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AIM

Purpose:
Design efficient and low-cost process units for the control of NOx and SOx in CO2
from oxy-fuel and chemical looping combustion.

Progress of work:
Perform lab-scale evaluations of the N-S chemistry under conditions relevant to CCS
Build and operate scrubbers for technical to semi-commercial scale
Develop modelling capacity to design and evaluate the CO2 upgrading

Present Presentation:

Discussion on the present understanding of systems for integrated NOx and SOx
control for oxy-fuel and CLC
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Oxy-Fuel and Chemical-Looping-Combustion

Sﬁ&%@a‘g mainly CO, and H,O
* Impurities such as O,, N,, Ar, NO, and SO,
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Oxy-Fuel and CLC Systems
* Increased pressure and decreased temperature during CO, conditioning changes NO, and

SO, chemistry from conventional systems

« Significant oxidation of NO to NO, in the gas phase

N,
I NO + 0, NO,

Air AS!J/ 0, ; Boiler/ iFlue gas Cco, CO, Purification and co,
—_— Air > Fuel : » Condenser —— Combression >
Reactor Fuel reactor co, H,0 P to transport

H,0 0,

NO

S0,

H,0



CHALMERS

UNIVERSITY OF TECHNOLOGY

NO, and SO, Control
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Proposed Integrated Removal of NO, and SO, in Oxy-fuel and CLC Plants
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Method Today
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The Chemistry of NO, and SO, in Pressurized Flue Gas
SYSieEhiSteractions in the liquid phase and importance of pH “l
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Flue Gas Compression: Extent of NO Oxidation

« Effect of O, concentration and pressure on NO conversion

1000 NO;, =400 ppm, T = 30°
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Absorber Performance: Effect of Sulfur on NO, Removal

Rat@psorption rate of SO, faster than NO, in the column
NO, ;, =400 ppm, P = 30 bar
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Cost Estimation: Integrated Removal vs. Conventional Techniques

Large scale power plant (350 MW,)

Variable operating costs
- Fixed operating costs
. . B Capital costs
» Integrated removal offers significantly lower cost of 3000 —

emission control compared to conventional tecniques

« Difference corresponding to 5 €/tonne CO, captured 2000 -

1000 —

Total specific cost of acid gas removal [€/ton]
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CONCLUSION

Purpose:

Design efficient and low-cost process units for the control of NOx and SOx in CO2
from oxy-fuel and chemical looping combustion.

Progress of work:

Perform lab-scale evaluations of the N-S chemistry under conditions relevant to CCS
Build and operate scrubbers for technical to semi-commercial scale
Develop modelling capacity to design and evaluate the CO2 upgrading

Recommendations for future research:

Build and operate test-units for integrated removal under pressurized conditions
Develop the understanding of the N-S interactions — especially the sulphite oxidation
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Read more

« PhD-Thesis and papers therein by Sima Ajdari
 Recent papers by Jakob Johansson
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Chemical-Looping Combustion

Air
Reactor
(AR)

Air

H,0, CO,, ash

0, N,

)
MeO
—
Fuel
_ Reactor
Me (FR)
coal
f—p

I

L/

I

/ volatiles

_______________________

H,0/CO, (enhancing gas)

Volatiles react with MeO

Char is gasified and the
products react with MeO

Gas-phase interactions



CHALMERS

NOx Formation in CLC — FR vs. AR

2000

Ohio 25 kW

sul-bituminous,ron base « NO In AR is due to char transport
1500 1 i « Thermal NO formation from N, in

chalmers 100 kW

bituminous, ilmenite AR IS negllglble

1000 4 around 16% of coal-N was converted to NH,

'<— NO release limit for FR/AR

/ - « Considerable NO formation is

NO concentration (FR) (ppm)

BOQ o oo o s
ICB-CSIC-unitlignie, imentte measured in FR in some cases
/‘\ . Southeast 1kW-2015 Southeast 1kW-2012
‘ bituminous, iron ore anthracite, nickel base
0 © o B O
T N T : N T N T N T N T N T N T N
0 100 200 300 400 500 600 700 800

NO concentration (AR) (ppm)

[7,8,9,11,13,14]



