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2006, a survey was conducted of European energy stakeholders (industry, government, environmental non-governmental
(NGOs), researchers and academicians and parliamentarians). A total of 512 responses was received from 28 countries as

y (28%), research (34%), government (13%), NGOs (5%) and parliamentariaus (4%). Three-quarters of the sample
tt that widespread use of CO~ capture and storage (CCS) was ’definitely’ or ’probably ~tecessary’ to achieve deep redactiotxs in CO~

between now and 2050 in their own country. Only one in eight considered that CCS was ’probably’ or ’definitely not
For a range of 12 identified risks, 20-40% thought that they would be ’moderate’ or ’very serious’, whilst 60-80% thought

that the risks would be ’minimM’. A particular risk identified by nearly half the sample is the additional
’energy penalty’ incurred by CCS. Further concerns are that development of CCS would detract from

energy technologies. Half of the respondents thought that incentives for CCS should be set either at the same
at a higher level. Environmental NGOs were consistently less enthusiastic about CCS than the energy
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the second half of 2006, 512 stakeholders from
y of opinion regarding

of CO2 capture and storage (CCS) in Europe’s
~ futures. The sttrvey was conducted as part of,

under, the EU ACCSEPT project (Acceptance of
~: Economics, Poficy and Technol-

of the survey was, for the first time, to
European energy stakeholders--

as being those with a professional interest,
in energy and cfimate policy and

author. Tel.: + 44 121 706 1525;

simon.shackley@mbs.ac.uk (S. Shackley).
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economics, energy technologies, climate change mitigation
and so on. We sought to include both those directly involved
in CCS science, technology and evaluation and those with a
wider brief in energy and climate policy and evaluation. The
questionnaire is available for inspection in the electronic
annexes.

2. The Sample

We distributed 2619 questionnaires to named individuals
from the EU25: Austria, Belgium, Czech Republic, Den-
mark, Estonia, Finland, France, Germany, Greece, Hun-
gary, Ireland, Italy, Latvia, Lithuania, Luxembourg, the
Netherlands, Poland, Portugal, Slovakia, Slovenia, Spain,
Sweden and the UK. No respondents were identified in two
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of the EU25: Malta and Cyprus. In addition, we sent the
questionnaire to contacts in other European countries
who are not members of the EU but who are involved in
CCS research, dm~elopment attd demonstration (RD&D),
especially Norway and Switzerland. A few responses
were obtained from Bulgaria (part of the EU since
1 January 2007), Croatia, Serbia and Turkey. A few
responses also emanated from the USA. Just over half
of tlre questionnaires (!341) were distri’outed to the
members of national parliaments or to the members of
the European Parliament. Key data for each country are
presented in Table I.

The names and contact details of the sample were
extracted from a range of sources, including attendees at
major European and international conferences on energy
futures, climate change and CCS, and participants in major
EU energy research projects. Along with the survey, we
also distributed a three-page tinct sheet on CCS in order to
ensure that there was a courmon baseline from which
responses were made. The fact sheet bilei]3, outlined the
different CO2 capture technologies (pre- and post-combus-
tion, oxyfuel combustion), their costs, the different
geological storage sites (operational and depleted oil and
gas reservoirs, saline aquifers and unmineable coal beds),
summary information on the potential risks and on options
for incentive mechanisms for encouraging the deployment
of CCS. Coal and gas were the main fuels mentioned, and
in addition to electricity generation, it was noted that the
produotion of liquid fuels such as hydrogen could also be
associated with CCS. The fact sheet also noted that the
capacity of potential geological reservoirs is not known
with any accuracy but "is likely to be sufficient to allow
CCS to play a major role in reducing CO~ emissions in
many countries". There was no explicit comparison of CCS
with other low- and zero-carbon electricity/energy genera-
tion options in the fact sheet, though it was noted that:
"’Expressed as the cost of avoiding a tonne of CO~
emissions, the additional costs for most of these CCS
technologies are comparable to many renewables and, with
more uncertainty, to new nuclear build". Hence, the
respondents’ opinions were being sought in the context of
the state-of-the-art understanding of the range of cnrrently
viable CCS technologies, geological storage sites, costs,
risks and potential scale of deployment, as expressed in
mCC (2005).

The survey and information note were available in 17
languages: English, German, French, Italian, Spanish,
Portuguese, Czech, Lithuanian, Polish, Dutch, Swedish,
Norwegian, Finnish, Danish, Estonian, Slovenian and
Greek. The survey was available remotely on the web in
addition to the paper version. We invited respondents to
alert other relevant colleagues to the presence of the survey,
and a number of unsolicited responses were therefore
received, 103 in total. Not including the unsolicited respon-
ses and the parliamentarians in the target sample or list of
respondents (only 21 responses having been received), the
response rate was 389/1279 or approximately 30%.

Most responses were
commercial energy sector (28%)
(34%). Government respondents represented a
13%, NGOs 5% and parliamentarians 4%.
further the two largest stakeholder groups,
specializations included geological research (
engineering research (9%), national geological
(5%) and social science/think tanks (5%);
respondents came from electricity generators
gas (7%) and power plant designers and builders
Most of the respondents were energy specialists,
of the sample spending 50% or more of their work
energy, though nearly half of the sample spent
30% of their time working specifically on CCS; 36%
sample spent at least 50% of their time worki
Hence, just over one-third of the sample could b{
as being CCS specialists.

Responses from relatively few
sample; 20% of the respondents were from
were from Germany, 9% from the Netherlands; 6
France and Italy, 5% from Denmark, Spain
4% from Belgium, and 3% from Finland and
analyse the difference in responses
statistically, we selected several countries for
analysis based upon the
the population size. We selected two large
UK (at 1.7 respondents per million
German), (0.67 respondents per
sized countries--Sweden, Belgium
per million) and the Netherlands (2.9
million); and three small
(both at 4.6 respondents per million)
respondents per million). Whilst France
had reasonable numbers of respondents
respectively), it was decided that these
small relative to
target stakeholder community,
not selected for a more detailed
Slownia and Estonia, which had a
respondents per million head
respectively) it was decided that the
respondents (8 and 6, respectively) was
justify the selection of these countries
analysis.

As a check on this approach, we
percentage of those who were invited
survey (with the exception of the
actually responded in
the nnmber of contacts in ou
good proxy for the relative size
community in each country. Wher
invitees responded we d
statistical analysis. This was the
Denmark (51%), Finland
(41%), Norway (37%),
(33%). The percentages were below
Italy (30%) and France (24%1
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coul’tlrJe~ J!!olttded in the survey

Questionnaires Responses GHG/distributed received
(excluding capita
parliament. (tCO2,)
arians)
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% Change in Kyoto Kyoto GDP/capita Country Regional
GHG target and target at current size (L, categoryemissions in EU status prices (L, M, S) (N1V, South,
2004 relative burden

ML, MH, H)to baseline sharing CEE,
Stand.)

15.7% ~13% 1 H M CEE
0.7% -7.5% 1 H M NW~25.1% ~8% 3 L M CEE
-1.8% -21% I H S Scan&50% -8% 3 L S CEE
14.5% 0% 1 H S Scan&~0.8% 0% 2 MH L NVv"~[7.5% 21% 2 MH L23,9% 25% 2 ML M South

~32% ~6% 3 L M CEE
22.7% I3% ] H S N2V
12.3% ~6.5% 1 MH L South-58.5% -8% 3 L S CEE
--8% -8% 3 L S CEE
0.3% -28% I H S NqV!.6% ~6% 1 H M NW
-31,6% 6% 3 L M CEE
41% 27% 1 ML M South
--30.3% --8% 3 L S CFE
-0.8% -8% 1 L S CEE
47.9% 15% I ML L South
-3.6% 4% 2 H M Scand.
-i4.[% 12.5% 2 H L NW

target

target (beyond target)

39,000

L
CEEL S CEEH S

L Scand.

L CEE

H CEE

L NW
South

Size o£ countries
L: Large ~ >45 mitbon
M: Medimn _ 8-45 miIlion

Regional category:

NW: North West E~ope
South: Southern Europe
CEE: Central and Eastern Europe
Stand.: Scandinavia.

above eight nations for statistical analysis.
together respondents from Central and
(54 in total covering Poland, Latvia,

Czech Republic, Slovakia, Slovenia,
Serbia, Croatia and Austria) for the

The main statistical test conducted was the independent
t-test to COmpare two means (Statsoft, 2007). By conduct.
ing a large nmnber of pair-wise comparisons, it was
possible to build up a picture of the significant differences
in responses by Country, stakeholder group, region and
Other categories. Where the two-tailed significance is 0.05
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Table 2
Questionnaire structure

Part and Questions (text within double quotation marks indicate actual questions)
question section of
number paper

1 3
4~5
6-7

Part B
8

9 10

Name, organization, job title
Time spent on energy and on CCS specifically
Organizational position on CCS and reason behind /his position 3

The contribution of CCS in meeting Europe’s future energy requirements
"Is wide-scale implementation of CCS required to achieve deep reductions in CO~ emissions between now and 2050 in4
your own country, the EU and at the global scale?" ?
Role of CCS in current national climate change debate and whether it is increasing or decreasing 5

14 Scale of application of incentives 9
15 How CCS should be regulated 9

Pa~’t D The potential risks of CCS
16 Opinion on potential risks to health, safety and the environment arising from CCS 10
17 "In your opinion will investment in CCS deter investment in other zero and low carbon electricity and energy1

generation options (e.g. renewable energy) in your own country?"
18 : "In your opinion will investment in CCS reduce effort spent on improving energy efficiency and on reducing energy11

demand in your own country?"
19 "Use of CCS might make us more dependent upon a centrahsed power generation system. What is your opinion of12

CCS and its hnpact on decentralised power generation over the next 20~40 years, in particular that from renewable
energy?"

20 Impact of CCS upon energy security in Europe from coal with CCS and gas with CCS 13
21 Opinion on potential public perceptions regarding CCS both in the EU and in own country 14
22 Factors most likely to influence public perceptions regarding CCS in own country 15

or below, the difference has been assumed to be significant
(i.e. there remains a 5% chance that any significant
difference in the means arises by chance). Bivariate
correlations using the Pearson test have also been
employed to examine whether different variables are
correlated at the 0.05 and 0.01 significance levels (Statsoft,
2007).

It is important to emphasize that the sample is self-
selecting and appears to largely represent those most
actively engaged in their respective country in CCS
research, development, demonstration, promotion and
evaluation. Therefore, the sample does not necessarily
include the wider opinions of all energy stakeholders and
this caveat should be borne in mind when examining the
results. The structure of the survey is shown in Table 2,
which also shows the relevant section of the paper in which
the results are presented and discussed.

3. Organizational position on CCS

Almost half (47%) of the respondents reported that their
organization was ’very positive’ towards CCS and a further
24% indicated a ’slightly positive’ organizational position
(Fig. 1). Only 6% of the sample indicated a ’slightly
negative’ or ’very negative’ posture towards CCS. The

majority of the respondents therefore work
tions with a positive stance towards CCS.

The most frequent reasons given for the I
on CCS are potential to continue the use
potential magnitude of CO~ emission reductions;
opportunities, potential for rapid cuts in CO
energy security and environmental risks.
sceptical of CCS are concerned about the
in discouraging investment in other options
ables), environmental risks,
uncertainty, continuation of the use of fossil fuels
availability of more effective CO~

4. Perceived need for CCS in own countr~
globally

A large percentage of respondents believe
’definitely’ or ’probably necessary’ to achieve
tions in CO~ emissions between
country. Favourability increases from their
the EU scale to globally (Fig. 2). British,
Dutch respondents tend to show a similar
response, with enthusiasm for CCS and
scepticism. German.
less enthusiasm regarding

S. Shackley et aL/ Energy Policy 35 (2007) 5091-5108

org position on CCS
very positive towards

~ ccs
81igh0y positive

[] towards CCS
~ neutral towards CCS

[] slightly negative
towards COS

[~ very negative toward
ccs

[] no position on CCS

discussions

Fig. 1. Respo~ldents’ perception of their own organizations’ position oil CCS

100.0                                                       [] definitely necessary
~ ~robab/y necessary
[] only necessary if

probably not necessary
80.0 degnitely unnecessary

unsure

60.0

40.0 -

20.0

0.0
1 2 3

Case Nun3ber

Fig. 2. Perceived need for CCS to meet deep CO2 cuts in host country (1), EU (2) and g’o-a’-ylbll

(3) percentages.

and global scales, although there is still an over-
majority of respondents from those countries

the use of CCS. Least convinced of the need
from the eight countries analysed in detail are the
and Swedish respondents. Respondents from

Eastern European countries are also amongst
about the need for CCS in their own

gh they are still supportive overall.
government and academic stakeholders ale

CCS, with a small minority of 10%

or so of each group stating that CCS would only be
necessary ’if other options fail to live up to current
expectations’. The level of support by these stakeholder
groups for CCS increases from their own country to the EU
and globai scales. The NGOs are more ambivalent regarding
the role of CCS, and do not perceive an increasing need for
CCS from their own country to the EU and global scales.
The parliamentarians are largel3~ in favour of CCS, though
there is again a tendency towards more scepticism than for
energy, academic and government stakeholders.

5095
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150

lOO

5o

very large large moderate small very small

CCS role in nat debate
in count~

Fig. 3. Current role of CCS in the national climate change debate.

5. Role of CCS in the national climate change debate

CCS is perceived to play a very large, large or moderate
role in the current national climate change debate (56%),
although there is a sizeable percentage (37%) stating that
CCS has a small or very small role (Fig. 3). The role of
CCS in the national debate is generally increasing:
substantially (26%), slightly (53%) or staying the same
(18%).

Norwegian respondents identified CCS as playing the
largest role in the national debate followed by the
Netherlands, UK, Germany and Denmark with other
Scandinavian countries and Central and Eastern European
countries reporting the smallest role for CCS (Fig. 4). The
role of CCS is seen as increasing most in Norway,
Germany,-the Netherlands and the UK, i.e. in those
countries where it is already most prominent.

6. The enabling context for CCS in home country

The most important perceived factors influencing the
development of CCS are availability of suitable geological
storage sites and price of carbon under the EU Emissions
Trading Scheme (EU ETS), followed closely by reduction
in costs of CO2 capture, development of the research and
technological base for CCS, a post-Kyoto phase with
tighter national emission redaction requirements, develop-
ment of the legal and regulatory basis for CCS and public
perceptions of CCS. The least important factors identified
are availability of venture capital, development of the

hydrogen economy and availability of domestic su
of coal.

Those countries with domestic coal supplies (e.g.
Germany, the UK and Spain) tended to regard:
supplies as a more important factor influencing(
development, whilst oil and gas producers
UK, the Netherlands and Denmark) tended to
enhanced oil and gas recovery as a more im

7. Should CCS receive similar s~bsldies
development?

Half of the respondents think that incentives for l
should either be set at the same level as
renewables (39%) or that higher incentives
applied (11%). By contrast, 33% of respondents
that incentives should ~
and a further 12% feel that incentives for CCS
needed at all (Fig. 5).

NGOs and parliamentarians are the least
about generous incentives for CCS, with 52%
respondents, respectively, opposed to any
CCS, though 40~8% of respondents are
incentives comparable to, or set at
for renewables.

Danish, Dutch and British respondents favour
generous incentive structure for CCS, whilst
respondents seem to be more divided in their c
Norwegian respondents are less
generous incentives for CCS than might

S. Sha~kley et al. / Ener#y PolicT 35 (2007) 5091-5108
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and
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given the prominence of CCS in energy and
¯ in Norway, though nearly half still wish to

ncenttves for CCS set at a comparable level as those for

What are the most appropriate incentives for CCS
home country?

far, the most popular option is for RD&D, with over
in favour. This is followed by early

to extend the EU ETS with tighter emissions
8% against) (Fig. 6). The third most

a requirement for electricity generators to
percentage of zero- or low-carbon electri-
specifying the source of the electricity (i.e.

from CCS or also from renewables or nuclear).
three most popular options in descending order
economy-wide carbon tax; (it) a capital subsidy

to support construction of CCS plant; and Off) a
for electricity generators to supply a given

e of zero- or Iow-carbon electricity through CCS

specificaIly. The least popular option is a guaranteed feed-
in price for electricity produced by CCS, but even in this
case, those in favour (’like it a lot’ or ’like it some what’)
outnumber those against (’dislike a bit’ or ’dislike a lot’)
(48% versus 30%).

The UK, the Netheriands and Belgium are most in
favour of a requirement for electricity generators to supply
a given percentage of low-carbon electricity through the
use of CCS, ~vith Germany, Denmark, Finland and Sweden
being neutral to a bit negative regarding this option
(between ’neither like or dislike’ and ’dislike a bit’).

When analysed in terms of stakeholder groups, it is
found that there is a sizeable minority of energy sector,
government, NGO and research stakeholders who a~
sceptical of the requirement for generators to use CCS; by
allowing the generator the choice of selecting zero- or low-
carbon electricity from other sources, the objection seems
to a large extent to be overcome. There are substantial
minorities against set feed-in tariffs for CCS amongst
NGOs and parliamentarians. NGOs, and parliamentar-
ians, are also somewhat sceptical of capital subsidy
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200

150

are needed, higher level
than renews

are not needed

Fig. 5. Opinion on provisim~ of fix~aacial inomtives for CCS.

80.0

[] like it a lot
[] like it some what
~ neither like or dislike
[] dislike a bit

60.0 ¯

40.0

1 2 3 4 5 6 7

Fig. 6. Opinion on financial incentives for CCS expressed as a percmttage of respondertts. (l) A requirement for electricity generators to supply a g
of zero- or Iow-ca[bot, electricity through CCS. (2) A requireraent for electricity generators to supply a given % of zero- or
sources). (3) A guaranteed feed-in price for electricity produced by CCS. (4) A capital subsidy scheme to support construction of CCS
economy-w~de carbon tax. (6) At~ early commitment to extend the ELI ETS beyond 2012 with tighter emission caps. (7) Support for

against, as there is also amongst
All stakeholder groups appear to support
commitment to extend the EU ETS with
caps.

and demonstration projects.

schemes (between ’neither like or dislike’ and ’dislike
a bit’).Energy stakeholders are, overall, in favour of an

economy-wide carbon tax, but there is a sizeable minority

S. Shackley et aL / Energy Policy 35 (2007) 509]-5108 5099

9. Scale at which incentives and regulation should be applied

The two most popular regulatory options were (i) having
a common price for CO? across the EU25 under the EU
ETS but then allowing national governments to introduce
additional incentives (50% in fovom’); and (ii) a common
incentives structure across the whole EU25 but without any
additional national incentives (36%).

The common price for CO2 plus national incentives
received the highest score from all groups except from
NGOs. Government stakeholders were the most in favour
of the common COz price+national incentives option.
Very few supported phasing out the EU ETS and passing
over fuil responsibility to member states (8% of energy

stakeholders, 1.5% of government officials, 8% of
and 0% of NGOs).

There was substantial support for both the major
in all countries and little support for phasing out

EU ETS. Respondents from the UK, Denmark,
Italy and the Netherlands all preferred a

COn price with additional national incentives,
whilst there was greater support for cormnon incentives

the EU25 (without additional national incentives)
from respondents from Poland, Belgium and Sweden.

The most popular option for regulating CCS is through
n internationally agreed set of standards (43%), followed
’ EU-wide standardization but national impIementation

Least popular is a system of information sharing
Regulation through an agency of the EU commis-
also not popular (i2%).

The NGO respondents seem sceptical of EU-wide
with national implementation (9% of

and favour an EU Commission agency more
than other stakeholder groups (17% of

¯ NGO respondents are the most enthusiasfic
f all groups about relying primarily upon an international

standards being developed (57%).

Potential risks of CCS

[he sample as a whole did not consider the risks
CCS to be particularly large (Fig. 7). The most

response for all the risks assessed is ’minimal
’Very serious’ risk never appears as a prominent

the sample as a whole with respect to any of
risks. Those issues that are identified as being the

risks are additional fossil fuel use because of the
penalty, human health and safety from onshore

storage and environmental damage fi’om both
and offshore CO~ storage. The lowest levels of

associated with accidents arising from
incIusion of CO2 capture at power stations and human

and safety risks from offshore CO2 storage site

respondents are far more concerned than the
respondents about the additional extraction of

fuels to compensate for the energy penalty associated

with CO2 capture, with 52% of respondents identifying this
as a ’very serious risk’, a view shared by some parliamen-
tarians at 30%, but by relatively few in government (16%),
academia (10%) and the energy industry (5%). All
stakeholder groups do regard the additional use of fossil
fuels as, at least, a moderate to minimal risk. The NGO
and parliamentarian respondents tend to perceive the
potential risks of CCS as higher (either ’very serious risk’
or ’moderate risk’) when compared to energy, government
and academic stakeholders.

ll. Impact of investment in CCS upon other low- and zero-
carbon energy technology (LZCT) options and upon energy
efficiency and limiting energy demand

The sample is split between those who regard CCS as
having a negative impact upon other LZCT development
(15% significant negative, 29% minor negative) and those
who do not consider that there will be any negative impact
(35%) or those who see it as having a potentially positive
impact (16%) (Fig. 8).

The NGO respondents are the most concerned about the
impact of CCS upon investment in other LZCTs (65%
significant negative impact, 22% minor negative impact,
9% no impact and 4% positive impact). By contrast,
energy stakeholders are much less concerned (5% sig-
nificant negative impact, 33% minor negative impact, 40%
no impact, 18% positive impact). The response of
government officials, academics and parliamentarians is
broadly similar to that of energy industry stakeholders,
though with a somewhat higher percentage of respondents
expressing the view that the impact could be a significantly
negative one (12 14%).

Turning to the impact of investment in CCS upon
effort devoted to improving energy efficiency and reducing
energy demand, the overall response was similar to the
impact on investment in other LZCTs, though with
slightly fewer negative impacts anticipated. Furthermore,
more positive impacts upon energy efficiency/demand
reduction were anticipated from CCS development
(Fig. 9).

Most NGOs (57%) are of the view that CCS investment
will have significant negative impacts on energy efficiency/
demand reduction. Other stakeholder groups have a much
lower concern that there will be such negative impacts
(between 7% for energy sector and 15% for parliamentar-
ians). By contrast, the energy industry and government
stakeholders were the most positive about the effects of
CCS investment on encouraging energy efficiency
(3749%), whereas NGOs were the most sceptical (I3%,
all for ’small positive effect’).

12. Effects of CCS upon development of decentrafized power
generation systems

Half of the respondents perceive a very negative (15%)
or slightly negative (35%) impact arising from CCS for
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12-

11-

10-

[] moderate risk
[] minimal risk
[] ~o risk

0.0 20.0 40.0 60.0 80.0 100.0 120.0

Value

Fig. 7. The potential risks to health, safety and emvironment arising from CCS expressed as percentage of respondents. (l) Impacts arising
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impacts from COz storage site leakage. (10) Global climate impacts due to additional greenhouse gas emissions resulting from enhanced
recovery. (11) Impacts of COz storage upon drinking water reservoirs. (12) Impacts
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Fig. 9. Perceptions of the impact of iz~vestment in CCS upon efibrt spent on improving energy efficiency and reducing energy demand.
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CCS lock us into central?
Fig. 10. Perceptions of the effect of CCS upon development of a decentralized power generation system in the next 20~40 years.

generation (DG) (Fig. 10). A fttrther 26% of
Energy, government and academic stakeholders do notperceived no effect, while about 11% thought

perceive a very negative impact of CCS upon DG (8%, 9%be a slightly or very positive impact,
and 15%, respectively) in contrast to NGOs (50%) and

510I
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parliamentarians (29%). All stakeholder groups do, how-
ever, consider that there will be a slightly negative impact
of CCS upon DG (36% for energy, 48% for government
and 33% for academics). Only a small number of
stakeholders identify any potentially positive impact from
CCS upon DG systems.

CCS reducing energy security (48% and 53% of
san~lple, respectively, compared to 35 37% for ener
govermnent and academic stakeholders).

14. Public perceptions of CCS in the home country
the EU

13. Impacts of CCS upon energy security

The most common response regarding the impact of
coal-powered generation with CCS upon energy security is
that there will be no impact (28%). Overall, 44% of
respondents thought that the use of coal with CCS would
increase energy security in the EU (Fig. 11).

Many NGO respondents consider that coal with CCS is
more likely to reduce energy security (29% of respondents)
and more parliamentarians are also concerned about this,
although there is still a large nmnber of respondents within
each group who consider that energy security will be
improved (33% for NGOs and 30% for parliamentarians)
(compared to a frequency of 44% for the whole sample).
The energy and government stakeholders are much less
concerned about a reduction in energy security with coal
CCS (6% for eaergy and 3% for government respondents).

The respondents perceived that there were much greater
risks for energy security in the EU arising from gas with CCS
than for coal with CCS. A total of 37% thought that natural
gas with CCS would increase reliance on fuel supplies from
politically unstable coontries and thereby reduce energy
security (cf. 12% for coal), and 27% thought that there
would be no impact. Only about 18% thought that gas with
CCS would actually improve energy security (Fig. 12).

Tbe NGOs and parliamentarians are the stakeholder
groups most concerned about the use of natural gas with

The most common response is that the public
home countries will ’moderately support’ CCS
although only 5% thought that the public would
strongly supportive. By contrast, only 4%
thought that the public would be strongly opposed
CCS and that 19% would be moderately
further 30% expected the public to be ’neutral’.
on balance, the respondents regarded public support
CCS as greater than public opposition (40% versus
(Fig. 13).

Norwegian stakeholders perceive that their public
strongly support CCS (48%)~ with a further 39%
ately supportive. Only 4% of Norwegian
thought that there would be moderate opposition to
and no respondent thought that there would be
opposition. Respondents in the UK and the
also expected little opposition (roughly 10%, of wNch i
1-2% expected strong opposition). Respondents
Denmark and Germany were the most likely to
the view" that there would be greater public
CCS than the sample average: 35% and 31%
moderately opposed, respectively (compared with
quency of 19% for the whole sample), with a
and 4% strongly opposed.

NGOs and parliamentarians are the least
the public will be supportive of CCS in their
indeed, none selected the ’strongly supportive’

CCS impact on security                        ’

[] on FF from unstable

security

[] other

Fig. 11, Perceptions of the effect of using coal with CCS upon energy security in the
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Fig. 12. Perceptions of the effect of using gas with CCS upon energy security in the EU.
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Fig, 13. Perceptions of public perceptions of CCS i~] own COUlUry.

and parliamentarians do not, however, think that
will be much public opposition to CCS and, on

they perceive tl;e public as being ’neither positive
negative’ about CCS (48% and 41%, respectively,

to 23% for energy industry respondents and
government stakeholders). NGO respondents do

that a larger percentage of the public

will be either moderately or strongly opposed to CCS than
will be moderately or strongly supportive (32% versus
18%). This contrasts with energy industry stakeholders,
who are more likely to think that the public will be strongly
or moderately supportive (46%) than strongly or moder-
ately opposed to CCS (29%). The respondents thought
that CCS would be more supported by the public at the EU
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scale than in their home country: overall support (48%)
would easily outweigh opposition (14%).

15. Factors that will influence public perceptions of CCS in
the home country

There is little difference in the opinions of the
respondents regarding which factors will influence public
perceptions of CCS. The most significant factor is the
’views of major opinion formers’, followed by the
’perceived urgency of responding to climate change’.

16. Correlations

There are significant positive correlations between many
variables and a few of these are mentioned below.
Organizational position on CCS is strongly correlated with
perceived need for CCS in own country. A perceived larger
role for CCS in one’s own country is correlated with a
larger role for CCS in the national debate, and, where it is
already important, CCS also appears to be growing in
importance. For the North West Europe region, there is no
correlation between perceived need for CCS and role of
CCS in the national debate, however, suggesting that
respondents in this region consider that CCS has too small
a role in the national climate change debate given its
potential role as a mitigation option.

There is stronger support for generous incentives
CCS from respondents who perceive a larger role for CCS;
and support for most of the individual incentive mechan-
isms also grows with a greater perceived role for CCS.
There is, however, no correlation between the perceived
role for CCS and an economy-wide carbon tax. This
reflects the unpopularity of such a carbon tax amongst
many of the respondents who are (to a greater or lesser
extent) supportive of CCS.

The perceived risks of CCS are significantly negatively
correlated with the perceived need for CCS in one’s own
country (i.e. a lower risk perception is associated with a
greater perceived need). Those who perceive a greater role
for CCS in their own country also tend not to regard
investment, in CCS as having a negative impact upon
investment in other low- and zero- carbon energy
technologies; in efforts directed at improving energy
efficiency and reducing energy demand; or in efforts at
creating more decentralized power generation systems.

Those who regard CCS as most necessary in their own
country also tend to see no significant negative impact
arising for energy security considerations. Finally, as the
perceived need for CCS in one’s own country increases, so
does perception that public opinion towards CCS will be
positive.

Correlations were also tested between work time spent
on energy and on CCS and other questions. So, for
example, increasing work time spent on energy did not
correlate with the perceived need for CCS in own country,
though it did with CCS globally. Increasing work time on

CCS specifically was associated with greater support
CCS in one’s own country as well as globally. Work
on energy did not correlate with the
whereas this was tire case for work tinre on CCS,
more in favour of CCS nationally are also
inclined towards generous incentives for CCS. Prefer
for individual i~reentive mechanisms tended not to correl
with work time on energy or on CCS.

Work time on energy and on CCS tends to
significantly negatively correlated with risk
arising from CCS, i.e. the more heavily involved
respondent is in energy and CCS research, the lower ~
to be his or her perception of the potential risks
from CCS. There is no correlation between work time
energy and impact of CCS upon investment in
LZCTs or between work time and havin
upon moves to a more decentralized power
system. Both these aspects are significantly
correlated with work time spent on CCS.
more on CCS also tend to perceive less risk for loss
investment in other LZCTs and less risk that
decentralization in power generation will be
affected.

It might be surmised that those most closeIy
CCS have a tendency to perceive the potential
aspects as being smaller and to perceive the
positive dimensions as larger than other
Those who spend more than 50% of their work time
CCS are more likely to perceive CCS positively,
likely to perceive it negatively, than those who spend
than 50% of their work time on CCS. Someone
50% of their time on CCS is more likely to express
positive outlook on CCS than someone workin
of their time on CCS. On the other hand, it is not n
likely that some one who spends 90%
CCS is more positive about CCS than some
spends 60% of their time on CCS. This suggests
is a threshold effect at about 50% of work time
whereby there is a tailing-off of ’positive’ (or
negative) impressions of CCS.

Hence, there is some evidence that those
with CCS do not allow this level
bias or influence their perceptions of CCS as
mitigatiou option. It may a/so reflect the grea,
that those most closely involved in CCS
regarding the uncertainties, gaps in
technical, policy and economic hurdles which will
be overcome before implementation can happen.

17. Analysis by European regions

The respondents were divided into four European
North Western Europe (264 respondents),
(66 respondents), Central and Eastern Europe
dents) and Scandinavia (81 respondents)

It was found that the role of CCS was "
the national debate and perceived as less
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Central and Eastern Europe and Scandinavia than in the
other regions. The perception of all 12 potential risk
aspects arising from CCS was aIso higher in Central and
Eastern Europe than in the other regions. Respondents
from Central and Eastern Europe also perceived CCS to
have more negative impacts upon decentralization than in
the other regions. Central and Eastern European respon-
dents are, on average, somewhat more sceptical of CCS
than are those from other parts of Europe.

Scandinavian respondents are more positive aboot CCS
the EU and global scales, but they were also more

about some of the potential risks and the
i::: adverse effects of CCS upon decentralization of power
;generation. Scandinavian respondents tended to prefer
:::common incentives across the EU (i.e. without additional

incentives) and also preferred use of an inter-
set of standards to regulate CCS rather

EU standardization of regulation (the latter being
in North Western and Southern Europe). The
of Scandinavia was bimodal since it included
the most pro-CCS country in Europe, but also

Sweden and Denmark, which were aft, to a greater

less extent, more sceptical than average about the role
impacts of CCS. There was, however, agreement

Scandinavian countries that they did not/ike a
electricity generation requirement or a guaranteed

as incentive mechanisms.
West European and Southern European countries

~arly commitment to extend the EU ETS beyond
with tighter emission caps as an incentive mechanisln.

European respondents thought that public
of CCS in their own country would be more

ative than did respondents from the other regions.

by population size of the country

pie was split into three groups depending upon
~ population size of the country: large (> 45 million) (243

;), medium (8-45 million) (133 respondents)

small (<8 million) (98 respondents) (Table 1). In
’ size did not appemc to influence the pattern

responses.
country respondents were more supportive of CCS

their own country and had a larger proportion of
from organizations which were ’very positive’

th~ role of CCS. Large country respondents also
to regard the availability of domestic supplies ofof suitable geoIogicaI storage sites as more

than respondents from the smaller countries.
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The low group was less enthusiastic about the need for
CCS than other groups and thought that CCS had a
smaller role in the national debate. The low group was also
more concerned about the potential risks of CCS and
perceived more adverse impacts arising from CCS upon
decentralization and energy security. The low group is
identical to the Central and Eastern European region with
the exception of the inclusion of Austria in the latter; hence
the responses of the low group and of the Central and
Eastern European region are very similar.

The high group was most favourably disposed towards
ear!3’ extension or" the EU ETS with tighter emission caps
as an incentive mechanism compared to the other groups.
The high group also tended to regard the risks of CCS as
lower than did the other three groups.

20. Analysis by fossil fuel status

The sample was split into four groups depending upon
the status of fossil fuel production in the home country of
the respondent: coal producers only (68 respondents)~ oil
and gas producers only (133 respondents), coal, oil and gas
producers (159 respondents) and no significant fossil fuel
production (114 respondents). It was generally fotmd that
differences between the four groups were not large.

The ’no fossil fuels’ group did not perceive such a large
need for CCS in their own COuntry as did fossil fuel-
producing countries, but there was no notable difference in
the perceived need for CCS at the EU and global scales.

The ’oil and gas only’ and ’coal, oil and gas’ groups
perceived enhanced oil and gas recovery to be a more
important enabling factor in the developnrent of CCS than
the other groups, but regarded the availability of domestic
supplies of coal as a less important enabling factor.

The ’coal only’ group was less enthusiastic about an
early commitment to extending the EU ETS with tighter
emission caps as an incentive mechanism than the other
groups. The ’coal only’ group preferred the adoption of the
same incentives across the EU without additional national
incentives. The ’coal only’ group also thought that CCS
would have a more negative impact upon the moves to
decentralization of the power generation system than did
the ’no fossil fuels’ group.

The ’oil and gas only’ and ’coal, oil and gas’ groups
tended to regard the potential risks arising from CCS to be
lower than did tire other two groups, especially those risks
associated with infrastructure such as pipelines, offshore
installations and power plants.

GDP per capita 21. Analysis by pe/~etraflou of renewable energy

smnple was split into four groups according to GDP
(at 2006 prices, not corrected for purchasingparity): low (<$19K) (56 respondents), medium-low

respondents), meditnn-bigh (114 resqpondents)
(>$39K) (268 respondents) (Table 1).

Countries were classified into six groups depending on
the percentage of renewable energies in their gross electrical
consumption in 2005: 1 5%, 5.1-10%, 10.1-15%,
15.1-25%, 25.1-35% aud over 35% (data obtained from
Directorate-General for Energy and Transport, 2007). The
level of penetration of renewable energy was theu
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correlated with the perceived need for CCS in own country
(question 8, part 1). It was found that there is a significant
negative correlation (at the 0.01 level) between penetration
of renewable energy and perceived need for CCS in own
country. In other words, respondents from countries with
less penetration of renewable energy tended to perceive a
greater need for CCS in their own country, and vice versa.
We repeated the analysis but omitting the UK, which
contributed 20% of the respondents and had a low level of
renewables (providing 4.3% of electricity consumption in
2005) and hence which could have distorted the correla-
tion. Even without the UK, there is a significant negative
correlation, though at the 0.05 level. These results suggest
that perceptions of the need for CCS might be related to
the success, or otherwise, of the development of other low-
carbon energy generation options, in this case renewables,
i.e. the failure to effect a successful deployment of
renewable energy within a country may make CCS appear
to be a more attractive option for cutting CO2 emissions.
However, further evidence of a causal relationship of this
sort would be required before having confidence in its
validity.

22. Limitations of the survey and suggestions for
improvements

The survey has a number of limitations.

¯ The number of respondents in most countries is too
small to allow meaningful analysis of differences in
perceptions between most of the EU25 countries. With
larger samples, it would be possible to undertake a more
detailed analysis of national variations and to explore
underlying reasons for these differences.

¯ The number of respondents in different stakeholder
groups is unevenly spread. In particular, there was a
lack of responses from chemical and transport sectors,
government officials (with the exception of geological
surveys) and parliamentarians. With a more even
response across stakeholder groups and countries, it
would be possible to have more confidence in the
findings that are presented here.

¯ The translations were not always as precise as they
might have been.

¯ Clearly, there is a much smaller absolute number of
NGO stakeholders who can be regarded as CCS
stakeholders than is the case for the energy sector,
government and research. The 25 NGO respondents
included within the survey may potentially capture
a good proportion of the key people within the
NGO movement who have given focused attention to
the CCS issue. However, it is not clear how the 25
respondents could be tested as being more widely
representative.

¯ More generally, there is no obvious and objective
method by which the representativeness of the respon-
dents can be tested.

S. Shackley et al. / Energy Policy 35 (2007) 5091 5108

Future work in this area could be improved in
following ways:

¯ Given that highly technical language is being
it would be desirable to employ a technical
check the language translations.

¯ A more precise target population of
be developed for each country, though this would
time consuming and run the risk
the population.

¯ Making use of existing business and research networks
on CCS would be highly desirable for bulking-up
sample population, though this reduces the
own control of who is included in the sample.

¯ Including well-connected research partners in as
target countries as possible would also help in
stakeholders in that country.

¯ Use of an appropriate incentive might help to "
response rates.

23. Conclusions

The overwhehning response of stakeholders in
survey was moderately to strongly positive towards
All the results must be interpreted in the context
sample, which is largely made up of professionals
in the energy sector and research, most of whom
least some CCS component to their work. Hence,
quarters of the organizations for which the
work adopt a positive attitude towards CCS. The
tions collected in the survey largely reflect and confirm tl
positive outlook towards CCS.

Where the sample is split into stakeholder
find that NGOs and, to a lesser extent,
stakeholders have quite different perceptions o
the energy industry, government or academic
NGOs are much less enthusiastic regarding
concerned about the potential risks to the
health and safety arising from CCS, consider
investment in CCS will deter investment in
and in energy efficiency and demand reduction
and will inhibit the move towards a more
power generation system. In summary, many
sceptical as to the future role of CCS in
sustainable energy system. We can term this a
observer’ position. Despite these reservations,
approximately half of the NGO respondents still
that there is a need for CCS in their
and globally.

The energy industry is the most
role of CCS and demonstrates a consistenti
perception of the risks than the average
other stakeholder groups line
strongly positive views of the energy industry
relatively negative views of the NGOs. The
and academic and research stakeholders tend to
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this line somewhat closer to the energy industry. Parlia-
mentary respondents are not as sceptical as NGOs and are
more ambivalent or neutral regarding the potential role
and impacts of CCS; their opinions tend to be in between
those of the energy, research and government stakeholders
on the one hand, and the NGOs on the other.

We have also identified some interesting differences
across the countries surveyed. To be more confident that
these differences are meaningful, and not anomalous, it
would be desirable to increase the sample sizes. In the
current report, only eight countries have been compared

statistical significance due to small sample sizes. If
larger numbers of respondents were obtained across the
range of countries, then it would be possible to extend the
comparison of country-level responses. It would also be
possible to test the relationships between responses at the
national level and other characteristics of those countries.
It might also be possible to cluster countries in terms of
their response patterns. This has only been possible to a

the current paper.
The opinions of stakeholders in different countries tend

to reflect the different state of play on CCS in those
Norway and, to a lesser extent, the UK

tend to show a more pro-active and
response. There is generally more optmiism in

CCS will be deployed without major
that it is a ’good thing’ with manageable risks

that the public will not object. These three countries
out as being those in which CCS is probably furthest

and most widely debated within the climate
and energy communities. Norway is a major oil and

nation, the UK also produces oil and gas
a small coal mining industry and the Nether-

a major producer of natural gas. All three nations
border the North Sea, which is a large potential

for billions of tonnes of CO2 (IPCC, 2005;
et al., 2006).

means that all three countries enjoy major
CO2 storage in onshore and/or offshore

and also have oil and gas industries which are capable
of CCS, i.e. their industries have the

and human resources necessary for implementation
’CCS. A further important factor to note is that Norway,

UK and the Netherlands have strong domestic
to take action on climate change. The

ons in the three countries is also promis-
with Norway being one of the wealthiest countries in

and the UK and the Netherlands both having
healthy economic growth over the

term the position of energy, research
stakeholders in these countries one of

,ptimism’.
from most other countries were more

in their opinions, sometimes more positive
CCS but also often ’neutral’ or slightly negative.

r example, there was a noticeable streak of scepticism in
Scandinavian countries (Sweden, Finland, Denmark),

Germany and Belgium regarding aspects of CCS such as
the potential risks, impacts on development of other low-
carbon technologies and so forth. Nevertheless, on-balance
countries such as France, Germany, Spain, Italy and
Belgium express considerable support for CCS.

By dividing the sample into four regions (North West
Europe, Southern Europe, Central and Eastern Europe
and Scandinavia), we were able to identify significant
differences between opinion on CCS in Central and
Eastern Europe and in other parts of Europe. There was
less enthusiasm for CCS and greater concern about the
potential risks and potential adverse impacts of CCS from
respondents in Central and Eastern Europe. To some
extent, the perception of greater risks could be an
indication of lack of knowledge, since the CCS debate
appears to be less advanced in Central and Eastern Europe
than in the other European regions, e.g. it plays a smaller
role in the national debate on climate change. It is
somewhat difficult to understand why academics, govern-
ment officials and energy sector respondents from Central
and Eastern Europe should regard the risks of CCS as
being greater than do the same types of stakeholders in
other parts of Europe, and lack of knowledge and
familiarity could certainly be one explanation. However,
the sample size of Central and Eastern European respon-
dents is small (54), hence the responses obtained may not
be representative of wider stakeholder opinion.

The Central and Eastern European countries are also
those which appear in the low GDP per capita group
(<$19K), with the exception of Austria. Many of these
countries have been suffering from relatively high unem-
ployment and have required extensive structural econolnic
reforms since the end of the Cold War in the late 1980s.
What is more, most of these countries have already met
their Kyoto emission targets, due to economic restructur-
ing during the 1990s. Measured against their Kyoto targets,
the current state of emissions reductions are as follows:
Czech Republic (reduction of 25% against a target of

8%), Estonia (-50% against a target of -8%), Hungary
(-32% against a target of -6%), Latvia (-58% against a
target of -8%), Poland (-32% against a target of -6%)
and Slovakia ( 30% against a target of -8%) (EEA,
2006). There is, therefore, no need for CCS (or indeed any
other low-carbon technologies) to meet current Kyoto
targets in Central and Eastern European countries. Given
this combination of circumstances, it is understandable
that CCS does not currently feature as a major option for
Central and Eastern European countries.

It is also interesting to note that CCS does not appear as a
more important option for some other EU countries which
are struggling to meet their targets adopted as part of the so-
called ’EU bubble’ target. Member states that are currently
furthest from their Kyoto targets include Austria (16%
increase in emissions since 1990 relative to target of -13%),
Denmark (-2% relative to -21%), Finland (+ 14% relative
to target of 0%), ireland (+23% relative to target of
+ 13 %), Portugal (+ 41% relative to target of + 27%), Italy
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(+12% relative to target of -6.5%) and Spain (+48%
relative to + 15%) (EEA, 2006). On the other hand, there
may, of course, be other reasons why certain countries fred
CCS appropriate or desirable (e.g. availability of geological
storage sites, characteristics of the power sector, presence of
oil, gas or coal industries, domestic priority placed on taking
action on global climate change and so on). In any case, CCS
is an option that will be employed for emission reductions
not to any extent in the Kyoto-reporting period, but post-
Kyoto. Hence, interest in CCS from countries that are
currently more or less on track to meet their Kyoto targets,
such as Germany, Sweden and the UK, reflects the need for
much larger CO2 reductions in those countries in the post-
Kyoto commitment period.

The responses of some respondents reflected the
particular resources available in their country. For
example, we tended to find that countries with domestic
supplies of coal regarded this as a more important factor
enabling the development of CCS than countries without
their own coal supplies. Likewise, oil and gas producers
tended to regard enhanced oil and gas recovery as a more
important enabling factor for CCS than countries without
their o~wn oil and gas reserves. These responses may be
explained in part by greater awareness and knowledge, but
there may also be an element of ’self-interest’ involved, i.e.
the perception that the particular country (or industry or
sector in that country) will stand to gain from implementa-
tion of CCS as a carbon mitigation option on an equal
footing to other options such as renewables.

We find weak to moderate evidence that those more in
favour of CCS tend to regard specific risks and impacts of
CCS more benignly. However, it is not possible to know
the direction of causality. It may be that the benign
perception of risks and impacts of CCS is what results in
the respondent’s overall perception that CCS is required as
a carbon mitigation option (rather than the causality being
the other way around). There are almost certainly other
factors contributing to the respondent’s perceptions and
opinions that have not been analysed in the survey. One
interesting finding was the existence of a threshold at about
50% of work time on CCS, whereby there is a tailing-off of
positive (or lack of negative) perceptions of CCS. One
might therefore conclude that those most involved in CCS
research are probably not m~dMy biased in favour of CCS,
or ’self-serving’ in presenting CCS in a more attractive light
than respondents who are less involved in working on CCS.
This could reflect the greater knowledge of uncertainties,

risks and challenges facing implementation of CCS on
part of those who are most actively involved in
whether as researchers, developers, government officials
NGOs.
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Abstract

CO2 enfission from fossil fuels is a major cause for the global wamaing effect, but it is hard to remove completely in actuality.
, energy consumption is bound to increase for the continuous economic development of a country that has an industrial
requiring high-energy demand. Therefore, we need to consider not only a device for CO2 mitigation but also its impact

a CO~ mitigation device is applied. The device for CO2 emission mitigation can be classified into three fields: energydevelopment of CO~ removal and recovery technology, and development of alternative energy technology.
,ptions, CO~ removal and re-covery technology has a merit that can be applied to a process in the near future.

researcg for CO2 removal and recovery is actively progressing in Korea. In this study, environmental and economic
according to the energy policy chaffge for climate change agreement and increase of CO2 mitigation technology is

, on the bases of operating data for the CO~ chemical absorption pilot plant that is installed in the Seoul coal steam
~lant. The Long-range Energy Alternatives Planning system (LEAP) was used to analyze the alternative scenario, and results

shown quantitatively.
2007 Elsevier Ltd. All rights reserved.

Pilot plant; Alternative scenario through LEAP

Introduction

Global warming caused by greenhouse gases (GHGs)
as a worldwide problem. Of all the

CO~ is the most significant, accounting for half
? the greenhouse effect, in 1992, over 150 countries

United Nations Framework Convention on
ange (UNFCCC) on the Climate Conference

Rio. Six years later, the third meeting was held in
and 175 countries agreed to take further actions

GHG emissions. In February 2005, the Kyoto
in which it was agreed to decrease GHG
by 5.2% in industrialized countries (Annex I)

2008-2012, was put into effect.

: author. Tel.: +8223641807; fax: +8223126401.
~- jw’park@yonsei.ac.kr (Jin-Won Park).

t matter © 2007 Elsevier Ltd, All rights reserved.
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Due to rapid industrialization, energy demand and
consequently COz emission owing to increased use of
fossil fuels are expected to increase (Ang, 2004; Boudri
et al., 2002; Choi and Ang, 2001; Choi et al., 1995; Chen
and Chen, 2007; Finon and Lapillonne, 1983; Geller
et ah, 2006; Kroeze et al., 2004; Pachauri and Pachauri,
I9855. Developing countries (Non-Annex I), including
Korea, are exempted fi’om the reduction duty for the
time being. But Korea would be receiving the burden for
early duty demand from the international society
according to the world situation which discussed the
burden of duty for developing countries From 2002
(IPCC, 1997).

If Korea is restricted by the Kyoto Protocol, it will
undergo serious influences because of industrial forma-
tion that requires much energy. Korea has been
developing an industrial structure requiring much


