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A comprehensive roadmap for the CPU

9 T R L 9 Commercial operation in relevant environment (500 megawatt [MW] coal plant or
greater, or about 3 million tons of CO, captured, transported, or stored annually)

8 Demonstration at more than 5 percent commercial scale (at least 125 MW coal
plant, or about 575,000 tons of CO, captured, transported, or stored annually)

22 G
7 7 Pilot plant at more than about 5 percent commercial scale (at least 20 MW coal _e” :
plant, or 100,000 tons of CO, captured, transported, or stored annually) . .27
6 Process development unit at between about 0.1 percent to 5 percent of

a 8
commercial scale (between 0.5 MW and 20 MW coal plant, or between about (Tl déSt Gen p”Ot' o
3,000 and 100,000 tons of CO, captured, transported, or stored annually)

6 e Onguel Project

Pre-treatment .
(drymg WJtJf SOx/NOx)

5 Component validation in relevant environment (coal plant)

4 Component tests in lab

22 Deep Hg [
2 removal

FEED study
HAZOP

k1 SaskPower

2 Process smul,at?on Equations of state

2000 2005 2008 2010 2012
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Critical components validation (B e

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 Nmé3/h with 100mg/Nm? dust equals 600kg/day
A filter is required to reduce the dust level to a few uyg/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...)

Air Liquide, world leader in gases for industry, health and the environment
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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 o ,, Corai s
CO, capacity: 75 tpd ol “%M
Instrumented for R&D o T ,,..
Project started in September 2008 | & [ ,H,
Operational in December 2011 .; i = Ww““
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Oxufuel Project B

CPU performance
68% CO, in flue gas

Produces 75 tpd of high purity (99.9%vol) CO,
1 ppm vol of NO,

1 ppm vol of SO,
1 ppm vol of O,

10 ppm vol of Argon Oxyfuel (AL) Air IGCC
CO, capture rate 74% NOX <0.015 0.08 0.047
L Particulate <0.0000003 0.012 0.007
Near Zero emissions = S02/S03 <0.00045 0.06 0.01
Hg < 0.000000003 0.82 0.571
R&D teSting: Ib/MBtu (HHV)

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

B ——
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Oxyfuel Project——rrrrr st
Bl Use of structured

Use of centrifugal il 1  packing
integrally geared : '

compressor NH, cascade
for CO2 >
TS 1111t T liquefaction
Jo) tit 414 R CO,
/f
B
\
Flue
Gas Use of brazed O,

aluminium heat NO2 recycled /’
exchanger to burners
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Fundacidn Ciudad de la Energia

Objectives
Achieve TRL 6 for the 2"d generation CPU design

Features

30MWth CFB boiler . Y e SR
A Conana ) Aslanihn 3 P ¥ i Tastipa
. R NG S sy N Y A
20MWth PC boiler . D S T ot (O )
MI\;F:I'J ¥ -] ,_:,m E.rgm LWAW ""ﬁr':;ﬁiirqm["'"
. Vign@Q Oirarie rona
COZ CapaCIty: "':_;.{f"_‘-az'm“ 'umgso'm 'zs—agu.:a Lisida ”M:’h
? aFa ',: R Q"
Pre-treatment: 200 tpd i e Trague BSOS
Zanta Matin e !
Cio Faen b I-j I! AICal o
Cold box: 10 tpd o S SR PR B
Pomiial & = . ll:flulz!fuuuu QToledn
F'-::m:ga!h_F' ____ g Falma
Instrumented for R&D vt it e I ?
: 9@ ks Batkasr o
. . SinmaS gy} (3ioa (-h
Project started in January 2011 L
/ Cﬁgm Jg;.-. Murcia @
Operational in end 2012 o L i S =
A s s
""""" I: ‘:‘bd. .l;:.m 1,?:.'. ul,_l_c.hruﬁ Iﬁﬁﬂl
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Fundacidn Ciudad de la Energia

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 ~bd &M '*
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High Performance Dust
Filtration

Acid
Gas

E|AIR LIQUIDE

Engineering & Construction

Chilled Wate

Production
Unit

q

Advanced Flue Gas l

Drying
and Compression

| Section

!
e

Cryogenic Purification
Section

DeNOX
Column

Storag

Liquid CO,
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Agenda S——

Air Liquide CO, 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

To Storage
Air Intake
Steam; 2400psi,
1000F/1000F
Gas
) N/ * Damper
Secondary Recycle (SR) Fan !
Recycle
Sorbent for SO3 Damper \\ N\
CPU
v Damper
@
O
. Recycle g O <
Boiler. @
Burners Heater ID Ean c
N
_ A A 4
¢ ) N
Primary Recycle (PR) Fan Recycle
Damper

Air Intake

Cool Recycle Process

a
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CPU block flow diagram S

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

CO, compressed/pumped

STEAM CONDENSATE Q—C STEAM

FLUE GAS ORYERS —
[ _

¥ — I R T s @

T FILTER - ==
FLUE GAS H‘ C GMF-Q*\Q&Z S50R O mﬁfﬁs&? ﬁﬁ%
FROM CUSTOMER ﬁ’f
. > DENSE I?rfcl)ﬁsE coz
g i g g CUSTOMER
2 i 1 T
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Plant performance

Near-Zero emissions plant CO, quality
Emissions Constituent Ib/hr Ib/MBtu (HHV) CO, Recovery 90% (mass basis)
351 klbs/hr
CoO 286.90 0.15
Mass flow (CO,) (4210 tpd or 3820 metric tons / day)
NO, <28.21 <0.0147 -
Pressure 2100 psig *
VOM <6.89 <0.0036
Temperature 71°F
Particulate (Total <0.0006 < 0.00000031
articulate (Total CO, content = 99.7% (by mass, dry basis)
SO <0.774 <0.0004
2 Inerts (Ar, N,) < 0.04% (by mass, dry basis)
SO <1.660 <0.00087
3 Water (H,0) <1 ppmw (dry basis)
HCI <0.092 <0.000048 -
Oxygen (O,) < 110 ppmw (dry basis)
HF < 0.00065 < 0.00000034 -
Total Sulfur (SO,) < 1 ppmw (dry basis)
Hg < 0.0000059 < 0.0000000031 -
Hydrogen Sulfide Nealidible
(H,S) 9
Nitrous Oxides (NO,) < 1700 ppmw (dry basis)
Mercury (Hg) < 2 ppbw (dry basis)

Air Liquide, world leader in gases for industry, health and the environment
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Plot plan AIR LIQUIDE;
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