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Energy  supply  and use  play  vital  roles  in  transition  towards  a sustainable  society.  Nuclear  energy  is used
or planned  to  be  used  in 40  countries  globally,  yet  the  contribution  of  nuclear  energy  to  sustainable
development  remains  an area  of  contention.  The  purpose  of this  exploratory  study  is  to understand  the
framing  of  sustainability  within  national  energy  strategies  of countries  pursuing  or  planning  to  start
nuclear  energy  production.  The  strategies  were  analyzed  by assessing  the occurrence  of 56 facets  of  sus-
tainability grouped  into  7 dimensions.  In addition,  the  definitions  of sustainability  used  in the  strategies
nergy strategy
uclear energy countries
uclear energy
ustainability

and  the  information  on consultation  and  public  participation  in  their  preparation  was  reviewed.  Most
strategies  mentioned  sustainability  but did  not  provide  its explicit  definition.  Risk,  waste  management
and  social  aspects  of  sustainability  were  mentioned  relatively  less  frequently  than  to  environmental,  gov-
ernance  and  economic  aspects  of  sustainability.  The  information  on consultation  and  public  participation
portrayed  a limited  extent  of  such  processes.

© 2016  Published  by Elsevier  Ltd.
. Introduction

Following the Brundtland commission’s definition of sustain-
ble development [1], the global energy demands of the current
eneration should be satisfied without compromising the ability
f future generations to meet their energy needs. Yet, projections
uggest that the aggregate global energy demand will increase by
pproximately 37% between 2014 and 2050 [2], with energy being
dentified as one of the key sustainability challenges of the 21st
entury [3]. At the national level, countries use diverse energy
trategies to tackle this challenge, often claiming sustainable
nergy transitions to be their main motivation. However, multi-

le aspects of energy governance [4] intersect with the normative
oals of sustainability and “clearly defined facets of sustainabil-
ty” for assessing energy policy are lacking [5]. Hence, different

∗ Corresponding author at: Centre of Methods, Leuphana University Lueneburg,
charnhorststr. 1, 21335 Lueneburg, Germany.

E-mail address: fabienne.gralla@leuphana.de (F. Gralla).
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214-6296/© 2016 Published by Elsevier Ltd.
governments can appraise the same energy sources very differently
(from a sustainability perspective). For example, nuclear energy is
considered a sustainable option in South Korea [6], but is excluded
from sustainable energy strategies [7] in countries like Denmark
[8] or Austria [9].

Here it is important to note that sustainability is an inherently
normative notion, determined by underlying values and ethics. The
overall aim of energy policy should be to produce affordable and
clean energy, (as defined in the Sustainable Development Goals [3]),
however, how this goal is achieved depends not only on a countries
capacity to act, but also the strategy and vision that guide such
actions. The term “strategy” is widely applied within management
studies [10–12], as well as to describe political non-binding doc-
uments (e.g. the Lisbon Strategy [13], a development plan for the
economy within the EU). An energy strategy might not be binding
for a country, however, it shows the objectives, goals and targets for
long-term actions, a direction of the energy policy agenda. There-

fore, terms and wording used in the national energy strategies
provides some insights into national perspectives on important
issues regarding energy supply. We  consider an analysis of energy

dx.doi.org/10.1016/j.erss.2016.09.003
http://www.sciencedirect.com/science/journal/00000000
http://www.elsevier.com/locate/erss
http://crossmark.crossref.org/dialog/?doi=10.1016/j.erss.2016.09.003&domain=pdf
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trategies relevant to how sustainability is currently envisioned in
he energy sector.

According to Diaz-Naurin and Kovacic it is highly challeng-
ng to address the full range of sustainability dimensions related
o nuclear fission energy production, particularly with regard to
ntergenerational equity issues such as long-term waste manage-

ent and depletion of uranium resources [14]. The intersection
etween sustainability and energy use can be explored through
arrative analysis of official documents [14], scientific literature
15], or reviewed global scenarios and national nuclear programs
16]. Alternatively, multi-criteria analysis tools [22] can be used
o explore assess the sustainability of energy strategy. A vari-
ty of studies on sustainability assessments of energy systems
nd nuclear energy are available [7,23]. The sustainability crite-
ia included for an assessment of nuclear energy can range from

 focus on techno-economic, economic, social and environmental
imensions of sustainability [23] to further inclusion of risk [7,24]
s well as governance/policy/institutional criteria [7,25]. However,
he lack of a common sustainability evaluation scheme for (nuclear)
nergy production makes the comprehensive assessment of energy
rograms/transitions problematic. Here combining these two tra-
itions we present a narrative analysis of official national energy
trategies based on a set of predefined set of sustainability dimen-
ions and sub-dimensions, which here after we refer to as facets
f sustainability. In doing so we hope to provide insights of the
ustainability and energy planning nexus within nuclear countries,
ith regard to key questions in energy policy, including issues

f intergenerational equity, management of risks, participation in
ecision making and assessment of environmental harm caused by
nergy choices [27].

The purpose of this exploratory study is to summarize and thus
ake transparent the facets of sustainability that are reflected in

fficial national energy strategy documents. In doing so we hope
o contribute to on-going discussions related to the energy and
ustainability nexus. Hence, our study investigates the perspective
n sustainability within the national energy strategies of coun-
ries currently using, or planning to use nuclear energy (for brevity
ereafter simply referred to as “nuclear countries”) to answer
he question: “Which facets of sustainability are reflected in the
nergy strategies of nuclear countries, and which are neglected?”
n exploratory research design has been applied using a deduc-

ive approach based on the occurrence of 56 facets of sustainability
n the energy strategies of nine case study countries. The results
rovide an overview of the sustainability criteria mentioned in the
nergy strategies of nuclear energy countries, related to either gen-
ral energy strategies and specifically to nuclear power. Based on
ur analysis we formulate four recommendations which could be
onsidered in order strengthen the relations between energy and
ustainability in national energy strategies.

. Methods

We  performed an exploratory comparative study of offi-
ially published national energy strategies (with time frames
panning the next five to 25 years) of nine nuclear countries
Tables 1 and 2 ). An analysis of the contents of these docu-

ents was performed based on a predefined set of 56 facets
f sustainability grouped into five dimensions of sustainabil-

ty.

.1. Case sampling
The initial set of countries for our analysis included 27 countries
urrently producing energy from nuclear reactors and 13 countries
hat have announced official plans to start nuclear energy produc-
cial Science 22 (2016) 94–106 95

tion [17]. We  reduced this initial set based on a purposeful sampling
protocol [18,19] that followed two  mandatory steps and one step
to enable a diverse set of countries to be included in the analysis
with respect to:

(i) Having an official governmental energy strategy. The results
needed to be published by a government’s ministry. We
included various synonyms in the search string to gather those
strategies. For brevity we  refer to all such synonyms/descriptors
(e.g. energy plan, energy roadmap, white paper etc.) using the
term energy strategy.

(ii) To having been published in English.

Here it is important to note that it may  be that in some of
the countries studied specific sustainability concerns in relation
to nuclear power may  not be considered strategically important
enough to be included in their strategy documents, however, they
may  nevertheless be addressed else in official documents. How-
ever, we  would argue that the exclusion of such concerns in such
key narrative building documents is in itself of interest regarding
the prioritization of different facets of sustainability in relation to
energy development context.

2.2. Content analysis based on facets of sustainability

In order to summarize the aspects of sustainability reflected in
the energy strategy documents of nine nuclear energy countries,
we analyzed them based on 56 facets of sustainability, related to
five sustainability dimensions. In addition we  considered (1) the
definitions of sustainability employed by the strategy documents;
(2) the links made between sustainability and nuclear energy; and
(3) issues of procedural justice related to who was involved in the
energy strategy decision process (Table A1 in Appendix A). The
analysis made a distinction between sustainability criteria men-
tioned in relation to general energy strategies, or specifically in
relation to nuclear energy use (Table A1 in Appendix A). Here we
note that it is not possible to know how seriously these facets
of sustainability are taken with regard to actual decision making,
nevertheless, they do highlight which aspects of sustainability are
acknowledged as relevant within this policy context.

The scheme for exploring facets of sustainability addressed in
energy strategy documents was  developed from various sources,
including scientific articles and reports, in a deductive approach
[31], with additional facets drawn from the energy strategies
themselves (Table 3) [31,32]. The scheme consisted of five dimen-
sions taken from Verbruggen et al. [7]: (I) environment/ecological
(planet); (II) social (people); (III) economic (prosperity); (IV) risks;
and (V) governance (institutional) (Table 3). Verbruggen et al’s
scheme was  selected above other potential schemes (e.g. Gibson’s
[7]) because it was  specifically designed for assessing sustainabil-
ity in relation to nuclear power. The five dimensions included 53
facets of sustainability that are specified and described by addi-
tional codes (several keywords) (see Table 4) to allow for a precise
coding of the documents. In addition we considered three foci:
the definition for sustainability in the energy strategy; whether
an explicit link was  made between nuclear energy and sustain-
ability; and the involvement of other actors (e.g. civil society and
ministries dealing with other policies) in the energy strategies. In
total 56 facets were considered, which were coded based on 90
keywords searched for in each document. The presence/absence
data of the keywords associated with the 56 facets of sustainabil-

ity were calculated for each of the five sustainability dimensions
and three additional foci. If every facet of a particular dimension of
sustainability was  present in a document the overall score for that
dimension would be 100%.
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Table 1
Overview of information on countries nuclear energy production [20,21].

Country Nuclear electricity production in
TWh  within the country (2013)

Nuclear share in percent of the total energy
production within the country (2013)

Nuclear plants in construction

Hungary 14.5 50.7% 0
India  30 3.5% 6
South  Korea 132.5 27.6% 4
Russia  161.7 17.5% 9
Slovak  Republic 14.6 51.7% 2
United  Kingdom 64.1 18.3% 2
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USA  790.2 

Lithuania 

United  Arab Emirates 

.3. Scope and limitations of the study

Our research study is limited to one document type, of countries
ursuing nuclear energy and to information provided in English

anguage. We  can provide an overview of content acknowledged
ithin those documents in relation to our sustainability criteria but

annot provide in-depth information on those countries in rela-
ion to other media and documents. Therefore the scope can be
escribed as starting point in order to understand the perspective
aken into account based on this documents. Another sustainability
valuation could reveal further information. It is one further puzzle
iece to illustrate the perspective on energy and sustainability.

. Results

The results summarize (1) all collected information on the

efinition of sustainability, whether the nuclear energy strat-
gy is explicitly linked to the notion of sustainability and which
ctors were involved in designing the national energy strategy.
2) A comparison of which of the 56 sustainability criteria and

able 2
verview of the energy strategies of nuclear and nuclear planning countries (countries in

Country (Year) Publisher Time Horizon Pages 

Hungary (2012) Ministry of
Development

till 2030 plans,
broad roadmap till
2050

132 

India  (2006) Planning Commission
of the Government of
India

till 2032 168 

Lithuania
(2012)

Ministry of Energy 2020; guidelines
till 2030 and 2050

67 

Russia (2010) Ministry of Energy 2030 174 

South Korea (2014) Ministry of Trade,
Industry and Energy

2035 195 

Slovak  Republic (2008) Ministry of Economy 2030 ∼170 inc
appendix

United  Arab Emirates
(2015)

Ministry of Energy 2021 and outlook
till 2030

263 

United Kingdom (2011) Department of Energy
and Climate Change

Main perspective
till 2020 but with a
vision till 2030 and
targets till 2050

142 

United States of
America (2001)

National Energy Policy
Development Group

2020 170 
 5
ruction –
ruction –

dimensions were acknowledged for the energy system in general
and for nuclear energy production specifically.

3.1. Nine energy strategies – definition of sustainability,
information on involvement and sustainability related to nuclear
energy

3.1.1. Sustainability definitions
All of the analyzed national energy strategies used the term

sustainability or sustainable development, although five did not
elaborate any definition of ‘sustainability’. Two strategies (from
the Slovak Republic and India) linked sustainability to, amongst
other things, energy security. South Korea did include sustainabil-
ity as objective for action and summarized measures to enhance
sustainability in the energy sector by: “Environmental Protection,
Improved Safety, and Technology Development” (p. 32) which can

give an idea of their understanding and perspective. Only the strat-
egy of Hungary [22] referred to an existing definition within the
Brundtland report [1] and introduced sustainability as one of three
pillars of the energy strategy (Security of Supply; Competiveness;

 alphabetical order).

Name Main Focus

National Energy
Strategy

“The Energy Strategy focuses on energy
savings, the guaranteeing of the security of
supply for Hungary and the sustainable
improvement of the competitiveness of the
economy,” [22].

Integrated Energy
Policy

“[. . .]  should be used as input into policy
making and will help shape our energy policy
in the 11th Plan [. . .]” [23].

National Energy
Independence Strategy

“The main goal of this Strategy is to ensure
Lithuania’s energy independence before the
year 2020,” [24].

Energy Strategy for
Russia

“[. . .]  sets a course of long-term development
of the energy sector [. . .]” [25]

Second Energy Master
Plan

Is more defined as an overall plan giving
objectives for “energy-related plans
source-by-source and sector-by-sector” [26].

l. Energy Security
Strategy

The strategy is embedded in relation to
decisions and aims of the European Union [27].

The State of Energy
Report

“The transition from subsidized, fossil-based
power generation to a diverse, sustainable
energy mix,” [28].

Planning our electric
future: a White Paper
for secure, affordable
and low-carbon
electricity

“This White Paper sets out the Government’s
commitment to transform the UK’s electricity
system to ensure that our future electricity
supply is secure, low-carbon and affordable”,
[29].

National Energy Policy “[.  . .]  a national energy policy designed to help
the private sector, and, as necessary and
appropriate, State and local governments,
promote dependable, affordable, and
environmentally sound production and
distribution of energy for the future,” [30].
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Table  3
Overview of the dimensions and criteria of the evaluative sustainability scheme and the source references. The codes for each criterion are summarized in Figs. 2–5 and
Table A1 in Appendix A: 1. Sharma and Balachandra [33], 2. Schenler et al. [34], 3. Verbruggen et al. [7], 4. International Atomic Energy Agency [35], 5. Stamford and Azapagic
[36], 6. Sovacool and Mukherjee [37], 7. Gralla et al. [38]. Criteria were added later as part of an iterative analysis process.

Sustainability dimension Sustainability criteria Sources

I. Environmental/ecological (planet)
(Verbruggen et al. [7])

Atmosphere 1, 2, 5, 6
Climate Change 1, 2, 3, 5, 6
Land area 1, 2, 3, 5, 6
Water 1, 5, 6
Waste 1, 2, 5
Biodiversity 2, 4
Natural resources 1, 2, 3, 5, 6
Energy use efficiency 3, 6

II.  Economic (prosperity) (Verbruggen et al. [7])

Transparency of costs (clear state of costs) 1, 2, 3, 5
Investments in Research & Development 6
Economic feasibility 3
Supply 1, 3, 5, 6
Innovation and Technology 3, 6
Provision of employment 1, 2, 5, 6

III.  Social (people) (Verbruggen et al. [7])

Human rights and corruption 5
Participation 2, 3
Human health 3, 4, 5
Local community and residential environment 2
Access to information 3, 6
Affordability 1, 3, 6
Education and knowledge based on iterative process

IV.  Risks (Verbruggen et al. [7])

Energy Production/Accidents/Incidents 2, 5
Nuclear weapon 3, 4, 5
Terrorism 2
Liability of risks and costs 3
Insurability of risks 3
Financial or economical risk 2

Institutions and Processes 1, 3
Information availability and access 1, 3, 6
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V. Governance (Verbruggen et al. [7]) Approaches o
Energy Risk M
Energy Waste

ustainability in Hungary [22]) that are connected and build upon
he fourth element Economic Recovery [22].

.1.2. Involvement of actors during the development of the
trategies

Some information was available within the energy strategy doc-
ments on the involvement of additional ministries, scientists,
ther experts or groups that contributed to the development of the
trategies. In some cases working groups or committees were set

p to decide on the energy strategies. Nevertheless, there was less

nformation in strategies available on the involvement of ministries
hat dealt with social issues such as family, education, women
ights etc. A participatory setting to create the energy strategy

able 4
verview of strategies with an explicit or implicit link between sustainability and nuclea

Country Citations collected of nine energy strategies

Hungary [22] “[. . .] extension of the lifecycle of the Paks Nuclear Power
within the energy strategy to make the primary energy su

Lithuania [24] “Sustainability. Both production and consumption of ener
sustainability the volume of emissions of greenhouse gas
efficiency and encouraging energy production from envir
energy).(̈p.  15)

Slovak Republic [27] “Nuclear power plants will be the basis in the balance of t
the  security of electricity supply and sustainable develop

South Korea [26] “Enhance Sustainability (Environmental Protection, Impr
the  nuclear industry [. . .]” (p. 32).

United Arab Emirates [28] “[. . .] the energy sector, where a sustainable and diversifi
innovation required will also help the transition to the co
energy and water sustainably for residential consumption
in  Barakah will substantially diversify the UAE energy mi

Russia [25] “[. . .] development of an industrial investment policy and
efficiency of the existing potential and development of th
boration between other countries based on iterative process
ement 4, 7
agement 2, 5

seemed to have taken place in two  countries. Slovak Republic [27]
and South Korea [26] involved civil society via bilateral participa-
tory methods, e.g. discussions or public hearings, whereas three
countries applied bilateral methods for feedback via interviews on
a draft or parts of the strategy (Hungary [22]; India [23]; United
Kingdom [29]). In four countries no information on participation of
other actors’ e.g. civil society could be found (Russia [25]; United
Arab Emirates [28]; USA [30]). Here, we note that participatory
approaches might have been conducted in the planning process

but not mentioned in the strategy. Our study is limited to the infor-
mation provided within the strategies so that it does not give a
final result on involvement of actors. Nevertheless, as the involve-
ment of actors plays an essential role in terms of procedural justice

r energy.

 Plant and the potential construction of new nuclear unit(s) [. . .] is set as tool
pply more sustainable” (p. 58)
gy must be based on the principles of sustainable development. When ensuring

 will be reduced by increasing energy production, transmission and consumption
onmentally-friendly resources (renewable energy sources and nuclear

he electricity system of Slovakia, and will play an important role in safeguarding
ment” (p. 110).
oved Safety, and Technology Development)” by promoting “[. . .] innovation in

ed economy is fueled by an equally sustainable mix  of energy sources. The
mpetitive knowledge economy we are aiming for. The infrastructure to produce

 will need to meet world-class standards,” (p. 23); “The 5.6 GW of nuclear power
x,” (p. 35).

 target programs which are to provide sustainability, renewal and increase in
e nuclear fuel base [. . .]” (p. 103)
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e would argue that the use and documentation of such partic-
patory approach should be included in national energy strategy
ocuments.

Below, we present a more detailed overview for each country
n their sustainability definitions and involvement of actors for
reating the energy strategy:

Hungary [22]
Sustainability: The Hungarian energy strategy defines sustain-

bility based on the Brundtland report [1]. It is embedded as one of
hree objectives: energy security, competiveness and sustainabil-
ty; all are connected to the basic element “economic recovery” [22].
ustainability includes measures on environmental protection and
ature conservation as well as social and welfare considerations.
he strategy also included scenarios without any nuclear energy
se (p. 24). The energy strategy included links to other EU directives
r national renewable energy strategies.

Involvement: The strategy was built on recommendations of con-
ultative committees from the Ministry of National Development as
ell as the opinions of 110 stakeholders from industry and trade,

cientists, social and economic organizations (p. 9). Proposals of
ther ministries seem to be included e.g. the Ministry of Rural
evelopment (p. 56).

India [23]
Sustainability: India’s energy strategy includes no sustainability

efinition. Nevertheless, sustainable development is introduced as
n overall concept embedded in an: “[. . .]  integrated energy pol-
cy linked with sustainable development that covers all sources
f energy and addresses all aspects of energy use and supply

ncluding energy security, access and availability, affordability and
ricing, as well as efficiency and environmental concerns,” [23].
nergy security and independence are aims that can be tackled by
ew technologies so that risks, e.g. supply and technical risks, can
e reduced (p. 53, 57) and clean energy should be promoted to
ecrease health risk for women  and children (p. 6).

Involvement: Responsible for the content was an expert group
hat has been set up by order from the Prime Minister. Part of this
xpert group were officials from trade, industry, power, energy and
nvironmental or climate institutions. The public could comment
nd provide feedback on the draft report online.

Lithuania [24]
Sustainability: Lithuania includes sustainability as one of the

ey principles of energy policy together with competiveness
nd energy security (p. 13). Further descriptions reveal a clear
ocus on technological aspects with regards to sustainability
[. . .]  2030–2050, the main priority of the Strategy is to further
ncrease the sustainability of the Lithuanian energy sector. In this
eriod, new breakthrough technologies will be selectively adopted,

ocusing on the sustainable and environmentally-friendly energy
roduction and consumption [. . .],” [24].

Involvement: There was no involvement of other actors and min-
stries mentioned except one link to the Environmental Ministry
hat was set to provide further information on climate change tar-
ets (p. 54).

Russia [25]
Sustainability: Sustainability has not been introduced or defined

s a concept but is used as a term e.g. to explain the role of energy
s fundamental part in Russian economy which defines a “[. . .]
ecessary condition for sustainable social and economic long-term
evelopment [. . .],” [25]. This economic perspective can be found

n relation to other issues like perception of risk: “[. . .]  uncertainty
nd risks has significantly increased on world markets, including in
onnection with abrupt and unpredictable dynamics of oil prices,

egative impact of the world financial crisis [. . .]” [25] or some
ocial issues “reproduction of human capital in the energy sector,”
25]. A noticeable difference in comparison to the other energy
trategies is the description of climate change measures that shall
cial Science 22 (2016) 94–106

help in “resistance to climate change” [25], which is described oth-
erwise as climate mitigation or adaptation.

Involvement: Responsible for the content are 13 interdepart-
mental working groups with scientists and experts (p. 3). No further
explanation was  provided on the identity of the scientists and
experts or their fields of research and expertise. Involvement of
other ministries with social responsibilities was not mentioned nor
was further information of actors included, e.g. civil society.

Slovak Republic [27]
Sustainability: The energy strategy of the Slovak Republic is

mainly defined as energy security strategy that seeks to increase the
competitiveness of the energy sector: “The objective of the energy
security strategy is to achieve a competitive energy that would safe-
guard secure, reliable and efficient supply of all forms of energy at
reasonable prices with respect to the protection of the consumer,
protection of the environment, sustainable development, safety of
supplies and technical safety,” [27] (Chapter 7 p. 1). Hence, the term
sustainability is used to describe a goal but no further definition was
given. The way  to achieve all goals in the energy sector is directly
connected to the production of nuclear energy that will increase
independence of energy import (Annex 3 p. 6) and cost stability (p.
105). Risks are mentioned in relation to the economy (p.13), risk of
supply (p. 17), and risk areas (p. 12), which leads to risks for citizens
due to supply shortage or less economic activities.

Involvement: The Ministry of Environment commented on the
energy strategy as part of the environmental impact assessment; no
further ministerial involvement was  mentioned. Within the envi-
ronmental impact assessment, a public hearing and the possibility
to make comments online enabled civil society to be involved in
parts of the strategy (chapter 7, p. 6–7). Also critical comments on
nuclear power by a civic Slovakian organization were included in
the publication.

South Korea [26]
Sustainability: Sustainability was  introduced as a policy goal of

the past energy plan together with considerations on energy secu-
rity, economic growth and environmental impact (p. 8). The second
and current energy strategy presents sustainability as an objec-
tive to balance environmental and safety concerns and increase
technological development (p. 29–30).

Involvement: There were discussions about the content of the
plan in joint working groups of various ministries (p. 39) and pub-
lic hearings (p. 36). Public acceptance and trust needs to be built
with safety measures after corruption scandals arose in the nuclear
industry (p. 89, 93). A National Energy Committee was established
with 24 members of science, government, industry and civil society
(p. 36), whereas it was  not clearly pointed out if ministries deal-
ing with social issues e.g. education, family, gender equality were
included nor if civil society groups were involved (p. 39).

United Arab Emirates [28]
Sustainability: Sustainability plays a role in the UAE Vision till

2021 under one of the four pillars in the energy vision described as
“United in Prosperity – a nurturing and sustainable environment
for quality living” [28]. The term sustainability is used in relation
to specific goals e.g. green economy for sustainable development
(p. 111). Among others, citizens should be engaged in “specifically
rational use of energy and water, promoting air quality, encour-
aging conversion of waste to energy, clean and renewable energy,
water security, sustainable transport and rational fuel use,” [28].
Nevertheless there exists no defined conceptual basis for sustain-
ability or introduction of the term.

Involvement: A lot of different sectors are acknowledged e.g.
education or transportation. Some ministries are mentioned in the

strategy e.g. Ministry of Water and Environment (p. 161), but with
no further explanation of collaboration in the decision-process on
the energy strategy. Some public-private partnerships seemed to
have been implemented to run projects as part of the strategy e.g.



h & Social Science 22 (2016) 94–106 99

f
[
d

d
t
r
e

t
t
c
h

s
t
i
p
a
r
r
a
a
n
(

a
s
d

3

n
(
e
g
w
f
i

3
e

t
e
T
e
p
m
(

i
r
o
e
m
s
t
s
s
s
s
g

Fig. 1. Overview of the presence of facets of sustainability within the environmental
dimension within the nine national energy strategies, 10,000 means that all nine
energy strategies addressed this facet (black line: nuclear energy; grey line: energy
system).

Fig. 2. Overview of the presence of facets of sustainability within the economic
dimension within the nine national energy strategies, 10,000 means that all nine
energy strategies addressed this facet (black line: nuclear energy; grey line: energy
system).
F. Gralla et al. / Energy Researc

or the effective disposal and recycling of electronic scrap [. . .]”
28]. Nevertheless, the content of the energy strategy seemed to be
ecided by the Ministry of Energy without further collaboration.

United Kingdom [29]
Sustainability: The energy strategy has an economy focus, and

oes not define sustainability but uses the term to define a goal of
he strategy: “By reforming the market, we can ensure future secu-
ity of supply and build a cleaner, more diverse, more sustainable
lectricity mix.” [29].

Involvement: Actors had the opportunity to take part in a consul-
ation process on the Electricity Market Reform in 2010 (p. 17) and
he White Paper was defined as governmental response to those
omments (p. 18). It is not clear which departments or ministries
ad been involved.

USA [30]
Sustainability: No information about the underlying concept of

ustainability was available, however, the term was  used in relation
o e.g. environmental sustainability: “The first step toward a sound
nternational energy policy is to use our own capability to produce,
rocess, and transport the energy resources we need in an efficient
nd environmentally sustainable manner,” [30]. An elaboration on
isk issues without using the term included: background radiation,
adioactive impacts on humans in everyday life, proliferation and
ccidents (p. 3.10). The strategy mentioned the Three Mile Island
ccident, but emphasized that no injuries have been caused and
ew plant designs help make new nuclear power plants much safer
p. 3.10).

Involvement: Several ministries have been included and listed
t the beginning (p. 3), but neither of the ministries was  empha-
ized to deal with social issues nor was involvement of other actors
escribed.

.1.3. Link between sustainability and nuclear energy
Three of the strategies (USA, United Kingdom and India) did

ot indicate a clear link between sustainability and nuclear energy
Table 4). Of the six strategies that did link sustainability to nuclear
nergy use, some of the linkages were explicitly stated e.g. the Hun-
arian energy strategy, whereas other links were made implicitly
ithin the narrative. For example, the United Arab Emirates aimed

or a sustainable energy mix  and describe the role of nuclear power
n creating a diverse energy mix  (Table 4).

.2. Sustainability dimensions of the energy system and nuclear
nergy

The presence or absence of a given facet of sustainability in
he strategy document for each country was recorded for both the
ntire energy system, and nuclear energy production in particular.
hese data were then aggregated across the nine case studies for
ach of the five sustainability dimensions (Figs. 1–5). For exam-
le, climate change was a facet that all strategies of all countries
entioned in relation to nuclear energy and the energy system

Fig. 1).
The presences of facets sustainability were more often found

n relation to energy systems in general rather than specifically
elated to nuclear energy (Figs. 1–5). Only in the risk related facets
f sustainability was there a greater presences in relation to nuclear
nergy (Fig. 3). However, the facets in the risk dimension were
entioned less frequently than terms related to any of the other

ustainability dimensions for both nuclear energy and energy sys-
em as a whole. The difference between the frequency of using
ustainability terms with respect to the whole energy system and

pecifically for nuclear energy was highest in the social dimen-
ion (Fig. 5). For the economic dimension of sustainability (Fig. 2)
ome of the facets were present in all of the national energy strate-
ies e.g. technologies that decrease fuel amounts/efficiency/safety;
Fig. 3. Overview of the presence of facets of sustainability within the risk dimen-
sion within the nine national energy strategies, 10,000 means that all nine energy
strategies addressed this facet (black line: nuclear energy; grey line: energy system).

reliability of supply or better supply efficiency (Fig. 2). Figure three
shows that codes describing issues of risk were more related to

nuclear energy than to the energy system (Fig. 3). The highest atten-
tion, number of codes mentioned, in relation to nuclear energy got
the governance sustainability dimension (black line area) (Fig. 4)
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nergy strategies addressed this facet (black line: nuclear energy; grey line: energy
ystem).

hereas codes used in relation to social sustainability criteria was
owest (black line area) (Fig. 5) compared to all other dimensions.

. Discussion

Our findings showed: (1) the energy strategies of all the case
tudy countries pursuing or planning to pursue nuclear energy ref-
renced the notion of sustainability, but in only three cases was
ny definition of the term provided. (2) Seven of the nine energy
trategies mentioned little information on whether a diversity of
ctors was involved in the development of the strategy. (3) Facets of
ustainability relating (directly or indirectly) to the notion of inter-
enerational equity, received surprisingly little attention (with
he exception of climate change). For example, natural resource
epletion, nuclear waste and risk management, all of which have
erious implications for future generations, were each mentioned
n a third or less of the analyzed documents. (4) The social and
isk dimensions of sustainability (e.g. information on health issues,
isk or safety measures for citizens etc.) consistently received less
ttention that the other three dimensions. Only one facet (risks

f accidents/incidents) within these two sustainability dimen-
ions was mentioned by more than two of the national strategy
ocuments.

ig. 5. Overview of the presence of facets of sustainability within the social dimen-
ion within the nine national energy strategies, 10,000 means that all nine energy
trategies addressed this facet (black line: nuclear energy; grey line: energy system).
cial Science 22 (2016) 94–106

In the following we will discuss the relevance of these four find-
ings and formulate four corresponding recommendations which
could be considered in order to better integrate sustainability issues
in national energy strategies.

4.1. Energy strategies of nuclear countries and sustainability

4.1.1. Sustainability definitions in energy strategies
Linking sustainability with energy development has been a focus

of global governance (e.g. Karlsson-Vinkhuyzen et al. [39]) and,
more recently, in the sustainable development goals adopted by
United Nations [3]. National energy strategies are one means of
exploring how these linkages are being envisioned by different
governments. The definition of sustainability depends on ethics
and value judgements [40]. Currently, there exists no global inde-
pendent authority that gives advice how to assess sustainability
in relation to nuclear energy [5]. Hence, there is no framework by
which the diverse perspectives on sustainability and nuclear energy
can compared in order to serve as a common understandings and
goal settings when implementing energy strategies that include
nuclear energy use. The ten Bellagio principles to evaluate progress
towards sustainability [40], may  provide a useful starting point for
situating national nuclear energy policy within the broader societal
goal of sustainability. This includes beginning with a clear definition
of sustainability. The lack of sustainability definitions in policy doc-
uments can hamper the collection of essential data for monitoring
and evaluating sustainability [40]. Further, a transparent defini-
tion of sustainability can help identify aspects of sustainability in
relation to the adoption of specific energy technologies.

The analyzed energy strategies rarely included an explicit and
clear definition of sustainability. Although all strategies use the
term in various ways, only three energy strategies included further
explanations. Alternatively, a country’s perspective on sustain-
ability in relation to energy policy can be assessed through the
facets of sustainability mentioned throughout the strategy doc-
uments. In the cases considered here, sustainability in relation
to nuclear energy is mainly defined by governance and economy
dimensions (Figs. 1 and 3), whereas the general approach to the
sustainability-energy nexus was  more focused on and economic
and social dimensions. An emphasis on facets such as climate
change (Fig. 5), efficiency of supply and technologies (Fig. 1) as well
as investment costs (Fig. 1) have been identified as common crite-
ria for sustainable energy decisions [41]. Our analysis suggested a
similar emphasis within national energy strategies.

The lack of sustainability definitions increases the risk that sus-
tainability may  be used only as a buzzword instead of a theoretical
foundation for strategy implementation. We  argue that linking sus-
tainability and nuclear energy requires a clear and unambiguous
definition of the concept. Such a definition would enable better
understanding and assessment of the role of nuclear energy in
moving societies towards sustainability.

4.1.2. Involvement of public authorities and other relevant actors
The normative character of sustainability makes it essential

to discuss sustainability and the underlying values that under-
pin its operationalization [40,41]. This dialogue enables shared
understanding of criteria for assessing future strategies on energy
development. An involvement of diverse actors in decision-making
is written in the Agenda 21, decided by 178 states on the World
Summit 1992 [42]. Pluralistic perspectives are assumed to enhance
legitimacy and acceptability of decisions; trust in governmen-
tal authorities as well as decrease in conflicts for example in

decision-making on radioactive long-term waste disposal [51] or
after nuclear accidents [46]. In addition, social facets of sustainabil-
ity were mentioned less in relation to nuclear energy compared to
all other sustainability dimensions, except for the risk dimension.
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ence, we would support the call of Sovacool [43], who  emphasized
hat policy-makers and researcher should include social topics in
he energy sector for instance “future generations bearing the bur-
en of pollution” [52]. Including diverse actors in the formulation
f energy strategies might help to encourage decision-making that
romotes procedural justice [44]. The involvement of ministries
hat deal with social or environmental issues might help to engage
n further aspects for example to include social sustainability cri-
eria in relation to nuclear energy. Furthermore, involvement of
elevant actors on regional or community levels could enhance
fforts on energy decisions and planning [45] (e.g. in relation to
egional risk management) [38]. Hence, we recommend informa-
ion within national energy strategies that (1) clearly communicate
ho is involved and to what extent (e.g. two-way communication)

2) if and how civil society and other relevant actors will be involved
n energy strategies on community or regional levels.

.1.3. Integration of risk criteria and a perspective on
ntergenerational equity

Intergenerational equity is a crucial element within the sustain-
bility concept [1,3] related to several sustainability dimensions. It
eeds to be acknowledged by decisions on nuclear energy [7], or
nergy systems in general for example by a focus on impacts caused
y pollution, waste and environmental degradation [44]. Here, we
ocus on facets of sustainability linked to intergenerational equity
uch as: long-term repository for highly radioactive waste and risk
management) (Figs. 1, 3 and 4), on biodiversity loss (Fig. 1) or
epletion of natural resources (Fig. 1). Those facets were mentioned

ess frequently in the energy strategies (Table A1 in Appendix A).
n contrast to that air pollution via carbon emissions were in all
nergy strategies. The climate energy nexus plays an essential role
o justify energy decisions [46,47]. Our results show that climate
hange is acknowledged in all strategies which underlines the rel-
vance of this aspects on intergenerational equity within the case
tudy countries. Although reduction of carbon emissions is tremen-
ously important, it needs to account that there are several further

nterrelations of energy production to e.g. waste products and risks
hat need to be taken care of and communicated to the public. For
xample, it is important to reduce carbon emissions (criteria in the
cological dimension), to combat climate change.

Energy production results in benefits and impacts across sev-
ral temporal or spatial scales. A focus on intergenerational equity
ithin an energy strategy needs to account all energy related risks

ver time and space (e.g. after accidents by Wehrden et al. [48])
nd their management and liability. Countries referred to waste
anagement issues in general but eight of nine energy strategies

id not mention anything about their future plans for a final highly
adioactive waste nuclear repository (Fig. 3). These decommission-
ng costs and external costs of environmental impacts and risk are
nderestimated in economic calculations on nuclear energy pro-
uction benefits [49]. Hence, it is not surprising that the polluter
ays principle is not mentioned in the energy strategies although
erbruggen et al. [7] emphasized its relevance. Especially in the
ase of nuclear energy with its long-term costs on waste and risk
anagement addressing those issues could lead to another energy

hoice.
In the case of nuclear energy regional activities need to respond,

itigate and prepare for the risk of nuclear accidents [38]. There
ave been several studies on nuclear risks and safety in coun-
ries. For example, in Germany all operators of nuclear plants need
o conduct a safety report by law after ten years [50]. Such risk
esearch results would profit from yearly long-term data embed-

ed in continuously updates on all spatial scales (global, national,
egional) on the risk situation and an integration into governmental
ecision-making e.g. on investments. Compared to the discourse
f risk within the water sector, which is embedded in e.g. flood
cial Science 22 (2016) 94–106 101

risk management [51], the analyzed countries seemed to have less
focus risk dimension of sustainability with regard to energy sys-
tems/strategy. Financial or supply risks are mentioned in some
strategies, and climate change is described as a risk (e.g. in the
United Arab Emirates [28] strategy document). Risks are seldom
mentioned in relation to (nuclear) energy production, and some-
times the risk of an accident is mentioned although no further
information on possible risks after nuclear accidents on biodiver-
sity, ecosystem services, human health or the risks of proliferation
is available. Energy strategies analyzed here used, for example,
the term “safety” to describe risk management efforts e.g. “[.  . .]
measures to build public trust in nuclear safety [. . .]” [26] or “The
Visaginas NPP operations will be safe and reliable: in the Visagi-
nas NPP project planning phase, an appropriate power plant safety
[. . .]  will be selected” [24]. Nuclear accidents are human-made dis-
asters and the term risk allows uncertainties to be included [52].
We argue that focusing more on risk(s) in energy strategies could
enhance sustainability. These criteria need to be included in energy
strategies of nuclear energy countries to evaluate impacts on inter-
generational equity allowing for the building of a capacity for such
addressing risks by proper risk management efforts [38] in relation
to long-term human well-being.

We argue that missing information on intergenerational equity
should be included in energy strategies and if available in other doc-
uments a link should be provided to foster access to all information
on energy and the environment to contribute to energy justice [44].
Currently such links to other political documents or declarations
that are interrelated with energy issues e.g. water or food security,
resources, risk and waste management etc. were rarely mentioned
in the energy strategy documents studied.

4.1.4. Acknowledge interlinkages between policy strategies
Energy issues are interlinked with sustainable development

goals of other policy areas (e.g. water management and food secu-
rity [53] or gender equality and women empowerment [43,54]. The
link between energy and climate change has been set very clearly
within the nine energy strategies (Fig. 5). The importance of the
carbon emission criterion in energy decisions has been observed by
Wang et al. [41]. Other topics have partly been included. For exam-
ple, the. United Arab Emirates referred to the “energy, water and
food security nexus in Abu Dhabi” with information on the water
strategy [28], or India linked energy and women empowerment
[23]: Xiii). As emphasized by the energy strategy of Hungary [22]:
“The whole system of relations of the energy sector has changed and
become more complex as it now has links to other policies (trans-
port, environmental protection, agriculture, water management,
education and employment)”. We agree that those links to other
policy fields need to be accounted for and argue that the content of
energy strategies, its targets and measures, need to be coordinated
and adjusted in accordance with other policy areas on the same
regulating level e.g. global level.

Furthermore, some energy strategies already acknowledge their
importance for other key policy areas. For example, the energy
strategy of Hungary [22] referred to the National Renewable Energy
Action Plan or in the energy strategy of Slovak Republic [27]: “[.  . .]
individual chapters of the Energy Security Strategy and annexes
result from other strategic documents which were adopted by the
Slovak Government (Raw Material Policy, Strategy for Better Use
of Renewable Energy Resources, Energy Efficiency Concept, Action
Plan of Energy Efficiency for 2008–2010). We  recommend further

research in to the application of such comprehensive approaches
in order to decrease trade-offs and reveal overlaps between
current strategies fostering action for sustainability based on a sys-
tems perspective. Increased transparency on data and information
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vailability in energy strategies may  help in creating such inte-
rated energy strategies and reveal lacks of data and information.

.1.5. Global energy governance
An interest in exchange and connection with other countries

as communicated in seven of nine energy strategies within the
overnance dimension. Since most of countries act in the global
nergy system [4] a willingness to cooperate is important. Apart
rom governmental officials other actors such as the International
tomic Energy Agency (IAEA) are engaged on a global scale. There

s currently no global authority on energy governance [4], which
ight help actors to engage on a global level or foster integration

f a comprehensive set of sustainability criteria in energy policy.
hus, we agree with Verbruggen and Laes [5], who concluded that
uch an independent authority could provide clearly defined sus-
ainability criteria based on a normative foundation and monitoring
f these to formulate ‘advice on policy means to effectively increase
erformance in accordance with the sustainability criteria’ [5].

. Conclusions

Policy documents like the analyzed energy strategies can play
 pivotal role as input for decision-making and implementation of
easures within energy policy. Here, a document analysis has iden-

ified the extent to which, different dimensions of sustainability are
entioned within such policy documents. Our analyses of energy

trategies of nine nuclear countries revealed a lack of explicit defi-
itions of sustainability in relation to energy polices. In turn these
nergy strategies showed a focused perspective that underrepre-

ented some facets of sustainability, such as issues within the social
nd risk sustainability dimensions. Further research is required
n the involvement of multiple ministries and societal actors in
uilding energy strategies, and the perspectives that they bring,

able A1
verview of the results from the sustainability evaluation scheme in two  tables: energy s
cial Science 22 (2016) 94–106

may  help to ensure the need for a sustainability definition in order
to avoid misunderstandings, understand priorities and counteract
trade-offs.

A full accounting of facets of sustainability within energy pol-
icy documents can help countries to tackle energy challenges in
the future. Therefore governments could profit from a comprehen-
sive view within energy strategies by: (I) defining the concept of
sustainability that was used; (II) communicating clearly who is
involved in the strategy preparation and enable diverse involve-
ment of among others civil groups and public authorities; (iii)
more fully accounting for criteria of intergenerational equity such
as risk and waste management issues; and (iv) Greater focus on
laying open the informational and data basis for strategy devel-
opment as well as connections to other strategies and thematic
areas to improve their synergy and avoid trade-offs between them.
Global tasks could be implemented by a global independent energy
authority which engages in an integration of sustainability criteria
and monitoring to foster a comprehensive perspective for sustain-
able energy transitions and help governments engaging in this field.
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