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CCS can play a major role in reducing GHG emissions globally. It is critical that technologies to 
reduce the environmental effects of fossil fuel use continue to be evaluated and developed while we 
explore and further develop future energy sources. The wise stewardship of our technological, social, and 
natural resources is essential to our future. The challenge is to meet the growing demand for energy while 
ensuring our environment and economy stay strong.

                                                     CHAPTER 7
The Path Forward
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1. Snohvit
The Snohvit project involves 
injecting CO2 derived from natural 
gas processing and storing the CO2 
in a saline formation deep below 
the floor of the North Sea. Injection 
began in April of 2008, and at full 
capacity, 700,000 tonnes of CO2 will 
be stored a year.72

CCS Efforts Outside North America

Although significant 
activity is happening in the PCOR 
Partnership region as well as the 
rest of Canada and the United 
States, successful development 
and operation of full-scale CCS 
demonstration projects across the 
globe will be required to seriously 
abate CO2 emissions from power 
production and industrial sources. 
Outside of North America, the 
advancement of CCS technologies 
is well under way. This list of 
selected projects highlights some 
of the more prominent CCS efforts 
outside of North America. These 
projects represent a critical test 
bed to fundamentally advance our 
knowledge about how CCS systems 
will operate under real-world 
conditions.

2. Sleipner
Started in 1996, the Sleipner 
project is the world’s first 
demonstration of CO2 capture 
and dedicated underground 
storage. The project involves 
commercial natural gas 
production coupled with the 
storage of ~1 Mt CO2/year in a 
deep saline formation. 16.2 Mt 
of CO2 has been injected since 
inception to June 2016.73

3. Gorgon 
The Gorgon project is planned 
to be the first commercial CO2 
storage project in Australia and 
the largest storage project in the 
world. Development of the project 
will be based on the Gorgon gas 
field in Australia which is one of 
the world’s premier hydrocarbon 
resources. The project is projecting 
to store nearly 3.3 Mt of CO2 a year, 
beginning in late 2017.74
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The large-scale deployment of CCS technologies depends upon 
their becoming accepted, trusted, economical, and conventional 
technologies. In order for this to happen, several challenges are 
being addressed.

National CO2 Policy – Currently, there is no U.S. federal policy to reduce 
GHG emissions. Without a policy, governments at all levels are uncertain 
about how to deal with climate change and carbon emissions. Should 
they take no action or implement carbon taxes, cap-and-trade programs, 
storage incentives, or other policies?

Economics – For companies to deploy CCS technologies, they will bear 
costs associated with carbon capture, transportation, and storage. 
Companies will need to understand the future regulatory environment 
well enough to see prospective CCS deployment as being profitable over 
the long term, thus justifying the investment and acceptance of any risk.

Regulations – CCS is an emerging industrial activity, and legal 
frameworks for it are evolving. However, regulatory uncertainty remains 
a barrier to CCS deployment. Although early CCS projects can proceed 
under existing laws, there is limited experience at the federal and state 
levels in applying the regulatory framework to CCS. Ongoing efforts will 
clarify the existing regulatory framework by developing requirements.

Long-Term Liability – The project operator usually has primary 
responsibility for the project during the injection phase. However, 
monitoring and remediation responsibilities may vary in the postinjection 
(postclosure) period. This responsibility may make some CCS project 
developers wary.

Technology Proof of Concept – The next decade represents a critical 
window with which to amass needed operational experience with CCS 
technologies in real-world conditions.

Challenges to CCS Deployment
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CCS can play a vital role in reducing atmospheric 
CO2 levels while simultaneously preserving the option 
of using abundant and low-cost domestic fossil energy 
resources. However, the scale of CCS deployment needed 
to result in significant reductions will require thousands 
of CCS deployments around the world over the next 3–4 
decades. The expansion of a new technology at that rate 
is challenging but achievable. Research, development, 
and demonstration (RD&D) programs such as those 
currently conducted by DOE’s RCSP Program are critical 
for demonstrating CO2 storage in diverse geologic settings 
and will establish the basis for CCS’s widespread global 
deployment.
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CCS Acceptance

Affordable energy not only fuels our vehicles, homes, industries, 
and businesses, it also fuels our economy and our quality of life. 
Collectively, the states and provinces of the PCOR Partnership 
region use approximately 12,000 trillion Btu (British thermal unit, 
equivalent to approximately 1055 joules) of energy a year.75,76 The 
abundant, affordable energy provided by the PCOR Partnership 
region’s fossil fuel resources powers this very productive part 
of the world. However, to use our resources in a sensible way 
without damaging our planet requires a balance between energy 
and the environment. In the pursuit of that balance, it is critical 
that technologies to reduce the environmental effects of fossil 
fuel use continue to be evaluated and developed while we explore 
and further develop future energy sources. To that end, the PCOR 
Partnership continues to play a key role in the development and 
evaluation of technologies that will assist in the deployment of CCS 
on a commercial scale. 
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Keeping the Lights On

Although CCS is on the cusp of commercial deployment, 
widespread, cost-effective deployment of CCS will 
occur only if the technology is commercially available at 
economically competitive prices and supportive national 
policy frameworks are in place. 

The wise stewardship of our technological, social, and 
natural resources is essential to the future of our culture. 
Our challenge is to keep the lights on while simultaneously 
ensuring that our environment and economy stay strong.

2014 Annual Energy Consumption
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Public awareness and support are critical to the development of new energy technologies and are widely viewed as vital 
for CCS projects. CCS remains an unfamiliar technology to many members of the public, and local opposition to specific project 
proposals can be significant in some cases. However, enhanced and coordinated public outreach is improving awareness of the 
role of CCS as one option to reduce GHG emissions.

Developing public support for CCS is an essential component of the RCSP initiative. Within the RCSP Program, the PCOR 
Partnership is working to increase CCS knowledge among the general public, regulatory agencies, policy makers, and industry.

Our core approaches include:

Take it on the road – 
Engaging the public, policy 
makers, and industry on 
CCS remains an essential 
component of the PCOR 
Partnership activities. This is 
done through presentations 
and participation at 
meetings and public and 
industry events throughout 
the region.

Engaging the Public

Educational Workshops

Public Web Site Video Clip Library Partners-Only Web Site

Media Relations

Landowner/Stakeholder Relations

Take it online – 
Separate public 
and partners-only 
Web sites provide 
information 
in terms and 
context tailored 
to meet the needs 
of the distinct 
demographics.
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Documentary Series
Developing public support for CCS is an essential component of the RCSP initiative. Within the RCSP Program, the PCOR 
Partnership is working to increase CCS knowledge among the general public, regulatory agencies, policy makers, and industry.

 Take it to prime time – The PCOR Partnership continues its long-standing collaboration with Prairie Public Broadcasting to 
provide educational activities and documentary productions. 

Take it with you – Fact sheets, scientific presentations, posters, and reports inform technical audiences, while products such as 
documentaries, presentations, the regional atlas, and nontechnical posters tell the story of CCS for a general audience. 

Award-Winning Documentaries

Posters

Technical Video

Fact Sheets

Regional Atlas
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Looking ahead, the PCOR Partnership plans to support CCS 
deployment across the region through the following activities:

1. Build upon assessments of regional storage data to verify the ability of 
target formations to store CO2.

2. Facilitate the development of the infrastructure required to transport CO2 
from the source to the injection site.

3. Facilitate the development of the rapidly evolving North American 
regulatory and permitting framework for CO2 storage.

4. Identify opportunities for CCS and support development of projects by 
PCOR Partnership partners.

5. Continue collaboration with the other RCSP Program partnerships.

6. Provide outreach and education for CO2 storage stakeholders and the 
 general public. 

Through these efforts, the PCOR Partnership will help 
CCS projects overcome key challenges, including cost-
effective capture of CO2 through successful integration 
with fossil fuel conversion systems. Advances in CCS 
technology and project deployment will allow continued 
access to safe, reliable, and affordable energy.

Ramping up CCS Development
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Prefixes
T tera 1012 trillion
G giga 109 billion
M mega 106 million
k kilo 103 thousand
m milli 10-3 one-thousandth
µ micro 10-6 one-millionth
n nano 10-9 one-billionth

Conversion of Mass to Volume of CO2 (all at 1 atm)
Standard Temperature Short Ton Tonne (metric ton)
0°C/32°F (scientific) 16.31 Mcf 17.98 Mcf
60°F (oil and gas industry) 17.24 Mcf 19.01 Mcf
20°C/68°F (utilities) 17.51 Mcf 19.30 Mcf

Volume                   

barrel of oil X 42.00 = U.S. gallon 
 X 34.97 = imperial gallon 
 X 0.1590 = cubic meter 
U.S. gallon X 0.0238 = barrel 
 X 3.785 = liter 

X 0.8327 = imperial gallon 
imperial gallon X 1.201 = U.S. gallon 

Mcf = 1000 ft3

short ton X 2000 = pound 
 X 0.9072 = metric ton 
metric ton X 1000 = kilogram 
 X 1.102 = short ton 

mile X 1.609 = kilometer 
kilometer X 0.6214 = mile 
hectare X 2.471 = acre
 X 0.0039 = square mile
acre X 0.4049 = hectare
square mile X 640.0 = acre
 X 259.0 = hectare
 X 2.590 = square kilometer

Weight

Length/Area

CCS Units and Conversion Factors

Note: Most data in this atlas are described in 
metric units. However, some imperial units are 
used according to original data sources or industry 
standard (e.g., barrels of oil).
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Carbon Sequestration Leadership Forum (CSLF) – The 
CSLF is a panel made up of representatives from governments 
around the world who meet regularly to discuss CCS research 
and technologies and to plan joint projects. 
www.cslforum.org

Climate Change Program (World Bank) – As part of a broad 
environmental strategy, the World Bank focuses on support 
for three actions to address climate change concerns: 
mitigation of GHG emissions, reduction of vulnerability and 
adaptation to climate change, and capacity building. 
http://climatechange.worldbank.org

CO2 Capture Project – The CO2 Capture Project is an 
international effort funded by eight of the world’s leading 
energy companies. This project addresses the issue of 
reducing emissions in a manner that will contribute to 
an environmentally acceptable and competitively priced 
continuous energy supply for the world. 
www.co2captureproject.org

Cooperative Research Centre for Greenhouse Gas 
Technologies (CO2CRC) – The CO2CRC Program is a 
collaborative research organization focused on CO2 capture 
and geological storage. 
www.co2crc.com.au

Global CCS Institute (GCCSI) – This Australia-based 
organization works collaboratively to build and share the 
expertise necessary to ensure that CCS can make a significant 
impact on reducing the world’s GHG emissions. The Institute 
connects parties around the world to address issues and 
learn from each other to accelerate the deployment of CCS 
projects through knowledge sharing and fact-based advocacy. 
www.globalccsinstitute.com

Intergovernmental Panel on Climate Change (IPCC) – IPCC 
is assessing scientific, technical, and socioeconomic information 
relevant for the understanding of climate change, its potential 
impacts, and options for adaptation and mitigation. 
www.ipcc.ch

International Emissions Trading Association (IETA) – IETA 
is a nonprofit business organization created to establish 
a functional international framework for trading in GHG 
emission reductions. 
www.ieta.org

IEA Greenhouse Gas R&D Programme (IEAGHG) – This 
program is a major international research collaboration that 
assesses technologies for their potential to help achieve deep 
reductions in GHG emissions. 
www.ieaghg.org

International Energy Agency (IEA) – IEA is an autonomous 
organization that has been engaged for more than a decade 
to design cost-effective approaches to reduce CO2 emissions, 
working from the international policy architecture, to energy 
efficiency policy, and the promotion of clean technologies. 
IEA provides authoritative and unbiased research, statistics, 
analysis, and recommendations. 
www.iea.org

Further Sources of Information 
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Interstate Oil and Gas Compact Commission (IOGCC) – 
IOGCC is a multistate government agency that formed a task 
force of state oil and gas directors and geologists to study 
the issue of CO2 sequestration and assess the interests of the 
states to develop pertinent model state regulations. 
www.iogcc.state.ok.us

Petroleum Technology Research Centre (PTRC) – A not-
for-profit research and development organization with offices 
and laboratories in Regina, Saskatchewan, Canada, PTRC is 
developing world-leading EOR and CO2 storage technologies 
and manages the Weyburn–Midale CO2 Monitoring and 
Storage Project and the Aquistore effort. 
www.ptrc.ca

Petroleum Technology Transfer Council (PTTC) – PTTC is a 
national not-for-profit organization that provides a forum for 
technology transfer and best practices within the producer 
community. 
www.pttc.org

The Climate Action Network (CAN) International – 
CAN International is a worldwide network of over 550 
nongovernmental organizations working to promote 
government and individual action to limit human-induced 
climate change to ecologically sustainable levels. 
www.climatenetwork.org

U.S. Department of Energy (DOE) National Energy 
Technology Laboratory (NETL) – NETL is part of DOE’s 
national laboratory system with expertise in coal, natural 
gas, and oil technologies; contract and project management; 
analysis of energy systems; and international energy issues. 
www.netl.doe.gov 

U.S. DOE Office of Fossil Energy (FE) – DOE FE is a lead 
group in the federal effort for carbon sequestration research 
and development. 
www.fe.doe.gov

U.S. Energy Information Administration (EIA) – EIA collects, 
analyzes, and disseminates independent and impartial 
energy information to promote sound policy making, 
efficient markets, and public understanding of energy and its 
interaction with the economy and the environment. 
www.eia.gov

U.S. Environmental Protection Agency (EPA) – EPA is 
charged with protecting human health and the environment 
by writing and enforcing regulations based on laws passed by 
Congress. 
www.epa.gov

World Resources Institute (WRI) – WRI convened a group of 
stakeholders to develop CCS guidelines to ensure projects are 
conducted safely and effectively. 
www.wri.org/publication/ccs-guidelines
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AITF  Alberta Innovates Technology Futures 
bbl  barrel
Bcf  billion cubic feet
BSCSP  Big Sky Carbon Sequestration Partnership
Btu  British thermal unit
CAN  Climate Action Network
CARB  California Air Resources Board
CBM  coalbed methane
CCS  carbon capture and storage
CFC  chlorofluorocarbon
CH4  methane
CI  carbon intensity
CO2  carbon dioxide
CO2CRC Cooperative Research Centre for Greenhouse Gas  
  Technologies
COSS  Cambro-Ordovician Saline System
CSA  Canadian Standards Association
CSLF  Carbon Sequestration Leadership Forum
Denbury Denbury Resources Inc.
DOE  U.S. Department of Energy
DU  Ducks Unlimited
DUC  Ducks Unlimited Canada
Eagle  Eagle Operating Group, Inc.
ECBM  enhanced coalbed methane
EERC  Energy & Environmental Research Center
EIA  Energy Information Administration
EOR  enhanced oil recovery
EPA  U.S. Environmental Protection Agency
ETS  emissions trading system
FE  Fossil Energy
GCCSI  Global CCS Institute
GDP  gross domestic product
GHG  greenhouse gas
Gt  gigatonne
H2O  water
H2S  hydrogen sulfide
IEA  International Energy Agency
IEAGHG International Energy Agency Greenhouse Gas R&D  
  Programme
IETA  International Emissions Trading Association
IOGCC  Interstate Oil and Gas Compact Commission
IPCC  Intergovernmental Panel on Climate Change
LCA  life cycle analysis

LCFS  Low Carbon Fuel Standard 
LPG  liquefied petroleum gas
mg/L  milligram per liter
MGSC  Midwest Geological Sequestration Consortium
MRCSP  Midwest Regional Carbon Sequestration   
  Partnership 
MRR  Mandatory Greenhouse Gas Reporting Rule
Mt  million tonne
MVA  monitoring, verification, and accounting
MW  megawatt
NDSU  North Dakota State University
NETL  National Energy Technology Laboratory
N2O  nitrous oxide
O3  ozone
PCOR  Plains CO2 Reduction Partnership 
PDM             permanent downhole monitoring
ppm  parts per million
PPR  Prairie Pothole Region
psi  pound per square inch
PTRC   Petroleum Technology Research Centre 
PTTC  Petroleum Technology Transfer Council
RCSP  Regional Carbon Sequestration Partnership
R&D  research and development
RD&D  research, development, and demonstration
RGGI            Regional Greenhouse Gas Initiative
SECARB Southeast Regional Carbon Sequestration   
  Partnership
SET              Spectra Energy Transmission
stb  stock tank barrel
SWP  Southwest Regional Partnership  on Carbon   
  Sequestration     
TDS  total dissolved solids
UIC  underground injection control
UNFCCC        United Nations Framework Convention on 
  Climate Change
USDA  U.S. Department of Agriculture
USDW          underground sources of drinking water
USGS  U.S. Geological Survey
VSP              vertical seismic profile
WESTCARB West Coast Regional Carbon Sequestration   
  Partnership 

Nomenclature
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Except for those noted below, all photos and images 
were created by the EERC or obtained from royalty-free stock.

Preface. Denbury Resources Inc., 
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Page 4. Modified from Global Carbon Cycle: U.S. 
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Page 27. Denbury Resources Inc., 
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Page 30. Adapted from the Cooperative Research Centre for 
Greenhouse Gas Technologies.

Page 31. Adapted from IPCC, 2005, Carbon dioxide capture 
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The public PCOR Partnership Web site contains a wealth of information related to CCS geared toward 
various audiences. Visit us at www.undeerc.org/pcor.

To learn more about the PCOR Partnership and its activities, contact:

Charles Gorecki
Director of Subsurface R&D/PCOR Partnership Program Manager
(701) 777-5355
cgorecki@undeerc.org

To obtain educational materials or schedule a presentation, contact:

Dan Daly
Senior Geologist/Public Outreach Specialist and Outreach Team Lead
(701) 777-2822
ddaly@undeerc.org

Energy & Environmental Research Center
University of North Dakota
15 North 23rd Street, Stop 9018
Grand Forks, ND 58202-9018
(701) 777-5000
www.undeerc.org
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