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ABSTRACT. Comprehension of the effect of energy generation technologies on the natural
environment, human health and safety leads to a new and responsible approach to the choice
and development of technologies. When it comes to preparing energy growth scenarios and
handling issues related to the choice and assessment of technologies, environmental studies
must be in a particular spotlight. One way to make quantitative and qualitative assessment
of the effect of technologies on the environment is through a thorough integrated analysis,
which, in addition to economic and technical solutions, also considers other aspects of concern
to the public. A changed environment demands for systems of criteria which help consider its
changes, the attitudes of the general public, public sentiments toward the effect of technolo-
gies, public values and community involvement in the process of important decision-making.
The article examines how the dimension of values affects the analysis of the impact of envi-
ronmental factors on the value of energy generation technologies. It presents a set of criteria
for the assessment of energy generation technologies; the set, in addition to technological,
economic and environmental criteria, includes criteria which reflect the values. The article
also introduces the expert decision support system EGTAV-SPS, which helped assess the effect
of environment on energy production technologies.

KEYWORDS: Criteria of social issues and values; Multiple criteria analysis; Energy genera-
tion technologies; Energy-sector culture; Ethics; Decision support system

1. INTRODUCTION adequate enough. In attempts to find the best
solutions to satisfy growing energy demands

Usually the technical systems is evalu-  and ensure reliable supply, increasingly preva-
ated using only technical and economical cri-  Jent is the idea that technological parameters
teria. But estimation of these criteria is not  and economic efficiency are not crucial to guar-
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antee welfare. Life cycle of energy system is
much longer than period of reliable economical
prognosis (Rogoza et al., 2006). The most rel-
evant issue in today’s energy development is
selection of the technologies which are the best
for people, rather than the most efficient. Op-
eration and growth of energy systems is very
closely related to public needs, security and
welfare, hence they cannot be viewed without
consideration of relevant important aspects.
Planning the course of energy-sector growth
or handling issues related to the choice of en-
ergy generation technologies means assess-
ment of loads of technical, economic, social
and other information—contradictory at times.
It is important to use relevant sets of criteria,
which describe in detail the environment being
analysed; one must also be aware of the ef-
fect of criteria and obtain helpful information
for preparation of solutions. The indicators for
sustainable energy development formulated by
the International Atomic Energy Agency, EU-
ROSTAT and the United Nations help evalu-
ate the sustainability of national energy sec-
tor, compare it between countries by separate
indicators, assess the trends of sustainable
energy development and take appropriate ac-
tions which shift or promote these trends (In-
ternational Atomic Energy... 2005). A number
of systems of criteria have been developed and
are used to assess sustainability and growth
of energy sector in individual countries, with a
view to national priorities and aspects relevant
to the growth (Sovacool and Mukherjee, 2011;
Streimikiené et al., 2007; Vera and Langlois,
2007). Such sets of criteria define economic,
environmental protection and social dimen-
sions of energy generation technologies. In the
said systems of criteria, the social dimension
usually omits the criteria of values. But val-
ues—culture, cultural identity, ethics, beliefs,
religion, education, weight of social institutes
and other—can make an important impact on
decisions related to the development of energy
generation technologies, or even be the deter-

mining factor. Growing significance of public
attitudes demands consideration of the dimen-
sion of values in environmental studies; when
problems concern technologies they must also
consider the values which are important and
significant to the public or its separate groups.

The article reviews academic research pa-
pers which discuss the role of values in the
energy sector (Chapter 2) and then presents
a set of criteria for the assessment of the en-
vironment of energy generation technologies
with emphasis on the dimension of social is-
sues and values (Chapter 3). Then, the effect
of environmental factors on the value of energy
generation technologies is examined using the
set of criteria augmented with the dimension
of values and the decision support system EG-
TAV-SPS based on multiple criteria analysis.
The decision support system makes integrated
analysis of the factors which describe quantita-
tive and qualitative aspects of the technologies
in question (economic, technical and environ-
mental protection factors, as well as the factor
of social issues and values), assesses the effect
of individual criteria and recommends ways
to improve them (Chapter 4). The article ends
with conclusions (Chapter 5).

2. DIMENSION OF SOCIAL ISSUES
AND VALUES IN ENERGY SECTOR

The role of values came into focus not by
accident. The dimension of values and analysis
of cultural, ethical and psychological specifics
and differences is increasingly dominant when
it comes to relationship-building at various
levels (Vallance et al., 2011). In general, val-
ues may be perceived as desirable principles
of action, goals and wealth-generating factors
present in society or a certain societal group.
At the same time, values determine the limits
observed in the pursuit of goals. The substance
of the concept of values may be construed as
the perception about the desirable state of
some system and deliberately chosen rules of
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coexistence (Williams, 1979; Schwartz, 1996).
Acknowledging the fact that values are a fun-
damental concept in any system, it should be
noted that economic and technological factors
dominate in any decision on development or
choice of technologies. A. Kemmler and D.
Spreng noticed that “the use of energy indi-
cators is not restricted to environmental and
economic issue but is also relevant for social
issues” (Kemmler and Spreng, 2007, p. 2466).

The United Nations General Assembly has
recognised the importance of human values to
achieve sustainable development and declared
certain fundamental values to be essential to
international relations in the twenty-first cen-
tury. The declaration lists values such as soli-
darity, tolerance, equality, respect for nature,
and shared responsibility (UN, 2000, p. 6).
Despite their importance, little is known about
the nature of sustainability values and much
work needs to be done in developing such
scales (Shepherd et al., 2009).

Although the importance of the dimension
of values is fully comprehended, academic lit-
erature examining the environment of energy
sector and issues of sustainable development
has never presented a through analysis of re-
lationships between “values” and energy. The
authors reviewed the academic literature from
the past five years containing such keywords
as energy technologies and value, energy and
ethics, energy and psychology, energy culture,
energy security, value criterion, cultural as-
pects in energy sector, value and sustainable
energy development, etc. Another goal was to
review papers analysing aspects of values in
the context of sustainable energy development.
It can be noted that measurable criteria, which
describe economic, environmental-protection
or social environment, have been thoroughly
described in a range of publications. Assess-
ment of the social aspect is usually suggested
through measurable economic and demograph-
ic criteria without any consideration of the
criteria of values. Criteria of values have not

been systematically analysed, nor have been
described any integrated studies examining
the role of values in the development of en-
ergy projects. Academic publications accentu-
ate and analyse individual values significant
to solutions concerning energy growth, but
new and original academic research, resting
on the value-based approach to the aspects of
public importance, must be performed in the
future (Becker, 2001; Leiserowitz et al., 2006;
Loomis and Rosenberger, 2006). Though the
dimension of values is relevant at all levels,
this article analyses the criteria of values at-
tributed to the social factor. Such analysis of
social environment, supplemented with the cri-
teria of values, looks into the social aspect in
an integrated way, considers important public
attitudes and gives them prominence in envi-
ronmental studies.

Having summarised the studies examining
the dimension of social issues and values in
energy sector and considering the opinion of
experts who took part in the study, the follow-
ing criteria, which are important to the indus-
try’s environment and should be investigated
when various solutions of energy growth are
being prepared, can be distinguished: 1) ener-
gy security; 2) assessment of public opinion on
energy growth; 3) energy culture and ethics;
4) creating equal opportunities to be employed
and be responsible for decision-making; 5) the
principles of corporate social responsibility in
energy companies. These criteria are briefly
discussed below.

1) Energy security. In their discussions of
sustainable energy development, both poli-
cymakers and academic circles often use the
concept of energy security, although this con-
cept has never been precisely explained. The
concept of security of energy is usually dealing
with the supply side of the energy systems.
Energy security can be expressed by long—term
independence from foreign energy source. This
indicator was applied for evaluation of autono-
my of electricity generation in NEEDS project
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(NEEDS ... 2007). Energy security is chiefly
understood as capacity to secure stable, ac-
cessible and economically non-discriminating
supply of energy sources for industrial, produc-
tion and transportation needs (Loschel et al.,
2010).

Today the concept of security of energy sup-
ply is much more expanded and includes more
aspects than prior definitions. Environmental
issues have become a very important element
limiting the reliability of energy (Augutis
et al., 2011). Literature examines the concept
of energy security from a number of aspects,
including risks related to sufficient supply of
imported primary energy sources, diversifica-
tion and variety of energy generation tech-
nologies, and the ratio of exports/imports and
demand/supply. Energy security has also been
assessed considering the social impact of the
development of energy generation technologies
(Loschel et al., 2010; Jansen and Seebregts,
2010; Gallego Carrera and Mack, 2010). In
their studies of the concept of energy security,
B. Kruyt, D. P. Vuuren, H. J. M. Vries and
H. Groenenberg, distinguished four defining
dimensions: the availability, accessibility, af-
fordability and acceptability of energy (Kruyt
et al., 2009). These dimensions, which define
the gist of this concept, are also related to the
dimension of social issues and values. Depend-
ing on national political-economic and cultural
specifics, the role of energy security may vary.
Having surveyed expert opinions in different
countries and analysed sets of criteria, which
include “security and reliability of energy pro-
vision®, “political stability and legitimacy”, “so-
cial and individual risks” and “quality of life”,
D. Gallego Carrera and A. Mack have noticed
some differences between expert opinions in
various countries (Gallego Carrera and Mack,
2010). The differences probably rest on the dif-
ference of culture and values in these coun-
tries. In an integrated assessment, when the
scale of social factors has been supplemented
with the criterion “energy security”, the envi-

ronment of energy generation technologies or
the effect of their development can be exam-
ined and assessed considering national and
cultural specifics.

Security of energy supply is a complex field
of scientific research based on modelling of eco-
nomical processes, analysis of geopolitical si-
tuations, network reliability and resistance to
disturbance energy analysis, statistical exper-
tise in emergency situations and violations in
energy systems, risk analysis, energy supply
problems, technical, social, political and other
consequences (Augutis et al., 2011).

The European Union (EU) is one of the
most active developers of energy security as-
sessment methods and assurance measures.
Its initiatives expressed in the directives up
to 2020 would lead to a significant reduction
of EU energy dependence on import.

2) Public opinion. Research shows that the
dimension of values, construed as expressed
public opinions, affects the implementation
success of various development projects. Ener-
gy policymakers and people who prepare devel-
opment strategies must consider public opin-
ions, because energy technologies are related
to the safety of the public and its environment.
Academic papers explicitly assert that the
public must take part in debates and discus-
sions on the choice of future energy scenarios,
because the public wants “reliable” energy in
the future, the choice of energy technologies
is relevant to the public, and projects must
be broadly discussed (Grunwald, 2011; Smith,
2004; Rayner, 2010). “What the public thinks
about energy is important because public opin-
ion is a major force influencing public policy on
energy production and consumption” (Smith,
2004, p.169). Unfortunately, the usual practice
in political and public life is often to introduce
to the public the solutions which have already
been chosen for implementation.

Worries about climate change and energy
security, rather than public determination,
were the main arguments that decided the
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development of nuclear energy technologies
as the key source of electricity in such coun-
tries as Finland, France and the UK. Having
analysed the discussions which took part in
the public domain of these countries and in-
volved market participants, the state and the
civil society, T. Teravainen, M. Lehtonen and
M. Martiskainen have distinguished three
key reasoning strategies that dominated these
discussions: ‘technology-and-industry-know-
best’ in Finland, ‘government-knows-best’
in France, and ‘markets-know-best’ in the
UK. They reflect the attempts of stakeholder
groups to find ways to reconcile the positions
of the market, politics and civil society (Tera-
vainen et al., 2011). But the wording of these
strategies suggests that the public is not they
key participant in the decision-making proc-
ess. The importance of dialogue with the pub-
lic has been proved by E. R. N. Smith with the
help of this US example: “public opposition to
nuclear power, especially after the 1979 Three
Mile Island accident, helped block the con-
struction of new nuclear power plants. In the
aftermath of the accident, public support for
nuclear power dropped sharply, and every pro-
posal for a new nuclear facility was met with
mass protests. Public opposition, coupled with
soaring construction costs, ended the growth of
the nuclear power industry. No more nuclear
power plants were ever ordered” (Smith, 2004,
p. 169). The decision by Germany’s government
on the national energy growth may be another
example. In 2010 energy growth in Germany
was still associated with nuclear energy. De-
spite the differences of natural environment,
the disaster in Fukushima power plant made
the German society take a U-turn in their
opinion about the development of nuclear en-
ergy technologies. After extensive public and
academic discussions, in which the public un-
ambiguously said “no” to the development of
nuclear technologies, the German government
made a decision to associate the future with
the development of renewable energy genera-

tion technologies (Grunwald, 2011). Japanese,
Swiss and Italian governments considered
public opinions and made equivalent decisions
(at a referendum in June 2011, as many as
94% of Italian voters that went to the polls
voted against plans to expand nuclear energy).
Obviously, the debates with the public, or or-
ganisations representing the public position,
made a significant impact on the choice of new
development strategies.

Interestingly, despite growing popularity
of renewable energy technologies, the develop-
ment of these technologies is also subjected to
debates. For instance, emerging wind power
sparked worries in the public domain about
the negative aspects of wind farms: changes of
the natural environment (new bird migration
patterns), noise and deteriorated landscape.
Studies are necessary to support or reject
these arguments, with the results announced
to the public. In Britain, for instance, the ef-
fect of wind farms on the value of real prop-
erty was examined after the communities, in
which wind farms were being developed, had
expressed their concern. A thorough analysis,
based on the hedonistic price model, of data
from real property deals did not show any
causal relationship linking the drop of prop-
erty’s market value with wind farms in the vi-
cinity. Announcement of the research findings
helps to ground discussions and change public
attitudes (Sims et al., 2008).

Analysis of the effect of public opinion on
the decision-making process highlights the role
of informing the general public and transfer
of scientific data. Mutually equal discussion
and the best outcome are only possible when
the public has sufficient knowledge. Growth
of interdisciplinary scientific fields in energy
sector would let the science play a more im-
portant role in strengthening the relationships
linking the public, politics and business (Palm
and Thollander, 2010). Motivated debates are
a basis to integrate new energy generation
technologies. Scientists and science policy-
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makers must hear the public opinion, try to
understand it and respond to issues raised by
the public (Rayner, 2010).

3) Energy culture and ethics. Energy cul-
ture is construed as a relation between energy
technologies and the public, as a way of com-
munication. Energy culture is a new concept,
but it encompasses a great deal of aspects of
public life, including educating public to con-
serve energy resources, environmental protec-
tion issues and confidence in decisions concern-
ing energy sector. Search for more effective
means of understanding, and attempts to en-
courage energy-conserving behaviour, requires
a focus on the shaping of a specific energy cul-
ture (Stephenson et al., 2010). The concept of
energy culture has been partly formulated to
achieve higher energy-efficiency, improve un-
derstanding of the effect on the environment
and change the habits of consumption. Energy
culture is also an attempt to help energy gen-
eration and supply companies understand dif-
ferent consumer-behaviour models and better
accommodate their tariff plans and products.
Energy culture affects consumer perceptions of
technologies and shapes their convictions and
attitudes (Stephenson et al., 2010).

Analysis of the role of energy culture can-
not ignore ethical issues related to the public
behaviour, the public’s relationship with the
nature and technologies, and responsibility.
C. Moeller, who analyses ethical issues and
the evolution of ethical relationships in the
society, asserted that the attention to ethics is
not a passing whim but is the answer to the
changes in our society: the technological revo-
lution brought forward new issues of air and
environment pollution; changed laws mandate
equal opportunities. Handling of sensitive pub-
lic issues is only possible when ethical norms
are respected (Moeller, 1998). The dimension
of ethics is important in all areas. Science and
technology cannot be above ethics (Matson and
Carasso, 1999). Lack of attention to ethical is-
sues decreases the chance to achieve the goals

of sustainable development in energy sector—
accessibility and reliability of energy genera-
tion technologies. The importance of the di-
mension of ethics is particularly highlighted
in wake of disasters. The case of Chernobyl,
for instance, revealed that disregard of ethi-
cal and moral norms (failure to provide timely
information about the accident, the possible
effect on health, the protection measures, the
necessity to evacuate and the places of evacua-
tion; using victims for biomedical studies; etc.)
raised not only public distrust but also more
painful outcomes (Melnov and Sarana, 2010).

4) Creating equal opportunities to be em-
ployed and be responsible for decision-making.
Academic literature has also examined ways to
ensure the principles of equal opportunities for
men and women in energy companies. A. Carls-
son-Kanyama, I. R. Julia and U. Rohr have
performed a study and analysed the situation
of gender quality in management of energy
companies and the role of women as members
of managerial bodies in preparing and making
strategic decisions (Carlsson-Kanyamap| et al.,
2010; Huse et al., 2009). The scientists noticed
different work styles and decision-making
methods of both sexes and a slightly differ-
ent perception of risks. Having surveyed 464
large energy companies in Germany, Spain
and Sweden, they stated that among the com-
panies surveyed as many as 295 (64%) had no
women in their managerial bodies and only
5% of companies could be considered exam-
ples of gender equality (40% or more women
in managerial bodies). “Interviews with energy
companies confirmed current trends that gen-
der equality efforts within decision-making in
business are weak or non-existent” (Carlsson-
Kanyamag et al., 2010). The research findings
suggest that male consumption and emissions
of greenhouse gases. Women have been noticed
to be keener to take risks than men, which in
boards, at a certain degree, may affect the
decision-making process. More active involve-
ment, and more say, of women in manage-
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ment of energy companies and in investment
decision-making may encourage more radical
handling of climate change and environmen-
tal issues, more determination with innovative
solutions and choice of renewable technologies
(Carlsson-KanyamaH et al., 2010). Analysis of
membership in boards and supervisory bod-
ies of Lithuanian energy companies, includ-
ing academic institutions, performed in 2011,
confirms the trends noticed by the aforemen-
tioned scientists, because women account for
less than 10% of members in managerial bod-
ies of Lithuanian energy companies, and none
of the companies could be considered ensuring
gender equality. “The main argument promot-
ing women as board members from a business
case is usually that diversity is important for
corporate value creation and that women can
add unique perspectives, experiences and work
style compared with their male counterparts”
(Carlsson-KanyamaH et al., 2010, p. 4738).

5) The principles of corporate social respon-
sibility. Economic development can be consid-
ered sustainable only if the investments not
only have economic efficiency but also do not
violate the ecological and social foundation of
economics. But economic entities must also
move away from the system which has profit
maximisation as its main goal toward a system
which achieves this goal within the limits of
sustainability. In order to achieve responsible
consumption and rational attitude towards de-
velopment strategies, the dimensions of profits
and social benefits must be combined (Husted
and Salazar, 2006).

Although awareness of the influence of so-
cial factors is growing, economic factors gen-
erally play the key role in decision-making
related to development. The issues related to
the choice and development of technologies
are usually “reduced” to the level of economi-
cally most rational decisions. Business often
exerts pressure to stick to more conservative
decisions—particularly if they have greater eco-
nomic efficiency (Cappers and Goldman, 2010).

Even the model of sustainable development
sets economic tasks as the main goal (Sychev,
2010). Some authors believe that economic
goals are stressed and given prominence not
only because of the traditional interpretation
of market behaviour but also by institutions
of business education, which, in their teaching
process, over-stress the economic matters and
profits as the main goal of business and the
purpose of corporate activities. It determines
corresponding behaviour of future executives
and managers, which later is transferred on
to organisations and respectively shapes op-
erational strategies of such organisations,
corporate culture and the relationship with
the consumer (Ferraro et al., 2009; Ghoshal,
2005). Corporate culture and appropriate man-
agement systems can reinforce the connection
between the dimension of social capital and
the economic and cultural dimension (Chen-
hall et al., 2010). In order to achieve sustain-
able energy development, energy companies
should apply the principles of social responsi-
bility in their activities. This voluntary meas-
ure implemented by energy enterprises can
ensure efficient public—private partnership in
achieving sustainable development targets.
The main sustainable energy development
goals and indicators to monitor achievements
of these goals are: 1) increase in energy effi-
ciency and 2) use of renewable energy sources
(Streimikiené et al., 2009).

Management strategies and policies direc-
ted towards economic efficiency of expenditu-
res in research and development with human
capital knowledge and investments into tech-
nologically intensive export- oriented products
are significant for long-term sustainable econo-
mic development (Bojnec and Papler, 2011).

Hence, despite the importance of economic
goals and technological advances, increasing
attention is paid to the dimension of values:
ensured opportunities to discuss and express
opinions, respected culture, ethics and the
principles of trust and equality. Social evolu-
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tion follows the laws of sociology, thus social
issues and the issues of values must be centre-
stage when questions concern development and
the assessment of technologies. Social aspects
and acceptability of new technologies is a new
alternative of energy policy (Becker, 2001; Sch-
weizer-Ries, 2008; Musango and Brent, 2011).

3. INFORMATION MODEL FOR THE
ASSESSMENT OF THE ENVIRONMENT
OF ENERGY GENERATION
TECHNOLOGIES

Handling of issues related to the choice and
assessment of energy generation technologies
includes analysis of highly diverse informa-
tion — from economic and technological to social
and value-related to the needs and impact of
stakeholder groups. In order to select the most
relevant information that describes alterna-
tives, the research scope must be determined:
1) the environmental factors most relevant to
the analysis distinguished; 2) quantitative and
qualitative criteria that best describe the al-
ternatives in question determined; 3) the set of
criteria for the decision support system built;
4) select the most appropriate multicriteria
method. Because a set of measurable criteria
is insufficient to make a thorough analysis of

the effect of environment considering the prin-
ciples of sustainable development and public
expectations, properly adapted sets of criteria
are needed for the assessment of technologies.
Any alternatives may be described using the
information model in Figure 1, which combines
technical, technological, economic and political
information related to the environment and
the dimension of social issues and values, but
also allows describing the effect of the environ-
ment on the value of technologies.

The information needed for decision-making
consists of quantitative and qualitative criteria.
When the sets include qualitative criteria, the
system can be more flexible in the integrated
analysis of changing environment and can as-
sess the role of the dimension of social issues and
values. Some criteria, such as the profit margin
and the risk of accidents, may be expressed both
by quantitative and qualitative criteria.

The information needed for decision-making
consists of quantitative and qualitative criteria.
When the sets include qualitative criteria, the
system can be more flexible in the integrated
analysis of changing environment and can as-
sess the role of the dimension of social issues and
values. Some criteria, such as the profit mar-
gin and the risk of accidents, may be expressed
both by quantitative and qualitative criteria.

Economic
information

Information about persuasive
measures and the interests of
groups that influence decisions

Political, legal
information

Technical,

technological

Environmental
information

Information about
alternatives

Info about social
issues and values

|

Information assessment; building sets of criteria

I

1 |

Assessing information necessary for decision-making

Figure 1. The information model for preparation of decisions
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The number of criteria in the sets depends on
the research scope. In the decision support
system, the selected quantitative criteria are
expressed by relevant measuring units; quali-
tative criteria are scored by points determined
through expert methods. An example of a set
of criteria, supplemented with the criteria
characterizing the aspect of values, is shown
in Table 1.

Such large amounts of often contradictory
information are best processed using multiple
criteria evaluation methods and integrated
software applications. Multiple criteria deci-
sion-making methods help compare and assess
technologies, development scenarios, political
measures and their efficiency. An advantage
is the possibility to combine both quantitative

and qualitative criteria in an integrated man-
ner and to assess the relevant aspect from the
entire pool of information. It can be meaningful
to apply more than one method or combination
of methods in order to reach a broader decisi-
on basis. Application of more than one method
can provide decision makers different perspec-
tives and an opportunity to compare results so
that a more appropriate final decision can be
made (Atici and Ulucan, 2011).

Analysis of the environment of energy gen-
eration technologies using multiple criteria
analysis facilitates thorough examination of
trends and the effect of environment, while
comparison and ranking of technologies helps
choose the most appropriate technologies and
incorporate them into energy models.

Table 1. Assessment criteria of energy generation technologies

Aspect Criteria Unit
Political, legal Legal regulation of activities points
Impact on energy security points
Social issues Accessibility of energy sources points
and values Competitiveness of technologies points
s Dependence on resource provision points
S Profit margin points
RS Energy culture and ethics points
S Equal employment opportunities points
3 Collaboration with academic and research institutions points
3 Influence on social environment points
3 Innovativeness of the technology points
S, Public attitude toward the technology points
Application of social responsibility principles points
Environmental  Reliability of the technology (risk of accidents) points
protection Contribution to the share of renewable energy resources (RER)
in the total balance points
Effect on climate change and pollution cuts points
Economic Energy intensity in GDP terms tne / €m
Energy generation technologies, the plant value (creation
S costs) €
£ Energy generation technologies, value of integrated
B exploitation €
S Product cost (production price of energy) € cents
= Environmental  Share of RER in final energy output %
2 protection Greenhouse gas emissions ‘000 tonnes
§ Traditional emissions: SO2, NOx, CO ‘000 tonnes
3 Energy consumption intensity by GDP (TNE) / €m of GDP
& Pollution taxes €m
Technical Rated capacity MW

Risk of accidents

%
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4. ASSESSING ENERGY GENERATION
TECHNOLOGIES WITH THE HELP

OF THE DECISION SUPPORT SYSTEM
EGTAV-SPS

Issues related to the choice or development
of energy generation technologies are usually
handled using economic evaluation and deci-
sion justification methods which are typical
in the market. These methods lack measures
to make an integrated assessment of environ-
mental factors. Energy sector is typically mul-
tidimensional and indeterminate, while the
energy generation technologies in question
have different quantitative and qualitative pa-
rameters. An decision support system, which
1s based on multiple criteria analysis methods
and integrates economic, technological and en-
vironmental criteria, as well as the criteria of
social issues and values, facilitates analysis of
the environmental effect on the value of tech-
nologies, selection of the best technologies and
analysis of the impact of criteria that deter-
mine such decisions.

A variety of multicriteria methods exists
in the literature and that can be used for va-
rious purposes. The decision maker usually
decides which method to be used by taking
the nature of the problem into consideration.
In method selection, the suitability, validity
and user-friendliness of the methods are the
important factors to be considered (Atici and
Ulucan, 2011; Loken, 2007). A number of the
recent studies deal with application of multi-
ple criteria decision making methods in energy
range. Also, multiple criteria decision making
methods are suitable to tackle energy source
selection problem (Wang et al., 2009; Yue and
Yang, 2007).

The decision support system EGTAV-SPS
for assessment of energy generation techno-
logies has been developed based on the multi-
ple criteria complex analysis method COPRAS
(suggested by Lithuanian scientists E. K. Za-
vadskas and A. Kaklauskas) and the results

of an expert survey (Kaklauskas and Zavad-
skas, 2007; Kaklauskas et al., 2007; Kak-
lauskas et al., 2008; éliogeriené et al., 2009;
Kanapeckiené et al., 2010). The main goal of
the research is to compare, using quantitative
and qualitative description, the utility of each
technology in relation to each other, to rank
them, to find the criteria with the biggest im-
pact on the value of technologies and, above
all, to assess the impact of the criteria of social
issues and values.

4.1. Use of the multiple criteria complex
proportional assessment and utility
determination method COPRAS

This method assumes direct and propor-
tional dependence of significance and priority
by versions investigated on a system of criteria
adequately describing the alternatives and on
the values and weights of the criteria. A system
of criteria is determined, and experts calculate
the values and initial weights of criteria.

The determination of the significance and pri-
ority of alternatives is carried out in 5 stages.

Stage 1: The weighted, normalised decision-
making matrix is formed. The purpose of this
stage is to receive dimensionless weighted
values from the comparative indexes. When
the dimensionless values of the indexes are
known, all criteria, originally having different
dimensions, can be compared. The following
formula is used for this purpose:

D

2 i=1m; j=1,n,

where: X;j— the value of the i-th criterion in the
J-th alternative of a solution; m — the number
of criteria; n — the number of the alternatives
compared; q; — weight of the i-th criterion.

The sum of the dimensionless weighted
index value d;; for each criterion x; is always
equal to the weight g; of this criterion:
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q; :Zdi" i=1m; j=1n. 2) S 'ZS*J'
=1 j=1 .
Qj:S+j+ n ,]S ) ]:1577’- (5)
In other words, the value of weight g; of the S Z-min
investigated criterion is proportionally distrib- j=1 O-i

uted among all alternative versions a; accord-
ing to their values X

Stage 2: The sums of weighted, normalised
indexes describing the j-th version are calcu-
lated. The versions are described by minimis-
ing indexes S_j and maximising indexes S+j.
The lower value of minimised indexes is better
and the greater value of maximised indexes is
better. The sums are calculated according to
the formula:

m m
S.;=D.di S :Zd_ij,
i=1

i=1
i=1m;j=1n. 3

In this case, the values S 4 (the greater this
value, the more advantages, the technology is
better) and S_j (the lower this value, the bet-
ter technology) express the degree of goals at-
tained in each alternative technology. In any
case, the sums of “pluses” S,; and “minuses”
S_j of all alternatives are always, respectively,
equal to all sums of the weights of maximised
and minimised criteria:

% Z;Sw' =22 A
=

i=1 j=1

S =is,j =iid,i,-, i=1m; j=1n (4)
j=1

i=1 j=1

Stage 3: The significance (efficiency) of the
compared versions is determined by describ-
ing the characteristics of positive alternatives
(“pluses”) and negative alternatives (“minus-
es”). The relative significance Qj of each alter-

native a; is found according to the formula:

Stage 4: The priorities of the alternatives
are determined. The greater is the Qj the
higher is the efficiency (priority) of the energy
production technology.

The analysis of the method presented
makes it possible to state that it may be easily
applied to evaluating projects or technologies
and selecting the most efficient of them while
being fully aware of the physical meaning of
the process. Moreover it allows formulating a
reduced criterion Qj which 1s directly propor-
tional to the relative effect of the compared
criteria values X and weights g; on the end
result. Significance Qj of technology a; indi-
cates the degree of effectiveness achieved — the
greater is the @ the higher is the efficiency of
the technology.

Stage 5: The formula used for calculating
alternative a; utility degree NJ is the follow-
ing:

N: = (Q; : Q0 100 %. 6)

The degree of technology utility is directly
related to its relevant quantitative and con-
ceptual information. For instance, if one of the
technologies is described as the best in terms
of creation costs, innovativeness and the effect
on climate change, while the other is better
in terms of production cost, competitiveness
and reliability, they both may end up with the
same utility degree. If certain characteristics
of the investigated technology are increasing
(decreasing), the utility degree is also increas-
ing (decreasing) with them. The utility degree
is determined by comparing the technologies
with the most efficient one. The utility degree
varies between 0% and 100%. It helps to make
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both quantitative and visual assessment of the
efficiency of investigated technologies.

4.2. Building the set of criteria for
the decision support system EGTV-SPS

To formulate a real-life multiple criteria
analysis problem and the algorithm for the
automated decision support system, energy
generation technologies employing different
primary energy sources — hydro, wind and ge-
othermal energy — have been selected. These
types of renewable energy generation tech-
nologies are the most suitable for Lithuania’s
energy industry. The database is the basis
for multi-variant designing and multiple cri-
teria analysis of the objects. The information
model presented in Figure 1 and the criteria
defined in Table 1 were used to compile a set
of criteria for analysis. The set of criteria has
been compiled to describe each dimension of
the environment. The set of quantitative cri-
teria includes three quantitative criteria that

Table 2. Criteria rankings

describe economic and technical parameters of
the objects. The qualitative criteria have been
selected considering the research goals; they
define political and environmental priorities,
the preferred values and public attitudes. The
dimension of social issues and values has been
supplemented with the criteria which express
public attitudes and public opinion about the
technologies. The criteria which define the pre-
ferred values are as follows: influence on social
environment (social responsibility), influence
on energy culture, equal employment opportu-
nity, public attitude toward technologies. The
final set of criteria was built considering expert
opinions (of experts involved in the study) on
the importance of criteria in assessment of en-
ergy generation technologies. The set was used
as a basis to compile an expert questionnaire
with the key quantitative and qualitative cri-
teria characterising the selected technologies.
The weights of the qualitative criteria were es-
tablished with the help of expert methods.

No Criterion Criterion weights Criterion ranks
1 Legal regulation of activities 0,0617 2
2 Influence on energy security 0,0597 7
3 Technology’s dependability (risk of accidents) 0,0600 5
4 Technology’s competitiveness 0,0596 8
5 Dependence on resource provision 0,0583 11
6 Profitable degree 0,0587 9
7 Influence on social environment 0,0569 14
8 Technology’s innovativeness 0,0566 15
9 Influence on energy culture 0,0565 16
10 Equal employment opportunities 0,0556 17
11 Effect on climate change and pollution decrease 0,0584 10
12 Cooperation with science establishments 0,0571 13
13 Contribution of RER (renewable energy resources) to the 0,0578 12
total energy balance

14 Public attitude toward the technology 0,0599 6
15 Company’s (technology’s) rated capacity 0,0605 4
16 Production cost (energy price) 0,0618 1
17 Technological complex value 0,0610 3
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The study is based on a survey of six ex-
perts; they are persons knowledgeable in the
field, have technical degrees and are energy-
sector executives. The experts were interviewed
between July and August 2011. They scored
the criteria and ranked the criteria respec-
tively. The criteria weights were determined
in conditional units: points between 0 and 5.
The higher the weight, the more important the
criterion to relevant expert and the bigger its
impact on the end result of the assessment.
Average values of the criteria were estimated
using the expert evaluation results and deter-
mined for each expert individually. The expert
ranking of the criteria related to energy gen-
eration technologies is shown in Table 2.

Expert evaluations are of stochastic nature:
a new set of experts would change the criteria
values, which also determine the compatibility
of expert opinions (concordance coefficient) and
the research reliability. This research is experi-
mental and a more general result would require
a survey of as broad circle of experts as possible.
In future it would be wise to take into account
the opinions of at least three expert groups
when modeling decisions or selection scenarios.

The first expert group would represent analy-
zed sector, the second — independent national
experts, while the third would represent analo-
gous foreign experts (Diskiené et al., 2008).

4.3. Case study: the EGTAV-SPS
in assessment of energy generation
technologies

The multiple criteria analysis method COPRA
and the research results were used to develop
the experimental decision support system for
the analysis of environmental factors of energy
generation technologies EGTAV-SPS, which is
intended as a tool to determine the utility degree
and priority of energy generation technologies
employing different energy sources, as well as the
effect of environmental factors on their value.

The decision support system includes a da-
tabase and a database management system,
a model base and a model base management
system, and a user interface (Figure 2). The
model base includes a multiple criteria analy-
sis model, a model of utility degree and prior-
ity, and a recommender model.

The model base management system lets
the user choose any required model. The system

Decision maker

User interface (dialogue system)

v v
Database management system Model base management system
v v

Database:

« Tables of input data:
— technical parameters
— economic parameters
— environmental protection data

» Survey data

» Environmental information

» Assessment tables of technological
solutions

» Multi-variant design tables

« Information about the develop ment
trends of technologies

Model base:

» Model of initial criteria weights
(using expert assessment methods)

» Model for determination of criteria
weights

« Multi-variant design model

* Model of multiple criteria analysis
and ranking of technologies

* Model for determination of the utility
degree of technologies

* Recommender model

Figure 2. Components of the EGTAV-SPS
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is designed in such way that the results of
calculations in one model are used as the in-
put data in other models, which, in turn, re-
turn results which become the input data for
yet other models. The decision support sys-
tem EGTAV-SPS enables processing of large
amounts of data and monitoring of changes
of all criteria in question. The system may be
supplemented with new objects and data about
them. A significant advantage is that the sys-
tem displays the intermediate results, which
reflect the impact of each criterion on the util-
ity and value. This research was the first time

the decision support system EGTAV-SPS was
used to determine the effect of environmental
factors on the value of energy generation tech-
nologies with different technical and economic
properties.

The decision support system EGTAV-SPS
is available online at the address <http://iti.
vgtu.lt/energija>. The opening screen is shown
in Figure 3.

The user enters the expert evaluation re-
sults and the determined criteria weights in
the module’s table in the screen “Description
of the alternatives” (see Figure 4). Then the

Log in | Register

Decision Support System for Measurement of Effect

of Environment Factors on Value of Energy Companies

of the alternatives svaluation of the alternathes

of the feasible o s

of the dev ‘easible atermatrees

Decision Support System for Measurement of Effect of Environment Factors on Value of Energy Companies

Figure 3. The opening screen of the decision support system EGTAV-SPS

gt

Results of multiple criteria
evaluation of the alternatives

Main page Description

of the altemnatives
Solutions considered

Please select solution under consideration

Decisio Support System for Measureent of Effect
of Environment Factors on Value of Energy Companies

Computer-aided development
of the feasible alternatives of the developed feasible alternatives

< c|[q- A% E

Multiple criteria analysis Recommendations for user

Power plants s
Qualitative and quantitative description of the alternatives
Quantitative and qualitati P to
Criteria describing the alternatives * [Measuring Weight Compared alternatives
ks Kauno Geothermal l" nd PP
HP PP park
Legal regulation of activities + |points 0,062 [25 18 15
Influence on energy security + |points. 0,08 (30 28 30
Technology dependability (accidents risk) + [points 006 |28 20 28
[Technological competitiveness [+ [points [o.06 |29 [19 21
|Dependence on provi |- |points looss |6 |21 3]
Profitability degree + |points 0,059 (30 18 26
on social + |points 0,067 (24 24 27
Technology innovation + |points 0,057 [22 24 26
[Influence on enegertic culture +|peints. 0,057 (27 25 26
[Equal employment oppartunity +|points 0,088 [17 15 21
Indl on climate ch llution ds - |points 0,058 B 3 5
[Cooperation with science i + |points 0,067 [20 268 28
Infl of RER ( ble energy )in total energy + |points 0,058 (30 29 130
balanse
Public attitude towards technologies - |points. 0086 & il 8
[Company’s rated capacity + (MW 0,061 [100 35 5
|Preduction cost price (energy price) [+ [€cntiwn [o.082 [32 33 s
[Technological complex value [+[eur [0.,081 [s2000000 [24030000  [31250000

*- The sign """ indicates that a greater (less) criterion value corresponds to a greater significance for a user (stakeholders)

Figure 4. Display of the results of expert evaluation
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system automatically solves the multiple crite-
ria problem and presents the results in model
bases: determines the utility and priority of
objects in question and the effect of criteria on
the value of alternatives.

Use of the EGTAV-SPS is simple, but the
system performs a thorough analysis and
presents a lot of useful information. The sys-
tem’s advantage is the analysis of the weights
of all criteria used in research. The weights of

criteria are analysed in the module’s window
“Results of multiple criteria evaluation of the
alternatives”. A click on the value of any se-
lected criterion in a matrix cell on the links
AVG, MN displays the value of each selected
criterion in percent compared to the same
criterion of other objects (see Figure 5). The
result also shows the increase of the percent-
age that would raise the value of the object in
question.

Results of multiple criteria evaluation of the alternatives

Please select 1 under ation

Power plants j
Quantitative and qualitative information pertinent to alternatives
Criteria describing the alternatives * |Measuring units [Weight [Compared alternatives
Kauno HPP|[Geathermal PP [Wind PP park
Legal regulation of activities |+ |points 0,062 0,0267 0,0192 0,016
AVG MIN AVG MIN AVG MIN
Influence on energy security [+ |points 0,06 00205 0,0191 0,0205
AVG MIN AVG MIN AVG MIN
Technology dependability (accidents risk) |+ [points 0,06 00221 0,0158 0,0221
AVG MIN AVG MIN AVG MIN
Technological competitiveness |+ |points 0,06| 00252 0,0165 001823
AVG MIN AVG MIN AVG MIN
Dependence on resource provision | - [points 0,058| 0,0097 0,0338 0,0145
AVG MIN AVG MIN AVG MIN
Profitability degree |+ |points 0,059 00239 0,0144 0,0207
AVG MIN AVG MIN AVG MIN
Influence on social enviroment |+ [points 0,057| 00182 00182 0,0205
AVG MIN AVG MIN AVG MIN
Technology innovation |+ |points 0,057 00174 0,019 0,0206
AVG MIN AVG MIN AVG MIN
Influence on enegertic culture [+ [points 0,057| 00197 0,0183 0,019
AVG MIN AVG MIN AVG MIN
Equal employment opportunity [+ [points 0,056 0,018 0,0158 0,0222
AVG MIN AVG MIN AVG MIN
Influence on climate changes, pollution decrease | - [points 0,058| 00174 0,0232 0,0174
AVG MIN AVG MIN AVG MIN
Cooperation with science establishments [+ |points 0,057| 00154 0,02 0,0216
AVG MIN AVG MIN AVG MIN
Influence of RER (renewable energy resources) in total energy balanse [+ [points 0,058 0019 0,0189 0,0196
AVG MIN AVG MIN AVG MIN
Public attitude towards technologies | - [points 0,08| 00157 0,0235 0,0209
AVG MIN AVG MIN AVG MIN
Company's rated capacity [+ MW 0,061 0,0359 0,0126 0,0126
Production cost price (energy price) [+ [€cnt/kwh 0,082| 00127 0,0219 0,0274
AVG MIN AVG MIN AVG MIN
Technological complex value |+ |EUR 0,061 0,029 0,0137 0,0178
AVG MIN AVG MIN AVG MIN
The sums of weighted normalized maximizing (projects 'pluses') indices of the alternative 0,3049 0,2434 0,2789
The sums of weighted normalized minimizing (projects 'minuses’) indices of the alternative 0,0428 0,0805 0,0528
Significance of the alternative 0,3597 0,2854 0,3398
| Priority of the alternative 1 3 2
| Utility degree of the alternative (%) |  99,99% | 79,34% 94,46%

*- The sign “* indicates that a greater (less) criterion value corresponds to a greater significance for a user (stakeholders)

Figure 5. Determining the utility and priority of energy generation technologies,
as well as the weights of criteria, in the EGTAV-SPS
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The same screen of the model can display
the effect of environmental factors determined
considering quantitative and qualitative crite-
ria, the priority of the object in question and
the utility degree.

Having processed the expert evaluation
data, the system returned the following re-
sults:

1) the highest utility was attributed to Kau-
nas HHP, which employs hydro-technolo-
gies;

2) the second priority was attributed to the
wind farm;

3) the third priority, in terms of utility, was
attributed to the power plant which em-
ploys geothermal technologies.

Such results have been determined by the
technology creation costs, the production cost
of energy and favourable assessment of the
environment. Kaunas HHP, for instance, has
low production costs, received favourable as-
sessment of the environmental aspect and is
favourably received by the public. The geother-
mal power plan, ranked third by its utility,
partly uses traditional technologies based on
organic fuels (to heat the extracted geothermal
water up to the required temperature). The
geothermal power plant was ranked lowest
because of the high production cost of energy,
partial dependence on resources and less fa-
vourable public opinion of this technology.

The main advantage of the EGTAV-SPS,
which distinguishes it among other decision
support systems, is recommendations to user.
The model analyses all alternatives using the
entire set of criteria. The system automatically
analyses each criterion, determines its effect,
compares it among alternatives and assesses
its potential to change the end result in the
assessment of alternatives (see Figure 6).

The system calculates the level of influence
each criterion can have on the priority and
utility of an object and provides visual recom-
mendations. For instance, the recommenda-
tions show that a 40% increase (compared to

the best technology in this respect) of the reli-
ability of technology in the geothermal power
plant could improve its utility by about 2.4%,
while a 25% improvement of public opinion
about the power plant employing wind power
would raise its utility by 1.5%.

The analysis of such results may be an effi-
cient and helpful tool for comparison of energy
generation technologies, for preparation of de-
velopment and management decisions, and for
assessment of efficiency. While changes in the
effect of some criteria are hardly possible or
even impossible, some of them — such as reli-
ability, effect on the social environment and
public opinion — can be changed by efforts of
parties concerned.

The recommender model selects and dis-
plays three most significant criteria, which
determine the utility of each alternative in
question (see Figure 7). Although quantitative
criteria — the rated capacity, the value of the
technology and the production cost of energy —
have been determined as the most significant
for all three technologies in question, qualita-
tive criteria were also listed among the most
important ones. For instance, based on the
most significant utility-determining criteria
picked by the system, the utility of the power
plant employing hydro-energy depends on poor
scores given to the collaboration with academic
institutions and the influence on social envi-
ronment (social responsibility). Higher values
of these criteria would improve the object’s
utility of by 2.2% and 0.7% respectively. The
values of the criteria can be changed without
any significant investments—efforts of the staff
operating the technologies would suffice.

The cost of technologies and the rated ca-
pacity are the most important criteria to the
geothermal power plant and the wind farm.
But the criteria “Dependence on resource pro-
vision” and “Legal regulation of activities”
are also specified among the most important.
While independence of resources, the prices of
which are ever increasing, requires substan-
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tial investment into new technologies (the case
of geothermal power plant), the settlement of
legal issues is possible through efforts of ex-
ecutives, professional associations or public
organisations (the case of wind farm).

The decision support system for assessment
of energy generation technologies EGTAV-SPS
facilitates the decision-maker to extract from
its database versatile and thorough quantita-
tive and qualitative information about the ef-
fect of environment and to use the model base
for flexible analysis of these factors and for

decision-making. The EGTAV-SPS provides
logical and informative results about the util-
ity of the technologies in question and the ef-
fect of environmental factors on their value; it
also gives recommendations for each criterion
and helps avoid errors and partiality. In sum-
mary, the developed decision support system
EGTAV-SPS enables unbiased results, which
can be used in assessment of a range of energy
generation technologies, their utility and the
efficiency of their environment; in other analy-
ses as well.

Recommendations for user

Please select solution under consideration

Power plants j
Qualitative and quantitative description of the alternatives
Quantitative and gualitative information pertinent to alternatives
Criteria describing the alter o ing |Weight |- Compared alternatives
units - Possible improvement of the analysed criterion in %

- Possible increase of the value of the altemnative in % through increased

value of the aforementioned criterion

Kauno HPP [Geothermal PP [Wind PP park
Legal regulation of activities + |points 0,062 (25 18 15

(0%)(0%) (38,89%)(2,404%) (66,67%)(4,121%)
Influence on energy security + [points 0,06 (30 30

(0%)(0%) (7,14%)(0,427%) (0%){0%)
Technology dependability (accidents risk) |+ |points 006 (28 20 28

(0%)(0%) (40%)(2,393%) (0%)(0%)
Technological competitiveness + [points 0,06 |29

(0%)(0%) (52,63%)(3,148%) (38,1%)(2,279%)
Dependence on resource provision - |points 0,058 |6 21 9

(0%)(0%) (71,43%)(4,13%) (33,33%)(1,928%)
Profitability degree + |points 0,059 |30 18 26

(0%)(0%) (66,67%)(3,922%) (15,38%)(0,905%)
Influence on social enviroment + |points 0,057 |24 24 27

(12,5%)(0,71%) (12,5%)(0,71%) (0%)(0%)
Technology innovation + |points 0,057 |22 24 26

(18,18%)(1,033%) (8,33%)(0,474%) (0%)(0%)
Influence on enegertic culture + [points 0,057 (27 25 26

(0%)(0%) (8%)(0,456%) (3,86%)(0,219%)
Equal employment opportunity + [points 0,056 [17 15 21

(23,53%)(1,314%) (40%)(2,233%) (0%)}(0%)
Influence on climate changes, pollution |- |points 0,058 |6 8
decrease (0%)(0%) (25%)(1,446%) (09)(0%)
Cooperation with science establishments |+ |points 0,057 |20 26 28

(40%)(2,273%) (7,69%)(0,437%) (0%)}{0%)
Influence of RER (renewable energy + |points 0,058 (30 29 30
resources) in total energy balanse (0%)(0%) (3,45%)(0,199%) (0%)({0%)
Public attitude towards technologies - |points 006 |6 9 8

(0%)(0%) (33,32%)(1,894%) (25%)(1,496%)
Company's rated capacity + MW 0,061 |100 35 35

(0%)(0%) (185,71%)(11,205%)  |(185,71%)(11,295%)
Production cost price {(energy price) + |Ecntkwh 0,062 |32 5,5 9

(115,62%)(7,147%)  [(25,45%)(1,573%) (0%)(0%)
Technological complex value +|EUR 0,061 |52000000 24030000 31250000

(0%)(0%) (116,4%)(7,079%) (66,4%)(4,038%)

*- The sign "*" indicates that a greater (less) criterion value corresponds to a greater significance for a user (stakeholders)

Figure 6. The recommender module
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TOP 3 object criterions that have greatest influence on ranking

[ Kauno HPP
Position |Criteria describing the Possible improvement of the Possible increase of the value of the alternative in % through
alternative |analysed criterion in % increased value of the aforementioned criterion
1 |Production cost price 116% 7%
(energy price)
2 |Cooperation with science  [40% 2%
establishments
3 [Influence on social 12% 1%
enviroment

Geothermal PP
Position |Criteria describing the |Possible improvement of the Possible increase of the value of the alternative in % through
alternative analysed criterion in % increased value of the aforementioned criterion
1 |Company's rated 186% 1%
capacity
2 |Technological complex  |116% 7%
alue
3 |Dependence on 71% 4%
resource provision
Wind PP park
Position |Criteria describing the |Possible improvement of the Possible increase of the value of the alternative in % through
|alternative analysed criterion in % increased value of the aforementioned criterion
1 |Company’s rated 186% 1%
capacity
2 |Legal regulation of 67% 4%
activities
3[Technological complex  |66% 4%
alue

Figure 7. The most significant criteria specified by the recommender module

The EGTAV-SPS is an experimental sys-
tem, but at this stage it can already be used
as an additional tool in a range of studies or
as a controlling tool to verify the results of
other investigations. Improvements of the sys-
tem could make it useful for the analysis of
performance, identification of crucial values of
environmental factors and as an auxiliary tool
to plan the course of actions, choose develop-
ment scenarios and compare technologies. The
system may also include the model of market
value determination, but assessment of energy
generation technologies from the market per-
spective would require market data and other
types of studies.

5. CONCLUSIONS

When it comes to the analysis of the devel-
opment trends of energy generation technolo-
gies, selection of technological alternatives or
measurement of the utility and efficiency of
individual energy generation technologies, the
main course of research is selection of crite-
ria and building their system which can be
universally applied across the technologies.
It is important to determine the relationship
among criteria describing various aspects, to
choose proper criteria important to the analy-
sis and perform rather broad studies, which
enable proper assessment of the weights. Such
actions would help to develop more universal
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decision support systems for the analysis of
this industry and to make their use increas-
ingly popular. Integrated assessment of tech-
nical, economic and environmental aspects,
as well as the dimension of social issues and
values is possible by choosing and using appro-
priate multiple analysis methods, such as CO-
PRAS (the multiple criteria complex utility de-
gree and market value determination method)
used in this research. The method was used to
process the values of the environmental factors
of energy objects chosen for this analysis, to
determine criteria weights and to compile the
set of criteria, which can be used in analysis of
other equivalent objects.

The expert assessment of the effect of en-
vironmental factors on the value of energy
generation technologies has shown that such
technologies must be analysed from a much
broader perspective than just their technical or
economic properties. Because the goal of crea-
tion and implementation of energy generation
technologies is satisfaction of public needs,
their assessment must also consider the feed-
back, which is expressed through the environ-
mental protection aspect and the dimension of
social issues and values. The research suggests
that criteria of social issues and values play a
role in the utility of objects, as well as in their
value. The criteria of values may force modifi-
cation of plans of action and set new guidelines
of communication with the public. Assessment
of the dimension of social issues and values
enables finding the relationship linking tech-
nological solutions, economic benefits and the
general public.

On a broader scale, the fact that energy
generation and supply is “business without
borders” should also be considered. In integra-
tion attempts, the choice of technologies is not
an insignificant factor. Regard for public at-
titudes and the cultural level of neighbouring
countries is the foundation of future collabo-
ration and partnership. The models dealing
with preparation of decisions on technological

development must analyse the dimension of
values — it is the future norm.

To sum up, assessment of the outcomes
related to the role played in markets by eco-
nomic, technological and environmental di-
mensions, as well as the dimension of social
issues and values, helps make a decision on
the utility and acceptability of selected tech-
nologies and on their suitability to the public;
in this context, it also determines the choice of
technologies which are more efficient, more ap-
pealing to the public, and have better quality
in terms of environmental protection.
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