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Founding Premise

• There is no challenge regarding the use of 
coal as a clean, efficient fuel that has not 
been met by technology – nearly 90 
percent of criteria pollutants from U.S. 
coal-based power plants are now captured 
or reduced through the use of technology



Question
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BP Statistical Review of World Energy 2021



Reality Today

“Energy may very well be 
the single most critical 

challenge facing humanity in 
this century.”

-- Nobel Laureate Richard Smalley



The Challenge

6/27/2023

10 terawatts (TW) of clean 
power on a sustainable basis 
and do this cheaply

Who will make the necessary 
scientific and engineering 
breakthroughs?

Can it be cheap enough to 
bring 10 billion people to a 
reasonable standard of living?



Agenda

State-industry R&D partnership

Lignite resource 

•Solutions for Existing Plants
•Next Generation Power Plants
•Carbon Management (CO2)
•Additional Uses for Lignite

Current R&D challenges 

Summary

Lignite Jeopardy Game



Glossary

• Clean Coal Technologies: 

– Defined by Congress in mid-1980s as 
technologies to reduce sulfur dioxide and 
nitrogen oxides (30 years later often refers to 
reduction of CO2)

– Technologies that increase efficiencies and 
reduce emissions on a per unit energy basis are 
also clean coal technologies



Lignite Research Council’s  
R&D Program

Public / Private Partnership

http://www.lignite.com/ResDev/index.htm
http://www.nd.gov/ndic/lrc-infopage.htm

An Industry / Government Partnership

http://www.lignite.com/ResDev/index.htm
http://www.nd.gov/ndic/lrc-infopage.htm


Historical Successes

 Support of only US coal-to-synfuels plant
DGC added urea to product suite

A Few Highlights
 Spiritwood – industrial complex
 DryFining – coal upgrading
 Lignite mining, use, and reclamation 

advances through data, instrumentation & 
controls

Basin Electric Antelope Valley Station and DGC Synfuels Plant 
www.dakotagas.com

• Thriving with high-sodium coal
Optimized operation and cleanability

• Addressing Hg and trace elements
Costs reduced by more than 20x

• Meeting regulations for primary pollutants
Addressing potential future NOx challenges



Leveraging State Dollars

For every state dollar, 
six dollars is invested 
from industry & other 
sources in lignite-
related R&D projects

=



Future of Lignite

• The resource: 800-year supply of lignite

From an R&D / science perspective:

• High ash, low BTU, one-third 
water, high sodium

• Highly reactive for gasification 
purposes

• Low-cost source of carbon
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A Look at Lignite

Organic Matter 
C, H, O, S, N

Inorganic Matter 
SiO2, Al2O3 -Clays, FeS2

Lignite

Water

55%

35%



Electric Power
Generation - 79%

Synthetic Natural
Gas - 13.5%

Specialty Products
7.5%

ND Lignite Consumption



Coal Drying Activity

• As mined, lignite is approximately one-third 
moisture.  This makes it uneconomical to transport 
by rail.  However, a coal drying facility is now 
operational at Coal Creek Station has made 
transporting lignite a more economical proposition. 

• The coal drying project has its roots in a simple 
experiment that you can simulate in the classroom.



Coal Drying Procedure

• Weigh about 100 grams of lignite on a paper plate

• Place the coal onto a cookie sheet and place it in 
an oven set at its lowest temperature – 100 F or 
120 F for four hours  

• Reweigh the coal to determine the weight loss 
due to moisture and calculate the  percent of 
moisture



Coal Drying Procedure

Alternative Drying Methods

• Dry the lignite using the heat from a 
light bulb.  This method will model Coal 
Creek Station’s use of remaining 
process heat from its boiler.

• Simply place the lignite in a sunny 
window and let it dry.  Weigh the 
sample each day until the weight is 
constant for two days.



Coal Drying Activity (Cont.)

• Coal Creek Station’s pulverizes the coal prior to 
drying, so students can compare the rate of 
moisture loss and total amount of moisture lost 
between crushed and uncrushed coal

• Pulverized coal has greater surface area and 
should dry faster than coal in larger pieces



 Prototype model built adjacent to the plant (1/06)

 Used waste heat to dry the coal after it was 
pulverized

 Tests showed how much heat & time needed

 Eight coal dryers have been                                              
installed to dry all of the coal                                                           
(operational 12/09)

Coal Dryer Development 



Current Energy Conversion
Technologies

Pulverized Coal-Fired Boilers
 2400 PSI Steam; 1000ºF

 Up to 600 MW/unit in ND

 30-32% Efficient



Current Energy Conversion
Technologies

Pulverized 
Coal-Fired 

Boilers

Antelope Valley Station

Coal Creek Station

M.R. Young Station



Current Energy Conversion
Technologies

Coyote Station Leland Olds Station

Pulverized Coal-Fired Boilers



Current Energy Conversion 
Technologies

Fluidized bed Boiler Technology

Spiritwood Station 



Future Generating 
Technologies
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Advanced 
Pulverized Coal 

Oxy-fuel 
Combustion 

Integrated 
Gasification 

Combined Cycle 
(IGCC)

Poly-generation

Chemical Looping Allam Cycle



Supercritical Pulverized Coal 
Power Plant

 3500 PSI Steam; 1050ºF 

 Up to 1300 MW/Unit

 35-40% Efficient



Future Generating Technologies

Oxy-combustion
 Technology 

consideration to 
capture CO2

 Energy penalty ~ 1/3 
(450 MW Gross yields 
300 MW Net)

 First demonstrations 
underway in US and 
Europe



Future Generating Technologies

IGCC

 Up to 300 MW/Unit

 40-45% Efficient

 Cost, availability & 
lack of lignite 
experience are issues



Gasification 

Products

 Electric Power

 Synthetic Natural Gas

 Liquid Transportation 
Fuels

 Hydrogen

 Chemicals

 Fertilizers
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Chemical Looping – LCL-C™ Process

Advanced oxy-combustion system without Air Separation Unit

• No cryogenic Air Separation Unit 
• Two interconnected boilers
• Limestone as oxygen carrier

Fuel reactor Air reactor
(Reducer)                     (Oxidizer)

Ash

Particulate control

Desulfurization/Par
ticulate control

FGC, Flue gas 
condenser

GPU, Gas 
processing unit

To storage

CO2

Water

CO2
Purification



Allam Cycle

Converts Coal to 
Syngas

Uses 
supercritical CO2
as working fluid

Very high 
pressure 

oxycombustion



32 | Allam Cycle

Allam Cycle achieves clean, low-cost electricity 
competitive with all state-of-the-art systems

Note:
• LCOE calculated using EPRI methodology
• Assumes $6.50/MMBtu natural gas and $2.00/MMBtu coal
• Cost ranges represent data from several sources: EIA (2013); Parsons Brinkerhoff (2013);  NETL (2012); Black & Veatch (2012)
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Emission Control Technologies

 Particulate Matter (PM) reduction 
>99.99%

 Sulfur Dioxide (SO2) reduction >97% 

 Nitrogen Oxides (NOx) reduction 
>50%

 Mercury (Hg) reduction 50%-90% 

 Carbon Dioxide (CO2) ??? %

• New plants

• Existing plants
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Wet
Scrubber

Boiler
Stack

Baghouse

Coal

Overfire Air, 
low NOx
burners, 
injection of 
ammonia

Emission Control Technologies

Electrostatic 
Precipitator

Stack

Dry Scrubber



3535EPA Air Trends (U.S.) - https://gispub.epa.gov/air/trendsreport/2021/#growth

https://gispub.epa.gov/air/trendsreport/2021/#growth


• North Dakota has an ideal situation for CO₂ management
– CO₂ emission sources are in close proximity to CO₂ storage targets
– Between 76 and 252 Gt of storage available within the state between saline formations and oil 

reservoirs

Much of the Recent Focus Has Been on Carbon 
Management - North Dakota is Ideally Suited
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Carbon Capture, Utilization 
and Storage (CCUS)

Graphic from EERC PCOR Program



Capture Technology Overview
• Capture testing performed at Milton R Young and Coal Creek Stations over the past year

– Primary focus in 2021 was on reducing amine losses. 
• Testing has been completed, and the engineering and design work is ongoing.

– Pre-FEED study at Coal Creek is scheduled to be completed in 2021.
– Milton R Young FEED study scheduled to be completed this year with the report 

available in early 2022.



Preliminary Front End 
Engineering and Design (pre-

FEED) Study for a full-scale carbon 
dioxide capture system at Coal 

Creek Station (CCS2) 

• Pre-FEED study is progressing well. 
• All pilot system testing completed, and data 

analysis is ongoing.
• Economic evaluations are nearing 

completion.
• Geologic storage evaluated separately under 

Midwest Ag project.



CO2 Storage Resource in the PCOR 
Partnership Region

Several deep saline 
formations throughout the 
PCOR region have been 
evaluated for CO2 storage.

North Dakota formations 
have the ability to store 
between 76 billion and 252 
billion tonnes of CO2.  



Project Tundra Location

Storage 
Target

Storage 
Target

Deepest 
USDW

Broom 
Creek Fm

Deadwood 
FM
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Image Credit –
EERC

CCUS in North Dakota Conventional Oil Fields



References: Kuuskraa and others, 2020, USEA/DOE-002415-20-01.
Sorensen and others, 2015, URTeC: 2169871.

CCUS in North Dakota Unconventional Oil 
Fields



North Dakota Carbon Solutions Needs

EOR 
Partners

Existing Plant Solutions New/Replacement Solutions

Project Tundra Allam Cycle

CO2 Utilization and 
Storage Solutions

PCOR and 
CarbonSAFE 

44



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 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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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).



• Plains Carbon Dioxide Reduction 
Partnership (PCOR)

– Phase I – Characterization of sources & sinks 
(2003-2005)

– Phase II – Small-scale field validation tests 
(2005-2009)

– Phase III – Large volume carbon storage test 
(2008-2017)

Carbon Management Initiatives 



Carbon Management
• SaskPower CO2 capture & storage project

– $1.24 billion retrofit – repowering and carbon capture
– Partnership: Gov. of Canada, Gov. of Sask., SaskPower & industry
– Project at Boundary Dam - 150 MW Unit III (existing unit)
– Designed to capture ~ 1 million tons CO2 / year
– Began operation in October  2014

• Petra Nova
– 90 percent capture from 240 MW at Parish 8
– Began commercial operation in January 2017
– Driven by economics of enhanced oil recovery
– Support from Texas and DOE

Commercial Carbon Management



Additional Value 
Opportunities for Lignite

• Diverse Product Opportunities
• Rare Earth Elements from 

Lignite
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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

53
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Coal Gasification for Fuels, 
Chemicals and Hydrogen

54

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


High Value Material Extraction
(Rare Earth Elements)

• 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. 55



High-value REEs and other critical metals identified 
by the U.S. Interior Department as “…vital to the 
Nation’s security and economic prosperity.” 

REEs make possible $7 trillion in value-added products globally.
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Semplastics EHC LLC 

Artist’s conception of coal building proof-of-concept design by CART

Systematically 
Applied Research to 
Develop High Value 
Products from Coal



Leonardite
Leonardite is an oxidized form of lignite, rich in 
humic acid.
• Existing agricultural uses

– soil conditioner to improve moisture 
retention and reduce toxins

– Animal feed additive, source of trace 
minerals

• Growing market in oil field fluids
– Leonardite is used as an additive in water-

based drilling fluids
• Global humic acid market was $325.6MM in 

2014 (Leonardite Production, LLC)
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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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1/17/2017
Advanced Reclamation Strategies
for North Dakota coal mine lands



Summary

• U.S. needs more sources 
of energy & needs to 
lessen dependence on 
foreign sources

• Lignite is a valuable 
source of energy & 
chemical products

• R&D is critical in the wise 
use of this abundant 
resource



Questions??



Thanks for Listening!


	Enhancing Lignite �to be the �Fuel of Tomorrow
	New Power Plant
	Founding Premise
	Question	
	Slide Number 5
	         Reality Today
	       The Challenge
	Agenda
	Glossary
	Lignite Research Council’s  �R&D Program
	Historical Successes
	Leveraging State Dollars
	     Future of Lignite
	        A Look at Lignite
	ND Lignite Consumption
	     Coal Drying Activity
	  Coal Drying Procedure
	Coal Drying Procedure
	Coal Drying Activity (Cont.)
	Slide Number 20
	     Current Energy Conversion�     Technologies
	     Current Energy Conversion�     Technologies
	    Current Energy Conversion�    Technologies
	Current Energy Conversion Technologies
	  Future Generating Technologies
	Slide Number 26
	 Future Generating Technologies 
	 Future Generating Technologies
	Gasification 
	Chemical Looping – LCL-C™ Process
	Allam Cycle
	Allam Cycle achieves clean, low-cost electricity competitive with all state-of-the-art systems
	Emission Control Technologies
	Emission Control Technologies
	Slide Number 35
	Much of the Recent Focus Has Been on Carbon Management - North Dakota is Ideally Suited
	Carbon Capture, Utilization �and Storage (CCUS)
	Capture Technology Overview
	Preliminary Front End Engineering and Design (pre-FEED) Study for a full-scale carbon dioxide capture system at Coal Creek Station (CCS2) 
	CO2 Storage Resource in the PCOR Partnership Region
	Project Tundra Location
	Slide Number 42
	Slide Number 43
	North Dakota Carbon Solutions Needs
	Project Carbon Overview
	Project Tundra Road Map
	Carbonsafe - North Dakota integrated carbon storage complex feasibility study
	Major accomplishments
	 Carbon Management Initiatives 
	      Commercial Carbon Management
	Slide Number 51
	Slide Number 52
	Carbon Based Products
	Coal Gasification for Fuels, Chemicals and Hydrogen
	High Value Material Extraction�(Rare Earth Elements)
	Slide Number 56
	Semplastics EHC LLC 
	Leonardite
	Slide Number 59
	Slide Number 60
	   Summary
	Questions??
	Thanks for Listening!

