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TA VL=V L LTORMMBRASA AT ADERIZED L S B E
52 20350570 o 72, Demirel et al (2008) 1% SBT %4 L —
MOBARINTZEAZ U HAIZOWVWTHIZEE L TWAR, ZESARED
BAAXVURBIZOW TN TV W, Z DOFFFE TiX, STB A L —
VITEFE -V VB RCEEEEO LRV EITH Y ,SBT A L —
ERRBEHICH AT 2720100%, LARBRORBEAR EDO R RME %
MZTRDLZEDIRNTHL EHELTWVD, T OEKTSBT A1
L=V RBEESMREDIBAEA XV EBETIE, FESARDBEY D
EICE S TENTERERSCHEZEOTZOOREEHERE L L TORE
EHOBENTHETHDL, WFESAURE SBTHA L -V EDRAEAX
VIEEEIZ DU Tl Fang et al (2011), Lehtomiki et a/ (2007), Umetsu
et al (2006) DHRENH 5N, L FESAKRE SBTHA L—VDRE A X
VHBIZB T 2O RIBAR AR ENSEE SRARAESICD
WTIE, it b T2y, 2k, ZoMEDO B EZ LTSRS
SBT A4 L —VDOREA X VEBIZBITHOLFSAKRE SBT 14 L
—VLORBIBEAEHAEEZRAVWET L QNN AT AAEREE L HEY
BWEICET 2 SBT A L—Y oMo EZH T L b
LTW5d,
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4-2 HMELFE
4-2-1 #¥

FLA S AR ITAC Y E B ORET O B R E 0 BN U, B K 0 B2 O 5y
MW, FIBRITHLRGERTFENICHDREBREONAL T TS
FZYhbDOAZ Y —%HWwWiz, ©— b (b#E 87) b v FiddeviEE B E
o H = b5, SBT A L — 0, B2 120 A O b o (LU
T, P4 L=y 1 L), 210 HMO b O (LT, ¥4 L—Y I & L)
O2EHEEH W, £7,SBT A L—IXIRAREERE & L TR
~BEANETOM, BEENREERWVWE DI ACTHRF L, MEiBR, 3L+
SR, SBT A4 L — oMk A K 4-1 12RT,

#*4-1  EERHMEO MR
TS (%) VS (%) TVFA (mg/ L)

FLA S5 A PR 4.4* £ 0.1 3.5 £ 0.1 1650.3 = 11.1
SBT A4 L —o 1
(120 H #7JER)
SBT 4 L — 11
(210 H #7JER)
Fi 775 I 3.3 + 0.1 2.2 = 0.1 29.0 + 6.1

15.1 £ 0.0 12.4 = 0.1 1086.2 = 8.3

14.6 £ 0.0 12.0 = 0.1 1106.5 £ 0.8

E o JEME AR R 2E (n=4)

4-2-2 RBEAFUVRERAR

FESMRE 2FEED SBT A4 L—YDRAE A X o RBEERRICIL,
REILOB XN BEEEZHA WV RV ZF L UOREOZEICER 3 Om
ODREHT,ZZOHFLEBOIERMNS MO R E bl ezl
ANTREIZLE, ALRRICTITIAT vy I70arxs ZE2F, v ayv
Fa—TDHIWIH ANy 7 ZH0 72 (K 4-1),

KA2IZHBMEICEALLLEZEBRMBOBEHEEBIG LR LI, EBRM
B, Wi E & CTHEBIEN D 300g &R (ALFSAR+SBT 4 L —
D) 0% 300g DEFF 600g & L7z, *RXITFEE 300g & T X THFSA
JRE L7z, EBRXKIE, FEHCE® 5 2 FEEO SBT A L — Y OE AN
40%, 60%, 80%, 100% & 725 X HICIRAE L. 0, 2T b SBTH A L —
DOEIEIX, TIHFER QREEIE 30% 40%, 50%) IZB 1) 2D A ¥ o ARAE
BEOWIMRVIZ E > TRE LI BRI 2L AME L, EOM, #iz
RIEE OB ANITITOL R o 7o, FEMAITERKEIZAN 5521 CTH
ML, BH2EFHTHEB L, T XTOREMIZ+SIZEMH L,

29



L

RUITFL>EEE

4-1 EBRIEE

#4-2 EBMEIOHALFSARE SBTH A L—T LDREEA

;g:;”:\ 15 IR ij > SBT
B e # a8 (@) i VA 4 v
(%) (g) — ¥ (g)
KRR X (5 A JR D ) - 300 300 0
40%X. 300 180 120
SR E SBT 14 L 60%[X 300 120 180
—Y 1 LDORAEWY 80%[X. 300 60 240
100%[X. 300 0 300
40% X 300 180 120
SR E SBT A4 L 60%X 300 120 180
— U EDRAEW 80% X 300 60 240
100% X 300 0 300

4-2-3 JE LN
(1) BERLSBEERUCEHBYDEE
FEERBR A AT O R A R E & EBRAK T B O S EE R O [ 4y I (TS)
3, B EREWORE A 105°C D A — 7 (YAMATO drying oven DX600)
T4 RS e mBEEEDZMEL, L TFTOoXbHH L,
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TS (%) =D/WX100

AR I EE (VS) I3, B & W Ok &2 600°C D SR E A — 7 > (YAMATO
ELECTRIC FURANCE model FA-21) T 4 BfffliRZ2\ %2 2}, T > 7 — X — T
HIRICEBC L BICIKEEAZEL, UTOXRTEEL -,

VS (%) =(D—A) /WX 100

(2) HTAZEOHE

NAFHAAEREIX 1 B 1 BT R &G () EFa 8 AEDT
WE-1B)IZ X W IE LT, NA A AH D H, 0,,N,, CO,, CH, 1%, B 23
FERRE T 80/100 A v a2y VA ANRNREINTZAT L AR RF
— L7 A GmX2m) Il XD H A7 v~ b7 T 7 (SHIMDAZU:GC - 14A) T
WELEZ, v U ¥YHRIZIE He ¥ A% 28ml/min THWE, £ v V=
X —LIEBOREXZNZENS0CE 1200CL L=, 7 T AIEEIX80C
& U7, I VENG IS B2 2 BE (VFA) 1X, Shim—pack SGR-108H % V> & i ik
K27 o~ k2 Z 7 (SHIMADZU HPLC(LC-10A)) T, Lateef et al ® JjikIZ
FOEHM U, pHIZH 7 A EMAKFE A A 8 EFERE (HORIBA D-52)
THIE L=,

4-2-4 T —ZBEH

TNENDORBRERNO, BEANAA AT AAKEDL), BEA X X
AERE (L), B Y T-0 A X 0 AR E (L/gVS), AWl & % K
Wiz, MREMAICHBRT D7D, BEA X T AEREEZ LT ORI
M TiX®, Microsoft Excel2010 @ solver #EHEA VY, /N T X — X — %
K7,

B=B,(1—e ")
B BFEH A E R (L)
B ot B R XA E (L)
k @ AR/ R)
T: WEfE (H)

4-3 BERBIUELRE
4-3-1 XA FHTAERE
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H#ﬂ’ﬂ4ﬁﬁX@+ﬁ$ﬁ%%fT INA KT AL & L SBT
AL —VORAEGICIIEEEINRBD LN, A4 1L —T 1 T
AM%E,M%ENL%UVTM:M H DN A AT AL ED 89. T~90. 1%H
I2HMTRAL TS, A L —T I TiE 40%X, 60%X, 80%X 12 35\
T2l HIOANA A H A LR ED 93.2~94.8%7° 12 A THRAL T
Dy LL, AL —T 10 80%X, 100X B A L —T1 0 100%
KTILZ6 HMTARAFTHTADOBENILEEFS>TWD, 2L, AL —
BABNEZ Lo bR OAKMARDSE £V, BB E 25
ELTebOEEbN s, mWAEBYANEIC L DHBEREFIC OV TIE,
TNT T YA L= DWW T Nordberg et al(2007) 725, ftlh D {E
e A4S AVIROIBEFBEEIZ DUV T Comino et al(2010) 234 L T
5. ZHIZ ﬁbf*&(v I - EBHIT 409K I LT 60%X TlX
NAFHAEREFRFEICHEML, AFSARE T O RXIZH G
wﬁ%%bko%ﬁ®§$A%ﬁﬁX$ng6%ET%%ﬁw%ﬂ%
Ny AL— 1 TIFE14.9L, A L —Y N TIE13.TL Th o 12,

4-3-2 RAFXVEREBLAEBDOHER

X 42 A X HAOREERELZERT, FAL—T 10O 40%K &
60%XK DRFEA X ALK EIL, LFSAIRO IO HRIX & g L T
Lhhotl-, FI, AL —VNI2BWTY, BREA X o A AEREBIT A
X LD 40%X,60%X,80%X TEholz, A L — 1D 40%X, 60%
XORFEA S A EREITEZNZEI 8.82L,8.99L TH VU, XD
2.6,2.TfFETHH-7=(F 4-3) , A4 L —T 1D 40%X, 60%X, 80%X D
AHRHAERREIZZENEI 7.55L,8.63L,6.84L TH Y, kX LV
FTNEN2.2,2.6,2. 0% o7, THITRSSARID L EHYE
ED@EW SBT A L=V ORI INT 222k, REOHEEYD
BENSEOAX CARERENLEZLOEEbILsd, £72,SBT ¥4
L— DN 60%LL LICHNT 5 & BB A X U AEKENEAD LT
HZLEME,SBT YA L—UDH R G0%D A X AEROIMBIER & 7o
TV,
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aSTBHAL—1 b.STB # L — 11

—_
(o]
)

—_
pv]
1

B
1
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25
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cSTBH# A L— 1 d.STB %4 L—1
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[#)]
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16 1

—_
pv]
L
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N
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Cumulative methane production
]
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0 5 10 15 20 25 0 5 10 15 20 25
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B 4-2 BFEANA T TR « AZ T A B R

NAI(@ : RTHEX, A :40%X, W :60%X, O :80%X, < : 100%I[X)
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FA-SICHFSARESBT YA L —DOVSHTZ VDA X HAAERE
BoRT, VS BV DOBREA X H A EREIZSBT A4 L — 2 40%X T
b, 4L —2 1 Tl 0.422L/gVS®, A4 L — ¥ 11 T
0.377L/gVS* TH VY, ZTDORERITHAFSAIRE SBTH A L—VDIRE A
A2 UREETIL SBT A L — Y 409 I RIS HIETHAH I L ERL
TW5, SBTHA L —Y 60%XD VS -0 OBRFEAZ o T ALERET
A4 L — 1 Tik 0.337L/gVS?, A4 L — 1 Tl 0.335L/gVS* Tdh -
7=,

K 4-3 A KU H AR LA 5 R

VS * & 7= VS(SBT ¥

R A
oramea 2T T OEID L g
") Ji% oA E R A XA )
(L) # (L 24&AKE
/gVS*) (L /gVS)
RS - 3. 38 0.361 - 65
IR D Fr)
S5 AR & 40% X 8. 82 0.422 0. 455 57.0
SBT # A L 60%X 8.99 0.337 0.341 52.2
—Y 1&D 80% X 2.04 0. 069 0. 046 27.3
RE W 100% X 0.12 0.003 0.003 18. 4
5 Rk 40% X 7.55 0.377 0.382 57. 4
SBT # A L 60% X 8. 63 0.335 0.336 50. 0
— Y I & 80% X 6. 84 0.22 0.213 32.9
DIREW 100% X 0.02 0.001 0.001 14. 4

T VS IXSARET A LVL—VRE

NS DL Lehtomaki et aZ(2007) NI 45 A R E SBT & DIRE
FWETHET2 0.133~0.229L/gVS RHAF S AR EWMEY A L —T L DR
B AKX FEEED 0.143~0.268L/gVS, Xie et al(2011) MK 5 AR & 4%
B AL —U 8 DIREERETHTZ 0.267~0.304L/gVS & L TH K
ERETH o7, SBTHA L—UAVS B2 ORFEA X T AL
EIXSBTH A L—VOREEENEZDELEHICHEALDTHHEmME TR L
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o PSR E SBTHA L=V EDREAX VHEBIZB W T, &0
BEHETIEAZ UV EAREZNH TRV LENEERATD
%o 40X TIESBTH A L—T LH5AURTISHTZVDRAX U HALERE
T4 L —1 T 0.337L/gTS, A L— 1 T 0.299L/gTS Th 5, i
B (2000) NI FESAREEDE— T by T E AWV 0.299L/gTS I
E_THEORE ST % 13.5%, 0. 7% K XV, Neureiter et al (2005)
L Woodard et al(1991), Alkaya et al (2011) 3 @EICHE L=V A

L= b LT E DO A 2 AERRBEIZAD L O LR UM KE W E O RS
ERIBEDORRTH > T2,

HHEMDRERIL, XA FHARLA X OAEFELBEBRL TS LI
TRV, SAUROBDORBR TIIANA T TARLRA X DAEKEN
PA VL=V EDRARIVDRVR, AEY S MRITIR L EV 65%T
HDH, SARICKHLT SBT ¥4 L—VOEENRRELIRDITHONT,
EHMOoMBIFETFTLTWS, LFESAURE SBTH A L—VDRAY
T, BB ENE S EWVEIT 4K THELTBY (A4 1L — 1
TH7.0% A4 L—ITH7.4%), A X ARKRRE L &b ICA KW Y fiEHE
THSBTH A L—240% i RIEGFAE TH D LT X D,40%X X 60%
X DA W) 55 i 221X Lehtomdki et al (2007) <0 Xie et al(2011)1C &
HEESIRETAV—VIRAEAX VRBICET 2BEOH MR &
—HT 5,

SBT A L — ORI O A % VBRI RT 2B 2RI 57
DI, AL —V 1 AL =D 40%K, 606K DA FH AL A
B HADEREZEE L (K 4-3), ZOFE, 40%X Tl 1 L —
VIENDOETVLALNTEN, 60X TIRIFEALERUEUTH-T, [F
UL BB ORIV TYH, A L=V 1 LN TIEETAL LR
ST TDZ NS, SBT A L—DRPEMIBEIIEA & VR B,
HZTWiWnwZ xR LTEY,SBT A4 L—U 2 Eelifirg L, &
LI ZLENTEDEERD,
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a.40% X

25
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b.60% [X.
16 -

Cumulative biogas production (I)
Cumulative methane production ()

0 5 10 15 20 25 0 5 10 15 20
Time (day) Time (day)

X 4-3 HFEHIEI ORI DA L= DR F T A« A T ALK RO i

ML (A ;oA L— 1 (120 HEPE)E0% X, A A L—1(210 H HEFER)40% X,

H: VAL —160%K, O: %A L—160%K)
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4-3-3 T — XMW

HEHEHEFE LR oTLERXIIRE, BEA XY T AAKREO ERT —
2 h I HBEMRT 2T o it A SN NRNT A= —NBNK4-4ThH D,
B x4 L —Y IO 80%X ZRWVT SBT 4 A L — Y DIRAEIG M HY
M+ 5L EHITHEZ TWDE, & OFEFEIT SBT60%X 2 A Z A A A KM
FOBERERATHIZIEERLTWVS, ERTHIE S Lz BHE A
BT AERBEEWRT DL, ST DB X B RERTH D, *t
X & 40%KICEB W TIEERTHESINTERA X VAERKREITAEB L
Bo LRSS ASTEBD,606XTIEB LV 2.2~2.9% )<, AL P
AL —U 1D 80%X TlL 6. 2% NS 72 fli TH - 7=,

K44 ERT—HICIVAEHINTEARTA—H —

A L= B#AZ  BimK

. . . k A ARk ‘
DREHRE  AERE ﬁx¢‘zz(gg R?
(%) (L) k& (L)
X B X (5 A 3. 37 0.202
- 3. 39 0.9938
R D ) + 0.00 =+ 0.001
SR E SBT 40 8. 82 8. 80 0. 199 0. 9880
o~ . ' + 0.01 =+ 0.003 ’
FA =T 9. 20 0.161
EDIREW 60 8.99 ' ' 0.9862
e + 0.01l =+ 0.001
7.52 0.238
40 7.55 0.9868
+ 0.01 =+ 0.003
S AR E SBT
. 8. 89 0.163
A4 L — 60 8. 63 0.9809
\ + 0.01 =+ 0.002
IEDREW
7.29 0.128
80 6. 84 0.9494

= 0.03 = 0.002

BHENTEKIESBI AL —CDRAENRKELRDHITHONTHD
L, KMEIZY AL =IO 40%X T0.238/HCTHolz, AX U4
FRBE D @ WEIRAI 72 A X U REAAT O T2 D IZITREA R 40% % RFA &
RXThb, EBRTH k (0.128~0.238/H) 1L, HEHE: & (2006) 234 D
SBT LHAFSAREDERA X ROV THE LTV 5 HE (0,183
~0.204/H) & FE LW, L2aL,Alkaya et al (2011) 23— bk LT
DHEKEE—=F XAV TOHEAXY VREEBECHE LM, 5RO
B LV /NS 0.081~0.135/H EMEINTWVWD, T, HiEA X
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VREEE IR A U TIIER R IWMAEMPRBEBRL TWVWDZ EITKD

boLEbND, 44T ENTEWHBERER THNnD X HI0HE
BT — 2 EEEBATEITI R — &L TWwD (X 4-4),

atrA L —U1

—_
o
J

Cumulative methane
production (I)

Time (day)

b4 L —1

10

Cumulative methane
production (I)

0 5 10 15 20 25
Time (day)

X 4-4 FEErT — 2|2 L0 RO S alE i

M (@ : %fHRIX, A :40%[X. M :60%[X. O :80%KX., < : 100%[X)
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PLEDORERNS, HFSARE SBT A L — L DIRA A X VU FEE
WCEBWTIE, A X U T AEREICKT D SBT A4 L —TDxiERESE
Bl 40%E Bbn b,

4-4 F &

ABETEFHIBETHBICEZIMETLOIRIHAERRZAALS A~ ATHD
E—h by 7 AL =V LA FESAREDIEBEEGAZ VHEBEIZHONT,
FE=EToORBRERLTIME LT,

A X CERBETIE, W FESARICH L TSBTH A L—U 0N 60%EA L
T EH60%X) THRHBEL DAX U T AZFAEIET, VS H72D DX
B HAERESCH Y D IREND, 40%RE LM E (40%X) DR E
KN, KL EHNTH-oTz, £, FEHBHOBE N A L=V L EW
PAVL =N EDAZ T AERBO LI TIEL, RERETRD LN
Rhol, ZTOZEX, ALV —ORFEMIMIL, SBT A L— L HL
ESNIROBERBICB T D NA AT AERRA X VERICKE
BhHEZTHWRNIEEZRLTEY, ZN8IZ,SBT 4 L— L3 4F
SURIZAZ VAERBORTEZBET 22 L2 LI, BRI S 2
EMTEDHLEERD,
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H5E JJIBEBAEY A L—UICBY Hh%

5-1 #EOER

T DO EEBLCE M DIEE N HiFR O ER 21T ) BIC S BOME RN AT D,
6B DO —HRIT )1 2 E BT 5 ALWEE BRFE SR D A8 — L — (2011 KA, 2
TIX 2700 Hm?® (H22 7 — %) TAIEL Y BB I N TR Y 2 O— I EXN A
Y7 ERRL T EEOBERCAEIEE O REE & U CREE 35 BIAE - B -
A IR LA L TH 5> T WS, LM L,EXY R 7 & UTHIAE
D LSO BT — R BEIEY) & L CALERE % ) ) TREHIL Y STV D D3R
RETHD,
INHONFEIZERMRANAA A AERTH Y IR CHDIFHT L 2 8,0
HhEak O A WIS 72 0 HEREERLRERE LA Th 5, ABFSET
TR NEEBAX B % Z 4L E TOBERCAEELE L CORMITINZ M AAET 2%
BENREXMNBLE LTENA T H AT AT A TORE A X VIEE~DEIEM & L
TOEMEERIET HHDOTH D,

Z O R OHEEIZ Y 7 o TR M BHR B OVEFENER, B4y FrPE I D\ Tt
Vi1 BRFE Jry 17 L BH IS BB A AT B T 3, A L— b B R BB E T4
1 I R PER AR SRR N 0 L T T o 7,

5-2 MREFE

5-2-1 %Pkt

(1) EEHMESA L—Y

YRR 25 458 A 6 HIZ WK R —#RInl AL ) 2 E KAG T DB 2 5 2 Tl
HHORB AR L7 (K 5-1), —2I3F 5-1 [TRT~ AR A RE D SR
DIREGW TUR— MR L KT D, b I — DX ¥ TROZELEY THTIZ
FoTHEH2mIFEDOEHIITKET DA A X R (X 5-2) & Lz, Mi#H ORI
DR Z 3R 5-2 1TR T,

51 Xk, 5-2FFA X KV
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K 5ol MR O FEARRNER

= 5 Z % %

T E—N— Triolium pratense < * %}
a s a—N— Triolium repens < * %}
THTY Vicia cracca < * %l

AZVTITATTA
A—=Fv—KITA

Lolium multifiorum Lam A 3%}
Dactylis glomerate 4 3%}

XA Erigeron annuus 7 £}
FAIaEX Artemisia montana %% |
Y )X TX Y Rumex obtusifolius 3 T %
A 7 Juncus effusus L. var. decipens Buchen A 7 %}
R5-2 HERLUYAL—UIEL EHEDORS
SHEE(EYEY%)
T+ 44
TAHA442F — kM E
—fRME K1) YAq .
) o HAL—T
Lr—v
K5 77. 283 76. 925 73. 200 72. 400
&Y 22. 717 23.075 26. 800 27. 600
CP(#E%2 > /\Y) 2.383 3. 200 2. 400 3. 200
IR 1. 708 2.150 1. 700 2. 400
EE( ¥BAERA) 0.533 0. 625 0. 500 0. 800
NDF( T4 —S x ok #idl) 12. 517 14. 500 16. 400 18. 600
ADF(EtE T4 — = o b i) 9.933 8. 258 14. 100 11. 900
ADL(EEMETFA—ST vk H=y) 2. 958 1.133 4. 900 2. 200
NFC
6. 575 3. 667 7. 300 3. 600
(FEMEHE P B KAL)
Ca 0. 248 0. 093 0.210 0. 100
= 0.038 0. 055 0. 040 0. 060
Mg 0. 049 0. 048 0. 060 0. 050
K 0.310 0. 286 0. 300 0. 320
K/( Cat+Mg) 1.093 2.072 1. 111 2.133
o0 HRE N ¥) 5. 092 7. 350 5. 000 6. 000
OON( #afii4é) 15. 950 13. 592 20. 200 19. 200
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Ca( S E b ) 0. 600 1. 042 0. 100 0. 900

(B H b M) 15. 350 12. 550 20. 100 18. 300
TUEZTRERER 0. 000 0. 020
[ 0. 000 0. 000
FLBR 0.010 1. 360
i3 0. 040 0. 050
TREA 0. 000 0. 000

SR 2 BRI RE A SIS 50 mft IS M L, LR B B (SRR
Si-master) & —fA972 9 A L— L BEEOHLE R (0. 05%) M1 % TRA L=, 101
DA, B LIS HIRA L, AT 5 2 & CHRGARIEL L, 3 4 A RSems
SETHA L—VfbLE,

SEERUBRRTIC, 5 o1 FLELCAMIERE I T EAIERE) CHIIE L 7.

(2) ILESAR

HFSARITHINEERT T 4 — NV KRR 2 —NHHEE Y F 0 HERE
L7z, TSI EE AN & < TRENE DS/ SN T2 6D, BT B 28 6% 72 5 K 9 12
KIHFEE L 7=,

(3) ¥k
AR UIEEED AL — 2 — L LT, RFITHER A A0 A7 F 2 b (ERTE
%) DAL 2 BB L TV,

5-2-2 RAFRERAR
(1) ZEBFHE

RSN B Z 422 LRI —ORY =F U U FGRICANESE L, 556+ 1°CT
BEHINZEREAMECANTZ, A2 1R 1 BT AR THEE L, TAN
v I ZBRPIBA LW IV ) arTFa—T% 70 v TIEDTARHEL,
TmE ol WA R OEE 1 H 1530 HEEIE LT,

(2) HRBRKX

F 5-3 IR e N UT- EBRMPE O FESE & BIA 2R Uiz, EERMENT, FEVE
Ted LTOMEE A L—, IS AROBMEREDO AN 600g 12725 X
I, ENFNDOENIEHEE 2 TA~L D 12 OFERIX & Uiz, FERIZT TR ToR
BREX CHWZ23, Ml L2 A L— & AN b 0, BEANE Y A L — D
Hnicb o (UIBEEIERE L KL T 2) |, AAFESARDOH, FEHIED O X RIX G
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BRE LT,

# 5-3 ABRX X5y

BAE (g)
oA L=y A4 RS
. THAb IR . B VS (%)
7 IREEIE %) — AR
A 10% 300 30 270 600 6.71
B 20% 300 60 240 600 7.71
FAAH  C 40% 300 120 180 600 9. 70
KU A AT 7 L
D 435 45 120 600 7.08
L—3 (27%)
IS
E 540 60 0 600 7.48
(100%)
10% 300 30 270 600 6. 77
20% 300 60 240 600 7.82
— R MEE H 40% 300 120 180 600 9.93
A1 — AT 7 L
. I 435 45 120 600 7.17
v (27%)
BASE
J 540 60 0 600 7.6
(100%)
FHEJR D F.
K 300 0 300 600 5.72
B (0%)
xR [X N
THALHR D
600 0 0 600 5.43
(0%)

A L— DRAEE W)= A L—2/ (A L=+ RS AR) X100

5-2-3 HIE - oW & REMHT
%4 7 (4-2-3,4-2-4) L R— D HIETHIE « 58 LT 21T -7,

5-3 RMRBIUEZ
5-3-1 ERSEEBLLIVOCHEEYEE

&SRB X DB D FSEERT & FeEEL O B4 I EE (TS) 3 L OV KM 2 EE (VS)
B3 5-4 1T, EIIRE (TS) B X OVEHEMIEE (VS) IR G BEEX Tt A
V—UHRABENSZ VNI ERESREE R LT, £, —RMEE A4 A X R &
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s« FLs Rk

CHP : ZVE 3145 (Combined heat and power)

DS: %24 (Dry Solids) [t, kg, g]

FIT: [E &l BB §illFE (Feed—in Tariff)

FM: A= (Fresh Mass) [t, kg, g]

TRR: NI 48 2R (Internal Rate of Return)

k AL [/AH]

LCC: T A 7H A 7 a Ak (Life Cycle Cost)

RPS £ AR FHEE T LD P /X —S5OF BT 2 Fepl B s
(Renewables Portfolio Standard)

SBT: &™— I bk v 7 (Sugar Beet Top)

T : WFfH [H]

TS: [EIEA I (Total Solids Concentration) (%]

TMR: VEA &) (Total Mixed Rations)

TVFA: R PEARIGER (Total Volatile Fatty Acids) [mg/L]
VS: A1 E (Volatile Solids Concentration) (%]

R*: AH BEAR Ak

B« BFEA AR [m?, L]
B o @ BRI AR [m®, L]
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Summary

Anaerobic Co-digestion of
Herbaceous Biomass and Dairy Cow Manure

Background
Biogas system is effective for not only treatment of manure including

control of an odor, but also reducing greenhouse gases and power generation.
In the 1970s, some institutes and universities especially Obihiro University
of Agriculture and Veterinary Medicine, built biogas systems in Hokkaido
and began to investigate methane fermentation. No. of biogas systems in
Hokkaido has passed its peak in 2004, at presents 40 systems are in
operation on dairy farms, but systems are not spread.

Renewable energy receives remarkable attention since the Fukusima
Atomic Power Plant was badly affected by the Great East Japan Earthquake
March 11 2011.

Feed-in-tariff system in Japan also started July 12012 , under this system
electric sailing price produced by biogas generation raise higher four times
compared with RPS. That is why biogas production by co-digestion of a
mixture of different biomass is quite effective in economic condition of biogas

systems.

Objects
To spread and popularize biogas system throughout Hokkaido by this
studies
To determine the effects of biogas production of anaerobic co-digestion of
dairy cattle manure and un-used herbaceous biomass silage such as

sugar beet top and grass produced by the maintenance of river dike

Methods
Collection of existing materials
Field survey and interview present situation of biogas systems
Analyze the data and propose solution methods to economical, technical
and social problems of biogas systems
Batch experiments using laboratory-scale digesters at thermophilic
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temperature in order to establish optimal proportion of sugar beet top
and grass silage produced by the maintenance of river dike

Results

Present situation of biogas systems
Initial cost is expensive because of import materials and 2 way
systems (solids and liquids).
Running cost is also expensive because of many troubles, short life,
low price of electricity and shortage utilization of digestive juices,
biogas and heat.

Improvement method
Use domestic materials
Change to simple and 1 way systems
Organize domestic company of system operation and maintenance
More domestic utilization of digestive juices, electricity, biogas and
heat produced by biogas systems
Co-digestion of un-used sugar beet top and grass silage and manure

Anaerobic co-digestion of sugar beet top silage and cow manure

The digestion systems failed in 80% and 100% proportion of both types of
sugar beet top silage. The highest methane yields were obtained at the
40% proportion treatment, which were higher than the yield from control
treatment (manure alone). Furthermore, the highest volatile solids
reductions were also observed in 40% proportion treatments. Based on the
results, the 40% proportion of SBT silage was most efficient for methane
production. With respect to 40% proportion of silage I and II, methane
yield in silage I was higher than in silage II, however, the difference
between the yields from the two type of silage was not significant. This
indicates that duration of storage of SBT silage does not have any
appreciable effect on methane production potential.

Anaerobic Co-digestion of grass silage which produced by the maintenance of

river dike and cow manure
The co-digestion experiments did not failed up to the 40% proportion
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treatment of grass silage which produced by the maintenance of river dike.
Methane yields were bigger than control treatment (cow manure only) and
were increased by proportion treatment of grass silage. Kinds of grasses
and cutting were also effect on methane production potential.

Conclusion
Anaerobic co-digestion of un-used herbaceous biomass such as sugar beet
top and grass silage and manure has been demonstrated to be a highly
effective on process for producing sustainable alternative energy at the
farm area and economic condition of biogas systems with methane
production under the Feed-in Tariff .
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