999: 
Energie und Ethik. 
Leitbilder im philoso-
phischen Diskurs. 
Campus: Frankfurt/ N. 
Y. 

3.2 Objective risk esti-
mates  

(Expert based) 
a. health effects 
from normal opera-
tion 

b. Health effects from 
accidents 

 
 

• Extraction and 
processing 

• Transport 
• Power Plant 

(conversion to 
electricity) 

• Waste 
management 

Energy System 

Mortality due to normal 
operation (reduced life-
expectancy)  

YoLL /GWh 

Hirschberg et al. 2004: 
Sustainability of Elec-
tricity Supply Tech-
nologies under German 
Conditions: A Com-
parative Evaluation. 
Villigen: PSI Bericht 
Nr.04-15 

Mortality due to severe 
accidents  

Fatalities/GWh 
 

Hirschberg et al. 2004: 
Sustainability of Elec-
tricity Supply Tech-
nologies under German 
Conditions: A Com-
parative Evaluation. 
Villigen: PSI Bericht 
Nr.04-15 

3.3 Terrorists threat 
• Extraction and 

processing 
Energy System 

Potential for a successful 
attack  

Ordinal scale This work 
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Criteria Stages of the 
energy system 

Whole 
Energy System 

Indicator Unit of measurement 

Indicators have been 
developed by drawing 

on following refer-
ences: 

(only objective 
side) 

a. Potential for a attack  
b. Effects of a successful 

assault 

• Transport 
• Power Plant 

(conversion to 
electricity) 

• Waste 
management 

Maximum potential effects of 
a successful assault  

Maximal number of fatalities  

Hirschberg et al. 2004: 
Sustainability of Elec-
tricity Supply Tech-
nologies under German 
Conditions: A Com-
parative Evaluation. 
Villigen: PSI Bericht 
Nr.04-15 

      

 

Criteria Stages of the 
energy system 

Whole  
Energy System 

Indicator Unit of measurement 
Indicators have been devel-
oped by drawing on follow-

ing references: 

4. Quality of Life      

 Social compatible 
development 
a. Equitable life condi-

tions 
b. Technology specific 

job opportunities 

c. Perception of the 
fairness of risks and 
benefits  

• Extraction and 
processing 

• Transport 
• Power Plant 

(conversion to 
electricity) 

• Waste 
management 

Energy  
System 

Share of the effective electric-
ity costs in a social welfare 
receiver budget  

% 

Delfino / Casarin 2001: IEA 
Statistics: World Energy 
Statistics Surveys. WPS3599. 
Internet access: 19.05.2005 

Technology specific job 
opportunities (direct)  

Person-years/GWh 

Hirschberg et al. 2004: 
Sustainability of Electricity 
Supply Technologies under 
German Conditions: A 
Comparative Evaluation. 
Villigen: PSI Report Nr.04-15 
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Criteria 
Stages of the 

energy system 
Whole  

Energy System Indicator Unit of measurement 
Indicators have been devel-
oped by drawing on follow-

ing references: 
  

Perception of the fairness of 
the distribution of risks and 
benefits of the energy facility 
in the neighbouring commu-
nities 

Ordinal scale 

Hampel, J./Weimer-Jehle 
W./Brukmajster D. 2005: 
Identification and measure-
ment of social indicators for 
the sustainability of selected 
Swiss electric power systems 

4.2. Effects on the 
quality of land-
scape and residen-
tial area 

 4.2.1 Effects on the 
quality of the 
landscape 

a. land use 
b. Impairment of public 

area 
4.2.2 Effects on the 

quality of the land-
scape area 

a) Aesthetic impairment 
b) Subjective satisfac-

tion 
c) Noise exposure 
d) Contribution to 

 
• Extraction and 

processing 
• Transport 
• Power Plant (con 

version to 
electricity) 

• Waste 
management 

Energy System 

Land use caused by the 
energy system  

m2 pro KWh  

Maibach, M./Masuhr, K. P. 
Ott, W. 1996: Die vergesse-
nen Milliarden. Externe 
Kosten im Energie- u. 
Verkehrsbereich. Bern: 
Haupt 

Inaccessible public area 
because of the energy system  

km2 pro MWh 

Hampel, J./Weimer-Jehle 
W./Brukmajster D. 2005: 
Identification and measure-
ment of social indicators for 
the sustainability of selected 
Swiss electric power systems 
 

• Extraction and 
processing 

• Transport 
• Power Plant 

(conversion to 
electricity) 

Energy System 

Part of the population that 
perceives an aesthetic im-
pairment of the landscape 
area which is caused by the 
power plant  

% 

Hampel, J./Weimer-Jehle 
W./Brukmajster D. 2005: 
Identification and measure-
ment of social indicators for 
the sustainability of selected 
Swiss electric power systems 



92 Quantification of social indicators for the assessment of energy system effects 

 

Criteria Stages of the 
energy system 

Whole  
Energy System Indicator Unit of measurement 

Indicators have been devel-
oped by drawing on follow-

ing references: 
traffic • Waste 

management  
Subjective satisfaction of the 
inhabitants with the power 
plant  

Ordinal scale 

Hampel, J./Weimer-Jehle 
W./Brukmajster D. 2005: 
Identification and measure-
ment of social indicators for 
the sustainability of selected 
Swiss electric power systems 

Number of residents feeling 
highly affected by noise 
caused by the energy facility 
or transports to and from the 
energy facility  

Ordinal scale 

Hampel, J./Weimer-Jehle 
W./Brukmajster D. 2005: 
Identification and measure-
ment of social indicators for 
the sustainability of selected 
Swiss electric power systems 

Contribution to congestion in 
traffic peak periods through 
transports to energy facility  

Ordinal scale 

Hampel, J./Weimer-Jehle 
W./Brukmajster D. 2005: 
Identification and measure-
ment of social indicators for 
the sustainability of selected 
Swiss electric power systems 
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Table 9: Expert evaluations of energy technologies - All respondents 

 
market 
concen-
tration 

innova-
tive 

ability 

waste 
disposal 

conflict 
partici-
pation 

health 
concerns 

familiari-
ty 

personal 
control 

cata-
strophic 
potential 

func-
tional 

damage 

aesthetic 
impact 

noise education 

coal 
power 
steam 

3,29 2,33 2,48 2,91 3,91 3,35 3,33 3,26 2,45 3,41 3,70 3,24 3,16 

coal 
power, 
int. gas. 

cycle 

3,32 2,97 2,41 2,72 3,94 3,26 3,42 3,35 2,52 3,32 3,67 3,21 3,32 

carbon 
sep. and 

sequ. 
3,17 3,56 3,47 2,57 4,00 2,94 3,64 3,23 3,12 2,94 3,00 2,75 3,73 

gas 
turbine 

com-
bined 
cycle 

3,19 2,85 2,05 2,56 3,54 2,46 3,12 2,97 2,32 2,46 3,03 2,07 3,25 

nuclear 
power 
EPR 

3,39 2,71 3,65 4,43 4,63 4,17 3,65 3,56 4,74 3,17 3,56 1,87 4,69 

nuclear 
power 

LMFBR 
3,14 3,17 3,71 4,52 4,63 4,15 3,76 3,58 4,79 3,12 3,53 1,87 4,71 

cogene-
ration, 
small 

engine 

3,22 3,33 1,76 1,60 2,34 1,88 2,76 3,13 1,74 1,63 1,68 1,93 3,13 
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market 
concen-
tration 

innova-
tive 

ability 

waste 
disposal 

conflict 
partici-
pation 

health 
concerns 

familiari-
ty 

personal 
control 

cata-
strophic 
potential 

func-
tional 

damage 

aesthetic 
impact 

noise education 

cogene-
ration 

fuel cell 
3,20 4,27 1,68 1,39 2,29 1,75 2,85 2,94 1,74 1,51 1,56 1,63 3,66 

hydro 
power, 
storage 

dam 

3,25 2,06 1,93 2,89 4,00 1,71 3,41 2,91 3,59 3,49 3,50 1,55 3,44 

hydro 
power, 
run of 
river 

3,16 2,09 1,93 2,23 3,51 1,28 2,71 2,59 1,82 2,97 2,85 1,52 3,06 

solar 
power 

thermal 
trough 

2,84 3,85 1,76 1,55 3,03 1,36 2,68 2,59 1,41 2,60 2,91 1,26 3,35 

solar 
power 
photo-
voltaic 

2,88 4,39 2,14 1,51 2,43 1,24 2,62 2,88 1,32 2,06 2,53 1,16 3,25 

wind 
power 

onshore 
2,90 3,39 1,71 2,80 3,80 1,66 3,06 3,00 1,91 3,14 3,85 2,66 3,44 

wind 
power 

offshore 
2,87 3,76 1,90 2,09 3,03 1,48 2,74 2,72 1,76 2,29 2,76 1,40 3,69 

wave 
power 

2,47 3,26 1,69 1,76 3,15 1,35 2,81 2,43 1,48 2,38 2,45 1,26 3,44 
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market 
concen-
tration 

innova-
tive 

ability 

waste 
disposal 

conflict 
partici-
pation 

health 
concerns 

familiari-
ty 

personal 
control 

cata-
strophic 
potential 

func-
tional 

damage 

aesthetic 
impact 

noise education 

geo-
thermal 

3,03 3,52 1,90 2,33 3,47 1,90 3,19 2,80 2,53 2,00 1,97 1,59 3,77 

Note: Mean values, response categories "irrelevant" and nonresponse were not taken into account 

 

Table 10: Expert evaluations of energy technologies - France 

 
market 
concen-
tration 

innova-
tive 
ability 

waste 
disposal 

conflict 
partici-
pation 

health 
concerns 

familiari-
ty 

personal 
control 

cata-
strophic 
potential 

func-
tional 
damage 

aesthetic 
impact 

noise education 

coal 
power 
steam 

3,00 2,50 2,20 2,33 3,83 3,50 2,33 3,20 2,00 3,83 3,83 2,67 3,40 

coal 
power, 
int. gas. 
cycle 

3,20 3,33 2,20 1,80 3,83 3,33 2,50 3,20 2,17 3,67 3,83 2,50 3,80 

carbon 
sep. and 
sequ. 

3,00 3,83 2,33 2,20 4,17 3,33 4,17 3,00 2,83 3,33 3,33 2,33 4,40 

gas 
turbine 
com-
bined 
cycle 

2,80 2,83 2,00 2,33 3,83 3,17 2,50 3,20 2,17 2,83 3,17 2,33 3,40 
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market 
concen-
tration 

innova-
tive 
ability 

waste 
disposal 

conflict 
partici-
pation 

health 
concerns 

familiari-
ty 

personal 
control 

cata-
strophic 
potential 

func-
tional 
damage 

aesthetic 
impact 

noise education 

nuclear 
power 
EPR 

3,40 3,33 2,17 3,33 4,33 4,00 3,50 2,80 4,17 3,00 3,50 2,17 4,80 

nuclear 
power 
LMFBR 

2,67 3,50 2,25 3,25 4,33 3,60 3,80 2,75 4,60 2,80 3,50 2,17 4,75 

cogene-
ration, 
small 
engine 

2,80 3,00 1,75 2,00 3,83 2,83 2,83 3,60 2,50 2,17 2,17 2,00 3,20 

cogene-
ration 
fuel cell 

2,80 4,17 1,20 1,50 3,67 2,33 2,67 3,40 1,67 2,00 2,00 2,00 3,80 

hydro 
power, 
storage 
dam 

3,20 2,17 1,50 3,00 4,00 1,83 2,67 2,80 2,83 3,50 3,67 1,83 4,00 

hydro 
power, 
run of 
river 

2,80 2,17 2,00 2,50 3,67 1,50 2,17 3,00 1,67 3,17 3,33 1,67 3,40 

solar 
power 
thermal 
trough 

2,60 4,00 1,00 1,67 3,50 1,33 2,33 3,60 1,50 3,17 3,00 1,33 3,60 

solar 
power 
photo-
voltaic 

3,20 4,17 3,00 1,50 3,33 1,33 2,17 3,60 1,50 2,67 3,00 1,17 3,20 
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market 
concen-
tration 

innova-
tive 
ability 

waste 
disposal 

conflict 
partici-
pation 

health 
concerns 

familiari-
ty 

personal 
control 

cata-
strophic 
potential 

func-
tional 
damage 

aesthetic 
impact 

noise education 

wind 
power 
onshore 

2,60 3,17 2,00 2,50 4,00 1,67 3,00 3,60 1,67 3,50 4,33 2,67 3,40 

wind 
power 
offshore 

2,80 3,67 3,00 2,00 3,33 1,50 2,67 3,40 1,50 2,50 2,83 1,50 4,00 

wave 
power 

2,20 2,83 3,00 2,00 3,50 1,50 2,67 3,00 1,50 3,17 3,33 1,67 3,80 

geo-
thermal 

3,00 3,50 3,00 1,67 3,50 1,50 2,67 3,00 2,00 2,00 1,80 1,50 3,80 

Note: Mean values, response categories "irrelevant" and nonresponse were not taken into account 

 

Table 11: Expert evaluations of energy technologies - Germany 

 
market 
concen-
tration 

innova-
tive 

ability 

waste 
dis-posal 

conflict 
partici-
pation 

health 
concerns 

familiari-
ty 

personal 
control 

cata-
strophic 
potential 

func-
tional 

damage 

aesthetic 
impact 

noise education 

coal 
power 
steam 

3,75 1,88 1,88 2,89 3,56 3,33 4,00 2,13 2,25 3,56 4,11 3,38 3,25 

coal 
power, 
int. gas. 

cycle 

3,63 2,50 1,88 2,78 3,67 3,33 4,00 2,25 2,38 3,56 4,00 3,38 3,38 
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market 
concen-
tration 

innova-
tive 

ability 

waste 
dis-posal 

conflict 
partici-
pation 

health 
concerns 

familiari-
ty 

personal 
control 

cata-
strophic 
potential 

func-
tional 

damage 

aesthetic 
impact 

noise education 

carbon 
sep. and 

sequ. 
3,38 3,38 3,38 2,56 3,78 2,78 3,88 2,13 3,50 3,33 3,44 3,38 3,63 

gas 
turbine 

com-
bined 
cycle 

3,63 2,50 1,83 2,11 3,33 2,56 4,00 1,88 2,63 2,56 2,89 1,88 3,38 

nuclear 
power 
EPR 

3,63 2,57 3,89 4,78 4,33 4,67 2,88 2,13 4,88 2,78 3,44 1,88 4,38 

nuclear 
power 

LMFBR 
3,38 2,57 4,00 4,89 4,33 4,78 2,75 2,13 5,00 2,78 3,44 1,88 4,38 

cogene-
ration, 
small 

engine 

3,50 3,25 1,67 1,33 2,00 1,89 2,63 2,50 1,50 1,78 1,44 1,75 3,00 

cogene-
ration 

fuel cell 
3,57 4,00 1,67 1,33 2,00 2,25 2,88 2,25 2,13 1,56 1,44 1,50 3,25 

hydro 
power, 
storage 

dam 

2,88 1,75 2,50 3,11 3,78 2,00 3,88 1,88 3,25 3,44 3,00 1,38 3,13 

hydro 
power, 
run of 
river 

3,00 1,75 2,25 2,67 3,33 1,40 3,25 1,88 1,63 3,22 3,00 1,50 3,00 
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market 
concen-
tration 

innova-
tive 

ability 

waste 
dis-posal 

conflict 
partici-
pation 

health 
concerns 

familiari-
ty 

personal 
control 

cata-
strophic 
potential 

func-
tional 

damage 

aesthetic 
impact 

noise education 

solar 
power 

thermal 
trough 

2,63 3,63 1,71 1,44 2,22 1,50 3,00 1,75 1,25 2,33 3,00 1,00 3,29 

solar 
power 
photo-
voltaic 

2,88 4,50 1,75 1,33 1,89 1,40 2,88 2,38 1,13 1,44 2,22 1,00 3,13 

wind 
power 

onshore 
3,25 3,50 1,71 2,78 3,44 1,71 3,50 2,50 2,25 3,00 3,78 2,50 3,38 

wind 
power 

offshore 
3,00 4,00 2,00 2,33 2,56 1,50 3,25 2,13 2,13 2,56 3,22 1,25 3,38 

wave 
power 

2,63 3,71 1,83 1,78 2,89 1,67 2,75 2,13 1,50 2,22 2,44 1,25 3,63 

geo-
thermal 

3,43 3,71 2,40 2,13 2,63 1,57 3,57 2,14 2,71 1,75 1,63 1,14 3,71 

Note: Mean values, response categories "irrelevant" and nonresponse were not taken into account 



100 Quantification of social indicators for the assessment of energy system effects 

 
Table 12: Expert evaluations of energy technologies - Italy 

 
market 
concen-
tration 

innova-
tive 

ability 

waste 
disposal 

conflict 
partici-
pation 

health 
concerns 

familiari-
ty 

personal 
control 

cata-
strophic 
potential 

func-
tional 

damage 

aesthetic 
impact 

noise education 

coal 
power 
steam 

3,50 2,20 2,75 3,50 4,10 3,90 3,30 4,00 2,50 3,50 3,40 3,43 3,20 

coal 
power, 
int. gas. 

cycle 

3,60 3,10 2,50 3,20 4,10 3,70 3,50 4,20 2,50 3,40 3,40 3,43 3,30 

carbon 
sep. and 

sequ. 
3,40 3,78 4,13 2,78 4,10 3,20 3,50 4,00 3,20 3,00 2,70 2,33 3,78 

gas 
turbine 
com-
bined 
cycle 

3,00 3,20 1,60 2,90 3,50 2,40 2,80 3,60 2,00 2,20 3,20 2,43 3,20 

nuclear 
power 
EPR 

3,50 2,33 4,60 4,30 4,80 4,60 3,80 4,90 4,90 3,80 3,80 1,71 4,90 

nuclear 
power 

LMFBR 
3,50 3,56 4,44 4,30 4,80 4,20 4,00 4,90 4,60 3,80 3,80 1,71 5,00 

cogene-
ration, 
small 

engine 

3,10 3,60 1,67 1,70 2,60 1,56 2,90 3,70 1,60 1,70 2,00 2,71 3,50 
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market 
concen-
tration 

innova-
tive 

ability 

waste 
disposal 

conflict 
partici-
pation 

health 
concerns 

familiari-
ty 

personal 
control 

cata-
strophic 
potential 

func-
tional 

damage 

aesthetic 
impact 

noise education 

cogene-
ration 

fuel cell 
3,33 4,40 2,00 1,50 2,40 1,44 3,10 3,40 1,70 1,60 1,80 1,86 4,10 

hydro 
power, 
storage 

dam 

3,10 2,40 2,33 2,70 4,20 1,78 3,30 3,40 4,10 3,50 3,50 2,00 3,50 

hydro 
power, 
run of 
river 

2,90 2,40 2,25 1,90 3,60 1,00 2,00 2,50 1,70 2,80 2,60 1,88 3,10 

solar 
power 

thermal 
trough 

2,80 4,10 2,50 1,30 3,50 1,29 2,40 2,50 1,50 2,60 2,70 1,63 3,40 

solar 
power 
photo-
voltaic 

2,90 4,60 2,67 1,50 2,70 1,00 2,50 3,00 1,30 2,60 2,90 1,38 3,50 

wind 
power 

onshore 
2,80 3,70 2,33 2,50 3,90 1,78 2,90 3,20 2,10 2,80 3,44 3,00 3,70 

wind 
power 

offshore 
3,00 4,00 2,33 1,90 3,40 1,57 2,50 3,00 1,90 2,10 2,33 1,14 4,10 

wave 
power 

2,78 3,22 1,75 1,33 3,20 1,00 2,67 2,00 1,22 2,14 1,86 1,00 3,86 
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market 
concen-
tration 

innova-
tive 

ability 

waste 
disposal 

conflict 
partici-
pation 

health 
concerns 

familiari-
ty 

personal 
control 

cata-
strophic 
potential 

func-
tional 

damage 

aesthetic 
impact 

noise education 

geo-
thermal 

2,44 3,11 1,50 1,78 3,40 2,25 2,89 2,89 2,00 2,63 2,38 2,43 3,56 

Note: Mean values, response categories "irrelevant" and nonresponse were not taken into account 

 

Table 13: Expert evaluations of energy technologies - Switzerland 

 
market 
concen-
tration 

innova-
tive 

ability 

waste 
disposal 

conflict 
partici-
pation 

health 
concerns 

familiari-
ty 

personal 
control 

cata-
strophic 
potential 

func-
tional 

damage 

aesthetic 
impact 

noise education 

coal 
power 
steam 

2,75 2,78 3,00 2,63 4,11 2,67 3,44 3,50 7,33 2,89 3,50 3,38 2,88 

coal 
power, 
int. gas. 

cycle 

2,75 3,00 3,00 2,63 4,11 2,67 3,44 3,50 2,89 2,78 3,50 3,38 3,00 

carbon 
sep. and 

sequ. 
2,75 3,33 3,75 2,57 4,00 2,56 3,22 3,50 2,89 2,22 2,63 2,75 3,38 

gas 
turbine 
com-
bined 
cycle 

3,22 2,78 2,80 2,78 3,60 2,00 3,10 3,11 2,50 2,40 2,89 1,75 3,11 

nuclear 
power 

3,00 2,78 3,33 4,90 4,90 3,40 4,20 3,78 4,80 3,00 3,44 1,78 4,67 
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market 
concen-
tration 

innova-
tive 

ability 

waste 
disposal 

conflict 
partici-
pation 

health 
concerns 

familiari-
ty 

personal 
control 

cata-
strophic 
potential 

func-
tional 

damage 

aesthetic 
impact 

noise education 

EPR 

nuclear 
power 

LMFBR 
2,63 3,11 3,33 4,90 4,90 3,80 4,30 3,78 4,90 2,90 3,33 1,78 4,67 

cogene-
ration, 
small 

engine 

3,33 3,33 2,00 1,50 1,50 1,56 2,70 2,78 1,60 1,10 1,22 1,44 2,78 

cogene-
ration 

fuel cell 
3,00 4,44 1,83 1,30 1,60 1,22 2,70 2,78 1,50 1,10 1,11 1,33 3,44 

hydro 
power, 
storage 

dam 

3,78 1,89 1,40 2,80 4,00 1,38 3,60 3,33 3,80 3,50 3,89 1,11 3,33 

hydro 
power, 
run of 
river 

3,78 2,00 1,40 2,00 3,50 1,29 3,30 3,11 2,20 2,80 2,67 1,11 7,33 

solar 
power 

thermal 
trough 

3,22 3,67 1,29 1,88 3,00 1,40 2,90 2,89 1,40 2,50 3,00 1,11 3,22 

solar 
power 
photo-
voltaic 

2,67 4,22 2,00 1,70 2,10 1,33 2,80 2,78 1,40 1,70 2,11 1,11 3,11 
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market 
concen-
tration 

innova-
tive 

ability 

waste 
disposal 

conflict 
partici-
pation 

health 
concerns 

familiari-
ty 

personal 
control 

cata-
strophic 
potential 

func-
tional 

damage 

aesthetic 
impact 

noise education 

wind 
power 

onshore 
2,88 3,11 1,14 3,30 3,90 1,43 2,90 2,89 1,60 3,40 4,00 2,44 3,22 

wind 
power 

offshore 
2,63 3,33 1,17 2,13 2,89 1,25 2,60 2,56 1,50 2,10 2,67 1,67 3,33 

wave 
power 

2,13 3,22 1,20 2,17 3,13 1,33 3,13 2,88 1,75 2,14 2,29 1,14 2,57 

geo-
thermal 

3,33 3,78 1,83 3,40 4,20 2,13 3,50 3,11 3,20 1,70 2,00 1,33 4,00 

Note: Mean values, response categories "irrelevant" and nonresponse were not taken into account 
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Table 14: Expert evaluations of energy technologies - Missing Values 

 
market 
concen-
tration 

innova-
tive 

ability 

waste 
disposal 

conflict 
partici-
pation 

health 
concerns 

familiar-
ity 

personal 
control 

cata-
strophic 
potential 

func-
tional 

damage 

aesthetic 
impact 

noise education 

coal 
power 
steam 

4 2 2/4 2 1 1/0 2 4 2 1 2 6 4 

coal 
power, 
int. gas. 

cycle 

4 2 2//4 3 1 1/0 2 4 2 1 2 6 4 

carbon 
sep. and 

sequ. 
5 3 2/3 5 1 1/0 2 4 1 1 2 7 5 

gas 
turbine 

com-
bined 
cycle 

3 2 2/12 1 0 0/0 1 4 1 0 1 6 3 

nuclear 
power 
EPR 

4 4 1/0 0 0 0/0 1 3 2 0 1 5 3 

nuclear 
power 

LMFBR 
6 6 2/2 2 0 1/0 2 3 1 0 1 5 4 

cogene-
ration, 
small 

engine 

3 2 1/13 0 0 0/2 1 3 1 0 1 5 3 
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market 
concen-
tration 

innova-
tive 

ability 

waste 
disposal 

conflict 
partici-
pation 

health 
concerns 

familiar-
ity 

personal 
control 

cata-
strophic 
potential 

func-
tional 

damage 

aesthetic 
impact 

noise education 

cogene-
ration 

fuel cell 
5 2 1/12 2 0 0/3 1 3 1 0 1 5 3 

hydro 
power, 
storage 

dam 

3 2 1/20 0 0 0/7 1 3 1 0 1 4 3 

hydro 
power, 
run of 
river 

3 2 1/20 0 0 0/10 1 3 1 0 2 4 3 

solar 
power 

thermal 
trough 

3 2 1/13 2 0 0/13 1 3 1 0 1 4 4 

solar 
power 
photo-
voltaic 

3 2 1/12 0 0 0/10 1 3 1 0 1 4 3 

wind 
power 

onshore 
4 2 1/13 0 0 0/6 1 3 1 0 2 4 3 

wind 
power 

offshore 
4 2 1/14 2 1 1/13 1 3 1 0 2 3 3 

wave 
power 

5 4 4/15 6 2 3/15 4 5 4 6 6 5 8 
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market 
concen-
tration 

innova-
tive 

ability 

waste 
disposal 

conflict 
partici-
pation 

health 
concerns 

familiar-
ity 

personal 
control 

cata-
strophic 
potential 

func-
tional 

damage 

aesthetic 
impact 

noise education 

geo-
thermal 

5 4 4/11 2 1 2/4 3 5 3 3 5 6 5 

Note: Number of Missing Values assigned. For the indicators "waste disposal" and "health concerns" two figures are shown: non-response/ 
response category "irrelevant 
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