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1. Dual 5% 7}=3} 7|9 HeA

H FA oA AJFel A Ae 9 npo] QuiAE o] &3 7143t B37]4 (Integrated
Gasification Combined Cycle, IGCC), A&t 43} (Coal to Liquid, CTL) ¥ 2z} 3}ed s A4
TAEC] 7% W vk ole Alfro Aite] skl Eofyitia woE i 9o
A B AdE 28 & R tkal o SE7] wiolth

Aeb/uto] Quj A 7kAdkE GRS AL(600-1000C)00A Fi& Alslslo] & wHAIA]7]
A dHoR £37E FUst FA7FA (CO + HY WE 59 7 7haE Abels 7)e

2] S EH7IA wkgo] o]FolA] mluwA g W=
o] 7] wiitol AUl HA o] V&R 7S Wi gtk FuldAE Mg 3 upe]Qm A
2spol] thgk 71 2A Q1 A7F FE v slov A el s e wmolu dE,
ARarel] g wieket Holt}, thds] H AlAA AR 53] ARy} o
§71e el disiAE ZH AFZ2asie] H 7HsEHa 9l

t23E Bo AAE dATAE FE2 COY Ho2 o] Fojxlon Mek 3l FA o
A A AgE AMEH] 9 729 Ho/CO Hl&o] Cobalt A2 Zwjol 4%
2.15, Iron A9 Z=uje] 4% 1.05 - 1.78 4SA7= 5 4% 47122 Fe =
ek g ATt E D71 fs) ks wihAl e s Ae] gla A WA s wY
T e 7)) sfdke]l Ha gk Aol

dA7A AEstEe] e Fes  7k23t Zlel= Winkler  7F2317],  KRW

(Kellogg-Rust-West inghouse) 7}23}7], Spouted bed % 7}2%3}7], Foster Wheeler “d-=
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CFB 7}2:3}7], Battelee/Columbus 7Hd 7}23}7], KBR transport ¥FS-7], COs acceptor &%
ol Stk 71Ee] Mg 7pxs)s 7bas AR & s ol &k, 7has] dde] g7
w2l & (ASU: Air Seperation Unit)7} &7-dth & 5o A&7kx3st 5324 7]& (IGCC

. Integrated Gasification Combined Cycle)?] % ASU= F FAH|Y 12%% ¥ H|&9] &

o wepd Qe Aavkge Aadk ol F718 A8E Bart glen BAd AATkso

A2 §AT + 9 A Axdo] aF
s Bge FA WMgelnE AL WS s AREH & Fijo] e

sttt 7129 Mgt Zkagbr)= Thast wiAISl ] olld] V]S ol 9l AANteE e



ol A ko] 45-55%F 7] W] A 7}2~(4-6 MJ/Nm)E A St ¢l oA
S 2=t A EF tae | $7] wiite] A4 HAHo = AFshA &S Wt ol w&
Ah slgFo 7 Fgely] A4 Fuh ALhuAZ F7]7) ohd £ AAE ALEEHH T EEF o]

5 VEe 7|EAE FUld g Aivkgo] dojut

12 745 gt} Fig. 1ol 1 7id
& Helupel o] 7 Jje] wherlE 27k Hol o da F A Thae dAARE B, )
23h W3 5 AA7IAE 7Has]E Sl SHA R EelEo] wEyr] wiwdd & % o4
75 S 5 AUtk BdE 7 Rkl BEjol 2 duiAlE sEAF o RA AaRoA
ARE d& duiAlE S ThRsIR Eaete] shastel] e d& FEe B3 ASUZE
o flemr FAHE A =49 5 de A 7 Aok H2 AAHS® o] double
systems &8¢ 7F=SEHES] o] &iks] o] Folx|aL glof ofel g AUl S dHE

AT A F Zgo] E Aoz vugi,
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Fig. 1 Schematic diagram of dual fluidized bed gasifier



2. -9 #H 7= A%

o A sl ole] o]Fo] EAetar B Byt HA= FkAINE ATt =
2 7R 47 gE olgS Al HAH dlE =W Battelle-Columbus 7F2=3F &7
(2001), EBARA A}¢] Internally Circulating Fluidized-bed Gasifier (ICFG) 7]%, Hayashi
(2006)9] dual-gas flow two-stage (DGF-TS) 7}2~3}7], Corella % Herguido (1992)¢]
Multi-solid and Catalytic Double Fluidized Bed Circulating (MSCDFBC) 7}238}7],
Hofbauer(2000)2] Fast Internally Circulating Fluidized Bed (FICFB) 7}2:3}7], TNEE(1989)
9] dual fluidized bed 522 E#H$t}l wWebA Corella et al. (2007)& ©] 712 WAS “Dual
Fluidized Bed Gasifier (DFBG, dual #3535 7F237)" 2 FA37] 2 AlAsk3iTh

Dual 3t &35 7123t 71 damA=R 718 AREsH] wdol 7] &2 44
(ASU) 7} 48 glo], AAAelHA 7t238t dqelAe= & F57]8 o&s T 439 47k~

g 9% + 9= FHe 7k

2 FAWEY] Zpasirleh
fluidized bed (BFB), (2) two-in-series BFBs, (3) revolving (EBARA’s concept) bed, (4)
circulating fluidized bed (CFB), (5) riser with a BFB at the bottom, (6) moving bed or
downer % shu= AT

7h 2719 AT OF

%719 dual =% F55 7F2=s7lo tig A7A}E Table 1-1e Ae]aisict. 4&e] D.
Kunii 2% 1976 Aoz di wopy] del RDOFE ds® AHe 5% 7F2=38F demo
plantE Ax|slglom, 1 AHRE Table 1-19 AASFFTHCorella et al., 2007). K-K
(Kunii-Kunugi) &7y} Pyrox 34 fAQl & of 71 =4 azsk J vz 7px3)
T3 Ax P 9HEE sealingolth. 1E Yste] Deep legs7t K-K  FAHo|u}
Pyrox& 8ol AREHAAIRE, ol gk Bie =& Aotk

et oA += LERMAB (University of Nancy)®?} TNEEA}, ~12]3l Saint Gobain®] DFBGE
st o] 500kg wood/h 32 7F2slr]= 1984-19854¢) ZAEJoH AA7FA~e
BAFe 15 MIANm' gloz degh 7kedrle 800°C 2YHE /1E f%%
71903 7k wjE T (o] A9 Gisl 7k)E 2 dRlen, dAv)e AEFET riserEA]
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ngo = 23840l F9] Battelle-Columbus Laboratories (BCL)|A 9] Pyrox
system¥ W52 DFB Hio] Qujx 7kxsr| & spdsiglon] 1992 o] 7]%& FERCOAM}
ZzH =)™ Burlington, VT demonstration scale®] Z=93tA Ht}h 159
W ok 2
(D 7h23p8 A7 s Alang v Hy dhaFolvk (17.3 vol%).
(2) k=87 ol B EdEke] T (23-32 g tar/Nm?)

(3) & HAITEHNEE Aoy AAHeR F&s Hol i 7ha8 7] &) dds)

el Eskar of gAo] 9 FAHMA=A i A2 o= ol 7F ivt vt

single reactor W9 =8 A|2=8o] ofg] ZAHS 7HA AL dledets 932 & & o Sk



Table 1-1 Pioneering dual fluidized bed gasifiers

Value/Comment
Parameter Kunii and Lelan and co-workers Paisley and Fonziand
co-workers co-workers Italenergie S.p.A.
location of the authors Funabashi, Rueil-Malmaison, Butlington, VT Sulmona,
Japan Nancy, France USA Italy
Gasifier
type deep BFB BFB riser BFB
gasification agent steam recycled product gas steam recycled pyrolysis
(0.76 Nm”®/kg pine bar gas + steam
ks)
feedstock MSW pine barks several types of biomas  wood
(38% water content) s
capacity (kg,./h) 6250 500 ~ 9000 100—300
internal diameter (cm) classified 55 120
effective (internal) total height  classified 4 0.70 (bed)
(m)
tempetature (°C) 720—750 760 660 —820 700—750
pressure (at the top of the gasifi ~ ambient atmospheric
er)
Regenerator/Combustor
type deep BFB riser riser BFB
internal diameter (cm) classified 50
total height (m) classified 8
tempetature (°C) 820 —850 980 830 —880
pressure (at the top of the ambient atmospheric
regenerator)
sorbent or catalystor in-bed sand sand sand “inert material” (0-A
or in- system circulating 1,05)
material, C
circulation, cycling, or recyclera 40 —50 20 ? ?
tio
C/F (kg C/h)/ (kg feedstock,./
h)
Results
tar content (¢/Nm")” 38 23—32 unavailable
LHV gas (M]/Nm3)b ~21 15.0 17.3 14.6
catbon conversion (%) 83% in gas [17% of C 74
used
for the entire process]
Ha content o1 %) 146—165 227 22 335
remarks commercialo  pilot was operated by the combustor was an
peration TNEE in la annular chamber
for 8 yrs Cellulose du Pin Che surrounding the
mical Pulp Mill,at gasifier
Facture, (they were “two conc
near Bordeaux entric BFBs”)
da.r. = as received. bDry basis.



