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Informed Public Preferences for Electricity Portfolios
with CCS and Other Low-Carbon Technologies

Lauren A. Fleishman,1,∗ Wändi Bruine de Bruin,1,2 and M. Granger Morgan1

Public perceptions of carbon capture and sequestration (CCS) and other low-carbon
electricity-generating technologies may affect the feasibility of their widespread deployment.
We asked a diverse sample of 60 participants recruited from community groups in Pittsburgh,
Pennsylvania to rank 10 technologies (e.g., coal with CCS, natural gas, nuclear, various re-
newables, and energy efficiency), and seven realistic low-carbon portfolios composed of these
technologies, after receiving comprehensive and carefully balanced materials that explained
the costs and benefits of each technology. Rankings were obtained in small group settings as
well as individually before and after the group discussions. The ranking exercise asked par-
ticipants to assume that the U.S. Congress had mandated a reduction in carbon dioxide emis-
sions from power plants to be built in the future. Overall, rankings suggest that participants
favored energy efficiency, followed by nuclear power, integrated gasification combined-cycle
coal with CCS and wind. The most preferred portfolio also included these technologies. We
find that these informed members of the general public preferred diverse portfolios that con-
tained CCS and nuclear over alternatives once they fully understood the benefits, cost, and
limitations of each. The materials and approach developed for this study may also have value
in educating members of the general public about the challenges of achieving a low-carbon
energy future.
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perception and communication

1. INTRODUCTION

Fossil fuel use by the electricity sector is the
largest source of carbon dioxide (CO2) emissions in
the United States. To avoid the worst global warming
scenarios, CO2 emissions from the electricity sector
must be reduced by 50–80% below today’s levels by
2050.(1) Achieving this reduction in the United States
over the next half century will require an aggressive
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deployment of several advanced low-carbon tech-
nologies including nuclear plants, natural gas plants,
and coal plants with carbon capture and sequestra-
tion (CCS), which separates CO2 from the flue gas of
electricity-generating plants and sequesters it in deep
geological formations.(2)

Renewable electricity sources, such as wind tur-
bines, and perhaps solar thermal systems, will likely
also play an important role in decarbonizing the
electricity grid, but are currently unable to reliably
meet demand for electricity.(3) The power generated
by these technologies is too intermittent, requiring
fossil-fuel powered plants or expensive energy stor-
age systems to provide backup power when it is not
windy or sunny.(4) Therefore, to ensure that elec-
tricity generation in the near future remains reliable
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and cost effective, with minimal risk of supply dis-
ruptions, any significant reductions in electricity sec-
tor CO2 emissions will likely need to involve more
reliable and available low-carbon technologies such
as coal plants with CCS, natural gas, or nuclear
power.(3)

For any of these low-carbon technologies to be-
come a viable option for reducing CO2 emissions,
people must find them acceptable for widespread de-
ployment. In the past, public acceptance has proven
to be a major obstacle to the cost-effective develop-
ment of new energy infrastructure, including oil re-
fineries,(5) nuclear power plants,(6) pilot-scale CCS
technologies,(7) and even wind farms.(8) For exam-
ple, ever since the reactor meltdown at Three Mile
Island, people have been reluctant to accept new nu-
clear power plants,(9,10) in part because they believe
that nuclear plants may emit dangerous levels of ra-
diation.(11,12) In addition, public perceptions of CCS
include the fear that CO2 “burps” will be released
from the ground and cause suffocation.(13−15) Neg-
ative public sentiment also exists toward wind tur-
bines, which some people perceive as noisy, aestheti-
cally unappealing, and a threat to birds and bats.(8,16)

Yet, many people believe that it is possible to rely on
an electricity generation portfolio composed of 100%
variable and intermittent renewables—even though
technical experts raise serious doubts.(14)

In various surveys of large national samples, pub-
lic perceptions of CCS ranged from negative(13,17) to
slightly positive.(18,19) Low levels of awareness and
understanding of CCS may explain some of this vari-
ation.(9,20,21) Indeed, people tend to provide “pseudo-
opinions” even when they have limited or no infor-
mation about the survey topic.(18,22) To combat this
problem, survey researchers often provide some in-
formation about CCS before asking participants to
report their perceptions. Doing so has increased sup-
port of the technology in some studies,(18,21) while de-
creasing it in others.(13,23) Possibly, this lack of consis-
tency reflects the quality of the information that these
surveys provided about CCS, which is often limited
to only a few sentences. Many researchers question
the ability of general population surveys to provide
valid public opinion measures of relatively unknown
topics, instead supporting the use of informative and
deliberative measures to remedy stability and con-
sistency problems.(24) Indeed, people’s opinions are
likely to become more stable, as well as more consis-
tent with their values, as they receive more informa-
tion and become better informed.(18) Here, we there-
fore examined informed public perceptions of CCS
and other low-carbon technologies.

To make informed decisions about any low-
carbon technology, people need proper information
that is both technically accurate and understandable.
However, a recent review suggests that most exist-
ing CCS communications are too technical and do
not address people’s informational needs.(25) Possi-
bly, these communications were developed by techni-
cal experts with a limited understanding of their lay
audience. Indeed, communication materials tend to
be more effective when their development is based
on input from the intended audience, to ensure that
the information addresses their concerns in word-
ing they understand.(e.g.,26−28) The mental models ap-
proach involves explicitly mapping the knowledge or
“mental models” of both experts and lay people be-
fore developing a risk communication.(29) Content is
then focused on information that experts deem rel-
evant, and that is missing from lay people’s “men-
tal model”—in wording that is tested for lay peo-
ple’s understanding. This mental models approach
has been used to design risk communications about
various topics including climate change,(29) nuclear
energy sources on spacecraft,(30) xenotransplanta-
tion,(31) sexually transmitted diseases,(32) and avian
flu.(33)

Palmgren and colleagues(13) applied a modified
mental models approach to explore initial public per-
ceptions of CCS. In open-ended interviews, they ex-
amined lay people’s knowledge and beliefs about
CCS. They found that interviewees preferred not to
evaluate CCS on its own, but rather in the context
of other technologies that might be used to reduce
CO2 emissions. These findings have been replicated
in public perception studies of CCS(14,19) and nuclear
plants.(34) In a subsequent study, Palmgren et al.(13)

therefore asked survey respondents to rank their
willingness to pay for a set of electricity-generating
portfolios, each reducing carbon emissions by 50%
compared to a portfolio of 100% “regular” coal
plants. The two low-carbon portfolios that included
coal plants with CCS (combined with regular coal
plants) were ranked below all other portfolios, while
the portfolio that included nuclear (also combined
with regular coal plants) was ranked as the next
worst.

Yet, other studies have found that people are
more likely to accept nonrenewable technologies,
such as CCS and nuclear, when they are included
in a portfolio of possible options, as compared to
when they are presented in isolation.(14,35) Further-
more, some proponents of CCS have suggested
that people would be more likely to accept that
technology if they had information about how its
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costs and benefits compare to those of alternative
technologies.(9,14) To make informed choices be-
tween low-carbon energy-generating technologies,
people also need better communications about more
familiar technologies such as wind turbines and nu-
clear reactors.(8,11,36)

In this study, we examined people’s informed de-
cisions about electricity-generating technologies by
asking participants to rank 10 technologies and seven
portfolios composed of those technologies that were
designed to meet a specific CO2 emissions limit.
We built on the work by Palmgren et al.,(13) while
rectifying four of its limitations. First, while Palm-
gren et al. presented simplified portfolios that relied
too much on a single technology, we designed our
seven portfolios to be realistic, reliable, and repre-
sentative of possible portfolios for expanding future
electricity capacity. Second, while Palmgren et al.
provided only a few sentences to describe each tech-
nology, we presented comprehensive and balanced
information sheets for each, using simple wording
and a systematic presentation format.(37−39) Third,
unlike Palmgren et al., we systematically covered the
same set of attributes (including risks, benefits, and
costs) in the presentation of each technology and
portfolio. Fourth, in addition to providing their per-
sonal rankings (as in Palmgren et al.), our partici-
pants also ranked the portfolios in a group exercise,
allowing them to hear alternative views, to improve
their engagement and understanding, and revise their
initial rankings.(37−39)

2. METHODS

2.1. Materials

We chose a set of 10 electricity-generating tech-
nologies that could realistically be constructed in
Pennsylvania (where we recruited participants) over
the next 25 years:

(1) four coal-based technologies, including pul-
verized coal (PC) and integrated gasification
combined-cycle coal (IGCC), both with and
without CCS;

(2) natural gas combined cycle;
(3) advanced nuclear plants (generation III+ or

IV);
(4) three renewable technologies—modern

wind turbines, solar photovoltaic (PV),
and biomass using integrated gasification
combined-cycle; and

(5) reducing electricity consumption through en-
ergy efficiency.

Each technology was described on a separate
Technology Sheet (see Fig. 1 for an example). To fa-
cilitate comparisons,(37) each sheet systematically de-
scribed the same attributes: How it works, Cost, CO2

released, Other pollution/waste, Availability, Reliabil-
ity, Limits of use, Noise, Land use and ecology, Safety,
Lifespan, and Current use. Technologies were sys-
tematically compared on an additional Cost Compar-
ison (presenting best estimates with uncertainty bars
for electricity cost per kilowatt-hour and estimated
monthly electricity bills for the median Pennsylvania
customer) as well as on a Pollution Comparison (pre-
senting a relative comparison of technology emission
rates for CO2, nitrogen oxides, sulfur dioxides, par-
ticulates, and mercury).

We also presented seven low-carbon portfolios,
referred to as Power Plant Combinations (Table I),
designed to emit 70% less CO2 than a portfolio com-
posed entirely of PC plants (the technology that
currently generates a majority of the electricity in
Pennsylvania). We chose portfolios that could reli-
ably supply a 25% increase in electricity demand in
Pennsylvania in the next 25 years, while limiting the
contribution of intermittent renewables to a realistic
amount (e.g., <7% for wind, <1% for solar PV3).(40)

Four simple portfolios (i.e., A, B, C, and G) relied
mostly on one reliable technology. Two portfolios
were based on diverse combinations proposed by the
Electric Power Research Institute.(2) The first (D) in-
cluded predominantly renewables and increased ef-
ficiency efforts, using natural gas plants for baseload
power and intermittency fill; and a second (F) had
IGCC with CCS, nuclear, natural gas, and renew-
ables. We also included a third diverse portfolio (E)
that used IGCC with CCS, natural gas, and renew-
ables, but no nuclear power. Portfolios were com-
pared in sheets entitled Cost Comparison for Combi-
nations and Pollution Comparison for Combinations.

We developed all materials with input from
subject-matter experts with knowledge in the rele-
vant areas to ensure balance and technical accuracy.
Content was iteratively pilot-tested with members of
the general public.(29,41) Subsequently, the materi-
als were revised to improve identified concerns and
misunderstandings, and double-checked by subject-
matter experts. Despite the complexity of the

3 Contribution of intermittent renewables was based on a percent-
age of the total estimated capacity of PA in 2030.
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Fig. 1. Example of one of the 10 technology sheets (online version in color).
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Table I. The Low-Carbon Electricity Generation Portfolios
Presented in this Study

Portfolio Description Technology Composition

A: Mix of PC with CCS
and PC

81% PC plants with CCS
technologies

19% PC plants

B: Mix of IGCC with CCS
and IGCC

83% IGCC plants with CCS
technologies

17% IGCC plants

C: Nuclear and PC mix 70% advanced nuclear plants
30% PC plants

D: Diverse portfolio, 66% natural gas plants
including no nuclear or
CCS

13% energy efficiency
10% wind power
6% biomass plants
5% solar PV power

E: Diverse portfolio, 48% natural gas plants
including IGCC with
CCS, but no nuclear

20% IGCC plants with CCS
technologies

13% wind power
13% energy efficiency
5% PC plants
1% solar PV power

F: Diverse portfolio,
including IGCC with

25% IGCC plants with CCS
technologies

CCS and nuclear 21% advanced nuclear plants
20% natural gas plants
17% PC plants
10% wind power
7% energy efficiency

G: Natural gas and wind 66% natural gas plants
mix 34% wind power

Note: Portfolio descriptions were not shown to participants.

materials, all were written at a 6th to 8th grade read-
ing level, as reflected in the Flesch-Kincaid Grade
Level readability statistic.(42,43) The complete set
of the materials, including those described above,
are available online at http://sds.hss.cmu.edu/risk/
fleishman/InformationMaterials.html.

2.2. Participants

A diverse sample of 60 participants was recruited
through community organizations in the Greater
Pittsburgh Metropolitan Area. Participants were 18
to 73 years old (M = 36.7; Median = 36). Of these,
63% were female, and 33% nonwhite, almost all of
whom were African American. All had graduated
from high school, with 67% having completed at least
a Bachelor’s degree in a nontechnical field. By com-
parison, the U.S. population is similar in age (Median

= 36.6), includes fewer females (51%) and African
Americans (13%), while being less educated (86%
with a high school diploma and 28% with at least a
Bachelor’s degree).(44)

2.3. Procedure

After signing up for the study, participants re-
ceived “homework” materials by mail, including the
Technology Sheets, the Cost Comparison, and the
Pollution Comparison. They were presented with an
introduction about climate change, and the following
problem question:

Pennsylvania will need more electricity in 25 years than
the power plants it has now can make. . . . The orig-
inal plan was to build all traditional coal plants [PC
without CCS]. But, suppose that the U.S. Congress has
just passed a law to reduce the CO2 released by power
plants built in the future. As a result of this law, the
State of Pennsylvania must change some of the power
plant types that will be built here over the next 25 years.
These power plant types will collectively need to release
less CO2. Imagine that the Governor of Pennsylvania
has asked you to serve on a Citizen’s Advisory Panel to
give advice on the kinds of plants to build. Your job is to
rank the different power plant types from best to worst.

After reading the homework materials, but
prior to attending the group meeting, participants
provided prediscussion technology rankings ranging
from best (=1) to worst (=10). They also provided
preexplanation comprehension ratings of the five in-
formation sheets, on a scale anchored at very hard
(=1) and very easy (=7). Participants then rated
their agreement with the 15 environmental state-
ments appearing on Dunlap et al.’s(45) new ecologi-
cal paradigm (NEP) scale, with responses anchored
at completely disagree (=1) and completely agree
(=7). Finally, they answered 15 true-or-false knowl-
edge questions about their homework materials, fo-
cusing on those issues that had been most commonly
misunderstood in the pilot tests described above.

We conducted nine workshops, each involving
four to nine participants, held in local communities,
lasting two to three hours, and following a careful
script adapted from a study with a similar method-
ology.(39) Each group first received a review of the
homework materials, spending more time on topics
for which related true-or-false knowledge questions
were answered incorrectly by at least one participant.
Participants then received the Power Plant Com-
binations, Cost Comparison for Combinations, and
Pollution Comparison for Combinations, with a re-
vised problem question focusing on portfolios. Sub-
sequently, participants provided their prediscussion
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portfolio ranking ranging from best (=1) to worst
(=7). Next, they provided postexplanation compre-
hension ratings, which were comparable to those
completed preexplanation.

Subsequently, participants worked together as
a group to rank the portfolios in a sorting exer-
cise, which was facilitated by the experimenter and
adapted from earlier risk ranking studies.(37−39) They
then individually reviewed their personal rankings,
and provided postdiscussion portfolio and technol-
ogy rankings. They also provided individual postdis-
cussion comprehension ratings, which were similar
to those provided prediscussion. Finally, questions
about CCS were answered at the end, so as not to
attract special attention to CCS during the rank-
ing exercises. Participants provided a CCS favorabil-
ity rating on a scale anchored at completely oppose
(=1) to completely favor (=7). Upon completing the
study, participants received $95, with the option to
donate part or all of it to the community organiza-
tion through which they had been recruited.

3. RESULTS

3.1. Technology Rankings

We computed Kendall’s coefficient of concor-
dance (W) to examine the consistency of partici-
pants’ personal rankings of the 10 technologies. It
showed a high degree of agreement between pre-
discussion rankings, provided before the group dis-
cussion (W = 0.38, p < 0.001), as well as be-
tween postdiscussion rankings, provided after the
group discussion (W = 0.36, p < 0.001). Fig. 2
reports the mean prediscussion (left) and postdis-
cussion (right) technology rankings, where 1 is the
“best” and 10 is the “worst.” Wilcoxon paired-rank
tests indicated that, for each technology, partici-
pants’ prediscussion rankings were not significantly
different from postdiscussion rankings (p > 0.05).
For each technology, we also examined the effect
of group discussion on agreement, using Wilcoxon
paired-rank tests to compare postdiscussion agree-
ment (seen in the mean absolute deviation of in-
dividuals’ postdiscussion rankings from the group
mean postdiscussion rankings of that technology)
with prediscussion agreement (seen in the mean ab-
solute deviation of individuals’ prediscussion rank-
ings from the group mean prediscussion rankings
of that technology). Setting α = 0.01 to correct
for the number of tests, we found that group
discussion increased participants’ agreement about
energy efficiency, which had significantly higher post-

discussion agreement than prediscussion agreement
(Wilcoxon z = −2.54, p = 0.01).

We used Wilcoxon paired-rank tests to exam-
ine whether there was a significant difference in par-
ticipants’ rankings for each possible pair of tech-
nologies, as provided pre- and postdiscussion. The
superscripted letters in Fig. 2 indicate, for each tech-
nology, the other technologies that were ranked
as significantly “worse.” Due to the large number
of these comparisons, we only report those that
are significant at α = 0.01. Overall, energy effi-
ciency was significantly preferred to all other alterna-
tives, both pre- and postdiscussion. The second best
mean ranking was for nuclear power, whose rankings
were not significantly different from those for IGCC
with CCS, wind, biomass postdiscussion and natural
gas postdiscussion—which, respectively, ranked third
through sixth, on average. The other mean rank-
ings were, in order, (7) solar PV, (8) PC with CCS,
(9) IGCC without CCS, and (10) PC without CCS.
Perhaps, most notably, each coal technology (IGCC,
PC) was significantly preferred with (vs. without)
CCS. Furthermore, the more advanced coal tech-
nology (IGCC) was significantly preferred over the
more conventional coal technology (PC)—whether
with or without CCS.

3.2. Portfolio Rankings

Kendall’s coefficient of concordance showed a
high degree of agreement between participants’ pre-
discussion rankings (W = 0.31, p < 0.001) and their
postdiscussion rankings of the seven portfolios (W
= 0.46, p < 0.001). Fig. 3 reports the mean predis-
cussion (left) and postdiscussion portfolio rankings
(right), where 1 is the “best” and 7 is the “worst.”
Wilcoxon paired-rank tests indicated that, for each
portfolio, participants’ prediscussion rankings were
not significantly different from postdiscussion rank-
ings (p > 0.05). As with the technologies, we exam-
ined the effect of group discussion on participants’
agreement about each portfolio, using Wilcoxon
paired-rank tests to compare postdiscussion agree-
ment (seen in the mean absolute deviation of individ-
uals’ postdiscussion rankings from the group mean
postdiscussion rankings of that technology) with
prediscussion agreement (seen in the mean absolute
deviation of individuals’ prediscussion rankings from
the group mean prediscussion rankings of that tech-
nology). Postdiscussion agreement was significantly
higher than prediscussion agreement for every port-
folio (with each Wilcoxon z < −3.31, p ≤ 0.001).
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Fig. 2. Participants’ mean technology
rankings ± standard deviation, pre- (left)
and postdiscussion (right).
Note: Superscripted letters next to mean
technology rankings refer to Wilcoxon
paired-rank tests results (p < 0.01),
suggesting that:
a: all other technologies were ranked as
significantly worse;
b: biomass, natural gas, PV, PC with
CCS, IGCC, and PC were ranked as
significantly worse;
c: natural gas, PV, PC with CCS, IGCC,
and PC were ranked as significantly
worse;
d: PC with CCS, IGCC, and PC were
ranked as significantly worse;
e: PC was ranked as significantly worse;
f: PV, PC with CCS, IGCC, and PC were
ranked as significantly worse.

We used Wilcoxon paired-rank tests to exam-
ine whether there was a significant difference in
participants’ rankings between each possible pair of
portfolios, as provided pre- and postdiscussion. The
superscripted letters in Fig. 3 indicate, for each port-
folio, which of the other portfolios were ranked as
significantly “worse.” Due to the large number of
these comparisons, we only report those that are sig-
nificant at α = 0.01. Overall, portfolio F, which in-
cluded a diverse portfolio with both IGCC with CCS
and nuclear, received the best mean ranking. Portfo-
lio E, which was similarly diverse but included only
IGCC with CCS and no nuclear, received the sec-
ond best mean ranking. The two diverse portfolios
including IGCC with CCS (E and F) were signifi-
cantly preferred to all portfolios that did not include
IGCC with CCS. Portfolio B, which included the less
diverse mix of IGCC with CCS and IGCC, had the
third best mean ranking. The other mean rankings

in order were (4) the diverse portfolio D, with no
CCS or nuclear, (5) portfolio G, with the natural gas
and wind mix, (6) portfolio C, with the nuclear and
PC mix, and (7) portfolio A with the simple mix of
PC with CCS and PC. Thus, the pattern of results
was similar to that observed with the technologies,
with rankings of the three portfolios including IGCC
with CCS (B, E, and F) being preferred to portfo-
lio A, the only mix including PC with CCS. In fact,
all portfolios were ranked significantly better than
portfolio A.

3.3. Viewpoints on Environmental Issues and CCS

Participants’ responses to the 15 NEP scale rat-
ings were scored such that higher ratings reflected
stronger pro-environmental attitudes. Participants’
mean NEP scale ratings (M = 4.67, SD = 0.64) had
good internal consistency (Cronbach’s α = 0.68), and
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Fig. 3. Participants’ mean portfolio
rankings ± standard deviation, pre- (left)
and postdiscussion (right).
Note: Superscripted letters next to mean
portfolio rankings refer to Wilcoxon
paired-rank tests results (p < 0.01),
suggesting that
a: portfolios B, D, G, C, and A were
ranked as significantly worse;
b: portfolios D, G, C, and A were ranked
as significantly worse;
c: portfolios C and A were ranked as
significantly worse;
d: portfolio A was ranked as significantly
worse;
e: portfolios E, D, G, C, and A were
ranked as significantly worse;
f: portfolios G, C, and A were ranked as
significantly worse.

were significantly above the scale midpoint of 4 (t =
8.14, p < 0.001), suggesting pro-environmental atti-
tudes. Spearman rank correlations between the mean
NEP scale ratings and participants postdiscussion
rankings (reverse coded for these analyses, such that
higher numbers reflect a higher preference) suggest
that participants who were more pro-environmental
preferred wind (rs = 0.35, p = 0.01), as well as
two of the four portfolios including this technology
(rs = 0.29, p = 0.02 for portfolio D and rs = 0.30, p =
0.02 for portfolio E). A negative correlation was also
found between the mean NEP scale ratings and the
portfolio that included IGCC with CCS and no wind
(rs = −0.36, p = 0.01 for portfolio B).

Participants’ mean CCS favorability ratings
(M = 4.75, SD = 1.62) were slightly favorable, being
significantly above the scale midpoint of 4 (t = 3.55,
p < 0.001). A marginally significant negative correla-
tion between participants’ CCS favorability and the
mean NEP scale rating (r = −0.27, p = 0.09) sug-
gests that the more pro-environmental participants
were slightly more opposed to CCS. Furthermore,
replicating other studies,(10,18,34) participants’ CCS
favorability ratings, which evaluated CCS in isola-
tion, were not significantly correlated to the postdis-
cussion rankings of technologies or portfolios that in-
cluded CCS (p > 0.05).

3.4. Participant Comprehension

Across the 15 true-or-false knowledge questions
answered after the homework but before the group
meetings, participants obtained an average score of
91% correct (SD = 12%; range 60–100%). Using a
one-sample t-test, we found these scores to be sig-
nificantly better (t = 25.7, p < 0.001) than chance
performance due to pure guessing (i.e., 50% correct,
with true/false statements), suggesting a basic under-
standing of the materials. The most difficult question
was still answered correctly by the majority of partic-
ipants (M = 83%, SD = 38%).

Participants’ comprehension ratings also suggest
a basic understanding of the materials prior to receiv-
ing the experimenter’s verbal explanation or group
discussion. The Cost Comparison received the lowest
mean comprehension rating (M = 5.28, SD = 1.55),
which was still significantly above the midpoint of 4
(t = 6.25, p < 0.001). All other comprehension rat-
ings for the information materials and attributes were
also found to be significantly above the scale mid-
point (p < 0.001 for each). A planned contrast, con-
ducted in a repeated measures ANOVA examining
all five comprehension ratings by their timing (pre-
explanation, postexplanation, postdiscussion compre-
hension), showed a significant linear increase in
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ratings over time (F(1, 48) = 9.41, p < 0.01; with
preexplanation M = 5.75, SD = 1.07, postexplanation
M = 6.00, SD = 0.93, postdiscussion M = 6.21, SD =
0.82), thus suggesting that the group sessions helped
to improve participants’ comprehension of the infor-
mation materials.

4. DISCUSSION

Our informed participants favored energy effi-
ciency over the other low-carbon alternatives. Next,
participants favored nuclear power, the advanced
coal-based technology IGCC with CCS, and wind.
This is also evident from their overall preference for
portfolio F, which included a diverse mix of these
four technologies.

Perhaps more notably the advanced coal-based
technology, IGCC, and the more traditional coal-
based technology, PC, were preferred with CCS to
the same technologies without. Moreover, IGCC was
preferred over PC, with or without CCS. In rankings
of the portfolios, a similar pattern emerged. The two
diverse portfolios including IGCC with CCS were
ranked as better than every alternative portfolio that
did not include IGCC with CCS. Participants also
showed this preference postdiscussion for the simple
mix of IGCC with CCS and IGCC, while the sim-
ple mix of PC with CCS and PC was ranked lower
than every other portfolio. Thus, participants only
preferred portfolios with CCS when included with
the IGCC technology. While it is possible that par-
ticipants inferred the relative benefits of IGCC over
those for PC from the information we provided, it is
also possible that this preference ordering simply re-
sulted from the titles we gave to PC and IGCC (“Tra-
ditional Coal” and “Advanced Coal,” respectively).
Although these terms are accurate and have been
commonly used to refer to these technologies,(46)

other names might be perceived as more neutral and
lead to different preferences.

Surprisingly, most of our participants seemed to
have relatively favorable views of nuclear power.
The technology received the second best ranking,
and the diverse portfolio that included nuclear power
was preferred postdiscussion to a similarly composed
portfolio without nuclear. In part, this preference
may be explained by the title we gave to nuclear
power (“Advanced Nuclear”), which described next-
generation technologies (i.e., Generation III+ and
IV reactors), that are inherently safer than those in
operation in the United States today. However, it is
also possible that this preference simply reflects pub-

lic attitudes having become less unfavorable toward
nuclear power since the Three Mile Island accident
in 1979, as suggested in recent polls.(47,48)

Although participants with stronger proenviron-
mental attitudes were more in favor of wind and
somewhat less in favor of CCS, overall agreement
of rankings was relatively high, even before group
discussion. Group discussion increased agreement
about every portfolio, as well as energy efficiency,
but did not change agreement about the other low-
carbon technologies, or the relative rankings of tech-
nologies and portfolios. That stability in preferences
would be expected with well-informed participants.
Indeed, we went through extensive efforts to in-
form our participants, presenting them with compre-
hensive and balanced information about low-carbon
energy generation technologies, and using a group
meeting procedure to further improve their under-
standing. After studying the homework materials,
they already obtained good scores on the true-or-
false knowledge questions scores. The improvement
in their comprehension ratings suggests that they per-
ceived themselves as becoming even better informed
over the course of the group meeting.

Our results contrast starkly with those of previ-
ous studies, which suggest much lower public accep-
tance of CCS(13,21) and nuclear power,(10,34) as well as
unstable preferences.(22) One potential explanation
for that difference is that our participants made more
informed decisions about these technologies. Their
understanding of our comprehensive communication
materials improved steadily during the course of
the study, due to receiving carefully designed step-
by-step instructions, and actively engaging in delib-
erative group discussions. Second, our study asked
participants to consider these technologies as part
of realistic low-carbon portfolios, which tend to be
preferred over CCS (13,14,19) or nuclear power(10,11)

in isolation. Third, our results asked participants to
rank these technologies and portfolios relative to
low-carbon alternatives, while previous studies asked
participants to rate these technologies in isolation.
Although people may be reluctant to accept specific
technologies such as CCS(18) and nuclear power,(10,34)

as seen in their individual ratings, they may neverthe-
less prefer them over other alternatives, which can be
seen in rankings.

Moreover, while ratings may allow survey re-
spondents to express the magnitude of their pref-
erences between technologies, rankings reflect ex-
plicit comparisons between technologies, based on
tradeoffs between their perceived gains and losses.
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Perhaps as a result, CCS favorability ratings, in which
CCS was treated in isolation, were not correlated
with their rankings of technologies or portfolios that
included CCS, suggesting that the two tasks reflect
different thought processes. Rankings can provide
decision-relevant results for policymakers who use
risk-ranking methods to order priorities in govern-
ment agencies.(49) Moreover, when these rankings
are provided by a well-informed sample, they are
more likely to be reliable (i.e., be consistent with peo-
ple’s values and remain stable over time).(18)

Our study used a local convenience sample from
the greater Pittsburgh metropolitan area. Firm con-
clusions cannot be drawn about informed public pref-
erences for these low-carbon technologies and port-
folios in other locations. However, our results do
suggest that our materials, which gave participants
a stable basic understanding, and our group meeting
procedure, which further improved understanding of
the materials and resolved some disagreement, may
be useful for helping members of the general public
to make more informed decisions about which low-
carbon technologies to support. The materials and
the approach can easily be adapted for use in other
settings, including classrooms and museums.

Although the materials and group meeting pro-
cedure may be useful to inform members of the
general population about general public choices for
low-carbon technologies, people living near specific
energy infrastructure sites may have different infor-
mational needs. In such communities, there is often
a complex interplay of political, social, environmen-
tal, and economic factors that influence people’s per-
ceptions, which otherwise do not play a role in the
shaping of general public perceptions about tech-
nologies.(7) For example, community opposition is
often influenced by issues of trust(7,20,50−52) and may
not depend on the type of energy facility being sited,
but rather on the decisionmakers who are involved in
the siting process. Outside of our controlled setting,
uninformed members of the general public will also
likely be persuaded with biased messages from advo-
cates. Thus, no assurance exists that public debates
over energy policy will result in the informed pref-
erences found in our study. Nevertheless, had our
respondents not found diverse portfolios containing
CCS and nuclear to be preferable to others, the tasks
facing energy policy decisionmakers would be much
more challenging. Policymakers and electricity utility
or power companies could adapt the materials and
approach to proactively engage communities in the
energy infrastructure siting process, educating them

and gauging their perceptions. Policymakers could
find the materials especially helpful when communi-
cating with their constituents about the tradeoffs be-
tween the costs, risks, and benefits of energy policy
or siting decisions.

A final limitation of our study is that we used
a discrete set of portfolios, in the ranking exercise.
While the portfolios we presented represent a real-
istic and diverse set of the possible options for de-
carbonizing future U.S. electricity expansion, there
are certainly other feasible technology combinations.
In future work, we plan to allow respondents to con-
struct their own portfolios with the aid of a computer
tool that supports unlimited combinations within re-
alistic constraints.

Overall, this study suggests that once people
have understood the alternatives for low-carbon en-
ergy generation, and their limitations, they may show
a reluctant preference for CCS and nuclear power,
and diverse low-carbon portfolios including these
technologies.
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