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Extended Abstract:  

The focus of the present study is the interactions of climate policies with markets that place 
commodity value on carbon. More specifically, the study investigates deployment of one of the 
currently available climate change mitigation technologies - Carbon Capture and Storage (CCS) 
- through carbon policies in the context where some of the commercial opportunity may come 
from the market for utilizing CO2 in Enhanced Oil Recovery (EOR).  

CCS can be defined as a climate change mitigation technology that captures CO2 emissions 
from fossil fuel combustion processes and prevents the emissions from being released in the 
atmosphere (Herzog, 2018). Both components of CCS - the process of carbon capture and the 
process of storing the captured carbon - can be implemented with the technologies and practices 
that have been in use for several decades. In this sense, CCS simply uses already existing 
technologies in a new way. Since the Special Report on Carbon Dioxide Capture and Storage by 
the Intergovernmental Panel on Climate Change (IPCC, 2005). CCS has been consistently 
included as a part of technological mix for mitigating climate change in the scenarios by both 
IPCC and the International Energy Agency (IEA). However, the investigation of the options for 
CCS deployment has demonstrated a varying degree of interest, being partly influenced by 
political and commercialization challenges of CCS itself and partly by the changes in the wider 
energy context.  

The study is based on the model of Carbon Capture, Utilization and Storage in Feedback Rich 
Energy Context (CCUS-FREC). The model is developed to capture some key aspects of the U.S. 
energy and CCS context, particularly the presence of the market for utilizing CO2 for EOR. 
CCUS-FREC is intended to be used to investigate the effects of three drivers that are typically 
discussed in relation to stimulating more CCS deployment in such context: 
• CCS-specific incentive policy similar to 45Q tax credit for EOR and storage  
• Carbon policy in the form of a carbon tax 
• Higher oil prices (this one is not a policy, but a scenario).   

Given a comprehensive structure of the model and its ability to accommodate a relatively high 
degree of flexibility in its underlying assumptions, CCUS-FREC provides an environment for 
simulating a variety of policies and policy combinations. The investigated policies include an 
extension of the currently effective technology-push policy (45Q tax credits) for CCS through 
mid-century, an expansion of the policy targeted at either storage or EOR, and an expansion of 
the policy for both CCS destinations yet to a varying extent. The results of simulating an 
extended set of policy experiments using CCUS-FREC add new dimensions to the current 
understanding of at least three aspects of CCS deployment.  
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First, the inferiority of targeting a technology-push policy at CCS for EOR relative to a similar 
policy for CCS comes in contrast with more of an intuitive focus on incentivizing CCS for 
EOR, where the market mechanism already places some value on the captured carbon and the 
policy incentive is expected to cover only the remaining cost increment. Simulating various 
expansion designs for storage- and EOR-specific CCS separately and in combination shows that 
without an established large-scale EOR the balancing feedbacks underlying the market for CO2 
as a commodity effectively compensate for higher incentive by exerting downward pressure on 
CO2 price and contributing little to additional CCS deployment. The incentive for storage-
destined CCS, on the other hand,  when large enough, has a direct effect on deployment through 
the cost offset and an important indirect effect through technological learning and 
commercialization furthering that spills over to EOR. 

Second, the result pertaining to the role of EOR in sustaining rather then accelerating the growth 
in CCS deployment challenges both the conventional discourse on the potential contribution of 
EOR to CCS and on the effects of carbon policies related to potential oversupply of carbon and 
lower CO2 prices. The contribution of EOR to CCS deployment is typically evaluated based on 
the market value placed on carbon: the higher the CO2 price, the higher the contribution of 
EOR. In this sense, a high carbon tax that leads to the abundance of captured CO2 relative to 
what is demanded by EOR productions scale, is associated with minimizing the opportunity to 
capitalize on the market mechanism to accelerate CCS deployment. Oversupply of CO2 
resulting from strong carbon policy has been only hypothesized by some qualitative assessments 
(Global CCS Institute, 2011). Simulating CCUS-FREC demonstrates that the situation of 
oversupply in carbon commodity markets is indeed possible, yet the lower CO2 prices in the 
short-run may contribute positively to long-run growth trajectory of CCS by allowing EOR to 
establish a large-scale production scale. In other words, there is a possibility for a negative price 
effect (low CO2 price) in the shorter run to contribute to a positive scale effect (large-scale 
deployment) in the longer-run.  

Third, high oil price is generally expected to stimulate large-scale CCS deployment (GCCSI, 
2011; Kolster, Masnadi, Krevor, Dowell, & Brandt, 2017; Beck, 2019). Yet, simulating CCUS-
FREC demonstrates that even under the same high long-run oil price scenario a variety of 
behavior patterns that characterize both CO2 price dynamics and the trajectory of CCS 
deployment can be observed. Consequently, the present study suggests that the potential for 
accelerated CCS growth driven by EOR-related market mechanisms can be realized to a varying 
degree by different carbon policies implemented in the same oil context.  

Low-carbon future with or without CCS is a choice. Low-carbon future with CCS is a more 
expensive choice in the short and medium-term, but less risky and potentially less costly in the 
long-term. As the experience of pioneer countries shows, the deployment strategies for CCS are 
highly context specific. This study emphasizes one widely discussed specific feature of CCS 
deployment context - the presence of a market mechanism that places the value on CO2 as a 
source of cost offset for CCS. While such mechanism has the potential to provide some 
commercial opportunity, a serious near-term policy aimed at low-carbon future with CCS 
should consider first and foremost supporting CCS for storage. This intricate dynamics of 
technological development is an important part of low-carbon future. As the simulations 
suggest, leaving CCS without support in a future with a strong carbon policy is likely to further 
battery storage technology and VRE to the extent that leaves no place for CCS in the power 
sector. Given the likely role of firm capacity even in a VRE-dominated power sector and the 
uncertainty over the potential of non-power CCS applications to deliver cost reductions through 
technological and commercialization improvements, such future can be a risky bet if ambitious 
climate policy is necessitated by the urgency of climate change later in the century.  

Page  of 2 4



References 

ARI. (2006). Ten Basin-Oriented CO2-EOR Assessments. Retrieved from http://
www.fe.doe.gov/programs/oilgas/eor/Ten_Basin-Oriented_CO2-EOR_Assessments.html 

ARI. (2010). U.S. Oil Production Potential From Accelerated Deployment of Carbon Capture 
and Storage. Retrieved from https://www.adv-res.com/pdf/v4ARI%20CCS-CO2-
EOR%20whitepaper%20FINAL%204-2-10.pdf 

Beck, L. (2019). Carbon capture and storage in the USA: the role of US innovation leadership 
in climate-technology commercialization. Clean Energy, 4(1), 2-11. doi:10.1093/ce/zkz031 

CCES. (2012). CO2 Enhanced Oil Recovery: A Critical Domestic Energy, Economic, and 
Environmental Opportunity. Retrieved from https://www.c2es.org/document/carbon-dioxide-
enhanced-oil-recovery-a-critical-domestic-energy-economic-and-environmental-opportunity/ 

Davidsen, P. I., Sterman, J. D., & Richardson, G. P. (1990). A petroleum life cycle model for the 
United States with endogenous technology, exploration, recovery, and demand. System 
Dynamics Review, 6(1), 66-93. doi:10.1002/sdr.4260060105 

DOE. (2010). Storing C02 and Producing Domestic Crude Oil with Next Generation CO2-EOR 
Technology: An Update. Retrieved from http://large.stanford.edu/courses/2013/ph240/salehi2/
docs/netl-2010-1417.pdf 

DOE/NETL. (2009). NEMS CO2 Market Model Development Documentation Report. National 
Energy Technology Laboratory(DOE/NETL-402/043009).  

DOE/NETL. (2011). Improving Domestic Energy Security and Lowering CO2 Emissions with 
'Next Generation' CO2-Enhanced Oil Recovery. Retrieved from https://www.netl.doe.gov/
energy-analysis/details?id=569 

DOE/NETL. (2014). Near-Term Projections of CO2 Utilization for Enhanced Oil Recovery. 
Retrieved from https://netl.doe.gov/projects/files/
FY14_NearTermProjectionsofCO2UtilizationforEnhancedOilRecovery_040114.pdf 

EIA. (2020). Documentation of The National Energy Modeling System (NEMS) modules. 
Retrieved from https://www.eia.gov/outlooks/aeo/nems/documentation/ 

Fiddaman, T. F. (1997). Feedback Complexity in Integrated Climate–Economy Models. PhD 
Thesis, MIT Sloan School of Management, Cambridge, MA.  

Fiddaman, T. S. (2002). Exploring policy options with a behavioral climate–economy model. 
System Dynamics Review, 18(2), 243-267. doi:10.1002/sdr.241 

Ford, A. (2006). Simulating the Impact of a Carbon Market on the Electricity System in the 
Western U.S.A. 

Ford, A. (2010). Modeling the environment (2nd ed. ed.). Washington, D.C: Island Press. 

GCCSI. (2011). Accelerating the uptake of CCS: industrial use of captured carbon dioxide.  
Retrieved from https://www.globalccsinstitute.com/archive/hub/publications/14026/
accelerating-uptake-ccs-industrial-use-captured-carbon-dioxide.pdf 

Herzog, H. (2017). Financing CCS Demonstration Projects: Lessons Learned from Two 
Decades of Experience. Energy Procedia, 114, 5691-5700. doi:10.1016/j.egypro.2017.03.1708 

Page  of 3 4

http://www.fe.doe.gov/programs/oilgas/eor/Ten_Basin-Oriented_CO2-EOR_Assessments.html
http://www.fe.doe.gov/programs/oilgas/eor/Ten_Basin-Oriented_CO2-EOR_Assessments.html
https://www.adv-res.com/pdf/v4ARI%20CCS-CO2-EOR%20whitepaper%20FINAL%204-2-10.pdf
https://www.adv-res.com/pdf/v4ARI%20CCS-CO2-EOR%20whitepaper%20FINAL%204-2-10.pdf
https://www.adv-res.com/pdf/v4ARI%20CCS-CO2-EOR%20whitepaper%20FINAL%204-2-10.pdf
https://www.c2es.org/document/carbon-dioxide-enhanced-oil-recovery-a-critical-domestic-energy-economic-and-environmental-opportunity/
https://www.c2es.org/document/carbon-dioxide-enhanced-oil-recovery-a-critical-domestic-energy-economic-and-environmental-opportunity/
http://large.stanford.edu/courses/2013/ph240/salehi2/docs/netl-2010-1417.pdf
http://large.stanford.edu/courses/2013/ph240/salehi2/docs/netl-2010-1417.pdf
https://www.netl.doe.gov/energy-analysis/details?id=569
https://www.netl.doe.gov/energy-analysis/details?id=569
https://netl.doe.gov/projects/files/FY14_NearTermProjectionsofCO2UtilizationforEnhancedOilRecovery_040114.pdf
https://netl.doe.gov/projects/files/FY14_NearTermProjectionsofCO2UtilizationforEnhancedOilRecovery_040114.pdf
https://www.eia.gov/outlooks/aeo/nems/documentation/
https://www.globalccsinstitute.com/archive/hub/publications/14026/accelerating-uptake-ccs-industrial-use-captured-carbon-dioxide.pdf
https://www.globalccsinstitute.com/archive/hub/publications/14026/accelerating-uptake-ccs-industrial-use-captured-carbon-dioxide.pdf
https://www.globalccsinstitute.com/archive/hub/publications/14026/accelerating-uptake-ccs-industrial-use-captured-carbon-dioxide.pdf


Herzog, H. (2018). Carbon Capture.  

IPCC. (2005). IPCC Special Report on Carbon Dioxide Capture and Storage: Intergovernmental 
Panel on Climate Change. 

Kolster, C., Masnadi, M. S., Krevor, S., Dowell, N. M., & Brandt, A. R. (2017). CO2 enhanced 
oil recovery: a catalyst for gigatonne-scale carbon capture and storage deployment?  

Melzer, S. (2012). Carbon Dioxide Enhanced Oil recovery (CO2-EOR): Factors Involved in 
Adding Carbon Capture, Utilization and Storage (CCUS) to Enhanced Oil Recovery. Technical 
Report. National Enhanced Oil Recovery Initiative Resource(Melzer Consulting, Midland, 
Texas).  

Morecroft, J. D. W., & van der Heijden, K. A. J. M. (1992). Modelling the oil producers — 
Capturing oil industry knowledge in a behavioural simulation model. European journal of 
operational research, 59(1), 102-122. doi:10.1016/0377-2217(92)90009-X 

Nagabhushan, D., & Thompson, J. (2019). Carbon Capture & Storage in the United States 
Power Sector. Clean Air Task Force. Retrieved from https://www.catf.us/resource/45q-ccs-
analysis/ 

Naill, R. F. (1992). A system dynamics model for national energy policy planning. System 
Dynamics Review, 8(1), 1-19. doi:10.1002/sdr.4260080102 

Sepulveda, N. A., Jenkins, J. D., de Sisternes, F. J., & Lester, R. K. (2018). The Role of Firm 
Low-Carbon Electricity Resources in Deep Decarbonization of Power Generation. Joule, 2(11), 
2403-2420. doi:10.1016/j.joule.2018.08.006 

Sterman, J. (1981). The energy transition and economy: a system dynamics approach. (PhD). 
MIT 

Zapanti, A., Townsend, A., & Rassool, D. (2019). Policy Priorities to Incentivise Large Scale 
Deployment of CCS. The Global CCS Institute. Retrieved from  https://
www.globalccsinstitute.com/wp-content/up-loads/2019/04/TL-Report-Policy-prorities-to-
incentivise-the-large-scale-deployment-of-CCS-digital-final-2019-1.pdf  

Page  of 4 4

https://www.catf.us/resource/45q-ccs-analysis/
https://www.catf.us/resource/45q-ccs-analysis/
https://www.globalccsinstitute.com/wp-content/up-loads/2019/04/
https://www.globalccsinstitute.com/wp-content/up-loads/2019/04/
https://www.globalccsinstitute.com/wp-content/up-loads/2019/04/

