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55 2 B

G REE DS DOT7II—ILELER T

1. Fesic

RETA - A ORMT, AO3IBWzAKNT LR
T& 2.

© BAERH

@ TARALVHEH

@ ware—AFREH

ZOMTHEANLOIBAEERP DT A2 —ADEE
BETHIN, BEERELGEOb0XED. 18
—RELOTH D, BAOIH 2EEEY, voFY
PHORDEYEETSBEOMEYTHSHL 1 85 2(bl-
ackstrap molasses)t, R U TAFEL LOEH-D (be-
et molasses) THd, BAORHBTEOREYE L
T, liNEVZEpb7AT—AREE L TED
fEGEHTWED, BAOORGKETHD TARLE= —
vyl BIL7 7 v AILBOTREMT A3~ 2DERH
ELTHMR 5D TV,

i, BER 77 o208 TRAMDORERE L
TF7A2—-nDXIBEATHORLTEDY, EHE L THEA
DOXRTEART B0, 4+ v+ OB (cane ju-
) PEEFHENTWAHZLRASO@®DY Th D,

Elboid, BAEFEHSh TWABHEML LT, +
PO ®r o (sweet sorghum)B3idh b, TOFMILEE"
7Aoo —ABERELTHHAER TV,
OB, FEI6~ 92 A TEORIOEBIILH
OVEEREIEE TR S Wc), FERPOBER
HELTHBRZAL TWS,

ol A ol
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F-1 VYEoFE, TARE HF7E030KEUF oW
HohaX YRR ETAI—ABRBETESHUICFAI—
Ay

ha %00
1 RO
B (t)

Taaz—a 1kl
HOEHENS

(t)

ha 40 15§M0
TAa—ARBE

(k)

LA A 2
T A %
Rl R o -

* v A2

b5
42
62.5
15

143

118

126
555

18
35
4.9
27

¥ TARORBIBROFLHME, ToMizhikis)
U771 20780

F—2 YFrFE, YT EQIUELUA o BB
S/ NELEEFIBEOTFAY—EY

ha 249 15ERD [ ha ¥ 1 4R = F K —

= FAF—A (D=FAF1N

E(X107K)) |BE(x107%)) L 3
4+ bR 626 8.4 1.34 (-+34%)
WrrERIY 1027 110 1.24 (+24%)
¥ v 7 # 2 4180 5.9 .07 (+ 7%)

E:xs/—n kD FaA¥—FF22x10%) LL

THH

INHLDFEPD ha YOWBE 71 3 — A FEA R
TER-1DOBYTHD, HEDE-HIZ, REXRAEZTA
BAUBREHTEDIT x v+ ORERHECRL, o

DEILHD L DI,

SEOBRBRHILTASAARS

Ty S Y IHRTHEHLSA A A T AERTHD, B
troeeardEBhREHTHS,
KIZNODRERNG, 743 -k ETHHE0
ETFRAX =G VARLDE, 2040 THD. &
-2KEDE, =RAF-MERY P EARLEN
TWde BB, 4 bPO9FEDAFRA, v oo avd

EFQHBLLTHASADN. Zhol=FA¥—3



mIr72.3%
=4.53 X 10
iJ /ha-year

it 1
=1.73 X 107 kJ/ha - year

Bt 6.26 X107 kj/ha- year

TIEBRAEADTFAY—osY

BRidA o T,
BEOIHIL, v r0FERLTAT—ARERETS
BE, thadi) 1 FMO =2 ¥F—JABONES FH -

) 3 Nl i S

2 REERELTOBHAERHOKH

MRACABEEROI L, v v e avid7a
2—AFERE L CIEMCERIh R v, =
ZTRY M HY, TAERIVF I OHLEBLRGE
Ao LHETRET S,

21 $roFERIUHLLEHD

EEEHL LT b v+ cOLFEHARIT, 2056,
BERABITEEBOLT AL O KELERN LS,
—fE LT, £- 33— BNALERDE, %4
UMBORBECBEELME SHIKGOSEREETT.
FHRAIBPEEO Y «BLHI0POBETHS, B
GEALTFEHLOBBTIRPIC- AL LTES,
Brxkah, BETHRIE7Aa—ATHORKLL
THEAEND, R4+ 7ERELTORRLHRS
hTnsdg,

Wk RBEERHLLTyro+eiEEFEREINS S
i, TXTHBIROBMEH THIEHAD
{blackstrap molasses} BMEHI L THD, Thiz+ ¢+
7+ DRI A FOE FHED /K high-test molassesht
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£-3 Hirrrco—muam?

EHhE 2556(%)
o 1250
S —Rx 090
TALE—A 0.60
MR 5 10.00
3h, kLr—A 550(%)
Nk 250
(Fv 7w, 7F-44)
V= 200
AEERLLY 0.4 0
5%, FTATIIALN 012
Ti¥ 007
(TRAFHFVELT)
Ti/oR 020
(711‘-‘;#’7&}:[,'()
" OB 001
pre DAk
7Yy ZA
K b33 0.50
#H L] 0.20
~7rFY 020
LRk, EaN 020
(e vB, 278, 7T2=>r8)
-4 vivicoRgouE?
Fei(s ZAEK Si0a 0.25 (%)
Ca0O 002(%) P:0s 0.07
MgO 0.01 50, 0.02
Na; O 001 Ct ZARK
K: Q 012

flAcsh20AaTChot. LL, RASAMA A ]
AFE—L LTOT A3 —ADHEN, Hibilsoshkr
LHEREBWTERSIND LAY, BASOR
TRERILART DI LIS, HICHBTEORALL T
FUARRBWTH, BEY b 74 OB Ceane juice)
PHDTAT—AEERKRBIITDhSL S o7,

cane juice DERE, HBTEOMIDIFEFELEL
REELFETCTbIL S, Thbb, cutter £/ shred-
der THE AN/ o CORRIR, FEEBICEVE
BahCjuice L P AIGBEIh D, A ALHEES
ERMENEN RS 2R GHRMEN D, EMKD
ABFEA VAL LHHBRINIZOT, #54 Scane
juice DAY P EOHBORR L ITIEFRAETH



Ba
BERESREOMD I, Biliik (diffusion) 2fThbh
Broicotr. CORERTARBOMBOBRIITD
hTWah3$HT, ML TAEFOES X EKTHRK
RICHET A0 TH DN, EREL ) BVES RS
Bohaz b, REHR ERBRLELIVIE, FERD
BAHTTHIERYORASAEL DR BEERL
TWwWa, £/, B6h?d juicehDFMBHESERD LA
Phv, EREOTIEO—WFE- 212, MBS
B- 3imRT,

cane juice® iBHpICLCEEW ¥ v » Fidhigh -
test molasses & FRifh, HELOREERL L THEH
EhTnd, JOBSE. BPEOHAEOENE XILPRE
DBHEEZH LT 5O EEINDEOT, BEX
HEROME (invertase) ik D v s Bo—FE EILE
L, FEF-HBEORPI v s BOBRIHHE LI
WEIHYABEZRLIRELABETTH S, ARE2EE
SH80~85%, ¥ 2 fE15~35%, EILFE40~60%, K5

i

#

A
Bk F 3T -
FrRR

Yok &

ral ol Ll

2~4%, BHUADEERY LI ~8% T, 2EFOHK%
BREMEEESTH D,
HL:ETEOREMTHHEBAODDETIL,
¥ O, BENEE cane juice ORI Y
L2 V0EXRZDH LS, —ENZARIZIER
F83~85%, T =BI0~40%, BLEEIZ~18%, K57
~10%, EUAOFEBRYW-~X%, BED 05~07% T,
BOBNRHRBHETHE DS, BEO>DPCR, o+
CORBRIPBEENILRBTEHINTEY, Th
LEHMBORBEZTELTEDCHD. Rl P *ED
E2 3 vEREBETERICREShIZ LA, BAaD
FIEBTLTWAZLIIEETH D, - SEANREL
DOPEE. £lFEK— 6 blackstrap molasses ¥ be-
et molasses DE# I YEHEY R,
BLORBRBAERY GO, ThO THFHELY
FEVWERTH 0. RBRABSHT CRATET TR
LEBREZTRT V. Torule BEBOBEREXI:
BAOK, 966 1POEFEHRTHhoLbOM 2

Pk

EfE a. X
K7 b. BE¥®
LD ¢. bagasse

B—2 #FoFEEnEE?

i

1. kg~ b 6. MEME a. RS
2. TRR 1 HMEBXSR b. %
3 YalbgyF— 8. HERFAR c.
4. diffuser 9. HvS

5 Adw

B—-3 #FoFERERY
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x—5 s@om»rooms?

TAEEL-(US. &) + 7 EEAD High-test molasses(¥H+7%t)
1] 3|
Min Max Min Max ¥ B Min Max ¥ ¥
K ® 1.31 146 139 144 142 142 145 143
pH{2: 1 IZHR) 6.7 88 4.5 6.0 55 - - 6.0
X 7 {(%) 300 338 16 23 19 14 19 17
E%a (%) 66.2 700 77 84 81 81 86 83
LEEE( rAa—RELT) (B 435 50.2 52 65 56 72 79 75
2K (%) 123 205 0.4 15 07 007 0.20 0.10
K (% 846 1050 7 1t 9 2 3 2.25
Y v (%) 0005 0012 0.6 20 09 02 06 0.3
An o s (%) - - 0.t 1.1 0.5 003 0.30 0.10
R E TR FAC )) - e 003 0.10 0.07 0.01 003 0.02
A Y (%) = =9 26 5.0 36 0.7 14 0.9
X—6 WHOo0ESI aHRR(p3/8)Y
s7:v |vazoey |zarug | TITRL g om [EUFRTT L s
) = B (Catf) : (HC? ELT)
T h B & o 1.3 041 51.0 1.3 2.1 5.4 0053
B ERS T 83 25 210 254 0038 6.5 1.2
BIICIES6. 4 BIETLZARSD LI, £/21 £/
S i 2)
FRLABASE, 743 -2 REICKXDEREL S S ChaEa
Oiél::‘i’). FILVWEBLORERL L ZERE L A<A] CHE 250 (%)
ETHolbWwHIBEXD D, v ou b 17.45
- AdfL 095
il 0.05
22 TAHERBLUTAEBRSZS wsRE 117
v« BER T BHT
" R SR 464
2 L HICBWOR~ X 540, TARBENRRET ;EQ o
- OR¥THEDL. bAETRLE{BEASh TV HEY 2425
VH, B-r g SOFFTRT A2 AR E LTS
FHEALTWS, Bir7 7 YARBWTHE, ¥+« ¥4 =,
- 2)
BELLOTARAVEERIHOT7 A2 — A BB -8 TLRMORHONR
EhTnaizd, fﬁl%ﬁ;%ﬁ-?}bﬁ—ﬂ’@@:ﬁt L Ks0 0.25 (%) P:0s 0.08 (%)
B g, Thicka37 a2 - £ ERRIIHIZIK Na:0 0.04 SO 003
LELDTKEAREERLTVS, $f, Tra—a Ca0 %d5 Ct “
) MgO 006 Si0: -
HEMEIC BT S MRIESE R EOBREOERERE L 2> T FeaOs _

Wa, TARO—BEAKEYEZR-TIL, IR HER

F-8ILFT. TAREBAOOBHEBLU 2 i v&FH

BT TICER -5, ZF— 64K LJ,
TAREERLE L THERA T HEE, B LT
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ARREZHOCORK TEERICHE L, Bohu@gh
PRESED, MBTRO—@AEE- 47T,
B, =+-v—F/FC, CARXD—BETHS



1. TR 10. AXmBE a. X
2. ARKY—- 8BS 1. AAnEis b.r &RE
3. JHE 12, A . Thi
4. AZYVa—av~T— 13. +toms d. KR
5 ERB 4. BuE e- ¥— K
6. ERKESE 15 Bk t. B, L
7. ERKLDd 16. BELBSES
8. HERKiTH 17 EvF
9. ERXmAZ
B—4 BEITATHHERY

fodder beet ( ARBATARK )%, RETA2-ALDE
BHELTAMA A3 A ¥ —DEERHEL TS,
fodder beet IX sugar beet & mangold ( SH7ZAED—
H)LETRELAHABED T, SRECHRIELEHTH
DEVH, BBRET >/ABBIZHI D fodder beet DI
BiX, 1haXdD 120t icEL S EERITTFIH12.8%T
HOrLBOOMBIIAIS L halkt D, ThEDES
NE7Aa3—nOFIkIA T, o3 EETAEK
D4kb ha, Fr o H+AD 23k, 2AFD 1 ki ha
KBTI 2L EbH THEHLZERELTWS,

beet FORTGIL, B R (nematoda) DEFHET 57
DI, SEMIZ1FORMEEZTOILERSD, ThiR
HERL L CHRT 2BOTHANTSH D,

2.3 Y boEna(sweet sorghum)

BT, 7AYVHABIFF5oriiBOTEBERTY
ZEEBERILTCH o T3 v ihs, OFHILT
AP ARBWTHABBIIBE A TWE30T, 1 %#H
O—FEBETHD, v o 7HEREIN TS, 0
&L 36~425milEL, BER 25~50m THD,
EOW B r24 L, ZoBREIBETYEH T 5.

FAUAREBTAREARCYISE, NEREHLEL
T16.8~28. 7t ha( ¥¥22.6 t./ha), WHDEHR
i£4.0~10.5ha( ¥ 6.5t ha) T, £ FAZILHH
HWhH(REZ%~328 ) T240~ 3200, $BHEH(RE
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0~47F ) Tik 90~ 150 B TH 2D, WEENKRETO
HDiEv,

FEoATHRIEESt (FRLED) haT 7 A
a— AR, 1,925 ha*year THALWH., I®
FHOHAR. ETHAEE: LTHBEh, 2y Yy
FEDAHALARICBRE LTERTE ST L THB.
£, 72 9AEBVTHBEORPAZHELT, v+
TR CHNBIhEWEATALL 4 3 -2 THOKk
b, vre e avoRESBLh3L5IZLT,
IBOREFEEIELLLDZPARS IV H, §
¥ BREIhLIBAENTHILWHIZ LB TE LS,

3. TLO—NLBEREH

3.1 FAI—-LZERER

HARHI, TARAHEBERPtr s —RREROB
LRIV, ALRBBCLVES MBI A

HHEEED,
BADEEHLTLBA, REOHRBOART~IE

X, RREOCBZSEP OSBRI RMTIIL. B
BEBVEESREILBELZGSIETHS. HILRR
KHTHHRIEECHS,



BAODLRETHIERLLTa—e s ~TRHELLHE
AOUR LT EARMOLY 5> B TAEELD
ICHLTIRZ7 1/ — ARBELX T T 5 Rasse DHEH
EhTnaEvan, bAETRHEL tBADIRHLT
11915 E I HE TH M &N 1z Saccharomyees formo -
sensis Nakazawa (3965 )" R é o LEHEh T3,
FAPpHIZ 20~50, EHRRMERE 33 ~35TC. HER
BEDT A2 —nABRBTHD S cerevisiae LD RPHE
<o BERH L0000 FEYVORGERIT TS TH
Do

BREGORFIZE, M-t A EFHOMEE
RERECHRERETS. REI4AFOHE (33C)C
VW, FHROREHMIT 2 ~WCOREL L, BEIXSS
BHLV. 4~6 AT LICHRERETS,

TAa—ABEITELTE, 6 UHARIEICEN
CTRIERLTY. 27, REEE» SARTE2
Z7A3hOM=+ A (Bllg. 10~ 11°H-BLBTTAH
FRREEL, KIEREEOLER 2~4LD7 5230
EER (B + A ERBA OO FRECERT F BN
LizbD)icmAa, S54SR LAE, ool
LB ERBCERT 20 ThH S,

3.2 BABOREG

FREICASHIKE, ABBEEEVWTHLHLHARD
FAE(HER) OREETI. BAHEOHNE, #HE
AT KB IRM e JIIBALT, 0RO
WMBEYEEL OB CRMARTEE, BEILT7
Aa-ARERERIZ DD, ABEDNRORE
BT BREBIZONARBIMA TS, REBETEK
HRAO draft tube (EAH ) 2FHLb00H5,

AREATCTRBELYT /- BRI, FRLAEAOK
(HBEWMB VL ZRBADLBEAYAEERATS ) X
FoRHERL LV cane juice BLUBHHE (KT, BRE
HEYEMA, BOTFHE» HEEEEAL, 0.5k an "
ERCHOTHMBEYTI. BEE TERECS FREPL
BREFZAL DD, BASEMEREZL TEOAEEIC
EALTHERT D, 33~BTILAEHLLE EICEEMEN
NhH7 7 ABRONBRYERE TS,

AR ERES e { L UEREFE L, RS
DEEEEL{TD. THHEEPILERT L7 —1
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&>, BEBOBHENETT 5020 O THD,
BEREBEASDHE, REBIVREOALTY v&
HOEE Liva,
ses ¥ ER LTSRS EOENIY VB, HILHER®
DY B ZAERR 724 ) DEMYBLBETHS,
MRESRIT—ERHERTEIEEAL, MAOMNE
FREY S, BEBIE1/50 ~ 1/25 wm BETH 3,
BREBFERBILABBEALTXD. HBOEA
Bz, Boo23RErRS s/ cBAELETH D,
PHEERATI X EBREREY PR, EROEED
EL{THATHD, EHE2A~0HITHEBT 5.

cane juice ¥72HX high-test molas-

3.3 Hs

ABROREMHCHULCARLAZBLHSEEMHER
AR, Thic-EORGOBEREEML T, 36~488F
FREEHCTAa Ak ERIEHITEBTHS, B
OBEEBRVT, TR er I OREITHAV. Bi
SHEELZERYL L., EHOFRECSBHEIIAE
BTHHZE, BRATPOAXROERBEICLY, HBOXK
MIREBEN T, BFHALT+ = -+ EEFHRENRDZ
EREOBRHATH D,

REMICERE, BA2rBKkEALTHALZ LG
BETH3, BHAORZLOTHBALKETRKLERIC
BRe¥, E2ABRCEBRNAREE NRELETEH
Sic, BICRHED 1/2~ 23 BEDBROARESL
2EZMMIHLENTHS. BALL TEBFEORR
AEHAT 5, BEAESSCHikORBREL 4L, BAD
DEREABIT 5. FRBICBWCERELO2EAK
ficELorHAAL, BELEFREIED L ERICBER
RFENTD. WAL, cane juice F/oid high-
test molasses DBAH, LAV OHESOWEH T LE
215, EOEDHI, BEHOBHE > 7 7 -BRE
¥ C, ¥ e {0 pH ORRLEHERGT CEAS
REEFTThE 578, RABREEAO—HIRADA
ERLONAILYDS, ZOHEIER " slopping back”
LWwibh 558 T, high-test molasses DB/ €r
IDLBEDWPBE I CRERAFEATIZLNTED,
%72, black-strap molasses DFESETH. 10~20%8
EFCcHERAXIETHDIHN, 30%EFade, A>T
REXNBIETIBL I,



CONEE, BRABCRBETRAT B,
HR=ALPOETICKEIEBREESLDZZ LBV ETYH
v,

FRECELUBHLLEBALORIL, BATHRBIZLY
REOAR (BT HHERLH L EREBIIEAX
h2d, FTREECESLLLHBERIANLTEE,
DECHEHEN T REcc i 2EMT DB LBRFL
Vo, ZOXSITaI LY, BHENBR Y, B
FFTARBAACEI) e n I OBEXETHN, REIE
EXh3»HTHS,

FTRECBTABBOU{FTIHECH S, Z0HEH
AKEnrL &, BFRSBICETL ESERALALTS
A #ER, KEOBRXBETILERLY. 01D
DRBALTR =FAF-FHMMUEER BT 5,

bAREOEADT7 A2 -2 THTR, AROBERS
PBETHRNA TV, FLOTHIREBOFEELS
BEDLY, LIt TRERMOEEY BET55ER
A6 THDd, B, EEESNTWEREER, 5
BERN LT SEH UL RELBEL OB YEML,
BHIZ 27 CREEELYD, BROBE T (07 43—
A BREFII~-UWEPREXT 5, wWhiBHEMmE (Zulauf-
verfahren) PEAEIWTW3, E=31o¥—OHEL
LTEDbHTHBTH 5.

TAYVAIBWTHAROEARIR 2~ 4 B L,
BERMBELOTEL LT, “seeding back” #Evbh
H—HEOBRHTERTOLRIBANE D, ZOHE,
WAL 1T gal DERO TS L BB LI E¥RO
5000gal RIHLTHEABLLTHERHL, TOHEHL
{RELTHHLAEADEREZRATHELLTR
Bray, I sREBIITOEELRETIET, 2
~3HEF S, HILVWBERBOLRAARTSOTHD,
RFOEH Y REOEBIIES AR L THERENRT
Wk,

A YFIZRWTH, BN RN SR8l 3
BADTHhTRY, OS8R FHREFN] | 5T
ROMBOBE LAY, KEOBARER SN TV S,
AW BWTE 3BEADOERAThbh, FOHEILE
H1:10:40050) ThHarEni,
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i &8

BMRB~BCTALRN, FoBIIESEAOY
BERFLIVARORSEBNRBET S, REBEOXNL
LERAREO ERICHC, BORERRE AV RER
Bfinexe i ORELARELVWLOL LS, Tu i
BEFSBCHEC AT 2L, BROMBRBELEEIAR
BLHETL CRBIISERBE 25, RETHAHBERX
DRI,

CeHnOs ~ 2C:Hs OH+ 2C0s + 26. 0 keal
(180.1g) (92.1g) (88.0p)

DRI ->TEHETSE, AAF 200 DBEREOR
BRI, BOaRVr30t ERBL5IIBA R AZER
e iD7A42-AREHNLOR) BESELBE,
RETH5L8EIIH43351,000keal 220, BHEN
bhvkEte i0RELRIH2A.6CLAD, ER
DHEHXFBLNEZVBEI, REBOHHBAE LR
H:ns,

REEROAAEL LT, BOASIIEARL (HCAR
FERLBOALLLIERBRINAT SHE, EoA
BUIMALIETICSAXEYBE L 2o 1 L RCTHLTS
FEEERBOABIBTHBLIBEL, £v7Tee

5 8 s R A Bl B & %
o o8
,/—L = M (€3 3]
(" W
(G )]
1
(8 =) 33
24~30h
I
TERMHE R <=1
(95%T A =>—A 1 kE%Y)
e 2120k 48h { 33~35C (R W)
m“E# 1.2kg
4 1.2kg
M (10,000 cal) 350%g
HESE Hteis I R
RAES 85%
EREE 84 % Tha—ns
9~10% (& W
TrAzx—n5
95 %% it
H~-5 BF22zREALTOITAO—ARNATERAR

(FAI—RAANFT o280, —E%T)



Il

NLEER

. BESRwN

pe——— T =
Me Rl LY) LT
LA B8 37 | s
-6 EFRXRPECLDIFTAIARNAIER (XL -FEH)
-9 REIRZ:ATRBEAL0BRY
FHREEE (O 24.14 2606 28.12 29.14 3001 3199 3295 3491
REES ($) 9250 9351 9446 9331 9343 9146 9241 9239
7k (mg/ 100a8) 1479 1978 1892 15.09 1661 1374 1416 1398
BYRR (M /mt) 163xX10% | 203x10°% | 147x10% | 129x10% | 124%x10%| 133x105} 137x10° 95x10*
R Chr ) 27 24 215 16 16 15 145 145
®-10 tbARSD—H
(FAaa—n.vFFr2}k0) 3.4 AEHFEX
mEEe X € o i
ﬁ},\o( EESS% ) 4,884(&5) 36,695(&5) ¥.#0)&P$EQ%§HEICBU\‘C, ﬁﬁﬂ‘ﬂiﬁﬁ’&ﬂ’éﬁb
B % 20 o 90 # fﬁﬁ%ﬁi‘ﬁﬁ%ﬁ, ﬁf*ﬁiﬁl?f%ﬁbiﬂi?tbz
E % 20 # 20 # A OREIFRETALLEROMEEELNAT S,
BAR(ST) 14.5(ke) 629 (kg)
ﬁﬂﬁlﬁlﬂ: = 6.0 "
: i A0 40 0
tniER 18.0{k¢) 948 e . S
3 i 1.8
3 17 ki
32 I 1.6
. . 150} 30 1 15
IREREIETRHEFAINELEYE DS, 28 14 1.4~
9 ~ % 13 13 =
BA-OORMI BT, RERENSHORMERL | o 2 ha
R . _ o 2 nl s b
RETHBrRRLARSEE - O . ZORAK % ol @ s s
=] = 2 ﬁ.
X5k, RESAFRELTTEERBCTHEN, & o gﬁ ;? 2
¥ ] i
HMARED LRSS, KEBAOERRE Kl oI el
TIRADIRARED ML RT. ZOBAOERBOR B 0 3t pst
L EBREEIT, B tr (D7 v a - BEIL122% g ; -3
7
e iOEBRIES0~100x 10/t THD, BARE 2 L 1
e TE S oo P 0 E 0% B

BREER - 5 IZmT
BB~ 702 - A BERER, ErbEEE

ATVBERRDALTH> T, RATEESEHLL oni e BT SR

TRAD—HER- 6177,

R B (™

B-7 #RMEFLI—AEE:OMED
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INbOMERTERTAERA-70H) THD,

ZoRIcEsl, BREHI 027 KD LEGH
ETha - ABEIREOEREOILATVWTRAETRL,
FREH 0. 182Zhr* DEET A= — A ORBIE, 1.75¢
/8<hr LREERT. UL, ZOL)ZHBOAR
HMIZ X 5EARERMABETDh TwiY, £hit, T
OB ERFIC L IERBEREICRLEEIBNEY, T
—AOREFELIETEEIPLTH D

HE, 75 vA, 73928 TCEREENR TV 5EK
RENE, 75 v ADUsine de Melle 2k & Boinot tHiz
ENBRENEHETMelle - Boinotik 2 W iXh T3,
TOFKEIE, REFETLERAR e  BROHBRE
X MAMMRALLTERLTHLVWEA DT A S
EENL TRBXELIHET, BROBEREEHRR
(reuse process) TH 5,

B ARMEOBAL, EHPIIREh5RHEHR
SO#2~3%iT, BREGROHECHBESh 7 L= -
ARBEARShAEY, TOBKEBELTTAZ—2
OEEPHEEED0DIZ, BRO reuse KX 2EER
Mici, XEOPDBBEHRLWERICNADZ ki
10, MEBEY —EORME (HAEHE L Tlog/ LM
F, BRE2@/mHE) CEELDSYE, BEEBOME
REHNShREHSEMIELBEEIN 5. REBEPICEA
THOMBECABEZYOBFRER, BRI VPEE
BHBEVWHIC, MRTEERI VREBLLXRSERES
ha,

e, FREBIVYRINEShBERARE, KEBEBREO
BBV T pHE 2025 BHLD22, 1 ~ 3FKET
SIZEGRL TEERT 5. Whidd K8 (Saurebad)!
LT hARFET, TNIRIVEREORELER
EEOBRERTOh 3O ThS. BB To/cBEBIT10
~11PDRBEDT7 L 2— A N L TRERZVWEVS,

BEHELAOOhICE, BBEIEICBWIEMEShAR
KL, v o EOBBEOM R YOBRIVERESh
T b, ZhoEBEEe it BAL CGEOSBORE
i, BMAEELLSCARPCRR SR, BG TR
B, Lo, BaohOBRIEGRFBROBAIL,
HHEPLBBRELATNELRLAV. ZOFEEIHER
Cclarification )L VONWEERZ IR LR > TWDH,
B AREDBEIEMT I ENTE S,

BELOOFREE LT, HRLELOE AL FE
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oL BRESELHE, MELETA» 9 2HML TpH
PEECEERES AR, SR IHE, LERERL
LTBY vEBE, K& A, 2v=vhXermiTHR
FREZELIHAEREYEES, RARSRL TMHAL -
BAOBE clarifier LN SR OLDERIZH T,
HEMILHGRESETSIHERS oIXOPAREh T3,
EA clarifier: LU, Westfaria { % ), De Laval
(AR¥=2—=75 v}, Titan( Fwve—2 YA EHBHBH,
REXDOEREEY SO De Laval QX 21030 BiIEEH 4, 500
U/min, FIEBH 90 kW T1EfBI24 0 2, 000 ~ 5, 000 kg
OBAOOREENES 5. HRIIERHIZERIh S,
ZRESCLTEAEH LR LHBRICLTR( E,
ARBEIRICEW e i BICAYy —ABRETALED
i, ¥-AERRORBOBELEAr— A+ 77 ETF
iy 22 ERTEk, SGICERICERER (Torule BEE
BIFERLTBNTAZEGAETHS, BUEEO
BRI L 53 RREOBIZS, HBBEEIERT RO
BEHTHS,
Melle-Boinot HiC X 5 BAERHIZ, DOEEOEAD
Traz-ATBTRERELTCHEY, TOBHELT,
biBo7A s -2 TBRRIOLY,. TALRABRH
HED7 i oy AL THBET> TV, ¥
HOARIABREHY (7 1 = HTIREEI 24~ 368
PABELTD), TORE BEAOBERUCEREBIIRE
BHOEBYHETILER L, BEdAOHA~E
AEZER@MALLAD THD, SLEEHMA clarifier
PEEOFLABBOREL R L BHO—DT
HDH9. TAVMIBWTE, BEDIZLZHARKERIT
b Ty,
HARZBETIITEABBRAETT I ZLUFIETH
B, LN > THRBBIRO 75 oA Tk, BHARER
T# B pentachlore phenol ( PCP, &% Emlsan AL)
FEEODMICENT AAERFEAERATWS, $k,
=y} v EFEHTSEELHD LV,
HERBOME LT, ¥ <— 7 ODanish Distil-
leries HAMRLERL T HEE2ARS,
BAD( TARBAD) 2HFRL, BIEBELTY ¥
BT ver=ovakmi., BREIZLD? pH % 5.0 LA
TH5, TOBEE7 v - PRBEHRBICED, 100TEKEN
L THBERTY, KICBHLCHBTET . REAIR
ITOKIDBEROWEY 2%, BACEAT?. £1H0OR



F-11 BREREOSRES)

( 6000k WD E 22000L hriZHERLT

58
A T | £ 2@
a8 ( hr ) 105 105
Be" 110 12
BaR(&h 8/L) 10 10
PH 47 48
Faoa—a{vel ¥) 6.1 84
EES (%) 1.0 0.1
BE(T) 35 35

RITH2I8IZA S, BADIE | Ic—FEOSA CHE
ah, REERTLABE cv B 2B OERTH
BiZAD, ZIThBERAMEAE, pH2 0T 1R
BEBELTVWR IE~EXEShD, BRAZG# Lo

ERFLE~ELN S,

BRI 2BBED Shvikik T 5. BRI KT
AL TRTFEh, X0 2 8E00fFEICEHENRD,
REEMBELEMT, v FEEICLD en (chod
BERFIML, 1thOBERIS 10004 —#—Thh
EMRET<ERRE BRSNS, REFROBLEY %
—11IERT,

WX 100 g DBEAOED28~290, 100ke D FEEEE
BAEHLBRENGS L CELOTRNAERTH D, B
BHOGEET, 0g /¢ (&Y, BE2E /) % TE
2 TRAELGARVEWVS, BEEMICLI D74 2 — AR
HELEL, REMMIEEIhIOT, EMEBOFRY
BMAPEEDZLNTES, EHLERIMBILENEE
HEEY S, Rill, ZOHFERMAIEIIXGHEREZT
v, Licdi=sT, 72EHO-RAOKBELHAD
X%, FBORNMELORAE - SBASH5MRAHT
Hd,

4 TALIA—-LREBEHCETIHED
Brx

4.1 RTLEHEGICKL SHEE R

COHEIT DT, OISV RERTT

74

bHZDTHEET S,

4.2 Solid Phase fermentation

@l EX—FERM process?

Guatemala® P K LEERHHRFT DO C.Rolz HHMRE
LIz HET, w33 RERET D70 L REE
THD,

R, vEOFCEERELMELCERYEEL,
ThEREBEIETWEY, ZOHFE TN B8
F-TRTTIHOT, BHITEX-~FERM process &
BEA TS, RILZOHEOBREL»T,

BEBLIYH o X COERBRELIZH L, wood chip-
per L D ER 05~22qDF » 7B LA ( KSR
Y S, ThbOF s FEEAFEOEE, it
iR, HRELCGOEFERTZZLGHETH D, &
IZiEAA -8y AEHAT 5,

REEEIIIhoDF» 7L EAETEL, + o ¥
LAORFEHIIIA0MEG (HE) LA IRBED
o TREXIVBEDREINS D, TIZHCTIAHFL TH
BEEfTs. BSR4 o+ AR SR
ERBICHECRBEIIETL, HRBEENLXIT6~7
BT, $A-REALAROBSIURNTREIET I 5,
REEETHE, Troa-A-KORGERIEY 7 ¥ ERG
SREEhS ( FEBIRMBOARICE AT SR T
B). Fr TLEAIEREN, BT A2—1BL
BAESHTREIOEXSHh, HLnsF » 7L EARE
mEhTH2BEORMIETHOh S, ZOBRFEL 3EE
VBT ZEICINBERO7 A3 - A BER 71000t L
5.

ZOKFEOHMAIIKOAD THD,

O REOREBETCEREOBBENET T A0,

BEaombiEeicfibhd, ELEERTHIT A
o —Ad, v FyFEOERERPIIEREL THR
PREXE, BOMBLEIGIIBRIIT S,

@ $EAOP cane juice DREEOE, PHHLLT
HBOSEFEENTHLERSSOLALT, 2
DHECHERYEETSLF v~/ B REEFOMEMR
LEoTH o+ ebDHBOFERSOFIH G
THD.

HBICLAE, v roFEhO a BOWRBLLENR



®-12 CSIROEICLDFAO—AEFIX LW

IHERED( kL~ year ) 600 500 1500 2000 4000
BEERCLO000F -2 FUTFA) 300 406 506 576 833
4BRB(xvr/ L) 40.0 340 288 266 239
BEOBRAHBLHA ELEEEEB (v L) 483 407 138 309 210
TARERE (EE2 A IZHEDEY) 358 422 458 53.9 599
LBERER ( 4/ year ) 88 132 220 293 585

T TAROREIT 70t/ ta, BRI —A LSV T VAt LT,

BXh, 120kl/dOBENOTHBOEFBEFMLL-AE
LAk, REOFERRALLTTA, TAra—aAd
iﬁnz FiL0. 05 FA(U.S. ) /0 ETF3L0H,

2] cSIRO%E™

A—2 7 )7OEBEFEILERFT A Commonwealth
Scientific and Industrial Research Qrganization) @
KD. Kirby 3 XTFG.]. Mardor 2 BAR L 7 LT, TA
REBER: T A7 -2 BEOBACERAESNh S,

X, (AXOBESCRETEHRBET2 ~3mDBx
DARIZEI L, KIZ diffuser T60~ 80 C DEETK
EREMHEY T, $12% (EE) OBEY B CRER
TH#O7ra -2~ RER 6 PREITERIL o1,

CSIROETIE, ¥ ¥ TAELBRERNIZ - A+7LE
SmOUHKE T2, I IMOBEEREZMApH % 4.5
L, ZoAATIZ10% (EHE) DERS Y BERORE
BEmA 5. BALSTIIMBORNPIL+ZIZBEL,
- B~30CTREIE S, P~ 168RARIZ 1 T ER
LTHR#IEBREL, BROARIT*EFTRILEOCS
Bis, SBRADRESUEEHNT 5. LEXBEEH
LyoBEEENLT100at4 D 10g (Y ) OBREL T
D BB ML RBEL 742 - A REWILS ST
ZRBITRIZBEN S,

IOFEIBC T, BlzHLEEXIRCHS
DERBIELCEREN, FREAABPIELTHE
LIAPHAMBOBRRITPELARD, SHKET A
LEREXRBWO T FAF— 2 A VHETFT 5.CSIRO
BIC kBT A — AR AN EE 12T,

75

5. AIEWH

REFETLERR s 8, RIATLIBICIVM
BhATA—ALES, BMRT7TA2—AOBEIZL DK
BEBRBOBREERLD, BALLTHEK (95vel®) D
HEEdBal7ra—n, BK(99.5vw] ZHE)}D
BERAEREETA I -ARSEH, REAOEKT
Ad— AR RET LSBT RAEEBRen i B
HBE, BARBIURBAASEED 4 >OFIZ L TER
sha(B-62E), e i FLHAXICLNT, K
BAAHB(7TA7e FE)BIUEHATHSD ( 7 —
A ) FREENBBODT A2 —AEBAEIZAD,
BOIDS%DAVBBREESHTELT AT A LS,

BRARE S v A 20 P RIEKER (v 2 5 ~%
Fv, AvAvIRERIhS, cFATAT—ADH
RiE78.3C THHDIHLT,
9%5.57% (HE)BIUF%X443% (ERE)OHED—
BARXBREDVEEL, FORSL T8 I5TTH=F
7AT-ADBALY BEV. LEKST, k-7Aa
—ADRESERAEOBAOECL AFHET T, b
RO_EARBREAYOBRELD LOT L3 — 11k b T
v,

NS ARARBIT = FAT A A LSRR
EAWEERT 5. TOMAML, =F 47131185
B(HEE), KT 4B (HR), ~vV-1 14 1%(HE
B)OBETIORSHOBAILE.85CTHD. Lic
Bo T 5T HDTAa— A BERIZS v —AbMaT
AEENOOL, BEOBAL L =R {BESHHD

= F AT AT — N



®x-13 71 :-mgs&mx:}w%‘—iﬁlla)

(10%7A=a2—n, 1LHYD)
®# H E H CTAAALEESN
HE Ry KWH ARk KWH
FE H A B 6.01 002 001 002
* K
7 A 1.0 001 35 0.04
A & K 0.3~ 14 004 ~0.3 11 002
2 B 001 001 001 001
x o=
®" X & 40~ 45 003 40~ 45 003
EHERA 25 004 25 0.04
& 5
HXEIZLI R HADES 50~55 0.1 7.5~ 80 01
(11900 k¥) ( 17400Kk] )
EHEARIC L SBREOBRE 39 | 0.4 36 | 0.1
( 8000Kk]) ( 8300KkJ )
HITAH L, ADLRE=RARELTCEEEN, T0 HAHETHDS.
FHI7Aa ALV —AOTESR(BAGR 25
%) DEEEN, BRESICEM=FATA T —ADHD
BitEIsZLins. _ .
6. FEMOHBLERABRE®

CHRAXBRADIRBEIETHATILZRICoR
FT5, ERR~ Y A lBURTHELLE, RASEIC
BEELTREBEAL, THOK-7r =2 - BB
BAfERicEE, PR CERTLIZNIHBENYD
HANBICK> THAMEEL THEBL, ZROTS
PHEHEh K- 72 —ABIBYRICE - TREB
T35, FBIBHT 22 - AHBIZBNT, B=Fx
¥, HBRTHEMC, TOLDIEAIOBHICE{D
REXH S,

ZLABHHO—-2OFE LT, ¥FO _dHew (EH
AREHD, F1ete IBUBHE( 6bar) T, F2Er 3
BILEIE (3bar) THFEHh D, H1ee  E~OH8E
BHE22e iZ~OEKBRELV10%E <, LIboT
Flees IBORABOT Az -V ERAITE2€r 2
BB reboil IK+RTHH. TOREICIVH 130K
FHBRENDI LI, TAa - AHECBTSS=F
A -HBRETE-1BIORT, KEORDHIZ, TARA
HEROBE 4B .

B, Biita7ra—-nOnBElleanElREs
hTwd, FLREALEE > Ty, B TiudE
AR BB A ¥ -7 a3 A FEEE LTEH

76

6.1 FEHOHM

Troa—AREELES THEORWRE F AN AR
HHT D, 100g OBREEICEBRESL 14g D=F
Tra—-nk 48 86g PRV ABERT S, Lo
TEMIFEDEND T A2 — A THBIZBVTHLT, 460
t/ OREFADE LN, HALEN% LT hiEdH
6,000t VEERLRD, RME»LRET IR Y A
H, BRStECEEBILLYWICRECESG SO, B
8% ERBYECREXAELLBCT-BTLETRAHA
ShEelic@ibiEndg,

DHEBCHEERBIEAABIN TV AV, &R
DWHCHBILREY F 5474 ADBERSVEER
HhADTRAVBLETHES 5, £/, RE» A3 s e
vIORBEILHESh S, KBXRICEEhSI,
L sOEBEECELTREY, ZThikidodgrizs
Do

FHBHOHBORE: L THARERORELRD 5,



FAa— A REERER ( Sacchromyces B ) 2P D 6
R (hexose) DLEFLT S0IIHL T, Candida
BORE (C.utilis, C.tropicalis 7t X } It hexose D
iZh pentose, 7YV 4V yBIUFRBHELL THE
FHe LN > TRADORBERICIOWLOMBEE
BLUHASvEGLENL, AREBLLTHATS
ZENTED., FOMBERKORD THD,

e iBOBRRLOHHINIERPRRE, HiLvre
B IrBMTBELAOL, BRLELEIWIBCILHBEHZNRT
BEBEBCADY, PEOYRP (7 v =7, P:0d)
PEMEABESEEIND, REIERNCTDLIE
FRETS% () CRETS, REIZER 1k XD
EREGr LTI6~17T, 3 ChIcZ v 7 HHTH
Do RELMRIZITHES DI, HLVWELOEPR
B sBEXBD, COHECLD, BROBOD ¥
BHEDICETEHBIENTES,

6.2 BRBAEBEE

BAOOKREERL. TORAT3RRLERTICX
DELLFHRENTH S, BLDO1 t %DDCOD AR
1210 T, BROBHALTOBAI180kE 15,
BODIZFHTCODDHBOR L Eh TV, ARER
OB (&Y ) o—WEFR-—1irT. 1 HIZERDE
1 tEMT5THI, 2 000~ 3 000 ADADICHNT
DHERAFRRT O T, REARROARIEZTDLDTX
AUMETED. ARFEOBRBEUTIIANS,

1 B#~0FEx

77 oATIK{fTbh T2 RET, RURKY 1
TTH PR ECEE, SAEATSIHECHD, B

R-18 BIORGRBOUE (%hP, %)Y

" 2 %

B % 285~ 290
B S{Ex) 10.0 ~120
LR | 8.0~ 100
ERng 1.0~ 20
< 4~ H 200~22¢0
BEaim 40~ 5.0
TOROEGHBG 1.0~ 290
Yy Yy v 50~ 60
Tyl A7 —AES,

b=y FoavE BE 220~120

77

FELTIBEEORBAG PR TTA, BHOBMLT
ETHELWHETH I, BVERORMZPHEL L
TR Lo THEROSHTIERENLBILEVWE
BrHEi5LWH,
BREOXAGHAE 1haXd) 1BIZ4~52 3N T
W5, HoULHERTHHLEY, H8LEI0EH
THERTHZENBE L,

2 B#snEYRgk
WhBTEEHRE L BAASKET, BEFOERYD
FREBOEMICE->T, —HTREGBLLT, T
HEBELTCO: L HLOILGET S HETHS. HEND
OHELIOFEDO—BEZEALNDYE, BAOOED
EHOBOD HEbLHTEW(3F5~55) OT, 104&LL
LZBFERLAEVWEERFSBRT, BE, BAORRICI
BHEZOFERBERHENTWIV, cane juice /i
high—test molasses ORROBAIIEEBHELBEbL
B9, IXNEEARACLEI THS,

B #Ss4Ynig

A2 VYRBETBOLWLIY AR, IBO=F1AF¥-8
ELTHFIBAT =¥ MREAREL LT, Al
HROBRL LOCBURAIN2DHD. TOFEI
DWTRRAOH THAIHEBIEh 53OTERT 5,

4] BREEX

B8Rt LAZBICLVEBERTSFETS
5, ERGBRIARTIARELE LTORRYEH D, &
B3 CObTEESNRPETCRELT, Wb 3 Vinas-
se LTMBILRTIBEESD. AREBREZEL
FELED, HDH0RFEL 7-TRETSIHELDER
TRADHhTHWE,
BEORBRLERTH>BEAPCIREBEREORRENE
BEh, 7000t/ ¢ DCOD 27 TOTCHEAROLE
BH Do
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(vi) MEAL-DOVRLEIE
WA ODIEEL L UFBEIC L AEOD

. : 5 i (CP)
iR I = x o =
Bx) 40°C 20C 60°C 7 70C
HEMWAD | TAZEA- | HEMEAD | TAZEA> | HEMAD | (AZHA- | HEEAS | CAZHA-
74 360 200 200 120 120 70 75 40
5 460 300 250 160 145 80 90 50
76 610 400 325 200 180 110 130 65
77 850 500 450 260 245 140 150 80
78 1,250 700 600 330 330 180 200 105
79 1,800 1,000 &50 470 450 250 265 140
30 2,550 1,700 1,260 700 600 350 350 185
81 3,700 2,400 1,700 1,000 850 470 430 250

(CCi) HAWBETES WE > F7 v 7 (1967)

BIEA DD LIBEI- BT A EEHRE

E P /(
g 4
& // / A
2 Vi 4 4/
/ A :
. A 4
g i yd i /r
g // //‘ //
z Ay A AT Ly
7) 3 y ,/’ — u
il /] / piV myAye
) : ) d A e
vz i L7 1 L
- ML 1
iz : 7 % A=
- z 7 WA ¥ A
5o A AR SATA
SAC
5, NS
L AN A
4 1
;E " U I/ lf,’i./
8 V.
E 7 ydi’d <
(CP) : 4 P d
. A/ [/
- 14
; /9’/&’”
70177
%

2 3 45678910 2 3 456789107 2 3 45678510 2 3 45678%18¢

———40°C 2 BlT 2 HEADDFEE (CP)

LR, REICACC I BT 2BEAODMEE L ), HICZOMDREICE TS
HOOME & &5 12RT, 40C TRE L 23EHS b ZOMDERBEIC BT K2, &

79



PENOBETRHEL 2HELLACCI BT AELSARNL Lyt L2dD
THdo
(R 551
20°C THIGE L 7246 H°2,000CP TH - 7235540°C O¥LEEIL, #itdh £T1,100CP o
BHRFEL, Z0A» LEEIEITREZS| X, 20COfHRE DAL RO, Zoxs
2 & HEBC EATHR % 51 v TRl & D3 E400CP 2540°C I BT B HETH B,

(c#t) DAEELES  HEE > F7 v 7 (1967)

I—1—(2

HL&

(1)HL s DEEEES

(HF 0 t)

- il 54 55 56 57 58
* B 139,200 147,400 185,600 177,700 163,300
I 5e 23,100 21.500 24,800 21,200 20,700
T % 147,200 148300 159,600 136,800 138,400
5 i 45,900 43,300 45,300 43,200 46,800
% 0 27,400 26.500 24,700 23,400 24,200
& 2 24,900 22,800 28,600 25 500 27 100
& bE 18.300 13,500 15,200 15,000 14,100
& 0 19,400 18,500 19.600 19,400 18,900
E 15 52,200 50,100 52,400 47600 19,200
o * 59,200 45,900 52,400 19 500 47,500
* 5 12,600 9.050 13,000 11,800 11,800
& i 113,200 109,700 130,000 125,400 120,500
& " B 494,200 498,600 532,100 521,500 534,600
% ” ﬁﬁ 183,200 161,850 174,700 166,000 |  1.619,000
it 1.360.000 | 1.317.000| 1,458,000 |  1.384.000] 1,379,000

(E) BHokEEMERAERE
(fiYHL r oBEREE=

(67 t)

ﬁg%ﬁ sxaxam | EEM | TR | wBmENs | TARE | Tao-n | & | &
53 105700 | 250.400 | 64,300 | 420.500| 401,300 62,000| 57,800 1,371,000
54 08.800 | 246.500 | 68,000 | 432.800| 372,000 | 81,400] 60.500| 1,360,000
55 92 000 | 230.300 | 69.500 | 411.700 | 375,000 | 77.900] 60.600] 1,317,000
56 95 600 | 247.700 | 71,200 | 449,400 | 404,300 | 83,700 106,100 1.458.000
57 97.200 | 181.900| 68.900 | 441.400| 416,800 | 92,000 86,000] 1,384,000

(i) 1. BHKESMERRREERCL 2,
2. HERAREI . ROTRUZOMMTE. BARESOREANLGALN ThHS,
3. Tho—uEIE, EYTH. REEH, T A2 HOETH D,
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WEAOBLE S

(i)

o—J I

I—1—(1) A2, Ritsro, TFLOHEE

- [ 1‘——-—%#&}»’3
L 85 (FPHE)

HEEH7

&R
FEgRin

hE &

i #eE

TR
A

I e i

[[L\§
RANwE
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M—1—{7)

EAORER: T AT NBETIE

14

B weor @k | A0 2 S Il
™ (iE#R) Y
s l T (ER)
(FXH)
o
: et i
w8 sy
Y
(o)
>2
i
(HrL)33C
-
Y Y "
¥y
A
(RBF)
si~gag {18
s Ry = T A V)
(95% T /23— 1kid)) (AL
Wiz (5 559%) 3,310ke 3
Ak BRE 4.6kg J T — Ly
& i (10,000cal) 330kg 4 -
w7 i L& 160kwh (&) d
R S 3.1% l
AT 1PN 82.0%
W& 81.0%
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Hf—1—(8)

BADREH TA7PLa—-LELETIE

(Fs#)
HORE FL A% BLAA
BN #EA’D_ A
BB iRk Bk Bk 1
Y
(i) — (5IR) L (52
sy L 4oy Ex g
=* 15% 17% 42%
(B®)
100C
3047
(#53m)
4, Bx B} 3T
Y
L (153E)
S YA 31--32C 31T
1~28 -
2'132?&3
Rt
2Cc Y
B A A
* Tna—n4g 13.2%
R
_ thied TN —na
i B B R A * e
+ & TR LB g
7z g
(95267 n 22— 1kEX721) i FH il
a0 (£M5 55%) 3,290kg }
R Bk 4.3kg LAABEREE — HBRE — W5
E il (10,000cal) 270kg
® N 140kwh
EEHE RS 3.1%
EEHES 82.3%
B E 81.5%
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. CHA R T AD) . "
N B Y N S P L ThAa—nsy
' 95%
3 721399%

WAOEEE 5702 N8ETHE
(B € (LB L)
BEEtBERREBEENG R, BEtMEOSEr 2R+ AW CGEKEICT LI —L
PHEETLIEICE B,
EEbBEROSEIL, FRLEHBREES L VWEIRAES THEFoOP L LEREE
BT FEMLREL, POBAORMELEL 2% TEBREOBRIREFAST S,
ROTERPREIELVWEREDBN L IGEG CAERE LR LT, 0
GOFERELT, flLITHE, HoIIREEErBERYLA,
REEIRETCRINL oL THE SN -AEbBEROREREL o BIESE 3
fzé, BEE{LHE L UCREEORK L L I BREETS I TP HEN D,
FERERAEAT L ZEICL ), BE{bb o BRI BE5E & Bt 750~ 10085 (2 13
ERBEOVWHLW S “BEELEMEEERT S h ), ZOKIIMHE L RIEDEEI—FE L
w0, B —FBOT NI NEEERE S REFL, GREEIEKE NS,
(#) RAPAD 554EABHER
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M—2—(6) EAOLEE: THHARESS I UL AAFBR H

(1)L A4
flaABeS  ERE £ 4 EEAL O (HEES3.7T5%)
2,525kg
BhERE WA 20kg
mARE (600C) 7.2kg
O 100C 304
HELHAER 9.0k/
¥ 8% ) i3 B PH £ i ] TN w7 A B B
0 1.60 5.50 15.08 21.80
27 6.60 4.95 13,0005 /m!
(i)ELAHA
thABRS FER 74 EELD (FEES3.75%)
40,457kg
Bhpkk % 10kg
kR ' 66.0k [
O SRR
R3] 1§ 3.0k/{
B A AT 97.5k¢?
Ee]isa] .3 Ji4 PH % i To— i &
0 2.24 5.34 22.89 BELAATNLI— N
42 7.60 5.10 10.4 | %=p=11,700 2
72 7.00 5.19 "11.9 | REEES 81.85%
96 7.81 5.18 12.0 | REBERFRY 12005
126 7.95 5.16 1.63 12.0
M—2—7) BEHA2E2EH:THHF04AKES
BIULH»HBBE B
(1)EBL AA
{HABEE EBFH FAEWAD (WEES3.50%)
2,533kg
BhEkE Wik 20kg
imKE (60C) 7.2kl
= M 100C 305
HEBLHARR 9.0k/{
LR B [ 3 PH & TNy A B OB .
0 1.60 5.40 15.06 21.8 13,2005 /k!
24 6.65 4.98
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(i )& b A4 (3HEANEE)
fHiRfiA  EEK 24 A (BEE53.50%)

Nl #:>7 19,453kg
N2 %7 19, 348kg
Ne3 737 19,289kg
Bkt Ky 60kg
BAE (60C) &7 17k!
Mk E &> 32.1k!d
B OH &y ERHE
A& &7>7  63.0k!
HAREME 3.0k!
£ > 27 N 73 P PH ey B 7N oy 7R
Na 1 3.40 5.10 16.52 23.5
No. 2 3.35 5.13 16.43 23.4
No 3 3.31 5.15 16.38 23.4
Gi) iRy A4 (3AEADBE)
HOARS S EEE 7 A EMEA (BEES3.50%)
75,329kg
mAka (60T) 22.0k/
WK R 20.2k !/
= | i dd]
HARE (7> 732k0iRiH) 96k {
& ¥ 41.98%
Ty 7R 51.9
RHEIEAEGERRT W RSN 2005
R HhaE 22~ 2485
AL A A
BB M| & B PH T A= NSy 1 %
24 8.40 4.77 8.3| BB L AAER 97.5k/
44 10.70 4.90 10.8 | Bk b AATLa—L
68 10.25 5.01 12.0 | £ E 12,870 £
92 10.55 5.07 13.0 | BBEES 82.26%
116 10.00 5.04 13.2 | SEBEERR 116851
140 10.75 5.08 13.2
N—2—(8) B/ \ALTEELERE T3 HARS (B

Reuse Mt 5B %)

HAESE (1 BRR:N 0 BENE)
EREE R LVTRE

ks B
) o EEAIK
Feady

AL ongA4 L
FREFLY H A Zus

18h
5ki/h

SULTRIBEBRERES  2.0%
ML ALTLa—5 1.1%

B A
WA
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48k !/h
5.5kg/h
4.4kg/h
2.7kg/h
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M—5 7Pra—-rofigs

II—5—(1) ﬂ%ﬁj-:d) FraA—-NER S

(CGHWOS)H + nHzO 2 n_CBHIZOG G 2 nCzH5OH + 2 nCOz

BX ¥ 7 ERREL T Iz =—jL REET A

F i (162.14) {18.02) (180.16) (92.14) (88.02)
100kg 11.11kg 56.83kg(71.518)  54.28kg
100kg 51.14kg(64.352)  48.86kg

C:szzOu + HZO o ansleOs il 4C2H50H = 4C02

BLgE X ALY Tra—n K& 2
srf- & (342.30) {18.02) (184.28) (176.04)
100kg 5.26kg 53.83kg(67.732) 51.43kg
C.H, + H,¢ -— - C,H;OH
EF e 7K Ta—i
5y F & (28.06) (18.02) {46.08)
100k g 64.22kg 164.22kg{206.64 £)

1,000kg 219 7Poa—nEFgE(L) Tao—vl ki H)REE k)

B ((CoH,,04) 0 715.1 1,398.4
E¥EC,,H,,0, 677.3 1,476.5
TFE7¥ECH,.O, 643.5 1,554.0
¥ >»C,H, 2.066.4 483.9
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IV ZAa—icB+s23EES L UEK
IV—1 7ZXa—1Lo{EEHEE

(1) Z#, LERXBLIUHTE
b4 =7 ./—n (Ethanol) A F At /) (Methylcarbinol)
—#k% xF 72— (Ethylalcohol) 73—, (Alcohol)
B ¥ (Spirit of wine)

fb¥X CH,OH 5T & 46.07
(2) 1bayME

EFNT T AL KEERE—D% L o ofRI—lT7T Va3 TH 5,

KEBEBEOTETREY), REOBEKBEBONMEE BELME,

Trua—nH, T—TNLEOMOERERICZILHTLCRNTS,

E{nEBE, KBILTaY), kibkE, RBUGEZMMOAEBILAS AR,
FLEROSEEBREVEIEPKINIKRTH S,

FRUDZL AYTLIZ XL FEERL T FAT L= (LITFT7LI—)L
EEE) IHERRT B
 BEEOERNC L VBRI LR L, MATERGIC L TEF L0
PIFNI—TNEET B, FIEKEOIERICLDHEBEINELEZET S,

ZarAb) A PXaoERIC L > To Y bz F L CGHX #5435,

70 LB, B BN T AORBBERICE S8 LV ITASEDEBEL
KE->TTRFTATE FBEUBERTY RT3,

BEBIURRICL > TBILENTT 2 TATE Fick ), BFHOTLI—LD
AL >TT eI —NELRDE, SLIRFITIDEE/ BIUZ7unLT 12
— Nz Y, Bl 7o — b CCLCHOCH,), &% 5,

KR L BEOHEBLIEHAI ¢ 5 - EBAKE(CNO),Hg 24£7 5,

800C TEHAMRTH T F L EKRKFILIFITEIMTATE FEAFRICE S,

V—2 7Zra—LohBns
A B EaEHORK

i B v RENEE
7S 25 L) ek
I #(di®)0.79360 (d3°)0.78934
#h s 78.325°C (760mmHg)
el m —114.15°C
Bt & (n2")1.3614 (n%°)1.35941

fa 5 I8 243.1°C

fe i /3 62.96atm

i R %EE 0.276g/cm®

5 & & 14.00C (FBH) 16.0°C (B0
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& k¥ 390~430°C
EHERMWR A TE3.3vol % EBR19.0vol % (Z2&H)

& S HE 12mmHg (0°C) 44mmHg (20°C)  351mmHg (60°C)

# B A 326.66Kcal/mol

K OF B 10.337 " (20°C)
9.304 Z (bp)
B O B —2.67 i (7k200mol 18°C)
B . & 0.001101/K (0 ~30C) K : #arfinps
BPBAE RS 9.41X10°%/atm (20°C, 1 atm) 1.01%X10*/atm (30°C, 1 atm)
M| % 24.05—0.0832t dyn/cm  t: iBKERE
REER T 71— 66.2kcal/mol
HE#4 R Gibbs T & )LX—  41.6kcal/mol
IV—3 73— NDOHEDMHESE
IV—3—(1) H&E
(1) % /—NDHHE
& ; o N o7 ;-3 ; o 0
* l't. E wt.n%) K % vol.% o H E wt. % * & yol.%)
(15C) 15°C/15C (15C) (15C) (15C) 15 /15C (157C) (157C)
0 1.0000 0.00 100.00
1.0 0.9985 0.80 99.05 25.0 0.9711 20.46 77.24
2.0 0.9970 1.59 98.11 26.0 0.9700 21.30 76.34
3.0 0.9956 2.39 97.18 27.0 0.9690 22.14 75.44
4.0 0.9942 3.20 96.24 28.0 0.967% 22.99 74.54
5.0 (.9929 4.00 95.32 29.0 (.9668 23.84 73.63
6.0 0.9916 4.81 94 .89 30.0 0.9657 24.69 72.73
7.0 0.990 5.62 93.46 31.0 0.9645 25.54 71.82
8.0 (.9891 6.43 92.55 32.0 0.9633 26.40 70.9¢
9.0 0.9878 7.24 91.63 33.0 0.9621 27.26 69.98
10.0 (.9867 B.05 90.73 34.0 0.9608 28 .12 69.06
11.¢ 0.9855 8.87 89.81 35.0 0.9597 28.99 68.13
i2.0 0.9844 9.69 88.90 36.0 0.9581 29.86 67.20
13.0 0.9833 10.51 88.00 37.0 0.9567 30.73 66.27
14.0 0.9822 11.33 87.09 38.0 0.9553 31.61 65.33
15.0 0.9812 12.15 86.20 39.0 0.9538 32.49 64.39
16.0 0.9802 12.97 85.31 40.0 0.9523 33.38 63.44
17.0 (.9792 13.80 84.41 41.0 0.9507 34.27 62.49
18.0 0.9782 14.62 83.52 42.0 0.9491 35.17 61.53
19.0 0.9773 15.45 82.63 43.0 0.9474 36.07 60.57
20.0 4.9763 16.28 81.74 44.0 0.9457 36.97 59.61
21.0 0.9753 17.11 80.84 45.0 0.9440 37.88 58.64
22.0 0.9742 17.95 79.93 46.0 0.9422 38.80 57.66
23.0 0.9732 18.78 79.04 47.0 0.9404 39.72 56.69
24.0 0.9721 19.62 78.14 | 48.0 0.9386 40.64 55.72
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ol m | w% |kavan| g |k & wt% |k vl%
(15C) 15C/15C (157C) (15°C) (15°C) 15°C/15C (157C) (15C}
19.0 0.9367 41.57 54.73 75.0 0.8779 67.89 28.19
50.0 0.9341 42.58 53.74 76.0 0.8753 69.00 27.13
51.0 0.9329 43.45 52.76 77.0 0.8726 70.13 26.06
52.0 ¢.9309 44.39 ol.77 78.0 0.8699 71.26 25.00
53.0 (.9289 45.34 50.77 79.0 (.8672 72.40 23.93
54.0|  0.9269|  46.30|  49.77|  80.0]  0.8645|  73.54 22.87
55.0 0.9248 47.26 48.77 81.0 0.8617 74.70 21.79
56.0 0.9227 48.23 47.77 82.0 0.8589 75.87 20.73
57.0 0.9206 49.20 46.77 83.0 0.8560 77.06 19.65
o8.0 0.9185 50.18 45.76 84.0 (.8531 78.25 18.56
29.0 0.9163 51.17 44.74 85.0 0.8502 79.45 17.47
60.0 0.9141 52.16 43.73 86.0 0.8472 80.67 16.38
61.0| 09119 5316  42.71| s7.0|  0.8442|  8L.90|  15.29
62.0 0.9096 M.17 41.69 88.0 (.8411 83.15 14.18
63.0{ 0.9073|  55.18|  40.67| 89.0|  0.8579|  84.42 13.06
64.0 0.9050 56.20 39.64 90.0 0.8346 85.70 11.94
65.0 0.9027 97.22 38.62 91.0 0.8312 87.00 10.81
66.0| 0.9004|  58.25|  37.59] e20| 0.8278|  88.32 9.67
67.0 0.8980 59.25 36.56 93.0 0.8242 39.67 8.51
68.0| 0.856| 60.31|  3552| 94.0| 08206  91.04 7.36
69.0| 0.8932|  61.39| 3449 50| 08168 9244 6.18
70.0| 0.8%07|  62.46| 3344 96.0| 0.8128]  93.87 £.99
71.0 0.8882 63.53 32.39 97.0 0.8086 95.34 3.78
72.0| o.sss71|  ed60] 3135 90| o0sm2|  96.85 2.54
73.0]  0.8831|  65.69|  30.30| 99.0| 0.7996|  98.40 1.29
74.0 0.8805 66.79 29.24 100.0 0.7947 100.00 0.00
fiw %)

THha—nNnge%sE (15°/15°C) BLUERY,
K4 & DPif%k (Gay Lussac i £ %)

TNa—ndE (15/15°C) IZTKDEBEBX%2H#ITA L, KaDBFERWHFLNS,
22E 24, 0% T7Tra—nicgEhnaskait

0.9867x (100—8.05)=90.73

IOKGDEBUIC LT, THI—NE2ERTIBLOMARBIKDLND,

B 95%D T I3 — % 20%ICHERT HBE
HREOBRIERICREAT LT
95% 1 ki, 20%4 L’C%klz4.75k] Y B,
KF D 595% DK 6.18% Th b7 & 1 kI 111200618kl HDAKD & £ 1T
w3,

L7220 7 v a—nicE K003, ARXPL81.714% ThH B 125,
4.75k1x0.8174=3.88265kl XK hiaFh b,

L7245 ThK&E X

3.88265kl—-0.0618k1—3.82085k} & 7 %,
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i 1% i E/C

(wt%) 0 10 20 30 40 50 60 70 80
35 7.25 4.39 2.88 2.00 1.4731 1.124 | 0.8854( 0.7251{ 0.598
40 7.14 4.39 2.91 2.02 1.482 1 1.132| 0.893( 0.727| 0.601
45 6.94 4.35 2.88 2.02 1.495) 1.148 0.907( 0.740| 0.609
50 6.58 4.18 2.87 2.02 1.499 | 1.155 | 0.913( 0.740| 0.612
60 5.75 3.77 2.67 1.93 1.447 1 1.127| 0.902| 0.729 0.604

70 4.762 | 3.268 1 2.370{ 1.767| 1.344| 1.062| 0.856| 0.695 =

80 3690 2.710 | 2.008] 1.531f 1.203| 0.96837 0.789| 0.650 =

S0 2.732 1 2.101 1.610 1 1.279 ) 1.035| 0.848 1 0.704| 0.589 =

100 1.7731 1.466 | 1.200| 1.003} 0.834( 0.702| 0.592 | 0.504 =

) 1 cP (e FHET7X)=10"%dyn - scm 2=10"gcm™'s™'=10"*Nsm™*
1 cP=10"2p (K7 X)=10"Pas (#2747 /#¥)=1 mPas
(XB) AARYLSE (bFEEE WET3R (L)
IV—3—(3) SEFS
Vi—3 —@—(i) Zra—n-KESRoEHER

i e (hancith B F OB OB REXHER % A
vol, %iwt % imol % |C/AE |cal / g} 15/ 15 | 55F18 fcal / g|Keal/ t{vol %wt % | mol %
1 0.8 0.3 99.01 1.000] 0.999{( 18.11 530 529 | 9.4 7.6 3.1
2 1.6 0.6 98.21 1.002( 0.997] 18.20 527 522 18.6 15.1 6.5
3 2.4 1.0 97.4 1.004( 0.9961 18.29 525 518 1 27.3 22.4 10.1
4 3.2 1.3 96.6 1.006| 0.9947 18.38 521 514 134.3 28.4 13.4
5 4.0 1.6 95.9( 1.008 | €.993| 18.47 515 511 | 40.0 33.4 16.4
6 4.8 1.9 95.2 1.010] 0.992 | 18.56 513 08 | 44.2 37.1 18.8
7 5.6 2.3 94.5| 1.012| 0.990| 18.65 510 503 | 47.3 40.0 20.7
8 6.4 2.6 93.9) 1.013] 0.989} 18.75 506 499 50.3 42.8 22.6
9 7.2 2.9 93.3( 1.015| 0.988 ¢ 18.84 503 494 [ 51.9 44.3 23.7
10 8.1 3.3 92.6{ 1.016| 0.987 | 18.95 501 489 | 55.5 47.7 26.3
i1 8.9 3.7 92.11 1.018| 0.985| 19.05 497 485 [ 57.3 49.5| .27.8
iz 9.7 4.0 91.5{ 1.019| 0.984( 19.i5 494 481 159.1 51.3 29.2
13 10.5 4.4 91.1| 1.021| 0.983 | 19.25 492 477 | 60.7 52.8 30.4
14 11.3 4.7 90.6| 1.022| 0.982| 19.35 490 474 1 61.9 54.0 31.5
15 12.1 5.1 90.21 1.024§ 0.9811 19.45 485 471 1 63.0 55.2 32.5
16 13.0 5.5 89.71 1.025] 0.980 | 19.57 482 467 1 64.3 56.5 33.7
17 13.8 5.9 89.31 1.027}1 0.979{ 19.67 478 464 | 65.5 57.7 34.8
18 14.6 6.2 8.0 1.028| 0.978 ] 19.80 475 460 | 66.7 58.9 35.9
19 15.4 6.6 88.6 1.029 0.977| 19.88 472 457 | 67.6 59.9 36.9
20 16.3 7.1 88.3] 1.030| 0.976} 20.00 468 453 1 68.5 60.9 37.9
21 17.1 7.5 87.91 1.030| 0.975} 20.11 465 450 | 69.3 61.7 8.7
22 17.9 7.9 87.7| 1.031{ 0.974 | 20.22 462 447 1 70.1 62.6 39.6
23 18.8 8.3 87.4}1 1.031] 0.973| 20.35 459 4431 71.0 63.5 40.5
24 19.6 8.7 87.11 1.032 | 0.972| 20.46 456 4401 71.9 64.4 41.4
25 20.4 9.1 86.9] 1.032 0.971| 20.57 452 436 72.5 65.6 42.2
i 26 21.3 9.6 86.6 1.030} 0.970| 20.70 448 432 173.1 65.8 43.0
27 22.1 10.0 86.41 1.029( 0.9691 20.82 446 4291 73.7 66.4 43.6
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[ i e | Bc (b E|E O |E B JLExEN K S
vol %lwt % |mol % [C/RE |cal / g|15/ 151 4F& |cal / g|Keal/? |vol %] wt % [mol %
28 23.0{ 10.5| 86.2| 1.028] 0.968} 20.95 442 4271 74.31 67.11 44.4
29 23.8{ 10.9] 86.0| 1.027] 0.967] 21.07 439 423 | 74.7| 67.6| 44.9
30 24.7| 11.4] 85.7] 1.026] 0.966| 21.21 436 4181 75.4| 68.3| 45.7
31 255 11.8| 85.5| 1.024] 0.964 | 21.33 432 414 | 75.91 68.9| 46.4
32 | 26.4] 12.3] 85.4| 1.021] 0.963] 21.47 429 410 [ 76.41 69.4] 47.0
33 27.3] 12.8] 85.1| 1.020| 0.962 | 21.61 426 407 | 76.8] 69.91 47.6
34 28.1| 13.3| 85.0] 1.017{ 0.961| 21.74 423 403 | 77.2| 70.3] 48.1
35 29.0] 13.8] 84.8] 1.015] 0.959| 21.88 420 399 [ 77.6| 70.8| 48.7
36 29.9] 14.3] 84.7| 1.012] 0.958| 22.03 416 397 | 78.1| 71.3] 49.3
37 30.7] 14.8| 84.5| 1.010| 0.957| 22.16 413 393 78.4 71.7] 49.8
38 31.6| 15.3] 84.4| 1.006| 0.955| 22.31 409 385 [ 78.7 72.0| 50.2
39 32.5] 15.9| 84.2] 1.003| 0.954 | 22.46 407 381[79.0| 72.4| 50.7
40 33.4( 16.4{ 84.1| 1.000| 0.952 | 22.62 403 379 [ 79.3] 72.7] 510
41 3.3 17.0] 83.9{ 0.996| 0.951| 22.78 400 376 | 79.6{ 73.0| 51.4
42 35.2) 17.5] 83.8] 0.993| 0.943| 22.93 398 372179.9] 73.41 51.9
| 43 36.0| 18.0] 83.7| 0.990| 0.947 | 23.08 395 369 [80.1| 73.61 52.2
44 37.0 18.7] 83.5| 0.985| 0.946 | 23.26 391 365]80.3] 73.9] 52.6
45 37.9| 19.3] 83.4| 0.982| 0.944| 23.42 388 362 |80.5| 74.1] 52.8
46 38.8] 19.9] 83.3| 0.978| 0.942| 23.50 385 358 | 80.7| 74.4{ 53.2
47 39.71 205 83.1[ 0.974| 0.940( 23.76 380 354 180.9] 74.6] 53.5
48 40.61 21.1| 83.0| 0.970| 0.938| 23.94 378 350 [ 81.1| 74.8] 53.7
49 41.6{ 21.8| 82.9| 0.965| 0.937] 24.13 375 347 181.3| 75.1| 54.1
50 42.51 22.4] 82.8| 0.960| 0.935| 24.31 371 3421 81.5| 75.3]| 54.4
51 43.41 23.1] 82.7] 0.955| 0.933] 24.49 368 339[81.7| 75.5| 54.7
52 44.4| 23.8] 82.6| 0.950| 0.931] 24.70 365 339181.9| 75.8| 551
53 45.3] 24.5| 82.5| 0.945| 0.929] 24.88 361 335182.1] 76.0] 55.3
54 46.3| 25.2| 82.4( 0.940| 0.927! 25.09 357 331182.3| 76.2| 55.6
55 47.21 25.9| 82.3] 0.934| 0.925] 25.29 354 3281825 76.4| 55.9
56 48.3| 26.7| 82.1( 0.928| 0.923} 25.53 352 324 [ 82.7] 76.7| 56.3
57 492 27.5| 82.0| 0.922] 0.920| 25.73 349 321(82.9] 76.9| 56.6
58| 502 283| 81.9] 0.917{ 0.918] 25.9 345 318 [ 83.1] 77.1| 56.9
59 5.2 29.1| 81.8] 0.911| 0.916| 26.19 342 312(83.3] 77.41 57.3
60 52.11 29.9| 81.7] 0.905| 0.914| 26.39]| 338 309 (83.5] 77.6{ 57.5
61 53.1| 30.7| 81.6] 0.900( 0.912| 26.63 335 305(83.6] 77.8| 57.8
62 | 54.1| 31.6| 81.5{ 0.894( 0.909| 26.87 332 301)83.8] 78.0] 58.1
63 55.21 32.5| 81.4] 0.887] 0.907| 27.14 328 298 |84.0] 78.2| 58.4
64 56.2 33.4| 81.3{ 0.881] 0.005| 27.40 325 294 [84.2] 78.5] 58.8
65 57.21 34.3| 81.2{ 0.875] 0.902| 27.65 322 290 | 84.4| 78.7] 59.1
66 58.21 35.3| 81.2] 0.868] 0.900| 27.91 319 287 | 84.6| 79.0] 59.5
67 59.3| 36.3| 81.1| 0.861] 0.898 | 28.20 316 284 [ 84.8| 79.2] 59.8
68 60.3| 37.3] 81.0| 0.854| 0.895| 28.47 313 2801 85.1 79.5| 60.3
69 61.4| 38.4] 80.9] 0.848| 0.893| 28.78 309 276 | 85.3] 79.8| 60.7
70 62.5| 39.5| 80.8[ 0.842| 0.890| 29.09 306 270 | 85.5| 80.1{ 61.2
71 63.5| 40.5| 80.7} 0.836| 0.888| 29.38 303 269 | 85.71 80.3]{ 61.5
72 64.6| 41.7| 80.6| 0.829| 0.885| 29.72 300 265|860} 80.6] 61.9
73 65.71 42.8| 80.5| 0.822| 0.883] 30.04 296 261 (86.2] 80.9] 62.4
74 66.7| 43.9] 80.5| 0.817| 0.880] 30.34 293 250 | 86.4| 81.2] 62.8
75 67.8| 45.2{ 80.4{ 0.808| 0.878| 30.69 290 255186.7| 81.5] 63.3
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A. General description of project activity

Al Title of the project activity:

Sugarcane Trash and Rice Husk Power Cogeneration Project in Thailand (The Project)

A2 Description of the project activity:

The Project is designed to utilize for electricity generation biomass (sugarcane top and leaf [trash] and
rice husk) that would otherwise be left to decay on the field. This effort will assist Thailand to achieve
sustainable growth by providing electricity through biomass power production without relying on fossil
fuel combustion, as well as improving the disposal by efficient use of major sources of agricultural waste.

It involves the construction and operation of a new biomass fuel power plant in Ratchaburi province,
central Thailand, with approximately 9.64MW gross generating capacity, SMW net.  This
state-of-the-art plant consisting of a boiler, turbine and generator will be built independently on the
project site adjacent to the premises of Rajburi Sugar Co., Ltd. (RSC). In order to contribute to the local
socio-economy, two major biomass resources available in large quantities in Thailand will be utilized by
the Project: trash will be used during the sugar production period, while rice husk will be purchased on
the market as an alternative to trash during the non-production period. Electricity will be sold through a
30-year power purchase agreement (PPA) with the Electricity Generating Authority of Thailand (EGAT).

Inviting alcohol manufacturing factories to the neighbouring area of the project plant is also planned to
supply surplus thermal energy generated by means of a highly efficient cogeneration system, which leads
additionally to the reduction of CO, emissions in the brewing process.

1. The government policy on CDM

The government of Thailand supports socially/economically sustainable development and encourages
environmental protection and the use of natural resources in order to establish a recycling-oriented society.
This is one of the basic strategy policies of the 9" national economic society development plan.

Thailand ratified the UNFCCC (United Nations Framework Convention on Climate Change) in 1994,
signed the Kyoto Protocol in 1999 and ratified it in 2002. Under the Kyoto Protocol, Thailand is not
subject to any commitments to reduce GHG emissions as a Non-Annex | country. However, upon
receiving instructions to pursue environmental protection and GHG emission reductions, the Thailand
Ministry of Natural Resources and Environment (MONRE) appointed the Office of Natural Resources

and Environment Policy and Planning (ONEP) as the Designated National Authority (DNA) to fulfill the
commitments required by the Kyoto Protocol and to implement all CDM related tasks. (See Fig.1 for the
organizational structure of the DNA). The government is receptive to CDM projects and will approve
those which have the potential to contribute to socially/economically sustainable development in Thailand.
(See Fig.2 for the approval structure).
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Figure 2. Government structure for the approval of CDM projects

99



The project types eligible for their approval are energy-related projects such as renewable energy and/or
energy efficiency/industrial process improvement, transportation and afforestation/reforestation projects.
Of these project types, the government sees the energy sector as the most feasible CDM option and so the
energy field appears the most promising area in which to implement a CDM project in Thailand.

2. Contribution to the sustainable development of the host country:

According to the EGAT Power Development Plan (PDP) 2003, Thailand ‘s demand for electricity will
increase from 108,389 GWh in 2002 to 147,835 GWh in 2007 with a general increase of about 5 to 6%
per year, reaching 249,878GWh in 2016. In parallel, EGAT set a plan to enhance its total installed
generation capacity from 25,377.8MW in 2003 to 45,417.6 MW in 2016. Against this backdrop,
securing steady supply sources of electricity is a matter of vital importance for the Thai economy.

Sugarcane and rice have always been Thailand’s flagship agricultural products, with crop production in
2003 of some 74 million tonnes and 27 million tonnes respectively. Consequently, trash and rice husk
represent particularly rich biomass energy resources for Thailand. These renewable energy sources
currently fuel less than 1% of Thailand’s electricity generation, which is dominated by natural gas, lignite
and imported fuel oil.

Recognising the potential contribution of renewable energy to the Thai energy mix, the government has
placed great importance on supporting environmentally friendly, indigenous, and renewable sources of
energy. According to the interview with EGAT, the government has entered into consideration to
increase renewable energy supply to 4% of the nation’s total electricity generation in the future.

By using biomass to displace fossil fuel in power generation, the Project will largely contribute to the
development of renewable energy sources as a solution for Thailand’s growing energy requirements. In
addition, the Project will have an added contribution to the country’s sustainable development, in that it
will promote industrial modernization and local employment by adopting advanced Japanese
technologies.

3. Facility design
The following prerequisites were taken into account when designing the project:

- The sugarcane yield of 863,200 t-c/year (t-c indicates deadweight tonnage of cane, rounded off to
the nearest hundred t) represents the 5-year average of Rajburi contract farms (whose minimum
and maximum yields are 755,400 t-c/year and 1,043,400 t-c/year, respectively).

- The Rajburi Sugar Factory can process 9,880 t-c/day. Thus, the production period of sugarcane is
calculated as follows:

863,200 t-c/year =+ 9,880 t-c/day = 87 days.

- Anew 9.64 MW power station fuelled with biomass is to be constructed on a site adjoining
Rajburi.

- Considering the fact that water in the Rajburi area is hard water, the steam pressure and
temperature specifications for the boiler are 33 bar G and 425°C.

- Electricity sales to EGAT are 8 MW during the daytime and 6 MW (75% of the daytime
capacity) during the night (the actual connection to the grid line being done by the Provincial
Electricity Authority — PEA). On Sundays and holidays, the amount to be sold is 6 MW.

- The major fuel for biomass power generation during the sugar production period is trash, with
rice husks being purchased for use when sugarcane trash is not available.

- The proportion of trash collected from irrigated and non-irrigated sugarcane field is
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approximately 50% and 30%?, respectively, of the total yield in order to prevent soil degradation
in the sugarcane field. Ash produced by trash burned in the new power station is to be returned to
the field for use as fertilizer.

- Ash from rice husks burned in the new power station will be sold to ash traders and will be
collected by them from the new power station.

- After the harvest, trash left on the field will be collected by specially equipped tractors. Seven
sets of tractors and new equipment (twin rakes, balers and front loaders) will be purchased by
SPC and rented to contract farmers. The collection capacity is estimated at 76.6 t/day?.

- Trash left on the field will first be gathered by twin rakes attached to tractors. The trash will then
be rolled by balers and loaded onto trucks by front loaders to be carried to the new power station.

- Water will come from the same ground water source used by the Rajburi Sugar Factory and
effluent is to be discharged into the current factory drainage system.

- Retrofitting of equipment in the Rajburi Sugar Factory is not planned.

- Inorder to effectively utilize the heat produced, steam will be supplied to an alcohol plant (not
included in the scope of the project).

- The alcohol plant produces ethyl alcohol from the molasses supplied by the Rajburi Sugar
Factory. The amount of molasses produced at Rajburi is 4.3-4.8% that of cane (data from the
fact-finding survey). The annual yield of molasses should therefore be 863,200 t-c/year x 4.3%
= 37,100 t-m/year (t-m indicates the deadweight tonnage of molasses). The volume of steam
supplied to the alcohol plant should be 7 t-s/h (t-s indicates the deadweight tonnage of steam)
corresponding to the manufacturer’s designed capacity.

Figure 3, below, shows a schematic diagram of the project system.

| Daytime during weekdays

0.1barG 44.5t/h

Condenser |

' 33barG
trash 425
26.3t/h _ 60t/h 44.5t/h (Power export) —pgwer
Boller companies
1
I Exhaust gaf electric
b----- “I- -Lprecipitator |- 4 Power for internal use
! New power
7.5t/h] 1.28MW station
Stalk
T N e O
——p FElectric power
m
. 15barG 7t/h v
IDF  Inlet damper fan p| Alcohol plant |

Figure 3. Schematic diagram of the operating system

! Refer to Appendix A for detailed calculations.

2 Refer to Appendix B for detailed calculations.
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4. Outline of the use of biomass as fuel:

1) Procurement and availability of trash
According to an interview conducted with the governor of Ratchaburi Province, 50-60% of sugarcane
trash is currently burned before harvest in order to make the harvesting process easier. However, RSC
educate their contract farmers not to burn trash. As a result, all of the trash on RSC contract farms (except
for 10% accidentally burned due to flying sparks) is left on the ground to decay.
Furthermore, taking into consideration of the collectable ratio of trash from irrigated and non-irrigated
land and the ratio of trash accidentally burned prior to the harvesting, the proportion of trash collectable
from sugarcane field is estimated as follows:

(50% x 30% +30% x 70 ) x 90% = 32.4%

The component ratio of trash to sugarcane is as follows:

Table 1. Proportions and dry weights of sugarcane components®

adjusted
. . roportions roportions
components proportions dry weight IOinfluding P t(?cane
moisture
(%) (%) (%) (%)

cane 69.5 29.5 235.6 100
top 8.2 36.7 22.3 9.5
leaf 22.2 91.0 24.4 10.4

Using the above data, the average moisture ratio of top and trash together is calculated as follows:

100 % - (8.2% + 22.2%) +(8.2%+36.7% + 22.2% +91%) = 35.0%

However, laboratory analysis showed that the moisture ratio of trash was actually 23.5%, which means
that the moisture ratio decreases to approximately 23.5% after being dried when it rains a little. The
calculated trash to sugarcane ratio therefore need to be modified as follows:

19.9% x (100% - 35.0%) -+ (100% - 23.5%) = 16.9%

As mentioned earlier, the total sugarcane yield is 863,200 t-c/year (the 5-year average on Rajburi contract
farms).

Therefore, the expected amount of trash available from sugarcane is calculated as follows:

® Source: ‘Sugarcane Stalk as a Roughage for Diary Cattle (2001)’, Kawashima et al
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Amount of Average trash

trash sugarcane yield to
available = from X sugarcane
from Rajburi ratio
sugarcane contract farms (%)
(ty) (ty)
= 863,200 X 16.9%
= 47,265 tly

proportion
of trash
% collectable

from

sugar cane field

X

(%)

32.4%

As described earlier, in A.2, that the collection capacity per tractor is 76.6 t/day, the expected annual
amount of trash available as fuel for the Project is calculated as follows:

Amount of collection production
trash capacity period
available = per X of
for tractor sugarcane
the Project (t/day) (daysly)
(ty)
= 76.6 X 87
= 46,600 t/y

number of
sets of tractor
% and
equipments
(sets)
X 7

Calculation of the daily amount of trash used for the Project is as summarized in the table below.

Table 2. Daily amount of trash required as fuel

Item Value Remarks
Weekday | Daytime

. Refer to Appendix C
(1) | trash required as fuel 16.7 t/h for detailed calculation
(2) | hours 13.5 h/day | Contract with EGAT
(3) | total trash required as fuel during daytime 225 t/day 1) x(2)
Nighttime

. . Refer to Appendix C

(1)" | fuel required 149 th for detailed calculation
(2)" | hours 10.5 h/day | Contract with EGAT
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(3)' | total fuel required during nighttime 156 t/day (1)'x(2)

Trash required as fuel on weekdays 381 t/day | (3)+(3)

(2)" | trash required as fuel 149 t/h Eerfggtt;"ﬁ‘g 23?33;5 on
Weekend | (2)" | hours 24 h/day

Trash required as fuel on weekends 358 t/day | (1)"x(2)"

Harvesting sugarcane in the area surrounding Rajburi starts in January. According to the 2005 Thai
calendar, it can therefore be calculated that the amount of trash used by the Project (approximately 46,600
t/y) will be burnt over a period of 123 days".

2) Procurement and availability of rice husks
Due to the limited supply of sugarcane trash, the Project plans to buy in rice husks when trash is not
available. As mentioned earlier, the Project will sell electricity to EGAT for 330 days, of which 123 days
will use trash as a fuel for electricity generation. Hence, the remaining 207 days (of which 171 days are
weekdays and 36 days are holidays) will utilize rice husks as fuel.

According to Rajburi, the calorific value of rice husks is 3.440 kcal/kg, 1.211 times that of sugarcane
trash (3,440 kcal/lkg + 2,840 kcal/kg®).

The daily amount of rice husks required as fuel is calculated as follows:

Weekdays: 381 t/day + 1.211 =314 t/day
Weekends: 358 t/day + 1.211 =296 t/day

As mentioned above, the 207 day total consists of 171 weekdays and 36 holidays and the total amount of
rice husks required is therefore calculated at approximately at 64,300 t/y.

314 t/day x 171 days + 296 t/day x36 =64,300t

3) Biomass availability for the Project
The following table summarizes cane production and estimated fuel supply for the Project.

Table 3. Cane yield and amount of biomass available for the Project

ltem Quantity to be procured Remarks
(tons/year)
Cane yield 863,200 t-cly Average yield over the past 5 years
Production period for cane 87 daysly Yield + 9880 t-cane/day
(daily amount of cane processed at
Rajburi Sugar Factory)
Availability of biomass: Trash 46,600 tly Collected during the sugar

* From January 1% to May 3 (98 weekdays and 25 weekends and holidays).

* According to the lab analysis, calorific value of trash used as fuel is calculated at 2,840 kcal/kg.
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production period (87days)

Purchased during the

Rice husks 64,300 ty non-production period (207 days)

A3 Project participants:
Rajburi Sugar Co., Ltd. (RSC)
RSC is one of the leading sugar manufacturing companies in Thailand. As the local counterpart of the
Project, RSC supports the activities of the Special Purpose Company (SPC) by providing advisory
information and operational technologies. Full-time project development and management staff at RSC
will manage SPC, which will in turn undertake comprehensive development and financial responsibility.
RSC also funds the Project.
General Environmental Technos Co., Ltd. (Kanso Technos) — CDM Advisor/Official Contact
Kanso Technos is involved in the Project as CDM advisor. Specializing in the environmental engineering
business for more than 30 years, Kanso Technos has, in recent years, been stepping up efforts to address
global environmental issues. Kanso Technos is a subsidiary of The Kansai Electric Power Co., Inc.,
group: the second largest utility company in Japan.
A4 Technical description of the project activity:

A.4.1 Location of the project activity:

A411 Host country Party(ies):

The Kingdom of Thailand

A412 Region/State/Province etc.:
Ratchaburi Province
A4.13 City/Town/Community etc:

9 Moo 6 Berkprai, Baan Pong
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Figure 4. Project site (Rajburi Sugar Factory)
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A4l4 Detailed description of the physical location, including
information allowing the unique identification of this project activity (max one page):

The plant will be located on a 7-hectare site adjacent to the RSC premises in Ratchaburi province,
approximately 100km west of Bangkok. RSC has long-term agreements with approximately 500
sugarcane farmers principally within 90 km of its plant.

Depositing reservoir

Project plant
(To be constructed)

Roadway

RSC plant
(Existing)

Figure 5. Image of the project site

Most of the country’s sugar factories including the RSC plant are located in Central Thailand. This area
is the source of 40% of the national sugarcane production, with 23.1 million tonnes yielded in 2001-2002°.
Accounting for 1 to 2% of the nation’s total, RSC annually produces 863,200 tonnes of sugarcane on
average, of which 145,880 tonnes are unused as trash.

It is noteworthy that RSC established a new local irrigation system named “Norng Punchan Project” for
sugarcane cultivation, covering over 630 acres and 147 cane farmers. Supported by the co-operative
effort of the Department of Irrigation, this national pilot project with an extensive network of irrigation

® Source: Agricultural Statistics of Thailand, Office of Agricultural Economics, Thailand
(http://lwww.oae.go.th/statistic/yearbook/2001-02/indexe.html)
" Average sugarcane yield at Rajburi x trash to sugarcane ratio = 863,200 t/ly x 16.9% = 145,880 t/y
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canals well-adapted to the rich local alluvial plain, received funding totalling 96 million Baht from the
Asian Development Bank (ADB).

A.4.2 Type and category(ies) and technology of project activity
1. Type and category(ies) of project activity:

The Project will use the following type and category(ies):

Type-1.D. - Renewable electricity generation for a grid

The Project conforms to the project type and category selected because it uses renewable biomass in the
form of trash and rice husk as fuel at a power plant with 9.64MW planned capacity, to generate electricity
for a grid (EGAT).

2. Electricity sales to EGAT

The main channel for EGAT’s purchases of renewable energy is the Small Power Producer Program®.
RSC will apply for a 30-year firm power purchase agreement (PPA) with EGAT under the SPP Program.
Considering the maximum capacity of the existing grid connected to the RSC factory, it is expected to

sell BMW to EGAT, while the plant will be designed to generate 9.64MW electricity. As per EGAT’s
request specified in the SPP program, however, the electricity to be sold during the night on Weekdays
should be 75 % of the daytime quantity. This rule is also applied to the supply on Sundays and Holidays.
Thus, the plant will supply a contracted capacity of BMW in daytime and 6MW in nighttime on
Weekdays, and 6 MW in all day on Sundays and Holidays.

Given RSC’s plan to operate the plant for 13.5 hours in daytime and 10.5 hours in nighttime, 330 days a
year, the total electricity to be generated by RSC will be 76,348.8MWh/yr:

9.64MW x 24hr x 330days = 76,348.8MWh/yr

With the aforementioned hourly and weekly fluctuations of supply taken into consideration, the expected
amount of electricity sales to EGAT will be 54,810MWh/yr:

1) Daytime on Weekdays: 8 MW x 13.5hr x 270days = 29,160MWh/yr
2) Nighttime on Weekdays: 6 MW x 10.5hr x 270days = 17,010MWh/yr
3) Sundays and Holidays: 6MW x  24hr x 60days = 8,640MWh/yr

1) + 2) + 3) =54,810 MWh/yr

The Project, on the other hand, plans to supply surplus thermal energy generated through cogeneration to
alcohol brewing plants to be invited by the Project, which require steam for processing of molasses to
make alcohol products. Securing 78% of the remaining electricity or 19197.8MWh/yr for internal use at
the project plant, the Project will sell the other 22% or 2,341MWh/yr of electricity to the alcohol
manufacturers.

& A Small Power Producer (SPP) can be a private, government or state enterprise that generates electricity either (a)
from non-conventional sources such as wind, solar and mini-hydro energy or fuels such as waste, residues or
biomass, or (b) from conventional sources provided they also produce steam thorough cogeneration.
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To sum up, the Project expects to produce approximately 76,348.8MWh of electricity annually, of which
54,810MWh will be sold to EGAT, 2,341MWh to the brewing plants, and the remaining 19197.8MWh
will be consumed internally at the project plant.

3. Technology to be transferred:

The Project differs from all other biomass power generation projects in Thailand. While other projects
simply rely on a single biomass fuel for use at their power plants, the Project uses two major sources of
agricultural waste: sugarcane trash and rice husks. It should be particularly noted that the Project’s plans
to use sugarcane trash set a precedent in Thailand, as the amount of work involved in its collection was
previously believed to render it unprofitable as a fuel. Without the Project, trash would continue to be left
to decay on the field.

The new technology implemented by the Project collects trash left on the field after harvest. The Project’s
mechanization of trash collection is of great significance in terms of technology transfer, introducing new
trash collecting equipment in the form of tractors, twin rakes, balers and front loaders. Tractors are used
as a “driver” for this new equipment, throughout the whole process of trash collection from baling to
loading of trash, as follows:

Step 1. Attach rakes to tractors to collect trash left on the field after harvesting the sugarcane.

Step 2. Replace rakes with balers to roll the collected trash into round bales

Step 3. Change from balers to front loaders to load the bales of trash onto trucks.

Figure 6 shows trash collection in progress®.

® Source: ‘How to make rolled grass’, Utanobori-cho, Hokkaido (http://www.town.utanobori.hokkaido.jp/)
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<1.Raking grass>

Grass raked into rows

<2. Baling grass>

<3.Transportation and
loading of bales>

whity

oA R e S

Figure 6. Trash collection
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The Project also intends that the ash derived from trash combustion at the plant be returned to the farms
for use as a valuable fertilizer. This will eliminate the environmental issue of trash disposal while also
reducing GHG emissions from the use of fossil fuel in sugar manufacture. By setting the precedent for
use of this state-of-the-art technology in Thailand, the Project plays an important role in technology
transfer.

A.4.3 Brief statement on how anthropogenic emissions of greenhouse gases (GHGSs) by
sources are to be reduced by the proposed CDM project activity:

The Project will reduce anthropogenic GHG emissions by replacing fossil fuel-based electricity
generation with carbon-neutral biomass electricity generation. GHG reductions will be achieved in 2
ways — generating electricity for both the national grid and for alcohol production in breweries. (The latter
source, however, is not included in emission calculations in order to keep the estimates simple and
conservative). As shown in section E, the Project will generate an average of approximately 32,119 tons
of CERs annually or 224,833 tons over the entire 7-year initial crediting period.

A.4.4  Public funding of the project activity:
The financial plans for the Project do not involve public funding from Annex | countries.

A.4.5 Confirmation that the small-scale project activity is not a debundled component of
a larger project activity:
The Project can qualify to use simplified modalities and procedures for small-scale CDM project

activities, on the ground that this particular project was originally initiated and developed by the project
participants by whom no other CDM project activities were previously conducted.
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B. Baseline methodology

B.1 Title and reference of the project category applicable to the project activity:
Title: Renewable Energy Project - Renewable Electricity Generation for a Grid

Reference:  Type 1.D Appendix B of simplified M&P for small-scale CDM project activities

B.2 Project category applicable to the project activity:

The proposed CDM Project activity is a renewable energy project and will be utilizing biomass combined
heat and power (co-generation) system that supplies electricity to a grid. Hence, the methodology as
described in Type 1.D of Appendix B, which is designed for renewable electricity generation for a grid, is
suitable for the proposed project activity.

B.3 Description of how the anthropogenic GHG emissions by sources are reduced below those
that would have occurred in the absence of the proposed CDM project activity

1. Justification of using simplified methodologies:

As per item 25 Appendix B of simplified M&P for small-scale CDM project activities, the sum of all
forms of energy output shall not exceed 45MWinermg to qualify as a small-scale CDM for co-generation
system. In the Project, the rated output of the first boiler is 60t/y, which is equivalent to approximately
42MW (<45rMW) on applying the formula, steam 1kg/h 0.7kW. Therefore, the Project qualifies as a
small-scale CDM for the co-generation system.

2. Assessment of additionality:

<Common Practice Barrier>

Common practice in Thailand, today, is simply to leave the trash in the field to decay, as it is very labor
intensive to collect and there is no end-market for the product. It is a clear example of a new type of
biomass for which experience in its collection from dispersed sources is lacking. Since the
implementation of such a new system entails high risks, especially during its early stages, this has so far
prevented the use of trash as biomass fuel in Thailand.

<Investment Barrier>

IRR without the Project (without CER) is estimated to be only 7.91%. The current interest rate on the
long-term national bond of Thailand (A" -rated by the rating firm S&P) is approximately 6%. This
indicates that a number of financially more viable alternatives to the project activity would be available to
potential investors in the host country, and that such alternative project activities would have led to higher
emissions in comparison to the proposed activity, in which only biomass fuel would be utilized for power
cogeneration.

If registered under the CDM scheme, as earlier mentioned above, the Project will generate 32,119 tonnes

of CERs annually. At the price of US$5, the CERs will enhance the Project’s IRR by 1.15% to 9.06%.
In the eye of the investors, therefore, one of the benefits of the Project is its CDM potential.
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An added incentive for investors is the higher status associated with CDM designation. The Project will
publicly highlight its participants’ environmental commitment, and will also confer benefit of pioneering
the learning experience for the CDM process.

In view of the above, the proposed project activity would not occur anyway mainly due to the investment
barrier. Hence, the Project is additional and would generate additional emission reductions.

B.4 Description of the project boundary for the project activity:

Of the following 5 steps of the Project, the Project boundary related to the baseline methodology is shown
within the dotted line in the Figure 7.

- During the sugar production period, trash will be collected by tractors with baling equipment
and then delivered to the new power plant.

- During non-sugar production period, rice husk will be purchased from rice milling plants and
delivered to the new power plant.

- Crush trash and rice husk by crushing equipment. Use them as boiler fuel to produce 60t/h
steam, and generate 9.64MW electricity.

- 8MW out of 9.64MW electricity is sold to EGAT during daytime. (6MW, which is equivalent
to 75% of the daytime quantity, is sold to EGAT during the night on weekdays and
throughout the day on Sundays and national holidays.)

- T7t/h out of 60t/h steam is supplied to alcohol factory.

sell electricity

| totaling 8 MW i
' collection :
| of trash transportation octricit _ :
i | sugar cane |  of trash storage - . electricity internal
i . —p-| Dboiler turbine eneration |—» S
! field trash for trash g electricity
| 9.64 MW !
| A |
| ? ash |
: transportation !
' of ash rice husks steam electricity '
i 7th 0.36 MW i

\"""77"77 Project ) A 4 A 4

i ' Boundary transportation alcohol factory

-------- of rice husks

rice mill

Figure 7.  Project Boundary
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B.5 Details of the baseline and its development:

B.5.1 Specify the baseline for the proposed project activity using a methodology specified
in the applicable project category for small-scale CDM project activities contained in appendix B of
the simplified M&P for small-scale CDM project activities:

This proposed project is to reduce CO, emission by replacing fossil fuel by biomass fuel, which is net
zero CO, emission based on the carbon neutral. Hence, the baseline CO, emission in the Project equals
to the amount of CO, emission reduction by supplying biomass-generated electricity to EGAT.

The option 29(b) in Appendix B of the simplified M&P for small-scale CDM was chosen because data for
the generation mix of the EGAT grid is readily available, whereas data on the “approximate operating
margin” and “build margin” needed for option 29(a) is difficult to gather. Data in 2002 is used for the
calculation of the Project baseline, since it is the latest data available as of now.

Based on aforementioned option 29(b), the Project Activity’s baseline is calculated by multiplying the
electricity produced by the renewable generating unit (referred to hereafter as ‘annual amount of biomass
generated electricity’) by emission coefficient of the current generation mix (referred to hereafter as
‘average CO, emission factor’).

Baseline annual amount average
CcoO, . of biomass y CO,
emission generated emission

electricity factor

As mentioned in A.4.2, the amount of biomass-generated electricity supplied to EGAT is estimated to be
54,810 MWhly.

Based on the data of electricity generation per fuel in 2002*° and IPCC default values', the average CO,
emission factor in 2002 is calculated as 0.586 t-CO,/MWh. (For detailed calculation, refer to Section E)

Therefore,

19 Source: EGAT Power Development Plan (PDP) 2003

11 Source: Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories: Reference Manual
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Baseline annual amount average

CO, _ of biomass % CO,
emission generated emission factor
(tCO2ly) electricity (tCO2/MWh)

(MWhly)
= 54,810 X 0.586

= 32,119 tCO.ly

Hence, the baseline CO, emission is estimated at 32,119 t-CO, / y.

B.5.2 Date of completing the final draft of this baseline section (DD/MM/YYYY):

March 2005

B.5.3 Name of person/entity determining the baseline:

Kyoto Mechanisms Business Office

Environmental Assessment Department

General Environmental Technos Co., Ltd.

1-3-5 Azuchimachi, Chuo-ku, Osaka, Japan 541-0052
Tel: +81-6-6263-7407
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C. Duration of the project activity and crediting period

Cl Duration of the project activity:
C.1.1  Starting date of the project activity:
01/04/2007 (Starting date for plant operation)

C.1.2  Expected operational lifetime of the project activity:

21y

C.2 Choice of the crediting period and related information:

c.2.1 Renewable crediting period (at most seven (7) years per crediting period)

c211 Starting date of the first crediting period (DD/MM/YYYY):
01/04/2007 (Starting date of the Project activity)

C.21.2 Length of the first crediting period:

ry

C.2.2  Fixed crediting period (at most ten (10) years):
C221 Starting date (DD/MM/YYYY):
Not applicable.
C.22.2 Length (max 10 years):

Not applicable.
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D. Monitoring methodology and plan

D.1 Name and reference of approved methodology applied to the project activity:

Item 31, Monitoring for Type 1.D - Renewable electricity generation for a grid, Appendix B of the
simplified M&P for small-scale CDM project activities: “Monitoring shall consist of metering the
electricity generated by the renewable technology. In the case of co-fired plants, the amount of biomass
input and its energy content shall be monitored.”

D.2 Justification of the choice of the methodology and why it is applicable to the project
activity:
In the Project, the rated output of the first boiler is 60t/y, which is equivalent to approximately 42MW

(<45MW) when applying the formula, steam 1kg/h = ca. 0.7KW. This is less than the 45MW threshold
for the small-scale CDM.
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8T1

D.3

Data to be monitored:

In accordance with item 31 in Appendix B of simplified M&P, which prescribes monitoring requirement for Type 1.D. projects, the data to be monitored in
relation to the Project will be the meter readings of electricity exported by the new power plant to EGAT grid.

Since the Project’s new equipment is designed only for biomass and is not a co-fired plant, the amount of biomass input and its energy content need not be

monitored.

Electricity exported by the new power plant to EGAT grid is measured and recorded monthly by reading the electric meter directly. As a means of further
quality assurance, accounting data is also kept and verified to confirm the data accuracy.

ID Data type Data Data | Measured (m), Recording | Proportion | How will the For how long is | Comment
number variable unit calculated (c) or | frequency | of datato | data be archived data to
estimated (e) be archived? be kept?
monitored | (electronic/
paper)

D.3.1 Quantitative Electricity | MWh | m monthly 100% electronic Min. of 2 years -

exported to after last CER

EGAT grid issuance.
D.4 Name of person/entity determining the monitoring methodology:

Kyoto Mechanisms Business Office

Environmental Assessment Department

General Environmental Technos Co., Ltd.
1-3-5 Azuchimachi, Chuo-ku, Osaka, Japan 541-0052
Tel: +81-6-6263-7407




E. Calculation of GHG emission reductions by sources

E.1 Formulae used:

E.l.1 Selected formulae as provided in appendix B:

1. Baseline emission

The formula of 29(b) for Type 1.D. in Appendix B of the simplified M&P for small-scale CDM is
selected for calculating electricity baseline emission for the Project.

Based on the above item 29(b), the Project Activity’s baseline is calculated by multiplying the electricity
produced by the renewable generating unit (referred to hereafter as ‘annual amount of biomass generated
electricity’) by emission coefficient of the current generation mix (referred to hereafter as ‘average CO,
emission factor’) as represented below.

Baseline annual amount average
COZ - of % COZ
emission biomass emission
generated factor

electricity

As described earlier in A.4.2, annual amount of biomass generated electricity is 54,810MWh/yr.

Average CO, emission factor is calculated as follows;

Average total total
CO, emission - CO, . electricity
factor emission ' generation
(t-CO,/MWh) (tCO,) (MWh)

EGAT grid data in 2002, as represented in the ensuing table, is gathered to calculate total CO, emission
and total electricity generation.

12 Source: EGAT Power Development Plan (PDP) 2003
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Table 4. Energy generation and fuel requirement in Thailand 2002

EGAT Data 2002 Actual
GWh | MMSCFD | 10°liter | 10°ton
Fuel Type
(A)

Hydroelectric

EGAT 6,481

LAO PDR 2,807

Total 9,288
Natural Gas

EGAT 35,608 860

EGCO 11,647 309

RATCH 10,872 246

IPP 9,317 218

Total 67,443 1,632
Heavy Oil

EGAT 2,024 521

RATCH 0 0

Total 2,024 521
Diesel Oil

EGAT 258 67
Lignite

EGAT 16,890 15.2
Imported Coal

IPP 0 0

Total 0 0
Renewable Energy 648
EGAT-TNB 13
New Capacity 0
Grand Total 96,564
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Annual CO, emissions for each fuel type except for EGAT-TNB in 2002 were calculated as shown below.
(All input data used for these calculations, including the relevant section of EGAT-PDP, is provided in
Appendix D).

CcoO, grid net C emission fraction of mass
emission per _ fuel calorific factor C oxidized conversion
fueltype ~  consumption value per fuel type per fuel factor

(tCO,) (tC/T1J) type (tCO,/tC)

With regard to EGAT-TNB, annual CO, emission was calculated using CO, emission factor of 0.595
CO,/kWh (grid average generation), as used by the government of Malaysia™.

By combining the results per fuel type, the total CO, emission for the grid in 2002 was calculated at
56,571,403 tCO,.

Therefore,
Average CO, Total Total
emission factor = CO, emission + Electricity generation
(tCO,/MWh) (tCO,) (MWh)
= 56,571,403 + 96,564
= 0.586 tCO,/MWh

The amount of CO, emissions displaced by the Project is calculated by multiplying the emission factor
obtained above by the amount of electricity supplied to the grid by the Project (54,810 MWhly).

CO, Electricity CO,
emission _ exported by % emission
(tCOaly) the Project factor

(MWhly) (tCO2/MWh)
= 54,810 X 0.586

32,119 tCO,ly

2. CO, emission due to the Project activity within the Project boundary

Sources of GHG emissions due to the Project Activity within the boundary consist of biomass
combustion for electricity generation and ancillary activities such as start-up operation, collection and
transportation of biomass fuel, and transportation of ash.

3 “Determination of Greenhouse Gas Emission Baselines for the Power Generation Sector in Malaysia (2003)”,
government of Malaysia.
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The IPCC Guidelines stipulate that biomass combustion is assumed to equal its regrowth'®. Based on
these guidelines, the volume of CO, produced by combusting biomass fuel (sugarcane trash and rice
husk) in the Project’s boiler is considered equal to the amount of CO, absorbed by sugarcane and rice as
they grow.

Appendix B of the simplified M&P does not require monitoring of GHG emissions from ancillary
activities. It is therefore deemed unnecessary to include them in the project emissions calculation.

For reference, section below is an analysis of GHG emission due to the ancillary activity in the Project.

1) Collection of trash on sugarcane field (on-site transport)

Annual CO, emissions due to on-site transport of trash are calculated using the formula below:

CO, emissions transportation CO,
due to on-site _ fuel v emission factor
transport of ) used on-site for transportation
trash (kaly) fuel
(tCO.ly) (9CO/kg)

As described in A2, the Project will use 7 tractors each equipped with twin rakes, balers and front loaders
for the collection of trash. Tractors will be the only GHG emission source for the on-site transport of
biomass since none of the other the equipment (twin rakes, balers and front loaders) attached to the
tractors have their own engines and all are driven purely by the tractors themselves.

The amount of diesel used by each 90PS tractor is estimated at 17.19 kg//h*®. Multiplying this figure by
the daily operating hours (8 hrs/day) and the number of days operated annually (87 days/y) results in
approximately 11,964 kg/y of diesel per baler. Hence, the total amount of diesel used by all 7 balers is
estimated at approximately 83,748 kgly.

The following table provides a summary of the fuel consumption.

4 Source: Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories, Workbook

5 According to the Mechanized Cultivation Laboratory, Upland Crop Division, Hokkaido Agricultural Experiment
Station, the hourly weight of diesel used per PS for a 90PS tractor is 0.191 kg/PS/h.  Therefore, the amount of
diesel used by each 90PS tractor is 0.191 kg/PS/h > 90PS = 17.19 kg/h.
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Table 5. Summary of tractor diesel consumption

Item Value Remarks
(1) | PS of tractor 90 PS/tractor
(2) | # of tractors used 7 tractors Refer to A.2.
(3) | Hourly weight of diesel consumed per tractor 0.191 kg/PS/h See footnote 16
(4) | Operating hours 8 hours/day
(5) | Operating days 87 daysly
(6) | Annual amount of diesel consumed per tractor 11,964 kgly (3) x(1) x(4) x(5)
(7) | Total diesel consumed by tractors 83,748 kgly 6) x (2

Based on IPCC guidelines, emission factors for CO;is 3,140 gCOzlkgm.

Therefore,
CO, emissions Transport CO,
due to on-site = fuel used =< emission factor
transport of on-site for transportation
trash (kaly) fuel
(tCO-ly) (9CO,/kg)
= 83,748 X 3,140
= 263 tCO.ly

Thus, total CO, emissions due to the on-site transport of trash are calculated at approximately 263 tCO,/y.

2) Transportation of biomass fuel to the new plant

The total amount of trash carried from the sugarcane field to the generation facility comes to 46,600 t/y. This
trash will mainly be transported by 20-ton trucks, which fall into the category of heavy-duty vehicles. The
IPCC default factors for CO, from heavy-duty vehicles (U.S.) is 1,097 g/lkm. The average return trip, based
on RSC data, is estimated at 100km.

1® “Estimated Emission Factors for European non-road mobile sources and machinery for agriculture using
diesel engines’ (Table 1-49), Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories: reference
Manual.
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Following are the formula and data used for calculating emissions from transportation of trash.

CO, emission Annual distance CO, emission
from _ travelled factor for heavy
transportation of - (kmly) truck
trash (kg-CO,/km)
(t-CO.ly)

Table 6 summarizes the calculation of annual CO, emissions from the transportation of trash.

Table 6. Summary of the calculation for CO, emission due to transport of trash
Item Value Remarks
(1) | Amount of trash transported 46,600 tly Refer to A.2
(2) | Trucks used for transportation of trash 20 ton trucks Rajburi Sugar Data
. . Provided by the
(3) | Specific gravity of trash 0.25 manufacturer.
(4) | Amount of trash transported per trip 5 t/trip (2)x(3)
(5) | Average return trip distance 100 km/return trip Rajburi Sugar Data
(6) | CO,emission factor for heavy trucks 1,097 gCOy/km IPCC default data
(7) | Annual distance travelled 932,000 km/y 1) = @ x (5
Total CO, emission due to transport of trash to
the generation facility LU RO (1) > (8)

Meanwhile, about 64,300 t/y of rice husks will be transported from the market to the generation facility using
the same type of truck as for trash transportation. The average return distance is 200km per trip.

Following the same procedures and conditions used for the calculation of trash transportation, the annual
CO; emission from the transport of rice husks is calculated at 2,821 tCO,/y.

Thus, the total CO, emission from the transport of biomass fuel is calculated at 3,843 tCO,/y.

3) Transportation of ash back to the sugarcane field
The ash resulting from the use of trash as a fuel at the generation facility will be returned to the sugarcane
field as fertilizer. This ash will be carried back to the field by the trucks returning after delivering trash to

the generation facility. Therefore, there will be no additional CO, emission due to the transportation of
the ash.

4) Start-up/auxiliary fuel use
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No fossil fuel will be used as an auxiliary fuel in the cogeneration plant. The start-up fuel for the plant is
trash itself. Therefore, CO, emission due to the start-up/auxiliary fuel use is 0 tCO,.

3. Leakage due to the Project activity

The Project activity’s renewable energy is produced by new equipment installed for the first time.
Therefore, no leakage calculation is required, per item 30 Appendix B of simplified M&P for small-scale
CDM project activities. However, as described in item 8 under the General Guidelines, Appendix B of
simplified M&P for small-scale CDM project activities, leakage is considered in the case of biomass

projects.

As to the usage of sugarcane trash outside the Project boundary, there is neither information nor fact that
these are used as a substitute for fossil fuel. For reference, the potential amount of trash collectable from
sugarcane production in Ratchaburi Province is calclulated as follows:

The average amount of sugarcane produced in Ratchaburi Province from 1999 to 2001 was 2,756,000
tons'’. As mentioned earlier in A.2, the proportion of trash produced from sugarcane is estimated at
16.9%. Hence, the average amount of potential trash collectable from the total production of sugarcane
in Ratchaburi Province from 1999 to 2001 is:

Average amount of Average volume of Component ratio
trash collected in sugarcane produced of
Ratchaburi = in X trash per
Province Ratchaburi Province sugar cane
(tonly) (tonly) (%)
= 2,756,000 X 16.9%

465,764 tonly

As described in A.2.4, the amount of trash collected for grid generation in the Project is 46,600 t/y.
Hence, the amount of trash used for the Project, 46,600 t/y, is merely 10%'® of the total trash produced in
Ratchaburi Province.

On the other hand, approximately 30% of rice husks have been used as fuels or as mulch, or for biomass
cogeneration at Small Power Producers (SPP) in the host country.

There is no official data available on the amount of rice husk production. However, according to Office
of Agricultural Economics, Thailand, 23 — 26% of the gross weight of unhusked rice are rice husks. Using
this figure, the average annual production volume of rice husk is calculated at 1.54 million tons™ in
central Thailand where Ratchaburi province belongs.

7 Source: Agricultural Statistics of Thailand, Office of Agricultural Economics, Thailand
(http://www.oae.go.th/statistic/yearbook/2001-02/indexe.html)

18 46,600 t/y < 465,764 =0.10

191,399,841 ton/y in 1999, 1,465,186 ton/y in 2000, 1,638,413 ton/y in 2001, 1,660,938 ton/y in 2002
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According to the hearings from each SPPs® in central Thailand, estimated amount of rice husk currently
used as fuel was calculated at approximately 270,000 tons/y, which equivalents to 16% of the total rice
husk produced in central Thailand in 2002. Together with the above mentioned 30% of rice husks which
have been used as fuel or as mulch, it can be calculated that approximately 50%of rice husks are still
dumped or burned. Hence, the amount of rice husk used for the Project, 64,300 t/y, is merely 8% of
the dumped or burned rice husk in central Thailand.

It is therefore concluded that the Project will neither lead to the displacement of new trash and/or rice
husk plants nor fuel diversion to carbon-intensive fuels, even if the crop yield is halved in a lean year or
under abnormal weather conditions. The Project will effectively utilize the abundant agricultural
residues of trash and rice husks for power generation. This will result in a reduction of GHG emissions
associated with current trash and rice husk disposal.

In addition, the ash of sugarcane trash after being used as a fuel will be returned to the sugarcane field as
fertiliser, and therefore there will be no need to use additional chemical fertilisers that emit nitrous oxide
(N,O) in the sugarcane field. As a conclusion, no leakage will occur due to the Project activity.

4. The emission reduction due to the Project
Since there is no CO, emission from biomass combustion nor transportation of biomass to compute in
relation to the Project, the reduction of CO,emission realized by the Project is estimated at 32,119 t- CO,
annually.

E.1.2 Description of formulae when not provided in appendix B:

E.1l.2.1 Describe the formulae used to estimate anthropogenic emissions by
sources of GHGs due to the project activity within the project boundary:

Not applicable.
E.1.2.2 Describe the formulae used to estimate leakage due to the project
activity, where required, for the applicable project category in appendix B of the
simplified modalities and procedures for small-scale CDM project activities
Not applicable.
E.1.2.3 The sum of E.1.2.1 and E.1.2.2 represents the project activity emissions:
Not applicable.
E.1l.24 Describe the formulae used to estimate the anthropogenic emissions by
sources of GHG’s in the baseline using the baseline methodology for the applicable

project category in appendix B of the simplified modalities and procedures for
small-scale CDM project activities:

% 5 SPPs : PRG Agriculture in Pathumthani Province, Bio-Mass Power in Chainat Province, Chonnabot Power in
Lop Buri Province, U-Thong Bio-Mass and Mitpol Sugar in Suphan Buri Province.

21 64,300 t/y + (1,540,000 t/y x 50%)=0.08
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Not applicable.
E.1.25 Difference between E.1.2.4 and E.1.2.3 represents the emission reductions
due to the project activity during a given period:

Not applicable.

E.2 Table providing values obtained when applying formulae above:

Table 8. CO, emission reduction estimates

ltem calculation Annual amount

A | Baseline CO, emission 32,119 t-CO,ly

Emission due to the
B | Project activity 0 t-COly

Leakage due to the
€ | Project activity 0 t-COdy
D Tot_al _PrOJect CO, B+C 0 tCOy
emission
E Project CO, emission AD 32110 t-COJy

reduction
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| F. Environmental impacts

F.1 If required by the host Party, documentation on the analysis of the environmental impacts
of the project activity:

Power plants with less than 10 MW capacity, such as the Project, are not included in the list of prescribed
activities requiring Environmental Impact Assessment (EIA) by Environmental Policy and Planning
(ONEP)%. However EGAT requires all IPPs to prepare a EIA Report as stipulated in their 1994 Power
Purchase Solicitation®,

All Thai environmental standards conform to the Enhancement Conservation of National Environment
Quality Act established in 1992 (the only comprehensive environmental legislation in Thailand). Table 9
compares the Thai environmental standards for air quality with the performance guaranteed by the
Project.

Table 9. Environmental Requirements for Air Quality
Performance Guaranteed
by the Project

Environmental Considerations | Thai Standard Requirements

Dust 400 mg/Nm”® below 120 mg/Nm®
NOy 250 ppm or 470 mg/Nm® below 250 ppm
SO, 500 ppm or 1300 mg/Nm® below 300 ppm

In the most unlikely event that SO, emissions generated by the project plant exceed the above emissions
standard, then the Project will promptly install a desulferizer to minimize possible environmental impacts
on the nearby community.

Other points noted are as follows:
Wastewater will not be permitted to leave the plant site. Instead, it will be first treated and then
evaporated from an evaporating pond.
The equipment will be mostly housed inside the building. If any such equipment has to be placed
outside then low-noise equipment fitted with a noise barrier will be employed as far from the local
residents as possible.
Any nuisance vibration resulting from the operation of the plant is unlikely since compulsory
groundwork will be properly carried out before the equipment is set in place.
With regard to wastewater management, the Project will be monitored in accordance with industrial
effluent standards as required by the Thailand Ministry of Science, Technology and Environment*.

%2 Refer to “types and sizes of category requiring EIA report”, ONEP
(http://www.onep.go.th/eia/english/size/e_size_energy.html)

% Power Purchase Agreement Division, EGAT (http://www.egat.or.th/dppd/eng_ipp_rfp.html)
2 Refer to Appendix E for details.
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G. Stakeholders comments

G.1 Brief description of the process by which comments by local stakeholders have been
invited and compiled:

Hearings were held on several occasions with local stakeholders such as RSC staff and contract farmers.
Decisions related to the project activities will be based on the results of a referendum held with the local
residents.

G.2 Summary of the comments received:

The director of RSC outlined his expectations regarding the increase in sugarcane and trash production to
be implemented by the Project and the additional supply of trash-derived ash to be returned to the field as
fertilizer. The director also noted that careful attention should be given to the resulting impacts on sugar
content in the crops produced.

Comments received from the RSC farmers were quite supportive of the Project. The mechanization of
trash collection was especially popular since skilled manpower for the manual harvesting of sugarcane
has been in short supply in recent years. However they suggested that the storage bags for trash, originally
planned to be made of plastic, should instead be made of more fire-resistant materials. The only
requirements/concern from them was to leave certain amount of trash in the field as they are used as
fertilizer.

The Prefectural governor expressed favourable opinions about the Project, its contribution to the
Province’s sustainable development policy and its great potential for creating job opportunities in a
Province where the unemployment rate is high. He also mentioned that referendum will be held by the
local residents in case conflicts of interest are created among local stakeholders. The Project will not
progress without cooperation between local residents and government.

Department of Agriculture, Ministry of Agriculture and Cooperatives, commented that it is preferable not
to collect trash from field to avoid deterioration of soil condition, however, it is possible to collect trash if
the field are in good soil condition.

G.3 Report on how due account was taken of any comments received:

In order to ensure the best possible effects from the increase in fertilizer application, the Project is
prepared to provide RSC with both anecdotal data and scientific analysis on the potential impacts on

sugar content in the crops produced.

In response to the requests of the farmers, the Project is currently seeking alternatives to the existing
storage bag, such as the mesh texture bag commonly used for dried plant storage.
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CONTACT INFORMATION FOR PARTICIPANTS IN THE PROJECT ACTIVITY

Annex 1

Organization:

Rajburi Sugar Co., Ltd.

Street/P.O.Box:

302 Silom Road

Building: S A Building, 2™ Floor
City: Bangkok

State/Region: Bangkok

Postcode/ZIP: 10500

Country: The Kingdom of Thailand
Telephone: +66 2237 9999

FAX: +66 2235 4444

E-Mail: Rajburisugar@netscape.net
URL: http://www.rajburisugar.com

Represented by:

Title:

Assistant Managing Director

Salutation:

Mr.

Last Name:

Arunanondchai

Middle Name:

First Name:

Tritip

Department:

Mobile:

Direct FAX:

Direct tel:

Personal E-Mail:
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Organization:

General Environmental Technos Co., Ltd.

Street/P.O.Box:

1-3-5 Azuchimachi, Chuo-ku

Building:

City: Osaka

State/Region: Osaka

Postcode/ZIP: 541-0052

Country: Japan

Telephone: +81 6 6263 7300

FAX: +81 6 6263 7301
E-Mail:

URL: http://www.kanso.co.jp

Represented by:

Title:

Chief Manager

Salutation: Dr.

Last Name: Takahashi

Middle Name:

First Name: Fumio

Department: Environmental Assessment Department
Mobile:

Direct FAX: +81 6 6263 7407

Direct tel: +81 6 6263 7309

Personal E-Mail:

takahashi_fumio@kanso.co.jp
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Annex 2
INFORMATION REGARDING PUBLIC FUNDING

The financial plans for the Project do not involve public funding from Annex | countries.
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Appendix A
Proportion of trash collected from sugarcane fields

A simulation model indicates that the proportion of trash removed from the sugarcane field would not
have significant influence on the sugarcane yield for 30 years.

On the other hand, with regard to the physical and chemical properties of the soil, the table below shows
the proportion of trash that can be collected from sugarcane fields for the soil carbon content to remain at
least at the current level for 30 years, based on the results of simulation.

Tvpe of sugarcane fields The proportion of trash collectable

yp g (based on simulation of the soil carbon content for 30 years)
Irrigated 55%
Non-irrigated 29%

Based on the figures indicated in the table, we concluded that the proportion of trash that can be collected
from irrigated and non-irrigated fields is approximately 50% and 30%, respectively.
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Appendix B
Amount of trash collected from the sugarcane field by tractor

The amount of trash to be collected daily is calculated from the capacity of the collecting equipment used.
The manufacturer’s specifications regarding this equipment are as follows.

Equipment Specification Manufacturer
Tractor 90PS Yanmar Co., Ltd.
Twin rakes 120 rolls/h (30 sec/roll) Takakita Co., Ltd
Baler 24 rolls/h (2.5 min/roll) Takakita Co., Ltd
Front Loader 120 rolls/h (30 sec/roll) Sanyo Kiki Co., Ltd.

Given that each trash roll is 1.55m in diameterx 1.2m long with a specific gravity of 0.25, their cubic
volume and weight are estimated as follows:

0.775m x 0.775m x 7z x 1.2m=2.26 m¥roll
2.26 m¥roll x 0.25=0.57 t/roll
Estimated 8 hr working days include the following activities:
- collecting trash: 1.1 hrs/day
- changing from twin rakes to baler: 0.2 hrs/day
- making rolls: 5.6 hrs/day
- loading rolls onto trucks: 1.1 hrs/day
The amount of trash that can be collected per day is therefore:
0.57 t/roll x 24 roll/h x 5.6 hrs/day = 76.6 t/day

The number of sets of tractor and equipments is therefore:

47,265 ton +76.6 t/day -+87 days =7 sets

134



Appendix C

Daily amount of trash required as fuel for electricity generation

1. Specifications of the Project facility

As designed, 1.28 MW of in-house power is needed to run the 10 MW biomass electric power facility.
Since the alcohol plant will consume a further 0.36 MW the facility needs to generate 1.64 MW of
electricity over and above the 8 MW to be used for electricity sales. The following table summarizes the
specifications of the Project facility.

Item Value Remarks
Daytime
- Electricity sales 8.0 MW
- Power for internal use 1.28 MW As per design requirements
- Alcohol plant 0.36 MW As per design requirements
Installed TOTAL 9.64 MW
Capacity  [Nighttime
- Electricity sales 6.0 MW 75% of the daytime amount
- Power for internal use 1.28 MW same as in daytime
- Alcohol plant 0.36 MW same as in daytime
TOTAL 7.64 t/dax
Daytime
- Steam requirement 445 t-s/h 9.64 MW x 4.08 +5.18
- Steam for alcohol plant 7.0 t-s/h As per design requirements
- Steam circulation 8.5 t-s/h As per design requirements
Requfrinent — TOTAL 60.0 ts/h
- Steam requirement 36.4 t-s/h 7.64 MW x 4.08 +5.18
- Steam for alcohol plant 7.0 t-s/h same as in daytime
- Steam circulation 8.5 t-s/h same as in daytime
TOTAL 519 t-s/h

(t-s: ton steam, t-t: ton trash)

2. Amount of trash required to generate steam
According to the lab analysis, calorific value of trash was calculated at 2,840 kcal/kg.

The amount of trash needed to generate the 60 t-s/h of steam (including 7 t-s/h supplied to the alcohol
plant) in order to generate 9.64 MW of electricity, during daytime, is calculated as follows:
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Amount of
trash
required
for
steam
generation
(t-t/h)

amount of . calorific
steam enthalpy enthalpy efficiency value trash
required of i of . of . of . |100- loss**
during steam* condensed boiler " trash (%)
daytime (kC&'/kg) water (%) (kC&'/kg)
(t-s/h) (kcal/kg)
60 784.4 131 85 2,840 100 - 25
(t-sth)  *| (kcallkg) - (kcallkg) | & (%) * (kcallkg) ~ (%)
16.7 t-t/h

(*at 32.5 bar G and 425 , **loss during handling and/or the transportation of trash)

For nighttime use, 3% loss due to a load factor of 87% is also included so that the amount of trash
required for steam generation during the night is calculated at 14.9 t-t/h.
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Appendix D

CO, emission in grid

CO, emission is estimated using the following formula for each fuel type:

CcoO, grid net C emission fraction of mass
emission per _ fuel calorific factor C oxidized conversion
fueltype ~  consumption value per fuel type per fuel factor

(tCO,) (tC/T1J) type (tCO,/tC)

Values for grid fuel consumption for each type of fuel are obtained from EGAT data table as shown in the
previous page (“Forecast of Total Energy Generation and Fuel requirements in Thailand”).

Other input variables are obtained from Revised 1996 IPCC Guidelines for National Greenhouse Gas
Inventories®.

Table below summarizes the calculation of CO, emission per fuel type in 2002:

% Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories: Reference Manual
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8ET

EGAT data (2002 actual) 1996 IPCC default data Calculation
emigsion fraction
grid fuel e factor (.)f .C mass CO, emission CO2 emission
Type of fuel GWh consumotion net calorific value** er fuel oxidized | conver-sion (tCO2) factor
P P type per fuel factor (tCO2/MWh)
@c/Ty) | WPe
A B c D E F (©) G)+ (A)/1000
(A) (B) © (D) (E) A | exoxoxex@E | ©F®
Hydroelectric 9,288 0 0
3
Natural Gas* 67,443 | 1,632 MMSCFD 0.0000409 | TI/Nm 15.3 0.995 44/12 36,514,965 | 0.541419643
Heavy Oil* 2024 521 ML.iters 39.1 | TJ/MLiters 21.1 0.99 44/12 1,560,284 | 0.770891138
Diesel Oil 058 67 ML.iters 38.2 | TJ/MLiters 20.2 0.99 44/12 187,671 | 0.727405288
Lignite 16,890 | 15.2 MTons 12,140.00 | TI/MTons 27.6 0.98 44/12 18,300,749 | 1.083525691
Imported Coal* 0 0 MTons 26,380.00 | TI/MTons 26.8 0.98 44/12 0 0
Renewable 648 0 0
EGAT-TNB 13 7,735 0.595
New 0 0 0
Total 96,564 56,571,403 0.586
*  Exclude SPP.

**

(http://www.env.go.jp/earth/ondanka/santeiho/guide/pdfl_4/mat_01i.pdf.)

Net calorific values for natural gas, heavy oil and diesel oil are obtained from Global Environment Bureau, Ministry of the Environment, Japan




Appendix E

Industrial Effluent Standards

“Industrial Effluent Standards”, issued by the Ministry of Science, Technology and Environment (1996)

are as follows?®:

Parameters

Standard Values

Method used for
Examination

1| pH value

5.5-9.0

pH Meter

2 | Total Dissolved Solids (TDS)

not more than 3,000 mg/l (depending
on initial water quality and the type
of industry under consideration by
PCC) or below 5,000 mg/I

not more than 5,000 mg/I (if the
water used already has a salinity of
more than 2,000 mg/l) or not
exceeding the TDS of seawater if
discharged into the sea.

Dry Evaporation at
103-105 °C for 1 hour

3 | Suspended solids (SS)

not more than 50 mg/l (depending on
initial water quality and the type of
industry or wastewater treatment
system under consideration by PCC)
or below 150 mg/I

Glass Fiber Filter Disc

4 | Temperature

not more than 40°C

Thermometer during
sampling

5 | Color and Odor

not objectionable

Not specified

6 | Sulfide as H,S

not more than 1.0 mg/I

Titrate

7 | Cyanide as HCN

not more than 0.2 mg/I

Distillation and Pyridine
Barbituric Acid Method

8 | Fat, Oil & Grease (FOG)

not more than 5.0 mg/I (depending on
initial water quality and the type of
industry under consideration by PCC)
or below 15.0 mg/I

Solvent Extraction by
Weight

9 | Formaldehyde

not more than 1.0 mg/I

Spectro-photometry

10 | Phenols

not more than 1.0 mg/I

Distillation and
4-Aminoantipyrine
Method

11 | Free Chlorine

not more than 1.0 mg/I

lodometric Method

12 | Pesticides

not detectable

Gas-Chromatography

Continued

% No. 3, B.E.2539 (1996) issued under the Enhancement and Conservation of the National Environmental Quality
Act B.E.2535 (1992), published in the Royal Government Gazette, Vol. 113 Part 13 D, dated February 13, B.E.2539

(1996).
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not more than 20 mg/I (depending on
13 Biochemical Oxygen Demand | initial water quality and the type of Azide Modification at
(BOD) industry under consideration by PCC) | 20 °C for 5 days
or below 60 mg/|
not more than 100 mg/l (depending
. . on initial water quality and the type .
14 | Total Kjedahl Nitrogen (TKN) of industry under consideration by Kjeldahl
PCC) or below 200 mg/I
not more than 120 mg/l (depending Potassium
Chemical Oxygen Demand on initial water quality and the type .
15 . . . Dichromate
(COD) of industry under consideration by Digestion
PCC) or below 400 mg/l 9
16 | Heavy metals
1)) Zinc (Zn) not more than 5.0 mg/I
2.)Chromium (Hexavalent) not more than 0.25 mg/I Atomic Absorption
3.) Chromium (Trivalent) not more than 0.75 mg/I Spectro-photometry:
4.) Copper (Cu) not more than 2.0 mg/I Direct Aspiration or
5.) Cadmium (Cd) not more than 0.03 mg/I Plasma Emission
6.) Barium (Ba) not more than 1.0 mg/I ISp(fCt:?SCIOPéi led
nductively Couple
7) L(?ad (Pb)_ not more than 0.2 mg/I Plasma : ICP
8.) Nickel (Ni) not more than 1.0 mg/I
9.) Manganese (Mn) not more than 5.0 mg/I
10.) Arsenic (As) not more than 0.25 mg/I Atomic Absorption
Spectro-photometry;
Hydride Generation, or
. Plasma Emission
11.) Selenium (Se) not more than 0.02 mg/I Spectroscopy:
Inductively Coupled
Plasma : ICP
Atomic Absorption Cold
12.) Mercury (Hg) not more than 0.005 mg/I Vapour Technique

Remarks:

1) PCC Pollution Control Committee

2) These standards were taken from the Notification of the Ministry of Science, Technology and
Environment, No. 3, B.E. 2539 (1996) which specifies that the pollution sources to which the
above standards are to be applied are factories with group Il and 111 issues under the Factory Act
B.E.2535 (1992) and every kind of industrial estate.

3) Notification of the Pollution Control Committee, No. 3, B.E. 2539 (1996) dated August 20, B.E.
2539 (1996) details the types of factories (the category of factories issued under the Factory Act
B.E.2535 1992) that are allowed to discharge effluent having different standards from the
Ministerial Notification No. 3, above. These are:

1. BOD up to 60 mg/l

animal furnishing factories (category 4 (1))

starch factories (category 9 (2))
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food from starch factories (category 10)
textile factories (category 15)
tanning factories (category 22)
pulp and paper factories (category 29)
chemical factories (category 42)
pharmaceutical factories (category 46)
- frozen food factories (category 92)
2. COD up to 400 mg/l
- food furnishing factories (category 13 (2))
- animal food factories (category 15 (1))
- textile factories (category 22)
- pulp and paper factories (category 38)
3. TKN

- 100 mg/I - effective after 1 year from the date published in the Royal Government Gazette of the
Ministerial Notification No. 4

- 200 mg/l - effective after 2 years from the date published in the Royal Government Gazette of
the Ministerial Notification No. 4 for the following factories:
1.) food furnishing factories (category 13 (2))

2.) animal food factories (category 15 (1))
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