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1.1 K FEDOE R
1.1.1 BARIZBITDIDERKABEOME ST LBRIBMMITH T
i QU A

AARICBITO2H-—REXFELEOHREXRMA=EIL., B A BT
D 2014 THI 25,2000 kWTHY 2D HH KN 8.2%,
LK AK TN 10.8%., AR AKITH 15.9%, LNG k71D 28.5%., A il
KB 163%, JRFT15 17.5%, HE R PO XL F —R 1.9%%
HOTWD, £, AFEICBT22REENEIITKH 9,100 kWh T
b, ZDOH =KD 8.4%., HAKAKID 0.6%., Ak KII®H
31.0%. LNG K )7 46.2%. f1 K T1H 9.3%, LPG flL728 1.3%. J&+
B 0%, AR EOHFZ X LT =N 32% % HOTWDH, —F, &
1A EALE D 2020FFEICB T H 10 Y 7T HEFHOIKEE ) EIL 9,438
fE kWh THVO ., 209 HBAKIMN 9.2%., fRAKIH 29.6%. LNG k
JI 37.6%., A K TIN 1.6%, LPG 2% 7.0%., J& 171728 3.9%., #r
TRLX—=N 109% % EHOTWD D, 2o X512, HED A K KT
FEIL, RAARAREBERUEOEBENDHHMAELZRICEW TS, EEED
BEOK 3IHE AL EDOTEHEY (Fig. 1.1), EHRKITBIT DL ENERD
DO LTCHERZEEZMH > TWVWD, ZOEREHLEL T, 4K
TWAPOLLZEL TCHARAETHY, BARDOZ XL F—R2EED
MBS T DN = = IR — 2 TCE AR ERET LN
Do Flo, ARKDEENMIRMORMBEERHEZIHZL TBY., &
MBEEbEWZ RN, FEEHRESN (B LEIFER
NI A (AMBIENE) OMFFEV-STmENRK EOMEME L ZE T
b d,

AR NIEEILZ, BAROBRERENER L LTMNES T AT
2600, HWERIREREOERZAIZHEY D BB 2R FE=—
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e FETIDTH DL, HARTIE 2030 FICHENRE T AP HE%Z 2013
LT 46%HII . 2050 SR ICE R N —HR oy =a— N7V E LB T 5
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Fig. 1.1 Changes



1.1.2 KEARXL T~ ADRERXRBEOERR

HARIZB T D2 AKE AL A~ 2OF ML, E#EMH (RPS E'OMAT 72
5 N FIT Hil 2~ D BAT) IZfEVv, 2002 4 5 DL, 2280 L,
2017 £ 3 A KRB R ICB W T, FEEHTIT 491 D Er. K 1200 5 kW O
HERMWEENFITRESINR TS ¥, 2053508 95%4 [ — %
KE - BIEMERES ) X% ECTH D (Fig. 1.2), RPS Ik O it 17 FF
X, =2 F—S0fHANH - BEEIXFEFICEEBEST LT
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WKk TWD,

— . ARKNFEEFR (LB, BBHRKDEET LHT D)

BUTDOIRENA A~ ZADIRBEFRE S MK FEAICH T HEL L

LTHEBTH DI, RPSIEDRITH . 72 & ONT FIT il B~ D B A7
BZHLIH-HEXFEFICIVEDLNL TS, NA A ~vRAFHE LT
F. FEREDTF v IR —=2 (BK) OIF, JEMKRE L T,
YR U ITHET XN —FEE LGOI ARERN Ly hRERMHER S
NTWad, 2k, ENTONASL T~ ZANERBITITERAR D D729
RKENA A~ AT, RALSE A L TW 5 (Fig. 1.4), Z O
T .AENLV Y PO AL, Fig. 1.4c)IZ/RTEY X b F L0 EAL,
AFENR2MTHY, ZOWMETEEOK 8HI Z H O T D 1Y,
. BMBHKRKDEEHRTONAAL I~ R ﬁ%(mgu>kb
T AN A~ AEFEAICAREBAEL T HITHAR - WXL, R
A7 TCRRESED 940710 FEX (Fig. 1.5D A)] &, A
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A AHEHAOBRBRHAEMSIMU ., MHRA A ZICHRETERAT D
FNIREA 7 (Fig. 1.5® B) ] [ KkBl&N 5, BER OB R KT
TIE, RIEEEMEFELZNH T 288006, EHOMEE T 4 00
MBI AER 19407V FHEXR] Z8ALTVWD 7y —2A08%
W OB R K )R BT I o R E T RIS R LC-COx BEHE (T A
THA TN COrHEHE) BNE L, ¥ T 943g-CO/kWh!DTH %, 1K
KRB O Ry R K 1 EFT (100 7 kW) ICBRILHE TR 3% D N A
FvAERBELESG S BHELZ 10%E 758 FHK 1751
D COrPEHEZHIM &5, LAL, LNG Z8FE &9 2 1300°C#
HALZ = rar gy Ry A7 VEEFO LC-CO2 HEH &1L 456
g-CO2/kWh'> TH Vv | FREFETCOHHEEZ TIF5720I1I21X. A
BUEETK S0%DNA T~ AEZRETILEND D, THNIEEEFD
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(Milion KW) Cumulative certified capacity by the type of
wood biomass fuel (new certification only)

140
mUntapped wood, below 2,000kW 121
120 mUntapped wood, 2,000kW and above
- mGeneral wood, Agricultural residue
H Construction waste
80
60
40
20 13
0.5

Fyaomz FY2013 FY2014 FY2015 FY2016

Source: A document rekeased by the Agency for Natural Resources and Energy
(as of the end of March 2017)

Fig. 1.2 FIT certified capacity of woody biomass power plant'®



Map of FIT-certifled wood biomass power plant (nationwide)

Classification by untapped wood below 2,000 kW,
untapped wood equal to or above 2,000,

general wood and agricultural residue,

and construction waste (as of the end of March 2017)

%

Size of output (kW)

@ 50,000W ¢
o '

® 2,000k W

Legend
I untapped wood below 2,000 kW
|| Untapped wood 2,000 kW and above
[T General wood, agricultural residue

Source: Creatad by the Japan Woody Bicenergy Association based on a document released
by the Agency for Natural Resources and Energy (as of the end of March 2017)

Fig. 1.3 FIT certified woody biomass power plant map'?)
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Fig. 1.4 Changes in woody biomass imports and prices!®
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1.1.3 KENA F~ X RALRE O F %)

EEOHFREBEBFTAAL A~ A2 REBIZHHAL, 2O ENREMN %
FHRTLHDICF, MRIREKOPORERH L, ELdRE %
Fig. 1.6 IZ/R"7T, N TEMIZZEL THETE DA 4~ A7 &
WCIERAR S D720, AP ET D20, VT v |2 E i
BT A7 75 8ETLOIVLENDD, o, NA A~ RAITHEE
MWD, ~by FEEZREL, " P ULz LF—F
Erxmd, ZRICEHEL, BEFICBWTHAHT 2 T2
T ODMLENDHDL, SHLIC, "M AYRAITHMMEETHL Z L6
BEFEE&ED DL, WHHE (m—7—3I ) OERERBHED N %
MRXEHELIEL, BEHBRKICAROMHELZERTIETLE S,
I ZEnG, BBEOWMBMIKKTTTONAL I~ ZAEBERIT, B
BERETI~ANBEICE T TV —ANEZ W 19, 2k <7 i
W, LNG ZBE LT 2D 1300CHRATAX—E a4 K A7
JVIEE D LC-CO2 HEH BT 456 g-CO2/kWh'YTH vV [ FEE £ T CO:
PEHELEZ T A2720I1E, "M A~ RAEBEZHTROK 10 FLL B
TORERD D, ZOEDITIE. BEHET 1 Mo s %
THOVERD LN, AIROBY . ZOHREGERMEE & MEFEOE T
IR NP ETRD,

L, RKEAA A~ 2 &2 RIGLTHREBOMEZREST D
ERER SN TWS, 22T, xIb& 1T, MEMAFEIC LR %
BofL., METAORTEEEOKE (RIEW) 28WET 2L
To % (Fig. 1.7), AKTIX., RALY OFEERKFEDD 20%(CP20) &
25%(CP25)D 2 I O — A&l L TR LT, —FH., fkaxlr A
T~ 2RSS (EEEE) O % Fig. 1.8 273 1, Z0
TR BEAALA A~ 2 EY T E L AR TG # W TARTE
PEFRHSK(Ar) - HETFHMLEER TH L, BAMOFKAET DIRE
T, NA A~ AT K-> TERZR LD, RYWARFENDN 200CHI £ &K
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VT IF7A2AF v 7 B-EEOHAMRFEFEDIL 400~500C & m v, KE
NAF<ZAE, THDHOFMD 200~400CHE TR 5, AHF
HTIH, KEARA A~ A 23R ET D70, RAGEE R OWRE T,
COWREMAEMET D,

AL D F R, MER SR EBEIRFRICKR SN D, FiE O

RAERIZAARERLY, BRA2CE2HETDREOHEINN & LTH
REMTHEARZATPHAEIAEDODNLTE TWVD, —FH, BEIK
HFRITFCEERELT, KEORILDZRET 28 E LT
S, Table .1 ICa-T XoRBRIZTHEIND,

BENR G AL, W& EHE THER S, SRS T 2% A,
N OREZMEMET 5 Z &L TSR (RAGLER) 3 2 fHH 48
— KB THLH, 202 H A7V a—XNOEERTREHE L TIE
MRSt A R oA dE R OR300 50 5 (Fig. 1.9), k1t
WONRITITBEEERHAA TN TEBY ., NAF v 2FE0REHT
BRI S, MBS N ZARIcEL D TMmAa 20 b6hd 2 &
TIRANBEINLDLITLD BEBEICRBLIETEDLZLERELET D,

n—% U —KOEERIFTREXHFELTTFT, —ZEZHFHLEE - ¥
=7V kst ofEmae —% U —% 1 (Fig. 1.10)
METFLNLD Y, BENR T LT, AEZEERSEL LT, A
A A~ 2AFORBZmE L - WL, H—lcmiTcx s, KAk
LA THLIID, KRBT L FTKLIEG R EIZOLHEMEINT
BY ., RAEI T FTARGIRRACEENT K N FEERFT OIRBERE & LT
DR ERE R B D 20,

NA T ZFRABABEIZEY, BEEHLVORAELEHD OINLD
ZH . B REENFTRE L D, —fFlE LT, RILICK 2 HEBE
DWELR KRG % Fig. 1.11IZR T, 2B, RXITANIE TERY H# 5K
BromROTESE2HCTHERLE (B2E5FTlc, FkLvAEAT
Moubhn Tnodx (AI) OEERFZIL 85~90%, FEEEIL 30~
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35MI/kgBETH %), BEIEDOFRICE W T, A 4+ X % LA
MY 22T, AREFAMEOREMERICESTOND V&R B
MR EDN R U7 HEZRETELH L 22 AR EBEREL
BROBRBEMEREREEOm LICE S AHMER EXHZ CHmE 52D
ENTWD, 2O, MHERKNDBEEFTICET 2RELZ RO
B A —2n0 1050 EICEmd bbb eEhEn v | I &E KU T
50%RBELTZS G, COHFHEZBROKEDEE (LNG =228 A
Y RHEEI) EFTHRTEL2bDEEZXLND,
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Raw Biomass: 100 kg/h, dry basis >

Volatile
Matter
87.7%

L )
Carbonization

Carbon is
also heat source.

contained

in the FC CP25: 68 kg/h

and the VM.

Solid Gas *
CP20: 75 kg/h Pyrolysis Gas: 25 kg/h
4 ‘l.lllllll.'
AT T Gabon e aiso
carbonization>> | contained in
Bunker A is required 4 the pyrolysis
due to insufficient |  gas.
1
1

Pyrolysis Gas: 32 kg/h

llllllllllllll>

<<Heat source for
carbonization>>
Bunker A is not required
because the heat source is
sufficient.

The properties and yield of CP depend on the operating conditions of carbonization temperature and
the kinds of biomass. As the carbonization temperature rises, the CP production decreases and the
“fixed carbon” of CP increases. Fixed carbon is defined as the weight ratio of solid combustible
residue to the initial weight of the sample that consists of solid combustible residue, volatile matter
and ash. The amount of pyrolysis gas generated was larger in CP25 than in CP20.

(CP20: Carbonized pellets with 20% fixed carbon, CP25: Carbonized pellets with 25% fixed carbon)

Fig. 1.7 Outline of changes in fuel properties due to carbonization
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1 OO [ T T T T T T
) - Pyrolysis of biomass §
§ B by TG; 10C/min,
2. 80 Residue of atmospheric pressure, Ar
el - squeezed .
Ry Mandarin orang
o 60 -
; - -
£
0] — N Rice husk —
2 40_ Ic;eimla;‘%ark |
& \MBGo—
O 201 3 T

apanese cedar chip
0 1 l 1 l 1 l 1 l 1
0 200 400 600 800 1000

Temperature, T [°C]

a) Wood biomass and orange squeezed residue

Pyrolysis of biomass
by TG; 10C/min,
atmospheric pressure,
Ar

Plastic -
Bag _
Container

] L

10

§ L

S 80r

= i

S 60"

o i

S

£ 40

% i

c 20

© L

<

(&) 0 L
100

200 300 400 500 600

Temperature, T [°C]

b) Biomass and waste

Fig. 1.8 Example of pyrolysis behavior
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Table 1.1 Main classification of carbonization methods (moving bed)

Type Overview Heating Temp. Range
Carbonization while External
Screw stirring the inside witha “5 . 350~500C
sCrew
Carbonize by rotating a External Torrefactloon
R . 3 . Heat 200~300C
otary Kiln slightly tilted Int 1 Carbonizati
cylindrical furnace pterna arbonization
Heat 300~600C

16



AHRSEERIERATL 78— —k
RALHIES R T L

EERRET
MREBICHEAZNZOT
—B{LRRI AN ELLL

AW BRD KRB EF

M#A 2 600°C

AL B
400~450°C

RENICTENRRTIB.

BEARE1%LT —EB{ERFK(Co) @RELLLDT
FAXF I/ BEEAL RELEL

Fig. 1.9 High-speed carbonizer manufactured by Okadora Co., Ltd.'®
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FLRBOMEN TV THA RMERBRRAD—2)—FL 1 2R
‘REZEH- Bt AEFYTEZE LT -#L, H— (i
‘AEOHHEICTHBMEICENIWBREREEAL. BETMR

" PO

(E@) (AE) RAMAR G

_l_ BLWARIERRU
REL-HEERR

BB A *BFoT
CREFvT) SBB ‘ﬁ’
mEHZ N

Fig. 1.10 Indirect heating rotary kiln manufactured by Mitsubishi
Heavy Industries Environmental and Chemical Engineering Co.,
Ltd.!'”
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1.1.4 RENXNA AT ARILDZHMERKIDBEEFTTCRET HAED

RENA T~ AR EWMBRKNFEEFRTCEAFMA T 2FETO
LB 7 rE RO RE PRI &R OAE S IT % Fig. 1.12 12
R, FHERICE S ETIE., FATRGFCERBRIC X D FEIEE
ITOMENRND DL, HleARA T7FEORBLHET DEIT, X F X
F—=, N4y A=) EFETT b EHEEE VO RN
TEAMCEMDZON KB TH LD, KR ITHIER ORI TIdk <,
BEAE DRI T2 0B (RBEAA A~ AR 2T 2729
DHRERETCHL LI &, BRICAKRENLV Yy PEDORPERE L LM L T
BOU, CRETOMABIEMAETHL Z ENE, EIT, M1y
MR EBRE CEBREMEOFMAIT V., WIZEKREZ W E
FERB CHE A ORIELITO 2L T, BMHERBOERBEICBIT TS Z
EMMARELEZEZDOND, ZOMZEIE 7 1t 220\ T, AN IX
SNA |y hFEBREIC L D EB ARV A AT O F AT S B & AL E
VAR

KENRAF A2 RICAE ST HZ LT, REEZBRON 10 %
UELicmdondaEERNS D H OO0, RILT D EEOIRE S E
ik, RIGWOBEMERIIREZI b EHESND, £ T,
O RALGAE B ARE N A F~ 2 RALY O BB R T 5 2 o fig ]
CHEE B 10 5L EDORBER A2 RE L B O Ry M0 B BE
DR ERIENPVLETHDLH, IHIT, QRN F—FEEZEH DR
LBt O B RO L | ZRICITRT 2720 OEFBIEED
WENLETHD, . OKBEORMIBEZRET 2O COx 8t
HESCRFEEOMMZ Y., EHARBEORFNEZITOLELH DL, K
MIETIEINE D3 JAE2 ERFEdREE L, MR THRDY M
bl B, ZTO3RIZEALT, AMFETHIRYEDANE % BE
EOMFERERILG HOETLUTICHERD, 72 OME%L Table
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2 IZRT,

RALIEE Z O MG LM 2 B S -BoRAY O MR E EBRIC
Tk, chaB&HE+T 2L T, TEORMELZAHT 5K
W& ET 5 oS BIEE (FEEFT O W) HEIEE IR
BrOANBVEHRTIToTCWDd, EEY-VORAENEE L
b)) ERMET, BEEOMETIE, RIEOEEGWSRAR R L
D fRAL R P AL D [ 35 0K TR O RS0 E E Rk FE T
HTELZ2 L0 TEY 3D ZhaERT 285800
AR TR O ERFZE CEIEEZITI>, LirL, BEKRSE
TAMICKM A2 EST 52720, BEETICRETRERBIENSNT X —
SRV BEERBE G RHT., 6110, BikELR
BEME (HEV AFEMEET) ICRIZTRELZERWICMHEI L, BH
K TIFEN TARENA A~ AR EBRO 10 5L L CTIE
BET OO EMMELZFTMT 5, b &EE T D EBRFANIX
HEA IR OB N —FT 4 72 L > TiTbh T
WOHN, A=) UNTLEOBENOEHEMRT — 23R/ RIN
TELT, ZITHLNTEEREZERLCERT — 21X, B
RAKNDEBEBHTOEEMICAEMTEL2bDEEX N D,
WOy Rk IR EFT CIREF AT 22X, KEAAL A~ X xRk
WMEHBEETFCHBETHY Zichdld, i BELE
BEDORFERF O B CREAMEOFML. BRI EZIT O 20 0 F
HEREZHEEL TBZERRETH D, BARDOHM B KT H
BT, BHEKRE TR E L TWDR, =2 bHIE & BB
PEROBENPE, Rl HEBEFEROMNHAGEAL TWD, #HIEF
RIZIBEFRICHEANBOREBAER G WD IFERRIZE T 2R E
RWBACRISIZFENFEAET D COREDOFH - BFEHAMIKET 5 &
EHiT, WU IR M (AR AKICED £ TICERMEET
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DIz, TORICEBRE L THAREEVE ZEHNITTHb T
W2) EHTLHIILELTEALTCWDS, ZOMEFIKEKREN
A A~ AR OBCHKARE, CORERE, BAICEDLIETO
i, IRELA LB FELHEINICHBE TCEIEL., BEF COEH
ODEEREHBECRLIbOEEZXZOND, BOEIHEAMEITEL
TIX, ARZXNFRIZ 100 FLL Bicbhle > THEMAN>FEHB R
WIERAT O TE TV D 3340, KEFJE TIld., A R O MR &R
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1.2 A5 O B K

ARAFZEE . BB Rk I BT O CO2 HEH & o KiE A2 Bl (BUIR o
K10 500 EoRBEFEER T, CO2 Pk HI &4 DL £ THIBD 12 &E ik
T, REANA F~ ARMBEOREFMTELMEEL, 1.1.4HT
AT =00k E (EIAEERE O FRIO FATMRETBEME) & LT,
ORENA A~ ZAORAKEZHBHAL, TEOHERERFT DRI
EREMICHET 00 EREFHEEAMETLIE L LIC, B
PECRBEME R OB A LHR D 10 5L EORBENARE TH D
TEERFEMTLHLE, OQIFEBRICBIT D2 ARENAL T~ AR D H
CHRAEBHZMA L, MHRKDEEFT COEENITE T D MY
% (BB BN ES <, ERICEN SN TV IHBEE RS &
DHBIZE D) WREESFFEEZRT 2L, ORENM A~ ARGTFE
NEERMA TR EREL, HRA~WAL TFHHT DD CO2
PR E ERFEELHEAE (REREO = XL —H%& & O A ICHTT
OOfERERKB) L, EBEATRREFME M EE"T 22 HEB
LT 5,
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1.3 A fm XX DB &

KimiE, B1EDPLFESEBIMTETHE I TV D,

B1EIIFR TH D,

§ 2 BT, RALIRE & 250°C2 & e | 600°C E T % & A #E 7 K B
MW T, MROBLRLIANRHNRARKENAAS T~ A2 iz ki
FEREATW, TORMELZEEL, KEAXAAM A~ A2 RILT DO E
REHEELZRET S, b1, "HELEZRMEHEHNT, EED
MK NFEEFTERCTNOWM K (n—F I 1) LAA—-F %
MW T, By fetE . BRBEYE. B X OVRBEDE T R O B 5l 0 FF Al &2 17 5
ZET, BRO IO EDREBESAIETH DL Z L E2RT,

FIETIEH, RRWNRAREANAAS T~ AR ZIRIC, RILWE
ODHLOOHECFEBRE (BAEREE) 2RET L ELBIC, YAk
ME LTI O B CR A ER (BrEgs) 217w, FET TR %E
MOHLMWEHFRLHEIFBHFR E. KEANA AT AR O CO RER
BT RERF S O e i B . B IRk o RERICE T 2 M e
AN ERHT Eo MERERBEAMEEOFDHEICS KT D,

FA4ETIT., BRIZBIFSDKENL v F(WP: Wood Pellets) ? i A
B E2ZZ I, RICBOBEZEL, ZOBEOT XL ¥ —HE &
EE2EORMMERBERICESEREHT L L LB, WMEETO
b2 Lk 7e b MICHAECTCOW EMEXICFRDLDIZ XLV —HEE L
MAL.ZOLED COEHEEa X MNERAE-FIMT 2, & 51,
WKk 3B CTRIES L >y NEZREFELEZED CO2gkHi& & a2
FDORBELZFMT 2, b, BEOREIT, BAMTORESL
v N WP OFFEBMHETHLII T X ERNTAEZRELGEICHER
Y, WETMAREEOKN 8 EEED D), FMICH o TIL,
EEEICHWAF A SN TVWDIAEL Yy N WP L3 52 &L CTHEH
AEEHICOWTHT 5,

S EITHwTH D,
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2.2 EBR
2.2.1 HERRE

FBICHR L2 ARKE AN A A~ ZAOBREHER %2 Table 2.1 128 T, 1
HpEL LT, deXFEDOREZ (BK-A1), B EM (LR-A1, A2), M
A (FR-A1) Z3&E Lz, BT, A EDL & O T, & THEE
cho, ENOBMTENOAFTLE, B, NA 4~ AFME
BEERYIM - Bk ofHR e, mb., Bk, BREOEERT
fl— DN A F~ A2 ML ENRNETH -7, Table 2.1 IZ1F
HEEBICHWIEANAAS A~ AFEEH R LI, o, MR & BREEE
BRoOLBHALE LT, HAROWMBKR K DFEEFRTHELAL TV DHIRER
AR E LT, ZMNEOIEFR 2 F$H(Coal LD, NL) & 1 » RXx 7
PEOHJERH R 1 FH(Coal AD)ZIBE L, 246 OBREHERIZONT
t Table 2.1 IZ7/” L 7=,

222 ERRWEL FE
(1) R1IL E B

AL EBRFEAE OO E & Fig. 2.1 I[Z5-T, EBRFMIT. A4
v A E RS DR RO FR &R E RO ) o BURR
R IRAGE AR, BT A 2 BT 5 A . RIE O mEI
mEMNORRINLTWD, RIGERKIZ, v —% ) —F L 28
LThY, BRARAEFOHI T AZHRALIEE LR T 5770 045
fai &, MBRATASA A~ 22 RIT D2EEEXNO NG O MR ST
W5, Fo, ARICEROAATON T RHIREFICEY, RNEERE O
A Z VIR E 2w J7 I 4 A TR T & D kAL O IR E & & 600°C
FTmETEL LS, NEOMEILmMEME O E VW, Special Metals
Company @ INCOLOY (800H)Z HH L TW 5, ARFEB TIL., KA
OEEEE R IL, NE A X VIREOFHME (L., RIGIRE) T,
W32 290°C~400°C, AL N & O Bl 500 3 rpm. FUOBHHE 4G &1 100
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~ 150 kg/h O FaPH TIT o 7o, RAGFFH LA 40 0. B O N TR D
I 50~80kg/h DHFIPH ThH - 72, 2. RAGIEE (X, BRI &
P~ LPG it EZHE L eV ABEZRIEST 52 &L TELSHE
o, ME LR IZ, BRBROBBRP S DD, EREHFALL
R LAEIZTHREL, BEEHEITo, 2B, RAKFMEZ M
D, kAL O EREIE RICWIE) ney (%), = R0 F —IF
(BAEIRE ) n (%), RAEBADIE pee (%) 2 X(H)~B)D @Y E

ZLT-,

Nev = Mec/ Mix100 (1)
N = (QexMe) / (QpxMi)*x100 (2)
Nee = (QcxMe) /" ((QpxMi)+ (QixMi))*x100 (3)

ZZc, AMH~G)ORFIXFiRoEY Th b,
M. : b iE & (kg/h)
Mi: A F~ AffE & (kg/h)
Mi: LPG & A& (Nm?/h)
Qc: ALY @ fir 5 BVE (MJ/kg)
Op: NA F~ AEf & (Ml/kg)
Qi : LPG mf ¥ # & (MJ/Nm?)
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(2) B ER

RACY) O Ry W R 24T 5 FBRALE "o E & Fig. 2.2 12737, W
MRk DBEEFICBT 2B EEZEEST -0, BEFMER —F
XD —7 I (FHEERMW (k) oMo —F I )L UM2.6S) %
i, EREETIT, BAHERBEDOIEIN, =T ENLI VT —
TovlEltn gy, SRR R ENATETH D, EREMELE L TIL,
AR DR ORI LS & . B RUR O KB o A s EH L 1TIE
A% 725595, v—FE %% 5.0 MPa, m#kIEI s 5 %2 K 450
rpm, I V7 — 7 VEEEE A2 K 60 rpm & L7z, I AVICHHEE T D AL
Wi, EEOBMESCITR LREEZEET 5729, C. F. Nielsen fE D
Briquetting Machine BP3200 # T, ES40mm L FTDO 7 VU 7 v
MCEMBEFE L, 2N EZEZN 10mm L TOREE THB ML 2R
Bta AW, BifrtE, BREFOERICADLE T, BAEELE (A
BER) TR ToaboE L, ML B oG EIX, AEE
M23MWIZ —E &L X BOIRAMBEREIC)S LT T, CF-J1 I
#J 339 kg/h, LR-A2 [L#J 350 kg/h, FR-A1 X% 355 kg/h, Coal LD &
#) 289 kg/h, Coal AD (4 310 kg/h & L 7=,
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Induced Draft Fan
12.6m3/min

Feeder
80-380kg/h

Grader
400-500rpm

Roller
®280mm
0-13MP
Hot gas

generator Mill table

®368mm
30-90rpm

Fig. 2.2 Roller mill test facility
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(3) BRBEFER

RAGY) D BRBE EBR A2 1T 5 £ IR BE R 'Y % Fig. 2.3 1277,
BK-Al, LR-Al O R HEREFEHR . I L O M EIEFH K Coal NL IZ
BK-Al Z# A E LU T 30%RA LR BEERZIT oo, AREHERO
ERBREHE AN &1L 100 kg/h (BREFHICAWVWEREBEROYS) Th D,
Flho, EEOARFA TIZBTHIBRBEAREZEET L0, N—F
MO 3 mOMEND 2EMBREMNDOERZRATE 5, EHEHREH
HHE L LTIEINOX, SO KPR DR EXZFHARETH 5, £/
KRB DKy BO R EZFRE . BN FERICRE S LB & 2 3
T, XA)DOBEEE BR (%) %= EF LM AW,

Uc As

BR = 100 —100 X (100-U0) X (100-A4s) W

T2 T, Uc IRIK TR (Wt%) . As 1B IR 2 (wt%) & 7R 9,

MBERBROSEMAELE LTiX, BEFTOERICADLDE T, BAREHET
T2 b0 L L, AR ERM (760 kW (dry basis, LHV)) — &
El DX o, BB A E A 98~130kg/h TEIL I, £, kP
D O R EIL 4vol%., —BeRBER (TBEBMBEMHEXE REHS
ZERE) 1T 30%E Lz,
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23R EBE
2.3.1 ALK

AL EB R RS L RIE o R FEO R ERSHRE SR &2 Table
222" T, Table 2.1 IZ/R LTI JRBt D N A F~ AR LT 5 &
20wt% Ll EdH o T AKpER BT, 0.1wt%ll F &2 | B iz kb
R 1T B 85wt% b FEH) 62wt% £ TR Lz, [ E R HF &5
7 (JISM8BI2 THIEES NI ARBEB LN a— 7 D LHEST)
D TH D E . (Fuel Ratio) Z AL ORI THEET 5 &, 0.14~
0.22 705 0.35~0.78 ~& K 1.5~5EREDOHEIMMA AT, ZHiX
RAGICE D FHBESPWAD LEEREDNE ML LK D, F72,
B RIS K0 B F b b A R O AL BVRE T, 20~22 M/kg
THoTbDN B 22~27 MI/kg ~H¥ L 7=,

XN HB)TER L, RIBMILE peo. = RV F —IUFE g, R
LB 3R pee D RALFFIE L RALM O BERSH -0 O &AL EE SV T,
RAGIEE TR LR % Fig. 2407 T RILIBEEZEHD 51T L.
INHORACFKEEIZER TS 2@MmICHY, HICHEEHZD OFNMMIRE
BEIEITIEMICHo-. 2FE L. 22 THWTW D RALIEE X,
RICEE O NI KB OFE AL NVIRETH > T, RILWEKOIERET
Eaniew, EEEAORMELZEZALTHD, RIGIEE & RAL K% D
FHBER % R* 1IBE42 0.394~0.610, m{LFEEE & D R> X 0.470 (2 &
EE 5D,

—Ji. RIkmomEDO O E S>TH L EERFE T, RIGFMES &M
RAEEFBRICER LM EZ Fig. 2512779, 20L& & OMERK
MR IL 0784 LU ETHY, "M A~ ZADBERKLEFMITE BT,
[ E R L RALFEE OISRV EO®H D Z L Nbh b, /T,
Fig. 2.5(D)IE . R O T o o mhiL BB E & EHE R FEOREKRE R
LT, BEEAOBESCERICEIZ2HMWEO NT7 Y XNRE
FhT. X0V HEBEREE (AR R*=0.986) "ELNLTZ, 2O
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A, BEfE MR R & — 8 2 15182020 0 L 728 5 T, fEk D
OB DO®Y | [EHERFBIXRCFESCRAED OERZEHRT 50
@ L7eaifECchy, BIELTI2EMBEAREDO R % RET D
BEORELERVED,

L2vL, BERFIF, RIEBEOREZ TESHT L THLN D HIE
Th D7D, ALY RGO EERE IR & L Tk ED R R E
CRT D, & 2T, SRR T A G R RE R PR AR &
LT, RAEMILR pep iIZF B L, BEKRSE 21T T, RIGKME L &AL
FEEEOBRE RIEMIHE pep THEH L7 (Fig. 2.6), T OFER. 1
BIfRE R* 1L 0.9 DL EE@E<, FrICEMIBEEE L OMBERE R I
0.928 Th o7z, T OMBEMREIL, EEKFE L OHEBERE R*=0.986
FOERWA, EORIIEE L OMBEREICHETEY, Z OMmiE
BEAE DAL P29 b —FH L TRV, kbR EF @RS HIEE &
LT RIBIBE XD SRIEBINE g PAENTHDLEEZONL D,
Bl 21X .25 MI/kg DAL ERBEZ AT 2RI ZR/IEST 2720121,
K 53%D RALILHE ney 3155 X 9 ICEEBRETLIZ IV, RIEY
IWHE e X, "A A~ 20FEARERILDBEERENPLRD O D -
O, EIEFICHBAESICHEITE S, 202 &b, RIEMILE
nev (X, BIEE T2 RMBAZEORICDZHEST LD OEHEDR
WIHE B EEE S L CIEATE B,
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Yield n,, %

Thermal efficiency of

100
A R?=0.434
80
) 5
o TORE o4
40 A
20 -
O FR-A1 O BK-A1l A LR-Al
0 N B B —

280 300 320 340 360 380 400

Surface temp. of inner cylinder, °C

100

B D (o]
o o o

carbonizer n,, %

N
o

0

(a) Yield of carbonized biomass

R?=0.610

\QQE%%%\AQ%\

—
A

O FR-A1 O BK-Al A LR-Al1

280 300 320 340 360 380 400

Surface temp. of inner cylinder, °C

(c) Thermal efficiency of carbonizer

Residual ratio of calorific value

HHV of carbonized biomass,

100

IR

—

A

R?2=0.394

I
O FR-A1 @BK-Al ALR-Al
| | | | |

280 300 320 340 360 380 400

Surface temp. of inner cylinder, °C

(b) Residual ratio of calorific value

35

30

15

\ \
R?=0.470

B .

T
n

A

O FR-A1 OBK-A1l ALR-Al

280 300 320 340 360 380 400

Surface temp. of inner cylinder, °C

(d) HHV of carbonized biomass

Fig. 2.4 Carbonizing temperature affects carbonization
characteristics
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100 , 100
. STy
80 AN R2=0901 - £ g0 ,
= A
X A & o
3 60 S 60 NS
= o X
g 40 T o ® R2=0.784
20 +— s L]
O FR-A1 OBK-Al A LR-Al Tg O FR-A1 @O BK-A1 ALR-Al
0 ] g 0 N T S —
0 10 20 30 40 50 60 0O 10 20 30 40 50 60
Fixed carbon of carbonized biomass, % Fixed carbon of carbonized biomass, %
(a) Yield of carbonized biomass (b) Residual ratio of calorific value
100 - 35
a
S . R2=0870 | & R? = 0.986
5% & b | § 30
S 3 A o
3 S 60 oz 1
g E A o .g :%25 W ,é/
o N c
EE ’ 25 P
290 2 =4 5 !
= OFR-AL BBK-AL ALR-AL 2 © FR-A1 mBK-AL A LR-Al
0 BN S I — T 15 e
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Fixed carbon of carbonized biomass, % Fixed carbon of carbonized biomass, %
(c) Thermal efficiency of carbonizer (d) HHV of carbonized biomass

Fig. 2.5 Carbonization characteristics and fixed carbon of carbonized
woody biomass
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Thermal efficiency of

Fixed carbon of carbonized
biomass, %

= N W b U D
O O O O O O o

100

carbonizer n., %
N D D [e)
o o o o

o

\ \ \ \ \ \
OFR-A1 @BK-A1l ALR-Al

~

&Q&%’&&

N A

R*=0.901
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Yield n,, %

(a) Fixed carbon of carbonized biomass

R?=0.907

sl o

7

A

OFR-A1 @mBK-A1 ALR-Al |

30 40 50 60 70 80 90 100

Yield ng, %

(c) Thermal efficiency of carbonizer

Residual ratio of calorific

HHVof carbonized biomass,

value n,;,, %

N B
o O o

o

MJ/kg(dry)
) N w w
o ] o a

=
wv

R?=0.966

e LA

O FR-A1 @BK-Al ALR-Al
| | | | |

30 40 50 60 70 80 90 100
Yield n,, %

(b) Residual ratio of calorific value

T T T T T T
OFR-A1 OBK-A1l ALR-Al
y =-0.154x + 33.239
R2=0.928

A
=

v
30 40 50 60 70 80 90 100
Yield ng, %

(d) HHV of carbonized biomass

Fig. 2.6 Carbonization characteristics and weight yield #¢»
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2.3.2 By wegRiE

M EBIT AR E OB ITZ D K5 FEMEDOHEF K Coal LD
BLOA VYRRV TEOHEEE K Coal ADIZ2WTHEMLEZ, B
W) ) (7 — 7V EIERE) ) & R i & ) o ) LB EVE Y 72 )
OB ST 5 EBREE R & Fig. 2.7 1C7 T, MEERIIAERL
e (23MW) TEREZHEALTCWD Y, EEELECANITREE
CHEANEPRZ2 D200, M HIT VT 0B E s i — & ol
Thole, ZOMBE H 2 AEEEOREHLEE TR L, QIR
BEY D OMBENIE, LRRA2 B EHD Tho 7oy, 2FELE b
IZ 0.4~0.6 kWh/GJ] O FIHN TH - 7=,

By e O RLEE oy A & W E LT fE R & Fig. 2.8 IZ” T, IEFH R Coal
LD @ 200 mesh /XN 2 CFRYOBHEIZIB VT, 200 A v 2D
SDHWVWEBIBT S ChL £ 75 um UL FICHY) o&E&EA)
X 86% T o7 DIZX L., NA A~ AR D Z 1L 40~50%F2 i
Toh o7z, —7J7. 60 mesh 7S A F (KL F £ 250 pm Kii) (L. 90%LA
ECThole, RIELAA AT ADRBERITARICHERTRELLRDHOD
D, RAGREEZITH Z & T, ARMORr—F I VIR R 7 o 2
252, AREFAEORE (BAELHE) 2FEFEOH ) THhHL
HTE2D2Z2 &R bhhol,

VR A O MO IR K J1 38 BT T, 200 mesh /X 2 37 80%
UETEHEIATWDS, ZhiE, BRLTEREERZEGLOTHD
A% DOBRBEEDRZHFBONL2DO ThIT, M FENPRE S THLREITR
W NA T~ ADRAAEMIT, ARICHEXTHEESLZWVWIZD, G0
MBEMEDR I TE, EORETZIZIN—TELWRERHLH, Z
NZERIAET D720, WITREEER 21T - 72,

51



Nooowe bk
o o o

=
o

Grinding Power, kW

I

CF-J1 LR-A2 FR-Al Coal LD Coal AD

o
o

(a) Grinding Power

Q04
e
=
Y4
0.2
0.0

CF-J1 LR-A2 FR-Al Coal LD Coal AD

Grinding power intensity,

(b) Grinding power intensity

Fig. 2.7 Grindability of carbonized woody biomass and coal
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100%

80%

60%

40%

20%

Particle size distribution, %

0%
CF-J1 LR-A2 FR-A1 Coal LD  Coal AD

B <75um B 75~106um 106~150um
M 150~250pum & 250~500pum 0 500pum<

Fig. 2.8 Particle size distribution of carbonized woody biomass and

coal
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2.3.3 BRBERE

[l — O EE L T LB L 72 N A F~ A RIEWIZ OV T, Fig.
23 OFEBRZMEH WVCTHRBEERZIT o7z, NA 4~ R RAYHBE
D kK DT % Fig. 29 12537, BMERBRICHR SN 5 BE X
Blemasny, AEEORGBRAKRBEHRIND Z & NHERTE,
ik\%ﬁ%%%ﬁmﬁwéﬁmﬁﬁﬁﬁ@%m%%%F@zmm
AT, N—FHFET1000CE B2 A &R o TRY | IRESS MmN
SbmEmWBREERGELA TV DO EEZLND, B, 1000CLL
FoOBEBE I, BRIV —~ A NOx BAE/RSIN, IBE LH & &
CZFDORELMNT 5, XA 4~ ARAHOHFELER X OA RIEBEIC
BWTH, K NOx BDHEFE SN TWD 0, BREEIK T O Ry AN L
TWVWRWDPDERNLETH D, £ T, NOx, SO2 DEREMRE,
725 ONT K R IR 4y (R B BE R 72 & 0 F- Al % IRIZAT » T2,
IRBEF A IC B T 2V A DREME E LT, 02 6%#E O NOx
BELRSO2EE%EZ Fig. 2.11 12377, WT b Coal NL KD L
K<, HICRILDEREOE A, NOx #EI1E 100 ppm LA T, SO2 ## J¥
X 20ppm U FTHY, BENLHTAOREMEIHF LN, X
Table 2.1 &£ 22 Z/R LY, 7 =2 — =)L NOx X SO2 Ak @ E K &
BRAOANA T~ ARICMHFDONG E SHBPARICHERTHRW & 72 L
CERT D, £, BREBEMERZFM T 2720, BEFZIRO Ny 7
T4 NH —THIELTEBRBEIRORBRRFRIEEZ ST LT, TO/RKE
Z Fig. 2,12~ T, RIELMOIKFRBRRFBIREIZ., b & OBREF
DR Gy BN T o B3 IZ Coal NL+BK-A1 2 b & 8 O fi &
Y, £Z2 T, RN TERLLLABESR BR TEH L KR % Fig.
212 R T, WTHLOBRES 98% L EE B WETH D Z & B bd

SomcBy Bk Tk, IS NOx L EMRKER (KRB RBMRFEN) 2ERT 58— F
HENTHEY, A—FEBETHREY vF (ZRABDRV : E NOx) . SA—F 5 5
KBEIECBREY —> (ZEBE WV IBRRY) ERBU v F U — L RIEXEERRT
HBANMBENT VD, ZOMBEREBEENTVINHERTILENH 5,
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ST, UEDOHR™NSG, X"—TF D) vF U — 2 BREIZ K DK NOx 1k
EEBRBERE ZER T AOMENMHEFEINLTWVWD Z LR TE -,

LE, pifichk 7@, XA A~AREWEAKRKAOT —F 3

VT LT-%6. BRI REO &R0, BRERFICIX., AR E R
LRLVU FOENTEREEERIEENREGEOND Z E R DT,
A F~ A RAL W T

AN
100% HEEL RIRETH D . KD 10 5 2L £ DR B
REER TXHIENbho T,
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=
wn o
o o
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NOx, ppm (O, 6% equivalent)

250

200

150

100

50

SO,, ppm(0, 6% equivalent)

Coal NL alone

DT R

BK-Al LR-Al Coal NL:70% +
BK-A1:30%
(calorific value
) basis)
(a) NOx concentration
__________ CoalNLalone ______________
| Ay |
BK-A1l LR-A1 Coal NL:70% +
BK-A1:30%
(calorific value
basis)

(b) SO, concentration

Fig. 2.11 NOx and SO2 concentrations
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Unburnt carbon concentration

Burning rate, %

N
o

® 15 _CoalNLalone __
<
©
.S 10
(%]
>
O
g 5
S
£
0
BK-A1 LR-A1l Coal NL:70% +
BK-A1:30%
(calorific value
basis)
(a) Unburnt carbon concentration
in combustion ash
100
99
98 Coal NL
97 _alone ——— __
96
95
LR-Al Coal NL:70% +
BK-A1:30%
(calorific value

basis)

(b) Burning rate BR

Fig. 2.12 Combustibility
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24F & D

Wk B K J) 38 AT O CO HI IR & LT, KEAA A~ ZARMAY
AREDPOZEWICHEMR T 27201203, REANA I~ 2D R
EIRALD DO WEMER IR BEE R CORIEETH O NICT 2R ERND D,
AKBFFETIE., RERKRE AL X~ 2D RACE:ME & &AL O B e 1
ERRBEMEE LT D) kAL, Bt ABEMEICBE T 2 KR %
TW, LT O RE/HT,

(1)

(2)

(3)

A O BHEI R (RAEDILER) gep. = 2 F —IE g0, AL
BN pee 72 & O RAGFFMEIE L RAGIR B (RALBE O N &5 & H 0 F
PR EE) L oM BEREITIR S . KAL) 0 EE R #E B K ORI
IR per & ORI GV, KACDEGE TRIZE T 5 EH
MEBEHERERE L LTI, RIEVMOBEEINETH 2 R IR
Ny DWHEZTH 5,

AWFgr cilE Lz kb (BE4a 290~400C @il & Trik) 128
WTIEL, Mk mAkNFEERHAORr —F I VIR 28 iE % Nz
52 &<, AREFAFOH ) THHRLHETE L2 L2l 60
WL, AFEREETIZ, ABV23 MW HYEOELMET, mid L
HIZHK 4 kW O i8S TIEIER —Th o 7,

AL i3 2L, EHRD 200 A v a2 (75 pm LLF)S
AR BO%IZ X L. ALY D /S 2 HRITHK) 40~50% & K & o DKL EE
EMRDN. RBERBROFE R, AKRDORIER 97%I2 % L TR
X 98%LL . NOx, SO2 & BT AL T & BT REEME & BB
MERHERTE 2, Zhix., A 4~ 2 RALY ORI M» A RIS
HARTR2BELNIBERE N &, AA T~ 2RI T DN
FESHDBARIOV DWW L ARASA—T O NOx b & &R
BeR 2 ZR T HBEAMERShZ L, REICERT SO L
Ez b,
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(4) Byt RBEME . BRBERF O BRBIVERE O . AL I 100%FBE b
AHE® U . SRS E WRBER (BUIR O 10 520 1) 2 2 5k 7
ETH D,

A RIE, HEA =IO/ UNUEHRHRID D P, A1y b
BEOREMELE LTAHBELEEZZON, BB RANDEEFICB T S
AKENA T~ ARAMFAAIZED, CO HFHHEBOHIBICEM T %
bortHfEEIND, BBROANALA T~ RABERDO FIRTH D 4% (EL
EEME) O 10 bEHTREZEZON, ZHICED COo HEH &
RO DREE THIBAREE 22 (KEF v 7Ly MK
DEGE . BB ALK RROREIE KOBENS, RIMKERL T
FBRDOEBERD 105U EORBEIAVETH D), B, Hikik
ik, EERICBT 2 CO. ¥ EHIBMOBANS, EERHRA 70
REBRESELE L CoOFALH/IND,
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BI3E WHRRICBTAAEANAM A~ AR OB O REAEEICH

BRI
3.1 I

Mok Ik ok 1R ERTCIE . EEEM R REL = — XITE 2 Tl Tz
W, W—HRr=a2a— NI NVBRREANAA T~ AZFMH LIZIEREREEZ
iToTWob, L2rL, RKEANASAF~RITARITHS, &% ENKL
WAHEE THDZ &0 TORERIT, MR 3~4%EE (BRI YE)
CHE-> TV T —ABZ W0 D, RKEANALA T ZADERBERZ®mD D
O, BB E T A oo RERERLELRD, Th
Xt L, KENRA A~ 2 ZROQLEST S 2 LT, AR EFRSORE
HERICESTF s P B o R T B E
TEXD 3N ERRE DI N TV DT A, BERX T &I O B i

FrWEE TR 100%EHRSTRETHLEOWME VL H D, K
AL F~ AR ORBEIL, CO BEHEOHIMICEN G872 T
Belwnwzxd, L2L., MHMmAKNDBEET COEBERICMHET DI
T, BrEREE O B A ORI C, KRR AEZAT O oo OE AR
HEOBEENLETH D,

Ny MEESNTEARE AL A~ A0 H 3 EEO AN IC R
RAWEEFEPADNThOL S, WEFTEREPFERELSA TWY

510, ZoFEE, EREEOSDIOROMEE OLEENL, 2T
I CEX 2B B0 B LR E2H5mE, EAGHZRD DO LR
ELTHWLZ LR TED, £, WERTOREASM A ADHD
FEEGT X, (1) A M % (Living cell respiration). (2) Z4E#) %% 4y fi#
(Biological degradation). (3) Z\{k %% 19 # {k 5 )& (Thermo-chemical
oxidative reactions) D 3 DD A W = AL ERT v 7N D E I T
5 M0 BUE S ) e AL RO U AR D o iR A R TR 65°CLL ETAE L
ZO%, F105°CLLETHRBARICEDLZ LOoHE DIRH 0, BARRK
KIZELDETWLTCIETOLIBREORMEZET L, 20k, HRFEKIZ
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EAHETOMRMIZ, O >OEBEREREHIEE L5,

Ceballos b "I, HEB OB KR LEN L TOXRML (ML T 77
Yav) ABEMRIC, BCHEEMELZ M L. FEE KR FE O
WRBMNS A EH LML T WS, LaL, RIGAHEIC X
DEHOHRBAMELREGE-s7mELThH, MidO@Y, BRBKICED F
ToOrmREHzZzEOICERTCENIXT . EEMNICE TN TE S,
HADOWK R KD TIE, = A2 FHIBE L BB IR OBLA NS HK
P2l 72 IEHF R OF ALK bEA TWD, HIEFRITIEH KICH
NE AN BT BT IS BT DR E S B OSSR
AT D CORBEDOFMN - EHRAMET D & L bIT, )7 f7 i kF i
FEHRTLHZLETEHALTWS, ZOWEFREREANAAL I~ AR
It OBHEFRBME, 2205 I CORESEAMCESL $ TORMR
REZLEEZHSMICEBRTCENE . RETCOEROBE L 725,
L, REOY A v 2 fBELEEROBCEBWCET 27 —#
X, BEfEDOFRN Y725 720,

ARHFEDO HRIE, B RRE AL A~ AR 2RI, KA
MEOLOOHCRKAELZREST DL L bIT, A v 2 BKE TR
MBOBCEAERZITWV, BECTHHEEO 2 IEEF KRS HIE
FkE | ARENA A~ 2 RACH O CO B IT R M % 0 i o,
WK DTOERERICET 2MANREREZGEZRT L TH D,

3.2 B
3.2.1 HERBRE

FEBICIT, MEERZLS, SBRONMERPMFFI N KREANA A
v AL L THHEMAZBE Lz, WHEM, Toxb 28EEH. A
R DAREK MR & Table 3.1 IZ/R” T, 7o d5 . MRHUZE A 13 54 PE OO S 45t
ThO., BENORMTE»S AT LE, KHEMORMEHIZ, HE
RFZEDOZBEZEET D720, 2 M (EE RPN 35% (CFR-1) &
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% 30% (CFR-2)) Z 8k L7z, F7-. Table3.1 1T, Bk Bk k)%
B CTHHERO D 2FZMEOIEF K BC LA R 7T FEO MR

HRSBCEZHEBOXRELTEEL, ZNALDBEMERIZOWVWTS
T~ L7,

RHLFE A O AL X Fig. 3.1 (- 4) 2R T R ' D% v
TE L, RIB&EMEE LTI, RIGIBE (—2Y —FL2DR
A A ZVIRE 2@ M 4 Bt L TR0, £ OFHIEE % K
JEEE L L7z) T CFR-1 2 F# 370°C, CFR-2 23 340°C, fRAbA% N

& O Bl H00% 3 rpm, BUEHL G &1L 100~ 150 kg/h, AL BRI X9 40
gL, Bonzkib®wiia 50~80 kg/h O TH o7z, FHE
PEFEA O EBRICH WD E T, EFRHFALEL R AEHEICTRE L.
RAGY) O At & B L7,
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322 ERFEORE

RENAF AR OBECEKBMEEZFMT 2 CHZ, T
T 100 4FLL Richle o TEMBH L SDFEHB RN ITHLOATE TV
HEARDOHOHEBMEICE T 2 L2 S EIC L, RIS T 2 EAM
Tk D & Table 3.2 IR T A RFGIEDFIAET D, FEMIZH
oo T, EF M HIEOKHM, BondT —XOEKREWEHR L
TebET, BRIZEE LM S IELZRET OLENH D Y, K5
Tix, B A & O AN O FEMmICEV & W E{E (Calorimetric Method)
EHW, £, ITEEEORBMEOFEMICIE., VA v TOREKZ B E
L. ZTH % /8l rae 72 B #2475 (Adiabatic Method) Z8: M35 2 & &
L7, B2 0FEREBEBLBIX O HELZRIZTT,
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Table 3.2 Survey results of typical evaluation methods for self-
heating and spontaneous ignition

Method Overview Rggger Index Ref.
SIT: Time to
The reactor filled with the sample is kept at a constant reach the
temperature in an N, atmosphere, and after the SIT: specified SIT: 16,
temperature stabilizes, air or oxygen is supplied to the ~ 110°C~ temperature, 17)
’ . reactor. The temperature of the supply gas is etc.
Adiabatic
Method controlled so as to follow the temperature of the .
sample. SIT (Spontaneous Ignition Tester) method, R70. MAB: R70:17,
R70 (Mean Temperature Rise Rate from 40°C to R70. MAB: Heating rate 18)
70°C) method, MAB (Moist Adiabatic Benchmark) 10~70°C between 40 MAB:17,
method SHT (Self Heating Temperature) method, etc. and 70°C 19)
SHT: 20)
A reactor filled with a sample is installed in a constant
temperature bath and air is introduced. By raising the
temperature of the constant temperature bath from
room temperature at a constant rate, the sample
CPT temperature is delayed and the temperature rises, and 110~220°C CPT CPT: 17,
Method the temperature at which the constant temperature 21)
bath and the sample temperature are equal is called
the Crossing Point Temperature (CPT). The smaller
the CPT value, the higher the spontaneous
combustibility.
After suspending the basket made of wire mesh filled
with the sample in the constant temperature bath, the Wi
Ignition Point  constant temperature bath temperature is maintained 80°C. 140°C Critical ignition B wek t
Measurement  at a constant temperature. Measure whether the ' temperature 17%2;)'
sample can be ignited or the critical atmospheric '
temperature at which the sample ignites.
DSC: A constant amount of heat is applied to the DSC:
sample, and the endothermic and exothermic D'\scfetiona\l
reactions of the sample are measured. Y
C80: In a closed container, measure the minute C80: E{eatdquant\ty
Calorimetric  calorific value while suppressing the evaporation of Ordinary aze hon )
Method moisture. Measured from ordinary temperature to Temp~ endot etr;mc )
300°C at a heating rate of 0.1°C/min. 300°C fgac‘?iéz ermic
TAM: The sample is held at a constant temperature, (T)écll\i/lﬁar
and the amount of heat absorbed and the amount of Tem Ny
heat generated by the sample are measured. 15008
The BOD Oxi Top method, which measures the oxygen
Oxygen absorption rate, was applied to coal. A method of 10.20. 30 Amount of
Consumption  measuring oxygen consumption by utilizing the AO‘Y’C T oxygen 23)
Measurement  phenomenon that CO, is generated by the reaction of consumption

coal and oxygen.

3 Experiments may be conducted outside the temperature range shown in this table.
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3.23 EREEL G
() BEFBBEMEER (BEHEIE)

A EHFOACHEAEOFMICIE, BAEWMEEOVOESTH D,
SR KBV ESE 1 (TA Instruments fE 8 O TAM Air™ Calorimeter)
FHAWSE, EREBOME A Fig. 3.2 125”7, ERIIEE 20 mL ©
BT 2 AKIC 2.0 g ORE AR L, ERH» O FIR %245,
B8OCCTIRFFL ., TOBORAMEEZFHM L7, WERMIZMQ 168 I
M (7 HM) & L7, ok, 3 LR, M o R (=
wp L) &, ZX B % C.F. Nielsen f: ® Briquetting Machine BP3200
TV MeL7z#k (JEEH V), DD O F Ik BC B X
OHEF R SBCOAF 4B E Lz, B, RIEWIZ, EEDH D &
JEERLOREE bIC, ZRAPTORMEBAMZ D20, BEF
MK 7 =Ry 7 ZNTEHHOFEH I AL THMAEL., AKRIZO
WTlEr —7 I b (FHEERBRER) O e —F I /L UM2.6S) T
ML (LB, —HEHELERMEDICOVWTIE, AL DHE A
W2 %) Zff L CFR-1*& LT, EHERLOREEBAL EXKBT D),
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Temperature Range : 5 - 90°C
Stability : #0.02°C

(a) Device

Volume : 20 mL
Material : Glass

(b) Ampoule (Sample bottle)

Fig 3.2 TAM Air™ Calorimeter
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(2) fPJBFr 0 B O R BVEFE M E R (W BE)

HP L IRE O B O3 BV 0 FEAI (13, W A o Bl & B T D 72 o I 2L
BERAL, MBS - RELZIFREEEFMERE D% v T
KB EIT o, ERBHOME %L Fig. 3.3 127, A o &L
ERBMI2EDHY, 1 EOFEITHN40L THDH, Haewld, A7~
LABOF ¥ N —5 BEafABERIEMET, #F vy "—Hot
— XS5, A Fx o AN —OFREMEICITIREFFHHBZHE T TEY .,
SHFTORBRE, 4 DFTOBERIRE (NAAE D T8 BT #iHl<T
5, MEFSHCITTRAESEZMEHR L, b, BETIE. R
FEZEAR AT I 2 Al SIS & e i Ik AT RE 72 CO IR EEHII 61T - T
BO, REBRTHE ML L Lz, ERFIBOMAIK A Fig. 3.4 12
T, TOMEZIROBY Thd, OFHFANICHAEZREL, OF
T EHNOEFRI~S Linafia L, REESFHKXE T 5, it T,
QOEFMMHEMFL-ETE, B0 — X THEHEELT TMEAZMN
YD, FOREEIC T, BE @R E & ORE o ROEHE E O R 75 & 10°CLLN
I E D XD HIE Lz, @OFT @R EICH 2 LB, BEm o b
WA T 720, BmiEE EBEEHUMORBEEDZNIZIZE R
En KoM, QRERZRER, ERNDLEK LSL/GICUE, @3
~5 B, WESMEASLHKAET D CO HAREZEFH., OFHIK
TH%, e—2%200, XN ERTANGF, mAIEITO, KE
BRICB T DM ERE L., BLFH RSN AT HIRE P2 BE L
60°CxBE L7c, i, ERITABEMAOFHNMET £ T 1 &S
DER Ty AZET L0, FHAR 2K Y | EF K BC, ##EF &K
SBC 8 X "M HI M O RILW CFR-1 ZRE LT, 2B, EERED
72 % CFR2 IZHOoWTIE, BEZ(LOARICHEHR LIZERZAIT- T,
FHEREHL., AR MNDEIFE X — A (asreceived basis) ® 50 mm 7 > &
— (BB Z 50 mm OffizdiE L7k, RSO RIE®IT., Al
7k @ C. F. Nielsen . ® Briquetting Machine BP3200 T JE i ik /& L 7=,

74



HEKH40mm, EX20~40mm O 7 UV 7w FE2HWwWim (UK, 7V
7w MELTERIEIZOWTIE, REILA D% A1 TB] #ff L CFR-
IB,CFR-2B & L T, EE 2 LOREIL &L XBIT %),
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33MREEL
3.3.1 FEEBHAEEIC X D2EBREM
SHEBEAPEEBEBEA T, KBEM ORI B I OCAKRO A
RABEENE L, TORRE %L Fig. 3.5 77, KW CFR-1 1%,
B4 75 kl/kg DA BETH 7=, ZOMEIX., EHK BC ® 67 kl/kg
Ivixdmnwboon, HIEFHKR SBC O 80kl/kg X ik . miLW DB
CHBEMTESFRKEEBEEROTH o7z, £, RILHDOEE
72 L CFR-1 L [EHE &Y CFR-1*Z b3 5 &, BERICITEALLEE
fLixRonknol, Zokd, BREOmELIFHO N FY 7
MEOBEPL 7TV Yy MELTHOHOCRKAMIZKELHE X RV AlHE
PERE W, — ., RSO SHT R R Fig. 3.6 ICEH T 5 L. Rkik
Y @ 200 mesh /3 2 R (k) OB -1 5 v T 200 mesh O Fy 4
ChL 788 75 ym L FICHE Y)Y EEHIE) 1L, EH 72 LD CFR-1 TH
42%., % H Y O CFR-1*TH 30%F2 £ T&H Y . Briquetting Machine
WX 2EEAE -HATH> Z & T, REXETHVWRELE RS TWS Z
EWbND, BAL PRI B AL BOG HE 1X, — BRI R R&E WIT L
B RD2b0EEZEZND T 06 RAEMNKE W CFR-1*, CFR-1,
SBC, BCOIETHAZEZ/NIDIZFEML TWAHAEENRD D, I
CFR-1*D R 2534 78 CFR-1 L 1ZIXF —Th o7 4A . CFR-1*D 3
BEIIFTHE I RenwrageErdb s, 2T, EFHARFLZEE L
AL (77U 7y MeLizmib®) & Hv T, FEEEOIF I I VIR e
OHOHBAMELFMT 572D, EHK BC, HIEF/K SBCEB LT
UGy MeE L2 &R CFR-1B, CFR-2B IZ DWW T, WL X 5%
ENR M 0 BE A 2 BR 2 R ITAT o T,
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3.3.2 WrB\EIC X DV 1 o TR E R O I BN

Uy e 22 A MERE A 2L & &2 W C L I F K BC, HIEF K SBCL 8 b O
Kﬁk%CHJB®%@%@%%WLk%%%F@&%ﬂQK%fo
REHRE XA EOR LR VWAERIER (G FmPR) oR
BB L2 A WCTEHELE, WThoRB L, EF0LER~D
fefs T AU % O RFFAZBEICFEY, RE B2 L TIT CO DI AEn
MRS, BILZMBAERIENE L0 EHEE TE 5, EF IR BC

MERS T AR D 3 B TTHR 4.7°CEH L, CO R EITHK 200 ppm
~EH U, @IEFK SBC X, 3 A TH 183°CELH L, 4 HA T
BOCIZEIFE L2, T2 TRBEZKTLELE, TAUKERIC CO
BEZA B L, RBKETERNICIX 900~1000 ppm (22 L 7=, &1k
¥ CFR-1B (X, 3 HEl T#H 9.8°C L5 L. CO REIX 400~500 ppm %
TEH., %K 600 ppm (ZHIE L/, 3 HREIOREE EHIX, HIFEH X
SBC b K& <, WIZmILY CFR-1B, IEH & BCDIETH - 7=,
ZOEFIE. ROFERBEANMEOFKERE BT 2, 20 L,
AR OB BIZBS W T, Wk X THEMEICFHI T 2
SEBEBABEE LA EEZOND, — ., A—ORBREHIZE T
5 COREIZOWVWT S, #HIEF K SBC, KIL® CFR-1B. & & ik BC
DIETEmRECMERI BB SN, ZOIEF TBALKISDOER DN RN
DEHEIND,

T AGBEOX A I 72 eIl TOBOREZ Yo C
ELTEGAEOHERABORELIE, MEKFZENELR D CFR-2B O FE
BraE b HoE T Fig. 3.10 1277, FHF & BC OIRELELIL, T X
UE#% 6 FHBE TN 4CEAT LI OO, ZO#% T ERE LA
WH IR hoTe, —J, HIEFR SBC OB E&. T AUKFEZICIX
HTFHEIANELCEZED, Z20®%IFTV =TI ELETI2HERIIHL- -, K
A R AL O %A 1. CFR-1B, CFR-2B & b2, HAURE% D
SEFEIALAT, HHRBALE EBICESHICERE LR 2EmIC
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HY ., EIO 40 KFREIRE F CIEHEF R BC LV IRE LA ITEW
RN, 48~60 BFH & IZIZIEFH Rk BC & fiis L &< 2 o7z,

T AU BRHEOREL SHEZEOREOENL RO EE FHE
EE (°C/day) % T E O > & B E R #E THEHE L2 R % Fig.
311w, =L, IHFKR BCOEEFEEMELTRLE, HE
X, IKIECE]E &S LT WEEEMR (-COOH, =0 %) 2, #HiEH
RICHE_XTAH R P BERFZOALTITEBETE RN L T AY)
Bob 6 Kl £ COWRE EA (Fig. 3.10 2 ]) A K& L, 0~3
HEE CO®MBETALD LY =7 AR TIEARNED Th b, Fig.
3BT, RS EOMBIZHE W T, RS OEMIZEWIR
B EAFEEITERS 252mA R o508, ZHITHES O R L HX
TOHOBERERZORZENINH TWWDLI LD EEZ X b5, RIEWIX
300~400°C TEMLEL Z# 4T > TV D Z &M, 60°CHE O KR Tix
FERPIIEAETTREBAEAKXSIZEEFEG L2V D EEXND
DThHD, — ., BERFIEFEMKRE L TESTLESOEZRL TW
HZEMND, RIETEWELKIGE LT WERESEEKSICHFEL,
BERFZOHMICHE N, TOENE T Z L TREEFEENS 5
iz RrLizbDLEFELOND, BERSADREMRDKRILY CFR-1B
(EERFE ) 35%) & CFR-2B (BEEKFE : H 30%) ZLik+ 5
&L BETEOMFFER R D E FAERIC, B EKFE DSV CFR-1B O J5 23 A
CHACLIDIBEEAEHEETR W, £, WIThoxitmb, BEF
R BC EVDiFHRWbDOD, #IEFRKR SBC LV ITE WV, RIZHEE LA
WS —E T AT=20°COIRE LR Z2HFAET L ERELES A ER
ZB A L 72 60°CICE » T 6, KL CFR-1B &4 6 HH . CFR-2B
K 10 B, HIEF RT3 BRURICY Az bl L TR
HT 0 ERLLI LD LEEZ BN D,

UEFEORRNL, MHIBEMEDRE AN T~ AR E Y A 7T
FPM 3 2 B ICix, BEICHERA EH O & 5 MIEH &k O IF R/ COo i
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ERIZEICEBRSI NV, T2V A FTOEHNNPARETHD, £,
ERFEOWEMIZHEN, BCERAREDNREILIBEmMAALND Z L
5., BEERFBIZTHCHKBAMEZMEAIHICTMT H2BEOO L DO EE
BRERBREICRL2bDOEEZEZ LD, LR > T, MK KIIHKE
FIicB T, BERFICER LY A 2 IFERFORESS CO R E
R EDF—F2ERMEZKD Z LT, KEAAL F~ARILY DL 42
AT E BEHOMBEICE LD D LEE I LN D,
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(b) CO concentration

Fig. 3.7 Results of storage test for BC
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Fig. 3.8 Results of storage test for SBC
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CO concentration, ppm
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(a) Sample temperature
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Fig. 3.9 Results of storage test for CFR-1B
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Differential temp. from initial

EIapéed time, h

Fig. 3.10 Differential temperature from initial temperature and

elapsed time

87
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©

8 L

2 L
© 80

=" i SBC
w60 [ o

© i

2 40 ; CFR-1B
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(a) Relationship with the volatile matter
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X i SBC

Q

5 60 °
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5 40 CFR-1B

g ¥ CFR-2B X2

2 20 [ N BC

e - s

o C
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Fixed Carbon, %

(b) Relationship with the fixed carbon

% 1: Temp. rising rate was calculated from the difference between
temp. immediately after switching to air and temp. after 3 days.

% 2: Plot BC is for reference only, as the temp. rise of BC also includes
the non-linear region (0-6 hours) shown in the previous figure.

Fig. 3.11 Temperature rising rate and proximate analysis results
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34F ¢
MAEERMOEERAROH RN G IEZZ 510, MM
A OB RFEKICEDAETO B IOV T, iR BV 5B
BROLWRICY A mz2BE LR o B ERAMEOFERZ1T - 12,
. MBRAKNDEER THHERO O HIEF KR & HIEF RO R R
S L., MRl a21T 5 2 & T, NA T~ R R O iT R B
DEFHRRMFORGS TV, LU TOMEZRL,

() FRFBEAMEEROFER, {bH CFR-1 O B R REIT. JBEF K
BCEOEWR HEHFRSBCLY bIEKS WHEOHMTH - 72,
Flo, RIEMOTEHEH Y (CFR-1*) LEHEZ L (CFR-1) ® AL
KRBT EZRNAON R LT 6. 7V 77y MEL TH,
HoRAMMICEELE X R VWAREERGEW, EE L EEHY O
ARBHIR B HWCIKREBTHAML T B DREBMEZ /NS DI
fli L TWDATREMEDN® D,

(2) VA v ZMBE LT O B Q3 EE O ER O R RIEY
DOIRE EAEEIX, BERID B 12~2 @m0, WHIEE K
DKEDBRETH o7, BE LA EEOIRF L. (1)D % R 5 #
MEBROBERLE K LEZ Db BEXEAEO M LI W
T.ESEFBMEELADEEZEZOND, RILY OIEE |- H#E
T BEERFOMEDEHWVIZTEREDMAITH -T2, —FH. Hl—D
RimEFEEICB TS COBEIZODWTL, MIEF®R. ik, B#H
KOMBTERECHERIBREINL RE LAFREDIEF LR —Th
ofc, B MIERBBUCE T 25 MR A B = X X3 RBEW 72w
b BREIRL oML LT, hREHE., MAME. o FEE.
IS H D it R & AR OMHBEICE T 872 & MET
b, A%OBPMEL L THELEZZXOND,

) RKENA I~ AR 2 WMk K NDREREHF THMAT 2RI 8
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R RO H L WIEF R OTEEER & CO REZEHDOO L
ODHABTETHIET, ey A FICEMNTES, £/, BERK
FIT R OB B AN Z MR IZREM 9 D BR oo HE e E PR
OO EDLRD, SHIZ, MVIRL &L, FEEH THRMEIZ
LD D WA RS THONM R 2 AT L9 VAR BN E ik
(BABEHEE) CLD27 -2 bANTHL, ThoDF@REEM
LM REREHZEETLI A TENE, BEHTTOL
ERERICHFSTL2b0EELLND,
UEDORRIFT, =R =a2a— b T NVRRKEANA T~ ZARILY D
FMAREICEM TE2b D EE X 6, kK K3 EFT OB K HE
feicmidize b7 roraryBoERICERTE 20 LIS,
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BAE KENA I AR OMAR AEO CO, PEH & & R

#F fifi
411X LI

MM RAKNDBEEIT, REFXEZ LR BEEENEONIEH A2 L
HDTEY, BAOENBROOESTHD V. ZOMBIRANIHE
D COrHEHBEZHIMT 720101, KEARAAL A~ ZADRENA
ETHDH P, L L, AKEAA A ADOFERABESLEBEEII AR LY
B W, BECHFEAIED R L D, Flo, KEANA 4~ R
WEE ChHLZD, ARLIBEGHMT DL, AROMMREEZIKT I
20, BMHEOMB R K NIEER TONAL A~ AR BEFRIX
ABEEECHAN I~4%BEICEE->TWVD Y, Zhicxt L, BEfE
DR LRICHE2EOHERNL, RKEXNAS A~ 22 RILT DL
T, TRXLF—FEESHMME, RO CICREEZRETE DL ¥
) R L ETTICREFEFEZRDOND Z L D I E DK
BWRKNFEEFTO CO» BFHEHIRICHF LG T&EH 2L R ERD
Mo TS, FFIZ.FH2EDORERTIE, XM 4~ A RIS v K (CP:
Carbonized wood pellets) Z iR BE A EHZ WA IEX . B ATAYIZIE 100% 5
BEGLZERAAETH Y RITBIRD 10 520 L0 RBEZ 4T 2 1E., BEA
O COrHFHEZMN DU TECTHB TCEZ2bDEEX LN,
—H. REAA A~ RE, BAEBRNTRFEHICEIIR TE 287
VA NWVICEHRARN DL, MEEBOEEREBHANO ORENFE
EEZXD. Fl, BMESCHB I A NOBANDL, WA TS A R
AL~y b CP Z#8EL, =X VX —FEELEHD - LT AFH
THHFNREE LY, ZNOEBAREMEZFMT 2720101F, EEOD
HAEZEELEREREPD B R~O@EITHRDLLIY T T A4 F = —
YEEOZ X LF—HEE, CO ki E, = XA MEAML Y. M
EATOMLENS D, Ll BREBOMEBEICHIZ> T, BE ML —F
@t st bR KBV Yy MEOER A TOSZ T ERY M TR
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b0, TORMWERLIARDRIND Z LITFhEEN,
Fo. RELO MRS AW FEMETANIC VT, B & A E RO R LS

(FEH) Oa X E2ALMFEITIMLERD D,

AKWFFEO BHAIL, BARIZBT S5 AKE XLV > F(WP: Wood pellets) D
WMABKESZZIC, RICEOHBEEZEL, OO T XL F —iH
BEEE 2 ETHELONERIEERERICESE WHEHT L& LB
I, W E CoOREERX, 20 PNICHAE TOW FWEIZHKRDLD
TXNLNF—HERZEEL.COLEDCOHE L a2 M E2RE-
5 ZEilhH D, . BREORET, AARAMTOARESNL v
FWP O R EAEREL, FMICH o Tk, EEIE AT
ENTWVWDLIAERL Yy b WP LW T 52 & CTERBLAEENZ T3
I
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4.2 FFAfh 75 1

CoO hHBE LA MDODAEG Y HIEICHT 52 FIHOME 2 Fig.
4117, FEMlICH = - Tk, ix U oic, T 2 REHE (KB
L'y b WP, REANA A~ AR~V > b CP20 ([EERKRHE 20%) &
[Fl CP25 ([ & K # 25%) ). JBE (B BERf) . s (B F & <X |
Fo) BERS R EOr AR EEIT o (FEOFEHBIZOWD
TIEBERT D), WICHERELBE@mEDORX T A 2HREL. X
BRRLA =TV 7ECIVMNEREEEZFHE L, ZNA6D5%K
RICERS&E, BRERELBRB@REOSF e A BT LT XX —
HEEZBAEL, ZHIC CO#FHRBEM AR LD Z & T Co &
., £, BREEMSE LR LT A MEMAELR,
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421 BERBE S o ROHELME

WPEBLOCPOAEFELBINEH XA r®AD 78 —F ¥ — k% Fig.
4212777, WP & CPOFEEHEI, Wb M S O FEM %Rl H
TLHLDODERELE, 2B, MBI ARKEXLV Y & RALEE &
THHE (77 vy o7 XLy M) L, KRFgEORGEHE LTz,

JEEF DRI A B A, R g, L2 A -t
ANF—L L TENERNERIELNATLS2b0LIRELL, B, CP
DRIEBIZEB N TIX., RICTETRAET DB T A OBRBEE % KAk
BB L OmBEARE L TCbFMBI o722 LEZEL
BIEAREOHEIE., Mg LT ARERBAEZBMKREST S b0 L L
oo WP & CPOAEPERE L TIX, HATO WP Ol A2 8 Fl 2 &
DD N2 HE (BFHFEXMFL) VFEELL, WP & CPIX
oo T bk EcCa sy 7 M7y 7 CEEREINL, T
B, NTHELEDMTHAOKRE Tl WX T L0 LRE L,
BB 7 m 2 AT R E ST RICE RS,
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4.2.2 BEB®XE S0 XD ELME

AE ST WP & CPORE EEEICIZ. 407 4 —FO =T F (&
KEE#E20 ho) ZEHAL. BMABREET DT v 7 THWET D
bOERELRE, —Jh, W EEXOMMAOBENCIX, C HEhAHE
P2 bDERELLE, B FTHXEXNTLAOBRBAENRS L B AR
O i 512 B9 9 5 Kk & Table 4.1 IZ77 77,

P E#misRE o i &IX, XO)PEHNTHEB L,

QL (L) = Wc (t) x Ta (km) x Ir (L/t/km) (1)
T2 T O TR M YE B (L) We lE faf ¥ B & (t). Ta 13 8 25 B B (km).
Io i o BROBHE I AL (L/t/km) & /R §, Il &35 Sk 2D k5

% 0.0285 (L/t/km) & L7, £/, HAXEHEEEIT 12~17t (54
R 100%0:) & L7,
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Table 4.1 Fuel production sites in Canada and Vietnam and specifications

of transportation to Japan

Country Canada Vietnam
. . . . . Thanh Tam Commune Chon
Sawmill location Merritt, British Columbia Thanh Dist., Binh Phuoc
Loading port Vancouver Cai Mep
Unloading port Yokohama, Japan

Land transportation
distance, km
Marine transportation
distance, km

274 128

7912 4476

101



4.2.3 BREBEHELRECHKRDDI X FREFE

PR BRLE C kIR b 2 A PRE T, IEA LA — F 2DTHLHEA
EN TV L% EFRM (LCOE) #5512, X (2) R THE
LR EHE M (LCOF) % E#% L 7=,

N Z%zgmax(ln,t"'on,t"'Tn,t)(1 +r)~t

LCOF= n=1 Zgzgmax(Pt(l_l_r)—t) (2)

2T, Rl nllBITAMER LT, KSR TR E R
DIHERNPLET DO, n=1 L, HMEBEZIYVEEIZHI T FT D
bortEZ, RECITITXG)ZHWE,

[+3E28ma¥(g 4T (1471) ¢ (3)
Tiztmax(p(1+7)7t)

LCOF =

ZIZTL LR EN, OEMEN. TITWwmx®E M. PITREE
PER . r XBISI R max TEMERZ RS, KFETIE. r & 5%,
tmax % 15 4 & RE L 72,

WP & CP DA pERfE O 1 # ] 2D % Table 4.2 (2, AE S5 E
MA#E M (0&M # [ : Operation & Maintenance £ Jl) % Table 4.3 I
AT, 723, Table4.3 103 2 B E (R FEH) 1T, U F A
NWEFLTBY, SO 7 ) v I7H#RIICESE, pFFICBY
THRIFE NPT LACBVWTHSFEoEEZREICHND Z &L Lk,
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Table 4.2 Assumption of initial cost of facilities for WP and CP

production (in million USD)

Case Name WP CP20 and CP25
Stockyard 5 5
Dryer 4.5 3.6
Carbonizing unit - 13
Crusher 2 -
Pelletizer 4 3.1
Silo 1 -
Construction 3 4.3
Total 19.5 29
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Table 4.3 Assumption of O&M cost

Country Canada Vietnam
Lumber residue, USD/t ! 13§ 3;*[12 )4 ] 120 [(2*51])
Maintenance 3%/year of plant cost
Electricity, USD/kWh 0.0875 [26] 0.07 [26]
Oil bunker A, USD/L 0.987 [26] 0.74 [26]
Personnel expenses, USD/Month 2817 [26] 242 [26]

(*1): The values assumed based on the hearings of trading companies
and electric power companies were used in the calculation
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4.3M R EBE
431 BRPMUES oL RAD XL —HEEREOHEE

B2ETRLELIIC, KEAA A~ A RALERIC L0 BRAL @
DOZAXNLFXF—INLT—F2ZWHEL?, ThHET, XM A~ 2D
L, EE., WRERREORICEER R > TV TH . RIHE D
MENXT —Z1% CP OEERZLTEHRTELI LR ELZHLNIC
LTV D R TERSN DB ADAEIZHONTSH, CP D
HERE CERET LI ENAETHD, 22T, BERE LI,
[JISM8812 AR KL N a— 7 Z|-TEH HE] TEHZEI N T
LDOMEHT, P77 VORRAZTZARZRTOTERLS, HES
ERy RS, EEOBREFRE D O EREL E KT,

RAGIZ Ko T, #HET A LRAEDICEASMR I D& L, RIGKE
DB BT 65 5o BB o # & o R E R R % Fig.
43T, MaRT DL, CPOBERENHMT S & RALHE
DO AERT DT A (BE) NS 5, CP O ERFENDK 25wt%
DIFE, HEETAOBRBENRILICKLERBAELZBZ D720, MK
BToH2d ABEMBMITIAELERD, T70bbH, CP OEERKREKED 25wt%
AL EMETIE, RICEOBW A TER 2 EIL TE 5,

ARIFFTIE, Ritr—2E LT, KEXLV Y b WP, [HERFEMN
20wt% D CP (CP20) & [ E k& 2 25wt%® CP (CP25) o 3 HMH %
MR LA, ik, WP & CP O, RACEMPEAMWICH L7y — R
CP25 AN L7ARWZ —A CP20 D EITH O THDH, WP B X
QN CP #4AETHIEOZRX VX —HBEBEOH EM AL, WiEKREO T
ENNEEHEICLERIFERLE & DIC Table 4.4 I2R- T, FEE 72 5
NAF~ADOBEANEIX, BT E O v b A FE i ek o L8 1) 7 44
PN H ST EMK 28 F b r(wet X — X XLy MEERI|ICHE
LTHEMMTRI0L M o#E) CBELE, B, 20710, BKE
BE TR DD EAMEN T NT v A — R A AICRT,
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Raw biomass (dry basis)

_

Solid

CP (carbonized pellets)

Carbonization ™= == == == = m= = - - -

I
Pyrolysis gas

Volatile matter
I Gas

Volatile |
Fixed carbon 9

Heat source for
carbonization

The properties and yield of CP depend on the operating conditions of carbonization temperature
and the kinds of biomass. As the carbonization temperature rises, the CP production decreases
and the “fixed carbon” of CP increases. Fixed carbon is defined as the weight ratio of solid
combustible residue to the initial weight of the sample that consists of solid combustible residue,

volatile matter and ash. The amount of pyrolysis gas generated was larger in CP25 than in CP20.

(a) Conceptual diagram of changes in components based on proximate

analysis before and after carbonization

30
: Amount of heat of the pyrolysis gas
= generated by carbonization__+4-
v
4?—; 25 . i
= Consumption b -
S of BunkerA " o cace======TTT
e N rcmmmm == Amount of heat required for
C  pese====N0T . .
8 20 carbonization
<E( Insufficient heat amount for L
carbonization (Bunker A'is
required as auxiliary fuel)
15 T T ; ;

22 24 26

Fixed Carbon of CP, wt%

28

30

10

(b) Relationship between the amount of heat of the pyrolysis gas
generated by the carbonizer, the amount of heat required for the
carbonizer, the amount of consumption of bunker A as auxiliary fuel,

and the fixed carbon of CP

Consumption of bunker A, kL/day

Fig. 4.3 Conceptual diagram for CP and the pyrolysis gas generated
by carbonization, and the auxiliary fuel consumption obtained from a

heat-mass balance analysis of the carbonizer
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Table 4.4 Estimation of energy consumption during the fuel production

of WP and CP
Case Name WP CP20 CP25
Production Fuel Wood Pellet Carbonized Wood Pellet
Fuel Properties
Proximate Analysis, Dry Basis
Ash, wt.% 0.1 0.6 0.6
Volatile matter, wt.% 87.7 79.4 74.4
Fixed carbon, wt.% 12.2 20 25
Moisture of fuel, wt.% (wet basis) 8.0 5.0 5.0
HHYV of fuel, MJ/kg (dry basis) 20.00 21.94 22.80
Information for Calculation based on heat-mass balance analysis® 2
Input of raw biomass (wet), t/year 280,539
Fuel production rate, t/day 464 336 305
Oil bunker A for dryer, L/day 28,331 6513 0
Electric Power, kW
for dryer 338 338 338
for carbonizer - 211 204
for pelletizer 3123 2147 1948
Annual Fuel Production & Annual Energy Consumption
Availability, % 90
Fuel production, t/year 152,467 110,327 100,087
Oil bunker A, kL/year 9307 2140 0
Electric energy, MWh/year
for dryer 2668 2668 2668
for carbonizer - 1662 1612
for pelletizer 24623 16927 15356
Total electric energy, MWh/year 27,291 21,257 19,636
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432 BEBE ORI LF—HEHEEOHE

kR Oz 2L X —HEBEDOEAM R L Table 4.5 1277 T, RKEAN
1A ~AE2WHO>BEBHEHLOBEFEE~Oe TV 72X, 22k
RS MADIZO, AKMF v 7RREXL vy bOEEICIE, B#E
Wi ERNERA S, AERME T 2 ~6 7 M RoE L EAE
Wiy, HET7 CTMBETIX 1 AT M CROELBAEMMAER SR
TWLHZENbhole, TOHFRIZESTIET. BT EHME D CO2HE
R BEALIX 4.6 g-CO2/t/km (B D H 4 X% 60,000~99,999 DWT (&
BEEMNH)) THY, MOBMATHEBAZZE L CEI M),
NN ALK O S A1 20.3g-CO2/t/km (ff D ¥ A X1L<9,999 DWT T
HY., MOMATHEZ BB L CHHEIRLZMW) Tho 2,

mPB, ZIT, WLEWEOZ R ALX —HEE (C HioHE &)
. EOoMMABYMOREBEERN 20, Bk T 5, ket
ATHRAET D CEHMO COHEHEL CO2 PR EA N HWHE L T
kbworz ke LT,

108



Table 4.5 Energy consumption during transportation

Case Name WP CP20 CP25

Information for Calculation

Input of raw biomass (wet), t/year 280,539
Fuel production, t/year 152,467 110,327 100,087
Transportation distance, km
Land (Truck) 274
Canada Marine (Carrier) 7912
Vietnam Land (Truck) 128
Marine (Carrier) 4476
Fuel consumption intensity, L/t/km
Land (Truck, light oil) 0.0285
Marine Canada 0.001533
(Carrier, )
Bunker C) (*1) Vietnam 0.006767
Annual Energy Consumption
Canada Land, kL/year 1191 862 782
Marine, kL/year 1850 1338 1214
Vietnam Land, kL/year 556 402 365
Marine, kL/year 4618 3342 3031

(*1): Back calculation from CO; emissions because there is no fuel consumption
intensity of bulk carrier fueled by C heavy oil.
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4.3.3 CO; 8k & 0 FAfh

B REt O R E ., BB L BR D COx kB (L % Table 4.6
AT WPR CPORE LB EDO T A CHEHA SN T R LFX —
% & (Table4.4 & Table4.5) & Table4.6 DF — X TSV THE
L7 WP & CPOD COHEHBEDRERE % Table 4.7 IZ/-7, £z,
BEHIZDO COEBEOEER R % Fig. 4.4 277, Table 4.7 I
T AEHTZV DO COFHEOHNRICHAE L R LE. LD/ END
NA T ADOHBEORYWRERFICHELNLD A BN SH D CO2 #
HEARRLELS ., RICHMHBEOEAREmN ERbholz, %
O, REFESLHERMEOLKRS, EolEh E2 U TICERD,

WP & CP &3 2% &, CP25® COr & 1T WP O3 LLF T
& o7, CP25 ® COHEHH &KW DL, A B O iz g & k(b B iE
Hricfibhs AEBMOMEBEENR Yo THDZ LITLD, LML, i
HNONXLy FLHTIE, ABRBBMORDVICRMFTOKEY (N1 4
TA)DBRBERNEGRET e R bt b D, DAL,
AEWM»LO COL#fHEIXIEe I REhbizd, WP O CO: 8
HEH CPOSLALIZER%ELERD,

CP20 & CP25 kg4 5L, A EBWMOWEELERr TH D CP25
DHEBERNTNWDZERbND, £, RIEPEDIZEZ R L X —
BENEMT 2720, @MEREO =X LV —HEEIHIH S, CO2
PEH &N DT ICHIBR S DM E o7z, RKIZ CP25 L1V b EE
RBEDEOERACREZRE LSS, #ORIEDERHD 2D, B
EHZDOCO B EIXLVEATI2MMmICH DM RE I XL,
EERE S KA b EFRICTHL, K 3% T DRETIHELLL
Wb D EHERERIRN D,

— S, AT ELEXRI T AR T DL L, AT HO COPEH EITA
M AaXvbbieholz, ZThix, OO FTX¥ORHE O COx HEH
JRE AL (0.15kg/kWh) 23, X FF A D 0.8649kg/kWh X 0 H K\ 2 &
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(Table 4.6 2 M), QI OHABWIOH LD T F OB RIE
BEL 725 b 0D WA A X0 T S HE T 60,000~99,999 DWT,
AR T LUEE T 9,999 DWT Rijiii & HE S iz 7o o, fnl o R E 230
FHAMBOHFBROC EICRFT S (KR BE R EL TS
itk s),
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Table 4.6 Calorific value of fuel and CO2 emission intensity

Items Values
Oil bunker A, MJ/L 39.1
Calorific value of fuel Light oil, MJ/L 37.7
Oil bunker C, MJ/L 41.9

Oil bunker A, kg/L 2.71 [23]

Light oil, kg/L 2.58 [23]

CO: emission intensity Oil bunker C, kg/L 3.00 [23]

Electricity in Canada, kg/kWh 0.15 [30]

Electricity in Vietnam, kg/kWh 0.8649 [31]
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Table 4.7 Estimation of CO2 emissions

Case Name WP CP20 CP25
Information for Calculation
Fuel production, t/year 152,467 110,327 100,087
Calorific value of fuel (wet), MJ/kg 18.4 20.8 21.7
CO; Emissions, t-CO,/year
Bunker A for dryer 25,222 5,798 0
Electricity fpr fuel 4,094 3,189 2,945
Canada production
Truck 3,072 2,223 2,016
Bulk carrier 5,549 4,015 3,643
Total 37,936 15,225 8,605
Bunker A for dryer 25,222 5,798 0
Electricity for fuel 23,604 18,385 16,983
Vietnam production
Truck 1,435 1,038 942
Bulk carrier 13,854 10,025 9,094
Total 64,114 35,246 27,019
CO; Emissions, kg-CO,/GJ-fuel, (%)
Bunker A for dryer 8.990 (66) 2.521 (38) 0(0)
Electricity for fuel - 459 (1) 1387 21) 1359 (34)
Canada production
Truck 1.095 (8) 0.967 (15) 0.930 (23)
Bulk carrier 1.987 (15) 1.746 (26) 1.680 (42)
Total 13.52 (100) 6.62 (100) 3.97 (100)
Bunker A for dryer 8.990 (39) 2.521 (16) 0(0)
Electricity for fuel ¢ 4,4 (37) 7995(52)  7.834(63)
Vietnam production
Truck 0.512 (2) 0.452 (3) 0.435 (3)
Bulk carrier 4.938 (22) 4.359 (28) 4.195 (34)
Total 22.85 (100) 15.33 (100) 12.46 (100)
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4.3.4 RO FEM

Mo TR A S L. AR O A TR E % IS £ T o E
IRXANOEAEERE Table 48 17T, /2, BREOBEHZY O =
Ab&E, RIFaAPTHL0HE, EHE, MEEFOARL & D
IZ Fig. 4.512/~"9, Table 4.8 121X, TOHNRICHEL R LT, £OD
RN AMEOREICB N TIE, 2 A MOHNR L KA EHE
ABEMOBREE, W LEEOBENEEDLENES NI LR Do
., TOM, BEESCHELGOES, Hokik/l &% Fich
~ND

CPiX WP & L T2 A b Tod 2HH#E MM E W (Table 4.2
ZMH) N, WPOHBTRETIIAREMAMLEH T 272D, WP DEM =
2 BMECPEYEWV, ZORE, CPIXTWPIZHARTHR I X FEL
L NN o T,

CP20 & CP25 Z b4 % &, CP20 TIX/RILMEA OHBIREL & L
TAEMAEEHL TS (Fig. 43 2M). CP25 LY & b »n
CEmWEMA a2 A e o, RIT CP25 LV & EERE D& WKL
GUHERELESGA MR THLIAEBEIAEDOETE TH DD,
BT A0 2RI RMERENWDL O, BAEH D O =2 2 M
Mxtricgmemicd 2, Lol RECINIE, BEKRE S KA
YhEEFIZHL, K 3% LA TORETIHRELEMLLALEN S O L HEE
ShD,

— G T EER T LA BT DL N~ AR (M B
), BLHE O BREFEAL, Sk E 2 EOEM =2 A hOFEBIZ LD (Table
4.3, Table 4.7Z28), XbE T ADLOMANRKIANTHDLZ LN
Dhole, T OEBELZFMT 5720, Fig.4.6 IZX M F 28 ED
CP20 # N — & (A HMAOFM BT 72D CP20 Z EE) (T, HH
Bt (B AN A A~ ) RN A&, AEBNR, M7 v 7 @ik
.MM EREEENENR ST XOBEMTAER LEERZ RS, 2
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BoWTFTHRIES S CP20 & O flfi b 22 13 Wik BEEE O ITIKAF T D
AP, XNTLAORERMEBEN D FXHAICEENRD LTH DT
FEVITEME Rt nbhot, £, — MK OBl L.
FAZIR =@ Y | 4.69USD/GI TH VY, X M F LD CP20 LV ETZ
W O(CP25 LV IEEFEW), Lo T, AFERICEBWTIE, X b
T LARED CP25 BRI IT, BEROEMEIZTEIMALONLD
borEZOND, L, ARMBLSEOER T, HBFHY
ATRBEMGORELZZ TR RWEFIET D20, HED
WETH D,
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Table 4.8 Estimation of costs

Case Name WP CP20 CP25
Information for Calculation
Input of raw biomass (wet), t/year 280,539
Fuel production, t/year 152,467 110,327 100,087
Estimation of O&M costs, million USD/year
Raw biomass 9.819
Maintenance 0.585 0.87 0.87
Canada Electricity 2.39 1.86 1.72
Bunker A 9.19 2.11 0
Personnel expenses 0.2 0.2 0.2
Total 22.18 14.86 12.6
Raw biomass 2.805
Maintenance 0.585 0.87 0.87
Vietnam Electricity 1.91 1.49 1.37
Bunker A 6.89 1.58 0
Personnel expenses 0.02 0.02 0.02
Total 12.21 6.76 5.07
Estimation of transportation costs, million USD/year
Canada Land 4.18 3.02 2.74
Marine 4.0 2.9 2.6
Total 8.1 5.9 53
Vietnam Land 0.59 0.42 0.38
Marine 2.4 1.8 1.6
Total 3.0 2.2 2.0
Estimation of cost, USD/GJ-fuel, (%)
Initial 0.67 (6) 1.21 (12) 1.29 (14)
Raw biomass 3.50 (30) 4.27 (42) 4.53 (47)
Electricity 0.85(7) 0.81 (8) 0.79 (8)
Canada Bunker A 3.27 (29) 0.92 (9) 0(0)
Personnel expenses 0.07 (1) 0.09 (1) 0.09 (1)
Maintenance 0.21 (2) 0.38(3) 0.40 (4)
Transportation 2.9 (25) 2.56 (25) 2.47 (26)
Total 11.48 (100) 10.23 (100) 9.58 (100)
Initial 0.67 (11) 1.21 (24) 1.29 (28)
Raw biomass 0.99 (17) 1.22 (24) 1.30 (29)
Electricity 0.68 (11) 0.65 (13) 0.63 (14)
Vietnam Bunker A 2.45 (40) 0.69 (13) 0(0)
Personnel expenses 0.01 (0) 0.01 (0) 0.01 (0)
Maintenance 0.21 (3) 0.38 (7) 0.40 (9)
Transportation 1.08 (18) 0.95 (19) 0.92 (20)
Total 6.1 (100) 5.1 (100) 4.6 (100)
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4.3.5 WMBHRXKDEEFT COIRER O CO, HEH & & & % MM

Woky K 71 & BT T WP F 72 1L R{k N« 4~ & (CP20, CP25) %
BFELZEO C:fHEERAEaXRINEZRBE Lo, 216 OfER
T ZN LI Fig. 4.7 & Fig. 48177, ZNb OO ENIX, N1 F
Y AOMEILEDORBESR (0: AIRHFEHE., 100: N4 4~ AHLE) | it
T WwIFnbaRkErEEE LEER IHELTRLE, B, AA
2D T2 A R O g AR (X, 2018 42 D — i K @ CIF (Cost Insurance
and Freight) ffi#% (120.54 USD/t, 4.69 USD/GJ (3¢ 2\ & 2% 6,200 kcal/kg
DAY RT3, B R K 13 EPTIE 100 7 kW, BAZh R 40%
(HHV), FRHBEE 70% L KE L TRHE L -,

WP Z W72 iRBEFRE T, AT OWHIRKDFEETICE VTS,
BB TR 4% L T O 7r — AN %W 833 =0 E/a Bl iL, WP
FOARME = IV THIET 5L S ICRATLIAEFTIRHOMEE
DODWEMIZH D, THEIFIRBAIC, B 2ETRZZ@EY CP LA K
EREOEB)THIkETELD, ZThHoORMBEITAELTCT., AKED
EAathZmo b, NAF~ARAY 100%5HF 58 & £ T A9 12 1% Ak
TE W REOKR MICEERZ 1050 40%E TEHD LA,
DQCOr HFHEIFTWT N DO — A THH 35~40%HI T, @%E=
APEATEOH A BROBICHEATH LS FHM, N bF 20
Ga. mMEEBLLBRWRERE R - T,

Fo, M- OREETHKRT L, AFROHMICIHE W TIL, CO2
HEE I X MO E T CP25 OF —ARKHLEALTWNDLZ LR
o Tz, ZAViE, CP25 O — A TIE, AL O B 22 B S E R 23 A
BEy, WET oA BT R VT —HEEN RO 2V
EWERT %,

THE, I—Rr 77470l e LT, RS ETRER.
CO HEHH EmM I 72 &, Bkx 2 X2 — L DEHANEAN - FT SN T
W2 3, Fig. 4.8 DA T XDl — AT, REFROHIMIZEV, K&
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Ba 2 bR ELRRERoTN, CO» HEHHIBEDO RS X D0 —
Ny T ITAAZMETENIET, 22X ETEZLABRBERDH H, B
FERAIC B W T, MBI R REZE., DOokkx RENBRF I TW
LEBEICH DT, KOG EBRA L, 2L, 5% D
BEMHICEA T, I—AR T I7A4 07 D5EFELRHIRHR RN
DWW T BICHREM R EZ R LT,
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CO, emissions

CO, emissions

1 04/ The vertical axis is dimensionless, and

"1" means the case of coal alone.
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. The blending ratio of WP with coal reach& -\:*\

. about 4% even at the most modern coal- ¥ S S e
! fired power plant in Japan. . :
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(a) Case of Canada

The vertical axis is dimensionless, and "1"

? means the case of coal alone.
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i The blending ratio of WP with coal SN
: reaches about 4% even at the most A :
| modern coal-fired power plant in Japan.
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Biomass blending ratio, % calorie basis

(b) Case of Vietnam

Fig. 4.7 Estimated CO2 emissions at a coal-biomass co-firing power

plant in Japan
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Fuel cost

Fuel cost
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: The blending ratio of WP with coal reaches about 4% even
I at the most modern coal-fired power plant in Japan.
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The vertical axis is dimensionless, and
"1" means the case of coal alone.

: The blending ratio of WP with coal reaches about 4%
! even at the most modern coal-fired power plant in Japan.
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(b) Case of Vietnam

Fig. 4.8 Estimated costs for generated electricity at a coal-biomass

co-firing power plant in Japan
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Tk A BERERDIBWENIANT VAV —F

ANfE
AHEME
ER il B ANMEGEE
HHAE 854| t/H 28,331 L/H
98,843  kW._th 12,756 kW_th
RRIFIE 20.00| MJ/kg(db)
RS 50.0]  wit%  |30~60wt%
FRBRBE 90.0 % 854 t/H
98,843 kW_th
KE~Ly FER 464 L7 1
98,843 kW_th ) T 464 ¥/ 8
AREARL v ks 80|  wt% 3,462 kW_e | =yl 98,843 kW_th
KRE~L v FRHBE 20.00| MJ/kg(db)
AEHHEER 28,331 L/8
12,756  kW_th
AEfEHE 38.90]  MJ/L
3,462 kW_e
TR 338 kw_e
R 3,123 kW_e
O%mMfE (EEEzER)
281  Ft/F
152467 | Ft/4%
9307| KL/
27,291 MWh/#
ORI
RESRLy PREE 0.543 t-ERALP/t-FRE
i 33.175
97.3]
|

Fig. A1 Heat-mass balance sheet of WP production
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98,843 Kw_th ‘ 2,932 kW_th
JRRI A E] 20.00| MJ/kg(db)
ERkS 500  wit%  |30~60wt% \
RAMBEERE 20.0| wt%(db) |20~40wt%(db) 854 /8 ; B~ Ly R E [y
FRIREE 900 % oae3 W tn || R =y e PP
AT OER !
- :
RlxL oy PRGEE 33| vE ' ! 336 /8
85,273 kW th 260 ke [T ) | 85,273 KW_th
B Ly kK 5.0 wtle BAhH
BloxL oy b EME 21.94| MJ/ke(db)
ABHHEEE 6,513 L/8
2932 KW_th
AEHFEAE| 38.90] MJ/L
2,696 KkW_e
R 338] kw.e
RALHE & BELR 211 kW_e
B 2147 Kkw_e
O&MfE (FREIER%EEER)
Rt E 281  Ft/FE
RAERL Y PSR 110.327 Ft/&E
AEHEEE 2140|  kL/#
wuAR| 21257 Mwh/gE
OREfL
RN L v FELEE 0.393 +RACP/t-
HHER 7.627
HHBEBANE 75.8]

Fig. A2 Heat-mass balance sheet of CP20 production
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Bt E 281  Ft/FE
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HEE 0.000)
HHBEBNE 70.0)

Fig. A3 Heat-mass balance sheet of CP25 production
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