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Abstract: In this paper, under a mesophilic batch anaerobic digestion, single factor experiment and
multi-factor experiment design have been taken to investigate the effect of both the ratio of feedstock to
inoculum and the fermentative concentration, which were the mainly influential factors, on anaerobic
digestion of organic fraction of municipal solid waste (OFMSW). When experiment was carried out, the
Modified Gompertz Equation was used to determine the kinetic parameters of anaerobic digestion, and then
Uniform Design Software was used to analyze these kinetic parameters by regression analysis. The results of
multi-factor experiment showed that the fermentative concentration was main factor to affect maximum
accumulative biogas yield, biogas rate, biogas conversion of VS and biogas rate of VS, while the ratio of
feedstock to inoculum relatively was not so important compared to the fermentative concentration, especially
for biogas conversion of VS and biogas rate of VS. When concentration was lower, removal or biogas
conversion of VS were higher. Contrarily, when concentration was higher, accumulative biogas yield was
higher and biogas rate was faster too. On the other hand, the results of single factor experiment also indicated
that the optimum VS concentration for anaerobic digestion of organic fraction of municipal solid waste was
4-8%, the ratio of feedstock to inoculum was 1.5:1-2.5:1.

Keywords: Organic fraction of municipal solid waste; Anaerobic digestion; Ratio of feedstock to inoculum;
Fermentative concentration; Modified Gompertz equation; Uniform design
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B, #ITTRREERKRAS B ELRAR, A4 Modified Gompertz Equation #it&-3k#F4= Uniform
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Table 1 Ingredient of market waste (%w)

F1 RATHIFPENIIFAR (REFHE, %)

SIS S [ EN GBS UGS (B S ERUES

23.21 35.02 5.27 11.18 7.38 17.93

Table 2 Composition of powder market waste (%ow)

R2 MARMBPHZTERBRSRETHH, %)

TS VS W KW R ey fMEm CRLrdER RN HIER

98.28 7587 12.80 31.77 396 188 2427 11.39 7.60 16.00

2.1.2 MY

FERMPIE A P 70 T AR TR 5K AR byl A
TR AT AR N A o S DSE , FEFIYGIRIITS A
11.71%, VS 47.95%, pH {H}6.8.
2.2 ik

22.1 ERFEE
SRR . RPERCR I 100mUiLE . $okk
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Fig 1 the schematic diagram of anaerobic digester
Bl REABEIHREER
LA PG 20K0: 347U 456 SR 6.4k 7.
PGS 8. Wy,
2.2.2 LR
TR BT, B HAZ VST 111,
1.5:1. 2:10 2.5:1% 3:1. 3.5:1; REEKREEFEVSIH 51
2% 4% 6% 8% 10%. 12%. {EZRIZIAIE
Bvcrt, FHORHRE LR B EE AN R 3, BN
RO Ko R 15 S50 Bevt 3¢ (Uniform Design
Version 3.0 )il 586 7 %
A TG BLIR AR I BoRHE, LR AW T 5
Cus = Wix VSi+W2x VS, 1)
Wo

Kf Cys WERIEREWIN VS HEE (%) Wo Ak
R GIRE T (g): W AEIRRIR I RHE(2); W,
HERIIBR R VS O ARTE RN VS R (%);
VS, AR VS WL (%)

TEE SR LU, AR S 2 ROV AR TS
BRI R R, Wk 4.

Table 4 Loading quantity of inoculum and feedstock at 6%VS
R4 EBRE 6%VS T, EMUTER SRR

BB IS R pOA%3 Rty JIIES
(2 (%%VS) (2 (2 (@
1.0:1 80 6 3.16 30.19 46.65
1.5:1 80 6 3.80 24.15 52.05
2.0:1 80 6 4.22 20.13 55.66
2.5:1 80 6 4.52 17.25 58.23
3.0:1 80 6 4.74 15.09 60.16
3.5:1 80 6 4.92 13.42 61.66

FE75 SR FE RN, AR A A ST 2R
R AR B, Wk 5.
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Table 5 Loading quantity of inoculum and feedstock at 2.5:1 VS

ratio of feedstock to inoculum

£5 £ VSHEL 251 F, EMYTFERHBRAE

R J it R Bidg B Ik
(%6VS) (2 (@ (2 (@
2 80 2.5:1 1.51 5.75 72.74
4 80 2.5:1 3.01 11.50 65.49
6 80 2.5:1 4.52 17.25 5823
8 80 2.5:1 6.03 23.00 50.97
10 80 2.5:1 7.53 28.75 43.72
12 80 2.5:1 9.04 34.50 36.46

FEYI A9 Bk, AR¥E Uniform Design ¥+l
ARV AETE BRI B, 3K 6.

Table 6 Loading quantity of inoculum and feedstock in

experimental operation of uniform design

F 6 AR TR AR EMYIRA R E

O C it
‘:‘. Scientific

+* Research
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(3) PAAR AR 5 R A R R AT
H e, PR AR, RoR o ml/ d.
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No. (@ Fhate (%VS) (2 (@ (@
y(x) =aexp[—exp(b—cx)] ¢
1 80 1.0:1 6 3.16 30.19 46.65 MOdlﬁed GOmpertZ equatlon.
Ree
2 80 1.5:1 12 7.59 4830 2411 H(t) =Hexp {—exp {? A-t)+1 &)
3 80 2.0:1 4 2.81 13.42 63.77 . .
1F Gompertz equation and Modified Gompertz 7':
4 80 2.5:1 10 7.53 28.75 43.72 N
H(t) = y(x); H=a; R=c-a/e; A= (b-1)/c. H(t)A t I [1) R
5 80 3.0:1 2 158 503 7339 oy e v e e e e v
PR (ml); H Kk 2R S 5 (ml); R PR
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Fig.2 Biogas rate, methane content and pH value per day at a VS concentration of 6%
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Table 7 Kinetic parameters of Gompertz equation at a VS concentration of 6%

R 7T KB VS RE 6% LLLHA Gompertz equation 1 TFESH

B4
B IR BB PR VS A% VS A HHR AL
B (H, ml) (R, ml/d) (ml/gVS) (ml/gVS.d) r
a b c

1.0:1 1223 1.088 0.127 1223 57.0 510 23.7 0.9983
1.5:1 1431 1.230 0.106 1432 55.8 497 19.4 0.9984
2.0:1 1723 1.253 0.095 1724 60.3 539 18.8 0.9982
2.5:1 1810 1.270 0.089 1810 59.5 528 17.3 0.9960
3.0:1 1762 1.194 0.079 1762 51.6 489 143 0.9974
3.5:1 1669 1.179 0.071 1669 433 447 11.6 0.9978

MR TR LA R LE2: 1 4L VS = R
. h539ml/gVS, HkiE2.5:141 4528 ml/gVs, ik
[1)3.5:120 05447 ml/gVS. BLF LEXT VS =S Z M 52,
IFARFIH R RARE, HA S — MBS T 1
BRI EE1:1-2.5: 1 B AT B VST, B Lkt
2.5: 100 B, VSR SO B K. B m k)
Fo B3 RARR BEAN R o AH SORH B LU XS VS = T2 11
SR, EIRILH O SR, R BER R L 1S i
BHPRAR . X —5 R Sbr bl T 7R AR BE T 3 0
PERP Iy, VSFE AR LR L 6 JRORH I R AR

Ko SRR, Hob TR, B
TG, KR B 0% B A B e AR A,
1.5:1-2.5: 1L BGE S -

3.2 REEREEFENIRKE AR
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Fig.3 Biogas rate, methane content and pH value per day at a VS ratio of feedstock to inoculum 2.5:1
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Table 8 Kinetic parameters of Gompertz equation at a group of 2.5:1 VS ratio of feedstock to inoculum

8 VS RIE Lk 2.5:1 LIE4HAY Gompertz equation F) HFESH]

R . E PN YINGSaN PR VSR VS HIRRK
(%VS) . . . (H, ml) (R, ml/d) (ml/gVs) (ml/gVs.d) r
2 536 1.569 0.154 536 303 501 283 0.9988
4 1090 1.396 0.113 1090 454 512 213 0.9984
6 1810 1.238 0.088 1810 58.6 528 17.1 0.9960
8 2240 1.314 0.083 2240 682 525 16.0 0.9975
10 2750 1.315 0.075 2750 755 516 14.2 0.9958
12 2741 1.376 0.048 2741 48.5 428 7.6 0.9908

RN, e K BB A A, FR12%VS
A, BEA G IS, VA 1 R N4 N JFURL 78 2 1
e K BRI PR MVSI =A%k
Wi, FEAR I O 2 AR AR, R R 5 6% 2 ot 1 »
h1528ml/gVS, JLIKIE8%A A 525 ml/gVS, ffki112%
4109428 ml/gVS; TMXTVS/= AR UL, ABILHT AL
B, IR PERISEINME Hi G . AR SEISE R, K
VST JE 7E4-8% LG &

8 b £ P AR S50 0 Ps . K A modified Gompertz
equation $U53KAF, WK 9. FJFEMRYER 9 L5, FIAH
Uniform Design F A0 4055 K H 4[5l L R4 T 1]
PG, VAR oy o Al Rk 10,

Table 9 Index value of uniform design experiment from modified
Gompertz equation

%9 HEZIHEY modified Gompertz equation & AIEFR{E

No. JEbR1 FRbR2 FRbR3 TRbra IR Hr eS| %2
3.3 BlE LA BRERNEAES T 1 1223 289 510 120 09983 1.0:1 6
- ) ] ] U 2 2105 595 365 103 09989 1.5:1 12
K Uniform Design Version 3.0 &4, it 2 s om0 a3 53 s 09989 50 .
FECRERRE 1, ml), PEAECR((FEAR 2, mld), VS 4 2830 669 496 117 09974 25:1 10
PUR(FERR 3, ml/gVS)RT VS PUE R ((FEbr 4, s e 302 536 251 09%T 301 2
_ R NN _ 0.9973 .
ml/gVS.d)FEbrA 5 ER} R LU R A BEIR 55 [ 0UH 52 ) S L U SN
Table 10 Partial results of regression analysis in uniform design experiment
£ 10 HBERITERERAF RS ER
EVEWE .
o2 AL I AE D5 P O [B] ) DTk
e =b(0) + b(1)* X (1) + b(2)* X (2 . - -
No. WHIAT Y7 PO BT bETXE) L P RALLER
b(0) b(1) b2) Ft F b(1YE %1 b(2)/F %2
EhR1 0. 10 -481 341 208 9.742 5.462 BHEF>F) 16.1% 95.6% H#E2=12%
FRbR2 0. 20 14.1 3.95 3.39 3.071 2.886 WHEFE>Fr) 8.42% 99.1% F#E2=12%
653 0. 20 595 4.05 -15.7 3.687, 2.886 BFEF>F1) 0.386% 93.2% HZ2=2%
TRbra 0. 15 26.1 -7.38x107 -1.55 4237 3.813 BFEFE>F) 1.37x107% 96.4% N #2=2%

M 10 0] LLE 5 THEbR 1, 24 527K ¢>0.10
W, AR, EE 1 RFR O Rl R DTk
H16.1%, KF 2 KIPEKRIER 95.6%; X THEbr 2, 4
WK 0020 B, PIHTTREEE, EE 1R LY
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(Al 5 FEDTRRAE K 8.42%, K25 2 REAIRIE A 99.1%:;
XTHERR 3, MR E K 020.20 I, R TR,

R Z= 1 RFEE LR 7 R DT BR(E A 0.386%, [Rl3s 2 &
PR B0 93.2%; X FHeEbr 4, M2 E KT 0=0.15 B,
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K5 LA VS PR VS PR SRR,
RWEVS W 2% ke 41T

4 it
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A o
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PRI, S KRR RBOR PR
MESREUR R L VS FRAFAGEIN, AT LLIE 4 %
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