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Disclaimer

• Battelle does not engage in research for advertising, sales promotion, 
or endorsement of our clients’ interests including raising investment 
capital or recommending investments decisions, or other publicity 
purposes, or for any use in litigation. 

• Battelle endeavors at all times to produce work of the highest quality, 
consistent with our contract commitments. However, because of the 
research and/or experimental nature of this work the client undertakes 
the sole responsibility for the consequence of any use or misuse of, or 
inability to use, any information, apparatus, process or result obtained 
from Battelle, and Battelle, its employees, officers, or Trustees have no 
legal liability for the accuracy, adequacy, or efficacy thereof. 
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1. Types of CO2
Sources

2. CO2 Capture 
Technologies

3. Newer CO2
Capture 
Technologies

Source: IPCC, 2006

CO2 Capture-
Not nearly 
this simple!



MRCSP in Maryland
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Types of CO2 Sources
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Types of CO2 Sources
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Coal Power Plant Gas Power Plant Air Capture
11-14% CO2
~2 psia CO2

4-6% CO2
~0.7 psia CO2

0.04% CO2
~0.006 psia CO2

Ethanol Plant
100% CO2

~18.4 psia CO2

Ammonia Plant
99% CO2

~22.8 psia CO2

NG Processing 
Plant99% CO2

~23.3 psia CO2

Cement Plant
~22.4% CO2
~3.3 psia CO2

CO2 vent

Cost of Capturing CO2 from Industrial Sources, January 10, 2014, DOE/NETL-2013/1602 

Stripping vent Distillation gas Kiln off-gas

Types of CO2 Sources
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Cost of Capturing CO2 from Industrial Sources, January 10, 2014, DOE/NETL-2013/1602 
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Types of CO2 Sources
High Cost
Complexity

Low Cost
Complexity
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CO2 Capture Technologies
Coal-Fired Power Plants

Direct Air Capture

Gas Processing

Ethanol Plants

Refineries

Chemical Plants

Petrochemical Plants

Cement Plants

Natural Gas Power Plants

Other



CO2 Capture Technologies
Pre-Combustion

Advanced CompressionAdvanced Combustion

Post-Combustion
 Solvents
 Sorbents
 Membranes
 Hybrid processes
 Water-gas shift reactor

 Solvents
 Sorbents
 Membranes
 Hybrid processes

 Atmospheric oxy-combustion
 Pressurized oxy-combustion  
 Oxygen transport membrane
 Chemical looping

 Intra-stage cooling
 Cryogenic pumping
 Supersonic shock 

wave compression

Source: Dr. S. Vora, U.S. DOE/NETL 2013 Capture Technology Meeting



Technology
Net Plant Efficiency

Without 
Capture

With 90% 
Capture

Pulverized Coal Post Combustion
• 1950-1980s Boiler Fleet 32-35% 22-25%
• Current Supercritical Units 38-40% 27-28%
• Ultra Super Critical Target 45-48% 31-33%

Oxy-Combustion -- 28-33%
Integrated Gasification 
Combined Cycle, IGGC 38-44% 31-35%

Energy penalty- capture technologies increase both 
capital costs and energy use.

CO2 Capture Technologies



Post-Combustion Capture

Post-combustion advantages:  
• Back-end retrofit 
• Slip-stream  (0 to 90% capture)
Amine scrubbing Advantages:  
• Proven Technology  (Petroleum 

refining, NG purification)
• Chemical solvent  High

loadings at low CO2 partial 
pressure

• Relatively cheap chemical ($2-
3/lb)

Key Challenges:  
• Dilute flue gas (12-15 volume %)
• 2-3 MM acfm for a 500-600 Mwe

plant
• ~50% currently scrubbed for 

SOx/NOx
• Increased cooling requirements AES Warrior Run Power Plant, Cumberland, MD

post-combustion amine capture 150-300 tons/day



Pre-Combustion Capture
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Pre-combustion advantages:  
• Easier removal
• More efficient
• Proven Technology  (fertilizers, 

gaseous fuel, power production)
• Relatively more expensive 

($60/ton)

Key Challenges:  
• High pressure/temperature 

system
• Separation technology

Future Work:  
• Emphasis on improving 

separation technology to reduce 
cost to $30/ton

• Sorbents, membranes, etc
Carbon Clean Solutions, Ltd.



95-99% O2 

PC Boiler
(No SCR)

Steam

Bag 
Filter

Wet
Limestone

FGD
CO2 

Ash

ID FansCoal

ASU
Recycle

Compressor

CO2
Compression

(15 – 2,200Psia)

Power

Oxyfuel Combustion

Cheap Oxygen
Oxygen Membranes Advanced MOC*

Reduce CO2 Recycle
Handle High Sulfur Con.

Oxyfuel Boilers
Compact Boiler Designs
Adv. Materials (USC)
Advanced Burners

Co-Sequestration
Multi-pollutant capture

Coal +  O2  CO2 + H2O

Advanced
Compression
Ramgen, SwRI

*Materials of Construction

Source: Dr. S. Vora, U.S. DOE/NETL 2012 Capture Technology Meeting



Integrated Gasification Combined 
Cycle (IGCC)

Duke Energy Edwardsport Plant



CO2 Capture - Deployment Barriers for
New and Existing Coal Plants
1. Scale-up

 Current Post Combustion capture  
~200 TPD

 550 MWe power plant produces 
13,000 TPD 

2. Energy Penalty
 20% to 30% less power output

3. Cost
 Increase Cost of Electricity by 80%
 Adds Capital Cost by $1,500 -

$2,000/kW
4. Regulatory framework

 Transport — pipeline network
 Storage

5. Economies of Scale
 Land, power, water use, 

transportation, process 
components, …

Source: Dr. S. Vora, U.S. DOE/NETL 2012 Capture Technology Meeting

Presenter
Presentation Notes
Capital Cost Increase is from Approx. $1,500/kWSpace limitations — 7-10 acres needed for current scrubbingMajor equipment modificationsRegeneration steam availability — can steam turbine operate at part load?Sulfur — additional deep sulfur removal required for most CO2 sorbents Make-up power — satisfy need to maintain baseload outputWater availabilityLocal storage availability (saline formation, EOR)Scheduling outages for CO2 retrofitsPost-retrofit dispatch implications due to increase in COERetrofit triggering New Source ReviewProposed legislation—How much to capture?Deployment barriers for new and existing PC plants are similar in type to those to be encountered by the industrial sector.



CO2 Capture - Deployment Barriers for
New and Existing Coal Plants

https://www.netl.doe.gov/node/8274
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DOE-NETL Projects
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Applicant Locations and Host Sites



Newer CO2 Capture Technologies 
being researched
• Post-combustion capture
 Calcium looping – provides own source of power hence efficient and least cost

 Membranes (alternative post-combustion capture solution)

 Advanced solvents (engineered enzymes)

• Pre-combustion capture
 Membranes

• Oxyfuel
 Allam Cycle – promises high efficiencies with lower costs with coal syngas; 

NET Power testing natural-gas based version in TX.

 Pressurized oxyfuel (tested at small pilot scales)

• Chemical looping

20

Lockwood, 2017



Allam Cycle Capture
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NETPOWER 25 MW 
pilot in LaPorte, Texas
• Natural Gas
• Oxygen fired
• Supercritical
• CO2 Turbine
• Recuperative

https://www.netpower.com/technology/

https://www.netpower.com/technology/
https://www.netpower.com/technology/
https://www.netpower.com/technology/


Newer CO2 Capture Technologies 
being researched
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https://www.wired.com/2016/06/iceland-pumped-co2-underground/

CO2 Mineralization in Basalt Flows

Direct Air Capture (DAC)

https://www.oxy.com/News/Pages/Article.aspx?Article=6095.html

https://www.wired.com/2016/06/iceland-pumped-co2-underground/
https://www.oxy.com/News/Pages/Article.aspx?Article=6095.html


Newer CO2 Capture Technologies 
being researched
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• Numerous technologies being tested at pilot or lab scale.



Moving Forward

• Best capture technologies for 
Maryland?

• Source-sink matching.
• Economic ranking of 

technologies and sources.
• Feasibility, FEED studies.
• Policy support.
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