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BOAVORMETT RFAC F AT REAT EEAY
AL ELOE K2 %5 R H AR 2B, 05 1001935
2. RE ALK T2k . At 1000835
3. Rl 3 AT T A RE VR I AR R R A6 = L L 100083)

H E OAEQGIED CEHTAAMKXRAHLRE T F . AREBEHIL n(EMNY) 2 mORY), 453 L% B K
(VOH)IA 1:1.2:1.3: 1 Amd: Itk rE o BRERGRABLEE, 2REAN . AX ol bE AR
BB AHEEIRP BRI I TAETRG . LEFLARARVIBAERZAES A A 951.2 42 851.4 mL/
g, ¥ AE VS Wi BARFAZ 4 5 % 546.1 #2499, 1 mL/g; B AL A 1+ 1 8, F A ZRAK, 242 VSBARERFAE
A 4 831.5 42 730.3 mL/g. #15 VS ERZ Tl T o A 4 524.1 2 425.8 ml/g, A A 1: 1 0. R EmAk
WE AR B EREFMBHE pHBEK, BZAE FAZTRPTIRKE LY 2K T A&, KA ik
RRFAFTUREUEEFRERERSFALES 12.600, MEBAHRLBHRH(1: 1~4: D. kA mfib s AL
WA B REE BN HEA AT EREREETRBEAL Q2 I~4: DEBRNEF MY S TR ERER, £
BB s s 28G, RAKALEFRNE K RSEMICH A THEE 8,387 &5 R0 BEmak,

KB AR RAMN; BA; Bk Wik IIHF
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Influence of inoculum-substrate ratio on food waste
mesothermal anaerobic digestion

w
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(1. College of Agronomy and Biotechnology, China Agricultural University, Beijing 100193, China;
2. College of Engineering, China Agricultural University, Beijing 100083, China;
3. Key Laboratory of Clean Renewable Energy Utilization Technology, Ministry of Agriculture, Beijing 100083, China)

Abstract The influence of inoculum-substrate ratio (ISR) on the anaerobic digestion of food waste were studied. For
this purpose, several batch reactor experiments were performed using food waste (FW) and de-oiling food waste
(DOFW) as the substrate for ISRs in the range of 1 : 1 —4 : 1, under the temperature of (37 = 1) C. The results
showed that the highest biogas yield and methane yield were 951.2,546. 1 for food waste,851.4 and 499. 1 mL/g for
de-oiling food waste respectively at ISR of 3 : 1. The lowest biogas yield and methane yield were 831.5 and 524. 1 mL/g for
food waste and 730.3 and 425.8 mL/g for de-oiling food waste respectively at ISR of 1 : 1. In the startup phase,due to
the low pH., the daily biogas and methane concentration of FW and DOFW at ISR of 1 : 1 were lower than the other ISRs.
Cumulative biogas production of FW increased 12.6% than that of DOFW. With ISR increased, the lag phases of FW and
DOFW were getting shorter. The lag phases of FW were longer than that of DOFW in the range of 2 : 1 =4 : 1. The
result indicated that increasing ISR is beneficial to shorten digestion time and improve the efficiency of the reactor. As
the oil content of food waste increasing, the lag phases of anaerobic were becoming longer.

Key words anaerobic digestion; biogas; food waste; inoculum-substrate ratio; oil; kinetics
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%8 T R T A T A B B R
A Jot i 3 B WO LA B SR 30 T A T R I A B A
HERSL L AN 24 4 Ak B2 7 B T e BRI X4 JBf Ay SR AT
LML I AT

PRAETH AL T AR A LR AT RS B4 J68 1 3% 1) i
AL T ELBEAR A B W RE IR T E e E AR R
JUZ NN . BT AR B R A 4 B R X T
IRETHACRCR Fig A7 R e PR | .
o Al fE— s R B b AR R NI T TR A e Al R
B b R 94 A P i U 1 1 R SR BT 5 5O mT 30 2
“ERIGT . Zhou AT EFY T B R L X 2 R i ik
N =R R AIOE AR S k7 L = N R I =
PR NG 07 R 1 o i SRR 0 R ] Li AENE
A AT 5 3 A T B 3% 1) IR AT A R L R B
T R o BRI A A L 1R 2 Ik SR AR b
ey s HLAS R b iy SRR 22 57 LA L i iy
PERh et 251 & = E BRI H . T Zeng S AE
X Gl 3 3 v UL DR ST AR O AT S R TR R R B b L
xf R AR be - i BAT BT A S . B LR e At X
REFASRMELSHZ " Bt A A%
TP LE B BIE T SR 1M 4 Al EE AR T 3 DR 4CTE AL

RTINS T O BRI A BT R 3 0 IR A A
P55 [ AN A — R 19 22 59 FLIh G & B il IR B
fift Ty 7 A A B MR U R TR R4 O T AR R
B DA AL R R LB D52 b o AR BFSE A LA ]
T 5 A o LI R A IR ) B AN [ 42 LA
TRIE LT LGS 6 458 T 7 380 11 25 300 4 Jo 57 38 PR 46T
AR e LS S 3 ] 48 Jof 33 R 4R T AR 4R i — 2
14 BB A A

1 HR57E

1.1 IR

A T A O b R v R R . WSCAR YR
BRI E RN L Kb Y. R E &
FALATHE  LUORAIE & B RS P 1 38 02 P L B 3 50 1Y
BRI E T 4 CCOKFEI AR . 8 Jof by W B o g
7 2R BUE B B % 500 mL, im A B 37K 500 mL,
SR F W 7K B8 7 3% 10 min, 8] f B 22 SR 0
BRSNS Fe BRI AR 4 JET a3 S R 2 R e R
Jof B 9 iy b By X — R e sy ik i b i ) R
FIRRE T 4 COKARIWAF . 28 Jof br %, £z Fh 15 8 3
R L 1,

x1 BEELGREEMYHELER

Table 1 Basic characteristics of food waste and seeding sludge

#rk wCE E R /% wHE R D /% w gD /%6
Materials Total solid(TS) Volatile solid(VS) Oil content Pt
K F M IF R K Food waste 19.53 17.95 28. 30 4.74
B 11 3% De-oiling food waste 13.08 12.29 11.42 5.03
B:F Y Seeding sludge 7.55 4.57 — 7.32

TE - QO 7 488 o 38 58 A o £ 57 o 23

Note: DOl content in food waste base on total solid.

L2 REEHRFAE

A Tt 7 3 At B P 0 2 R A A T
JEEFE /Y 250 mL IR 4R & W . A7 R R AR AR O 180
mL . 3R {5 I I H B 17 AR e B RS SO f o 85 AN T
A RIS G 8 Sy SR FE Y BT L RS e T
MR SEEAT IR I 2 R AR ZEAR . KA K
P B TR A I % v R BRI (37 £ 1D C L il
FH BB e i A A0 A £ R KR I E TR UH R
U I S A R AR A B (o (D)

M pH B HF4E 67 d.

DA 25 9 e 4 6T 457 3 (F W) 25 3 5 48 Jef B
W (DOFW) g & e JFR} , 15 5 2 L Gm (B2 Fp )
m YD R EEE VO8N 1 1.2 ¢ 1,
3+ 1M 4 s 1, RERIKYWIIG A HLIAT (VS) ¥k
8 g/ L W i £ 4 Jof iy 35 RN 2 31l I 28 T s 35 o AR
AN [ 422 ol b S0 S 488 D6 sy 35 AN Ak ¥ U8 L b 7S R
BFKREABAER R 180 mL, BAA I E 3 4F
1. WlER b A IR A Ly 1 1.2 1.3 ¢ 1
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41 Wkpmky FWI.FW2 . FW3 fl FW4, L&
Jof 57 Y ¥ B8 2 Fh I AR R O DOFW1, DOFW2,
DOFW3 #l DOFW4, MR 4f ik e 1 %[
Xof R LR A i ) RS U #h TR R B T OK A AL
HB R 180 mL, A BB E 3 AT, AIREF
L B P AR 38O S BR s O IR S B AR
1.3 REHHHE

TR ORI (TS) & v B (VS) SR H
2 1) 7K R K W B o 7 ke, pH SR 26
Orion 3-Star pH {0 % . A A8 B & & 2k A b 5t A
iy AR M TP 2 TG HR ICER I S .l R R R
(TIC) FI%E K M A HLER (VFAs) & 5% P 5004 &
AR (S K5 3 > 2 e | 7 1 o 3 o TV B/
() SP-2100 < AH 0 135 W 5 W 2 4% 4 - #4540 0 %
(TCD) , AN A A (2 m X 3 mm) , FEFE 2% A IR
IR0 2% 38 B 3 B &g 120,80 F1 150 C L8R N
N, #it# A 30 mL/min, {8548 SN I BE 59. 7%, —
AT 40. 3% . R H CurveExpert k{44 #1144 1IF 14
Gompertz Jy B BEAT 8 J1 2250 H7 .

2 RBERE5HH

2.1 AEEMEEFRNRREFELETSE
FEA0 HCAR [R] IS B 6 4 Jof 17 ) CF WO 125 il 48

H =S i/ (ml/g)

Daily production

At al/d

Time

&+ W1

- FW2

Jif 57 % (DOFW) PR A8UH Ao # B = A 2 B A
IR AL (B 1), #ERM LS 1 1 B 7 6 48 Jof 47 3%
(FW 1) F12: 30 4 J6F 5 9% (DOFW 1) 4b B 29 245 78 45 2
KALIE 1A= (A . 43 5] 2 40. 4 F1 45.7 mL/g,
ZIETPRR R BIAESE 5 M T R R BE 2 IR AR
PR Fh AR B B I (DOFW D) (9 H 724 5 1 fef
BB (FWL) R R B i, B &f 4% ot 47 3%
(FW1) #1221 45 J6F 17 3% (DOFW 1) 43 BI4E 45 5 F1 7
KUJGHPREEGF G B 2075 11,22 K
S 13,28 R 2 A7 REME L TESE 40 RLLG
FEARNPF R, ML 2 1.3 TR 4+ 1 B3
i 45 JiF 47 B (FW2, FW3, FW4) Fl 2 3l 48 i 7 %
(DOFW2.DOFW3 . DOFW4) 7E 45 3 ~4 K H Bl =
AUEAE 43 9l 90.3.131.1,155. 6 mL/g F1 104. 2,
149.2.168.8 mL/g, fE 4 13~19 K J5 I A R =
o B HAN ELA$E R VA H 7R W
R PG AE B IR I RIS AT . FE A LA R il As
55 v )R A e iy S A (IR T 2 i 4 i
W= KW AE, H B35 B[] 1838 . 25 b, 4 B
(1 + 1) 48 Jof B 3R S80I AR T 3B 7= SAE R0 46 o B
ZENIE . AR R L A R T I A SR
SRR AR 4 R Tl B S AR R B iy
W1 B B 7 AR A T T A e 3

1000

x®
=
(=]

(=)

=

(=]
T

400 [

200 [}

Biogas cumulative yield

10 20 30 40 50 60 70
A fal/d

Time

—A- W3

v FW4
-0- DOFW1 -O- DOFW2 -&- DOFW3 -7 DOFW4

FWI1.FW2 . FW3 fil FW4 FoR#EERMEE I 12 1,22 1.3 5 1 A4 ¢ 1, 2R 2 b 37 6 48 Jof b 2 4k ¥ 2H s DOFW1,DOFW2 . DOFW3,
DOFW4 F RN 12 1.2 1.3+ T4 = 1, Rl e W B R AL B2, T E[E .

FW1,FW2,FW3 and FW4 means that the inoculum-substrate ratiois 1 # 1,2 : 1,3 ¢ 1 and 4 : 1 in the anaerobic digestion of
fresh food waste. DOFW1,DOFW2,DOFW3 and DOFW4 means that the inoculum-substrate ratiois 1+ 1,2 ¢ 1,3 1 and 4 :

1 in the anaerobic digestion of de-oiling food waste. Same to the figures below.
1 AEEMENEFNR(MEMELZEEFIT)ESEFE(a)MER~KE (b)WY

Fig. 1 Daily biogas production and accumulated biogas yields of food waste

at different inoculum-substrate ratios
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AN ) 2 b ) 45 T ey 3 IR AR T Ak ) B AR R
ANIE. HEFPHCH 3 ¢ 1 B BT R R RS G L VS
RSk 9512 mL/g. & FHRL R 12 1,
2+ LRI 4+ 1 s VS B S o, =S it 50 il
7 831.5.942. 8 F1 930. 7 mL/g; 7F It 3 Rl bk 55
T2 et B g B B VS BRSO 851, 4
mL/g. @ FHME 1 1.2 1M 4: 1 EB™
S RYH 730.3.849. 5 1 818.5 mL/g (& 1),
T B 2 o 7 0 R 25 A R B R AR AR L 12 1 B
KBS BAR T A R LB R, T RE S
WG B B 7= S A 56 . Raposo F 48 FEBF 5%
FEA X B8 46 il DF DX S0 Ak 52w 41t 20 56 b L B8
FEMIE R 3~0. 5, B 45 SRR B HER Iy 3 I R
PR X A 4 F AR — B, SR AR
BB E R i E o 4 0 1 A B R R
BART RN LL R 3 ¢ 1 Ay AL PR 2, By fF 45 I b7 3K
(FWOZEHEFPLE A 15 1.2 1.3+ 1 A4 = 1 B, B
PR v 2 AR JaE B (DOFW) () RS
B 13.9% .11, 0% 11, 7% 1 13. 7%, F ¥ & s
12.6% . XA CAIMAG M= m TR EA
JoT 45 oA A LT ZE AR R A AL T 5 e &
JoF 7 3 A A 7 A A A B SR R PR R
2.2 AEEMILEFRRKEE K FRER S

R

FEFP LG AR [R] B BT 5 4 Jof 37 35 A 2 3 8 et by 3
PR AT A0 R e 42 B 40 B Coo CHR 580 ) 22 300 A B0 1
o HERRION T 1 W 3 48 JaT B 35 (FWO 253
8 5t i % (DOFW) o CH B8) 23 5l 2 55 12,15 d 35 %
50% L b\ Z G AEFETE 50% ~T70% (B 2)., SR1i4)
G B (0~15 d) 7 #5 4 Jif 457 ) (FW) o CHE 8D B i

100

WoAREEX

-+ W1 -0-DOFWI
--I'W2 -0-DOFW2
--FW3 -2-DOFW3
-+ W4 -~ DOFW4

FRER AR50 %
Methane concentration

10 20 30 40 50 60 70
At fal/d

Time

2 AEEMLEBEFR o Akt ) TN
Fig. 2 Methane concentration of food waste at

different inoculum-substrate ratios

KT 22048 i b7 3 (DOFW) . X 5EA H =K@
BB D, FEEMER 2 1.3 1.4 183
4 J5F B P (FW2, FW3, FW4) Fil 2 il 48 5 b7 3¢
(DOFW2,DOFW3 . DOFW4) ) o CHl J52) 43 3l 75 55
9.6.3 d M 3.2.2 diLF 50% LU b, 25 4EFE7E
50 %0 ~70 % 5 2 BIAER] fe B B B 7 ok 5 11 37 4%
Jif 57 3% b 2 i A D by 3R ETH AR Y o (R D IR HL o
CHEBE ) 348 i 2888 200 02 o 3 T BB A v 2 k19 T il K i
7 A AR I D R A R T R BE TR e D, IR
ST Al R AT AR AR VA AP o CHE ) T Hh A 3 Ak ik
e o 00 3 0 BRI 2 7 R T 2 7 T e T, 2 T
BEw 5 BB, o (k) — S T & & T
506 . BH A HEFD LA BN, o CH 52D 35 31 50 % 11
I 1) 406 %6 o 156 WA 422 b 1L 4 388 oA ) T 7 R e o R 1Y
PEAT. LR 2 1.3 14 s LA IR S
) 48 5T By ) (FWD @ CFR ) b T B2 AR T 2%
A 5T b7 3 (DOFW) , 5t B 497 4 [ B 3 B 7 hb 4 0
77 e TR I PRI

PERbEEM 1 1.2 1.3+ 1 fl4 s 1B, B 48
Jif 3 % (FW1,FW2, FW3,FW4) Fl 2= 3l 45 J§f £ %
(DOFW1,DOFW2, DOFW3,DOFW4) #i{i; VS &
TR o 7= 43 ) Sy 524. 1,532, 2,546. 1,538, 0 mL./g
1 425.8.484.6.499. 1,467, 4 mL/g, A0, 4
FiEE A 3 ¢ 1 W i 4 i 457 ) (F WD) 1 25 il 2 Jif 37
W (DOFW) SR gy 1 i T Ho A2 b b . B2 b
Feoh 1s 1A, SRR ™ R e kB 0 AU E 4 b L
A BB SR PR Ry AT A 0y 42 Ao i 3 L0 s B BB ) Y e T
TG PEBAR 72 RS2 A G, T 0 48 o iy 3 Ah B 2
B SR H ot o 1 R T 25 S 4R Jat by A B4 it
iR 5 RP AR -
2.3 AEEMEERFLRERSELITE pH TR

Bt R A A A b pH AR L WL 3, 42
FREESA 1+ 1 04 62 4 Jot 17 3 (W 1) 12 7 48 Jod by
P (DOFW1) 7E /i 3~15 d iy, pH ¥{LF 6.5, H
FWI1 ) pH & F DOFWI1;7E 15~24 d N, pH FF 4
M T RS AR YRR AE 7. 0~7. 8, pH AL AT
5| R 7= P o8 T A A7 AR I AR A2 1 J AR AR, — i
T OL T RN 45  pH N 4ERF7E 6. 5~7. 8%, 4 Fh
el 2:1.3:1 4 : 1 fabBig pH 2 fb FE A 7
6.5~7.8, MM A 1 1 (4384 W) ih B B
pH (i, 5 H 7= S h A o CHF g ) 8 11 A9 B0 7 — 3,
F WA LA, 2 BUR B8 22 v BE Ty 855 . L T A
G B B R AL 5 . DT 2507 P o B O R AT L 7
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Fig. 3 Curves of pH during anaerobic digestion

2.4 AEEMEBEFRREE L DEKNIEL

M B B R R R

Pl 4 7 HE A [ 42 ol L 428 Jid iy 30 DR T Ak T 4R
(TS) FHE K AR (VS) 1Y K BRI O . 48 8T 57 3% IR
ST AR A W R i R AR 80 06 ~ 90 Y0 o 1T B B L Ry
1s 1B 7 & G B W (FW LD #2534 T b7 4%
(DOFWD) ) TS B fift 5 AR, 43 0 R 73. 942 M
73.53%, IR 45 RS Lid™ 193t 5 45 AL,
Liu FEAF 55 7K 850 4 B8 F 3k 717 7 ALK 5540 19 52 i
HOE A I AT A B R JET O B VS KRR E R
87. 5% » SiZIR I 45 B — 3. AR 4 F 45 b LAY
1 TS\ VS LBRZIH . B R 7 2250 B i A4 4k

PR Z 0] 4 TS VS ZBRFRICHH 25 % (P>>0.05),
XA e T A BER A 04K (67 d) L AS [R) 4 4 i)
R 4 itk 358 R VD DG )

120 -
- TS
100p ==VS
« 80
s
¥ 2 60
& 2
H 5 40t
20+
FW1 FW2 FW3 FW4DOFWIDOFW2DOFW3DOFW4
4 BEEK(TS)MIEREEF(VS)WERE
Fig.4 The removal rate of total solid (TS)

and volatile solid (VS)

2.5 AEEMIEEFNIRREELINZESHT

Xt Tt R S A ™ B b i A 7 —E R
BE 7 R UE B A R — A BB Lay ™ 48 A
B B4 figp i 2 7T R B IE 9 Gompertz J5 7 B0 «

J)

A M@y ¢ 215467 VS HHEGE Ry 2B & . mL/ g;
M, A I AL VS BB B mL/ g5 Ry 0 KB
£ VS B4, mL/g « dsA IEAF . ds ¢ Shilse
Free iyt a) . d,

KB IE B Gompertz J5 & X5 AN [6] 42 Fh Lb & 6t
BRI AR BT A S EOLER 2, BRI

M(t) = M, exp {* exp[%(}{ — 0 +1

max

%2 {E2IE Gompertz 7 E MR E S AT £ Y FEfF &
Table 2 Model parameters of modified Gompertz equation and biodegradability

S BEF= 5 (67 D

PERb L FRH e A iR EWE ) Accumulated biogas yields
Qb FE 2R PG FE Tgo/dV
37} Inoculum- Ry /(mL/g+ d) /d WAL/ A/
Treatment R? Digestion /%
Substrate substrate Maximum rate of Lag (mL/g) (mL/g)
group ) Fit index time Diversity
ratios methane produced phase Predicted Measured )
ratio
value value
e FW1 101 0. 995 28.1 11.5 30 533.9  524.1 1.9
Food waste Fw2 21 0.993 50.9 5.2 10 525.6 532.2 1.2
FW3 3:1 0.992 51.4 2.7 8 546. 6 546. 1 0.1
Fw4 41 0.994 52.0 1.3 7 532.0 538.0 1.1
Sk DOFWI 161 0. 989 17.8 12.3 31 136.1  425.8 2.1
De-oil food DOFW2 2+ 1 0.994 53.1 4.5 9 484.5 484. 6 0.0
waste DOFW3 31 0.997 47.7 1.8 8 489.0 499.1 2.0
DOFW4 4+ 1 0. 994 45.4 0.5 7 453.2 467. 4 3.0

TE D Tgo » UG8 7™ A0k 18 B 8™ A8 80 V0 BT T A IR] . Note:

Tgo »means the time needed to yield 80% of cumulative methane.
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(DOFW ) fie K B B 7= A 3 %6 R0 B S AIG At B2
Fbt S5 1 R 2 B 48 o br ) (FW 1D 125 il
ot 51 P (DOFW ) 77 S A B IR A o CHE 52D | T
BN R AR Bl . B B A B R B B AR 5
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) SE I 0 e T 2 Tl A R B ) (DOFW 2,
DOFW3.DOFW4) , iX AJ fig /2 i T #7 & 45 Jof b7
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)RS Y 80 Vo B BT T B A e R 2 A 0 Atk
RE R AL W %8 i o 3R ) T B S 80, 4 R A e T 3
5 1 [F) A5 5 ) P9 BE 6 A B R 22 194 488 JBT sy 3 O 7R A
Z TR M TC TS 2 I s DT 4 e B v s 114 T
VERCRMZE G PE . R 1 s 1B, T4 fh st ) 2
fl Tl Y 3 A5 DL o B A 4 R b 15 L T AR e Ta]
Ap e, DRI A B A 422 b L AT R 1 4 3 A s ] 42
o A W R fie R

J7 e B 5 1R 0 I A 1 SRR e e A 2
ARO~3%) BB 25 67 d By R AL, & 6 57
WA R4y . RY 33978 0. 98 DL b, LB & IE
) Gompertz J7 T2 fig X B & 2 5 457 5 (FW) Rl 25 7l
8 Jot 7 P (DOFW) PRAEH Ak 3 B AT B4 L&

3 &

1) A 2% B i 45 T 37 3 R 2 0 i 4 o s 3R B A
FER IR 3 ¢ 1 B HUS B R L VS R
KPR RS 951, 2 F1 851, 4 mL/g, Mify VS &
T Bk 546, 1 1499, 1 mL/g; 3R K1 ¢ 1
B 2 A& JF i 3 R A0 AR 00 B B B pH B4R G 1
P R Ak VH AR H 7 A R B R B B T
PERIIL (2 0 1~4: 1),

2) 47 M 48 o 57 I AH B 2 T AR o e 3 AT AR Y
FEACE R RIIR BY BE o (F E) b T4 18 , P= S (H
AR ER IR, BEAN LS 1 1.2 1.3 ¢ 1 A
4+ LB 8 45 Jof by I B2 R A A T 2 i AR R 82 3
Ay 13.9% 11, 0% 11, 7% 1 13. 7% . -2 42 55
T12.6%,

IMEIER) Gompertz J5 72 BE AL 4T 1 40 G B fif 45
Jof d7 3 2% S B B SR e e AR L RYOIAE
0.98 Dh 1. Bl % $Mh LU A B 15 o 007 6 28 JBf 57 3 F
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