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Agenda

 Air Liquide CO2 CPU roadmap

 FutureGen 2.0 CPU
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A comprehensive roadmap for the CPU
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Critical components validation

 SaskPower studies helped to identify critical components that 
require specific testing

 High efficiency filter
 Dust entering the CPU will accumulate there (most of it in the 

compressor) 

 250,000 Nm3/h with 100mg/Nm3 dust equals 600kg/day 

 A filter is required to reduce the dust level to a few μg/Nm3

 Test performed mid 2009 at B&W’s SBS

 Mercury 
 Is a poison for the cold box and shall be removed to a very low level

 Efficient and economical method did not exist for flue gas

 Test at a lab scale performed in France end 2009

 Pre-treatment (drying with SOx/NOx abatement)
 Dryers were not proven in presence acidic gases (corrosion, 

formation of potentially dangerous compounds…)
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Project summary

 Objectives
 Achieve TRL 5 for the lower criticality components (centrifugal compressor, 

cold box) in a relevant environment (retrofit of PC boiler)

 Achieve TRL 6 for the 1st generation CPU design (FutureGen)

 Features
 100MWth PC boiler

 CO2 capacity: 75 tpd

 Instrumented for R&D
 Project started in September 2008

 Operational in December 2011
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Key fields of testing

 CPU performance
 68% CO2 in flue gas
 Produces 75 tpd of high purity (99.9%vol) CO2

• 1 ppm vol of NO2

• 1 ppm vol of SO2

• 1 ppm vol of O2

• 10 ppm vol of Argon

 CO2 capture rate 74%
 Near Zero emissions   

 R&D testing:
 4 years of testing in real operating condition
 Specific instrumentation has been installed
 Test objectives:

• Actual process performance, mainly: dust filtration, Flue Gas drying and cryogenic distillation
• Fate of  various impurities (NOx/SOx and mercury)
• Understand corrosion and ageing over 4 years

Oxyfuel (AL) Air IGCC

NOx ≤ 0.015 0.08 0.047

Particulate ≤ 0.0000003 0.012 0.007

SO2/SO3 ≤ 0.00045 0.06 0.01

Hg ≤ 0.000000003 0.82 0.571

lb/MBtu (HHV)
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May 2006

June 2010
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 Objectives
 Achieve TRL 6 for the 2nd generation CPU design 

 Features
 30MWth CFB boiler

 20MWth PC boiler

 CO2 capacity: 
• Pre-treatment: 200 tpd

• Cold box: 10 tpd

 Instrumented for R&D

 Project started in January 2011

 Operational in end 2012

Project summary
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Key fields for testing

 R&D testing:
 several years of testing in real operating condition

 Specific instrumentation will been installed

 Test objectives:

• Impact of different coals and boiler technology 
(CFB/PC)

• Actual performance of key 2nd generation 
components
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Agenda

 Air Liquide CO2 CPU roadmap

 FutureGen 2.0 CPU

This material is based upon work supported by the US Department of 
Energy under Award DE-FE0005054
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Oxyfuel process

Coal

Boiler

Steam; 2400psi, 
1000F/1000F

PJFF WFGD

Primary Recycle (PR) Fan

Secondary Recycle (SR) Fan

ID Fan

ASU

Burners

Recycle 
Damper

Air Intake

Air Intake

Recycle 
Damper

Cool  Recycle Process

CPU

To Storage

G
as

 
R

eh
ea

te
r

DCCPS

Gas 
Reheater

Sorbent for SO3

Recycle 
Heater

Vent

Stack 
Damper

CPU 
Damper



Air Liquide, world leader in gases for industry, health and the environment 14

CPU block flow diagram

 1st generation, yet innovative design!
 No SCR: NOx are removed in the cold box

 CO2 compressed/pumped
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Plant performance

 Near-Zero emissions plant 

Emissions Constituent lb/hr lb/MBtu (HHV)

CO 286.90 0.15

NOx ≤ 28.21 ≤ 0.0147

VOM ≤ 6.89 ≤ 0.0036

Particulate (Total) ≤ 0.0006 ≤ 0.00000031

SO2 ≤ 0.774 ≤ 0.0004

SO3 ≤ 1.660 ≤ 0.00087

HCl ≤ 0.092 ≤ 0.000048

HF ≤ 0.00065 ≤ 0.00000034

Hg ≤ 0.0000059 ≤ 0.0000000031

CO2 Recovery 90% (mass basis)

Mass flow (CO2)
351 klbs/hr 
(4210 tpd or 3820 metric tons / day) 

Pressure 2100 psig * 

Temperature 71°F 

CO2 content ≥ 99.7% (by mass, dry basis)

Inerts (Ar, N2) ≤ 0.04% (by mass, dry basis)

Water (H2O) ≤ 1 ppmw (dry basis)   

Oxygen (O2) ≤ 110 ppmw (dry basis)   

Total Sulfur (SOx) ≤ 1 ppmw (dry basis)   

Hydrogen Sulfide 
(H2S) Negligible

Nitrous Oxides (NOx) ≤ 1700 ppmw (dry basis)   

Mercury (Hg) ≤ 2 ppbw (dry basis)

 CO2 quality
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CPU details

Cold box

Dryers

Compressor building

Flue gas inlet
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Plot plan

CPU
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