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THE GLOBAL ENERGY 
TECHNOLOGY STRATEGY 
PROGRAM

The Global Energy Technology Strategy Program 

(GTSP) began in 1998 with the goal of better 

understanding the role that energy technologies 

might play in addressing the problem of global 

climate change. The GTSP is a unique, global, 

public and private sector research collaboration, 

whose sponsors and research collaborators are 

drawn from around the world.

The completion of the first phase of the GTSP in 2001 
was marked by the release of a seminal report during a 
special session of the Sixth Conference of the Parties to 
the United Nations Framework Convention on Climate 
Change. This report, A Global Energy Technology Strat-
egy Addressing Climate Change: Initial Findings from 
an International Public-Private Collaboration, dem-
onstrated the importance of technology development 
and deployment as key cornerstones of a broader set of 
activities designed to address climate change. 

A central conclusion was that a robust “technology 
strategy” required the development of a technology 
portfolio. It found no evidence for a single technology 
whose development promised to “solve” the climate 

problem. That is, a priori, there is no technological “sil-
ver bullet.” Rather, the GTSP concluded that a variety 
of technologies and technology systems show prom-
ise for making substantially expanded contributions 
to the global energy system in a climate-constrained 
world. These include biotechnology, hydrogen energy 
and other advanced transportation technology sys-
tems, nuclear power, renewable energy technologies, 
end-use energy technologies, and carbon dioxide cap-
ture and storage. 

The first phase of the GTSP produced ground-break-
ing research, including many results that have made 
their way into the frequently cited literature. The first 
phase of the GTSP successfully added to the dialogue 
about responses to climate change a new, previously 
missing, element—technology. 

But building productive, long-term, real-world tech-
nology strategies to address climate change requires 
a deeper understanding of technologies and their 
potential. Thus, the GTSP launched its second phase 
in 2002. GTSP Phase 2 is pushing the frontiers of 
our knowledge to gain a much deeper understanding 
of how these key carbon management and advanced 
energy technologies will deploy in practice, and the 
means for launching and sustaining a meaningful 
global energy technology strategy. GTSP Phase 2 is 
in the process of distilling important lessons gleaned 
from research on the potential roles of six carbon man-
agement technology systems in the context of a com-
petitive future global energy system. These summaries 
of key research insights will take the form of “capstone 
reports” for each of the six technology areas. This is 
the first capstone report—on Carbon Dioxide Capture 
and Geologic Storage. In addition, a set of overall con-
clusions will be drawn from the complete body of the 
GTSP work and will be published in 2006.

For more information about the GTSP, please contact

Jae Edmonds
Laboratory Fellow and Chief Scientist
Battelle, Joint Global Change Research Institute
8400 Baltimore Avenue, Suite 201
College Park, MD 20740 USA
jae.edmonds@battelle.org



TO THE READER

The findings presented in this report stem from more 
than ten years of research at Battelle’s Joint Global 
Change Research Institute (JGCRI) to better under-
stand the significant potential of carbon dioxide capture 
and storage (CCS) technologies in addressing climate 
change. A central focus of this report is on actions that 
will allow CCS technologies to transition from their cur-
rent status as potential solutions to climate change to 
the point where these systems are deployed widely and 
have become safe, effective, and trusted cornerstones of 
the global energy system.

CCS technologies are increasingly seen as critically 
important elements of a global portfolio of advanced 
energy technologies needed to address climate 
change. One sign of the significant interest in CCS 
technologies is the recent publication of the Intergov-
ernmental Panel on Climate Change’s Special Report 
on Carbon Dioxide Capture and Storage (2005). While 
acknowledging the significant contributions being 
made by many other research groups, national gov-
ernments, state agencies, and private firms who are 
pushing forward the development and early commer-
cial deployment of CCS technologies, this document 
is meant to summarize research performed under the 
Global Energy Technology Strategy Program (GTSP), 
and therefore principally focuses on CCS research 
carried out at Battelle and JGCRI during the first 
and second phases of the GTSP.

Overall, this document fulfills the GTSP objective of 
articulating the cost and environmental performance 
targets for CCS, as well as the institutional means that 
will enable its commercial deployment in a greenhouse-
gas-constrained world. The report establishes that 
CCS technologies can make a significant contribution 
to reducing greenhouse gas emissions. The report also 
describes the cost, performance and other key character-
istics of the component technologies comprising a com-
plete CCS system. Included in this is an examination 
of deep underground geologic sites and the permanence 

of injected carbon dioxide storage. Market and economic 
cost analyses are presented to elucidate the potential 
deployment of CCS technologies. Finally, the report 
explores how the world—especially industries, such 
as electricity generators—would make decisions about 
using CCS under a policy that places a value on carbon 
dioxide emissions.

Our CCS research has been supported by numerous 
firms, nongovernmental organizations, and government 
agencies. We are grateful for their support, which has 
enabled us to pursue this important work. However,  
JGCRI, GTSP and James J. Dooley, who leads JGCRI 
and GTSP’s research related to CCS technologies, along 
with the other authors are solely responsible for the 
content of this report. Also, we would like to acknowl-
edge and thank the many peer reviewers who freely 
gave their time to comment on earlier drafts of this doc-
ument. Their thoughtful review helped to significantly 
improve this document.

For more information about the GTSP’s program on CCS, 
please contact

James J. Dooley
Senior Staff Scientist
Battelle, Joint Global Change Research Institute
8400 Baltimore Avenue, Suite 201
College Park, MD 20740 USA
dooleyj@battelle.org

GTSP Phase II—

Program Objective

To articulate the cost and 

environmental performance 

targets for technologies and 

technology systems in a 

greenhouse-gas-constrained 

world, and the institutional 

means of implementation.

A Note on Terms: CCS technologies, as used here, 
do not include planting trees, increasing soil carbon, 
or other bio-based activities. These activities are more 
commonly referred to as “carbon sequestration.” This 
report will not use the term “sequestration” in order 
to avoid any possible confusion.



THE CHALLENGE OF CLIMATE 
CHANGE AND THE TECHNOLOGY 
PORTFOLIO RESPONSE

Addressing climate change is a large-scale, global 
challenge to reduce and avoid the release of enormous 
amounts of greenhouse gases (GHGs) over the course 
of this century. Currently, the world’s economies annu-
ally emit approximately 26 gigatons of carbon dioxide 
(GtCO2) to the atmosphere from the combustion of fos-
sil fuels. In the absence of explicit efforts to address 
climate change, rising global populations, higher stan-
dards of living, and increased demand for energy could 
result in as much as 9,000 gigatons of cumulative CO2 
being emitted to the atmosphere from fossil fuel com-
bustion over this coming century.

However, to stabilize CO2 concentrations in the atmo-
sphere “at a level that would prevent dangerous anthro-
pogenic interference with the climate system” as called 
for in the United Nations Framework Convention 
on Climate Change, the cumulative amount of CO2 
released to the atmosphere over this century would 
need to be held to no more than 2,600 to 4,600 GtCO2—
a substantial reduction and formidable challenge.

The Global Energy Technology Strategy Program 
(GTSP) has shown conclusively the value of developing 
an enhanced portfolio of energy technologies in meet-
ing this challenge. Some aspects of this portfolio will 
involve continued energy efficiency improvements in 
homes, offices, and automobiles, as these technologies 
not only reduce CO2 emissions but also help to improve 
economic efficiency, competitiveness, and local environ-
mental quality. Renewable energy, advanced bioenergy 
and biotechnologies, advanced transportation includ-
ing hydrogen production and fuel cell technologies, and 
nuclear power have also been shown to be key aspects 
of the broad portfolio of energy technologies needed to 
address climate change. GTSP research has demon-
strated that all aspects of this portfolio need to be capa-
ble of delivering significant and sustained reductions 
in CO2 emissions over the course of this century.

Carbon dioxide capture and storage (CCS) technolo-
gies, which are the focus of this report, have the poten-
tial to be central elements of this advanced energy 
technology portfolio. CCS technologies are capable of 
deploying widely across the globe in many different 
economic sectors and in many different locales. These 
technologies are capable of delivering deep, cost-effec-
tive, and sustained emissions reductions. This report 
seeks to conclusively demonstrate the technical feasi-
bility and potential economic value of CCS in this 
broader portfolio of advanced energy and carbon man-
agement technologies.

POTENTIAL TO DELIVER 
BENEFITS TODAY, TOMORROW, 
AND WELL INTO THE FUTURE

CCS systems offer several unique benefits as part of 
a climate change mitigation portfolio:

• In the near term, CCS systems help the owners, opera-
tors and beneficiaries of established, economic produc-
tion methods—which lie at the heart of the modern 
industrial economy—to find a financially viable path-
way forward into a world in which there are significant 
constraints on CO2 emissions. CCS may be pivotal in 
helping reduce the emissions from fossil fuel-fired 
electricity generation, steel and cement manufactur-
ing, refining, and chemicals production. Without CCS 
technologies, many of these firms may see efforts to 
address climate change as threats to their businesses. 
The potential cost savings from using CCS systems 
opens the dialog with these industries about how best 
to address climate change in the future.

• In the medium term, the implementation of CCS tech-
nologies allows for a smoother transition of the global 
economy to a low-GHG emissions future. Established 
production methods and existing infrastructure can 
continue to be utilized, and the costs of transitioning 
to a lower-emitting energy system can be minimized.

EXECUTIVE SUMMARY The Role of Carbon 
Dioxide Capture and Storage Technologies 
in Mitigating Climate Change



• In the long term, CCS will help make valuable com-
modities like electricity and hydrogen cheaper than 
they would otherwise be. This is the key merit; 
CCS technologies are not ends in themselves but a 
means—a means of realizing abundant energy and 
industrial production, without CO2 emissions.

CURRENT MARKET 
DEPLOYMENT

Many component technologies for CCS systems already 
exist, including CO2 capture, transportation via pipeline, 
and injection into geologic formations deep underground. 
However, both the scale of existing CCS systems and the 
number of CCS commercial and field demonstration 
projects are very small compared to the scale necessary 
for significant and sustained CO2 emissions reductions. 
The very newness of CCS systems and a lack of real-
world operational experience in essential markets such 
as electric power generation are current impediments 
to the expanded adoption of CCS technologies.

Globally, there are currently more than 8,100 large 
CO2 point sources (accounting for more than 60% of all 
anthropogenic CO2 emissions) that could conceivably 
adopt CCS technologies as a means for delivering deep 
and sustained CO2 emissions reductions. These 8,100 
large CO2 point sources are predominantly fossil-fueled 
electric power plants, but there are also hundreds of 
steel mills, cement kilns, chemical plants, and oil and 
gas production and refining facilities. A very small 
number of these facilities are already capturing and 
selling CO2, suggesting that in certain niche applica-
tions it is already profitable to deploy some CCS com-
ponent technologies. However, the vast majority of 
these existing facilities have not adopted CCS systems. 
Moreover, the vast majority of the new power plants 
and other large industrial CO2 point sources that are 
now being built or that are in various stages of early 
development are also not planning to adopt CCS sys-
tems. This reveals an important point; the deployment 
of CCS technologies is almost exclusively motivated by 
the need to significantly reduce greenhouse gas emis-
sions, and, therefore, their large-scale adoption depends 
upon explicit efforts to control such emissions.

CO2 STORAGE CAPACITY

Our research and that of many other research groups 
demonstrate that potential deep geologic CO2 storage 
sites exist around the world, although the distribution of 
these candidate storage sites is quite uneven (as is true 
for many other types of natural resources). Our prelimi-
nary estimate of the potential global deep geologic CO2 
storage capacity is nearly 11,000 GtCO2. Assuming that 
other advanced energy technologies are developed and 
deployed along with CCS systems, this potential capac-
ity should be more than enough to address global CO2 
storage needs for at least this century. In many places, 
candidate CO2 storage formations are near large group-
ings of power plants and other industrial facilities, which 
should lower the cost of deploying CCS systems.

COST AND ECONOMIC VALUE

For most applications, assuming the adoption of cur-
rently available CCS component technologies, the cost 
of employing CCS systems most likely lies below $50/
tCO2 including capture, transport, injection, storage 
and monitoring. At this cost level, CCS systems are 
capable of reducing the costs of climate stabilization by 
trillions of dollars because these technologies allow for 
the continued use of fossil fuels and enable the deploy-
ment of other key mitigation technologies such as 
large-scale, low-emissions hydrogen and synfuels pro-
duction. GTSP research also confirms that the costs of 
CCS systems should be competitive with—and in some 
cases significantly less costly than—other potential 
large-scale CO2 emissions reduction and abatement 
technologies.

SAFETY AND 
ENVIRONMENTAL EFFICACY

At a properly designed and well-managed CCS facility, 
the chance of appreciable CO2 leakage from the deep 
geologic storage formation is very small. The principal 
task for the measurement, monitoring, and verification 
of stored CO2 centers on how to demonstrate the long-
term retention of stored CO2 to regulators and the pub-
lic. New and improved measurement and monitoring 
techniques and standards for their use need to be devel-
oped to provide proof of public and environmental safety 
and of each CCS project’s effectiveness in mitigating 
climate change.



ADOPTION AND DEPLOYMENT 
WITHIN THE ELECTRIC POWER 
INDUSTRY

Early adopters of CCS systems will likely lie outside 
the electric utility industry and will seek opportunities 
that move beyond today’s niche markets in CO2-driven 
enhanced oil recovery. However, if there were an 
explicit climate policy in place that called for substan-
tial and sustained emissions reductions, the electric 
power industry would likely become the largest mar-
ket for CCS systems. GTSP research has shown that 
CCS systems will be most economic when deployed 
with large baseload power plants. These plants oper-
ate around the clock with only occasional brief outages 
for routine maintenance. For these facilities, a key cri-
terion for locating suitable storage reservoirs is that 
those reservoirs have sufficient capacity to hold per-
haps more than 50 years’ worth of the facility’s CO2 
plus some margin for growth. Because of this need for 
large quantities of reliable CO2 storage, decade after 
decade, CCS-enabled electric power plants will most 
likely look to deep saline formations, which tend to offer 
large storage capacities.

THE VALUE OF CONTINUED R&D

The next five to ten years constitute a critical window 
in which to amass needed operational experience with 
CCS technologies in real-world conditions. Planned CCS 
field demonstrations, a handful of early commercial 
CCS projects, and continued laboratory-based research 
are all needed to advance the state of the art across a 
number of CCS-related areas, so that CCS technologies 
can deploy safely and effectively in as many locales and 
configurations as needed to meet the challenge of stabi-
lizing atmospheric CO2 concentrations. Important areas 
of research identified by GTSP include the following:

• Continually improve CO2 capture technologies and 
ensure that they are being developed and tuned to a 
wide array of industrial sectors that can potentially 
benefit by adopting CCS systems.

• Survey global candidate CO2 reservoirs so that we 
can better understand the nature and distribution of 
the world’s deep geologic CO2 storage reservoirs. This 
is particularly crucial in rapidly developing countries 
such as China and India. Helping developing nations 
site new long-lived electricity generation or other 

large CO2-emitting industrial facilities while giving 
forethought to potential deployment of CCS will allow 
them to avoid stranding those assets should there be 
a need to adopt CCS systems at those facilities at 
some point in the future.

• Develop a broader and more advanced set of mea-
surement, monitoring, and verification (MMV) tech-
nologies for stored CO2 than currently exists in order 
to meet the needs of a potential future large-scale 
deployment of CCS systems with CO2 being stored in 
many different kinds of formations and circumstances. 
New MMV technologies need to be invented and the 
cost, performance, and other operating characteristics 
of existing MMV technologies need to be improved.

• Obtain more experience with end-to-end CCS sys-
tems in real-world conditions and make specific 
efforts to utilize the opportunity presented by these 
early commercial and research demonstration 
CCS facilities to increase our understanding of the 
behavior of CO2 in the subsurface, develop a base of 
empirical data to facilitate the development of MMV 
systems and their regulation, train and educate a 
larger cadre of individuals who are capable of run-
ning commercial-scale CCS systems, garner public 
support for CCS deployment, and otherwise lay the 
foundation for the larger scale deployment to come.

THE EFFORT REQUIRED FOR 
LARGE-SCALE COMMERCIAL 
DEPLOYMENT

Fulfilling the potential that the large-scale use of CCS 
technologies could hold will take significant effort. 
Despite recent technical successes and growing bud-
gets for the development and critical field demonstra-
tion of CCS technologies, much hard work remains to 
transition them—perhaps quickly—from their current 
status as potential solutions to climate change to safe, 
effective, and trusted cornerstones of the global energy 
system. If the world can do this, then our research 
suggests that CCS systems hold promise to be an eco-
nomic, cost-effective means for facilitating the stabiliza-
tion of greenhouse gases in the atmosphere as part of 
a portfolio of technologies to address climate change.



• The Battelle Memorial Institute

• California Energy Commission

• Electric Power Research Institute, Global Climate Research Area

• Electric Power Research Institute, Nuclear Sector

• Gas Research Institute

• General Motors Corporation

• Kansai Electric Power

• National Energy Technology Laboratory

• National Institute for Environmental Studies (Japan)

• Pacific Northwest National Laboratory

• Rio Tinto

• The U.S. Department of Energy Office of Science
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