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Topics of Presentation
• Background
• Carbon Management Updates

• Regional Impact Study
• Carbon Safe
• Allam Cycle
• Project Tundra

• Emerging Markets
– Value Added Opportunities
– Future Opportunities
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Research & Development 
Priorities for the LEC

• Support continued options to enhance performance of 
the existing fleet

• Invest in transformational research (Next generation 
of Lignite conversion systems that integrate CO2
capture) 

• Focus on Carbon Capture Utilization & Storage (CCUS)
• Leverage international R&D breakthroughs
• Renewed Focus

– Additional value propositions for lignite
– Polygeneration opportunities
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REGIONAL IMPACTS CASE STUDY

If the largest coal-fired power plants in North 
Dakota captured 90% of the CO2 and targeted near-
term enhanced oil recovery (EOR) opportunities, 
what would be the economic impact to the state?
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STUDY INPUTS
Existing Infrastructure

CO2 Capture and 
Compression Facilities

Existing Infrastructu

Conventional Oil 
Fields

CO2 Pipelines

New Construction

Coal Mines Coal Power 
Plants

CO2
Compression 
and Recycle 

Facilities

CO2 Injection 
Wells

Linking the Industries
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LIGNITE INDUSTRY IMPACTS TODAY
• Studies released every 2 years by NDSU1 highlight the 

economic impact the lignite industry has on the state.   
• Approximately $5.7 billion in business activity and ~14,000 

total jobs.

1Bangsund, D.A and N.M. Hodur. 2018. North Dakota Lignite Energy Industry’s Contribution to the State Economy in 2017; 
Agribusiness and Applied Economics, NDSU (report forthcoming).   

Total Business Activity
$5,734,000,000

Direct Jobs
3820

Secondary Jobs
10,200

(Indirect + Induced)
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SCENARIO SUMMARY
• Carbon capture and EOR operations have the potential to 

significantly boost the economy in North Dakota. Assuming 
one plant for EOR and balance in saline formations.

Total Annual Economic Activity
$2,500,000,000

Annual Taxes and Revenue
>$140,000,000

Annual Jobs
8000
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FULL POTENTIAL FOR CONVENTIONAL EOR
• If additional conventional oil fields were added to the study, up 

to 1 billion barrels of additional oil recovery would be possible.  
• Estimating the additional severance taxes and royalties collected 

on EOR barrels of oil at $65/barrel, this could add 
$300,000,000/year to annual state revenue.

• Over 30 years, this could result in $45 billion in economic impact 
and 15,000 long-term jobs per year.



North Dakota Carbon Solutions Needs

EOR 
Partners

Existing Plant Solutions New/Replacement Solutions

Project Carbon Allam Cycle

CO2 Utilization and 
Storage Solutions

PCOR and 
CarbonSAFE
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PROJECT CARBON OVERVIEW
• Project Carbon lays a solid foundation for 

Project Tundra.
• Testing of MHI solvent technology at MRY2.

– Parametric
– Long term
– Solution for aerosol emissions

• Economics of CO2 capture in North Dakota.
– Cost of capture evaluation specific to MRY
– Reducing parasitic load
– Pre-FEED cost estimate for MRY2



PROJECT CARBON UPDATE
• Postcombustion capture 

system assembled at MRY2.
• Shakedown testing this week!
• Longer-term (3-month 

minimum), continuous test will 
be performed this summer.

• Heat integration strategies 
identified = improved 
efficiency.

• Pre-FEED completed this 
summer.



PROJECT TUNDRA ROAD MAP

Key 
Technology 
Improvements
Addressing the 
key technical 
challenges

Pilot Testing & Pre-
FEED
Technology 
demonstration at 
plant site

Initial design for 
capture system

CO2 for EOR and 
Sequestration

Identify locations & 
partners; design and 
permit CO2 and EOR 
opportunities

CarbonSAFE and EOR 
studies

FEED Study

FEED for full project 
and agreements for 
offtake and 
sequestration

Finalize federal and 
state support
Permit corridor for CO2
pipeline and 
infrastructure for EOR 
and sequestration

Commercial 
Application

Detailed engineering, 
procurement, & 
construction 

Operation and 
affirmation of capture, 
EOR, and 
sequestration 
solutions for industry

Time Line and 
Cost Estimate

2015‒2017
$1 million

2017‒2020
$48 million

2019‒2021 
$30 million

2021‒2023 
≈$1.3 billion
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CARBONSAFE-NORTH DAKOTA INTEGRATED CARBON 
STORAGE COMPLEX FEASIBILITY STUDY

INDUSTRIAL COMMISSION OF NORTH DAKOTA
LIGNITE RESEARCH COUNCIL

• Address technical and 
nontechnical challenges 
specific to commercial-scale 
deployment of a CO2 storage 
project in central North Dakota.

• Long-term goal: develop a 
certified (permitted) geologic 
storage opportunity should a 
business case for CO2 storage 
emerge.
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SOME MAJOR ACCOMPLISHMENTS
• Drilled two new stratigraphic test wells.

– Drill, core, log, plug, and abandon
• ~300 feet of core from each well.
• Collected new and reprocessed existing 

seismic data.
• Evaluated well placement and potential 

plume sizes via reservoir simulations.
• Developed initial permitting and 

development plans.
• Evaluated economic needs and 

incentives (local, state, and federal).



NEXT STEPS

• Evaluation of strategies to improve storage 
efficiency (e.g., stacked storage)

• Complete draft development plans
– Characterization, permitting, monitoring, etc. 

• Finalize draft economic investigation
• More outreach

– Blog, newspaper, social media pieces
– Infographics
– Focus group ‒ testing of products and 

messages
– Hands-on materials

• Respond to potential future funding 
opportunities (projected release summer 2019)
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ALLAM CYCLE / PATHWAY TO LOW-CARBON LIGNITE UTILIZATION

• Corrosion management
– Commercial alloys can be used and will resist corrosion.

• Gasifier selection
– Three gasifier platforms have been identified for use with lignite coal: SE (ECUST), BGL, 

SES (U-Gas)
• Impurity management

– Precombustion technologies are applicable, which are commercially available.
• Syngas combustion

– La Porte facility continues progressing through its test protocol and working toward full 
load.

• Pilot-scale planning
– Great Plains Synfuels Plant (GPSP) selected to host 5-MWth demonstration. Proposal 

submitted to the U.S. Department of Energy in March 2019 for demonstration FEED.
• Management and reporting

– Final report submitted; added scope to expand engineering for demonstration plant.

Led by EERC – Jason Laumb with industry partners: Minnesota Power/ALLETE Clean Energy, BNI 
Energy, Basin Electric Power Cooperative, and Dakota Gasification Company



LOCATION FOR 5-MWTH DEMONSTRATION AT GPSP



OVERALL TECHNOLOGY DEVELOPMENT ROAD MAP



Additional Value Opportunities for Lignite

• Current Commercial Uses
• Technology Developments and 

Opportunities



Value-Added Opportunities for North 
Dakota Lignite

Lignite Energy Council (LEC) commissioned a 
study to assess additional uses of North 
Dakota’s immense coal resource.

The report is available at LEC’s Web site:
https://cdn.lignite.com/wp-content/uploads/2019/01/LEC-value-added-
executive-summary-2018-1_14_19-small.pdf



Coal Gasification for Fuels, Chemicals and Hydrogen
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Liquid Fuels and Additives
Gasoline 
Jet Fuel
Diesel

Syngas
CO2
Heat

Nitrogen Fertilizers

Chemicals

Electricity

EOR

Lignite

Direct or Indirect 
Liquefaction

http://www.google.com/url?sa=i&rct=j&q=petroleum+tank+farm&source=images&cd=&cad=rja&docid=-1jhr17O4f6kxM&tbnid=dzgv9gBw4gC7vM:&ved=0CAUQjRw&url=http://www.123rf.com/photo_9670495_large-white-tanks-for-petrol-and-oil-in-the-rotterdam-harbor.html&ei=1GyNUcORFI7kqQHArYAw&psig=AFQjCNGMp9ow4jWTW_p2v2MjugwbH8Z_IA&ust=1368309273608998
http://www.google.com/url?sa=i&rct=j&q=diesel+fuel&source=images&cd=&cad=rja&docid=yBMrIqQgKH1ubM&tbnid=wnkCirSmF45i2M:&ved=0CAUQjRw&url=http://www.motorhomeadvice.com/diesel-fuel-quality-is-a-question-not-a-guarantee/&ei=EmuNUbONI9SFqQGhhYHIAw&psig=AFQjCNEjm_aL3vtdgG2ucos04OXn-Jt6oQ&ust=1368308664791821
http://www.google.com/url?sa=i&rct=j&q=syn-gas&source=images&cd=&cad=rja&docid=tYuVl-grRZaMoM&tbnid=-HmTLSK8ArNKWM:&ved=0CAUQjRw&url=http://www.powerplantccs.com/ccs/cap/fut/bio/biomass_gasification.html&ei=L1KNUdSOOsmgrAH6hIDgBQ&psig=AFQjCNFCOZyQkS7KUd6mFu6QqK9STt8sGw&ust=1368301261342323
http://www.google.com/url?sa=i&rct=j&q=nitrogen+fertilzer&source=images&cd=&docid=hkgKZiVIDt6muM&tbnid=kGKOZ_kc44gFkM:&ved=0CAUQjRw&url=http://georgiaag.com/?page_id=206&ei=h22NUePpLI-0rgHt8IDoCw&psig=AFQjCNF9tkgJ2S_mWnO5MPAkEmjOInYUPg&ust=1368309411297191


Carbon Based Products

• Activated Carbon
• Facility in final design stages in 

Valley City, North Dakota
• Carbon Black

• Semi-continuous pilot unit at the 
EERC, proof-of-concept complete

• Carbon Fiber
• Coal-derived pitch has unique 

properties
• High value product with growing 

market
• Carbon Nanotubes and graphite

• High value product with growing 
markets
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High Value Material Extraction
• Pioneering work by the North Dakota Geologic 

Survey has led to a number of funded projects 
investigating recovery of high value materials 
from coal and byproducts:

• Characterization study of coal and byproducts across 
North America

• Rare earth element extraction from ND lignite
• Rare earth element extraction from coal combustion 

byproducts

• Technology development is needed to optimize 
and improve economics of processes that extract 
and concentrate rare earth elements and other 
high value minerals.
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Resource Recovery from a Coal Fired Power Plant to Enhance 
Agricultural  Production in Open Field and Greenhouse Facilities

Plant Integration:
 Waste heat used for greenhouse heating demands
 CO2 & Flue gas used to enhance plant growth
 Plant water / condensate can supplement irrigation

Updates:
 First planting cycle complete (data analysis ongoing)
 Low and intermediate concentrations of CO2

improved plant growth and highest level was 
antagonistic

 Second planting cycle to include varied levels of CO2
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Grant Round 85 Awards

• To Test, Confirm, and Initiate Commercial Design of a Post-
Combustion "Bolt-On" CO2 Capture System Suitable for At-
Scale, Royalty-Free Retrofit of Existing North Dakota Lignite-
and Coal-Fired Power Generating Facilities (with North Dakota 
Manufacturing Opportunity to reach National and 
International Markets) – NDIC funding of $649,860 with total 
project costs of $1,580,800. The project is led by Mattoon Power 
Enterprises, LLC, and is a 12 month project (currently in the 
contracting phase). 

• Economical Extraction and Recovery of Rare-Earth Elements 
and Production of Clean Value-Added Products from Low-Rank 
Coal Fly Ash. Budget includes $30,000 from NDIC with a total 
project budget of $510,000. The project is led by the EERC and 
the project duration is 18 months. The focus is on methods of 
economical Rare-Earth Element extraction from coal ash.
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Grant Round 86 Awards

• Project Tundra – FEED. NDIC funding of $15,000,000, with a 
total project budget of $31,164,414. The project is led by 
Minnkota power and is scheduled to last 32 months. The focus is 
on the engineering and design work to help determine 
commercial viability of CCUS of enhanced oil recovery in North 
Dakota.

• Investigating the Use of Fly Ash for Sustainable Asphalt 
Pavements. Budget includes $53,814 from the NDIC out of a 
total project cost of $119,463. This is a one year project led by 
the UND Department of Civil Engineering, and focuses on 
developing the use of North Dakota lignite fly ashes in asphalt 
applications.
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Potential Technologies for Future 
Grant Rounds

Grant Round 87 – Will Tentatively be Moved to July 1, 2019
• Next Phases of Carbon Management / CCUS
• Next Generation Power Cycles, including ALLAM
• DOE Emerging Markets

– Carbon Materials
– Rare Earth Elements Phase III
– Fertilizers from coal

• DOE Coal FIRST Program
• NOx Technology Solutions
• Continued Focus on Emerging Demand Opportunities

Others to be identified with industry and State guidance
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Questions??
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