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Federal Energy RD&D: Carbon Capture 
BY COLIN CUNLIFF AND LINH NGUYEN  |  JUNE 2021 

Carbon capture, utilization, and storage (CCUS) technologies for fossil-fuel power plants have the 
potential to preserve important options—including coal- and natural-gas-fired electricity 
generation—in a carbon-constrained future. CCUS will also likely be needed to decarbonize many 
industrial processes—such as the production of ethanol, fertilizers, plastics, cement, and steel—
for which low-carbon alternatives are not currently available.1 The 2018 Intergovernmental Panel 
on Climate Change (IPCC) special report on 1.5°C of warming found that CCUS plays an 
essential role in nearly all deep decarbonization pathways.2 The Department of Energy’s (DOE) 
carbon capture research, development, and demonstration (RD&D) program was largely limited to 
coal in the past. The Energy Act of 2020 provides a much-needed expansion of carbon capture 
RD&D to other sources of emissions and prioritizes demonstration projects in order to address the 
technical challenges unique to each type of facility. 

Figure 1: The Energy Act of 2020 provides a significant reorganization of carbon capture activities at DOE.3 

What’s at Stake 
CCUS technologies prevent greenhouse gases from power plants and industrial facilities from 
reaching the atmosphere. The IPCC has found that CCUS is essential to achieving net-zero 
emissions: The majority of IPCC pathways consistent with 1.5°C of warming project the use of 
carbon capture and storage on the order of 350 million–1,200 million metric tons of carbon 
dioxide (MMt CO2) over the 21st century.4 The National Academies of Sciences, Engineering, 
and Medicine (NASEM) found that carbon capture and storage in the United States should grow 
to ~50–75 MMt CO2/yr by 2030 (and as much as 250 MMt CO2/yr by 2035) in order to be 
consistent with a net-zero emissions by 2050 pathway.5 

CCUS may be on the cusp of significant new buildouts and cost reductions. DOE’s Industrial 
Carbon Capture and Storage (ICCS) program successfully launched CCUS demonstration projects 
at the Port Arthur fertilizer facility in 2013, and the Archer Daniels Midland ethanol plant in 
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2017.6 The Petra Nova coal power plant began capturing its carbon emissions in 2017 at a cost 
of about $60 per ton. (Although the plant recently closed due to declining revenues as a result of 
the COVID-19 pandemic, it was successful in facilitating learning that is projected to lead to 30 
percent cost reduction for similar second-of-a-kind projects.7) A new pilot-scale natural gas oxy-
fuel demonstration began operating at the NET Power facility in Texas in May 2018, and the 
company is targeting 2022 to commercially deploy a 300-megawatt project using a supercritical 
CO2 cycle.8 The National Carbon Capture Center in Wilsonville, Alabama, is now installing a 
natural-gas-fired system to test technologies under natural-gas-fired and coal-fired flue gas 
conditions.9 And in February 2018, Congress expanded and extended the 45Q tax credit to 
incentivize greater utilization and storage of captured CO2.10  

However, costs must continue to decline, and infrastructure barriers (e.g., availability of CO2 
pipelines and storage infrastructure) must be addressed before CCUS will be viable for full-scale 
deployment. Several demonstration projects that were designated for federal support under the 
2009 Recovery Act were never completed due to cost, scheduling, and other barriers.11 Even 
with the 45Q tax credit, current state-of-the-art technologies for capturing and storing carbon 
emissions are still too expensive to spur widespread deployment in the largest-emitting sectors, 
particularly power plants and cement and steel production.12 

DOE’s carbon capture program has primarily focused on coal-fired power plants, to the exclusion 
of natural gas power plants and other industrial sources. The ICCS program, which has explored 
both power plant and industrial applications of carbon capture, received a one-time appropriation 
through the American Recovery and Reinvestment Act of 2009 (ARRA), but has received no 
further funds.13 This focus leaves the unique challenges of integrating and optimizing carbon 
capture with other sources of emissions unsolved. The Information Technology and Innovation 
Foundation (ITIF) recommends DOE establish new carbon capture programs for natural gas 
power plants and industrial facilities (see box 1).14 ITIF also calls for the federal government to 
invest in a robust portfolio of demonstration projects, which would include major investments in 
CCUS.15 In FY 2020, Congress for the first time directed DOE to reserve $4 million “for research 
and optimization of carbon capture technologies for use at industrial facilities,” and $7 million 
for carbon capture at natural gas power plants.16 

DOE has set the target of reducing the cost of carbon capture to less than $40 per metric ton of 
CO2 by 2025—and under $30 per metric ton by 2035.17 Additionally, DOE has sought to 
establish international leadership in CCUS technologies through its participation in the Clean 
Energy Ministerial and Mission Innovation.18 

The Energy Act of 2020 incorporates many of the recommendations in Energizing America, and 
entails a significant restructuring and expansion of the program. The bill expands research and 
development (R&D) activities to include power plants and manufacturing and industrial facilities 
that use coal or natural gas. The bill also creates a new program to conduct large-scale pilot 
projects at a scale “beyond laboratory development and bench scale testing, but not yet 
advanced to the point of being tested under real operational conditions at commercial scale.”19 
The bill directs DOE to begin six commercial demonstrations of carbon capture by 2025—two 
each from coal power plants, natural gas power plants, and industrial facilities—and authorizes 
funding to conduct front-end engineering design (FEED) studies to support the demonstration 
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projects. Finally, the bill directs DOE to establish one or more Carbon Capture Test Centers, to 
support large-scale pilot and demonstration projects and test carbon capture technologies.20 

Figure 1 shows historical DOE investment in carbon capture R&D by subprogram, for FY 2016 
through 2021, and the FY 2022 budget request. (Appropriations by subprogram were 
unspecified for FY 2021, and the top-line number only is shown for that year.) The orange line 
shows total authorized funding levels in the Energy Act of 2020 for FY 2021 through 2025, 
across all carbon capture activities. Authorizations across the five new subprograms—carbon 
capture R&D, large-scale pilots, demonstration projects, FEED studies, and test centers—are 
shown as transparent bars. The blue line shows recommended R&D (only) funding levels from the 
Energizing America report (see box 1). Energizing America also recommends separate funding for 
large demonstration projects (not shown in figure 1), not broken down across technology or DOE 
program office. 

Box 1: An Innovation Agenda for Carbon Capture 

The Energizing America report coauthored by the Information Technology and Innovation 
Foundation (ITIF) and Columbia University’s Center on Global Energy Policy offers several 
recommendations to accelerate carbon capture innovation.21 ITIF’s recent “Build Back Cleaner” 
report recommends creating a portfolio of carbon capture demonstration projects at industrial 
facilities such as for cement and steel manufacturing:22 

▪ Congress should fully fund the Energy Act of 2020 authorization levels and continue to
support the expansion of carbon capture R&D to include natural gas power plants and
industrial facilities.

▪ Congress should provide full funding for technology scale-up activities through large-scale
pilot and demonstration projects, FEED studies, and test centers. Congress should pay
special attention to industrial carbon capture demonstration projects, including steel and
cement manufacturing, wherein other countries have an early lead but where investments
now could help the United States reclaim leadership in carbon capture technologies.23

▪ Congress and DOE should address CO2 infrastructure and regulatory barriers that deter
investment in carbon capture. DOE should work with the Department of Transportation, U.S.
Geological Survey, and other agencies to plan and assess the requirements for a national CO2

trunk pipeline network, characterize geologic storage reservoirs, and establish permitting
rules.24

▪ Congress should extend the 45Q tax credit for CCUS, making the project fully refundable for
projects that commence construction prior to 2022, and raising the credit to $70 per metric
ton of CO2 less the explicit carbon price established.25

▪ DOE should rename the Office of Fossil Energy as the Office of Carbon Management, refocus
carbon-reduction and climate-mitigation activities and expand carbon capture research to
applications in both the industrial and electricity sectors. This new office should coordinate
with other DOE offices with complementary missions (e.g., Advanced Manufacturing Office
(AMO) for industrial decarbonization and Bioenergy Technologies Office for bioenergy with 
carbon capture and storage (CCS)). 
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Carbon Capture RD&D Activities 
RD&D in carbon capture is spread across two activities: 

 Post-Combustion Capture Systems focuses on separating and capturing CO2 from flue gas
after the fuel has been combusted. These systems can be used to retrofit existing fossil-
fuel power plants. Because CO2 makes up only 3–4 percent of flue gas from natural gas
plants and 12–15 percent of flue gas from coal plants, separation is challenging—and
once separated, the pure CO2 must then be compressed for sequestration.26

 Pre-Combustion Capture Systems focuses on removing CO2 from fossil fuels before
combustion is complete. Coal can be gasified under high pressure to produce a mixture of
hydrogen and highly concentrated CO2, with the former used for energy storage and fuel,
and the latter captured and sequestered.

Activities within the carbon capture program are tightly coupled with R&D in advanced energy 
systems. Solid oxide fuel cells (SOFCs), gasification systems, oxy-combustion and chemical 
looping combustion, and direct-fired supercritical CO2 cycles (i.e., Allam cycles) are all designed 
and optimized to integrate with carbon capture technologies.27 

Key Elements of the FY 2022 Budget Proposal28 
The budget proposal seeks $150 million for carbon capture RD&D activities, a 19 percent boost 
from FY 2021 enacted levels. Some highlights include: 

▪ An 18 percent increase in Post-Combustion Capture Systems, including continued support
for transformational small-scale and bench-scale carbon capture tests on flue gases from
coal and natural gas; continued support for transformational pilot-scale carbon capture
projects for industrial CO2; increased funding to support ten carbon capture FEED studies
for industrial and natural gas sources of CO2; and funding to support the operation of the
National Carbon Capture Center (NCCC) test facility.

▪ A 20 percent increase in Pre-Combustion Capture Systems, including increased funding to
support carbon capture development and gasification design and component testing for
clean hydrogen production.

Further Reading 

▪ Varun Sivaram et al., Energizing America: A Roadmap to Launch a National Energy 
Innovation Mission (ITIF and Columbia University SIPA Center on Global Energy Policy,
2020), http://www2.itif.org/2020-energizing-america.pdf.

▪ David Hart, “Building Back Cleaner With Industrial Decarbonization Demonstration
Projects” (ITIF, 2021), https://itif.org/publications/2021/03/08/building-back-cleaner-
industrial-decarbonization-demonstration-projects.

http://www2.itif.org/2020-energizing-america.pdf
https://itif.org/publications/2021/03/08/building-back-cleaner-industrial-decarbonization-demonstration-projects
https://itif.org/publications/2021/03/08/building-back-cleaner-industrial-decarbonization-demonstration-projects
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▪ National Academies of Sciences, Engineering, and Medicine (NASEM), Accelerating 
Decarbonization of the U.S. Energy System (National Academies Press, 2021),
https://doi.org/10.17226/25932.

Acknowledgments 

The authors wish to thank David M. Hart for providing input to this report. Any errors or 
omissions are the authors’ alone. 

About the Authors 

Colin Cunliff is a senior policy analyst for clean energy innovation with ITIF. He previously 
worked at the U.S. Department of Energy on energy sector resilience and emissions mitigation. 
He holds a Ph.D. in physics from the University of California, Davis. 

Linh Nguyen is a research assistant for clean energy innovation with ITIF. She previously worked 
for Climate Advisers and Resource Energy. Linh holds a master’s degree in energy policy from 
Johns Hopkins University. 

About ITIF 

The Information Technology and Innovation Foundation (ITIF) is an independent, nonprofit, 
nonpartisan research and educational institute focusing on the intersection of technological 
innovation and public policy. Recognized by its peers in the think tank community as the global 
center of excellence for science and technology policy, ITIF’s mission is to formulate and 
promote policy solutions that accelerate innovation and boost productivity to spur growth, 
opportunity, and progress. 

For more information, visit us at www.itif.org. 

https://doi.org/10.17226/25932
http://www.itif.org/


INFORMATION TECHNOLOGY & INNOVATION FOUNDATION   |   JUNE 2021 PAGE 6 

ENDNOTES

1. Colin Cunliff, “An Innovation Agenda for Deep Decarbonization: Bridging Gaps in the Federal Energy
RD&D Portfolio” (Information Technology and Innovation Foundation, November 2018), 26–30,
http://www2.itif.org/2018-innovation-agenda-decarbonization.pdf.

2. International Panel on Climate Change (IPCC), Global Warming of 1.5°C: An IPCC Special Report on 
the Impacts of Global Warming of 1.5°C Above Pre-Industrial Levels and Related Global Greenhouse 
Gas Emission Pathways, in the Context of Strengthening the Global Response to the Threat of 
Climate Change, Sustainable Development, and Efforts to Eradicate Poverty (IPCC, 2018), 134–
136, https://www.ipcc.ch/sr15/.

3. Consolidated Appropriations Act, 2021, Division Z, Title Title IV—Carbon Management,
https://rules.house.gov/sites/democrats.rules.house.gov/files/BILLS-116HR133SA-RCP-116-68.pdf.

4. IPCC, “Summary for Policymakers,” in Global Warming of 1.5°C, an IPCC Special Report on the
impacts of global warming of 1.5°C above pre-industrial levels and related global greenhouse gas
emission pathways, in the context of strengthening the global response to the threat of climate
change, sustainable development, and efforts to eradicate poverty (World Meteorological
Organization, 2018), 14, https://www.ipcc.ch/sr15/chapter/spm/.

5. National Academies of Sciences, Engineering, and Medicine (NASEM), Accelerating Decarbonization 
of the U.S. Energy System (National Academies Press, 2021), 56,
https://www.nap.edu/catalog/25932/accelerating-decarbonization-of-the-us-energy-system.

6. DOE, “Air Products & Chemicals, Inc.” accessed February 5, 2020, https://www.energy.gov/fe/air-
products-chemicals-inc; DOE, “Archer Daniels Midland Company,” accessed February 5, 2020,
https://www.energy.gov/fe/archer-daniels-midland-company.

7. Robert Rozansky  David M. Hart, “Failing Toward Success: The Mothballing of Petra Nova Carbon
Capture Demonstration Project Is a Teachable Moment” (ITIF, August 14, 2020),
https://itif.org/publications/2020/08/14/failing-toward-success-mothballing-petra-nova-carbon-
capture-demonstration; John Thompson, “Six Key Ways Petra Nova Has Shown That Carbon Capture
Works” (Clean Air Task Force, August 11, 2020), https://www.catf.us/2020/08/six-key-ways-petra-
nova-has-shown-that-carbon-capture-works/.

8. David Roberts, “That Natural Gas Power Plant with No Carbon Emissions or Air Pollution? It works,”
Vox, June 1, 2018, https://www.vox.com/energy-and-environment/2018/6/1/17416444/net-
powernatural-gas-carbon-air-pollution-allam-cycle; Sonal Patel, “300-MW Natural Gas Allam Cycle
Power Plant Targeted for 2022” Power Magazine, November 27, 2019,
https://www.powermag.com/300-mw-natural-gas-allam-cycle-power-plant-targeted-for-2022/.

9. DOE, “Carbon Capture, Utilization, and Storage R&D Programs,” accessed February 20, 2020,
https://www.energy.gov/sites/prod/files/2019/10/f67/Carbon%20Capture%2C%20Utilization%2C%2
0and%20Storage%20R%26D%20Programs_2.pdf.

10. Bipartisan Budget Act of 2018, H.R. 1892, 115th Cong (2018).

11. David Hart, “Building Back Cleaner With Industrial Decarbonization Demonstration Projects” (ITIF,
2021) https://itif.org/publications/2021/03/08/building-back-cleaner-industrial-decarbonization-
demonstration-projects.

12. Energy Futures Initiative, “Advancing Large Scale Carbon Management” (EFI, 2018),
https://static1.squarespace.com/static/58ec123cb3db2bd94e057628/t/5b0604f30e2e7287abb8f3
c1/1527121150675/45Q_EFI_5.23.18.pdf.

13. Pete Folger, “Recovery Act Funding for DOE Carbon Capture and Sequestration Projects”
(Congressional Review Service, 2016), https://fas.org/sgp/crs/misc/R44387.pdf.

14. Colin Cunliff, “An Innovation Agenda for Deep Decarbonization,” 26–30.

http://www2.itif.org/2018-innovation-agenda-decarbonization.pdf
https://www.ipcc.ch/sr15/
https://rules.house.gov/sites/democrats.rules.house.gov/files/BILLS-116HR133SA-RCP-116-68.pdf
https://itif.org/publications/2020/08/14/failing-toward-success-mothballing-petra-nova-carbon-capture-demonstration
https://itif.org/publications/2020/08/14/failing-toward-success-mothballing-petra-nova-carbon-capture-demonstration
https://www.catf.us/2020/08/six-key-ways-petra-nova-has-shown-that-carbon-capture-works/
https://www.catf.us/2020/08/six-key-ways-petra-nova-has-shown-that-carbon-capture-works/
https://www.vox.com/energy-and-environment/2018/6/1/17416444/net-powernatural-gas-carbon-air-pollution-allam-cycle
https://www.vox.com/energy-and-environment/2018/6/1/17416444/net-powernatural-gas-carbon-air-pollution-allam-cycle
https://www.energy.gov/sites/prod/files/2019/10/f67/Carbon%20Capture%2C%20Utilization%2C%20and%20Storage%20R%26D%20Programs_2.pdf
https://www.energy.gov/sites/prod/files/2019/10/f67/Carbon%20Capture%2C%20Utilization%2C%20and%20Storage%20R%26D%20Programs_2.pdf
https://itif.org/publications/2021/03/08/building-back-cleaner-industrial-decarbonization-demonstration-projects
https://itif.org/publications/2021/03/08/building-back-cleaner-industrial-decarbonization-demonstration-projects
https://static1.squarespace.com/static/58ec123cb3db2bd94e057628/t/5b0604f30e2e7287abb8f3c1/1527121150675/45Q_EFI_5.23.18.pdf
https://static1.squarespace.com/static/58ec123cb3db2bd94e057628/t/5b0604f30e2e7287abb8f3c1/1527121150675/45Q_EFI_5.23.18.pdf
https://fas.org/sgp/crs/misc/R44387.pdf


INFORMATION TECHNOLOGY & INNOVATION FOUNDATION   |   JUNE 2021 PAGE 7 

15. David M. Hart, “Across the ‘Second Valley of Death‘: Designing Successful Energy Demonstration
Projects” (ITIF, July 2017), https://itif.org/publications/2017/07/26/across-%22second-valley-
death%22-designing-successful-energy-demonstration; David M. Hart, “Building Back Cleaner With
Industrial Decarbonization Demonstration Projects” (ITIF, March 2021),
https://itif.org/publications/2021/03/08/building-back-cleaner-industrial-decarbonization-
demonstration-projects.

16. Energy and Water Development and Related Agencies Appropriations Act of 2020, H.R. 1865,
116th Cong. (2020) Joint Explanatory Statement, 41,
https://docs.house.gov/billsthisweek/20191216/BILLS-116HR1865SA-JES-DIVISION-C.pdf.

17. DOE, “Carbon Capture R&D,” accessed March 7, 2020, https://www.energy.gov/fe/science-
innovation/carbon-capture-and-storage-research/carbon-capture-rd.

18. Dan Brouillette, “The Role of Carbon Capture, Utilization, and Storage in Forming a Low-Carbon
Economy” (DOE, May 21, 2018), accessed April 1, 2019, https://www.energy.gov/articles/role-
carbon-capture-utilization-and-storage-forming-low-carbon-economy; DOE, “DOE Releases Report of
the Mission Innovation CCUS Experts’ Workshop” (DOE, May 23, 2018), accessed April 1, 2019,
https://www.energy.gov/fe/articles/doe-releases-report-mission-innovation-ccus-experts-workshop.

19. Consolidated Appropriations Act, 2021, Division Z, Title Title IV—Carbon Management, Sec. 4002,
https://rules.house.gov/sites/democrats.rules.house.gov/files/BILLS-116HR133SA-RCP-116-68.pdf.

20. Ibid.

21. Varun Sivaram et al., Energizing America: A Roadmap to Launch a National Energy Innovation 
Mission (ITIF and Columbia University Center on Global Energy Policy, 2020),
https://itif.org/publications/2020/09/15/energizing-america-roadmap-launch-national-energy-
innovation-mission.

22. David Hart, “Building Back Cleaner.”

23. Ibid.

24. NASEM, Accelerating Decarbonization of the U.S. Energy System (National Academies Press,
2021), https://doi.org/10.17226/25932.

25. Ibid, 164.

26. NASEM, “Gaseous Carbon Waste Streams Utilization: Status and Research Needs” (Washington,
D.C.: The National Academies Press, October 2018), 28, https://doi.org/10.17226/25232.

27. For more on advanced combustion cycles, see Carbon Utilization Research Council (CURC) and
Electric Power Research Institute (EPRI), “CURC-EPRI Advanced Fossil Energy Technology
Roadmap” (CURC and EPRI, July 2018),
http://www.curc.net/webfiles/Roadmap/FINAL%202018%20CURC-EPRI%20Roadmap.pdf.

28. DOE, “FY 2022 Congressional Budget Justification” Volume 3.2, (DOE Chief Financial Officer
DOE/CF-0174, May 2021), 211-215, https://www.energy.gov/sites/default/files/2021-06/doe-
fy2022-budget-volume-3.2-v3.pdf.

https://itif.org/publications/2021/03/08/building-back-cleaner-industrial-decarbonization-demonstration-projects
https://itif.org/publications/2021/03/08/building-back-cleaner-industrial-decarbonization-demonstration-projects
https://docs.house.gov/billsthisweek/20191216/BILLS-116HR1865SA-JES-DIVISION-C.pdf
https://www.energy.gov/fe/science-innovation/carbon-capture-and-storage-research/carbon-capture-rd
https://www.energy.gov/fe/science-innovation/carbon-capture-and-storage-research/carbon-capture-rd
https://www.energy.gov/articles/role-carbon-capture-utilization-and-storage-forming-low-carbon-economy
https://www.energy.gov/articles/role-carbon-capture-utilization-and-storage-forming-low-carbon-economy
https://www.energy.gov/fe/articles/doe-releases-report-mission-innovation-ccus-experts-workshop
https://rules.house.gov/sites/democrats.rules.house.gov/files/BILLS-116HR133SA-RCP-116-68.pdf
https://itif.org/publications/2020/09/15/energizing-america-roadmap-launch-national-energy-innovation-mission
https://itif.org/publications/2020/09/15/energizing-america-roadmap-launch-national-energy-innovation-mission
https://doi.org/10.17226/25932
https://doi.org/10.17226/25232
http://www.curc.net/webfiles/Roadmap/FINAL%202018%20CURC-EPRI%20Roadmap.pdf
https://www.energy.gov/sites/default/files/2021-06/doe-fy2022-budget-volume-3.2-v3.pdf
https://www.energy.gov/sites/default/files/2021-06/doe-fy2022-budget-volume-3.2-v3.pdf

	What’s at Stake
	Carbon Capture RD&D Activities
	Key Elements of the FY 2022 Budget Proposal27F
	Further Reading
	EndnoteS

