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Overview

• CCUS is a system with more than one product (e.g., oil & electricity). 
This creates accounting challenges.

• LCA requires accounting for flows within the system and proper 
treatment of the coproduct (electricity) to assign greenhouse gas 
(GHG) emissions to the primary product (oil).

• EOR field performance, system boundaries, and assumptions about 
coproduct displacement generally affect the LCA results far more than 
other inputs.

• Consequently, LCA applied to CCUS is wrought with potential for 
errors and omissions and needs a standard methodology.
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CO2 EOR Performance Drives LCA for CCUS
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What the Heck is “Green Oil”?!
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Life Cycle Analysis Results – Case Specific

5

Approximately 15% reduction in life cycle GHG emissions for incremental oil produced via CO2 EOR as compared 
to conventional oil production (artificial lift/waterflood) when the CO2 is captured from a coal-fired power plant 
and EOR performance is consistent with historical performance observed in the Permian Basin circa 1980-2007.

Optimization scenarios suggested up to 40% reduction in life cycle GHG emissions was possible.

June 2016 ~15% reduction

May 2015
~6% reduction SCPC
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“Optimization” Depends on Perspective

CO2 capture rate

U.S. grid mix emissions factor

Net CO2 utilization

OOIP

Incremental oil recovery factor

Fugitive loss rate of purchased CO2

Fugitive emissions from CO2 pipeline

Leakage rate of CO2 from storage

438

Net Life-Cycle Emissions Factor (kg CO2e/bbl)

321 631

382 493

425 450

• CO2 capture rate is by far the 
most important variable.
• Assumptions about 

displacement of electricity is 
very important (see next slides)
• Net CO2 utilization was less 

important but still significant.
• “Optimization” depends on the 

objective function used. 
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CCUS System Boundaries and Material Flows
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Displacement Has a Significant Effect
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Other CO2 Sources are Different Systems

9

crude oil

crude oil

CO2 CO2

fuel fuel

e-

Electricity 
Transmission and 

Distribution

Crude Oil Pipeline 
Transport to 

Refinery

Petroleum 
Refining

Fuel Transport, 
Distribution, and 

Point-of-Sale
Fuel Combustion

Coal Mining, 
Processing, and 

Transport

Coal-Fired Power 
Plant                        

(with CO2 Capture)

Pipeline CO2 

Transport

CO2 EOR 
Operations      

(gate-to-gate)

coal

Legend

Upstream segments

CO2-EOR gate-to-gate 

Downstream segments

Corn Farming,
Processing, and

Transport

Ethanol 
Production (with 

CO2 Capture)

corn

Ethanol Product

EtOH

Different
System

(Ethanol)



Other CO2 Sources are Different Systems
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A Call for Harmonization

• The need for a standardized 
methodology was recognized 
several years ago and there have 
been recent articles on this topic.

• Sick et al. (2019) made the case 
for a “harmonized” approach to 
LCAs and techno-economic 
assessments (TEAs) for CCUS.

• Two key related documents.
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Two Critical References for LCA and CCUS
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https://deepblue.lib.umich.edu/handle/2027.42/162573

September 2020
https://www.netl.doe.gov/projects/files/NETLCO2ULCAGuidanceDocument_092019.pdf

August 2019

https://deepblue.lib.umich.edu/handle/2027.42/162573
https://www.netl.doe.gov/projects/files/NETLCO2ULCAGuidanceDocument_092019.pdf


Open-Source Tools from NETL
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https://netl.doe.gov/LCA/CO2U

https://netl.doe.gov/LCA/CO2U


Summary

• CCUS is a system with more than one product (e.g., oil & electricity). 
This creates accounting challenges.

• LCA requires accounting for flows within the system and proper 
treatment of the coproduct (electricity) to assign GHG emissions to 
the primary product (oil).

• A standard methodology is needed to ensure consistency with system 
boundaries and assumptions about coproduct displacement.

• Recent guidance from NETL (2019) and associated tools like the “NETL 
CO2U LCA Guidance Toolkit” provide a standard methodology.
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