Parameter study in order to reveal critical design
issues in the design for a CLC power plant using
solid carbon as fuel

18t International Conference on Chemical Looping

IFP-LYON, France 17-19 March 2010

Marie Anheden, Benny Fillman, Jens Wolf
Vattenfall Research and Development AB

© Vattenfall AB VATTENFALL ’:




ECLAIR — Key objectives

« Emission Free Chemical Looping Coal Combustion Process

« Demonstrate the feasibility of CLC process 1 MW pilot
 Find feasible oxygen carrier (OC),
* Verify reactor design and simulation tools,

« Conceptually specify and design equipment for emission
control

« Assessment of environmental aspects of CLC technology
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ECLAIR project

» Focus is set on the development of an integrated CLC power
plant simulation model.
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Modeling work

« A model of the whole system has been modeled in Aspen Plus;
including both CLC reactor system and steam cycle

« The model is based on:

heat & mass balances

Equilibrium and restricted equilibrium calculations are used to
model chemical reactions. Reaction kinetics and hydrodynamics
not included.

Estimations for auxiliary power consumption e.g. coal mills, coal
feeding systems etc. based on existing power plants

Steady state
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Modeling work — Sensitivity study

« The ENCAP design has been reviewed and parameters
which have an impact on process characteristics and cost

reduction have been identified

Fuel reactor:
# | Description Variation ranges (a) Variation ranges (b)
1 | Variation of (a) steam/(b) cold CO, 0-90 kg/s 0-90 kg/s
ratio recycle for fluidization. Base case 18 kg/s
2 | Variation of (a) steam/(b) hot CO, 0-90 kg/s 0-90 kg/s
ratio recycle for fluidization. Base case 18 kg/s
3 | (a) Coal conversion vs. (b) Carbon 70-90 % (once 20-90 %
stripper efficiency. through)
Air reactor
# | Description Variation ranges (a) Variation ranges (b)
1 | (a) Variation of lambda value in AR 1.05-1.2 20-90%
vs. (b) carbon stripper efficiency
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* Influence of steam/ CO2 recycle ratio and its amount
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Parameter Study
Influence of fluidisation media mixture and total amount on the net electrical efficiency.
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 Coal conversion vs carbon stripper efficiency
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Parameter Study
Carbon Conversion vs Net electrical efficiency at various Carbon Stripper efficiencies

417
77,9 Carbon stripper eff 20%
416 Carbon stripper eff 50% |
—a— Carbon stripper eff 70%
—e— Carbon stripper eff 90%
415
Mumber in graph corresponds
= to the CO2 capture degree.
&Y 84.8
=
(%]
=
S 413
E --Illlllllllllll----- 002 Capture rate 900/0
o spmEm
E 41.2 90.2 | --llllllll-------.
2 0 93,0
3 a1 ——
e 95,5
e 96,5 T m 072
409 0\~ 99,1
4{],8 T T T T T T
60 65 70 75 20 85 a0 a5
— Carbon Conversion ratio in the fuel reactor [% )
© Vatienfall AB 10 ECLAIR  varrenraLL 2

cLe




« Air supply vs carbon stripper efficiency
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Parameter Study
Net electrical efficiency vs Carbon stripper efficiency
and at different Air Reactor Lambda Value
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Overall conclusion

« Critical interaction between desired CO2 capture rate and net
electrical efficiency.

 Potentially a 90% CO2 capture rate could be achieved if e.g.:
— The carbon conversion in the fuel reactor of at least 70%
corresponding to a carbon stripper efficiency of at least of 70%

— Or, the carbon conversion is 90% corresponding to a carbon stripper
efficiency of at least 15 %

A decreased carbon stripper efficiency results in an increased net
electrical efficiency. The reason is a carbon transfer into air reactor
yielding an increased CO2 emission. This results in a less power
consumption of the CO2 compression.

« The most critical parameters in terms of net electrical efficiency and
CO2 capture rate are steam demand; carbon conversion and
carbon stripper efficiency
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 Implement reaction kinetics and hydrodynamic function into
the model

- Updating model by knowledge from the 1 MW CLC pilot
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