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SEREWEHAIN R & FR I i x B R . T - BB AR L OSER - LEHAOAEH
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Fifs R (O CTHL) 2@ TR L7ANER IR Z & O 2lnfk OMFIZR CTHIERRKZ LD 10
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29
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AFEVE (75mP AN H) BMEDHAL, T OEFEEDREMROMEEIZIE] L CTHEWET 5 & UE LT
[47], fxH =22 N OFFRFEFENTER 22, 23107708, HMEELTOEEBY THD,
FERE R 2 A b ={RERICD DB R R (BRE Z L I2E )
AR DD D I ] = N + AR IE N + A T o R T+ R
- AP B B = T B4 PEME Sk BRIB) B 250k e AEL
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X1 VAT LEGL A N—RRAZET T I—XB XU——XLTatyhoty b, HE
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%2 GIEAEREVE ¢ B AR 10-12 Wtk O FE DS O CHERENT R ORI FRIZ L

X3 TRT LAEFEVE B AEEMEEE B BIHERAE (2014 FRA Y = —F 2, 2015 A —
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#*2-3 k=X FORHGE

HA FHR IR
Tk EEAEEEEE (M) M : Bk s AT ARG, BRERIR 2-2128 5
o R () Dm:M/ ( MitFA4E% )
it A () 54F
F—2 AN (N) N HRER] £2-212X5
AP R E) H 3 (H/4F) Nmf : %% « FRHAET 2 221X 400 H (3,200 HRRIAE ),
A - R 180 B (1,440 HRRME )
FRSEE % (B4 Nwr 5% PR 2 2548 400 B (3,200 FEM/AE ), &
A 257 B (2,056 HEEAE)
W45 N TR 10-12 ik F-EI81 1 (mi/ha) Vet @ ko (ERIERF RSB TABAFE)
10-12 il b FERG 2R Ko @ (ATAK10-12 fifh 2 EEMTE) 1 (AT
Ak A E IR )
BB APENE (/A H) Pwr @ HELER] 2210k 5
P AT DAEFEME (/) Pst @ THERIER £ 221282
B HRE S 72 0 EAEERE (m/ha) VRS EERT 10-12 Bf P EIMAE( miha) & A C
HALEFES 729 B¥ (H/ha) Npt @ Vpt/ (N + Pur)
R FTRERER I RE (ha/ ) Syt : Nmf/ Nps
FERRERE (m/AF) Vye @ Vpr* Sy
HALmAE Y7 D FEHE (M/ha) Caf : Dmf/ Sy
AT F AR (Mha) (@A, BlesETs)  Cor @ Ca*05
PREME (M/ha) %2 Cof : M/ 107 *35*100 * Nme / Sy
ANFE (F/ha) Cot © Mp* N * Nws/ Sy
N A (P9 B )ERE T 5 Mp : FREFFT TERMOMRERTFHZETE ) (2014), TRM 4
PERERAWEE (2012)I2L 5
ALY 720 E£fk=2 2 M AFH(H/ha) Cit : Cdf+ Cmi+ Cgr + Cpt
M fk  RCoEERE (M) FikERIT
! FEAE (M)
it HAEER (4F)
F—I AN (N)
A I8 B 3% (B /14F) Nmt @ Npt* Syt
AR I7 8 A 5 (B Net @ Ffk& RIS
o7 A PENE (/A R) Ff%) @ 05 % Pw : Pw*05
(B #4)
Bl AT HAEFEME (m/B) Ps. : Ps*05
M AL PE B (ni/ha) =1k D 0.3 fi%(B #7) Vet @ Vpr*0.3
HNLHFE %720 A% (B/ha) Not : Vet/(N*Put)
R RTRE R AR (ha/sF) Sy: : Nmt/Np
ﬁzﬁfﬁﬁiﬁi (ms/ﬁz) Vyt . Vpl*Syt
BN Y 72 0 FEEE (F/ha) Cdt : Dm/Syt
A T I A (M iha) (&R Ble%E ) Cmt : Ca*05
BB (F/ha)*2 Cgt : M/107 *35 %100 * Nmt / Syt
AEZ (F/ha) Cpt © Mp*N*Nut /Sy
NP HAL (F/H) FikERL
BT Y 72 0 k=2 2 NEFHM/Mha) Cit : Cat+Cmt+Cgq+Cpt
BAAERELS - 0 = 2 b (Cie+ Cut )/ (Vpr+ Vpt)

(F - Btz 2 By - R (T /m)

X1 Efk, ke BEBERBICENENRRE Y AT L& EE LT,
X2 BREME - [48]1% b UL,
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M, s S  EHG e Eoa R g < PERDT, JUNHEE O 2 2 R 2K M
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N TA Y = —F v OBMFIERE R 2 3K 24 |\ ORT, KBNS A~ ADAEFET A MIK 2,
60,/ m? & AARDEHRAFEDAA NDKI 455D 1 Thotz, B A b ka2 b
WTNO T BERZBWTH MR 4 50 1 DR TH -7z, AV =—F T,
BB COMEEBLE, FAEBL O S HTOEENE, =X b, REEOHHAICLD &,
A O OB G 80% FE L m< (AARITN30%), a7 FHOEKICED
FER = A N OARIRC, MREFEME - 25 B DF83E - W, [UESRMEOEWIZ LD TXEER ED
BEIRIZ LV &bk a 2 RO 2 A FOIKBRNR N A b, Z2D—F T, RO O/IARD
PR N 70~80 4F (7 U U ZRAE) L AARLD 10~20 FRERV, S 5I1TF
PN EFE Y 720 OMFE (m®ha) & BACEE O FEE () 150m’,'ha) Th HAl, &
HIITE AN L HEFITITIAFTH D 2 &, MFEEBRMMIZAARD 2 (FRE L | RE A A~
ADAEPEAA N ERERG LT, Ll &K E LTI boHE &S5 L TRAD
10~20 f2LL Eo#EDFEFE (300 m ha) (b7 U Zi#, [49]). M2 2 Ao ERb
RAM B AT LOBEALBHEATREY , K2 MEEEB L T\,
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(F1/)
T a1
) T ; &3
- Wi W T I ik
Bt

AT —F 150 400 320 700 1,040 2,610
H ZIK(Q‘JC//]) 1,970 2,410 2,260 4,330 10.970
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2-3-2 ENMIBRIOARENA AT REFEIRX FOREHEBER

ERB L OMEBREE 7 m AR RIL SN HAOAEE R N2 ZRAROBRERICHE
L7 (B12-4), 2R, BURD 3 X MW R & RIRRIC 7 | s s oo = 2 b
FARIEIC i < . PEHT . FUNHTT 0 = 2 MRV MERE S S LT, BIEDIRBLE | RS
2 A &R U SAOmE IR T 2 EAR BRI (EAVE) EMREEHEIND,
BERHENTRFE EAEEMITIRS 20 | EMBENDRWVIEE X &I, JulH#G Tl
RAEDFRR BN IR CHREN B 272 3 A2 RAMEL | BIES OMBITEE Th 528, H
REORREENBRKENTZO A MPEL Rofo L HEEIND, BARSEEFHT D&
WAL DOHERE & SEFIRHI 2N+ 5 Z LIk - T, BRI TIEERD 345D 1 FEEE (3,900 H
/m}) ODaRRElpolz (K24 (@), AV=—T VNIBITDIRENAA A~ ADEFEa A b
FFERHANIZIBNT 2,610 1/ m? THY ., ZHICTHS T 272DIZITAARRIRTIIRAET 1
T RADERDLNRIEDMETH D, 7272 LILMHLE TR 2,700 P%/m3 CRM IS L,
HIBIC L > TEARA Y = —FT v OFEFUIIENE ZAE TR MERTE 57%@%‘&)5 <
D—J7T, AMEEDEE T A MIINNHTT O 2 5L 720 | EPE = A MER O AIREMEIC K &
@%ﬁ%ﬂ%égkﬂbﬂokoi%ﬂzﬁ@%ﬁ%ifuﬂ%kﬁﬁ@%fﬁb\t%L
DOMFEITH 200> ha 1k L, JUNHITT OFFEITH) 400m® ha & 2 fEDERH Y, Z D7
EEEET O AOMRETHD ENRN-TEEZBND,
HARMACR T AR A NI, ERVEIC X 2 AR T o RE TR & T 1.2 £
DaRrEloT (24 (b)), BRHETIX, FRCHERR S AT AOEE BERRD X T
—Y =&, Ty P RAT ARE) DMLY | FEAEENEOK T OB R O flF) 72
EOREEZT, KT A MIFINT 5, BUR TIXLROTZDRMIEERTERNI LR,
ZRMRDFXE - B ICR ] A2 9 5 72 | Rkt & Hole U CAEMBRE) B BUT A RE L 70 Y |
ZORER, R A NIRRT O 1.6 f5&72o7 (K24 (o), &HICHARNE T, 1
¥ AT MIBARIE L FETH DN, ERE 45 EU EOF = — 2 — (KB OEFEMENME T
ﬁétw BARMEIZ AR R 2 A M3 2.7 5L 72 o7 (K 2-4 (d), 7272 L HARSKRTH

TEARE OEMILEED 3% RETHY , KEANA I~ ADERET X M ~OREIT/N
éb\&%z%méo
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2-3-3 HMERBAIOARENAAFTREFEIRX FOREHEBER

AR D HIEHI DO ARE S A F~ AAEFET X N ORI O ARENEZ S HIZFE LT 5720
HBEFRBNAERA DO ARG AA A~ ADEEa A N 2B L (K2-5), ZOR55, R
IZBWTIFAEZ A FAMEO L B R, JUNER, @R TIE 2,000~3,000 ,/m?
ThHhy, A ? =7 VOEEAR R ERRREIERCE ARt 4~ Lo, 26 OFGERT
Wik, 208 LT Z < EEMEER N (19, ha) DSHEAVIRWZ & 6 2 DFER T
@50%@—ﬁf%M%k@ﬁ%fﬁiE:x%ﬂ7ﬂmm/m3%&z\m%ﬁbMﬂ%
DAEFET A N LB L T 2~3EREE L o 7203, 2D O RITW TR b MEEN D 20> T2,
ZHODFERNS, MENKRE AL A~ ZADAEET X MIEBELZRIFTREARERTH D
ZEDRH LN o T, HREOREALELRZT 5 DR 40~60% : 22~31 ) . TRt
(60~100% : 31~45 J&) . HWaRm (100%LL E 245 FELLE) (220 T HEREF RBICARE
NAFADEFEIA MR Lz, & OIHEAE Z I A TAR 10~12 Itk o bR & &
WiEFE (X 2-6) &b EAZHH U7 fEBHERIARE 2 A b 2 ERHERE I TNEFS L, KE
NA T~ 2ZEEA A MR L (M 2-7), #OEFRINCASD EAEA R MTETH2E 0
HY AR, BRE JUNEMR, @EROAREASA A~ A EPE 2 M3 3,000 H,/m? &
70, AREEED THAT 2 —F W A N EBRTX A0SR L, —F. db
WEE I TAEBHE DSRCITE A, MBEDN D 72 W2 DICKRE A A~ A EFEa R R EL 2o Tz,
F - HIE NS FIRR LR, R IR, BARCIEMEN S W EDIT, AEa A MIEEEY
ERIRREEIZ 72 o T2,
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2-4 KENAAIADEEIR MERICE FT=KifToFUA
WETITRNRERN M OAFE - 62 FEEE Loo, AMFIH SR WARE AL 4
T A OWTUT = R F—FIH Z MG L Rk, AMFRESEIN L7ZBRICHETE D L D1
WA DUEND D, ZibDOEREBE L CRRICE > TRgERI 22 BEFa AR HI A A Lo,
t?Uyﬁ%ﬁ%ﬁ%ﬁ%_%o%HMéntﬁ%mowf\*Eﬂ4ﬁvz@ﬂ%%k
)V TR RIIBAL I 2 BT 5 7= 0 DR~ DSk & k5 (Bl 7 U ) 2HF L7, B

ﬁ@%ﬂ%@* GNA G~ ADEFEAR N 2T R AT L %AL?T%&L&@%(H
2-3), TORBUCKE R BE 52 5HKE LT, OMBERZWZE (X122, [K2-5),
i@@iﬁ@ﬂ&ﬂﬁ%bf%é_t(l24)%\@ﬁ#%£&if@7mtx_k:ﬁ
EINTH LN LTz, . SHICKREANAS A~ ADAPET A P KL TWL 720121E
TNENDO TRIZBWTU TORGDBHNETH 5,

2-4-1 &

EARICET 2 2 2 MEFEREIZB VLT, BLROK) 4,400 F,/m® 722549 1,400~£7 2,600 [
/m E TR T & D AREMEA R S s (K 2-3, X 2-4), T ARl 2 2 Bk 0D 2,500 A
/ha 725 1,500 A& ha \ZAKJ L7z EC, FAIY [EEE 6 Bl 6 2 BHZHKT 5[22]2 &1
Lo THEEZMR 6~TEHREE THOTILENTEDLLVWIHIREICLDLILDOTH D,

Lt ZOTaERTBWTL, a7 TR ORFIC X o THERE A, 7o
m%@*;5%@$Fémmh:%of%%i%mﬁﬁﬁfgéﬂ%ﬁﬁkbpﬂ\ﬁ%%

IEDIZaA NEEBTE DEENAREEZA L TN 5,

2-4-2  {kEE

RERICE S 5 a2 2 MIBAEDOK 6,600 [,/ m> 225, 9 1,300~2,800 [,/ m® F TR T
L2 Enbroi (K23, X2-4), ZIUIMERNE Z &IC8 722 2 e SEEM AR ORI
ARV L Db D TH D, A MEEOF CTRIMEALE L Z DA T v A8 HIXEFER
MEBIR DB BT > TREREE L KT T, BARRZRBEMEIILL T O HF 7
L EMNTED,

BAr R E (m?) H720 Ofib#E = X b= (FEMRHEENE+ A T2 %) / (F
Bk )
TERIN, FREEEND2VIE EEA R EYS 720 O HBE = X M3 X 5, F7o.
AR E =T EEME (P AN H) EEE A (N) <FEEBE R % (H)
TRIN, BBRTROLERBEH I BN ERE R MNIZET L2 bbb, Lo T
MEET DR AR L, 2 ORIPHICHE L-3RERE, S OIITFEHRBE B 5007 @4
PE7p B a2 S FICRRE L, XM RZ2m L ST ENEETH D,
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2-4-3 Dt

LU FICARMIE DR ORI G5 Cdo 73, FBIE S D AEFE = A b OHGINEE K K OMEICELA |
A% DOREIZ DWW TCEHT 5,

(1) FAEH8t

S22 72 b OOFNH ENFTITHERITHE SN TV D RE AL A~ ZAFERNHH 50
LA T NTHR) 2589 7 FNZ EoTWd, RISk, EEAM OFTEN/ERLIZGEICH
HMISTEL LD, BUEOREZIFZ DGR ZHER L TS 2 EEHETH 508, BUE, X
B2z T DGR A L. ZZE A2 E S 7200 hUSik e i 72 A IR & i Rr 2 2 &
MTER, ZO LD RN HAMIZETIL, MEOTEMALZQIHICEZ S>>, ALHKRE L
TRHERITHE SN T AR KRG AL < ZADIEHT 5720, FAIRDO N TARDAPE =
A MEBUZ DWW THRFT 21T 272, L LR 6| EEMIRS E B E OB ALK, A A~ A
BT ORI EN2], BEHE L THWAKRE NS A~ ADFEE AR LT
WD, ABOBEL T, =XV F—FHOALEZ B9 E LTEARE AL F~ ZADEFEIZ DN T
bR ED TOWSBER B 5, B2, ZOMRKEDO—HI & LT, BUEDO N T E LT
OFI L, FRO AM T 2 THMAERE B EZHER T2 0ERDH L 2 &b, BIED
BHEREER 7, Sl — B VR T 7 T hH VT I EORARIS0, 5112 MEHAK L, T b % 14F
D B EAFEREEE O JE H CUNHE T 2 k7 EVEE &b (52, 53],

(2)#%

BHEOFEFT, UL DOE RIZKEREELH 2 5, BHEORE - HEFHZ 020 2 2 M
a A MEIMERIZ 225 07T, BREOFEIIC X DML DIEESSZ U D F@AEENED
M R a2 MERER E 725, EEREREL oA THLHRMENTEL TWDLHEEI
Rz 2 RAMERLE 72D, TO L) RERNLBHRERZIER L T < _ETHEOESH)
SN TV 532, 54],

(3)4 & D HAfHIFRE

EHRIZE T 25 %OBMAFRE & LT, FICHMBEN D I WEGHICBIT D ENREL H
HIF CHMFER K E < 72 5 M OBFCRE 2B E ORF 2 51T 5 Z LN TE D,

FAERICRBIT D HANRRE & L CARIIICB T 5 4 U —Y — & O ECB B O
i & . B OBEAARLE , F 7 FRITMAE DD 7o OB D il 72 R ERBREE O Rt & 1
HZENTED,

BEX, AV = —7 Uil A0 a2 MERED RiA F i 5 IR LN LG 72 & o —EBICER &
ITWDR, T O OFEBEOMIIZ LY | MO FFESCITIAFEED R LA RIAEIL, BA
RETRENAA T~ ADEET A MEBN RIAEND,

(4)F DAth,

AATIIELEHE D HR L TRV, a7 L OB E-CHiEZ#Ic L D

FERROAPEME B a2 MERERO 1 S22 LTHIFHZ ENTE 5, Btk sir-7-
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AT 2 —F T, AT FHEOERICEY 0.7ha, AR & WD BEW GBIV EEM: 2 FEEL L T
WA,

FOMEMRIEEICBNTIX, S0 A /3R PO BEREL o MEMERK L LTEIT5
TEMNTES,
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25 FEH

AT TIE, HEZ D DR FE C—EHO T e R 2B L LTt R 2 L ICEEMefE

F LTRSSV TARENA A AEEAA FOFNAZRAALD Z LICED BLFDOZ &R
HBMNTRo T,

1)

2)

3)

ARDBEDARENA A~ A4 FED A NMIEEFETH 11,000 [,/ m* THY, HIEL
THAY =—7 L U THRAMERE 720 T4 52 EEyy (R 2-2),

R A FOREGR & LT, REEREAS TR OBEN A Th 5, FifkfEa A
N OAEIEER & LT, BRINTERED & 5 i REAREM OGO & &R IRS 28 A L7256
DN R A M, RN R U721, BB TIEBLIRD 3 430 1 FEEE E TITIRR
TE LA RSN (K23 BLOE 2-4), ZOAEFEa 2 MIAMFIHE & LTiX
HLHAA, TRAX—FIHBHEBFICALKELF XD,

AARSIRTH L & ERERIEREIL, R & PRE T 60% %5, aftm (37%) &
HEaRiE 3%) 1hEv, 2Rt - BERE THOMBENZL VA TITAEE 2 X R 23R
7o, BAROWLAFE T X MK DB EOREIT/ NSV, ZO/RKER, SRIOET L
FHRICHEASW TR Lz & 2 ATUNHG O SRV E G RKE S A A~ A EFE2 X M,
3,000 1,/ m? FREEE IR CTE 2 Z LB L Moz (X2-7),
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3E A#MF v ITOEE T 0O+ X2

2 REX, ML A~ AR HFEEFE 9(2) (2014) 49-56 (2 g SN T-NETH 5,
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3-1 HEE R

AARDARENAA A~ A%, ENOFER 1 IR X —GEOK 2 %5 OIRTF 44 E) %
A L[36]. E DK 7 Bl E D 2 FBEITIBWTEE D2 < OHUE THI ATRE 72 7
—Rr=a— I NVDOZFXLF -G E LT, ZOFHIZERPEE > TV DH[55-57], €D
EOoBE RO & ORI B) DB B AR ATHE = R /L — O [E EAMRS E VLY
FIEZIZCO L LEBRBEOERNZ2%H LIC K-> T, BEAAMT v 7OFEENZHIC
HEIMLTWA, L L., B2 2 L HEM 72 CICHR T 2K T v 7 CIX 2 OFRE LI
NWENTWRW, — I KRRIFADOAKE A -~ AT DRI H R OAM T~ 713, IEE -
= 2 R ED B BAKRRREN D L DALARE & i U TREIFE MRV [58] & ST
W5, TOFMARITEDICEE D . EXRET 72 12020 4125 800 J7 b > ORHFEAS OF|
F30%LA ) [571E VD BEEERASOEMHIIARERAR D Lo TnD, ZHE TREAA
I~ AZBRELE LTHIAT 25603 X FOREHRERIZEZ < HE SN THD R, £0%
AIKERD DR E TOUHERR, &M & WV S e MREAPED K 7 10 2 &2 RICBIRD 2 2
Nt & A EEAFZEIC B & > TV D[59-66], ET-ARE AL v k& FEELL & LTV 5[59-63,
65-6712 1% <, AMT v FTERE Y TMERIT D720 [68-70], S HIZa A M EFA
CTHEEREE Ch 5SRO = VX — U [63]°, M biRFEHEH &HIEEh R [62, 67, 71]
72 EDOFHIIZ DN T H ZNENIZ DN TORENLH 5723, 2 A b &[RRI AT L7z Filix
Mign, EHIT, AEAA A~ ABREEITH DRI kA xS, 2 O FEEE H010iE
AT 2570, BHREENO =X LVF—FIHAE TORE T ot RCBIT HREEROREME
R L7235, mhEb - (Ko 2 MED#E L 72 2 HFOREE M L, —8 L7-RE AN
DHHIKRENRA T ADTRILX—FH T 0¥ 2DRE 21TV, WD & % H 7010
DTRILF—FET /VOBEGEIZEY A TND, KETIE, KT v 7 ORET v 2 THE R
AU T, ZORIE A X F RO L F =L, R RFEHHEOHIBERI R OW T, fbf
REHOARE ALy b E D Z LR DD, Mt a7 o7, £727 vt A HOFEMRHE LT
L0 AMF» THREEICE T D BB T vt ADEE, EGKERR EOESREOEEIC
RIS TE D L5 L, B OBAMEIC SV TR Z TV, AT~ 7RG IR
B ETNEFAMER OB 1T 5, O TEAED LB T 2 B0 722 & o1k
FRREL RN, KRBV Y b ERMT > 7 ORI OCBREERIEIC OV TRE 21T,

32 JiE

AFFECIE. AEK 3,500 A, HEfE 600 ki D ILHFEN O HIBRZ S St e L=, 4
Mt S O % 3% 3-1 IR,
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#3-1 oifrdGitofz

F oy 8= F oy

H H [EE [ it [
A L3 JECRH JEURHI S5 4 P - PR
TH KR
%9 3,500 #1600 ki 1220 kmLLPN B 1,630t
i AN K i - W mPA X
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3-2-1 AMTF v FHRGED = 3L — IS OFH ik

AT TREEIZ DD =R N F—IN KA FH Uiz, FHEOHFIZ, X 3-1 IR LA
MOEERP AT v TOWMEETE Lz, EAMT v 7 HEICEE)»D D =R LF —
B3, M 32 IRLET e 2 @IS LT TEB L-, RKESLy b DT RLF—I
XOHEIE, T ORERSICEREH TTHEZT 272, o, [WEOEKERLELSE
T2 B DI HOWT bt B 2T o 72, i - s ORERE R B3, FEE O OB EHY
2L Db DO TIAEIZES <, 3 - B DEBCRERICE T 5 =3 X —F5 E LT
VW, TRAF—BOFHBEICHE LA AR 32 1R, el FHE ORI, Appendix
3-1 (ZfFFt L7z,
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# 3-2 TR F—JFEMIZOWNT

JEBE - BB J=ER A (FEAL) EERi 51 H
B 9.42 MJ/KWh Ly [63]
Bk 2.57x10 MJ/kg Ly [63]
22 Y — |k 8.79x10" MJ/kg Ly [63]
HY 3.46x10 MJ/L FENE [72]
R 3.82x10 MJ/L F N [72]
SV I 41x10 MIL F N [71]
TR fH o 1.15%102 Gt iy [71]
& )8 TR 8.96x10 GJ/t LS [71]
AbF 7 () 1.91x10 MJ/kg F N [73]
j;ggﬁ_;;i - 1.34x10 MJ/kg F B [73]

5 8



3222 AMF v THREa X ORI G

KM F v TRGE DR 2 R BRI U, JFOEMERS 2 O A& KR SRR O R Ty
K OFAENIFEZ T 7 U 72T BB XBURFRERH74] 2 VT2 (3 3-3), A=

T, ﬁﬁ%/7®§¢ﬁ NIESEH T, 20T v A ABFEHLER, RE, RS R
PR 3 DIThT, Tt AEOFEMRFE LIRS LY . AN T v FREEIC T DB
ER 7 v ADEER, GKPREDHEFMOERR ERL IR —AAZT LIZHIETED
ECHE Lz, s nXhi@ﬁﬁ%%ﬁﬂﬁﬁfhbf*wto&% BEER OHERFE B
DD B OEFEME 1T, R A RO 2 2 MNITED T, EREE - MRS L LTl
L7, EERBREZE X -5 @zzh@%@_owf%%mbko
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# 3-3 AMF v 7 ORIEFUHEAL

HH JEUEEA BT

JEUEHi A% 5.0x10° M/t
LB KR 2.5x10 dry-%
AT 1.5x10*> HM/L
~Z > 7R 1.3 km/L
A —a—% 51 L/
7T T 55 L/h

F v — 4.4x10 L/h
B—X =27 = 33 L
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323 M bIRFEHEHEIZOWT
A JECEHLEE 2> & S AR £ TOARM T v TG IC BT D TR bRFEOHEHE SR
H U7z, BHICH W bR BHEHR AL 2 3R 3-4 12”7,
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% 3-4 TRALIRA DR BT

JEUBE « BRAEHE JUERASE HAAL K 2|
3

i o 7.3 t-COyft-product  #iy& [71]

(M9« B=m=" « )7 3977 )

< @ TAERE "

c o 6.0 t-COoft-product  Hi& [71]
(For’ =« m=pIRI) =y« A haUA" T2 &)
JESE SR 1.3 t-COyft-product  Hit [71]
a7 Y—h 1.1x10"  t -COJ/t-product  FEE\E: [71]
28 I 1.9x102  t-C/GJ FE B [72]
ER 5.6x10%  t -CO/KWh Je B [72]
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33 MR EBR
3-3-1 AMTF v TREED T RV F—IN L

JFEMXER 2y HAM T 78lE | HEICE D £ TOZRAX—ILKEK 3-3(a)b) 1T,
ARG RN I T DI B IAEE KR 25%(CRIRTLIRIC XV F bl LRI O A T
T ORGEICHE L = p VX — TR AFH T 445 x 100G 123 L, b= R — (34
&R T218x10°G] Th-o7z, BLHEREM®M-D TIEK 427Gt L 134G/t THYH, K
MF > 7 OBRMNEGERE Y72 ) O 30 F — IS GREF M TR RV F—)1T 10.7 GI/ t & 72
%o BEROAREN L v hORLEIZ) 02D =RV X —IU S & big U7 fE R [63]% 3 3-5 IR L
Tz HBIZ &7z o TE, RIFZRIZ D 72 OB/ TTRIC E T D5y 2R & . AT
v T ROREN Ly NOBEEIGEICE L3V —OhExf5 s Lz, mEHES KR
25%DARM T v T ORGEIZ 0D =X VX —INEE 119 GIt L7 h | BEROARE~L > b
DRI E Y b HDRERE IR oTo, RENL y MUEIZHDND =30 F —ICEAE, e -
RS DIVERDHY . TOGRIIEL DT R —2WHET D L BMORE A
T ABREIOEN LY B D[151E ORELH D, KMTF v 7O F =B ARE~ L
v hDOZENLY BELMERE RS ERERE LT, OAMT v TIIARESAL v b &g
L CEKREREN D, BB OHEMEEN -V OBEICKRERZEN/HTLEIZ L, @
ROHTRIG IO AR T » 7RG T3, A% OBBIER ZREFIZ AN TV D720, AL
FHAEDORMF v 7 ORIER LR L TREREFE L R-oTNDH I ERENRZZ LD,
KMF v FERENL y FOTFLF—HKIZONTIE, MBI L > THRERNERS Z L
NHAE%E, EOICFEICOWTIRET 21T O MERH D, 1AM T v 7O BEIEEG KFE %
PSR EDOZ R —INLEK 3-4 (TR LTz, AT v 7 ORIEZ»N L EAT X
NF—iT BEAEG KR 25%FE TIEIARENL Yy PR SEATWD, GKRENEGNT
DN ESNLZZX VX —BEN ERLT, FHRELTZRAF U E LTIy XD
bHDRERE IR 0T, FTEDARRE O HRFEEE T IR DR EEEGKRIT 25%fRE Th
DM, TNEVEGKREE TS D701, LR NT Ly R EFERRE (10%) £ TEK
Bre NP TEGE, BRI 34GI ST UET 208, FRIZ 2.6 GI/R23)D T R /LF—703 )
D EHESIL, TRAXF KT 0.8GIt LdkEE T, ZoHEL Ly hEV 5D
R EInoTz, 7B, K34 IZB W TEKEN 25%FHIC—E, THXLXF—BENMETFT 50
TR LD b D TH D,

AT T2 FNRIRAT 272D OHEAMTIERE L LT, GKREOEBLIRLEETH
Do Z DB IERS DITIT, AT v 7 ORYE - (REITER L T ORI AT S
HRE - PEEEFIT 2 2 LIC Lo TEKRREZRME T 2AM T » 78 - (RE AT L0836
B BND,
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7% 3-5 ARG NRA F~ADT F X —INFH
KA 97 AN Uy |59
(i R R HE S K 3R 25%)
R A t [ 1,630 960 2000 650
TG GJit 13.4 18.8 18.4 18.7
(output) -
&&t GIIHE 2.18x10*  1.80x10*  3.68x10*  1.22x10*
fiEx (i) GIIHE 3.57x10  9.13x10'  4.99x10! 9.53
(input) s (BE) G/ 8.50x102  9.72x10'  1.71x10®>  6.62x10!
Inpu
Has (GEHR) G4 1.53x10°  4.17x10®  6.50x10°  2.00x10°
&t GJIHFE 2.41x10%  4.36x10°  6.73x10®  2.08x10°
GJI4E 1.94x10*  1.37x10*  3.01x10*  1.01x10%
(balance)
GJlt 11.9 14.3 15.0 15.5
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AT 7 OREEZH D 2 A MEEEK 3-5 1R Uiz, KONG5 K45 >
TORNMNEREH D RE A NI, 21,600 [/t (EiER 1,630 t /) Th o7z, THUTTERR
25 HEFEDAM T v FOHEAMRR[76, 77]112,000~15,000 F/t L0 & 5~9 ENFE L@ 5 R
Lhpote, ZOERE LT, AoWxtg i, MERRO L L TURBEZm<EV RS
TWVD Z &R, PERANICRGE BUBIE R (R REUERE ) 2.7 0 U AR ZREFIC AL TV D T2
B, EAMEIIBAEDOAM T v 7 ORGER L I L TREREB L 2> THEY, a2 b
MEEIZIR o TND T ENRET oD, MESEAZ LR L7860 2 2 MEBZNROFE H
FERZ 3-6 ITR Lo, B2 OWTIE, 0.7 FBAIZ AW TERLE = X NE2RE L2, st
GHIOBEORE 7 o A X a2 M, BEEZBIED 2~4 FREICHENSE 2
MRS MASRREEIC 20 | 10 FREEICHEM S LGk FRl>70, 728, FEHE
DWW, FAEEOHINC X 2 HATORD 23 & 5 — )7 THREL O ZERLORMERIZ L Dl
EHEEEOHEINZ2 End 0 | BT 2 B e, EAMT v T OBER L L2 X Mt
FNEEHLUTRERER3-6 IR LT, 7o, FHAEOFEMIL, Appendix 3-2 IZfFFR L 7=,

RMF v 7OREa X NI~y b ERIERFZRIZ TR L2 19.0 Fkg 205 &,
HATEE Y 72 ) OfiIE 1.59 FI/MI Th vz, FRAESLL Y hofiliE=a 2 ML, ka7
RE[77-81] STV A, HiE= X N OB IAR Tkt Gt & 1T R U R B 2 48 E
L. AMEIREE G O 58 H 2 RSPk & i 2 7= ECITo 70, RE~X Ly hoflik
SaRANEEHLEZEZ A, BALEEY-Y T 308 M/ke~41.4 M/ke, HIEAE Y7~V T
1% 1.89 [I/MI~2.54 F/MJ Tholo, (LABREIOMEITEBI T 223, 20—l L TEk
25 FEEE DA I TR A L7z & 2 A8 & QYT IMGERBLRT) CE L2 2.81 FI/MI KT 2.62
M/MI Toh oz, AT > I ORREL & ik U CHAIEEAE Y720 O 3 2 b33 R FZE
MBERRRETH D Z Ldbinolz, (65T, AMT v 7z o0 TE, REANL » bfLA
PREFE Ll LTl 2 2 R & LTRSS 5 WIFEN TO D EERENE Oz, L L, KB
A F~ A DZERIRPAE R R/ A AN COMBE, ELAMT v T O3 F —5
ER NS WD SN K DAL E OB A 2 T\ 5D, EOf, K F > 7 O 5 KFARIK
DI=DIZ, KM F v T ORBERDIER(—B & L TARM T v 7V A a NIZHEEFRIH O 720
FE 2@ )2 ENEESND, 2D OFBIIAIFR ORI RITH D03, 514,
KE A A~ ZAOFRIERITIANT THRE L T LERH 5,
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7% 3-6 HTEVERY 72 0 ORIz oW T

Eg B gy R 7 1) B UM 7 ) WA Sl
KK F v
S 119 Mikg 190 Mke 159 MY %35
. ~ . ~ 3-5,
KL 30.8 H/ke 1.89 H/M) = *
163 MJ/kg 3A-2,[78,
vk 414 2.54
80, 82]
R 382 ML 151 (107) L 395 (2.81) M/MI  [72.74]
KT 367 MJL 106 (96.0) [/ 290 (262) [I/MI  [7274]
HVUL 346 MIL 169 (67.3) ML 489 (L94) MH/MI  [72,74]

OVFARBLAT, MM RS B 32.1 F/L, A Bl 2.64 F/L,IHE B R IA+a B *8%.
KT B 2.54 F/LIHE BRI+ AB)*8% & £ & Loz,
WMBEHE S FAk 26 42 (4) THIM A OHRLIE ] OffigE 2 5 Thi L TR
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Appendix 3-1 A F v 7Dz F )L X — IS A HFIEFEM A LT ISR T,

Table 3A-1 Inventory sheet of wood chip

Process

Wooden chip 1,629 ton/year, Calorific value: 13.4
MlJ/kg

Calculating formula

1,629 ton/year x 13.4 MJ/kg = 21,829 Gl/year

Amount
of energy
(GJ/t)

13.4

a. Tree felling (Ea)" 1,369.0 GJ/year 0.84
Tool manufacturing TTL ; 427.9 Gl/year 0.26
*Two Chain saws

Mass ; 4.4 kg, Depreciation ; 3 years, Energy | 4.4 kg x 25.7 ML/kg x 1/3 year x 2 = 0.075
factor ; 25.7 MJ/kg Gl/year

-two hydraulic excavators 9,300 kg x 115.0 MJ/kg x 1/5 x 2 = 427.8

Mass ; 9,300 kg, Depreciation ; 5 years, energy | GJ/year

factor ; 115.0 MJ/kg

Fuel TTL ; 941.1 Gl/year 0.58
*two chain saws : Gasoline ; 2,800 L, Energy factor | 2,800 L x 34.6 MJ/L = 96.8 GJ/year

of gasoline ; 34.6 MJ/L, Grease ; 1,400 L, Energy | 1,400 L x 41.0 MJ/L = 57.4 Gl/year

factor of grease oil ; 41.0 MJ/L, 20,600 L x 38.2 MJ/L = 786.9 GJ/year

*two hydraulic excavators : Diesel oil ; 20,600 L,

Energy factor of diesel oil ; 38.2 MJ/L

b. Wood Transport (Eb) 406.6 GJ/year 0.25
Vehicle manufacturing TTL ; 94.2 GJ/year 0.06
- one llton-trucks : Mass ; 9,000 kg, Energy | 9,000kg x 115.0 MJ/kg x 1/11 year x2 = 94.2
factor ; 115.0 MJ/kg, Depreciation ; 11 years. GlJ/year

Vehicle fuel TTL ; 312.4 Gl/year 0.19
Diesel ; 8,179 L/year, Energy factor ; 38.2 MJ/L 8,179 L x 382 MJ/L = 312.4 Gl/year

c. Wooden Chip manufacture  (Ec) 2,413.1 Gl/year 1.48
Wooden chip manufacturing TTL ; 849.2 Gl/year 0.52
* hydraulic excavator Mass ; 12,830 kg, | 12,830 kg x 115.0 MJ/kg x 1/5 year = 295.1
Depreciation ; 5 years, Energy factor ; 115.0 MJ/kg | GJ/year

*wheel loader : Mass ; 6,750 kg, Depreciation ; 5 | 6,750 kg x 115.0 MJ/kg x 1/5 year = 155.3

years, Energy factor ; 115.0 MJ/kg Gl/year

*wood chipper : Mass ; 24,000 kg, Depreciation ; 7 | 24,000 kg x 89.6 MJ/kg x 1/7 year = 307.2
years, Energy factor ; 89.6 MJ/kg Gl/year

*rotary screen : Mass ; 4,350 kg, Depreciation ; 5 | 4,350 kg x 89.6 MJ/kg x 1/5 year = 78.0
years, Energy factor ; 89.6 MJ/kg Gl/year

* Two belt conveyor : Mass ; 330 kg / 159 kg, | (303 kg + 159 kg ) x 89.6 MJ/kg x 1/3 year =
Depreciation ; 3 years, Energy factor ; 89.6 MJ/kg | 13.8 GJ/year

Plant & concrete yard TTL ; 35.7 Gl/year 0.02
- wooden chip plant : Total Mass ; 42.5 ton, | 42.5 ton x 25.7 MJ/kg x 1/38 year = 28.8
Depreciation ; 38 years, Energy factor ; 25.7 MJ/kg | GJ/year

+Concrete yard : Mass ; 300 ton, Depreciation ; 38 | 300 ton x 0.879 MJ/kg x 1/38 year = 6.9

years, Energy factor ; 0.879 MJ/kg GlJ/year

Fuel & Plant running TTL ; 1,528.2 Gl/year 0.94

*Two belt conveyor : 553 kWh /251 kWh, energy
factor ; 9.42 MJ/kwh
All of the fuel of the following apparatus are diesel

(793 kWh + 361 kWh ) x 9.42 MJ/kwh = 10.9
Gl/year
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oil and energy factor of is 38.2 MJ/L

* hydraulic excavator ; 5,889 L, wheel loader ;
3,449 L, wood chipper ; 28,330 L, rotary screen ;
2,052 L

(58389 L+3449 L +28330L+2,052L) x
38.2 MJ/L= 1,517.3 Gl/year

d. Wooden chip distribution (Ed) 266.8 GJ/year 0.16

Vehicle manufacturing TTL ; 94.1 GJ/year 0.06
+ one llton-trucks : Mass ; 9,000 kg, Energy | 9,000 kg x 115.0 MJ/kg x 1/11 year = 94.1

factor ; 115.0 MJ/kg, Depreciation ; 11 years. GlJ/year

Vehicle fuel TTL ; 174.0 Gl/year 0.11

Diesel ; 4,521 L/year, Energy factor ; 38.2 MJ/L

4,521 Lx 382 MJ/L = 172.7 Gl/year
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Appendix 3-2 AENVL v hOa R NEHFEEMZ DL TISRT,
Table 3A-2 Wood pellet and chip cost calculation sheets

B H:[SO] C H:[SO] E jIzJJ:[SO] K H:[Sl] S EHT

. Bl B Bl Bl .
Ty TE > TE > TE 4 TE Y kMo
i 1,600 1,500 1,500 1,500 1,630
3 = 2 R PNER
F A A E A & 15,900 23,100 25,900 8,300 7,600
HL T JEAMAE HN R 700 700 700 4,000 3,400
NG 7,500 7,500 7,500 12,000 5,100
— s B 1,900 1,900 1,900 3,000 1,300
PREL - VHFEM 12,400 11,500 14,700 8,900 5,700
ATy 6,900 5,300 6,300 5,300 3,500
AR R Ry 5,000 4,900 4,800 4,800 4,300
&t 50,300 54,300 61,700 46,300 30,900
L B /ke) 32.0 36.0 41.4 30.8 19.0
TR L F — RN
(MJ/ke) 16.3 16.3 16.3 16.3 11.9
R -0 ik
(/M) 1.96 221 2.54 1.89 1.59

X JFUB A2 SHTICHI 2 7= K-S BT — iR ¥ 13 B #1-C #-E 2 hi 2 7=,
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4-1. 5

BAENTIE O/ 7 B2 HFAEN GO, ZORFEITT RV —HHE 5 LER 1 kRox
R —THEEOK 2% Q4ED[36]1L SN TWD, FTARENA A~ A1, %< Ol TFH
AR —AR =2 — I VDZRAX—ERE LT, TOFMIZERNEE > TV 5H[83-

94], =DO—FF TERFAFED 1 DTH DA A~ AFKEO A MIKkHFEER EORK
BAOZTNEWLE L TEGEO IR RPN DESNTWD, N F~vADTFLX —FIH
MEEIZIER L TV 72BI2iE, NA A~ AREO 3 A N2 55 ET) & R £ T
THZEBMEATHY, ZOOITITREMEZE o AR HEINSEN RO TN D
[89][2, 95, 96].

KENA A~ ADOTF VX —FIFIZBE L, BEEMIE L LTS A~ AFEO [ EMk S
B EE I 2 381 2 828 50 I R D SRRSO IR oy Al & 5 8 L - 3 BB AT S O R 7 & bk
W BET ARG PEREAM[17, 87, 97-103],  LCA(Life Cycle Assessment) % (% U & L 72 BR BT EGT
{101, 104-110], EBHRBERLNA A~ AFENA A~ AT AR EICBIT L7 X
— AT & AR PEREAM[98] [111-119], RA T =S ROBEHED /=D 7 — B B DR R 2 LI
BA 290, ARENA A~ APRBERF D F v —/ & — L DR BRI D 72 8O DIF LR FHOBA
BES AR 7 C AR BRI DO UE[119-132], BVE G S AT L0/ A F~ A H ZLIEED
BRSNS O v AT KEREH125, 133-135)ICBT 2 el & 2 E THRE < miEn &
NT&E, LM LIS TIIBEFEOREDORBRNOAZ G E L, £2bDRFED
Hiulgk 7 S RRE L 7o R MECER B BRI BT D3I, 5 D W T E O EREAMT DI
HTREBERRBICEE > TR | BREIRMORE/Y - 8BS & OERIEOEITIA
SHIETED X ICHEEMORBAEIL(T BB AKREHITL DV AT LREHRLIED A b
DHEMET VO, HEIA NEEORE L O BEERER O T2 DIZNE & 72 5 BEfT
B OUGE « FrEf OB A% SO MM K2 EM TV A2 KE L T D870,

EXEDITINETREANAAS A~ AOZ VX —FIFIERIZHET T, ZOEE = X MEJRE
AN T2 B ST U AW CTHFSE[35, 136] 2 D T E 7208, REAA A~ AD T R )LF—
FIRZ S SITIR L TWL ZOITITEE D 2 ORI Z THRE = X FOERE S LET
DL LT,

Z DX IR EN LRI TIE, ARG ASA A~ ZAOFIHIERI AT T, QR ERBIEIZA
BANAFZADE T READHE 2 A MEEZIEEL, OFBEREMOUESCSHFELEN
FEAA MRIZE 2 2R BEEH LN LIz, 20 LT, @QUET R HATHIRES S0
FhHS & SRR 72 2 2 MEJIC AT TR AR O BRFE 3R & 7 PR (B = A MERUZ A 728
i T VDR THZEEANET 2,

BARBIZIE, ETBECE KL LoD0d D EHAGERL N A A~ ZAFEE/AA F~ AT AU E
WCOWTHMFAE R ISR L L TT e 22 ME L, BREV AT AE2KOT R
VX —FNRELT [V AT BIEEDR) VeFmH Lz, T rtAEIca X Mk a2z
Lice WA F~ AT AMEHEE R ORI MR OFEEHN & B SN FL—TIEIZ OV THE
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PR NS A A~ R E L FARRIC Y AT DR ENROF LK OHE R FOET /ML ELT
STz, TeB ALFN—TVE L IR FRIBEHZ X 2385006 & 225 OREEICEE S < FR L - 8
TCRB DOV IR LAZ L0 | BIRAY 72 I A AERR & BRI A [RIRF 21T 5 = R VX —LHis 27
LT B2l v A 2RI bR B LB - [FIN T E DR AR AT 2N ThH D
[137], HEWNT, KEAA A~ ADOZ R F—FIHABIERT 572 DI TE L R LB A B
AIEZ R E LTc, RKEANA A~ AL 3231 A~ ZFEEEL T IREASA A~ ZHE))
MR PER LT 7edDRE A NHEERE Lz, HEEE LT, KRB EOHKE=
ANEIFLDE L TEEA 23 A MEERN S D08, ABFETIEIBEFEICET L TV D RS
TOFFERABELEIE[1]HEE A MI3R1ZW Ul FEME I ORE A RE LT,
RENAA A~ ZAFEDO HEFT & BIEHE(CO, 478 + [AIUEE : 25.0 [1/kWh, CO, Z7#f - [BIIL
A :27.3 M/AWO[139]% & LIZR ) E U TRIE LTz, RENA A AHKED T AT LFEER)
RKOFEAA FOFMET /WO T, BRESRECR BRI, MR, B biRFE 8 -
[ DA W72 & DORGFMEENRE A MG 2 D BT OV TUREMAT 21TV, EL
7B A Mo T RO A T o7, S DITREROHINSEL R@ L7z E Ty AT
LFEENFEON EORE NS v A a2 bOERBAEBR LA, FROAEE= A B
(252 %528 L BB R I O W TR 21T o 72,
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4-2. Jik

AMFFETIE, BRIZE K Lo0dH 2 OEERIEI A F~ ZAFEEULLT [DC ¥#E] ), @O
A A~ A AIEE (LLF TGS F#HEL) &, FRRORENA A~ ADOHMMErD 1oL B S
5 @fb5 /v — 715 (Chemical Looping Combustion ; LA T TCLC| N2 X A% D 3 DDFEE
FERIZxf 5 & LT, Fig4d-1 12 3 DORBEMB| O ZR~T, KISERIL 3 DOIREFRR T
Hi2%, DCRE Tilo@ﬁ%%ﬁﬂ@#f* A%ﬁvx%ﬁﬁﬁméﬁ FOET R
N —ICE o TKREAKITER L, ARF—E I REEN AL TR EME D
WETH, THUITXK L, GS ¥E iHL<1o@muvummfﬁ 58N T A B ERIZ
KO HAEL, TOHABERE T AT DU H AL —E AT TENICER L CTREME H
WTHET D, B, ﬁ1iy9y3ﬁ25~ﬁy®éwebf ATV THE kW
FEEE /B O DB L, HABHEIEN TV DR A T F o R EOBE D E <
BN H D, HAX—E U NTEE kW 2> 5T kW O E CTHEIAW DB
L. HAKIEO R THEDLBHIH 2 R FRA T F o 23 X MIRVME S & 5 [140], AHF
FECIE, HABRIERIC K 2 =2 2 MERZ Rl SR D 158 LTnD Z &R0, hoJEETER]
B WTARY = ZMNTn D720, RE RGN O Stk 2 T & 2 7210 il 2
LT, WIMERIE L Tl A X — B 2 3iIRT 5 Z & & L72[140], CLC IZ DC %% & GS
HEOELLI-HEEEL LTIEDITDH Z ENTE H[137], CLC 1FE{L) (Air Reactor ; AR)
LiZ5ehF (Fuel Reactor ; FR) D2 DDIFENLR D ZHNHDIFMEFRA NV AT A "L
DEEFEF ¥ U 7 MEBR L7225 IR C G &M 0 K3, BEHI FRICEA S -#%, KHE
AL 72 EDFRACIKFET A IS 72 DIRBEMETT AR ONTF v —IZ72 D, T % —IX FR TH Ak
FITHDHKERIZ L THAMEEN, ZNOLDOHTRAFEREX v ) Th I L > Tk
TEMLIRFE L KT D, BIEESNTRAIT AR [CBEN L CEASN D ZERIC L » TIRbL S
. ZOBERIGIZ L > TRAET IS FL X —TRERKITER L, KXY — B TRE
T2,
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Energy use of wood

biomass
- ! rochemical
Direct combustion Pyrolysis d%égﬁlggﬁﬁ%n
| |
Gasification Liquefaction fe;ﬁ;}ggg‘%}on
I
Heat utilization Power generation
P : C Tl
ower Direct . . hemical loopin
Generation combustion Gasification combustiog -
type I I I
Reactor Single —>|Double / Triple
Reaction ' I '
type Reaction] Combustion Gasification | Redox
| }
Powe : :
Generation Steam turbine Gas turbine
Option o More advanced
sequestrzation Input Energy II:> Not Required

Fig.4-1 Classification of woody biomass power generation systems
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INHD 3 OOFREEHNC OV THMFAE R SITHEKSE | L~ TT o A2 HE
L7z, 2O ETT 0B RABIZoR VX —HBREZFHE L, VAT LBENERLEH LT, i
TARENA A~ AREDRF L2 T 200K Ea A MEELE LT, RKBHOFK
JERBESEE1N D EET A MISIZHM U CHEH LEZFEHENORE2 A NERT
25.0 F/kWh (—ER(LRFEE - B LOBA), B LIREDEE - [BIAH 585513 27.3
/AW IZRRE Lo, REANA A~ ZA%E @/XTbﬁgﬁé%%ﬁﬂxF@ﬁm%TW¢
DUWNT, BB, S AT 2B, BESRME KR, (bR FEOSBE - [FINOf
WCOWTEND DRMFETERFE I A MG DB OWTREMRT 21T\, RE LT
BEIAPOHELZMIZTREOMEE Lz, SOICHIRUEICL D VAT AREDED
M EORE NS A~ AT A NOEFAFEE 2 A MOz 558 L HdeE R Eifi 7+ Y
INZOWNTHRETE T o T2, ZHBARFED FIEIZHOWTE OB E % Figd-2 [T, FHEH
TEOFERZ L FIZR#lT 5,
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Input Process Design Evaluation Scenario
[— Material/ o=
S @2 b~ Heat 228 -
z o= 3 S Balance | |83 = .-
= 2E g 2 Power | [<BS e
@ == - w5 Generation| | [=&— s 2
S 2 5 S == Efficiency g 2o = 2
w ————— P~ (=N
3 ¢8 s 3 Power 585 °g
s = 7 Generation| | (£ % 3 =
S - = Cost g‘CED E
(Detail|Bottom-up|) =
p CO, 28
*Reactor *Size «Water Emission S s
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Fig.4-2 Performance and cost evaluation flow diagram in this study
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4-2-1 VAT LFEBERE

BIHIFAE 72 CICESERE LT B RIZONWT, ZOREI A MOFEBICHNEL 5
VX7A%$@4%#ﬁ#5tb B 2 ARk U7z, BRI T 25 E AU
M ONCLC TIIARY —E &, GSHEEBIZOWTEITAX—E U EZHEL TS, ?Mm
Bl &Aﬂg%W%wmxmmmR AT HDRE NS T~ X8I ﬂﬂﬁgét@@%
MR EAZRUTAEL L. £ 20 bORBEIC > THH S D HET 2 R O BUSHF (R BE =
T ZAUIF/FR « ARYFREDN D OEGEI:, Q&R A 7 /W(T XA 7 W)/ T AY A &/1/(7
LA R A 7RI 23X —EHBALZHEA L, T O OKELZRE L TRAEL
BABETR LIZEDREL VAT LRERRE LTEM Lz, 22k, BBE— v 21 —I3,
EGARFIECTEAT DL IR TA—=2{L L, T AL HHINABHEKIZONT D,
BARRIZIE U TN A~ AOMMBED BRI O BALEHE B Y 72 D 1T T 2 iR FE, K&
R BROBETAOEBEIIKM LTz, FoF A7 W7 LA hodA 700 75mﬁ
B LR - [E NSO BIRIT, BiHLEHA & OSCHRFHA[83, 141-148IC D EFRE L7z, 1
E-Eﬁ%#®§%@ﬁﬁz®mm\ﬁﬁﬁ%ﬁﬁ6@EXW¥%ﬁ%_owT%%x#®
EHEICKHETE D L I b LT, FHEJ715% Appendix 4-1 (2773,

422 FEEIA b
RE A NI, B LB - BEAE NG5, TNTENOREB FIEIILLTO LB
Th D,

4-2-2-1 JREHE

PREHE X, BEITOHBENRRELS RDIEENEL 0D, RETMITBWT, REHEIIIE
(ZBE L 70 2 TR E R L AEATRIPHIC B S Sk IR IS U TS, REAA A~ 2R3
—\Z AT B R FPROFEN HINET DS ET NV EBEL, LLFOMETQ)DERY
Bz 1T - 707,

Fuel cost (¥/t) = Biomass cost (¥/t) + Transportation cost (¥/t) (1)
Transportation cost (TRC) (¥/t) = foa TU * rs * BD * 2nrdr / (BD + a? ) )

Z Z T Biomass cost #¥8,700 /t, TU : Transportation unit cost ; ¥90 /t-km), rs : road straight ratio ;
2, r: collection radius (km), BD : Biomass density ; 7.64 (t/m?+ year), a : Maximum collection distance
(km)& 42,

KRENA T~ ADFEREL A A~ AFEEETHRL, R E e R omiE PR L2R
U TR IS BT, ECHRPERE & B IR LR T d 5l B [149] & ik Bl 4 3 U T
KNENA A~ 2AOWERZFH LTz, ZHCKEAAS A~ ZBED 2 X b2z TREHE
& L72[150, 151],
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4-2-2-2 JEESHERF - EAR

DC FHEIZHOWTHMFAA /2 LIS ERE L7 vt ATHON T, s L ~L TilisiE
e BART O A MG EE L7 BT, &I = 2 FEEUE L{152], H BB
R,REEE KR EOFFMOEFIRIETE DL 91T L, Aa X METIVOHPHIT,
B FOSIFICRA L T3\ S L <IIRBEICHE - THAET D R iR FE 2408 - [ 9
HETOEHOTREMNGRE Lz, B BB A FET/UTHOWTIL, BHHFHA (3,550 kW.)
DFEREHB L, ZOZYEWEEMRIEL T2, ZHHDORENA A~ AFEI R FET /MO
TRBFE KR AE)25% ., v AT LR 90%(330 H/4E, 24 R§fE)/ H)D A F T, 2.1 T
BH L2y AT AREEHRICESE LLFOG)RUZHE - T 500 kW 2> 5 10,000 kW D3 E =
A MERH U, B X M3, NS REEIL L, ThaBffERIH TR Lz, el %
= A hORMITEOREMZ Appendix 4-2 [T,
PGC=EQ+FC+*FCM+ GA+ IS+ LC+ MC+ PC 3)
PGC : Power generation cost, EQ : Equipment cost, FC : Fuel cost, FCM : Feedstock consumption,
GA : General administrative cost, IS : Insurance cost, LC : Labor cost, MC : Maintenance cost, PC :
Plant construction cost

N BFEERRBD 5 HHRIE) 7 DC JEE DK % Fig4d-3 (2, GS ¥ & T CLC DL
[X] % Appendix 4-3-1 } OY Appendix 4-3-2 (27”79,

FIoV AT DBRERCRE ORI IEES KRB S TG, BEIA MIERADE
BT DWW TR 21T o 72,
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Fig.4-3 Process flow diagram of direct combustion
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KENA F~ 2D —FRILRIZANT CERBEUEE L2 BE LN S Z O ReEE%
THFTDHEAT TV AL L TE DT,
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4-3-1 VAT LIEEZHER

SCHER([153, 154D Z BN £ D v AT LFE DRI, KRBT T 1 2 HOFE L
FIEIZE > THEEET UL L THEIH L7z DC BED T AT L3EEHFE L B0 BRE
Fig4-4 |7 %, XEMEIZIZSSERH D00, KREF L L CEEITIMRh—& L7, —h
D OSCEMEIE, HTHUEL L Befiy7e v AT DB RO LB OIRITE E D720, RO
TIVDE E DZEFNZ DN TR T 5 2 &R0, SURMED> & BRI B s i pr o sos 414
AEPEMNT 52 LIIREETH D, (AL, HAHERREWREEN Tk, RETVIZIEED
TVWRNWAKOMRIC L 2BF A 72 EIC L0 AT DRENERDEME L 725 TV 5 AR
PEDR & U | TR N S WIEEEFT ClL, ROGarBER 7> D OB B ERAFHEIZ S OR
ETNLED HERENWTED VAT DIEENENMEVMEL 72> T D AREMEN S 5, £, KE
FLTEH LY AT ARENRIT T AT R L —BAEZEH L TWA T, F
MHY 72 BCBEL A ORI A FTRE T 5, K HEREN D 5 H A7 DC 58 O (5,000
kW)% Fig4-5 |\Zo"d, £7- GS FEE(2,000 kW)K& X CLC(5,000 kW)DEGRE X2 >\ Tl
Appendix 4-3-1 & T8 Appendix 4-3-2 |2/~ , ¥ A7 L3EENFIT DC FHETIE 20.0%(5,000
kW), GS 3% TI% 20.9%(2,000kW), CLC Ti% 18.3%(5,000kW)HHV _—R) L /e 7=, %
DOWNRE T D L &K AE HWD DCH#ER N CLC TIEZ7 ¥4 7 v EQREE : 430°C,
JE7) : 5SMPa) COHKRDBK -0 E HO DR L ol F-INOEHED Y AT LAFREHFE

DT, TRV =W AT AN D T2 IF % & PR AEDC 367E - 68 m?, CLC - FR :
64m?%, AR : 64 m?) DFEIZL > TALU LB KAETH o7z, ., BERIBURIZE#RmT 52 &
2 EDOFEFERAT DI AMEIETIIERY A 7 VAW 2 DOFRERI L0 H2%EN
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Fig.4-4 Power generation efficiency as a function of power generation scale :
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Fig.4-5 Process flow diagram of DC (5,000 kW)
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(1) FEIANETLVOZYME

BUHFRAS 217 > 72 DC 3 EB,550 kW)DFEE A b EARTT /T L B0 E K O E o
A NOHBAEIT T2, FIFIEFIZOWTIL, A& T 523 THAW, #%E& T 652 TH/AW &
20 RETIVOREDK 80% Th b Z & A8 T & 7o (Fig. 4-6(a)), 2B, KET MTH
J AR, SCERAEIC S S EBREICE DI X O AREE L. ETERS AR L
FTHEELTRBY, 200N EEZBMAE LKL TSI HICZDOZ YA MRIEL T
%, itﬁa%ﬁ%awﬁ%%nx%m\ﬁﬁﬂ%sFMWh*ﬁL;%%iﬂémkWh
LR RETIVORBEIIR 94% ThH D Z L MHERTE 2, BREME 2 bR\ 7o B EHER -
AR OI B U254 T, AiE 2 13.7 M/AWh (25 L, #%#F 1 1.1 FH/AWh T 1996
#ﬁﬁ%ota@4am B, RET VBT HMEIT, SCHRFAEICEE S SR EIC
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Fig.4-6 Cost structures of initial cost and power generation cost.

(a) initial cost structures of actual cost and evaluated cost.
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Fig.4-6 Cost structures of initial cost and power generation cost.

(b) power generation cost structures of actual cost and evaluated cost.
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DC REE KL NCLCIZBIT DT X VA IV TIRE DR NEE & ESDORBEEZT D,
TUxX YA VR, AR —EURIEORE L E) TREIND = H L E— N
RKEWIEE, HAKERRY —EUVICADLERRDT U Z IV E—ZERN/ NS WIE EZDORERITN
FT 5, RETIVTITRNRD &30 K LIREE, % SCER[148)I2 S E BA%k L T
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T 5, 1o THOBUEDILRN > AT LFE RO LICHE L, TORE, BEIAX MO
IEIUZ D723 > 7=, GS FEE I, 1,000-3,000kW O HAEIZHB N Ta A AR HIEL oo 7z
2 DC #EZ FRDHZ Eid7ehotc, £72 3,000kW DL ETIZHE = A N ST 5558 &
mol, GSHEBIZEWTH AR EIRE, £ %2 SCHk[141, 143-145)I2 D & F%b L C
WA, T A M A T VOBFEITY — B DIES I L, JEMEEIC X0 fIRs s
e NRE—E LD, TORER, VAT LFERGHOWBBICED O TIRE—EL D,
TRESHERF - BB DB L & BT T 225, WBE L 72 DREHE T ) B3I R
U CHIR Ly BRBHE X RN E R 213 SIEEFPH YA < 72 5 72 il = A R 232
D725, fiRke LT, EBISHER - EARE DO a2 MR Pl RICREHE S &g L, FEE =
A NFERR 3000 kW OB TR S TR0, ZORITH IBHOIER L & HITHEE=

MIEET 2 Z B nhoTe,

(4) BRERMICBTLEEA L

FEW T H LRI 90%, JREHE KR 25%)IC X 2 EEfRMT %2 500 kW 225 10,000 kW
OHEIFHATIT o 72 & 2 A(Fig. 4-8), WTNDOX A TORETEH 10,000 kWERD = A R 3MEW
DC 77 T 37.0 H/kWh)E TOHIJRBLOIER D HTIIRRIE L7 FE = A b HAEE(CO, 77 -
U - 25.0 [/KWhEZ BT Z ERREETHD LV IHfER LTz,

Z 2T D 1 S TH 2087 1 2 2RI b RE LR SR - [P TE S
PABES AT I CLC DFHEZIENT Z LI K DARENAA A~ 2D 3 )L X —F LK O FTHE
PEA T LT, Z{bRFE O HE - BUNEAT O 6 OFE = A M ERE (5,000 kW, B (=
90 %, BREFE 7K FH 25% JAKE=2 A | 8,700 M/t)% Fig.4-9 12779, DC R T 42.9 M/kWh, GS
T 43.0 [/kWh, CLC 1% 37.0 F/kWh Th o7z, ZFfbiRSE DO - B = R R A3
572Uy CLC OFEE = X MIL DB RWAY, DC IHE KX U GS FEE Tl bk D or#fE - 5]
= 2 B (4,200 F/t-CO[ 1391 IREL DBRBE THE D ILIKFEFEE R AR U RERTHRLL)
W EFEGEINDTZD 3 DOREMEHITHE A MBRHETT MR L ool EoH
(B3 90% JRBHE 7K 25%)WZ K D IEEEMENT 24 500 kW 725 10,000 kW O#ifH CI7o72 &
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4-3-3  KEAA A~ AR IR AT 285k 7 U 4
PRBHEARIR L [ 7= 82T o T U A2 oW TR BIE, %immbfwét@ AETIE
BRHERT - AT O 2 X MEBIZ AT 72 BN SGED IR E Y CTTHRET 5, 3.1 KO 3.2
FOBRELIHE A NHIEZERTE 6ﬁfab'r$ﬁ>z§>é%§?€$§/%u L DC #EM O CLC & 4F
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REMEN L2 ZAT o F A VLV TOT VX —LEHIFIZBIT LN RS KEX Do
oo TV F U A T MTE W TERIRE % 300°CH 5 540°C, [£71% 0.1 MPa 7> 5 15 MPa @
FHHETENETNORMEEZMAEDLETHA 7 ARNICBT SR VX —REEHL, &5
& TRV —IRIEOIEB A MR Lz, 2B, 2R OIIEIANZRR A 7 — E o
DM B g U CHEIPH DR E 217 - 72[155],

(1) BE=a A b BIEOERSM:

4-3-2 DFERZHEE 2. BHE LTZRE A N BE(CO, 7B - [FILEE : 25.0 F/kWh,CO2 43
Bt - FIA : 27.3 /AW Z TEID &2 fH Uiz, EFH DIXTAVE TIORE L2BREBIOR
BARA ARy a A MCBETAHEN TV A & 5& AV = —F VA O & EH
RHIZMESLT D Z Sl L » T, MEENEE R CIIARE NS A~ AFRO a2 b (WGt
IRk 2 L) Bk 3 43 1 FEEE2,900 M) E TIERBI T 2 mREM A S Lz
[136],

ATV ATk, BB E 3 0D 1(2,900 M-8 7KK 25%)F TR L 7= 58 2 80E
LT, 7oA 7 MCEBT DIREREEIERME, BESECV AT DB HERED
RN ERSEEGEORE A NG 2BV TREEIT- 12,

O ZBERRFEDOHE - I 22 WIEE

3 ODOREMHD ) BLREE A FOMEN ST DC FEEICTHIERD 3.1. AT ARENR
WCBWTZR X —a ANKENoT oA 7 VOUEICER L, 500 kW 205
10,000 kW OFIFAIZ I TR A 7 /L O EE S H(300°C~540°C) e OV 1 54£(0.1 MPa~15
MPa)% ZA L SHT-GEDOFKE A MG X DB ONWTRE Lc, TORSE., BREHE L
HEISHERT Y - EARBE DT U AR BRET D & MBS 3,000 kW UL EORHZ T % A
DA MEBENENBEIND Z LR aho7z, 3,000 kW Zxfgl LT, ZoF 04
AT NDIA ZNVRYGEI D FE A MEEGIRZRE Lo, ZORE, & 27 AB#FH
90% (330 H/F)OBREFE KHE 25% DERMET THRA 7 —OARKGEMN %2 5 b EN LR D
540°C(#J 150°CO FHYE CTrEilfb =&, E HIZHES % 15MPa(f) 12 MPa @ &) F TRE1L
THIETTUFRHA TR 35.6%K) 85%D EAYETH EL, TORR, AT
LFEENHFIL 241% FTEF L TREEA ME 19.8 M/AWh &7eh | RELZHEE AR
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HIEZERTE D2 Enbhote, 2B, :@H#@Fjjﬁ%%@vﬂ)ﬁt%jtﬁit% L& ZAE
TR LR DG % TLRA(400°C) 9 B 540°CIZ Liz35A . AIEIE 2.0 cmﬁsgﬂzkf 7.2 emE THY
3% ERE Sz (Appendix 4-5,[155, 156]) . Pﬂ)?i%jt RS I A RMEINGTIE, BEER T R
MZEFHEMAAWOZMBERHOAINBMENDHDOE LT, FEMiz AT L A(SUS304)
EL, FORBBIZHWEDZEKR VEEZF U TR L-EREIC SUS304 HAM[157]% 23T T
flOgR 2 A b & FRRICEAIFE ChlRLCHEE L2 & 2546 0.015 M/AWh D=2 b EFIC
BME-oT,

e A N HEOERCRILZ Table 4-1 1283, MY T U FICHKSHEE 2 A MK
BO—FIE LT DC BEDT oA 7 NVNRUGERICa 2 MEFSENR KXo
3,000 kW (23 THAR 7 U A ERBZE 90% JAEHE K 25%,C0O, 778 - FIIZ2 L, ARE N
A A~ AREO A % 350 IR ; 2,900 FHACESWT, A L7-RE 2 2 MR
D—HF% Figd-10@I\Z, 7 F A 7R om L& DC ¥Ea A MR OBRE&R% Fig.4-
11 12" 9, ZRSIREED 300°CHE ThivE 8MPa LU L, 400°CHE THIE 5~6MPa, 500°CH
THivT 4MPa DIENFMICTHRIE LIZHE IR FEFELER TE DL Z L bhoT,
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Table.4-1 Technological scenario of DC without CO; capture

Power generation scale KW | 500 | 1000 | 2000 | 3000 | 3550 | 5000 | 7000 | ‘9%
Present conditions eBiomass cost ; ¥8,700/t (excluding transportation cost)
eSteam conditions : temperature and pressure depends on
scale
e Operating rate : 90%,
e Water content of woody biomass : 25%
Steam Temperature °C 360 | 370 | 380 | 400 | 410| 430 | 460 | 500
conditions Pressure MPa 3 3 4 4 4 5 5 6

(1)Technological scenario of DC without
CO; capture

(Goal setting : less than ¥25.0 / kWh)

eBiomass cost ; ¥8,700/t — ¥2,900/t (excluding
transportation cost)
eSteam conditions : temperature 540°C, pressure : 15
MPa

(Improvement of Rankine cycle efficiency)
e Operating rate : 90%,
e Water content of woody biomass : 25%

Power generation cost (present) | ¥kWh | 42.7 | 40.1 | 36.0 | 352 | 34.6] 328 32.4 | 31.8
Power generation cost (Scenario) | ¥kWh | 252 | 22.8 | 204 | 19.8| 19.5] 194 ] 19.5]| 19.9

(2)Technological scenario of CL.C with CO;
capture and sales

(Goal setting : less than ¥27.3 / kWh)

eBiomass cost ; ¥8,700/t — ¥2,900/t (excluding
transportation cost)
eSteam conditions : temperature 540°C, pressure : 15
MPa
(Improvement of Rankine cycle efficiency)
e Operating rate : 90%,
e Water content of Woody Biomass : 25%
o CO; capture rate : 60%
o CO; sales price : ¥2,000/t

Power generation cost (present) (A) | ¥kWh | 61.5| 52.5| 43.4| 40.7 | 39.7 | 37.0 | 36.0 | 342

CO; sales (B) YkWh | 55| 47| 39| 36| 35| 32| 39| 27

(Ot engpon cost Qresend | yuown | s | 478 | 395| 37.1| 362 338| 330 314
v

51":;” generation cost (scenario) |y | 374 | 2090 | 249 | 233 | 227| 222 | 219 | 2222

CO; sales ('B) YkWh | 42| 34| 27| 29| 27| 27| 25| 24

?%V)Vf(,ie)“_e(r,g)i““ cost (scenario) | vy | 332 | 26.5| 22.0| 20.6 | 200 | 19.6| 194 | 19.8
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Fig.4-10(a) Technological scenario of cost reduction for woody biomass power generation under
¥8,700 /t — ¥2,900 /t, water content of fuel 25% and
system operation rate 90% (330 days/year), DC 3,000 kW ; energy Efficiency : 18%—24%

( temperature : 410 — 540°C, pressure : 4.0 — 15 MPa)

conditions of fuel (woody biomass) cost
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Fig.4-11 The relationship between Rankine cycle efficiency and power generation cost based
on the technological scenario of woody biomass power generation (DC ; 3,000 kW) under
conditions of operating rate : 90%, water content of fuel : 25%, fuel cost : ¥2,900 /t, and

without CO» sequestration and capture
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Fig.4-10(b) Technological scenario of cost reduction for woody biomass power generation under

conditions of fuel (woody biomass) cost ¥8,700 /t — ¥2,900 /t, water content of fuel 25% and
system operation rate 90% (330 days/year) , CLC 3,000 kW ; Energy Efficiency : 16% — 21%

( temperature : 410 — 540°C, pressure : 4.0 — 15 MPa),
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M/AWh E WO RER E o7z, ZOMEITRHENO 2FU LR =R~ A F A %5
BT 21232 A MEOLEELWI EREEMICHL MR- 72,
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Table 4-2 Prices in implemented carbon pricing initiatives[161]

Country name Carbon Country name Carbon

tax(US$/t-COy) tax(US$/t-COy)
Sweden 140 | Québec(Canada), 15
Switzerland 87 | California(USA) 15
Finland 69~73 | New Zealand 13
Norway 56 | Portugal 8
France 36 | Switzerland 7
Denmark 27 | Colombia 5
UK 24 | Mexico 3~1
Slovenia 20 | Poland, Ukraine <1
Slovenia 20 | Poland, Ukraine <1
Korea 18
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Table 4-3 The cost of reducing CO> emission for power generation ;

(a) based on the present situation of DC

Power generation kW 500 1,000 2,000 3,000 3,550 5,000 7,000 10,000
scale
Power generation JPY 42.7 40.1 36.0 352 34.6 32.8 324 31.8
cost /kWh
CO2 capture and JPY 12.9 12.5 11.5 11.2 10.9 10.1 9.8 9.1
sequestration /kWh
cost
Power generation JPY 273 273 27.3 27.3 27.3 27.3 27.3 27.3
cost to achieve /kWh
Cost to improve  JPY 323 293 23.7 22.5 21.7 18.8 18.1 15.9
/kWh
Captured CO, t 6,186 12,058 22,188 32,470 37,761 49,480 67,620 90,450
amount
Cost to reduce JPY/t 12,542 10,805 8,324 7,482 7,132 6,115 5,788 5,020
CO; emission -CO,
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Table 4-3 The cost of reducing CO; emission for power generation ;

(b) based on the technological scenario of DC

Power generation kW 500 1,000 2,000 3,000 3,550 5,000 7,000 10,000
scale
Power generation JPY 25.2 22.8 20.4 19.8 19.5 19.4 19.5 19.9
cost /kWh
CO2 capture and JPY 5.39 5.27 5.17 5.08 5.02 4.9 4.83 4.73
sequestration /kWh
cost
Power generation JPY 273 273 27.3 27.3 27.3 27.3 27.3 27.3
cost to achieve /kWh
Cost to improve  JPY 9.7 7 4.5 3.7 3.2 2.8 2.8 3
/kWh
Captured CO, t 4,325 8,477 16,675 24,666 28,844 39,855 55,362 78,058
amount
Cost to reduce JPY/t 7,553 5,602 3,622 3,039 2,658 2441 2458 2,652
CO; emission -CO,
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Table 4-3 The cost of reducing CO> emission for power generation ;

(c) based on the present situation of CLC

Power generation kW 500 1,000 2,000 3,000 3,550 5,000 7,000 10,000
scale
Power generation JPY

61.5 52.5 43.4 40.7 39.7 37.7 36 342
cost /kWh
CO2 capture and  JPY
sequestration /kWh 0 0 0 0 0 0 0 0
cost
Power generation JPY

27.3 27.3 27.3 27.3 27.3 27.3 27.3 27.3
cost to achieve /kWh
Cost to improve  JPY

342 25.2 16.1 13.4 12.4 9.7 8.7 6.9

/kWh

Captured CO, t

9,194 15,750 26,159 36,535 42,063 54,256 72,293 95,006
amount
Cost to reduce JPY/t

16,911 15,659 13,636 13,290 13,061 12,220 12,112 11,476
CO; emission -CO,
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Table 4-3 The cost of reducing CO; emission for power generation ;

(d) based on the technological scenario of CLC

Power generation kW 500 1,000 2,000 3,000 3,550 5,000 7,000 10,000
scale
Power generation JPY 37.4 29.9 24.9 233 22.7 22.2 219 22.2
cost /kWh
CO2 capture and  JPY 0 0 0 0 0 0 0 0
sequestration /kWh
cost
Power generation JPY 273 273 27.3 27.3 27.3 27.3 27.3 27.3
cost to achieve /kWh
Cost to improve  JPY 10.1 2.6 24 -4 -4.6 -5.1 -5.4 -5.1
/kWh
Captured CO» t 7,094 11,300 19,763 27,820 32,187 43,747 59,221 82,366
amount
Cost to reduce JPY/t 4,800 1,531 -1,631 -2,921 -3,443 -4,020 -4387 -4,281
CO; emission -CO,
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Appendix 4-1
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Table 4-A1 Calculation of System energy efticiency for power generation

Abbrevi | Cost Component unit Factor and setting conditions Refer
ation ence
FI Calorific fuel | kl/s FI=Hh + FM
input, based on
HHV
M Fuel input, mass | kg/s Mass flow of wet fuel, yearly average
flow
Hh Higher  heating | kJ/kg-fuel | Hh=(407/12¢+240/2x(h—0/8)+296.1/32s-2.5x(1.130+w) | [164]
value HHV of wet +2.5%x (9% +w)) - 1000
fuel ¢, h, s, 0, w: weight per unit weight of fuel for carbon, hydrogen, sulfur,
oxygen, and water, respectively (kg/kg-fuel)
HLG Heat loss from | kl/s HLG = Mass flow of gasification gas « Heat capacity of gasification gas
gasification  gas * (Teas — Tair)
cooling
LB Loss from Brayton | kJ/s LB=(FI-HLG~Lre)+ (1-(1 — %)) [164]
cycle 73: Gasturbine temperature (K), 74: exhaust gas temperature (K)
LR Loss from | kJ/s LR=(FI-Le—Lre)+ (1—( h3_h4)) [164]
Rankine cycle ) . h3=h1 .
hl: enthalpy at ambient temperature (kJ/kg), 4 3: enthalpy at turbine
temperature (kJ/kg), #4: enthalpy at condensate temperature (kJ/kg)
Le Loss from exhaust | kJ/s Le = (unit heat of gas ) * FM
gas
Lre Loss from reactor | kJ/s In (Q) n (ﬁ) Fouri
( combustion Lre = (T1—-T3)/ rl + r2 /1000 er's
chamber for DC 2nk1L 2mk2L law
aCnLdC )Avlvz/lf R for k1 : thermal conductivity of mullite (W/m + K) ; 5.0, k2 : thermal
conductivity of SUS304 (W/m + K) ; 16.2, T1 : reactor temperature (K),
T3: ambient temperature, (K), r1: radius of reactor inside (m), 72: radius
of reactor and mulite inside (m), 73: radius of reactor outside (m), L :
Height of reactor (m)
SE System efficiency | kJ/kJ SE(DC,CLC)=(FI-Le—LR—Lre)/FI
SE(GS)=(FI-HLG—LB—Lre)/FI
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Appendix 4-2
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Table 4-A2 Cost functions of each factor for power generation

Abbrev Cost Component unit Factor and setting conditions Refer
iation ence
AP Auxiliary power ratio kWh /| AP=0.1505exp (-1.841 « 10 + PS) [153]
kWh
AR Air reactor (CLC) JPY / year [149]
AV Air volume m?/ hr AV=(1/0.232+(8/3¢c+8h—-0)+ 125 FCM/(330+24)/ | [164]
28.8 /1000 « 0.082 / reactor temperature / 1000
¢, h, o ; weight per unit weight of fuel for carbon, hydrogen, and
oxygen, respectively (kg/kg-fuel)
BC Biomass cost JPY /t 8,700 X
BD Biomass density t/m? 7.64 [1501],
year [151]
BFC | Bag filter cost JPY /year | BFC = (2613.6+23.6 - ( exhaust gas volume flow )) / DP %,[16
5]
BLC | Boiler cost JPY /year | BLC =496.4 + ( mass flow of steam ) 195/ 1000 / DP [149]
cc Combustion chamber JPY /year | CC=6848.2 « (RH - 4.18 + 3600 )*#%° - 1000 - 1.723 / DP [149]
CCC | Cooling condenser cost JPY /year | CCC=48.9 « HA*®% - 1000 - 1.394/ DP [149]
CF Chip feeder JPY /year | CF=70.6 + (( height of rector * sin60°) %) - 1.658 - 10000/ DP | [149]
CN Cyclone (CLC) JPY /year | CN=2899.2 + AV*185 « 1000 + 1.377/DP [149]
Dp Depreciation period Years 15 years (utility ), 30 years ( plants ), 5 years ( vehicle )
EG Electricity generation kWh /| EG=PS+ OH
year
Enet | Net electricity generation | kWh /| Enet=EG + (1-A4P)
year
EQ Equipment cost JPY /year | EQ=BLC(DC,CLC)+BFC+CC(DC)+CCC(DC,CLC)+
CF + FDC + GR + IDB + TBC ( DC, CLC ) + WLC + WTC ( DC,
CLC )+ GF (GS)+SC(GS)+ GTC(GS)+AR (CLC )+ FR
(CLC)+ CN(CLC)
FC Fuel cost JPY /t FC=BC+TRC
FCM | Feedstock consumption t/ year FCM=PS + OH - 3600/ n/ Hh / 1000
FDC | Forced drain fan cost JPY /year | FDC=2,899.2 «+ AV/DP [149]
FR Fuel reactor (CLC) JPY /year | FR =(5330.6-1010.4 - LN ( FRV') + 1000 * 1.059 « FRV / DP [149]
FRV | Fuel reactor volume m’ FRV = Cross sectional area * height
GA General administrative | JPY /year | G4=0.25 LC *
cost
GF Gasifier furnace (GS) JPY /year | GF = (6848.2 - (( RH - 4.18 - 3600 )/ 1000000 ) %89 ) - 1,723 - | [149]
10000 / DP
GR Power generator JPY /year | GR=253.2 - PS%7% - 1000 - 1.02/ DP [149]
GTC | Gas turbine cost (GS) JPY /year | GTC=(227.4 - PS%"12) - 10000 - 1.411 / DP [149]
HA Heat transfer area m? HA=2218.7 « ( PS/3550)°7 x,[14
9]
[165]
Hh Higher heating value HHV | kJ/kg-fuel | Hh=(407/12¢+240/2 x(h—0/8)+296.1/32s-2.5x(1.130 | [164]
of wet fuel +w)+25x(9% +w)) - 1000
¢, h, s, o, w: weight per unit weight of fuel for carbon, hydrogen,
sulfur, oxygen, and water, respectively (kg/kg-fuel)
IDB | Induced draft fan cost JPY /year | IDB =2899.2 - ( exhaust gas volume )*'%5 - 1000 / DP %,[16
5]
18 Insurance cost JPY /year | IS=0.004 - DP - (EQ + PC) *
LC Labor cost JPY/year | LC=OP + LF
LF Labor fee JPY/perso | 5,000,000 [153]
n/ year
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McC Maintenance cost JPY /year | MC=0.03 - DP - (EQ+PC) X
oH Annual operating hours Hours/yea | Annual operating days * 24 S
r
opr Number of operators person(s) Range from 200 to 1,000 kW ( excluding 1,000 kW ) : [153]
OP200 - 1,000 kw = 0.005 * Enet
person(s) Range from 1,000 to 10,000 kW : [153]
OP1,000 - 10,000 kw = 0.000778 * Enet +4.222
PC Plant construction cost JPY /year | PC=389,500,000 « ( PS/3550)°7/DP x,[14
9] ,[16
5]
PGC | Power generation cost JPY /year | PGC=EQ +FC+ FCM+ GA +IS+ LC+ MC + PC
PS Plant scale (generating-end | kW Range from 500 to 10,000
output)
RH | Required heat klI/S RH=PS/y
Rs | road straight ratio - 2 [149]
SC Scrubber (GS) JPY /year | SC=(1458.9 +10.9 - gas velocity ) * 1000 * 1.569 / DP [149]
TBC | Turbine cost JPY /year | TBC=(1957+4.7 - PS - 102.3)/DP [149]
TRC | Transportation cost JPY /t TRC = fa TU * rs* BD * 2nrdr / (BD - a2 ) [150],
0 151
a : Maximum collection distance (km), » : collection radius (km), [151]
rs : road straight ratio ; 2,
TU Transportation unit cost JPY / t- | 90 [150],
km [151]
WLC | Wheel loader cost JPY /year | WLC =10,000,000 - (PS/3550)%7/DP x,[14
9] .[16
5]
WTC | water tank cost JPY /year | WIC = (4830.8 +28 + water volume * 1.14 )/ DP [149]
n Power generation | kJ/kJ n = (input energy of woody biomass - Sensible heat of exhaust gas - | Chapt
efficiency Heat loss from reactor - Heat loss from Rankine cycle) / input energy | er 2.1

of woody biomass

% Interview
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Appendix 4-3-1
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Fig. 4-A1 Process flow diagram of GS
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Appendix 4-3-2
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Appendix 4-4-1
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Fig. 4-A3 Heat flow diagram of GS (2,000 kW)
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Appendix 4-4-2
CLC (5,000kW) ®t— h 7 m—K%Z L FIZRT,

Boiler /

AR/FR Generator ;
~
=)
-~

= 3
S 5,696 kJ
> & Heat loss from Rankine cycle :
" E 14,147 kJ, 45.4%
=]
&
31,194 kJlHeat Joss (AR): 2,540 kJ, 8.1%
100% (FR): 2,393 kJ, 7.7%
Sensible Heat of
Exhaust Gas :
: 6,415 k), 20.6%

Fig. 4-A4 Heat flow diagram of CLC (5,000 kW)
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Appendix 45
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PDi

Thickness = m

72%5. P :Pressure (MPa), Di : Inside diameter of reactor (mm), ¢ : Allowable tensile stress (N/mm?),
1 : welded efficiency %379,
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Appendix 4-6-1

CLC (3,000 kW)IZ351F 5 "R bIRSE DB - BINE B DT FE T A M AT ABMF# .
90%, BREFE KR : 25%, BB 2 R¥2,900 /)& T % YA 7 ARhER E DORIRZ LU T IOR

‘jAo
/_K] 40
/
Less than 30
—~ ¥27.3 /kWh N
/ o
I -
' ‘ 5
—20.9
Over ¥27.3 /kWh é
L1 K

520
480 450 430 , 0 0.1 &
2 . 5
Temperatyre (°C) 370 340 300 5

Fig. 4-A5 The relationship between Rankine cycle efficiency and power generation cost based on the
technological scenario of woody biomass power generation (CLC ; 3,000 kW) under conditions of
operating rate : 90%, WC of fuel : 25%, fuel cost : ¥2,900 /t, and CO, sequestration and capture
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Appendix 4-6-2

CLC(3,000 kW)IZI31F D itk D4y - MU N DOFeHl GO TR E I A N AT

LB 0 90%, REFEKER 1 25%, BB X F¥2,900 /)& T ok A JOLRhER L ORR
Z LA TSR,

1 30~
///// X
| ‘ -
(&)
b=
V]
o120 ‘B
]
| g Less than ¥27.3 /kWh -
] == 10
Over ¥7.3 /kWh
=15
8 N
3 &
S

320 480 450 ;i
em pﬁ?(,)t uf_‘l Or_\ ¥, 370 9:1 Q"U
ature (°C ) 340 300
Fig. 4-A6 The relationship between Rankine cycle efficiency and power generation cost based on the
technological scenario of woody biomass power generation (CLC ; 3,000 kW) under conditions of

operating rate : 90%, WC of fuel : 25%, fuel cost : ¥2,900 /t, CO; sequestration and capture and
sales
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5-1 #f5 - H&x

AW TIL 4 BTHRR72EBYD, ZHETREAS A~ 2D VX —F LRI T
T, ORENAA A~ ADAPEA A MERR, @QBEICHE & Lo2dH L EEPRBERL A A~ A%
BINA T~ AN B ENRE LT, BEL L Tr ot A% & a2 MEEZIERIC
X 2B A ORI BT 725 T U AW TaFSE[35, 136] 2 D T & 7=, ZDHT
RENA A AFKEOELRD 3 X IS INT T, REAA A~V ZADRERFFETH LA
—Rr=a— FIMIEH L, REAA A~ ARERTI AT D bR FE D538 - B &
AN L 2% E2 A MOKBE KRG LZ, THEZEBTEHAREENH L HITD 1 2L L
<. ﬁﬁﬁ®%%&mkﬁéh6M%ww7%(aO[Bﬂ ZER L,

(B — T E AR IR B RIBBHT L DB RIS & 22K OBRBEIZ 5 < BBk « 3BTRS D
ﬁ@ﬂb&i@ @m%ﬁﬁzimkﬁﬁﬂ%ﬂﬁ_ﬁoixw%~ﬁﬁv27bf*ﬁk
STBET v 2 RPN R IR A B - BT E DR A AT 5 BN TH 5 ([137],
*m E. R EIRFE AT 100%HE T 5 Z LA TE, BERIIHRAET L &mrﬁ@@
IhE ) b & B - [FI = A MERRIC A T, X DI RBR TEMRENICbEA T
DEReMEN D D Z & D CB{LIRE DY A E ‘w%%%%%ﬁiéw K ER=CYAss3

ﬁ%:bﬂfwéﬂﬁ4@]

CLC ZHwi WL TiE, TN ETERICHREREE LTEKYTA 7 AV RBEOES
%%ﬁ%mﬂmm%ﬁwwxm HkT 2 BT A % F 2k FHLE[170-172]. 1,000MW,
ZRE L2 KR CLC 8 BORFEMERE[173], A 2y b7 FE2BELZY I 2 b—
Vg R FEIEERRICE T B HFSE[163, 166, 174-18013 T T & 7o, £ ITEIIARE A 4
~ AZPRELE L72 CLC OMFZEIZOWTHMLTEY . BFEx v V) TR & KEANA 4~
AL DRIG[177, 1811031 F~ A 72 EOBEEPRELOKFELERUCER LT S CLC Hill 7 k&
A DHEZE[172,182,183] . BT FRIBIFE[91], A A~ A %E W2 CLCIZ L 2HEAF— A
2B % =L F— SR I KO o OBLE OREI[90]23 Tl T& 7z, LavL, &
O OBEFERFTRIZ IV TR, FRE D ER N O A R % b TIoHE o, #RE TERAm &
DRV AT ATt ZAHE, HAHNIT 0 AR DR WRENEFME R SR
THE Y RRFPERHE 2 £ - 72 CLC OFEfl7e 7 v & 25k EHCR# 2 CLC DAL —3 3 &
TIVOREE, & HITIIARENA A~ ZAOFFIEKRIZIT 72 CLC O EFREATEHFE 0 J7 mik %
T D HEMT LTV A TERE L TWDAHNIER,

T TARETIE, HARICBITDERERE Z oo, AFRICB N THELEY ot RE
TNERHNT, REAA A~ ZADOE 72 HF ALK AT THFER%E & D CLC I2 20\ T%
DFEM7e 7 1B AOFBRIZL DT B AR AT O & & I, RFEEFG 217V, Fei A
R —3 g VEEITOWTRE LT,

BRI, FEMEEH 2 L7 B ARG A2 b LI, BFRBFORESCHERE X v U Thi r

D #&YEHE (particle terminal velocity) % 28k & W 72355 124 BUGHF OERECEEFE X v U 7kL
T DVLERLA B 5 2 DB OV TUREMHT 217V, CLC AL —3 3 IZBW TR
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BEMEOEBWEREORE &, RE A A~ 22 REHE 35 CLC OFFBRIZE o J5 a2 B4
HEMF U FEBREF LT,
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52 JiE
CLC v AT ADFEMR 7 v ARG & LIS RFEMFMG 21T o 72, 7B, KA
T AIZBIT D CLC 7' AME K 5-1(—E I RT,
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Electricity condenser

Air

B Cyclone—ﬂ\TOz
=~ Fe,05 oo (+O)
& Sca
A —CO,
e,
Loo o 2
80 -~ ‘
Sea % a Fchcllp §-
Fe / eder =
FeO S §
bag || Ash | &
Water Alr filter || Bunker | “
Tank |
Dust Ash
I I Depleted air

Air reactor

///’ seal

CO,, H,0, impurities

Loop
seal

Fuel reactor

~—~——~——~"—1 Biomass

—

N

Loop

Steam

Fig.5-1 Process flow diagram of CLC

130




5-2-1  BUGKH OERFERE

b —EIZIT D OB (BR(bdr K OSEIeHF) OFRBEREET V&L FOHIETIT-
7o WAAREE OO0 7 v — %K 52 12577,
(Db (AR) Diks

AR DIRFFIREIZ STz - TE, T ERORBIRE 2GR L, £ ORFITE & iE) S AR
OWiERR A FHE L72[184], WICEER T ¥ V THI - TH DA NV AT A N ORBLISEE N &
B L IR DRI EAFE Uz, 7l BRI I3 SCER[179] & [RIFEEE (150 kg/MWe) & R AE
L7, Bid-D AR NOGARIN D, B E 72 DRI IR B2 M7= T 72 0OIZ T 5 AR DFE S %
HE LT, B, AHEETAICHT > CORMHESRMEEH 5-1 107 T, F-3EaEMa LT
\ZREHT D,
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NO

CALCULATION PRECONDITIONS
— Gas properties

— Gas composition

= Fluid dynamics

— Cross—sectional area

GUESS DENSE BED INVENTORY
< =

DENSE BED CALCULATION
— Fluid dynamics
— Bed height
— Gas conversion at dense bed

.

FREEBOARD CALCULATION
— Height of freeboard
— Gas conversion profile

4

TOTAL GAS(CH,) CONVERSION l

YES —IL—

FUEL REACTORVOLUME |

CALCULATION PRECONDITIONS
— Gas properties

— Gas composition

= Fluid dynamics

— Cross—sectional area

C

DILUTE BED HEIGHT

#

DENSE BED HEIGHT

C

' AIR REACTOR VOLUME |

Fig.5-2 Calculation flow of AR and FR volume
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Table.5-1 Precondition of AR calculation

Symbol | Value | Unit Description
Uy 6 | m/s | superficial gas velocity, value chosen is a common one for CFB
combustors[173]

AFR 1.25 - Air-to-fuel ratio, defined as the ratio of molar amount of air fed and
the stoichiometric requirement for complete fuel combustion , 1.25
is a common value for CLC[173]

¢ 15 - oxygen-to-fuel ratio: ratio of lattice oxygen that could be
transported by the lattice oxygen of the oxygen carrier utilizing its
full oxygen carrying capacity and the oxygen demand in the fuel
reactor for full oxidation of the fuel. A high value is chosen to
ensure good conversion in fuel reactor

Tar 1045 | °C | A rather low temperature is chosen in order to avoid high
temperatures in which alkali-rich biogenic fuel may cause
aggravated corrosion and/or bed agglomeration

Particle properties (ilmenite)

dp 250 | pm | particle diameter: rather large particle diameter representative of
rock ilmenite (as opposed to sand ilmenite, which is usually less
coarse)

0p 3800 | kg/m | particle density[173]

3

Dy 0.9 - particle sphericity, high value assumed for aged fluidized bed to
account for attrition[184]

Roc 3.3 | wt-% | oxygen carrying capacity of the oxygen carrier (OC): mass of

oxygen that the OC can carry when fully reduced/oxidized
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O VEREFRF v U TR &

MR U TRIFTHDHA VAT A b OBAEFISTHEED & LB & 72 DRI+ 8SIoe ar (Tar)

ZG-DRUC KV EE L,

E, 1 1
SIOC,AR(TAR) = SIOC,AR(T = 1045°C) = exp (F (m - m))

with E, = 25.5 kJ/mol for ilmenite oxidation

(5-1)

(5-1)DFHFLAE A USIF OBEAST Pr (150 kg/MWa)[179]1% £ 8 L TR B2 R L7z,

Moc,ar = Slocar (Tyr) * Py

© AR D¥
% 7" Dimensionless dp* % Fi 1183 L ORMORE N LA LT,

. _ 0g(0p—04)9\"?
dp_dp(g p_ =g )

Hg

(5-2)

(5-3)

72k, dp*E R DEREEEN S . Dimensionless u Z#HEET 5 2 L INTX H[184],

-1
18 2.335—-1.744P¢
u; = [ «\2 + «\1/2 ]
(ap) (d3)

WIZ, R Eu, Z2ui DR LT,

) ]-1/3

Qg
Uy = Uy [—
t t Kg(ep—eg)g

e\ N TR ROEEE Gs (kg /s /m?) & 225D B &L, AFR. ¢. Roc, Bt DWERLA 5

L7z,

e L Mgy 0.232
Ge =2 with 1y, = tar02329
ApR Roc AF

D%, BISHOHN THREL SNDETEY ¢_se ZHETE LT,
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Ese = s (5-7)

- 0p(Ug—ue)

BOSIF O & 2 RET DIZH T > T, WIKEICH DR FOEmEEE & £ O BiZh HHhE
TAERE E T CEHEERITo -, Mg CIXE K546 % £ (Solid hold-up) & sd %
0.14[184] L iE L. Frklg & DTS F T il E K (exponential decay law) a & 1 & L T(5-8)IC
XV Hi R LT,

mt—e_av OpHf Agg
&.sd 0p AaR

H, = (5-8)

T E O S Helk, A ORFEFE S e s” *=0.01([184] HHEE) & L THE(5-9)IT &
DEH LT,

Hy=—2in (i) (5-9)

a Esq—Es

AR OE ST, BEO L B0 EHEERBOE S & FHEOE S ORIITH Y | (5-10)70 &
BORM L,
Ht= Hd+ Hf (5-10)

QM (FR) Ot

FR DRFEREICH T - T ETRBEN A DD A ZRE LTz ETH AR ZFHHE L,
A & R AT A E (Superficial gas velocity) 2> FR OWEFE 2 51A L7z, i CHRZBEREIC
BT LWFEX Y ) TRA DA N MY ERBICRIT DMFEX v U TR OS50 5 &
(Solidhold-up) ZFH5i L. # i & AIE(7 V) —R— ) TD A X 2 I A DR 90%
(2725 £ D FR O S & ROT(K 52), ek, ARitHEZT DICH 72 o TORMRRMNZ2FK 52
(R, EEIEREMA LT ISR D,

135



Table.5-2 Precondition of FR calculation

Symbol Value | Unit Description
Uy 1 m/s superficial gas velocity, value chosen so that the FR is operated as a vigorously
bubbling fluidized bed
XcHa 0.9 mol/mol | desired conversion of CH4. Under the assumption that all other gases are also
converted by 90%, this leads to a reasonable oxygen demand of 10%
S/C 1 mol/mol | Steam-to-carbon ratio that is used for fluidization of the FR
Trr 860 °C A rather low temperature is chosen in order to avoid high temperatures in

which alkali-rich biogenic fuel may cause aggravated corrosion and/or bed

agglomeration

Particle properties (ilmenite), see table for AR
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OEEEEOR S DOIRE

S/IC R OAREAA A~ ABREHBHR ED D | KAEK DT EZFHR Lz, W CREHISE
BIRBEEARE L BRBEIC - TR AT 5 M bRFE R KO ER MEEEZHH L, 20
fERZHNT LA S VR, TIVF AT 28 BBFEF v U 7R ORL A BT K Ol
ZEHR L7z, FRIESICHS SI7oRBHT, B & [AIREICBAE - 7 262 L{RE L T, FR
DOWrEFE A FR % D ARFER &R X O ABGEE U g DRt Lz,

FR (AROFHE 7 v — %, K 521ZRL7EB0 THHM, £T FR @EERBICE T 5
FX X U TR ADA L _U b ZHERIL, ZOHEHIICEESWT FR £RGEHBEE & 74
DN T DEEFE S ¥ V) TR+ D545 (Solid hold-up) %R, FR IR TH A X W
A DERHAZRIN 90% 12725 K 5 FR OF S &R 7=,

ZZCERFE T v ) TR D43 A B FE(Solid hold-up) & A Z > H A DEHERIZEE I 5 B R E
MELHET 5, MEERBOBEX ¥ U TH A X2 M EEBIZEIT DR RER.
Johnsson © 12 & o TR &AL 7= FH3EE 7 /L (Two-phase flow model)[185]% & & 1T L - THfF
BT, BeFEx v U TR +DZEME ¢ mf % 043 & L[184], HEHEE u mf % (5-11)iz T
FHE L 72[184],

_ dj(ep=0y) g €ms® s’
150ug (1—€my)

(5-11)

mf

PR DBRBEIZ > THAT 2 U A1, FRIEHOZ AR Z 8 U T, FRICHHZ AT T
<o JEEBIZH T D ZFLEEIE Aold 4200 fH/ m2 [184]& LT f 218512 H L=,

f2 =[0.26 + 0.7 exp(—3.3d,, )] [0.15 + (U — upy)] /3 (5-12)
Z O & AV T(5-13) U TRIAEFE & 2 3HE L7,

1

Op = —3— =5 5-13
b 1+E(Ug_umf) ( )
SIEE Sy HHT 52 & TRICEEERBOZER K ¢ ZatH TX 5,
E = (1 — 6})) Emf + 6b (5-14)

B LB O S1E(5-15)RUTTEAE TE 2,
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mOC,FR,dense( 1 )

0 1-€
H=—%_"<

AFR

(5-15)

EEBEROS S, BEBERBICIBITD AL T AORIAORE SRE S HFHNTH - T
RHREIC LS TRETHZ ENTE D, BMRITTOXILHEE dimensionless visible bubble flow
v, G-16)RXD L BVFEIND,

Y(2) = f, (z + 4/Ap)** (5-16)

WAZ ATHA AR visible bubble flow  uyis 2 OF throughflow  ugeld, (5-17)20 &% O 5-18)uz THEf
%T% ZDO

Wyis(2) = Y(2) (Ug — ttmy) (5-17)

ur = (1—9(2) (Uy — umy) (5-18)
SIADORE SIL, (5-18)IZ7~7 Darton X HHEE TE 5

dy(2) = 0.54(Uy — tps) " (2 + 4,fAg)"® g=02 (5-19)
KIZ 1 DOKIIZER L, TOKIAD EFHE u(2)ld. 5200 RUCTHETE D,

Uy (2) = 0.71,/g d,(2) (5-20)

Kid &=~ vY g U E O OMEBEMREL Kee(z)iE, (5-21)7UZ7~7 Sit & Graces DFH
BANOHEET D Z ENTE D,

0.5

2upy, DG cHa—H20 €mf Upr(Z)
Kpe(2) = Sk + 12 (Zeteo s ) (5-21)

COXIICLTIESN-EEEREB IO LY g VHHOKEIL, MEDFICEY, =
<V a VBT B A N AT A N O—R{bIRFE DL ES[186) D E BBk KL U CHY iR
(EEEHREE & O )7 OFHOFEN T 250 L, B Z &N TE S, [T DL,

it

&) )

&

S DOWTE
B, BBEX v U TR O B A E I A G DEET D, g b A
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J& DRI T D B 53A7 % FE(Solid hold-up) 1&[Rl— &RE L. HAEEE £ (exponential decay
law)a (X a* U g=151/s[184]10BHEH L7z, fAEOm X1k, B E £ (exponential decay
law)a DD 5 FIZEET 2 H D EAE LTz, B4 % E (Solid hold-up) 1%, #ED
w522 U THRIETE %,

&(2) = g(z=0) exp(—az) (5-22)

522 HffivrUF+

W72 CLC DAL —y 3 UFUEEHT 2729, 4 BICBW TR BBFEERE W LR
BN BT H 5 3000kW 1230 T, AR KON FR IZE T 2 4F DR LRI O &M
(BRI 7-£&, make-up ratio, HI)2NIF DORFECM R - &, JF R ORI A MNIE 2 58802
DUWTREMRNT 24T o 72, b %3 5-3 1”7, ZORRICESE R CLC AL —
3 VAR FEBLT 572D OB BRI OBHFE O FIRMEIC OV TRET 21T - 72,
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Table5-3

Sensitivity analysis conditions of each factor

Factor Unit Range
Reactor temperature(AR) °C 700 ~ 890
Reactor temperature(FR) °C 820 ~ 870
Particle density kg/m? 3,000 ~ 4,000
Particle density pm 200 ~ 550
Make-up ratio %/d 0.1 ~ 12
Particle unit cost ¥/kg 21 ~ 3,000
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53 HWREBET
5-3-1 WFRE L IFAREOBR

3,000kW (2351 5 AR KT} FR ORFE & B PN OIREEORIfR A X 5-3 1TR"d, BHEF v U
7 ORI T 3,800 ke/m?, Ki-E8IE 250pum & L7z, AR TiE, IREMN EFICHM] L TR
FEITMIE 3225, FRIZIRE EF & A L THRBEIXD 32 2 ERbooTz,

AR IZEBWT, IRE EFIZE-> TBEX v U 7T OISHED B3 | MEEL 72 DR 81X
Wb L, MBEROBESHEDY LTZEDOs, AR ORI +5, o—5T, EL E
F o EAmEREOR S, BERXY Y T OFNTOREEBNEDT 2 Z &2k ->THEML,
INZE>TAREKRE LToOFmS—HEEINL oD FrmfElcm 2 ' U CRTIND
AR E-o - b0 LI TE 5,

FR 1%, I EFICHE- TR v U TR OGNS ERX D . EBEN T 57
O, BEX Y U TR OVLBEENBDT D, EORDOBHEX Y U TRADEERT D7D
BLRDIFEOEE WO THOFERE LT 560 LS D,

FLCLC AL —2a v LTV ETIRESMELE LT, FEREN/ NS WZEa R
I35 728, AR (X 700°C & FR 13 870°CA%N# L CW\ % Z E AL MMT R -T2,
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Fig.5-3 Temperature and reactor volume of (a) AR for 3000kW
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Fig.5-3 Temperature and reactor volume of (b) FR for 3000kW
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532 WFRELBRFv) TATEEOHEEK

FARNDIREE L R v U TR O EBEORRE X 54 1R T, MELRDHBRES v
U TR ORI, ‘ZE&WL%E EHIZ AR TR L, FR CTIIEMT 2 Z Enbonolz, 5-
3-1 T2 L B0 AR TIHIRE EFICHE-> TR ¥ U 7 OLUSERE B30 | ME L e
DR AT H— T, EE>ﬁ%FRTi\m5Lﬁkk%LW@W&L%WL
fﬁ@#é%@k%wéﬂéo
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Fig.5-4 Temperature and particle weight of (a) AR for 3000kW
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Fig.5-4 Temperature and particle weight of (b) FR for 3000kW
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5-3-3 BEFRF v THTFRLFARBEOBR

R v U 7R R L PR OBIFR A X 5-5 12T, AR(700°C)ClE, R FIZiho i
AR ZLBbinotz, —F, FR Tk, —EDMELL LTI ERBICKREREEL X7
WZ ERGD oz, HL, AR & FRIZBWTE O & 7 DRI FRRITERZ2 D Z L, kL
TROBREIZHT=>TiX, FR O—EfELLEND AR OESICELS R 2REBRET HZ L
WA A MERER & 722,
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Fig.5-5 Particle diameter and reactor volume of (a) AR (700°C) for 3000kW
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Fig.5-5 Particle diameter and reactor volume of (b) FR (870°C) for 3000kW
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54 FED

BE, R ETH Y . RIRD A A~ REBEOHF 725D 1oL &h b CLC
IZOWT, FEfliR 7 e B AET VARG L, AFETRE LI e X7 L E2 AT,
TEFE SRR -5 72 & DI IRTE I OVRE - Bl B % AT T RO TR EE AT 21T
VN, CLC O/ A= L — a V&b 2 LT,

BESME LTI, AR IIKIRIC FRIZEIRICR DIE EFHRBEN NS D), RS
NOFFHDIREAZZRET H I LIZL > THEEN/ NS 2D a2 MERERE 25 2
LRl

BIRRIZEE LTk, AR IZEBW TR &R R OBIRIZEB W T Figih & 72 5 CE AR
A L, FR TII—EDMELU F CIIFERBICRE 2B A2 5270\ E3yinoT-, AR &
FRIZEBWTZ DOl & 72 DR FRIT R 2 D Z LD R FROFREIZHT-> TiX, FR O—
ML 7D AR OB RISEL R 5 RERET D Z &R a2 MEER & 705,

CLC IZRBW T, JFREEN R/ IO, BEE X ¥ U TR EHENR/NE 72 D 5P OIRES
. RIrREBRETHZ L Tl —y a U EmMHTE -,

ZHICE S TCLCIZL DHEATHLAICED T A MIOWTH I HITEH T & HIB7E
HEHLTNDZ ENyoTz,

FREORERIT, ARFZEICB W TER L2 T ADBEFOHEIF 1 T2 < . HFZER R @
THOEIRIH L TH, Hx REMRERICI T DRFEFHMI 721 T2 <, et A5G
KD U T 7 Z—H A ARRLA 'R EDRBEFRMFICOVWTHRETELHZ LB LMNITL
Too EHITITMZET AR OEMII LT, 26 ORER RISV TIRE K
RO & BB O L AMEZ TR TE ML AL VWD Z LB MDD L5
7o
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6-1  FRAMEIROIE RIS T

KN FEEIR EDRMEN MR ETE, ZBLRER EOIRBZRT A L P L
BAETRT R X —DOFMEZIERT 2 LW O HERIEFENROP T, RERSIZELGSN
T, BARFHIZZ R L X =L L TEEICRFE L TWAIREANAS A~ A2 AW FHEITE
H% L, BUfE, KEAA A~ 2OFIFICBE LT, ZNEMiGT 2 HREORFNIE LA L
VRIIZ®H O . ETREAA A~ A ZHWTIEE 2 A MIRMES & i L CIHEFIZE
Wz d 5,

Z DX N SARMIETIE, MEDSRFINCE L L, KENAA A~ A EREE T 5%
R FRES & FRFREE TEBL T, REAAS A~ ZOFMARIER L T L 720
2 BUVEBLR AL L RNBLE 2 B0 A28 5 7 e AT T VORREHT L 5 BEE
i Je O FE MR- 238 U CL (1) =3 X —FIA BB E 2 728 LWOKRE S 27 A 0fkE, (2)
FRFEPEBREEPE OB SRR RIS 7o B AIRRE 2 fh . (3) Bt 7' = & A F&GEH &
FIRYER T T2 Bl o U A OPR 21T - 72,

ABFZETIE, BHEWFZEIC TUT DAL TO D BUR TR 0 B2l £ &5 REAA A
Y ADAENHRIAE TERBA L BT, OBRE 7 o' 2 I8l A2 FE L TREERE
M ZATVN, fRR T N E HIFRREZ i U, E ORISR AR Uiz, £T2QARE A 4~ A
OFFHIERITIANT TR D B AL 2 #RFHY BRI - 7 r B XA DWRE L | EHICT T 28
BRSO J7 B E T - $om LTz,

SDOICAKREANAA A~ AORHEUEDRLHETHL Z L2 REL, kx2& ks E %
T25E5, 7ot A% MaR L~V E THMCOEI Lz BT, 7 rt R Z2HRT Do
RU—3 g VR EDT =2 _R—2{UIT k> T, BEIORMRE R & D4 Il A T %
FHIZTE D LD LTz, 2 A MOEEIZHT- - TiE, BT 1255 < EBEOEH
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