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Abstract
Because Taiwan isot rich in landbased energy resources, the ratio
of imported energy is above 95% at present. In order to decrease the
amount of utilization of fossil fuel, the target share has set by the
government for renewable energy. The biomass is the most important
renewable energy beside conventional hydropower in Taiwan. Energy
recovery from biomass can not only benefit the environment but also
make profits from energy produced. Gasification, the
environmentabeneficial process, defined as the conversion of
carbmaceous feedstock, e.g. biomass or waste, by partial oxidation at
elevated temperature, has been considered as a core technology to
recover energy from biomass in the world.
This study is to investigate the feasibility of developinghamical
looping praess (CLP) integrated with novel interconnected fluidized
bed (IFB) biomass gasification systelm order to establish operational
parameters and provide the information for future commercial design of
an interconnected fluidized bed chemical looping cmss all
experimentsarecarried out in an interconnected fluidized ked model
gasification systenwith four 6 cm x 6 cm compartmenisanda total
high of 15 m.
The objectives of this study are
1. Establishing a chemical looping process (CLP) integratitha 20
kWth; interconnected fluidized bed gasification system for applying
metal oxygen carrier
2. Investigating the effect of the operational gas velocity on the syngas
composition;
3. Investigating the effect of the operational gasificatemperature on
the syngas compositipand

4. Investigating the circulating rate of metal oxygen carrier20 &Wth
interconnected fluidized bed gasification system.

Keywords: Interconnected fluidized bed (IFB), chemical looping
process (CLP), biomaggasification,syngas.



5A
~ Y  sY2015Yr 2014Tvio¥Y N

f<|

Pm2

A 756104 Z MY i K 7.96%9 1 K 34.71% w
AT VAA} o A Og VU

K

& K 32.04% by
0 A 0.77%/

NtY 20131A O  248.70 MK 1

22. Y~ Wd 'O t 10.63 ¥ IEA, 2015 B8 U]

B U
20 YOo© 1. 1. 1Y w0 voY NNV £~ AN
YZMN Mo @/l X220 ' Yoyy z 1A
| 3 MYW Q&0 t Y biomass gasification
o] Y thermochemical conversignu Y ... T P
I oA m ou Y z QY N Qv Q ¥
WS NLoYKwoe nA  YVz ° i YE
R sBA 3 N¢|
¢ CCOl Yo t ¥ chemical looping proce¥sCLPy +
C £N o ¢ H&6 0 %Y .. 0 QW ¢
o YVh hy A 3 Y0Ou LK O =3
o YWo00 ¥ o F YwL %l Nnnyw
XY 2013, o 3 9z ) non 0Q

oY Y oxidation reactor

Y oxygen carriegf” T ®&E A



4y Y reduction reactgr B Yu O 0 N

A4y Y B N o y o N 'H 5AY A
QO~ LY o Hiyu nwefQY vn Y201%Y
1.1"Hy |,
N, + O, CO,+H,0
Me,O, L
Air g Fuel
Reactor Reactor
Oxidation |* Reduction
T Me,O, , T
Air Fuel
1.1 o vy
o] Ay av N d9dh Nu fir fuel reactoy
M1 Y YMeOy 4 Y N 0> CO, H,OY-~
MexOy / 423 MeO,.4Y, 1 Nu X W A4y

YreduceyY Zuy . N (LIYHY YV XY 201

Nu

(2n+m) MeXOy +CH, - (2n+m) MeXOy_1 +mH,0+nCQO, (1.1)



Ed u

2Me0,,+0,- 2Me0Q, (1.2)
y
CH, ¥ n+m2y O,- mH,O +nCQ, (1.3)
4 A MexOy-1 q d'ES u Y air reactoyy
ES MA PU Yu © MeOy, AENYyYd G

Y loopingyY ., "1 'ES u X + ou Y oxidizewY Z u
N NEHY Yw %Y201 . Wn (1.1) n(1.2yYv ¢ A

4y Y. n(1L3JHYy |

n ° Zu A Y~ nY w?
N oH A | 1G¢w NI E8&° Yoo
y VK P o0 Y 2 Wb t CO~ N,1Y

X 03 NEYfuely 2 £ Y thermaly 0 QY NOxy A
NYK £C h m 4y A[Yw XY 201
5> ° Ao y MYo~™ Bgh = ol R
Y dual fluidized begdN Y  Diego et al.. 2007Kolbitsch et al., 2009;
Shen et al., 2068W L ¥ moving beggN ¥ Fan et al., 200%

1.2°Hy [ = ol £t ZM A& oyT1® x ol YZME



Sy £nth Nnax ol AY Nu the &7H

nas ol [Y Ny M Nu L o q
Ed u Y q Sx 9 Mwu Mu p =~ bl
Yqa = Nu ] £ t N KW
Y n cx ol AS Y X W R A 2Y
, D M= PYVW XY 201y l NAoO y
Vi W oG Nu MA Yoo o

=Y plug flowy ACGH » YW XY 201k

N,+ O,
Fluidized bed Moving bed @3
]
= -
Fuel () O
o ®
B -
N CO,+H,0 o
S =
2 5
(@) - (&)
S
Reducer _§
H,0 —>f5)
Air Air e
1.2 o y £
W x ol W M 0N olYinterconnected fluidized



bedY IFBy o KW+t o My YZ..  ZH n 3

ol uz | YO M ol o> ¢l Yu On
"Ax 0 o 0, L Yuyd2'™™ N, y t ] B
nax ol A W , 1.3 Hy Y= o | U | ¥ dense
beds Mt M u A A3 EY orificey ¢ | ¥ lean begt M
| ° Il Mp ®Yq A Yweiry dg¢ G L MY
NE~ OLB Nz ol z nx ol M, YT
Z A Y ydzx o
u ol | YKMe9d u WOAY «+ Wi X

nx ol t |

B nx ol N 'EQO 19807 Y Kunii (1980) H£ E

QHWN Q&o + A Y p20Z9x ol y

¢ ¢l N . EVt Sl wutx GY?»
mo1L ol T a' 47 M YW vad DAy
Fu | | MLYKuramotoetal. (1985N J]  Kunii . Mx
7 P9 06 I nwnj

B nNx ol € Avwn/ =971 A1 Y Delfts €

P 2C NwA VYN Y Korbee et al. (1991) . Dl nox



v w u. | mwepPtwnYuEn Zt

"
he N ol Ry~ Z1 _ EpP>twL ~ UB 0
s ol wn”™ Ot | . 1lY s E€EHY |
“ulT oy W1 ¥y ELS vy wnz |
Y Q Y sE €Y I Y'H MA |
b " ) a’ Hx 0 o1 ¥
vin |l L Snipetal. (1996a) pB N3 ol ~
" B'H Nx Q Y O . y W Z GOl w)
by nNx ol A J  ¥3EEhy -1,
«yl " HZT €Eltby | AY oy EHY N -u
iy W /ByELS u 117}

4-COMPARTMENT INTERCONNECTED FLUIDIZED BED

----- + through the orifice [ | 1,3:Leanbeds & fluidization air

— Over the weir |:| 2,4 : Dense heds weir
"N ey
+ 0

4 \__/ 3 from d ““r“* ----in.* “"i.“* io 1

“* * #* #*
solids flow in the IFB system

top view

1.3B nNx ol y



B nNnx ol A doun. Y 1460

Delft3 €  Korbee et al. (1991, 1994) Snip et al. (1995, 1996b)

PB N ol ghn ] B/ XY 0UxT1>€eH

200kwthe nx ol do Y . do Z T
x ol YW wdol (Wu etal., 2004) ~ 3w /Mo

t oK moOB nNnx ol Y o "pYZH
l Knun Wit ES u 4 Nu ] ~ W P L
0 3 o A + MYZH I X Kun Wi m 0
L] OnKé6YOUB N ol Y oy M Y
Z° o N nmoNXepf > {1

A" g wewiAvVN K P W'HO h £8
Nz ol o y x2PtNun, ¥p @ Y2014
uf nx ol W neé 0. fg @ Y

2015Y 0O Cé 9 10cmo CIIx 3B nx ol m M F

yYiyy o, N’ t A | Yo~ W
by L7y & yaE ~yasE <YW Wtaw
o4y Ww L oB nNnx oluyu N M 8]
Q yYx | A QMY L wg§ n



-~ F1 Y€ p CRSy

Jc LYA 1l

10

Yo X
M Y3 E

uYYay

1 FY%d = w]° ) Fa Y%d = Mo
L™ F%d “tvY |7 F3135kg Y I,
Ll B Y I LY 1w | &0 2 D
xd ~ F; T FaE " Y%d ~ y pocA ]
35 E <« FYXd X Flvm % W g FY
Mmxd U bIE o0oY'HW Wi u BXxd
T 0. ¥n QYz aw o J] F 0zYX
CrA s 1Yoy u t A Q Y X X
o4 B Nz olwy A YuWis W 0
n sVv |
~ 0 QYA™ g et Avn O 20167 Q = P
CW'H6 Nhs Nz ol §oN 0 Wpéeh Y
Bo>fdU20kwthe nx ol M Qdo N ¥og
o Y2016Y XKW+ Avn P, o n z}|
"NYA Mo~ 3A0 A £NB nx ol 3 Y



tYOGCBO

<l

11

M 20 kWths

n o

P W

ol &

Qo o N



y wn CJA
A P&oO AN Qo~ ..Ww K Y wood pelley
toYZ D>uépqll uné Yproximate analysigr b 5 G Y

K unyisun ¥y a wunéYultimateanalys¢f by y y Y

1TMNMuné)] o "H pMNuné CRA..V

i

Q
<X
=

rnoopd ! H @n Yo~ B NIEA
R213.20€@ W yy NIEAR205.01@ 3 uy K un ¥ NIEA
R409.21Cr a un é y 4 NIEAR214.01Cf 1wm € y|

~

¢ A "Hv n N by KM n M Channel DV602 M
Y tJ Gy K wun M Channel MF40
Y +50°C~1,600Cy Y r 17 N Parr 63006 n K .

Y CalorimeteyY Wi, Pa uWéHv Wl Vario ELa un ¢

Y Elementay],

0 /7 0C 20kwthe N ol 8o N
B PWN "QdoMNo W Y W Jubjdo =¥
x ol & ¥y 3 Yo" ué¢ 3pH560, D

Ado N .. 8'Hhx ol £nY € L 4

12



kght N 0" BB n= ol do y Nywdy 6L
Eué X uN Y 21tA 8o N My
Y 22tB nx ol do A L B Nndé HN

g ol do o ..W 6 mm+ SUS31UI 0 YCZENX

AL MYé&3+ 6 cmd G t 150 cn¥ l M
Xx3cm T sEY u & t 6c¢n l M v
30 cny 4l | Xt 30cny | °° Il Mp®Yq
A ¢ ¢ Il MM Xt x3 6cmd CY 30cmrl

COYd OzZA gy &M t° 7 254 cml SUS310M
] u W’ YTA 4yl¢d wme £ 2mm

4 1 SUS3101 TaaYa 15mn¥ s wmt 2%

F N By 6F oy F YW ChF YF

A v saY | L | YF o/

OPD o al o&F K 7 Nnt/hr'ES O%% F 3

o

go’cY F /X =" 900CL A Méo W

- " 700°Cy 750°Cy 800°Cl

Ho£ "H N ¢l » + 2-10Nnm/hiY @ x|

P aYuw PU Tl u vurYO, # . a

13



o L Wa Y L & =" 11V Hx 086 Y minimum

o

fluidization velocityy UmfyyY L& unun W' XHF4N Umf
Y Op 3t N Tl ]
Feeding

-

8 11
1
Air
2.
5. 6.
9. ID Fan 10. 11. 12.
13. 14.

21 20kwtre nx ol U Qb o N

80 "Hvml YV Yt xd 437 mmA  + Y
Z tbx o = 180cm¥ B LW Q do pn
do, DdYsyngay J] € Mwu YW | Tl Y q

Z 7 169cn¥ 80 cmfl 0 o Y wet scrubberY B

14



2 E YW FRW £ o Y 280 Ny

4t Yuve, 286 <YWoa wuénum), 26/ a
TRYu QA3 Agilent7890A6 7 ¢ YGO PuéYO

"ned by O6y< o yo6 y3y o Ldo,6 26

1/ V GC'H nao DKWY A Bsp N @

22 20kwtre n i ol b0

15



h fu h Y Guideline for Standardized Tar and
Particle Measuremept3.3Q P T 94 & N Y
L"QA L Y IEAy Y TR "H mYudt

© 6 v Y Comité Européen de NormalisatirCENy [T

LAa N Bq'lf y N ¥y 1l u E
Ll # 8o v M LYL 1/2 inA 3101 Y
"9 N o f >db * DNYuy =Z -

o

Y nmy 9 eQ@

=l

350°Ce H | N / i
YBright Shel aydl | MEiltéfine IDW10S3/4£L316d
N Y 341 cny’ " 10.6 cnY B z 3161 ]
ub ' DNY =2z <’ 3BCCeHYWT Am |
z AN 26 LY 9 0] Yé kK
27cnyY’ " S5cnWB 0T 6 mmr 100/ 4 200ml
YQ XKk E ¢ Y 0OXW AW M| "% z
n. 26 dN §f| ... n Gaste @ Model
0523V3-G588EDX Rotary Vané 1/3hp 'E ¥ vacuum pumpY

Z7% b 157 31cfiYg XF GCx . Y 1§ xn Y

L P N =0 |

€l

16



=4

<¢
=i

na

Y

60N

B

o

ud LY

/

o’CY V A

P

A

Q
Tl
A
> LMA

apuNdx Eu

M1
- a Y¢GC
L 82.5Cy Y

X U 20 kwts

17

P

/

enm )

N ol

o QI



~

"o, A 3BpzB nx ol 3 T Y
Y W t Y P W opnd o DI
>N Yuw LWt wne
Q d

=/

Cy B nx ol 3

YCy¥o My o O E
%6 TOW Abr ~ NYeEC o N7 A
)| Y global warming potentidl GWPy|, Al A D

O XYy o yo6 y<¢ 03 yao o QEér oo

Y IPCC, 200%Y N1~ & 7 AL A Z GWPE’
EOM =X Y., 1Y} o t EA A5 VY,
£ty o 5 Wt OA 45 MP X 75%A hm WY oy
T €8 MA 1]

L2 " ~n oY NAV DES MAY o o
FYn E€86A3 o -=ll o> A 280 ppm f 3
20107 A 390 ppri¥ GMDyY £ °  %d <A Foa ) 2°CYZ

o~ -,

£t T Nk f§ oMYy o A <=N¥K 450

18



ppny A €8 A3} o <1 gk 39 <A 15% |
Y ¢ o MS A O THT AL

B3> +tAY w0} o "03 €5 MA ‘03 M
Y ay I HYa A JYby to A £
NjYcoy F Kqgl AW YW NéEM 2 yY H
AV n|Y dy o Q E MANQE | A W , ) o

Y Metzetal, 2008, - ATYhXGCH3 W )

"H Yvvop A fCA 9 mAua2bX A6

B A 0 |

o ntyewm 0O 24 | ¥ carbon dioxide capture and
storagf CCSf D0 35 At ney o | 253 1 W

é T W n Ay o Y Z 3, AB Y

uv I o €8] IPCCA | O eM O vy

& | + pxewmAn A |

o 0 T Ll & A nogXtvo~” ACAD

LY postcombustionty Y oxy-fuel combustios L >
Y precombustiofY u3 BXuy A Aoy unz\X Y
Toftegaard et a&. 2010y 2 us A 1} € nA

19



M I A & F DAL ~NL 41730
YCLCy + Yh w 0 A JAL IPCC © | O
A M 0 T 0 DA @« A3 NQY

ML A o 0 Y Enhanced Capture of CEZENCAPY.

> N t* Yoyhzo L

£t 0 X N7 o b pnYBz?Y o
Ht A Y Anthony, 2008, ¢ W Yo Tr ©
A Y 4 o0 o ™ n’ AE YZz
X N ~A L7 OCH Mm> Y SAE 1Q

q oW L] N A 5 AKD Hp W

YN o At ®31HY|

£t B A3 AY SAE Q H ES MA &
qhny u W 0o Y CLCy g, o

N mnn"- AKX f[L° . 28-0 t MY

<
()

€ oo BAdou QY D0y

20



NTE YT do N A Nfd ALt K

o - o

50 VYE N é KW " CHuy Y " 4B 8o0
0 Y in-situ Gasification CLY iG-CLCy A + MY

A~

€ Nu B AE Ndou A Q Wu | b

K Wo t Y ChemicalLooping with Oxygen
Uncouplingr CLOUyY K pwE N "H A ]
®31.) o 0 nNo W
Aim Primary Process Main features
fuel
Combustion Gas CLC -Gaseous fuels combustion with oxygearriers
Solid Syngas  -Previous gasification of solid fuel
CLC - Oxygen requirement for gasification
Solid iG-CLC - Gasification of the solid fuel inside the fuglactor

- Low cost oxygercarriers are desirable
Solid CLOU - Use of oxygertarriers with gaseous,@elease pyperties
- Rapid conversion of the solid fuel
H., Gas SR-CLC - Steam reforming in usual tubular reactors
production - Energy requirements for SR supplied by CLC fuelled by tail gas
Gas aCLR - Partial oxidation of fuel with oxygen carriers instaegteous ©

- Process can be fit to produce purg Stlream and the desire

CO/H, ratio
Gas CLH - H, is produced by oxidation with steam of the oxygamnrier
(OSD) - Three reactors are needed (FR, AR, and Steam reactor)
Solid SCL - H, is produced by oxidation with steam of the oxyganrier

- Previous gasification of solid fuel with,O

- Three reactors are needed (Reducer, Oxidiser, and Combustor)
Solid CDCL - H, is produced by oxidation with steam of the oxyganrier

- Coal & G, are fed to the reducer reactor

- Three reactors are needed (Reducer, Oxidiser, and Combustor)

21



t?2 N SYK OESHT Hwyod Aq W)
ES 2AavgWl YKWuntz b 87 o
Y Steam Reforming integrated to Chemitabping Combustiol
SRCLCy € 0 " Y ChemicalLooping Reforminy CLRyY
CLRZ ol Qw:o N A 63 o |

Z7 2K wu AQ W du n A
L O Y water splittingr oY "KW 0 5

Y ChemicalLooping HydrogelY CLHy 'HoGC 9 Y One Step

Decarbonizatioty OSDy ¢ ' Y Wwu "™H Ao d o

Y ChemicalLooping GasificatioggY ., . 2 & o Y Syngas
ChemicalLooping proce¥SCly + € f ' o tY Coal
Direct ChemicalLooping procesSs CDCLy| u + ~  E

8A O0oE Wwu>d A qWl

u AA K 0 Lewis and Gilllan® 1954t "H &OA G
M 9 A ¥ o MW ¥ Production ofPure CarbonDioxideyhY
ZM  2CM R 3CLC ' A EYPIO ?n p

oA AYWuvnzvf = ol E L L’ o

7' 1 Richter and Knolee¥ 1983 p CLC + A4 Yu

22



20Y N’ A i Y A p2aw 0QWt

Y oy o H o wyw N p oy | ~Ylishida
et aly198% ~ VA 2 vYnaM\NINK o Y Z v
nTt?d 10 viw & 00D 1 AN Y

Y exergy losg|

Y3y o No
1. +  AA
0 v OE ES B NY
9 NEESN Y  31°Hy |
¢ eY N 0 QY MeOy ot COé
H,OY Z 0Q At H MeO,..Y 5 N ot

CHaOYZ A4  CON 1'HyL, € 90~ N& t

CO8 H,Or Wmé o L = CO, g |v
E Z°7 ¥ o 0 3 W fo- Y’ oW
YCLCAT zX?3 o0 u 2 A t YV g 3
o U aé 1 |

23



N,, 0, Me,O CO,, H,0

Xy
Oxidation Reduction
reaction reaction
Alr Me,O, Fuel
3.1¢ 9 N o
2n pMgO +CHy Y 2n  +p MBO, ,;+ 10O,+C O H Y 3.1y
2n pMgO,+ n M2p20,Y 2n +p MBO, aHy Y 3.
CoHa @p+ N mM2-p20,Y nO€ IO H.= 4+ 3, Y 3.3
2. 0 E
0 Y CLCy E. 1"™HY YK N1° £ Auy
é Muo2Y YaZvT1® A l Hy ol y

Y by f &Y alternategg A :: Hx ol y Y cy Y

Y  32°Hy |

Air Gaseous Fuel Gaseous Fuel

3.2. CLCuy Y Hakonsem et al., 20%0

24



55 ] XE ACLCU vVviZMT® Ax o
Ly YZMCY 4 Nu Y¢CYt ESu Y' "H
A Nu M N P Yn 3.1yY~'Edu P
AqUYn 3.YZMy n £+ 98 » H vano~
%Y loop-seayf T |

vi u EA ¢4 A0t N YBYX

B . 1N A . v n | Lyngfelt et aly 200 ™ n
ol P _Ys B + ~8_ A8 E YUE 7Q
" Nu € ES vy N Ax Y zZ X v Z
- A L] Z- vn §y CLC KW’ | t P

Y Kronberger et al., 2004; Kolbitsch et al., 289 ~ O Apc

Wit 'ES Y YEO SdHNn »x ol Wit Ny Y u

~

£ A4y 1 Y Lyngfelt and Thunman, 2005; Mattisson
et al.,, 200¢Y s B A 14 KWZ oy -
A + Lec H Z43 Y Gt CE Q
R 2Y 3t WwR Yv' Nu M N
Ky 7 L XZ" W7 winZzZMy £ 6 HN » ol

Y Adanez et al., 2006; Ryu et al., 21,0

25



QWX NE'ESu Z4'+ LT A 120kWth 3

o

ol TUEIENY Kolbitsch etal., 200%Y ° N M n A
N 4 SHhTmYZ xQ B 736 -E ] E& vy
Lo LY S E LunYE T E&
Y Z~ CLC TwmY X AE é
B | |

Son and Kir¥f 2006/ n 1° A . 9 Y43 1kWth » n Qu
A CFB P CLCYNYHzDZMSd Hnx= ol  Miu

ZM 0 uYZ9oc B&M GYu A

Shen et a 2009y . 3 10 kWthA CLCLI Yviall Q
H fWEANY®W =l &™HL Wi Ny Y omloX
Z Yo" A tu AYN" AtLB 2Yinnerseal]

Ll MAu A 2 f dou € f L J28A A

Wo . TwY A Etz+vf ASH & UAE
ot aY A AIFPX 10kWyAT§f S Hnx ol YO

N

Nu € Z1'Ed u yu UYE = aYZE

26



KO 48 xw aYécHdy AE | 068 L
a Y Rifflart et al., 201§},

Dahl et alY 2009 € Hakonsem et &. 2016+ p 3 Y

Y "N OAQ T8« Y' ZMy M
g & W 9 ZMuy S Y v A Eo” T
9 Nx€ES xAS .Y > K 9AL
3.

0 N weae AT Y z Wt A
(1):: RA & 2
(2)° CLCX A 2 f @ N D CO,&é H,0
(3) 0 Ay Mu 1R Uu¥K Py
@i AV
(5)° E&u MH O CO, RWE e "H1co A
CO,0 | Y capture efficiency

6) N0 Y agglomer#ony
(7) D Ac
(8) N

0 QM Ay oo Ls M

27



a ¥ de Diego et al., 20G¥ A 90 W EA®Y

y R F) F K F A A
N I Y ionic conductivity of solidg Ishida and Jin, 1994
AN A> CRA Z4§ YW, Q
0'Q y DEy MY\ y 'H spin
flash Y o'Q oAuX QY 3 Y P
0 Ay A u Ay = AL TY X,
AY impregnation methotY z 9 { AE 4z X b1
A BY i v el
4 COf
v CLC ! é Avin wYTGC »~pY
é O M DNY. t A~ WMo, QzXxX  foy X
Yy o Uy 20 NuYp u A YTy
Y3> t ° CLC mpt «DN] GarciLabiano et al.
Y 200% Wn CAv i Cut A P CLCu AL Y
Q yzu AE Q ég A or . A QL

28



5. E Pt

E A pPt.. = oluy MA™ " MNCYW

A 2 =¥ crushing strengg W+ GE YW Kz oE
P LA CEA &V ¥ASTMD5757 95V
n o 8 B o 44 i Ao 2Y chemicalstresy
Q | Y physical attrition effecgsy . 1 Y® n~ H
WAx ol CLC aMY 1 o A4uy A QY

t VA s |

® 3.2, E

Carrier Facility Operation T (°C) Attrition Lifetime References

tme (h) Fr AR rate /) ()

NiO/Al 0, CLC 10 100 900 1000  0.0023 40000 Lyngfelt and Thunman,
KW, (2005)

NiO/NiAl, O, + CLC 10 1016 940 1000  0.003 33000 Shulman et al. (2009)

MgAI,0, KW,

NiO/NiAl ,0, CLC 10 160 940 1000  0.022 4500 Linderholm et al. (2008)
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KWin

CuO/,®Al  CLC 500 60 800 900  0.09 1100 Forero et al. (2011)
Win

CuO/NiO-AI,O; CLC 500 67 900 950  0.04 2700 Gayan et al. (2011)
Win

Iron ore CLCs 1 10 950 1010  0.0625 1600 Wu et al. (2010)
KW,
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and Ishida, 2004; Anthony, 2008; Wang and Anthony, 2008 3
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stack

Gas analysis
CH,, CO,, CO, H,

stack

Gas analysis
0,, CO, CO,

Air Air N, CH, N, Air
10 kWi, E N
(CHALMERS) 10kWthCLC S N (ICB-CSIC)
(Fanget al., 2009) (Adanez, et al., 200§

10kWth& N (IFP-TOTAL)
(Rifflart et al., 2010)

10 kWth 6 N
(Xi 6an Jiaotor
(Wang et al., 2010)
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0-100

50 kwth KIER1 CLC ;E00AK5A(KIER)
(Ryu, 2004)
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CO2 + H20
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|-~ 111 Fuel reactor
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~(1

Air

25 kWth E N 10 kWth E N
(Ohio State University) (SoutheasUniversity)
(Fan, 2010) (Shen et al., 2009)
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