
Contents lists available at ScienceDirect

Energy Research & Social Science

journal homepage: www.elsevier.com/locate/erss

Perspectives

Achievable or unbelievable? Expert perceptions of the European Union
targets for emissions, renewables, and efficiency

Tahamina Khanama,⁎, Abul Rahmana, Blas Mola-Yudegoa,b, Paavo Pelkonena, Yannick Perezc,d,
Jouni Pykäläinena

a School of Forest Sciences, University of Eastern Finland, PO Box 111, 80101 Joensuu, Finland
b Department of Crop Production Ecology, Swedish University of Agricultural Sciences, PO Box 7043, 750 07 Uppsala, Sweden
c RITM Université Paris-Sud, LGI Centrale Supélec, France
d Department of Economics, Helmholtz Centre for Environmental Research – UFZ, Permoserstr. 15, 04318 Leipzig, Germany

A R T I C L E I N F O

Keywords:
H2020 targets
Greenhouse gas
Renewable energy
Energy efficiency

A B S T R A C T

In 2007, the European Union (EU) set goals to reduce greenhouse gas (GHG) emissions, called H2020 targets, by
2020. Following the adoption and implementation of policies related to these targets, this study surveyed 187
experts from 25 EU countries to analyse their perceptions regarding the achievement of the H2020 targets. The
experts' countries are grouped in five geographical regions: Central European countries (CEC), Western European
countries (WEC), South-Eastern European countries (SEEC), Nordic countries (NC), and East European countries
(EEC). The survey results demonstrate a broad scepticism among those interviewed: 49% perceive that the
renewable energy (RE) target will not be accomplished, 60% perceive that the EU's GHG emission policies are
not sufficient to fulfil the GHG reduction target, and 85% state that the EU's energy efficiency will not succeed.
The regional comparison reveals that an overwhelming majority (82–93%) from SEEC, NC, and EEC feel that
consistent and sufficient incentives are necessary to meet the RE targets for biomass. Contrary to the majority
opinion among WEC experts, the majority from all other regions perceive that the EU GHG policies are in-
sufficient and that the H2020 targets will not be achieved.

1. Introduction

Economic development relies both directly and indirectly on en-
ergy. However, the generation and use of energy substantially impacts
nature [1,2]. Among these impacts is one of the most devastating—the
current effect of growing greenhouse gases (GHG). The European
Commission (EC) estimated that in order to keep global warming levels
below 2 °C (referred to the 1990s level), developed countries must re-
duce their GHG emissions approximately 80–95% by 2050 [3].

In its first directive, the EC set these targets as well as certain goals
for securing the energy supply, improving the competitiveness of
European business, and taking environmental impacts into ac-
count—understanding that the challenge of meeting these goals and
targets is amplified by the differences in energy structures and policy
frameworks among the EU countries. Between 1996 and 2003, after
negotiations among member countries, the second package harmonized
the rules, and, finally, a new directive, the ‘Energy Policy for Europe’,
which underscored economic competitiveness, was published on 10
January 2007. Under this directive, the EU set targets for energy and

climate to be attained by 2020, referred to as the ‘20-20-20′ or H2020
targets [4]. The fundamental objectives of the directive include: in-
creasing the EU’s renewable energy (RE) consumption share by 20%,
reducing the EU’s GHG emissions by 20% (as 1990 levels), and im-
proving the EU's energy efficiency (EE) by 20% [5,6].

In many ways, the ability to reach these energy goals depends on the
smooth operation of the internal energy market, the security of the
strategic supply, the concrete reductions in GHG emissions, and the
EU's ability to speak with a single voice in international markets.
Therefore, the European energy policy was built to achieve three core
goals related to these concepts: securing the energy supply, reducing or
eliminating the effects of climate change, and raising competition in
energy markets. In order to create a unique market, the EC prevented
governments from interfering with the market by preventing the allo-
cation of state subsidies (or other forms of support) to companies and
protecting national firms from mergers or takeovers. Furthermore, the
EU developed unbundled and cross border trade policies to help new
firms enter into the electricity market, adopted a low carbon energy
technology for energy efficiency (EE), encouraged consumption of
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renewable energy (RE), and supported other market based tools to in-
centivize GHG reductions, such as CO2 taxes, green subsidies, and a CO2

emissions trading scheme (Fig. 1).
Some implementing problems were identified prior to putting into

service the H2020 targets– like market integration, vertical foreclosure,
lack of market transparency, price formation [7], and additional major
risks have more recently been recognized for successfully implementing
this package related to competitiveness risks, energy security risks and
carbon leakage risks [8]. Auctioning of GHG allowances might be a
reason of occurring competitiveness risks as it allows price differences
between the EU (importing) and non-EU (exporting) countries, and
undermines the competitiveness in importing countries. Moreover, ex-
cessive importation of energy from non-EU countries, without concern
of other member states, could disrupt the supply and demand steadiness
under peak conditions, propagate additional importations, and create
energy security risks [9]. Public unwillingness to finance in RE also a
major barrier to the development of RE sector in all over the EU [10].
Another study on stakeholders’ perceptions illustrated that regulatory
risks frequent disturb RE projects [1]. An example of a potential carbon
leakage would be the possibility that non-EU countries that lack strict
carbon constraints would produce and transfer their carbon to EU
countries [8]. Several measures have recently been considered to ad-
dress the risk of carbon leakage, such measures include: financial
compensation, allocation of free allowances, the Clean Development
Mechanism (CDM), and border measures [8].

1.1. Present status of the 2020 target

The recent energy and climate policies have made significant strides
toward meeting the 2020 goal. In 2014, the share of RE energy

consumption increased to around 13% (with respect to total energy
consumption) and GHG emissions shrunk to around 18% (compared to
the 1990 level) (Fig. 2). It is expected that RE energy consumption le-
vels will reach 21% and 24% in 2020 and 2030, respectively, whereas
GHG emissions are likely to shrink by 24% and 32% in 2020 and 2030,
respectively. It is notable that compared to the 1995 level, carbon
emissions have already decreased by around 24% in 2010, and the
energy intensity has decreased by 28% in 2011 [11].

However, the EC considered a further reduction from 20% targets to
30% targets by 2020. In this new context, it is estimated that the total
cost of achieving the targets by the 2020 deadline would increase from
€81 billion to €114 billion (i.e. €33 billion more) [13]. The benefits
associated with this new aim include the reduction of dependency on
imported oil and gas, the creation of additional green jobs, the im-
provement of environmental quality, and the preservation of the EU’s
efforts to shrink emissions to 80–95% of the 1990 levels in 2050 [14].
Further, additional analysis by the EC recommended that in order to
achieve 40% GHG reduction the EU would need to achieve 25% energy
efficiency by 2030 [3]. However, in May 2010, after assessing the risk
of carbon leakage and analysing the costs and benefits of moving to-
wards a further reduction, the EC decided not to move forward with the
30% target [4].

1.2. Theoretical framework

Perception is the process with which individuals detect and interpret
environmental stimuli [15]. Baker [16] defined perception in a broader
sense: according to him, perception is certainly beyond the process,
even when the stimulus impinges on the senses. Whether perceptions is
all about the beginning of processing information and interpret on some

Fig. 1. H2020 target and way of achieving it by EU energy and climate package.
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selective stimuli that further supported and shaped up by the attitudes,
experience, and motivation [16]. Basic human perceptions are not
universal; these vary along countries and backgrounds [15]. Particu-
larly concerning environmental opinions, Worsley and Skrzypiec [17]
implied that those are not homogeneous as vary across the gender,
living areas and the study locations.

Owens and Driffill [18] indicated that in energy consumption there
is the need to deliberate social, cultural, physical and institutional
contexts that reflect people’s choices, which is recognized as ‘NIM-
BYism’. Analysis over some students and their parents on energy-related
behaviour in Crete (Greece) demonstrated that after the distribution of
necessary acquaintance it varied towards a more efficient one [6],
whereas, compared to rural pupils, the urban and suburban pupils af-
firmed greater verbal binder to environment [19].

A study by Barr [20] on waste management behaviour theorized
that psychological factors and environmental values have a substantial
role in forecasting such behaviours. Recent studies have focused on the
discussions and interactions among technical professionals, different
stakeholders, average people, and decision-makers [18]. Energy se-
curity and technological progress are not location-specific [21], do-
mestic bioenergy production needs to be capable of coping with shifts
in global patterns.

However, even in the case of expert perception on a topic, these
perceptions are not always entirely rational with respect to the en-
vironment because when it comes to perceptions this automatically
engages various common biases and tendencies [22]. These biases are
commonly related to three types of perception: visual perception, self-
perception, and social perception. The visual perception is influenced
by more than just the available physical information (which is already
frequently biased). In the case of social perception, the main source of
bias is associated with stereotyping. Although selective perception, i.e.
selectively focusing on only certain aspects of the environment and
disregarding others, may encourage the perpetuation of the stereo-
typing [22]. A study by Baker [16] determined that to effect the

decision-making process, perception needs to become selective.
In this context, the objective of this study is to analyse experts’

perceptions regarding accomplishing the objectives of the EU H2020
targets, to compare the overall perceptions with the present status of
the targets, and to identify potential differences in perception based on
variables such as gender, background, or geographic location of the
experts.

2. Material and methods

2.1. Survey design

We designed both open- and close-ended questionnaires in order to
retrieve data concerning expert’s perceptions on achieving the H2020
targets. The questions were formulated in English and dealt with ex-
plicit H2020 targets as well as with renewable energy, particularly from
wood biomass, in the view that such issues are relevant to mitigating
global GHG emissions and sequestering carbon [23].

The questionnaire contained 26 research questions (RQs) divided
into 4 sections: respondent’s profile, respondent’s perception about
GHG reduction (RQ5 to RQ12), respondent’s perception about RE
consumption (RQ13 to RQ19) and respondent’s perception about EE
(RQ20 to RQ25). An additional one (RQ26) was included to act as an
ancillary question to evaluate the correlation between the last questions
of the previous three sections.

Among the total 26 questions, the nominal scale format was fol-
lowed for question 1- 4 and a non-comparative- itemized rating Likert scale
format were followed for the rest of the questions (Strongly agree = 1,
Agree = 2, No opinion = 3, Disagree = 4 and Strongly disagree = 5).
Some questions (RQ7, RQ8, RQ9, RQ17 and RQ21) contained nega-
tively worded statements, whereas the rest of questions hold positively
worded statements. Hence, for the analysis the negatively worded
statements became positive after reversely coding or scoring the sur-
veyed result [24], which were utilized to evaluate the questions in the

Fig. 2. Present status of EU H2020 targets based on EU 2014 data [12].
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other sections. The weights assigned for the analysis were Strongly
agree + Agree = Accept, No opinion = No opinion, and Disagree
+ Strongly disagree = Reject.

Experts were considered as those persons with relevant expertise on
energy policy or renewable energy. These were addressed from uni-
versities (professors and researchers related to energy policy from dif-
ferent EU universities) forest institutes (e.g. Hungarian Forest Research
Institute, Croatian Forest Research Institute, Finnish Forest Research
Institute, European Forest Institute among others) and policy makers
and government personnel (e.g. Federal Ministry of Agriculture,
Forestry, Environment, Natural resources and Water Management of
Austria, Czech Republic among others). Comprehensive lists of experts
were extracted from available sources (e.g. from COST actions) and
through own elaboration.

Finally, a pilot survey was conducted over 17 randomly selected
researchers and doctoral students. The feedback was incorporated in
the final version of the questionnaire, including suggestions for clar-
ification and reduction of ambiguity in some questions. The final form
of the survey was considered as suitable for the investigation of re-
spondent’s perceptions.

2.2. Data collection and analysis

Data were collected by delivering questionnaires by hand and by
sending personal emails. The survey period ran from the end of April
2014 through March 2015. The total number of respondents were 187
from 25 EU countries. The male respondents were 78% (147) and fe-
male were 22% (40). Among the total respondents based on age groups,
for ≤30 years were 6% and 5% for male and female, respectively; for
the range 30–45 years were 34% and 10% for male and female, re-
spectively; for the range 45–60 years were 34% and 5% for male and
female, respectively; and in the range 60+ age were 5% and 1% for
male and female, respectively. Concerning occupation, there were 2%
environmentalists, 3% policy makers, 28% doctoral students and junior
researchers, 48% senior researchers and professors, and 19% were in
other categories.

Concerning the geographic distribution, we divided the EU into five
geographical regions. Austria, Germany, Belgium, Netherlands (Central
European countries − CEC), France, Italy, Spain, United Kingdom,
Ireland (Western European countries − WEC), Croatia, Cyprus, Greece,
Slovenia, Malta (South-Eastern European countries − SEEC), Finland,
Sweden, Denmark (Nordic countries − NC), Bulgaria, Czech Republic,
Hungary, Poland, Slovakia, Estonia, Latvia and Lithuania (East
European countries − EEC). The data distribution of these regions in-
clude: 31 respondents from CEC, 43 from WEC, 20 from SEEC, 59 from
NC, and 34 from EEC. The total percentages of professions, ages, and
genders are represented in Fig. 3 on a regional basis.

The statistical analyses were carried out using the Statistical
Program for Social Science (SPSS) v21.0. We utilized cross tab for
percentage calculation of the respondents, boxplots to find out outliers
and Cronbach’s alpha as a basis for the reliability test of the ques-
tionnaire. We also conducted chi-square test and Kruskal Wallis test to
measure the level of significance among two and more than two vari-
ables, respectively. Finally, a correlation analysis has been done to find
out the relationship between single target (RQ12, RQ19, RQ25) and the
combined target (RQ26). Finally, we performed a reliability test on the
entire questionnaire, that is proposed by Nunnally [25].

3. Results

3.1. Inclusive survey results

The 22 items in the questionnaire were judged to have an internally
uniform relationship based on Nunnally [25]—as the acceptable range
of uniformity begins at 0.70 and the resulting internal reliability of the
22 items is 0.75. In response to the question regarding EU’s GHG policy,

60% of the experts rejected the statement that the EU’s GHG emissions
policies are sufficient to meet the GHG reduction target (RQ5, Table 1).
Regarding incentives and climate issues, the same percentage of experts
perceived that implementing a CO2 tax would not lead to social welfare loss
(RQ8) in Europe. The highest (74%) acceptance was revealed when
experts were asked about the use of forest biomass for energy purposes to
reduce the GHG emissions (RQ10). The second most accepted (54%)
statement was RQ11, where experts agreed that shifting the GHG mi-
tigation target from 20% to 30% is a wise decision for the year 2020.

In response to the EU’s RE consumption question, 49% of the ex-
perts responded that the EU’s RE target for 2020 will not be successful
(RQ19). Concerning incentives, a large majority (83%) stressed the
need for stable, consistent, and sufficient incentives in the EU to meet 2020
RE target from biomass (RQ16). Whether, 76% of experts perceived that
RE will ensure major sources for heating and cooling, and 69% perceived
that woody biomass would be a major contributor for heating and cooling.
Regarding EE (RQ20-RQ25), GHG emissions reductions should be more
prioritized than the security of energy supply (RQ20) was the most rejected
(42%) statement. The most accepted statements were, respectively,
energy savings will lead to achieving the EU renewable energy target (85%)
(RQ24), EE would reduce social costs (64%) (RQ22), and EE would fa-
cilitate economic solvency in EU (61%) (RQ23).

3.2. Pointed survey results

3.2.1. GHG perceptions
GHG perceptions are estimated in relation to all the GHG related

statements from the questionnaire (Table 2). However, in examining
the perceptions related to the EU’s GHG emissions policies are enough to
meet the GHG reduction target and the EU’s GHG reduction target for 2020
will be successful, it is demonstrated that 39% of the experts believe that
the policies are insufficient and that the target will be achieved. The
associations between these two research questions were empirically
supported. The findings of the analysis of shifting the GHG mitigation
target from 20% to 30% is a wise decision for the year 2020 (RQ11) and
GHG reduction target for 2020 will be successful (RQ12) revealed that
22% of the experts perceived that the EU’s GHG reduction target for 2020
will be successful and the targeted rate should be increased to the level of
30%. It is notable that 24% of the experts pointed out that despite the
fact that the 20% GHG reduction target for 2020 will not be achieved, it
is wise to move forward with increasing the target rate from 20% to
30%.

3.2.2. Forestry perceptions
The analysis of using forest biomass for energy purposes would reduce

GHG emissions (RQ10) and woody biomass will contribute a major share in
RE for heating and cooling (RQ15) resulted in 56% of experts perceiving
that woody biomass is a major contributor to RE (for heating and
cooling) and that using biomass for energy purposes will reduce GHG
emissions as well. Analysis of the woody biomass will contribute a major
share in RE for heating and cooling (RQ15) and demand for EU forest re-
sources will exceed its supply (RQ17) (according the current policies)
revealed that 28% of experts who accepted that wood is a major con-
tributor to heating and cooling did not believe that, according to pre-
sent policies, demand for EU forest resources will exceed its supply.

3.2.3. Climate perceptions
Climate perceptions that analysed whether climate policies in the

EU may indirectly increase the emissions in the rest of the world (RQ9) and
whether EU energy and climate package did not make clear the EE target
(RQ21) revealed that 33% of experts had no clear opinion regarding the
clarity of the EE target through the EU climate policies (Directive 2009/
29/EC). Although, many perceived that the policies could indirectly
increase emissions in the rest of the world.

T. Khanam et al. Energy Research & Social Science 34 (2017) 144–153
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Fig. 3. Percentage of total number respondents profession, age and gender distribution of five regions.

Table 1
Respondent’s perception about greenhouse gas (GHG) reduction, renewable energy consumption and energy efficiency (%).

A NO R

GHG reduction (RQ5-RQ12)
5. EU’s GHG emissions policies are enough to meet the GHG reduction target in Europe 31 9 60
6. Member States binding yearly targets for non-EU-ETS will be fruitful 37 34 29
7. GHG reduction by the member states is improperly implemented because of ‘Unilateral actions’ (i.e. same actions for all countries) 46 40 14
8. Implementing the CO2 tax (i.e. cost of emission reduction) would lead to social welfare loss 25 15 60
9. Climate policies in EU may indirectly increase the emissions in the rest of the world (by reducing price and increasing the consumption of CO2 based products) 52 19 29
10. Using forest biomass for energy purposes will reduce GHG emissions 74 6 20
11. Shifting GHG mitigation target from 20% to 30% is a wise decision for the year 2020 57 22 21
12. EU’s GHG reduction target for 2020 will be successful 31 20 49

Respondent’s perception about RE consumption (RQ13- RQ19)
13. RE will ensure major sources for electricity generation in the EU 59 9 32
14. RE will ensure major sources for heating and cooling 76 6 18
15. Woody biomass will contributes a major share in RE for heating and cooling 69 7 24
16. Stable, consistent and sufficient incentives are required to meet 2020 RE target from biomass 83 11 6
17. Under current policies, demand for EU forest resources will exceed it's supply 41 22 37
18. Member States are highly concerned about implementing their national RE action plans 34 37 29
19. EU’s RE target for 2020 will be successful 36 21 43

Respondent’s perception about EE (RQ20-RQ25)
20. Under the target of EE, GHG emissions reductions should be more prioritized than the SES 38 20 42
21. EU energy and climate package (Directive 2009/29/EC) did not make clear the EE target 29 64 7
22. EE will reduce social costs related to pollution 64 29 7
23. EE will facilitate EU economic solvency 61 33 6
24. Energy savings will help to achieve EU renewable energy target 85 11 4
25. EU’s EE target for 2020 will be successful 30 41 29

26. EU H2020 target will be achieved 38 18 44

A = Accepted; NO = No opinion; R = Rejected; RQ = Research question; GHG = Greenhouse gas; EC = Energy Commission; EE = Energy efficiency; EU = European Union;
RE = Renewable energy; ETS = Emission trading system; SES = Security of energy supply; H2020 = Horizon 2020.

T. Khanam et al. Energy Research & Social Science 34 (2017) 144–153

148



3.2.4. Incentives, social costs, and benefit perceptions
The analysis of incentives, social costs, and benefits perceptions was

done by examining the statements focused on economic and financial
issues. Further analysis of EE will reduce social costs related to pollution
(RQ22) and EE will facilitate EU economic solvency (RQ23) revealed that
45% of the experts supported the notion that the EE will facilitate
economic solvency and reduce social costs related to pollution.

3.2.5. RE perceptions
With respect to RE will ensure major sources for electricity generation

(RQ13) and RE will ensure major sources for heating and cooling (RQ14),
55% of the experts agree that RE will be major sources for electricity
generation, heating, and cooling. Analysis of RE will ensure major sources
for heating and cooling (RQ14) and woody biomass is a major contributor in
RE (RQ15) denoted that 58% of the experts perceive that RE is a major
source for heating and cooling and woody biomass is a major con-
tributor of it. An analysis of the need of stable, consistent and sufficient
incentives to meet RE target (RQ16) and EE will help to achieve RE target
(RQ24) denoted that 74% of the experts perceive that in addition to
energy savings, stable, consistent, and adequate incentives are also
necessary to meet the RE targets. This analysis, however, was not em-
pirically supported.

3.3. Regional survey results

The respondents’ perceptions were also analysed geographically,
revealing important differences. The results of the analysis of GHG is-
sues reveal that the most rejected statement was that the EU’s GHG
emissions policies are enough to meet the GHG reduction target in Europe
(RQ5) (Table 3). A majority of experts from all regions also agreed that
the EU’s GHG reduction target for 2020 will be not successful (RQ12).
Among the perceptions, the WEC experts’ perceptions were typically
pessimistic or negative in response to questions about the ability to
achieve EU’s 2020 GHG reduction target.

The use of forest biomass for energy to reduce GHG emissions (RQ10)
was a highly supported statement among all respondents; in fact, 80%
of WEC and NC experts supported it. Among all the research questions
in the GHG section, two RQ elicited significantly different results: im-
plementing the CO2 tax would lead to social welfare loss (RQ8,
X2 = 13,675, d.f. = 4, p < 0.008) and using forest biomass for energy
purposes will reduce GHG emissions (RQ10, X2 = 11,884, d.f. = 4,
p < 0.02).

A majority of the experts from all regions also supported two
questions in the RE section: one that dealt with the implementation of
their national RE action plans (RQ18) and the other concerning EU’s RE
target for 2020 being successful (RQ19), (Table 4). Other highly sup-
ported topics included RQ16 (the stable, consistent and sufficient in-
centives are required to meet 2020 RE target from biomass) and RQ14 (RE
will ensure major sources for heating and cooling), with 82–93% of the
SEEC, NC, and EEC experts agreeing that stable, consistent, and suffi-
cient incentives are required for the EU to meet the 2020 RE target from
biomass. Among all the questions in this section, RQ13 and RQ17 eli-
cited significantly different responses based on the regional analysis
(X2 = 10,076, d.f. = 4, p < 0. 04, and X2 = 23,283, d.f. = 4,
p < 0.001, respectively).

Researchers have a critical perception regarding the statement on
GHG emissions reductions should be more prioritized than the security of
energy supply (RQ20) although with some differences: a large percen-
tage of researchers in CEC and NC regions supported this statement and
rejected by the major percentage of researchers in other regions; results
of the EE section represents that major percentage of researchers in all
the regions either accept or provide no opinion regarding most of the
statements and perceive that EE will reduce social costs (related to
pollution), facilitate EU economic solvency and help to achieve EU
renewable energy target. Based on Kruskal Wallis test on the questions
about EE sections and the last questions, we found differences for the
statements EE would reduce social costs related to pollution (RQ22,
X2 = 17,423, d.f. = 4 and p < 0. 002) and EE will facilitate EU

Table 2
Pointed survey results concerning greenhouse gas (GHG), forestry, climate and renewable energy perceptions.

X2 d.f. Significance

a. GHG perceptions
GHG policies are enough (RQ5) and fruitfulness of member States binding yearly non-EU-ETS targets (RQ6) 30.42 16 NS*

GHG policies are enough (RQ5) and GHG reduction is improperly implemented because of ‘Unilateral actions’ (RQ7) 23.06 12 p < 0.03
GHG policies are enough (RQ5) and GHG reduction target will be successful (RQ12) 63.61 16 p < 0.00
GHG policies are enough (RQ5) and according to EE target GHG reduction should be more prioritized than the SES (RQ20) 23.94 16 NS*

Shifting GHG mitigation target from 20% to 30% for 2020 (RQ11) and EU’s GHG reduction target for 2020 will be successful (RQ12) 34.61 16 p < 0.00

b. Forestry perceptions
Woody biomass is a major contributor in RE (for heating & cooling) (RQ15) and using forest biomass for energy purposes will reduce GHG emissions

(RQ10)
125.12 16 p < 0.00

Woody biomass is a major contributor in RE (for heating & cooling) (RQ15) and under current policies, demand for EU forest resources will exceed
it's supply (RQ17)

28.50 16 p < 0.03

Using forest biomass for energy purposes will reduce GHG emissions (RQ10) and under current policies, demand for EU forest resources will exceed
it's supply (RQ17)

14.39 16 NS*

c. Perceptions on EU climate policies
Climate policies in EU may indirectly increase the emissions in the rest of the world (RQ9) and EU energy & climate package (Directive 2009/29/EC)

did not clear EE target (RQ21)
29.37 16 p < 0.02

d. Incentives, social costs and benefit perceptions
Implementing the CO2 tax would lead to social welfare loss (RQ8) and stable, consistent and sufficient incentives are required to meet H2020 RE

target (RQ16)
16.75 16 NS*

EE will reduce social costs related to pollution (RQ22) and EE will facilitate EU economic solvency (RQ23) 247.4 16 p < 0.00

e. RE perceptions
RE will ensure major sources for electricity generation (RQ13) and RE will ensure major sources for heating and cooling (RQ14) 133.9 9 p < 0.00
RE will ensure major sources for electricity generation (RQ13) and energy savings will help to achieve EU RE target (RQ24) 10.76 12 NS*

RE will ensure major sources for electricity generation (RQ13) and H2020 overall target of GHG reduction, RE consumption, EE will be successful
(RQ26)

29.34 12 p < 0.004

RE will ensure major sources for heating & cooling (RQ14) and woody biomass is a major contributor in RE (for heating & cooling (RQ15) 48.93 12 p < 0.00
Stable, consistent and sufficient incentives are required to meet RE target (RQ16) and energy savings help to achieve EU RE target (RQ24) 20.37 16 NS*

A = Accepted; NO = No opinion; R = Rejected; RQ = Research question; GHG = Greenhouse gas; EU = European Union; ETS = Emission trading system; EE = Energy efficiency;
SES = Security of energy supply; H2020 = Horizon 2020; RE = Renewable energy; *NS = Not significant.
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economic solvency significant (RQ23, X2 = 14,193, d.f. = 4 and
p < 0.007). Interestingly, when the experts were requested to provide
their perception about the sufficiency of the EE target by EU energy and
climate package (Directive 2009/29/EC) (RQ21), most of them stated
no opinion (Table 5).

The gender factor was not significant, except in the questions con-
cerning climate policies in EU may indirectly increase the emissions in the
rest of the world (RQ9, X2 = 10.81, d.f. = 4 and p < 0.02) and woody
biomass will contribute a major share in RE for heating and cooling (RQ15,
X2 = 9.505, d.f. = 4 and p < 0.05). The age factor was not significant
either for all questions except concerning implementing the CO2 tax
would lead to social welfare loss (RQ8, X2 = 11.90, d.f. = 3 and
p < 0.008) and EU’s GHG reduction target for 2020 will be successful
(RQ12, X2 = 8.72, d.f. = 3 and p < 0.03).

3.4. Decision tree

A perception based decision tree was built to better provide in-
formation on the perception’s structure (Fig. 4). The decision tree

involves decisions on the target, policy structures and role of woody
biomass to achieve the H2020 target of the three considering sections
GHG, RE, and EE. The decision is Yes (Y) for mostly accepted statement,
No (N) for rejected statement and No opinion (NO) for neutral per-
ception.

In case of GHG related questions the decisions are quite simple from
the researcher’s perception. The majority of experts in all regions agree
that H2020 targets will not be achieved, they also percept that GHG
policies under the current directives also not sufficient to meet the
targets. However, they believe that using forest biomass for energy
purposes would reduce GHG emissions. In case of RE perceptions, we
found quite similar negative perceptions from all the region’s re-
searchers except when were from WEC. It is worthy to mention that
WEC researchers believe that RE under H2020 would be successfully
achieved. Asking on the incentives issues, they percept that stable,
consistent and sufficient incentives are required to achieve RE energy
target. A large percentage of researchers from all the regions also per-
cept that woody biomass has a huge role in producing RE especially for
heating and cooling. Except in the case of WEC, most of the experts

Table 3
Respondent’s perception about greenhouse gas (GHG) reduction (%) by region.

Questions CEC WEC SEEC NC EEC

A R A R A R A R A R

5. EU’s GHG emissions policies are enough to meet the GHG reduction target in Europe 23 64 33 65 45 45 27 61 32 59
6. Member States binding yearly targets for non-EU-ETS will be fruitful 48 29 41 24 55 25 24 (44) 32 32 (35) 33
7. GHG reduction by the member states is improperly implemented because of ‘Unilateral actions’ 42 (45) 13 49 18 60 5 39 (42) 19 47 9
8. Implementing the CO2 tax would lead to social welfare loss 16 80 21 65 45 50 24 61 30 38
9. Climate policies in EU may indirectly increase the emissions in the rest of the world 48 42 50 23 60 20 44 34 64 24
10. Using forest biomass for energy purposes will reduce GHG emissions 77 20 86 9 65 25 81 14 50 41
11. Shifting GHG mitigation target from 20% to 30% is a wise decision for the year 2020 61 20 49 23 50 15 66 20 53 24
12. EU’s GHG reduction target for 2020 will be successful 32 49 35 58 35 45 30 46 24 (32) 44

A = Accepted; R = Rejected; CEC = Central European countries; WEC =Western European countries; SEEC = South-Eastern European countries; NC = Nordic countries; EEC = East
European countries; GHG = Greenhouse gas; EU = European Union; Parenthesis in the data columns represents No opinion values.

Table 4
Respondent’s perception about Renewable Energy (RE) consumption by region.

Questions CEC WEC SEEC NC EEC

A R A R A R A R A R

13. RE will ensure major sources for electricity generation in the EU 74 23 72 21 55 35 52 36 44 44
14. RE will ensure major sources for heating and cooling 84 16 86 9 75 25 71 17 68 26
15. Woody biomass will contributes a major share in RE for heating and cooling 74 19 76 16 55 30 66 27 68 29
16. Stable, consistent and sufficient incentives are required to meet 2020 RE target 77 7 79 12 85 5 82 4 93 4
17. Under current policies, demand for EU forest resources will exceed it's supply 45 42 37 44 75 10 21 47 58 21
18. Member States are highly concerned about implementing their national RE action plans 39 29 34 40 40 20 32 (45) 23 33 (38) 29
19. EU’s RE target for 2020 will be successful 42 42 44 37 35 40 32 44 26 50

A = Accepted; R = Rejected; CEC = Central European countries; WEC =Western European countries; SEEC = South-Eastern European countries; NC = Nordic countries; EEC = East
European countries; EU = European Union; RE = Renewable Energy; Parenthesis in the data columns represents No opinion values.

Table 5
Respondent’s perception about Energy Efficiency (EE) by region.

Questions CEC WEC SEEC NC EEC

A R A R A R A R A R

20. According to EE target, GHG emissions reductions should be more prioritized than the SES 51 46 32 (33) 35 30 45 39 37 41 50
21. EU energy and climate package did not clear the EE target 26 (68) 6 40 (53) 7 35 (55) 10 19 (74) 7 32 (62) 6
22. EE will reduce social costs related to pollution 78 3 76 5 50 20 56 (41) 3 56 15
23. EE will facilitate EU economic solvency 77 4 74 7 45 (45) 10 52 5 53 6
24. Energy savings will help to achieve EU renewable energy target 80 10 92 3 70 10 86 2 84 0
25. EU’s EE target for 2020 will be successful 29(39) 32 37(37) 26 35 (45) 20 20 (46) 34 32 (38) 29

A = Accepted; R = Rejected; CEC = Central European countries; WEC =Western European countries; SEEC = South-Eastern European countries; SES = security of energy supply;
NC = Nordic countries; EEC = East European countries; GHG = Greenhouse gas; EU = European Union; EE = Energy Efficiency; Parenthesis in the data columns represents No opinion
values.
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from all the other regions also have pessimistic perceptions concerning
the EE targets.

3.5. Correlation analysis and twisted results of different comparisons

The Pearson correlation coefficient was used to measure the linear
association between EU H2020 target will be achieved (RQ26) and EU’s
GHG reduction target will be achieved (RQ 12), EU H2020 target will
be achieved (RQ26) and EU’s RE target for 2020 will be successful
(RQ19), EU H2020 target will be achieved (RQ26) and EU’s EE target

for 2020 will be successful (RQ25) (Table 6). The correlation reported
significant relationships (p-value < 0.001) with strong correlations
(R = 0.707, 0.734 and 0.607 respectively) suggesting a considerable
effect of RQ12, RQ19 and RQ25 on RQ 26.

Finally a comparative analysis was conducted on all questions re-
garding individual targets (RQ 12, RQ19, and RQ25), combined targets
(RQ26) based on Fig. 4 and findings from Fig. 2 in the literature section.
The results revealed contradictory perceptions from the CEC and NC
researchers. The contingency table (Table 7) showed that when the CEC
experts were asked if they believed the GHG target would be achieved,

Fig. 4. EU experts perception based decision tree
about the achievement of H2020 target.
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they said No (although, it was, in fact, already close to being achieved
in 2014); however, they responded Yes when asked if the combined
targets would be achieved. The most conflicting result was revealed
among the NC experts—as they responded No to all the individual
cases, but Yes for the combined cases.

4. Discussions

It is evident that there is a global need to reduce the growth of GHG
pollution in order to prevent current environmental threats. In response
to this need, the EU set their targets for GHG emissions reductions, RE
consumption, and improvements on EE at 20% for 2020 [4–6]. The
present study focused on variations in experts’ general perceptions of
these objectives and the ability to accomplish these objectives, ex-
amining the results based on gender, age, and region.

The results showed that 60% of EU experts’ perceive that the EU’s
GHG emissions policies are not sufficient to fulfil the GHG reduction
target, and 39% perceived that the GHG emission policies are in-
sufficient and that the GHG reduction target will not be achieved.
Notably, 24% of the experts perceived that although the 20% GHG
reduction target for 2020 will not be achieved, it is wise to increase the
target from 20% to 30%. An EC study showed that even if initiative was
taken to increase the target to 30% in EU countries, the efforts would
not be sufficient to change its relative position, if the rest of the world
fails to act [8]. In addition, a study by [26] stated that public perception
is a substantial impediment to using wood for energy purposes, as the
respondents are mostly concerned only about enduring the forests and
maintaining air quality. However, 69% of the experts in this study
perceived that woody biomass would be a major provider for heating
and cooling; and 74% of the experts perceive that using woody biomass
for energy purposes would reduce GHG emissions.

Another important finding was that half of the experts perceived
that the EU’s RE target for 2020 will not be successful. Studies have

demonstrated that different consumer profiles with different behaviours
play a significant role in confronting the EE challenge [27]. A percep-
tion-based study in the UK illustrated that people who had experiences
related to climate change expressed greater concern over the probable
impacts of climate change and were more willing to mitigate climate
change by saving energy [28]. Our study found that 85% of the experts
perceive that energy savings will help the EU reach its RE target, but,
simultaneously, perceived that the EE target would not be met. Re-
garding incentives, approximately 83% of the experts feel that stable,
consistent, and sufficient incentives are necessary to meet the EU 2020
RE target from biomass, which is in line with recommendations on
energy policy.

The regional analysis revealed that 80% of the WEC and NC experts
perceive that using forest biomass for energy purposes will reduce GHG
emissions: 82–93% of the SEEC, NC, and EEC experts feel the need for
stable, consistent, and sufficient incentives to meet the RE target from
biomass (as observed e.g. in the Swedish development of energy crops,
[29,30]. Except for WEC experts, all other regions’ experts perceived
that the EU GHG policies are insufficient and that the H2020 targets
will not be achieved. However, CEC and NC experts offered the most
contradictory responses—No for all the individual cases, but Yes for the
combined cases. Based on this, we conclude that there is a contradiction
between perception and reality—whereas a majority of the experts have
pessimistic views regarding the ability to accomplish the H2020 targets,
even though facts demonstrate that is difficult for individual countries
to achieve the targets, facts at the regional level the EU reveal that the
H2020 targets have nearly been met—in fact, the EE targets have al-
ready been achieved at the regional level. This dichotomy has also been
observed in the discrepancies between real accomplishments of forest
policy and the general public perceptions, which tend to be more pes-
simistic [31].

A person who has been trained, possesses an educational back-
ground, or completes a specializing program in the RE sector inevitably

Table 6
Correlation analysis between individual targets with combined targets.

RQ26 RQ12 RQ26 RQ19 RQ26 RQ25

Pearson Correlation RQ26 1 ,707** RQ26 1 ,734** RQ26 1 ,607**

Sig. (2-tailed) ,000 ,000 ,000
N 187 187 187 187 187 187

Pearson Correlation RQ12 ,707** 1 RQ19 ,734** 1 RQ25 ,607** 1
Sig. (2-tailed) ,000 ,000 ,000
N 187 187 187 187 187 187

** Correlation is significant at the 0.01 level (2-tailed); RQ = Research question.
RQ 12. EU’s GHG reduction target for 2020 will be successful; RQ 19. EU’s RE target for 2020 will be successful; 25. EU’s EE target for 2020 will be successful; 26. EU H2020 target will be
achieved.

Table 7
Comparison of achieved target with researcher perception’s regarding H2020 target, by region.

CEC WEC SEEC NC EEC

GHG:
Target achieved (based on status 2014) -12% to −19% 0 to −20% 20% to −11% -12% to −20% 20% to 0
Researchers perception (based on RQ12) N(49) N(58) N(45) N(46) N(44)

RE:
Target achieved (based on status 2014) 10% to 39% 15% to 29% 10%−19% 30% to 40% 10%−50%
Researchers perception (based on RQ19) Y/N(42) Y(44) N(40) N(44) N(50)

EE:
Target achieved (based on status 2014) 20% to 50%+ 10% to 50%+ 0 to 49% 10% to 50%+ 5% to 50%+

Researchers perception (based on RQ25) NO(39) Y/NO(37) NO(45) NO(46) NO(38)

Researchers GHG, RE and EE perception (based on RQ 26) Y(48) N(49) N(40) Y(42) N(44)

Parenthesis represents percentage of total respondents.
CEC = Central European countries, WEC =Western European countries, SEEC = South-Eastern European countries, NC = Nordic countries, EEC = East European countries,
GHG = Greenhouse gas, RE = Renewable Energy, EE = Energy Efficiency, Y = Yes, N = No and NO= No opinion.
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acquires expertise on RE [32]. This enhanced knowledge reduces ex-
perts’ perceived levels of uncertainty when compared to non-experts
[33]. A study by Qin and Brown [34] represent that between two types
of participants in a course study, “consequence” oriented poses higher-
level judgment than the “perspective” oriented. Thus, to promote lo-
gical energy use, education could be one of the best solutions for
modifying human behaviour [2]. Energy literacy enriches the energy
knowledge, affects behavioural characteristics, and helps people and
organizations choose appropriate energy sources [35]. A public per-
ception study in China demonstrates that the success of an emerging
technology with sound technical and engineering system depends on
societal, political, and economic aspects as well [36]. Haggett [37]
underscored the significance of these public perceptions when he stu-
died on the offshore wind power systems, especially by those persons,
who effectually recognized and involved in it.

Another study by Huebner et al. [38] on English households iden-
tified behavioural change initiatives as a significant way to shrink en-
ergy consumption in the shorter heating season. Perception surveys on
carbon capture and storage (CCS) technologies—conducted on 131
experts and decision-makers in China—revealed that the survey re-
spondents were highly apprehensive about the energy penalty [39]. A
study by Virkki-Hatakka et al. [27] noted that educational backgrounds
of different professionals also influence energy perceptions; and these
variations in EE perceptions delay its progress.

We assumed that the H2020 targets were displaying a high level of
ambition at the first stages, and that might be a reason that influenced
experts to jumping into confusion about the achievable or unbelievable
H2020 target. Thus, it turns experts perception into a pessimistic con-
clusions, despite the current progress of the target achievement. The
increased solicitation of regional and institutional actions may increase
individuals’ direct participation and awareness to mitigate climate
change problems, which could help the EU reach its GHG target level. A
study on community based RE projects by Rogers et al. [40] in the UK
revealed that without significant institutional support public im-
plementation and use of RE will not progress. Accordingly, sufficient
information regarding specific energy sectors could help enhance public
support and lessen the risk perception for that energy sector [41]. In
that regard, West et al. [10] suggested that ‘tailored government po-
licies on RE’ could stimulate public involvement and support.
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