
Sustainability: Science, Practice, & Policy 
http://ejournal.nbii.org  

 
 

© 2006 Stephens Fall 2006 | Volume 2 | Issue 2
  

4 

 

ARTICLE  
 
Growing interest in carbon capture and storage (CCS) for climate 
change mitigation 
 
Jennie C. Stephens 
Environmental Science and Policy, Department of International Development, Community, and Environment, Clark University, 950 
Main Street, Worcester, MA 01610 USA (email: jstephens@clarku.edu) 
 
 
Interest in technologies associated with carbon capture and storage (CCS) has been growing rapidly in both the pub-
lic and private sectors over the past five to ten years as governments, industry, and individuals grapple with how to 
reconcile increased energy demand with the need to reduce atmospheric carbon dioxide (CO2) concentrations to 
mitigate the risks of climate change. CCS technology involves capturing the CO2 produced during fossil-fuel combus-
tion and storing it in underground geologic reservoirs instead of emitting it into the atmosphere. The idea of engi-
neering the storage of carbon has developed from relative obscurity to an increasingly recognized approach to stabi-
lizing atmospheric CO2 concentrations. This paper (1) identifies several influential nongovernmental stakeholders and 
discusses their contributions to CCS and (2) describes how governmental influence through political positions, 
government-supported research and development, and economic policy tools and international treaties have influ-
enced CCS initiatives. While the relative strength of nongovernmental and governmental influences is not quantified, 
this treatment of the various factors contributing to the advancement of CCS technology highlights the complexity 
associated with integrating developments in science and engineering into sustainable practices. 
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Introduction  

The concept of engineering systems to deliber-
ately capture CO

 
As the current impacts and future risks of climate 

change become more apparent, and the atmospheric 
concentration of carbon dioxide (CO2) continues to 
increase, carbon capture and storage (CCS) technolo-
gies provide a potentially valuable set of tools for 
achieving the magnitude of emissions reductions re-
quired for CO2 stabilization as society gradually tran-
sitions to a non-fossil fuel energy system. Interest in 
CCS technologies has been growing rapidly in both 
the public and private sectors over the past five to ten 
years as governments, industry, and individuals grap-
ple with reconciling increased energy demand with 
the need to reduce atmospheric CO2 concentrations to 
mitigate climate change.  

2 to store the associated carbon in a 
reservoir other than the atmosphere has evolved from 
relative obscurity two decades ago to an increasingly 
recognized set of potential climate change mitigation 
options. This paper identifies several influential non-
governmental stakeholders and governmental influ-
ences that have advanced CCS. I begin by briefly 
reviewing the technologies associated with CCS that 
involve geologic CO2 storage and provide back-
ground on other carbon-storage options, including 

terrestrial carbon sequestration and oceanic carbon 
storage. I then describe the influence of several spe-
cific nongovernmental stakeholders involved with 
advancing CCS and highlight governmental influence 
through political positions, government-supported 
research and development (R&D), and economic 
policy tools and international treaties. Finally, I dis-
cuss the complexity of the nongovernmental and 
governmental influences on CCS development and 
relate these to the social challenges of integrating 
science and engineering developments into sustain-
able practices.  

 
Carbon Capture and Storage in Context 

 
While this paper focuses on CCS to capture the 

CO2 produced during fossil-fuel combustion and to 
store it in underground geologic reservoirs, the ad-
vancement of the relevant technologies is intricately 
linked to the development of other carbon-storage 
options, including terrestrial carbon sequestration and 
oceanic carbon storage. Terrestrial carbon sequestra-
tion refers to the storage of carbon in the biosphere 
relying on the photosynthetic process of capturing 
and converting atmospheric CO2 into organic carbon. 
The notion of ocean storage generally applies to the 
direct injection of captured CO2 into the oceans, but 
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also can include other mechanisms for enhancing 
oceanic uptake of carbon. Another potential carbon-
storage approach, often referred to as mineral car-
bonation, involves chemical reactions that transform 
the carbon in gas-phase CO2 into solid-phase carbon-
ate minerals. 

As the value of storing carbon in a reservoir 
other than the atmosphere has become more widely 
recognized, interest in all of these options has been 
increasing. Among these approaches, terrestrial car-
bon sequestration involves the least engineering and 
the co-benefits of enhancing biomass growth are at-
tractive. Although enhanced biological storage of 
carbon has the potential to reduce atmospheric CO2 
considerably (Winjum et al. 1992; Mutuo et al. 
2005), recent research suggests the biosphere may 
soon become a net source rather than a net sink of 
atmospheric carbon due to changes in climate 
(Lenton & Huntingford, 2003). In addition, ecologi-
cally precarious monoculture plantations and the re-
placement of native forests with faster growing spe-
cies could negate improvements from large-scale 
biological storage (Kueppers et al. 2004). This gen-
eral approach also has the potential to decrease 
stream flow and to increase soil salinization and 
acidification resulting from afforestation (Jackson et 
al. 2005). Terrestrial carbon sequestration is the 
carbon-storage approach that appears to be the most 
acceptable option to the general public, as the idea of 
planting trees as a way to mitigate climate change has 
been proposed by many prominent commentators, 
including Al Gore (1992) and Paul Ehrlich (Ehrlich 
& Ehrlich, 1991).  

The notion of injecting captured CO2 into the 
deep ocean is another carbon-storage approach with 
promise, in part because the oceans have the capacity 
to store a large share of the CO2 currently being 
emitted into the atmosphere. However, strong public 
opposition to engineered ocean storage has prevented 
R&D projects that involve direct injection and dis-
persal of CO2 into the deep oceans (de Figueiredo et 
al. 2003). Nevertheless, research efforts and interest 
in the potential for ocean storage continues, particu-
larly in countries like Japan where geologic reser-
voirs do not exist. 

The carbon-storage option that has received the 
most attention recently is geologic storage, the ap-
proach incorporated into CCS. Geologic storage in-
volves the use of depleted oil and gas reservoirs, un-
minable coal seams, and deep saline aquifers 
(Holloway, 1997; Holloway, 2001; Bruant et al. 
2002; Anderson & Newell, 2004; Metz et al. 2005). 
Several actual projects (Sleipner in the North Sea, 
Weyburn in Saskatchewan, and In Salah in Algeria) 
have begun to demonstrate the safe and secure un-
derground storage of CO2 (Metz et al. 2005). While 

unresolved concerns remain related to mobility of the 
injected gas, potential risks associated with CO2 leak-
age into the active biosphere, public acceptance, sit-
ing challenges, and uneven geographic distribution of 
appropriate storage reservoirs, the underground in-
jection of CO2 has become the storage approach with 
the greatest large-scale potential for reducing atmos-
pheric CO2 concentrations (Benson et al. 2002; Chow 
et al. 2003; Benson, 2003). Current global estimates 
for geologic storage range from 1,000 to 10,000 
GtCO2, which when compared to current emissions is 
considered sufficient capacity for global CO2 storage 
needs for at least the next century (Metz et al. 2005). 
However, appropriate carbon-storage reservoirs have 
highly variable regional distribution, so location in 
proximity to major CO2 emissions sources is likely to 
be more limiting than total storage capacity. 

Although geologic and oceanic carbon storage 
are not widely understood or accepted by the general 
public, exploration of these ideas within the scientific 
community has been ongoing since the late 1970s. 
The idea of capturing CO2 from power plants and 
disposing of it somewhere other than the atmosphere 
first appeared in the scientific literature thirty years 
ago (Marchetti, 1977). In this early proposal, both 
injecting CO2 into underground reservoirs and into 
the deep oceans to bypass the slow kinetics of ocean- 
atmosphere equilibration were suggested. It was not 
until over a decade later that the first storage idea 
relying on a chemical conversion of the CO2 gas into 
a carbonate solid was proposed (Seifritz, 1990). 

Each of these carbon-storage approaches has dif-
ferent technical challenges, is associated with differ-
ent levels of implementation readiness, has different 
constituents working on advancing the concepts, and, 
therefore, has different factors influencing develop-
ment. While this paper focuses on geologic CCS, 
several of the factors discussed below have influ-
enced each of the various carbon-storage approaches.  

An engineered geologic CCS system includes 
four basic steps with different technologies required 
for each: (1) capture the CO2 from a power plant or 
other concentrated stream through chemical or physi-
cal absorption, (2) transport the CO2 gas from the 
capture location to an appropriate storage location, 
(3) inject the CO2 gas into an underground reservoir, 
and (4) monitor the injected CO2 to verify its storage 
(Socolow, 2005). Each storage approach involves 
different technological components for capturing, 
transporting, and storing CO2 and the various meth-
ods are at differing levels of technical readiness (Fig-
ure 1). Several configurations of a complete CCS 
system rely only on the integration and scaling-up of 
existing commercial technologies. For instance, CO2 
capture technology is already widely used in several 
industrial-manufacturing processes as well as in oil 
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refining and gas processing. Moreover, transportation 
of CO2 through pipelines and injection of it under-
ground has been occurring for decades in the United 
States where the gas is used to enhance oil production 
of declining wells. In addition, new and emerging 
technologies associated with CCS are currently in 
development.  Socolow (2005), Anderson & Newell 
(2004), and IEA (2004) provide detailed analysis of 
some of these strategies.  

 
 
Figure 1 Technology to capture, transport, and store CO2 is 
available and being currently used in other industrial appli-
cations. 

 
Influential Nongovernmental Stakeholders  

 
Broadly speaking, the expansion in interest over 

the last twenty years in CCS has occurred in response 
to strengthening scientific evidence implicating rising 
atmospheric CO2 concentrations as the dominant con-
tributor to climate change. These findings, coupled 
with an associated increase in awareness of the 
climate-change problem, have forced thorough ex-
amination of how to stabilize CO2 concentrations in 
the atmosphere while satisfying increased energy 
demand. In addition to expanding energy production 
from renewable sources and low-carbon fuels and 
improving energy efficiency and conservation meas-
ures, many analysts are recognizing that CCS has 
potential for cost-competitive large-scale reductions 
of atmospheric CO2 (Parson & Keith, 1998; Herzog, 
2001; Metz et al. 2005). While the general public 
remains largely unaware of CCS options (Palmgren 
et al. 2004; Shackley et al. 2004), interest from the 
fossil-fuel industries and some sections of the scien-
tific community has been influential in the recent 
advancement of these technologies. The following 
section reviews these factors and explores the small, 
but not inconsequential, role that environmental ad-
vocacy groups have played. 
 
Increased Interest in the Fossil-Fuel Industry 

Interest and investment in CCS has been grow-
ing in the fossil-fuel industry, particularly oil and gas 
companies. During the 1980s and much of the 1990s, 
many corporate managers, frightened by what climate 

change could mean to the future of their companies, 
publicly denied the problem and actively supported 
research and public campaigns that highlighted un-
certainties and weaknesses in the theory of anthropo-
genic climate change (Levy & Rothenberg, 1999; 
Kolk & Levy, 2001; Gelbspan, 2004). As the scien-
tific case strengthened during the mid to late 1990s, 
some firms shifted their strategy away from denial 
(Kolk & Levy, 2001). This shift was stronger and oc-
curred earlier in European-based multinational com-
panies than it did in United States-based firms (Levy 
& Newell, 2000; Rowlands, 2000). With this change 
in corporate strategy, an expansion of interest and 
investment in R&D of carbon-storage options has 
occurred. Many companies realized that the possibil-
ity of CCS weakened the link between fossil fuels 
and CO2 driven climate change. The prospect of CCS 
reduced the threat of climate change mitigation ef-
forts to fossil-fuel industries and made it possible to 
consider a fossil-based global economy throughout 
the next century even if controls on CO2 emissions 
were instituted (Keith & Parson, 2000). The concept 
of CCS has, therefore, helped the fossil-fuel indus-
tries, as well as nations rich in coal, oil, and natural 
gas, to accept and agree to confront climate change 
because it allows them to perceive a future that rec-
onciles continued use of fossil fuels in a carbon-
constrained world.  

Oil and gas companies, in particular, have be-
come very interested in geologic carbon storage be-
cause they are familiar with the technologies for 
dealing with underground reservoirs and CO2 injec-
tion, a well-established industry technique for en-
hanced oil recovery (EOR) (Hill, 2005). In mature 
wells with declining oil production CO2 injection 
loosens up residual oil for extraction (van Bergen et 
al. 2003). Oil companies are therefore already knowl-
edgeable about many critical technologies associated 
with underground carbon storage. Combining EOR 
with geologic carbon storage provides low-cost early 
deployment opportunities for gaining experience with 
CCS (Holtz et al. 2001; Stevens et al. 2001; van 
Bergen et al. 2003; Metz et al. 2005). 

The Norwegian national oil company Statoil was 
the first petroleum producer to inject CO2 under-
ground for storage. The firm has been injecting CO2 
into a geologic formation under the North Sea since 
1996. Managers were motivated to store rather than 
emit the CO2 extracted from a natural gas stream by a 
Norwegian tax on the release of CO2 into the atmos-
phere (Torp & Brown, 2002). The other currently 
operating large-scale geologic storage projects are at 
Weyburn in the Canadian province of Saskatchewan, 
where CO2 has been injected underground since 2000 
for the dual purpose of enhancing oil recovery and 
storage, and In Salah (Algeria) where the first large-
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scale injection of CO2 into a gas reservoir began in 
2004 (Metz et al. 2005). The In Salah project is a 
joint venture involving Sonatrach (the national oil 
company of Algeria), BP, and Statoil.  

In addition to the In Salah initiative, BP is cur-
rently planning, and has begun investing in, at least 
two other CO2 storage projects—one off the coast of 
Scotland and another in California. BP stands out 
among oil companies through investing heavily in the 
development and demonstration of geologic CO2 
storage. Interestingly, these BP carbon-storage pro-
jects are not economically justifiable in the short 
term. The company has chosen to fund these initia-
tives to advance the technology without any direct 
and immediate economic benefits, but clearly it is 
aiming to position itself as an industry leader in this 
area.  

 
Frustration within the Scientific Community on 
Climate Action 

Scientists and engineers who feel a growing 
sense of urgency about climate change form another 
influential group of stakeholders that has advanced 
CCS technology. An expanding segment of this 
community believes reducing atmospheric CO2 con-
centrations to limit climate change is desperately 
needed. This strong concern is coupled with associ-
ated frustration at the lack of effective policy. Al-
though empirical evidence is mounting, world leaders 
have been slow to take action to stabilize atmospheric 
CO2 concentrations, leaving scientists increasingly 
frustrated and motivated to consider technical rather 
than political solutions. When faced with the social, 
economic, and political barriers preventing the im-
plementation of national and international policies to 
reduce greenhouse-gas emissions, scientists and en-
gineers have looked to deliberate carbon storage as 
another pathway to action—a pathway that is more 
open to their involvement. This influence from the 
frustrated scientific community can be identified in a 
plethora of articles in high-profile scientific journals, 
only a sampling of which are referenced here 
(Abelson, 2000; Hoffert et al. 2002; Caldeira et al. 
2003; Pacala & Socolow, 2004; Spotts, 2004; 
Holdren, 2006). 
 
Minimal Public Awareness and the Role of 
Environmental Advocacy Groups  

Throughout the recent period of rapidly growing 
interest in CCS, it has been acknowledged that public 
acceptance will influence ultimate advancement and 
deployment. Nevertheless, public perception of these 
technologies remains limited. Studies at the Tyndall 
Centre in the United Kingdom using focus groups 
and surveys indicate that with adequate information 
about the climate-change context, the public may 

look favorably on CCS (Gough et al. 2002; Shackley 
et al. 2004). A study conducted in the United States, 
however, using personal interviews and a survey, 
suggests that Americans may be more skeptical and 
less accepting than the British public (Palmgren et al. 
2004). The study urges careful consideration in de-
vising strategies to inform people about the technol-
ogy and suggests that how the public debate gets 
framed will be critical in determining popular per-
ceptions (Palmgren et al. 2004).  

Environmental advocacy groups play a critical 
role in shaping public debate about how best to ad-
dress environmental problems, so how these organi-
zations portray CCS is likely to influence public re-
actions. To date, their role regarding carbon storage 
has been mixed (Stephens & Verma, 2006). While 
one leading American environmental group, the 
Natural Resources Defense Council (NRDC), has 
taken a strong position supporting the development 
and demonstration of CCS technologies (Hawkins, 
2003; 2005), many other organizations, both national 
and international, have had reservations about the 
environmental as well as political implications of 
CCS (Hawkins, 2001; Union of Concerned Scientists, 
2001; Greenpeace, 2005; World Wildlife Fund, 
2005). 

Although public opposition to CCS has been an-
ticipated, little actual resistance has emerged and en-
vironmental advocacy groups have been relatively 
quiet on the issue.1 Despite the rapid advancement of 
demonstration projects, the environmental commu-
nity has not voiced a strong position for or against the 
geologic storage of CO2. Organized environmental-
ism seems to be trying to balance cautious hesitancy 
of this “end-of-pipe” “geoengineering” approach with 
practical acceptance that such carbon-management 
technologies may be needed to supplement other sta-
bilization measures. Moreover, pervasive resistance 
to novel technologies within the environmental 
movement is recognized, and recent work has identi-
fied the challenges of overcoming this opposition 
(Cohen, 2006). Public opposition to the idea of 
underground storage may be presently minimized due 
to some awareness (in parts of the world at least) of 
the successful history of injecting CO2 underground 
to enhance oil recovery.  

Despite the potential that environmental advo-
cacy groups have to influence the public perception 
of CCS, in the past 15 years these organizations have 
facilitated minimal public engagement on the subject 

                                                 
1 CCS poses some of the same challenges to organized 
environmentalism as the debate over nuclear power in the balance 
between the necessity of climate-change action and a fear of 
technology and its unintended consequences. 
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and they have not developed a strong and consistent 
public message. This lack of a position regarding 
geologic storage has likely contributed to the limited 
public awareness (Verma & Stephens, 2006).  

Division regarding CCS technology can be 
viewed as representative of the larger challenges 
facing environmental advocacy groups as they strug-
gle to adjust to the unique and daunting challenges of 
climate change. There has been a great deal of dis-
cussion about the capacity of mainstream environ-
mental organizations in the United States to engage 
meaningfully on the climate-change issue in the past 
few years as weaknesses in their response have been 
identified (McCright & Dunlap, 2000; 2003).  

While some division has emerged surrounding 
the advancement of CCS technology, environmental 
advocacy groups have been generally supportive of 
terrestrial carbon sequestration, in part due to other 
indirect associated environmental benefits of man-
aging land use to maximize carbon uptake (Manion, 
2004). Nevertheless, the international environmental 
community has been strongly opposed to the inclu-
sion of terrestrial carbon sequestration in the Kyoto 
Protocol due to large uncertainties regarding the con-
tinued existence of carbon sinks associated with for-
ests and land-use changes. 

In contrast, the idea of ocean storage has not 
been received well by environmental organizations or 
the general public. Strong public opposition pre-
vented a collaborative research project involving di-
rect injection of CO2 into the deep ocean off the coast 
of Hawaii (de Figueiredo et al. 2003). Despite the 
development of a public-outreach plan, this case ex-
emplifies a complex mix of emotions contributing to 
the pattern of opposition, including fear, isolation 
from the decision-making process, and passion to 
protect the sanctity of the oceans. Although most of 
the CO2 emitted from human activity will eventually 
end up in the oceans, based on the strength of oppo-
sition in this case and a few others, it seems unlikely 
that the idea of deliberate oceanic injection of CO2 
will become socially acceptable. 

 
Governmental Influence  

 
Governmental influence on this pattern of in-

creased activity regarding CCS technology can be 
divided into three categories: (1) political positions 
and strategy, (2) governmental support of R&D, and 
(3) economic policy tools and international treaties. 
This section explores each of these groupings with an 
eye to identifying examples of influence.  
 
Political Positions and Strategy 

A political position that supports the advance-
ment of CCS technology as an alternative to regula-

tions to limit CO2 emissions has clearly influenced 
CCS development. Nevertheless, proposed CCS ap-
proaches were not developed with the intent of elimi-
nating the need for emissions regulations, but, given 
the magnitude of the CO2 problem, are largely 
viewed as a supplement (Pacala & Socolow, 2004). 
Within the political arena, however, support for CCS 
is often perceived as an alternative to regulating CO2 
releases. The current United States administration has 
opposed any national regulation to reduce CO2 emis-
sions (see e.g., Abraham, 2004), but growing public 
concern about climate change has forced it to con-
front the issue and to define actions to mitigate the 
problem. Supporting CCS as part of the President’s 
Advanced Energy Initiative appears to be a politically 
convenient way to demonstrate action on climate 
change without making policy decisions to ensure 
actual CO2 emissions reduction (NEC, 2006). 

The leadership of UK Prime Minister Tony Blair 
is another important factor contributing to interest in 
CCS technologies. In addition to being the world 
leader pushing hardest to reduce greenhouse-gas 
emissions, in his role as G8 chairman in 2005, Blair 
advocated for increased governmental support for 
carbon abatement as a critical part of addressing cli-
mate change (Blair, 2003). Recognizing the impor-
tance of American involvement in any strategy to 
tackle the global problem of climate change, Blair 
has persistently tried to change the Bush administra-
tion’s position. This focus on advancing technology 
rather than pushing for emission-reduction policies 
can be interpreted as an attempt to find common 
ground with the United States.  

 
Governmental Support of Research and 
Development 

Governmental efforts to advance the develop-
ment of CCS technologies through R&D support vary 
considerably among countries. The potential impact 
of the successful deployment of CCS systems is re-
lated to a region’s endemic fossil-fuel resources and 
level of fossil-fuel energy reliance. As a result, dif-
ferent national priorities are apparent when looking at 
government-supported CCS research programs.  

In the coal-rich, energy-hungry United States, 
CCS provides the only way to reconcile increased use 
of domestic coal with climate-change mitigation, so 
the American government increasingly touts CCS as 
part of the future energy infrastructure. The federal 
government currently supports a suite of CCS R&D 
programs and has also initiated a large-scale demon-
stration project named FutureGen. The primary goal 
of the core CCS R&D program in the United States is 
to support technological developments that will re-
duce costs; the Regional Sequestration Partnership 
Program supports region-specific studies to deter-
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mine the most suitable CCS technologies, regula-
tions, and infrastructure. The FutureGen initiative is a 
US$1 billion project planned as the first demonstra-
tion of a commercial scale coal-fired power plant that 
captures and stores CO2. The goal is to establish 
technical feasibility and economic viability for inte-
grating coal gasification technology (IGCC) with 
CCS. Although the FutureGen project began in 2003, 
selection of the location for this power plant is not 
due to occur until late 2007. 

European governments have also supported CCS 
technology advancement in several ways. The Euro-
pean Community (EC) contributed funds to several 
CCS projects through its Sixth Framework Pro-
gramme (FP6, totaling an EC contribution of €35 
million during the first proposal round) building on 
the research done under FP4 and FP5 during the early 
1990s that initiated European R&D into CCS. This 
support includes contributions to the Sleipner project 
as well as to some other R&D and small-scale dem-
onstration projects. Independently of Brussels, EC 
member states are also providing modest support for 
CCS R&D. For instance, the British government re-
cently announced a €40 million fund to support CO2 
storage in depleted North Sea oil and gas fields. Ja-
pan is another country that has been actively encour-
aging CCS. Interestingly, lacking suitable land-based 
geologic reservoirs, Japan has focused most of its 
investment on the potential and limitations of oceanic 
CO2 storage. Most developing countries have not 
begun to seriously consider the potential of CCS 
technologies as a climate change mitigation strategy, 
so government support for advancing this set of tech-
nologies has been minimal or nonexistent.2  

Recognizing the varied efforts in advancing CCS 
technology around the world, the United States initi-
ated an international body, the Carbon Sequestration 
Leadership Forum (CSLF), in 2003. The CSLF pro-
vides a forum for collaboration by facilitating joint 
projects, as well as providing a mechanism for mul-
tilateral communication regarding the latest CCS de-
velopments and a venue for formulating strategies to 
transfer technology to developing countries. 

In addition to the direct impact that government-
supported R&D has on the advancement of CCS, 
public sponsorship motivates involvement of individ-
uals and companies (Stephens & Zwaan, 2005). 
 
 Economic Policy Tools and International 
Treaties 

Governmental activity including the use of eco-
nomic policy tools and involvement in international 
treaties has also influenced CCS development by al-
                                                 
2 India has agreed to contribute US$10 million to the United States 
Department of Energy’s FutureGen project.  

tering perceptions of the relative costs associated 
with reducing CO2 emissions versus the costs of 
storing CO2. This section explains how the imposi-
tion of a carbon tax in Norway directly motivated the 
first large-scale geologic carbon-storage project be-
neath the North Sea and how the creation of the 
Kyoto Protocol’s framework for national accounting 
of carbon sources and sinks influenced the advance-
ment of CCS by highlighting the economic value of 
carbon storage.  

In 1996, the Norwegian government instituted a 
levy on CO2 emissions equivalent to approximately 
US$40/tCO2 that motivated Statoil, the national oil 
company, to capture the CO2 emitted from their 
Sleipner oil and gas field and inject it into an under-
ground formation rather than continue to emit it to 
the atmosphere (Torp & Brown, 2002). The Sleipner 
project has had a dramatic impact on the under-
standing of geologic carbon storage and CCS because 
researchers from around the world have been moni-
toring and learning from this pioneering initiative that 
has successfully been injecting and storing about one 
million tons of CO2 per year for the past nine years 
(Gale et al. 2001). Other governmental economic 
policy tools, including the European Union emissions 
trading scheme, have also provided investment in-
centives for CCS projects (Hasselknippe & Roine, 
2006). 

A more indirect example of governmental activ-
ity influencing CCS development relates to the Kyoto 
Protocol negotiations. Although the accord in its cur-
rent form does not include any credit provisions for 
carbon stored through CCS projects, ongoing discus-
sions have raised awareness of the value of carbon 
storage. Interest in regional potentials, particularly 
for terrestrial storage, increased dramatically during 
the development of the climate-change agreement 
and associated negotiations about its framework for 
national accounting of carbon sources and sinks. Ini-
tial adoption of the Kyoto Protocol in 1997 commit-
ted industrialized nations to legally binding 
greenhouse-gas reductions. However, contentious 
negotiations on whether carbon sinks, including for-
ests, should be counted toward reduction targets en-
sued for several years (IGBP, 1998). On one hand, 
the United States, Japan, Canada, New Zealand, and 
Australia supported counting carbon storage associ-
ated with forest growth toward meeting their 
emission-reduction goals. On the other hand, Euro-
pean countries, which have fewer forested tracts, felt 
that the Kyoto commitments should be met only with 
direct emission reductions, not through the identifi-
cation of offsetting carbon sinks. Although the debate 
focused on terrestrial sequestration, the process in-
creased awareness about the value of carbon storage 
more generally. Also during this period, research 
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designed to improve understanding and to quantify 
the potential of all storage methods increased.  

Although the United States did not ratify the 
Kyoto Protocol, the accounting for terrestrial carbon 
sinks to offset emission reductions (that the country’s 
delegates ironically championed in negotiations) is 
included in the agreement now in force (Victor, 
2004). Within the agreement, each Annex I nation is 
responsible for verifying its own carbon-emission 
reductions and accounting for terrestrial carbon stor-
age within its boundaries. While terrestrial sequestra-
tion is currently included in the Kyoto Protocol’s 
Clean Development Mechanism (CDM) (which pro-
vides for transferable credit to industrialized coun-
tries that invest in projects to avoid emissions in de-
veloping countries lacking targets) current negotia-
tions are defining how geologic and oceanic storage 
projects might be included (Haines et al. 2004; 
Hohne, 2006). 

 
Conclusion 

 
The rapidly growing interest in and development 

of CCS technologies has evolved in tandem with on-
going discussions about how society should respond 
to the risks of climate change. Attempting to compare 
the various governmental and nongovernmental in-
fluences on CCS advancement is beyond the scope of 
this paper, but is an important area for future re-
search. The various interconnected social factors in-
fluencing the advancement of these technologies 
highlight the complexity of integrating developments 
in science and engineering into sustainable practices. 

A valuable complement to the work presented 
here would be to identify how the prospect of de-
ploying CCS technologies on a larger scale has influ-
enced the positions, strategies, priorities, and actions 
of key stakeholders and institutions involved in the 
debate about how best to mitigate climate-change 
risks. Figure 2 is a schematic illustration depicting 
various influences contributing to increased interest 
in and development of CCS technologies. This figure 
also demonstrates reciprocal relationships in which 
growing CCS interest and development has in turn 
shaped the perceptions, strategies, and actions of 
various stakeholders. More detailed research would 
be valuable to identify how expanded attention to 
CCS has influenced actors with a strong voice on 
climate change. Methods that could be useful in ex-
ploring these reciprocal relationships include inter-
views with various stakeholders and media analysis. 

Despite widespread recognition of the need for a 
shift in our energy infrastructure to no- or low-carbon 
technologies to stabilize atmospheric CO2 concentra-
tions (Hoffert et al, 2002; Pacala & Socolow, 2004; 
Holdren, 2006), movement in this direction has been 

slow and uncertain (Sagar & Gallagher, 2004; 
Neuhoff, 2005; Stephens & Zwaan, 2005). While 
research exploring the challenges of energy-
technology diffusion has focused on economic and 
technical aspects (Isoard & Soria, 2001; Grubler et al. 
2002; Nakicenovic, 2002), and generally concentrates 
on the national scale (NCEP, 2004; Nemet & 
Kammen, 2007), often overlooked is the complex 
socio-political context within which new technolo-
gies must be integrated. One approach to future re-
search could involve incorporating analysis of the 
context of CCS development with the emerging lit-
erature on transition management. This perspective 
recognizes the complexity of transitions, including 
the interactions, interdependencies, and feedbacks 
among different actors, technologies, infrastructures, 
and institutions (Kemp et al. 1998; Rotmans et al. 
2001; Kemp & Loorbach, 2003; Loorbach & 
Rotmans, 2006).  

Figure 2 Schematic illustration depicting an influence 
from various factors supporting increased interest in and 
develop-ment of CCS technologies. This figure also 
demonstrates reciprocal relationships in which the 
increased interest and development of CCS has 
influenced the actions, percep-tions, and strategies of 
various critical stakeholders in the societal debate on 
how to confront climate change. 

Several recent studies have enhanced this body 
of literature by suggesting different approaches to 
induce learning for a societal shift in sustainable-
energy technologies, including visioning and scenario 
building (Berkhout et al. 2002), national-dialogue 
promotion (Vergragt, 2006), and small-scale, 
bounded experimentation with emerging technologies 
(Brown et al. 2003; Brown & Vergragt, 2006). 
Applying these approaches to CCS technologies 
could contribute a valuable new dimension to both 
the theory and practice of transition management 
with energy technologies.  

Understanding the evolution of interest in this 
specific set of highly novel and uncertain technolo-
gies has broader implications for how social influ-
ences steer technological innovation and shifts in 
technological norms. Despite the somewhat contro-
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versial nature of CCS technologies and their associ-
ated imponderables, interest in these approaches has 
grown as the challenge of reconciling energy demand 
and climate-change mitigation becomes evermore 
daunting. The attention focused on CCS is likely to 
expand in coming years because the value associated 
with the potential reduction in the atmospheric con-
centration of CO2 will increase as human society 
continues to postpone action to mitigate climate 
change.  
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