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GE Global Research
World R&D Headquarters: Niskayuna, NY

First US industrial lab

Founding principle … improve businesses through technology

One of the world’s most diverse industrial labs

Partnering with governments, industry, and academia



3 /
DOE Grant NT0005310

2010 CO2 Capture  Technology Meeting

Program Objectives

• Post-combustion capture of CO2 from coal-fired power plants

 

• Develop a novel, CO2
capture solvent with:

• 90% Carbon capture 
efficiency

• 25% Increase in 
capacity vs MEA

• Less than 35% 
increase in Cost of 
Energy Services (COE)
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Program Scope
Identify novel solvents and process

Methods
• Molecular modeling to identify candidate solvents
• Synthetic chemistry to prepare solvents in the lab
• High throughput screening for relevant properties
• System modeling integrated with power plant model
• Cost of energy services analysis

Phase 1
• System model development
• Screening and selection of 

solvent classes
• Synthetic strategy 
development
• Development of Gen 1 
solvents

Phase 2
• Synthesis & Test Gen 2 
solvents
• Bench scale test most 

promising solvents
• Model refinement
• Degradation testing
• Predict overall solvent and 

plant performance
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Schedule

All tasks on track to meet scheduled completion dates
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Milestones

 

12/31/08
12/31/08

6/30/09
6/30/09

9/30/09
9/30/09

9/30/09
9/30/09

3/31/10
6/30/10
6/30/10

6/30/10

12/31/08
12/31/08

6/30/09
6/30/09

9/30/09
9/30/09

9/30/09
9/30/09

12/31/08
12/31/08

6/30/09
6/30/09

9/30/09
9/30/09

9/30/09
9/30/09

3/31/10
6/30/10
6/30/10

6/30/10
On target

On target

On target

Milestones achieved on schedule

Go/No go
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Budget

$3.1MM program with 20% cost share from participants

194,157
48,539
242,696

(44,148)
(11,037)
(55,185)

194,157
48,539

242,696

(44,148)
(11,037)
(55,185)

437,262
109,316
546,578

631,419
157,855
789,274

57,678
14,422
72,098

13,530
3,383

16,913

367,960
91,990

459,950

(19,219)
(4,805)

(24,024)

999,379
249,845

1,249,224

(5,689)
(1,422)
(7,111)

67,217
336,087

298,869

1,615,310

1,298,248
317,062

(95,240)
(31,358)

(156,549)

(100,929)
(32,732)

(133,661)

251,692

201,354
50,338

(65,584)
(16,397)
(81,891)

1,867,002

1,499,602
367,400

(166,513)
(49,129)

(215,642)

204,803

163,842
40,961

(99,880)
(24,969)

(124,849)

2,071,805

1,663,444
408,362

(266,393)
(74,097)

(340,491)

658,723

526,978
131,745

2,190,422
540,107

2,730,529

257,779
64,445

322,224

(8,614)
(9,652)

(18,266)

Within 1% of budget after Q7
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Technology Fundamentals



9 /
DOE Grant NT0005310

2010 CO2 Capture  Technology Meeting

Relating Chemistry to COE
Chemical 

Parameters

Cost of Electricity
A detailed calibrated coal power plant 
model complete in Thermoflow & THB

Non-Aqueous chemistry requires 
new process designs in Aspen Plus

Plant & Process Models

Cost of Electricity Model 
Complete, calibrated to DOE 
references

Thermal stability

High CO2 loading

High desorption pressure

Low reaction energy

Low volatility

High reaction rate

Low cost

Dynamic interplay between modeling and experimental results 

Cost of Electricity components define 
critical chemical characteristics

Solvent properties have a significant 
influence on COE
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Novel Solvent

• Higher CO2 loading – decreased volume, lower CAPEX
• Lower volatility – less make-up needed, lower cost
• Greater thermal stability – decreased decomposition, lower cost
• High desorption pressure – less compression energy needed, cost savings
• Low reaction energy – less heat (energy) needed to regenerate solvent
• Fast reaction kinetics – smaller absorber unit, decreased CAPEX

Advantages

• Large footprint – no space
• Viscosity too high
• Slow CO2 desorption kinetics
• Process too costly
• Optimal CO2 loading not achieved

Potential Challenges
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Project Status - Plant Model
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Ammonia SCR

Baghous
e Particle 
Removal

Wet FGD
Fan

630 MW Gross Super critical coal fired 
plant

South Eastern U.S.
Ambient 95 F, Wet Bulb 80 F
Relative Humidity 53% 

Super Critical Steam Turbines
HP 3515 psia, 1050 F 
IP  760 psia & 1100 F
LP 141 psia

Generator 13.8 kV, Transmission 765 kV
Excess Air - 20%
Pittsburgh No. 8

Eastern Bituminous Coal
HHV – 12,450 Btu/lb
9.94% Ash
6% moisture
2.89% Sulfur

Emission Regulations
NOx – 0.07 lb/MMBTU
SOx – 0.182 lb/MMBTU
PM – 0.035 lb/MMBTU

Plant Overview
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Detailed Process Models
Boiler SCR

Baghouse FGD

Thermoflow process models calibrated with external references
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Plant model captures key auxiliary energy flows affected by carbon capture

Power
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Process Schematic

CO2

SteamFlue Gas and Absorber
At 100 oF

CO2 Stripped from
Solvent in Stripper 

CO2 Captured from 
Flue Gas in Absorber

Amine-CO2
Reaction Products

Released as Gaseous CO2

Absorbed CO2
Forms Amine-CO2

Reaction Products)

CO2 Loading Limited by Amine Chemical Equilibrium

CO2

Flue Gas and Absorber
At 100 oF

CO2 Stripped from
Solvent in Stripper 

CO2 Captured from 
Flue Gas in Absorber

Amine-CO2
Reaction Products

Released as Gaseous CO2

Absorbed CO2
Forms Amine-CO2

Reaction Products)

CO2 Loading Limited by Amine Chemical Equilibrium

1 atm

1-10
atm

150-
250 oF

Amine CO2 Capture Process
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Project Status - Solvent
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Concept
CO2-philic backbone (physisorption)

CO2-reactive group (chemisorption)

• Backbone or core that is CO2-philic

• Reactive functional groups that chemically combine with CO2

• Down-select to aminosilicones

• Possessed desirable physical/chemical properties

• Clear IP space

• Variety of core architectures available

• Prior experience



18 /
DOE Grant NT0005310

2010 CO2 Capture  Technology Meeting

Synthesis and HTS

• 27 and 48 well reactors
• Temperature controlled 
• Multiple gas input capabilities
• Coupled to robot for sample weighing
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Materials for HTS
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Cmpd Structure 
CO2 Wt 

Gain 
(%) 

Theoretical  
CO2 Wt 
gain (%) 

% of 
Theory 
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High Throughput Screening (HTS)

• Tested as neat materials
• Compare to 10.2% wt gain for MEA benchmark
• Calculate based on 2:1 amine:CO2 stoichiometry 
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Advantage of Co-Solvent
Amine 50% TEG % Wt Gain (of Theory)         % Wt Gain         State

no 94 16.5 S
yes 114 10.1 L

no 64 16.7 S
yes 90 11.8 L

no 30 5.6 S
yes 108 10.1 L

no 87 13.8 S
yes 116 9.0 L

MEA 30% water 94 10.2 L
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• Decreased viscosity, better reactivity
• Chemical and physical absorption

GAP-0
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Optimizing Amino Siloxane

• Unhindered primary amines are best for capture; hindered amine reduces 
∆Hrxn

CO2 Wt Gain % of Theory ∆ Hrxn(J/g)
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Physical Properties

Vapor pressure
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Density (g/mL) measured (GRC)
22oC
Predicted density  (g/mL)

Density

MEA

1-amino-2-propanol (β)

2-amino-1-propanol (α)

Experimental (J/g)

1647 +/- 104

1484 +/- 124

1223 +/- 110

Predicted (J/g)

1550

1464 

1265

MEA

1-amino-2-propanol (β)

2-amino-1-propanol (α)

Experimental (J/g)

1647 +/- 104

1484 +/- 124

1223 +/- 110

Predicted (J/g)

1550

1464 

1265

∆H reaction
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GAP-0 
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Corrosion Studies
Neat GAP-0

• SS coupons stable in all 
solvent systems

• Carbon steel stable in neat 
GAP-0 to 1000 h

• Weight loss/corrosion seen 
with carbon steel in GAP-0/TEG 
and large effect with 30% 
MEA/TEG
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Properties

Thermal reversibility

Continuous absorption

50/50 GAP-0 / TEG Isotherms
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Scale-up

• Continuous absorption/desorption lab scale unit 
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Continuous Absorption/Desorption

• Eliminated precipitation in system

• Retain ~10% CO2 absorption at 40 oC

• Regeneration of solvent on desorption

• Isotherms nearly identical to GAP-0  

• Currently seeing ~3% dynamic loading at operating conditions

• Looking at higher desorption temperatures
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COE Waterfall

• Calculations based on isotherm data
• Modeling in progress for continuous data 
• Large advantage maintained with anhydrous system
• Decreased capture capacity and lower pressure will impact COE
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Summary
• Designed novel CO2 capture solvent system

• Developed accurate process and COE models

• Prepared and screened aminosilicones

• Modeled and measured physical properties of solvents

• Confirmed continuous CO2 absorption capability of solvent

• Demonstrated continuous absorption and desorption of CO2

• Regeneration of solvent demonstrated

• Found that corrosivity of new solvent ≤ MEA after 4 months

• Minimal thermal degradation after 2 months @ 120 oC

• Calculating COE of GEN 2 solvent from continuous data 
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Next Steps
• Explore higher desorption temperatures

• Determine effects of water and flue gas contaminants

• Examine variations in flow rates and absorption temperatures

• Build larger scale system

• Obtain scale-up information

• Gather process design data

• Continue to document results
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Documentation
• Patent Applications

• US 2010/0158777
• US 2010/0154639
• Dockets 242793, 238253, 238260

• Publications
• Fuel Preprints, 2010, 282.
• ChemSusChem 2010, 3, 919.
• J. Phys. Chem. A. (submitted)
• J. Phys. Chem. A. (in preparation)
• J. Org. Chem. (in preparation)

• Presentations
• 239th ACS National Meeting, March 2010
• 43rd Silicon Symposium, May 2010
• AIChE National Meeting, November 2010
• Pacifichem 2010, December 2010
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Terri Grocela-Rocha
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GEE

Sam Draper
Shawn Rabiei
Shekar Sonwane
Kyle Moore
Mark Wagner
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Bob Enick
Karl Johnson
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Disclaimer

Disclaimer. This report was prepared as an account of work sponsored by an agency of
the United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would
not infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
united States Government or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States
Government or any agency thereof.

Acknowledgement. This material is based upon work supported by the Department of
Energy, National Energy Technology Laboratory under Award Number DE-NT0005310.
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