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' Two Oxygen-based technologies 4

_____________________________________________________________________________________________________

m Oxygen-enrichment | m Oxy-combustion

Pulverized-coal
(PC) fired utility
boilers

 Typical capacity:

50-1,000 MW,
- Objective I NO, emission reduction I CO, capture
0, from ASU <10% 100%
0, need <2TPD O,/ MW, 15-20 TPD O, / MW,
' Driver NO, emission regulations GHG emission initiatives/regulations

1
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Oxygen-Enrichment for NO, emission
reduction in coal-fired utility boilers

Thermal
NOx

max

min

NO, origin in pulverized coal combustion:

70-90% fuel-NO, (from fuel-N)
5-25% thermal NO, (from N,)

Decreasing NO, formation in PC
combustion

= Fuel-NO, abatement

Prompt
NOx
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Fuel-NO, formation in coal-fired combustion

_____________________________________________________________________________________________________

'~ —
| 4 S N + CH, [Reburning]

HCN \

\
bl 40, +OH, 40, g
— 2, @
» " oxidizing 4 .0 [zeldovitch]
Temperature l +N. NHi
+NO, +NH, ’

' Starts in first
' combustion zone,
i completed with OFA:

' Conditions difficult to
. control
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Experimental Results |
NO, emission vs burner stoichiometry # Air Baseline
m O2 Arrangement 1
0.45 - | A O2 Arrangement 2
%02 Arrangement 3
0.4 N O2 Arrangement 4
> — Results highly dependent
= 0.35 on oxygen introduction
é o2 S arrangement
E — Higher NO, reduction at
g 0.25 - lower burner stoichiometry
0
0.2 — Additional Benefits...
0.15 - — Favorable economics vs
SCR
0.1

| : S

Burner Stoichiometry
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Oxy-combustion
for CO, capture
In pulverized coal boilers (PC-OC)

Power Statio c
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‘Oxycombustion in PC Boilers (“PC-OC")

a»

Pulverizer

,. ESP Flue gas drying,

CO, compression

CO, transport

&
sequestration

Added for CO, capture vs reference
plant (air-fired PC without CO, capture) The world leader in industrial and medical gases n




ﬂ AIR LIQUIDE

Pilot Modifications for Oxycombustion

——

B&W’s Small Boiler Simulator (SBS) F":g gs"’t‘ii CcO
5 million Btu/hr - 1.5MW,, Oz

NO,

SO,

CO

convective
section

—

78"
/

Coal
&
O,/Flue Gas \\\\\\
§ Reheater
3 \ Secondary superheater
o~ OFA
D[ 0 o O,/Flue Gas
. o
O,/Flue Gas
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Pilot tests Results "
Successful demonstration and
. . 0.35
Process characterization 030 0.25-0.3 Ib/10°Btu
g 0.25 A I
Technical feasibility demonstrated: § 020 | - 60%to - 70%
Safe and smooth conversion from air-fired E 0.15 -
to O,/Flue Gas operation 2 0.10 -
105 | 0.1 Ib/10°Btu
Flue gas volume: reduced by 80% O'OO
— Reduced cost of CO, purification ' AR 021C02 exp
CO, content in Flue Gases: increased Flue gas volume
from 15% in air-fired conditions up to 80% 100 |
In oxy-combustion. o I
~ - 80%
NO, emission: reduced by 60 to 70% g 60 02
> (0)
Heat Transfer Performances: similar in ZO@ 80% CO,
air and oxy firing = retrofit application ok - - -
O,

AIR 02/CO2exp  02/CO2if no air
infiltration

The world leader in industrial and medical gases



AIR LIQUIDE
.

Process Simulation: Key Assumptions

_____________________________________________________________________________________________________

Plant capacity: Gross power output = 533 MW,

Fuel = PRB coal

Steam cycle: Sub critical steam turbine (37% efficiency)

Oxycombustion Process (PC-00C): ASU: cryogenic Oxygen,
ASU:99% O, purity, 2°4,400 TPD O, 55 commercially available
FGR, ESP (particles), FGD/LSD (SO.,) and guaranteed today

Post-combustion Process (PC-MEA):
Fluor Daniel Econamine Process
MEA: 90% CO, capture from FG

ESP, FGD/LSD, SCR (NO,)

CO, specification
Purity P (bars) T (°C)
PC-OC 94% 80 20
PC-MEA 99% 80 20
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Cryogenic O,: Cost reduction since 1995

1 ASU and AL Tech

%
Reference Different ASU Cycle
02 Price _20%
T 1 ASU Instead Of 2 ASU’s
Available
100 %
) Today
Commercial IGCC 1 x 4600 MT/D _\
2 x 2300 MT/D 2MAC+2BAC+2GOX
2MAC+2BAC+2GOX
j 1 x 5000 M T/D
1x 4600 M T/D |/ 1 Mac+1 BAC
2 MAC+2BAC+ 0GOX
80 % I e
u
t
u
20+x%? [l
Tomorrow ?
60 % ‘
1995 2001 2002 2004+
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Cost of Electricity and Cost of CO, avoidance

_____________________________________________________________________________________________________

B Cost of CO2 avoided, $/ton
B Increase in Cost of electricity, mills/lkwh
O CO2 emitted, %

All PC units feature

Reference Plant

No CO, capture

i 0 L
100 . 100% a sub-critical steam cycle
90 -
80 - ) CO, Capture
- Oxycombustior;
60 | sag/ton W g
50 - : = :
40 : 41 $36/ton :
30 - FEE
201 10% 10%
10 - 4% 4%
0 : T e —
PC PC-MEA PC-MEA PC-OC PC-OC
reference Retrofit New Retrofit New
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Sensitivity Analysis — PC-OC cost breakdown

O0SO2 removal (LSD)
B Net Power Loss

O Basic Power Plant The world leader in industrial and medical gases

i100% : :

| ~ 50% of Cost of CO, avoided is due to

| decrease in net power output

- 80% | Net power output decrease is due to ASU (2/3)
i and CO, compressors (1/3) power consumption
' 60% Avenues to lower the ASU cost & power need:

i Supercritical Boiler (smaller ASU
- 40% required)

i Integrating the ASU on the powgr
| nlaont

i 20% Mrarit . . .

: = First Priority

| Developments

0%

| BFGR/CO2 compressor CAPEX (in progress)

| OASU 0&Mm

| MASU CAPEX
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CONCLUSIONS

AFRC-JFRC Symposium, October 10-13, 2004, Maui, Hawaii
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-Oxygen-enriched Low-NO, technology

_____________________________________________________________________________________________________

Break-through cost-effective solution for NO, control in
existing pulverized-coal fired boilers

Oxygen introduction arrangement: a

NOx emissions key parameter = Customized solution

No major boiler modifications
required = easy retrofit

L L

0.151b
per million Btu

I \ |

Regular | N LNBHE 6 L) NBrOFA
burners OFA

1
! The world leader in industrial and medical gases
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_____________________________________________________________________________________________________

Attractive economics for carbon capture, using state
of the art, commercial, cryogenic ASU.

Oxycombustion Post-combustion

533MWe gross plant (OC) (MEA)

Cost of CO, avoided including

CO, compression to 80 bars ~$30-$36/ton ~$52/ton

* Depending on plant location, $, steel price, sulfur content in coal...

(ultra) Supercritical Steam Cycle:

Sub-critical boiler has been assumed in this study.

Using supercritical boiler will increase the plant efficiency
(efficiency > 42% versus 35-37% for subcritical), leading to:

ASU size N, Large potential for further

CO, avoided cost N cost-reduction of the PC-OC
technology /

Electricity costs .
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_____________________________________________________________________________________________________

Application:
Existing PC Power plants: retrofit
New power plants:
CO, “Capture” plant or “Capture-ready” plants

Options do exists for CO, capture from coal-fired
power plants !

The “best” solution will be site specific, depending on:
 Coal type,
. End product,
[ Regulations,

) User hub / business model

a ..
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