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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
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Program Objectives

• Develop a novel, oligomeric solvent

• 90% Carbon capture efficiency

• Less than 35% increase in Cost of Energy Services

For post-combustion CO2 capture from a coal-fired power plant:
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Schedule
Participants

Q4 / 08 Q1 /09 Q2 / 09 Q3/09

Task 1 Project Management and Planning

Comprehensive topical reports delivered at the completion of each budget period. GE GRC

Two Year Program in Modeling and Experiments

/ GE Energy
Presentation of technical papers at the DOE/NETL annual contractor’s review meeting
Presentation of detailed briefings to the project officer at least once per year.

Task 2 Screening and selection of solvent classes for CO2 capture 

2.1 Proposed solvent classes GE GRC / U. Pitt
2.2 Selection of solvent classes GE GRC / U. Pitt
2.3 Bench scale, multi-property determination of  commercially available solvents GE GRC 
2.4 Synthetic strategy development for classes of solvent GE GRC

Task 3 CO2 capture solvent synthesis, optimization and property testing

3.1  Method development and high throughput synthesis of solvent libraries within the selectedGE GRC
    3.1.1  Gen 1 Libraries
    3.1.2 Gen 2 Libraries
 3.2  High throughput evaluation of selected property within the synthesized solvent libraries GE GRC
    3.2.1 Gen 1 Libraries
    3.2.2 Gen 2 Libraries
3.3 Multi-property modeling of lead candidates identified in 3.2 (vapor pressure, thermal stabilitGE GRC
     3.3.1 Gen 1 Libraries
     3.3.2  Gen 2 Libraries
3.4 Multi-property determination, and lead validation for the candidates selected from 3.2 and 3GE GRC / U. Pitt
3.5 Bench scale lead solvent performance evaluation (complete adsorption/desorption cycle deGE GRC 
    3.5.1  Gen 1 lead lab demo
    3.5.2 Gen 2 lead demo
3.6 Degradation testing / Enviromental testing GE GRC

Task 4 Process modeling and cost of energy services

4.1 Absorption & Stripping Cycles and Plant Simulation GE Energy
      4.1.1  Calibrated Plant Model
      4.1.2  Parametric Solvent and Plant integration study with class of materials
      4.1.3  Model "GEN 1" solvents in plant models
      4.1.4  Optimize plant around "GEN 2" Solvents
4.2 Size layout & Operating Cost GE Energy
      4.2.1  Calibrated Plant Model
      4.2.2  Parametric Solvent and Plant integration study with class of materials
      4.2.3  Model "GEN 1" solvents in plant models
      4.2.4  Optimize plant around "GEN 2" Solvents
4.3 Cost of Electricity calculations GE Energy
      4.2.1  Calibrated Plant Model
      4.2.2  Parametric Solvent and Plant integration study with class of materials
      4.2.3  Model "GEN 1" solvents in plant models
      4.2.4  Optimize plant around "GEN 2" Solvents

Phase 1
Q4/09 Q1/10 Q2/10 Q3/10

Phase 2
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Scope
Identify oligomeric solvents

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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Milestones
Milestone Completion Date Status

Detailed Plant Model 12/31/08 Completed

Solvent property targets 12/31/08 Completed
Parametric studies/properties 6/30/09

Synthetic strategy developed 9/30/09

Go/No Go: Demonstrate capacity 25% greater than MEA w/ 50% increase in COE

Phase 1

Phase 2
Milestone Completion Date Status

COE understood for Gen 1 solvents 3/31/09

Leads from Gen 2 solvents 6/30/09
Bench tests/ physical properties 6/30/09

Solvent lifetime / degradation 9/30/09

COE target <35% at 90% capture 9/30/09
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Budget

• $3 Million cost-shared program
• Finishing second quarter of program
• All teams up and running
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Technology Intro
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Cost of Electricity Components Define Critical 
Chemical Characteristics
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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

Stable Solvent
Low volatility
High Loading
Low Heat of Reaction
High reaction rate
High Desorption Pressure
Low cost

Work backwards from plant requirements to solvent
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Plant Model
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Plant Overview

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 High Volatile 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
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Overall Plant Summary
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Capture Plant Schematic

• ASPEN model validated 
with MEA

• Modified for non-aqueous 
solvent

• Capture plant added to 
overall model

• Unit operations changeable
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Detailed Process Models

Boiler SCR

Baghouse FGD

Thermoflow process models calibrated with external references
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Power
Plant model captures key auxiliary energy flows affected by carbon capture
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Cost of Electricity Calibrated to DOE rates, capital cost differs

Cost of Electricity (COE) 
Calculation
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Molecular Modeling
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Molecular Modeling (Task 2.2 )
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Calculations for designing new amines that have 
heats of reaction in a desirable range (~-8.5 to -10 
kcal/mol)
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COSMO‐RS
(COSMOtherm)

Ab initio calculations

(Turbomole)
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Vapor liquid equilibrium of CO2+ Oligomers

Calculations from COSMOtherm quantitatively predict the solubility of CO2 in 
various oligomers. Future work: Design new materials that have higher solubility 
of CO2.

Molecular Modeling
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Proposed Solvent Classes and 
Physical Property Targets
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Background

CO2-philic backbone (physisorption)

CO2-reactive group (chemisorption)

Concept Solvent

• Backbone or core that is CO2-philic
• Reactive functional groups that chemically combine with CO2
• Chemical experience and modeling to generate promising leads 
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Model Compounds

• Commercially available model compounds for 
benchmarking
• Determination of backbone effect and functional 
group reactivity
• Decouple physisorption from chemisorption
• Validate concepts and testing protocols
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Quality Function Deployment (QFD)

Quality Function Deployment (QFD)
• Structured methodology to identify and translate 

desirable features, measurable targets, and 
characteristics into technical requirements for 
reasearch and development

• Rank testing process 

• Improve likelihood of meeting requirements

• Validate hypothesis in testing against highest 
attribute scores 

•Reduce product development time 
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Proposed Solvent Classes 

backbone Structure physical state cost 
(inexpensive)

synthetic 
availability

ease of 
derivatization CO2-philic stability total

siloxane 9 5 9 9 9 9 50

alkyl ether 9 9 9 5 5 9 46

alkyl amino 5 9 9 5 9 9 46

perfluoroether 9 1 5 1 9 9 34

alkyl 9 9 9 5 1 9 42

aryl ether 1 5 5 5 5 5 26

alkylamido 5 5 9 5 5 5 34

phosphazene 5 1 5 5 5 1 22

Polystyrene 1 9 9 9 1 9 38

physical state must be low viscoisty liquid 9=liquid, 5=viscous liquid, 1=solid
cost (inexpensive) should be < $10/lb 9=<$10/lb, 5=$10-2-/lb, 1=>$20/lb
synthetic availability able to be made on large scale 9=commercial, 5 = small scale, 1 = laboratory
ease of derivatization must be easily functionalized 9=easy, 5 = moderate, 1 = difficult
CO2-philic physisorption 9=high, 5=moderate, 1=low

attribute
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O O
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QFD Matrix of Solvent Backbones

• Down-selection of most promising core structures
• Based on properties, availability and chemistry 
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Functional Group Structure CO2 
capacity

Heat of 
reaction Kinetics Ease of 

attachment Cost Total

Aminoethyl 5 5 9 5 9 33

Aminopropyl 5 5 9 9 9 37

Aminoethylaminopropyl 9 9 9 9 9 45

Bis(aminoethyl)aminopropyl 9 9 9 9 9 45

Imidazole 1 1 1 9 5 17

Histamine 5 9 1 5 1 21

Isocytosine 5 5 5 5 1 21

5-Azacytosine 9 5 5 5 1 25

Piperazine 9 9 9 9 5 41

Urea 5 5 1 5 9 25

Acetamide

1 5 1 5 5

17

Guanidine

9 5 9 1 5

29

Amidine
9 5 9 9 5

37

Benzylamine
5 9 5 9 5

33

CO2 capacity 9=high, 5=moderate, 1=low
Heat of reaction 9=moderate, 5=low, 1=high
Kinetics 9=fast, 5=moderate, 1=slow (reaction with CO2)
Ease of attachment 9=easy, 5=doable, 1=difficult
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• Down-selection of 
most viable 
candidates

• All reactive sites are 
amine-derived

• Green have highest 
attribute score

QFD Matrix of CO2-reactive Functionality

Proposed Solvent Classes
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Target Solvent Theoretical CO2 wt % gain
30% MEA (Baseline) 10.8 

Silicone target A 15.8 
Silicone target B 16.3 
Silicone target C 18.8 
Silicone target D 25.9 
Silicone target E 44.7 

Carbon/Hybrid target A 18.9 
Carbon/Hybrid target B 21.2 
Carbon/Hybrid target C 23.8 
Carbon/Hybrid target D 29.5 

 

B

physisorption group

chemisorption group

C

E

Hybrid C

Proposed Solvent Classes 



28 /
DOE Cooperative Agreement DE-

NT0005310
March 24-26, 2009

CO2 Capture Solvent Synthesis, 
Optimization and Property Testing

48-Well Reactor for Rapid Throughput Screening of CO2 
Solvents

• Temperature controlled 
• Multiple gas input capabilities
• Coupled to robot for sample 

weighing
• Screen ~10 samples/day with 

replicates and controls

• Synthetic strategy begun 
• Screening readily available 

solvents
• Allow information generation to 

learn quickly
• Predict & understand factors

System Strategy
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Initial Screening Results 
CO2 adsorption plate 8
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CO2 adsorption plate 6
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• 1 atm CO2

• 3 temperatures (40, 70, 100 oC) 

• Replicate samples

• Control samples included

• 100% MEA as control
• Organic amine controls 
and silicone-based 
materials 
• Loss of wt = volatile 
solvents
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Risk Likelihood Severity Total risk

Synthesis and scale up

high cost 9 9 81

Unavailability of starting materials/no toller/excessive synthetic 
steps/low yield 5 9 45

Ease of synthesis/hazardous by-products/false responses/low yield 5 5 25

Physico chemical properties of lead candidates

High viscosity of reaction products/poisoning of amine 9 9 81

hydrolytic, thermal, oxidative, pH stability, toxicity 5 9 45

Non-Newtonian fluid/low solvent volatility/collateral emissions 5 5 25

too volatile/high freezing point 1 9 9

CO2 adsorption/desorption (Activity)

Slow CO2 absorption,desorption kinetics/high heat of 
reaction/degradation of solvent 9 9 81

Low working capacity in design space (net loading)/poor CO2 capture 
at low pressure 5 9 45

Insufficient data to develop useful model & process design/CO2 
prematurely desorbing 5 5 25

Need to separate water and CO2 after desorption 9 1 9

Process/plant

Proposed process too costly/footprint to large 9 9 81

Low accuracy of the plant model/unit operations require significant 
modifications 5 9 45

Scale-up demonstration issues/poor integration with power 
plant/variation in exhaust from one facility to another 5 5 25

IP issues
Prior IP on composition of matter or process that limits freedom of 

practice 5 9 45

Prior art on composition of matter, process found that prevents 
patenting 5 5 25

Jointly developed IP lead to GE/Upitt issues 1 5 5

EHS

disposal/operation 5 9 45

Risk Analysis 

High risk

Moderate risk

Low risk

Possible 
Abatements

•Similar, readily 
available material

•Chemistry change, 
engineering option

•Viscosity improve, 
contacting equip.

•Model optimization
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Summary
• Solid plan in place for program execution

• Reliable plant model to guide experimentation

• Sound molecular modeling capabilities for property prediction

• Viable chemistry options for solvent synthesis

• Analytical tools in place for rapid screening

• Bench scale adsorption apparatus being assembled

• Desorption protocol being examined

• Focus on absorption parameters
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