
Capture and removal of CO2 
from the US ethanol industry

Presented by

Brendan Jordan

Vice President, Transportation and Fuels, Great Plains Institute

EUBCE

Copenhagen

May 17, 2018



Our Mission

Transforming the energy system to benefit the 

economy and environment. 



Goals
To achieve our mission, GPI works on solutions that strengthen communities 
and provide greater economic opportunity through creation of higher paying 
jobs, expansion of the nation’s industrial base, and greater domestic energy 
independence while eliminating carbon emissions. Our goals for 
transforming the energy system are to:

• Increase energy efficiency and productivity;

• Decarbonize electricity production;

• Electrify the economy and adopt zero- and low-carbon fuels; and 

• Capture carbon for beneficial use and permanent storage.



Carbon capture is essential to meeting 
mid-century carbon reduction goals and doing so affordably

• IEA’s 2⁰C scenario: 

• CCS contributes 14% of cumulative 2015-2050 CO2 reductions 
• CCS contributes 45% of industrial reductions

• The IPCC’s AR5:
• 2⁰C costs 138% more if CCS excluded

• Critical role for BECCS in 2⁰C and 1.5⁰C scenarios
• BECCS requires sustainable biomass supply + CCS

• GPI’s strategy: Enact financial incentives for carbon capture by 2020 comparable to 

those already enjoyed by wind, solar and other energy technologies to ensure a critical 
mass of commercial projects economywide in the next decade, thus enabling rapid post-

2030 scaling of deployment to meet mid-century climate goals.



Bioenergy averages 25% of world energy in 5 GHG 
mitigation studies

Dale et al, 2014, Environmental Science and Technology



Bioenergy a major part of nearly every AR5 
mitigation scenario

IPCC 5th Assessment Report



Mitigation scenarios w/o bioenergy and CCS = 
higher costs

IPCC 5th Assessment Report



Dealing w/ “overshoot” with biomass and CCS

IPCC 5th Assessment Report



Nearly 50 years’ commercial experience with CCS and pipeline infrastructure

1972:  Val Verde Gas Processing Plants in Texas

1982:  Koch Nitrogen Company Enid Fertilizer Plant in Oklahoma 

1986:  Exxon Shute Creek Gas Processing Facility in Wyoming

2000:  Dakota Gasification’s Great Plains Synfuels Coal Gasification Plant 
in North Dakota

2003: Core Energy/South Chester Gas Processing Plant in Michigan

2009:  Chaparral/Conestoga Energy Partners’ Arkalon Bioethanol Plant in 

Kansas
2010:  Occidental Petroleum’s Century Plant in Texas

2012:  Air Products Port Arthur Refinery Hydrogen Production in Texas 

2012:  Conestoga Energy Partners/PetroSantander Bonanza Bioethanol 

Plant in Kansas
2013:  ConocoPhillips Lost Cabin Gas Processing Plant in Wyoming

2013:  Chaparral/CVR Energy Coffeyville Fertilizer Gasification Plant in 

Kansas

2014:  SaskPower Boundary Dam Coal Power Plant Post-Combustion 
Capture Retrofit in Saskatchewan

2015:  Shell Quest hydrogen production at bitumen upgrader in Alberta.

2017: NRG Petra Nova Coal Plant Post-Combustion Retrofit in Texas

2017:  Archer Daniels Midland large-scale ethanol capture in Illinois
Nearly 7,600 km of CO2 Pipeline Infrastructure in the U.S.



Enhanced oil recovery’s role in commercializing CCS



Coal
• Arch Coal
• Cloud Peak
• Peabody Energy
Electric Power
• Great River Energy
• NRG Energy
• Prairie State Generating Company
• Summit Power Group
• Tenaska Energy
Oil and Gas
• Core Energy
• Glenrock Petroleum
• Occidental Petroleum Corporation
• Shell
Agriculture and Ethanol
• Archer Daniels Midland
• Conestoga Energy Partners, LLC
• National Farmers Union
• Renewable Fuels Association
• White Energy

Environmental and Energy Policy NGOs
• Bipartisan Policy Center
• Carbon Wrangler LLC
• Center for Carbon Removal
• Clean Air Task Force
• ClearPath Foundation
• EnergyBlue Project
• Energy Innovation & Reform Project
• Jackson Hole Center for Global Affairs
• Third Way
• Wyoming Outdoor Council
Project Developers
• EBR Development, LLC
• Greene Street Capital
• Lake Charles Methanol
• NET Power
Observers
• Cornerpost CO2 LLC
• Enhanced Oil Recovery Institute (University of WY)

• Interstate Oil and Gas Compact Commission

• LI-COR Biosciences
• Melzer Consulting
• Tellus Operating Group

Industrial Suppliers of CO2/Technology

Vendors

• Air Liquide

• Air Products

• Alstom

• GE Oil & Gas

• Ion Engineering
• Jupiter Oxygen

• LanzaTech

• Linde

• Mitsubishi Heavy Industries of America, 

Inc.

• New Steel International

• Praxair

Labor

• AFL-CIO

• International Brotherhood of 

Boilermakers

• International Brotherhood of Electrical 

Workers

• SMART Transportation Division

• United Mine Workers of America

• Utility Workers Union of America



Top coalition priority accomplished after 6 years of effort: 
reform of federal 45Q tax credit for CO2 storage and 

beneficial use passed in 2018 budget deal!

• S. 1535, the FUTURE Act (Furthering carbon 

capture, Utilization, Technology, Underground 

storage, and Reduced Emissions), Bipartisan 

support from democrats and republicans

• Senate bill: ¼ of US Senate co-sponsored

• House bill: 35 Rs, 15 Ds

• S. 1535 passed congress, signed into law, Feb 9, 

2018

• Offers incentive for carbon capture, storage, and 

utilization:

• $35 for every metric ton of CO2 stored through 

EOR; 

• $50 per ton for CO2 stored in other geologic 

formations; and

• $10 to $35 per ton of CO2 emissions reduced 

through beneficial use.



Potential for ethanol CO2 capture

Capture fermentation 

CO2 results in ~ 40% 

GHG intensity 

reduction

Capture all CO2 results 

in ~ 60% GHG intensity 

reduction

Source: Sean McCoy, Lawrence Livermore National Laboratory



Electric Power Plant

Oil / Gas Facility

Ethanol Plant

Figure authored by GPI 2017

CO2 sources from ethanol fermentation

Source: NETL NATCARB 2013



USGS Sedimentary Basins

4,500 km of 

30-inch trunk 

lines @ 30 

Mt/yr each = 

150 Mt/yr
Figure authored by GPI 2017

Combined sources and sinks with five proposed CO2

trunk pipeline corridors and existing pipeline 
networks to create networked national system



CarbonSAFE – Kansas Geological Survey

Study Area: 

• Kansas 

• Nebraska 

• Iowa

Study Area: 

• Kansas 

• Nebraska 

• Iowa

Oil & Gas Fields

Existing CO2 Pipeline

Ethanol Plant

• GPI is working with Kansas 

Geological Survey on Integrated 

Carbon Capture and Storage for 

Kansas (ICKan)

• Funded by U.S. Dept. of Energy’s 

Carbon Storage Assurance Facility 

Enterprise (CarbonSAFE)

• Assessing CO2 sources, sinks, and 

transport scenarios in and around 

Kansas

• GPI is working with Kansas 

Geological Survey on Integrated 

Carbon Capture and Storage for 

Kansas (ICKan)

• Funded by U.S. Dept. of Energy’s 

Carbon Storage Assurance Facility 

Enterprise (CarbonSAFE)

• Assessing CO2 sources, sinks, and 

transport scenarios in and around 

Kansas



Scenario: 34 plants in multiple states to Permian Basin

 9.85 Mt/yr CO2  / 187 bcf/yr or 5.29 BCM

 1,546 miles/2,474 km of pipeline

 4 – 20 inch/10.16 - 50.8 cm pipeline diameter

 34 ethanol plants (32 locations) totaling 

3,643 MGY or 13,843 MLY of capacity

 9.85 Mt/yr CO2  / 187 bcf/yr or 5.29 BCM

 1,546 miles/2,474 km of pipeline

 4 – 20 inch/10.16 - 50.8 cm pipeline diameter

 34 ethanol plants (32 locations) totaling 

3,643 MGY or 13,843 MLY of capacity

CO2 from largest ethanol 

plants in upper Midwest. 

Deliver 9.85 Mt/yr through 

Kansas to Permian Basin

CO2 from largest ethanol 

plants in upper Midwest. 

Deliver 9.85 Mt/yr through 

Kansas to Permian Basin

Source: US Department of Energy-funded research conducted 

by Kansas Geological Survey and Great Plains Institute



Required CO2 price to capture, transport, 

and store ethanol CO₂

CO2 price for required 10% and 15% rate of return

Scenario 1: 15 ethanol plants (1,575 MGY) to seven Kansas oil 

fields.

Scenario 2: 34 ethanol plants (3,643 MGY) through Kansas all the 

way to Permian Basin of Texas and New Mexico.



Commitment from U.S. state governors to deployment of 
CCS and CO₂ pipelines



Does this help us with BECCS?

Yes…

• Develop needed CO₂ 
transportation infrastructure

• Develop CC technology for non-
fermentation capture at small scale, 
biomass gasification for heat possible 
at ethanol plants

• Integrate CCS into carbon accounting 
framework (e.g LCFS)

• Engagement with biofuels/agriculture 
community to find economic 
opportunity from CO₂ reduction

• Actually store biogenic carbon!

No…

• Doesn’t address sustainable 
biomass supply

• Doesn’t help commercialize 
large scale thermochemical 
processing, biomass CC



Summary

• Long-term goals: deploy CCS and BECCS at scale to mitigate 
climate change

• Short-term goals:
• Partnership with EOR industry to build CO₂ pipeline infrastructure and 

commercialize carbon capture at many industrial facilities

• Ethanol is a low-cost source of CO₂, so let’s capture CO₂ at lots of ethanol plants

• Continue work on supportive policies (45Q tax credit already passed, more work on 
infrastructure policies is needed) 

• Engagement with agriculture, biofuels, and oil industry leads to more progress in the 
future

• Consider ethanol CCS as a interim step towards BECCS, but recognize that 
much work is needed

• Notable – demonstrating sustainable biomass supply at scale



Looking ahead: once-in-a-generation climate opportunity

• FUTURE Act to reform 45Q is the most consequential federal 
energy and climate legislation in a generation and even more 
remarkable in current political context. 

• We must ensure that as many carbon capture projects as 
possible across multiple industries and regions meet the six-year, 
commence construction window for the new 45Q credit.

• We are developing and implementing policies, strategies and 
initiatives to support capture and pipeline project deployment at 
the state and regional level.



Thank you!

Brendan Jordan

bjordan@gpisd.net
betterenergy.org 

carboncapturecoalition.org


