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Demonstration to Commercialization

• €60-90/tonne Demonstration Phase



Expected Costs of CCS

CCS Element $/Metric Ton of CO2

Capture $40-$80

Storage $3-$8

Monitoring & 
Verification $0.2-$1.0

Source:  S. Julio Friedman, Carbon Capture and Sequestration
As a Major Greenhouse Gas Abatement Option (November 2007).



CCS Variables

• Heat Rate
• Efficiency Penalty 20-30% 
• Cost of Natural Gas, Coal
• Interest rate
• Economies of Scale
• Utilization Rate
• Cost of Steel
• Engineering Costs
• Cost of Compression (varies by source)



Stimulus Bill Provisions

• Signed into Law on 2/17/09 

• Sequestration Tax Credit (45Q)
• Qualified Energy Conservation Bonds
• Fossil Energy $3.4 billion R&D
• DOE CCS R&D



Property & Liability Issues
• CO2 capture
• Transport (pipeline ownership, safety, regulation, access)
• Ownership of injected CO2
• Ownership of reservoir and pore space
• Consents from surface, subsurface, and mineral rights
• Liability under other federal environmental statutes
• Property damage (seismicity, commingled resources)
• Liability for trespass (reservoirs, mix goods)
• Health, safety and environmental liability
• Liability under federal or state environmental regimes 
• Liability after transfer of ownership
• Plant siting regulations
• CCS site selection, operation and closure, abandonment
• Long‐term monitor, remediation, financial responsibility
• Liability for leakage of CO2 (regulatory, contractual)
• Treatment and accounting of CCS as a mitigation measure



Phase II Projects Reporting Legal Barriers

Injection 
Volume 
Metric 
Tonnes

1,000 or 
less

2,000 to 
3,000 10,000 30,000 to 

50,000
300,000

+

Number of 
Projects

5 7 2 2 3

Number 
reporting 

legal issues 1 4 1 2 3



Phase II Liability Outcomes

• EOR Connection (12 + 2)
• 6 Projects Where Liability Resolved:  5 + 1
• 5 Projects Where Not Raised:  5



EPA US SDWA Class VI Proposed 
Rule Issues

• Secondary containment
• 50 year post-injection site care
• Financial assurance
• Continual monitoring
• Potential RCRA and CERCLA Liability if impure
• Excludes EOR
• Stricter than for Class 1 Hazardous Waste



Waxman/Markey Bill
American Clean Energy & Security Act of 2009

• EPA to present comprehensive strategy to address legal and regulatory barriers

• “coordinated approach” to certify/permit sequestration sites

• EPA to enact rule minimize risk of sequestered CO2 escape

• Study global experience, fed/state legal frameworks, transportation, insurance

• Carbon Storage Research Corporation (EPRI): $1 bln/yr from utilities for RD&D

• Financial assurance mechanism in SDWA

• Carbon credits for 50% sequestration; Utility bonus credits to $90/ton 85% 6GW
• Reverse auction for up to 15% of allowances industrial sequestering 10 years

• New coal plants permitted to 2019 achieve 50% CO2 reduction; thereafter 65%
• Compliance by 2025 or CCS diffusion trigger



Bingaman Liability Bill

• 10 Projects to be selected by DOE
• 1m+ tons per year in geologic formation
• Integrated system industrial C02 
• Operating + post-closure requirements
• Financial Assurance during post-injection 

closure and 10 year monitoring
• Property and tort indemnity 10 yrs after safe 

closure and plume equilibrium
• Indemnity Fee: NPV expected payout 



State Actions

• Legislative Activity in 30+ States
– Siting
– Operation & Closure Requirements
– Pore and/or CO2 Ownership
– Financial Assurance
– Financial Incentives
– State Assumption of Liability
– Jurisdiction
– Work/Study Groups



State CCS Enacted Legislation

Wyoming pore and CO2 ownership, 
owner liability, unitization,
mineral dominant over pore estate

Montana pore ownership, liability transfer

Mississippi 1.5% bus income tax carbon sale

North Dakota pore ownership, liability transfer, 
unitization, reg framework, 

unitization, subsidies 
fee-based Storage Facility Fund



State CCS Enacted legislation

Kansas Regulations for brine-filled reservoirs
Financial assurance mechanism

W Virginia Pore ownership, Reg framework, Workgroup 

S Dakota PUC regulates CO2 pipelines

Oklahoma Task Force

Utah CCS Workgroup


