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Presentation Outline

• A little history
• A little science
• A little current events 





Business as Usual Carbon Emissions
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Divide and Conquer
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Example Options for 
Cutting Carbon

Each wedge represents 
25 billion tons of carbon not 
emitted over 50 years.

Scientific American, August 21, 2006,
“A Plan to Keep Carbon in Check.” 



PCOR







Carbon Capture and Storage

Also known as
CO2 Sequestration



What is carbon capture and storage?

1. Capture and permanent sequestration of CO2 from point-source emitters.
2. Using the CO2 removed from an ethanol production facility to produce more oil 

(enhanced oil recovery).
3. A means to address CO2 emissions from coal-fired plants.
4. Removing CO2 from the atmosphere for long-term storage.



What is carbon capture and storage?

Terrestrial sequestration absorbs 
CO2 from the atmosphere and 

stores it in plant materials and soils.

Wetlands

Agricultural 
LandsForests

Grasslands



What is carbon capture and storage?

Geologic sequestration captures CO2 before it enters 
the atmosphere and puts it into safe, permanent 

storage deep underground.

Terrestrial sequestration absorbs 
CO2 from the atmosphere and 

stores it in plant materials and soils.

Wetlands

Agricultural 
LandsForests

Geologic sequestration is also called:

Carbon capture and storage (CCS) 

Geologic CO2 sequestration

Carbon capture, utilization, and storage 
(CCUS)

Grasslands



Question



Question



Carbon Capture and Storage
In this video, look for . . .

Video clip “07-Carbon Capture and Storage” from 
Managing Carbon Dioxide: The Geologic Solution







Image Credit: Energy & Environmental Research Center

Carbon Capture and Storage

• Can you store CO2 underground?
• How?
• How much?
• Is it safe?



25 Nearly Pure Natural Underground CO2 Deposits





CCS Bill of “Rights”

• Right form of CO2
• Right conditions underground
• Right rocks 
• Right operation 
• Right safeguards 
• Right development path



Now, we’re gonna get technical!
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Supercritical Fluid!

Highly Compressed Matter 

For CO2, that point is 88°F and 
73 columns of atmosphere on your head at sea level 

(1074 psi).



Supercritical-
Phase CO2

400 m3

compressed to  
1 m3

Maximum 
Storage 
Capacity!



The Deeper Underground

• The higher the temperature.

• The higher the pressure.

• At 2500 feet below the surface, 
CO2 is naturally in the 
supercritical phase.
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Storage Depth

Fe
et

Zone of Prime 
Targets in the 

Williston Basin of 
North Dakota
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Photo Credit: Grand Canyon by Jim & Robin Kunze



Pore Space

Pores + Connections 
= Permeability 

A good storage zone has connected
pores!



What Works for Oil Works for CO2

Click here to 
start video.

In this video, look for . . .



We’re looking to store CO2 in the pore 
spaces of the sedimentary rock.

Sedimentary rocks occur in layers.

Photo Credit: Grand Canyon by Jim & Robin Kunze



Sedimentary Rocks as Storage Zones

Coral Reefs 
and Shells 

Become 
Limestone

Sand Becomes 
Sandstone

Clay Becomes 
Claystone or 

Shale

Good 
Storage 

Reservoir

Poor 
Storage 

Reservoir

Good 
Storage 

Reservoir



Container Seal



Sedimentary Rocks as Seals

Sand Becomes 
Sandstone

Clay Becomes 
Claystone or 

Shale

Seal Variable 
permeability

Tight as a 
drum!

Porous and 
Permeable
Not a seal!

Coral Reefs 
and Shells 

Become 
Limestone



Drinking Water Protection
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Regulations require:
• Three layers of steel.
• Two layers of 

durable cement.



Injection!



Safe Injection

• Injection pressure – enough pressure 
to get the CO2 in place without 
disrupting the injection zone

• Periodic monitoring
– Pressure and temperature in and 

above the injection zone 
– Soil and surface water



Image Credit: Energy & Environmental Research Center

• Planning/designing for safety and protection
• Contingency/mitigation plans
• Testing on surface and underground
• Monitoring before, during, and after injection

Carbon Capture and Storage



Where?



Regional Activities

W.A. Parish Station

Summit Carbon Solutions

Project Tundra



 Broom Creek Formation: >10 billion
tons CO2 storage potential 

 RTE CCS: ~18 million tons CO2 (if 
injecting up to 100 years)

Broom Creek Formation
>10 billion tons CO2 storage potential 

``````

Geologic Storage Potential 
– Broom Creek Formation
– 5000–6400 ft directly 

under several facilities



Storage Layer Core



Red Trail Energy, LLC
Richardton, North Dakota

23 million bushels 
of Corn 

46 Employees 233,000 tons of 
Coproducts

64 million gallons of 
EthanolApproximately $350 million 

of Economic Impact

Over $149 million 
in Gross Sales

Coproducts
Support 220,000 

head of Cattle

928 Investors



Red Trail Energy, LLC
Richardton, North Dakota

Low-Carbon Fuels Carbon Intensity by Fuel Type

• A transportation fuel having a lower “carbon 
intensity” than conventional petroleum fuels

• Ethanol, natural gas

0 20 40 60 80 100
CI, gCO2e/MJ

Image Credit: Energy & Environmental Research Center
Data Source: California Air Resources Board (August 2018)

LCFS Gasoline 2018

North Dakota Ethanol Producers 2018

Ethanol with CCS

LCFS Gasoline 2030 Goal

Photograph by Lars Plougmann

Carbon Intensity, gCO2e/MJ 



RTE CCS:
Partners and Progress The first North Dakota CCS

Permit Application Submitted 
February 9, 2021

Image Credit: Energy & Environmental Research Center

November 2016 – June 2022

Operations Plan 
to Start June 2022





EERC Teacher Packet

www.undeerc.org/PCOR



EERC Online Resources

www.undeerc.org/PCOR



Coming Soon!



CO2 and Energy Takeaways

• All-of-the-above energy.
• CCS is coming.
• North Dakota has tremendous CO2

storage potential.
• Landowners, industry, regulators, 

researchers, and the public make a 
project successful!



Question – same as earlier but less one option



Any questions?
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Energy & Environmental 
Research Center
University of North Dakota
15 North 23rd Street, Stop 9018
Grand Forks, ND 58202-9018

www.undeerc.org
701.777.5000 (phone)
701.777.5181 (fax)

Charlene Crocker
Senior Research Scientist
Outreach Team Lead
ccrocker@undeerc.org
701.777.5018 (phone)

THANK YOU Critical Challenges. Practical Solutions.
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