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SRI International

 Anindependent, nonprofit corporation

e Annual R&D Projects: ~ S500 million

e More than 2,100 employees (> 600 PhD’s)
e 21 locations worldwide

e Headquarters located in Menlo Park, CA
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SRI: Engaged in Carbon Capture Research Since 2004

Sorbent, Solvent, and Membrane Separation Approaches
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Current Carbon Capture Technologies are Energy-
and Water-Intensive
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Currently available alternatives to amine technology include ammonia, potassium carbonate

Need to reduce high energy penalties related to:

e Solvent chilling

e Solid dissolution (heat requirement for salt dissolution can be up
to 1MJ/ kg CO,)

* Water use for ammonia emission control

e Sour water stripper



Mixed Salt Offers Advantages over the Chilled
Ammonia Process (CAP)

250 MWe, Turceni, Romania CO, Capture Plant View (2012 feasibility study report)

SRI Mixed-salt process will have
e asmaller footprint
e reduced water use compared to CAP



Maixed-Salt Process Details: Absorber, Regenerator
Operating Conditions and Overall Benefits

Key Benefits:
-Reduced ammonia emissions
-Enhanced efficiency
-Reduced reboiler duty

-Reduced CO, compression energy

A SIGNIFICANT PARASITIC POWER REDUCTION COMPARED TO MEA !

How it Works:

Selected composition of potassium carbonate and ammonium salts
e Overall heat of reaction 35 to 60 kJ/mol (tunable)

Absorber operation at 20 - 40° C at 1 atm with 35-40 wt.% mixture of salts

Regenerator operation at 70 - 180° C at 10-20 atm
* Produce high-pressure CO, stream

High CO, cycling capacity (~ 15-20 wt%)
No Solids
CO, Lean CO, Rich
K,CO;—NH;—xCO,—H,0 system &> K,CO3;—-NH;—yCO,—H20 system



Mixed-Salt System
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Mixed-Salt has a Low Energy Requirement
for CO, Stripping
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Dissolution Mixed-salt process requires minimal energy
. . . . for water stripping.
Estimated regenerator heat requirement for mixed-salt system with 0.2 Pping

to 0.5 cyclic CO, loading. Comparison with neat K,CO; and MEA is shown.

Sources: MEA Data: CSIRO Report (2012). EP116217
K,CO4 Data: GHGT-11; Schoon and Van Straelen (2011). TCCS-6
Mixed-Salt Data; SRI Modeling




Mixed-Salt Requires Less Energy for
CO, Compression
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Electricity output penalty of compression to 100 bar as a function of

desorber pressure
Source: Luquiaud and Gibbins., Chem Eng Res Des (2011)
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Current Project Development

Project Time Line
SRI Funded Project (2012): Proof of Concept- lab scale work and thermodynamic

modeling

Commercially Funded Project (2013-on going): Demonstrate that the process
regeneration energy requirement is < 2 MJ/kg-CO,

DOE Funded Project (2013-2016): FE0012959

e Demonstrate the system operation with >90% CO, capture, high CO, cyclic
loading (0.2 to 0.5 CO, mol/ mol of alkaline) with reduced ammonia emissions
Prepare Techno Economic Analysis (TEA) and Environmental Health and Safety
reports for the process
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Schematic and Photograph of the
Absorber System
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Bench-Scale Absorber Performance

Test Data Modeling and Test Data
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incoming lean absorption solution
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CO, vapor pressure at the absorber exit
under various CO,-loading conditions

The observed overall rates for CO, absorption are on the same order as those of
MEA-based systems and about 5-7x higher than chilled ammonia systems



Process Ammonia Management

Test Data
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Regenerator Performance
est Data
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Variation of attainable CO,-lean loading level with temperature for
rich loadings of 0.40 to 0.50 at 10-12 bar

The produced lean loading well exceeds that required for >90% CO2 capture from flue gas
streams containing 3-15 vol% CO,
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Mixed-Salt Performs Well on Key Process&:
Parameters

o . Specific Heat
SO, and NO, Oxidation Compression .
Solvent or Process . Solvent Make-up i Requirement
Handling Inhibitor Ratio
GJ/tonne CO,
MEA <10 ppm Required 2 kg/ tonne CO, 150 39-4.2
KS-1 <1 ppm Required 0.35 kg/ tonne CO, 150 2.9
K,CO; Light FGD Not required <0.1 kg/ tonne CO, >100 3.0-4.0
Aqueous Ammonia Light FGD Not required Ammonia loss >100 <2.9
Chilled Ammonia  Light FGD Not required 0.2 kg/ tonne CO, <5 <2.9
Mixed-Salt Light FGD Not required <0.1 kg/ tonne CO, <5 <2.0
Sources: Yi and Kim, 2008: PCC S&T seminar at CSIRO; IPCC Special Report on Carbon Dioxide Capture and Storage
Chemical cost Waste disposal cost
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Next Generation Mixed Salt Technology Will Include
Advanced Heat Recovery
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The net loss in power output from the steam cycle due to steam extraction for
capture as a function of solvent regeneration temperature and solvent heat

requirement for regeneration.
Source: Data extracted from Gibbins, 2011

GEN-1: Current Project
GEN-2: Advanced Heat Recovery (seeking funding)
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Mixed-Salt Technology Summary

Process Summary

 Uses inexpensive, industrially available material
(potassium and ammonium salts)

* Requires no feed stream polishing

« Does not generate hazardous waste

« Has the potential for easy permitting in many localities
 Uses known process engineering

Demonstrated Benefits:
- Enhanced CO, capture efficiency

- H?gh CO2-loading capacity Acceptable For NGCC Application:
- High-pressure release of CO2 « 0xygen tolerant solvent
Expected Benefits: * Applicable to low CO, concentrations

-  Reduced energy consumption compared to MEA

- Reduced auxiliary electricity loads (e.g., solvent chilling)
compared to the chilled ammonia process

- Possible flexible carbon capture operation
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Bench-Scale System of SRI
2013 2015

Scale-up Plan of Mixed-
Salt Process for CO,

Plants

2020 2025

il | Capture from Coal Power

2030

Bench-scale Plant

0.3 to 1 ton-CO,/day
(Existing program with DOE)

|

e

h Validation Stage Plant

J/ 10-20 MW

Demonstration Plant
/Full-scale Plant
100-300 MW
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SRI is Demonstrating Carbon Capture Technologies

On site utilities:
Power, Water, Air, Steam

| S-Building:
& Large bench and mini-pilot

g ( PhyS|caI Science
Building: Lab-

& scale

SR/I’s site in Menlo Park, CA (~ 65 acres)
SRI also has a test site near Livermore, CA (480 acres)
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