Chemical Looping Combustion -
power generation and,kbroduction
with CQO, capture

Jason Cleeton (Energy Group)
Supervisor: Dr Stuart Scott

July 252011

BB UNIVERSITY OF FETE Conference 2011, Homerton College,
qp CAMBRIDGE Cambridge

Lepa ng



What is CLC?
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What are the advantages?

No sorbent required

No ASU require

High fuel conversions<{(100 %) achievable
Applicable for range of fuel types



A typical CLC plant
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CLC with H, production and Power Generatio

Steanr
CO,+H,0 Oxidation
Reactor
/V
FeOlFe
Fuel
F@O{
Reactor %
Heat
C.H Alr AVAVANS
n' '2m . .
Oxidation
Air Reactor Reduced
Air '




Flowsheeting of a CLC Process with
H, Production and Power Generation



Turh 2
é N *=— EEDI EEDZ
C':'j."Hg':'tD llllllllllll*
cooling/ Fe.(l -
condensing * e .
(1) : : %
- u ! t
aFEls F'&p pa7U - HSDI,;Iﬁﬂg;D
- - condensing
§ é . - (4)
: . Fe,O, v
2 10 (3)
e L] e OX * OX1
(2] 1193 15K
A H
Tuth 1 . ?
m FPutnp 1 )
i 1/ % sesEsEEE - g
o A Water O HE mat. stearmn
AL
—p  [uel stream sunngp OCstream  «\N/ Direction of heat
transfer
........ - wwme s Ajrstreamn

Process Flowsheet

H./H, () stream

‘ Byngas

(6)
GASIFIEE
1173.15K

Coal

< |




Solving of Flowsheet

 Modelled in MATLAB

— Thermodynamic data from NAS-Glenn databa

— Reactions solved by Gibbs Energy minimisation
 Two key system variables

— Iron oxide circulation rate.,
— Steam flowrate into OXng
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Oxygen carrier recycle rate in mol Fe/s (. )
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Enhancing oxygen carrier performance
with Al,O, support



H2 Yield (Actual/Theoretice

Al,O, as a support material
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Fe-Al-O phase diagram
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Effect of FeAl-O phase equilibrium
on H, production
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Oxygen carrier particle after cycling
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Conclusions

e CLC has high potential for highly efficient
CQG, capture with both power generation ¢
H, production

e Can be optimised towards producing electrical
power/H,

e Oxygen carrier support material (such as
Al ,O;) essential for lor-term performanc

— Interaction between reactive and support material
must be fully understood.
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Thank you
Any guestions?



Phase diagram
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Hydrogen Production
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