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Abstract; [Objective] The study explored the effect of different proportions of food waste on the ther-
mophilic anaerobic digestion to determine optimal parameter for more utilization of food waste. [Method]
The organic ingredients of food waste in Yangling of Shanxi were tested. According to the test,the experi-
ment was conducted with self-manufactured anaerobic equipment from the northwest station of biogas
products and equipment quality center of ministry of agriculture. Effect of different proportions of food
waste on the thermophilic anaerobic digestion was studied through measuring CH, content and biogas pro-
duction. [Result] Characteristics of biogas production in each group were significant. On the 1—3 days of
the anaerobic digestion,the accumulative biogas production of group 6 (m(rice) * m(napkin) : m(meat) =
3+ 4 : 3)was the highest (5 410 mL), while group 11 was the lowest (3 150 mL). The CH, content of
group 3 (m (rice) * m(napkin) : m(meat) =2 : 4 * 4)was the highest (16.7%) and the group 29 was the
lowest (1.3%). In all days of the anaerobic digestion,the total biogas production(8 400 mlL), biogas pro-
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duction rate(140. 94 mL/g) and CH, content(49, 9%) of group 10 were the maximum, so proportion of

m(rice) : m(napkin) : m(meat) =4 : 4 : 2 is the best. [Conclusion) This study provided optimum parame-

ters for thermophilic anaerobic digestion of food waste,and it demonstrated how to achieve more utilization

of food waste.
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Fig. 1 Schematic diagram of anaerobic digestion

1. Heating equipment;2. Bioreactor;

3. Gas collecting bottle;4. Water collecting bottle
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Table 1

Design of effect of different proportions on the thermophilic anaerobic digestion of food waste

KRR Raw material

KR Raw material and inoculums

=) N g . . PR = =
%fiﬁ?j nl(r/jf(i%)li‘i )r:ln((%c”s)ﬁ?) ' TS/ (g« kg.il) VS/(g'- kgil) Qualfyﬂi;\j‘riirx{icrial }‘Jl]‘ﬂii/g
m(napkin) : m(meat) Total solid Volatile solid and inoculums Additional water
1 1:4:5 565 514 842 642
2 2:3:5 520 473 785 585
3 2344 582 530 863 663
4 3:2:5 475 432 728 528
5 3:3:5 537 489 806 606
6 3:+4+:+3 599 545 885 685
7 4:1:5 410 373 645 445
8 4224 472 430 724 524
9 4:3:3 534 486 802 602
10 4342 596 542 881 681
11 5:0:5 385 350 614 414
12 5:1:4 447 407 692 492
13 5:2:3 509 463 771 571
14 5:3:2 571 520 849 649
15 5:4:1 633 576 928 728
16 6:0¢:4 402 366 635 435
17 6:1:3 464 422 714 514
18 6:2:2 526 479 792 592
19 6:3:1 588 535 871 671
20 6:4:0 650 592 949 749
21 7:+0+3 419 381 657 457
22 7:1:2 481 438 735 535
23 7221 543 494 814 614
24 7+3:0 605 551 892 692
25 8:0:2 436 397 678 478
26 8:1:1 498 453 757 557
27 8:2:0 560 510 835 635
28 9:0:1 453 412 700 500
29 9:1:0 515 469 778 578
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Fig.2 Effect of different raw material proportions on daily biogas production (A) and

cumulative biogas production (B) in anaerobic digestion of food waste
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production rate in anaerobic digestion of food waste
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Fig. 4 Effect of different raw material proportions on CH,
content in anaerobic digestion of food waste

200 H AR 4 HH B . o 34,500, XL RS 8
REH 11 RS EEE . 7T A LTRSS 8 RiE
b F R e AR B, A 18 AN b B AL A Y e B i
i 4004058 11 R EFER 10 201 Y e 3% 2t die K 3k 3
49.9% » LIk B IEH bR



5130 W B, A5 N TR JRUREC RGO 48 TR e e TR R S I 1Y) 52 T 127

3t B
5.1 AAERELNERERYREEBESSE
R

BT S AR 32 5 PR 25 R T L (H A AL
YW B o 2L B H E R L 2T 4E R s T AR
B2 A 7R XS BV A% v B R R S h A ALY
o B A 3 A e e B MR T 2 W B ) B E A
oy A =Ty (A S IR N N = o (AR P 1 7 N L
Vi R 1 5% e R 3R

AHEFE L T TR SRR R A [R] L O A A B
A= SRR, &ML H =< 'S
WS AESS 1 R B, WA IR 50 ) K e v i [ A4
Y53 Ty B S0A W R S T o 1 7 AR AT RIS n
KT IR 5 R R TR A BE L B i A AR T ) )R B Ak
e, 5 A~8 KFAE 7 W ot 08 TR B R L 4
Ab B A FRE PR B, Z R B AR R SR ) R Y
b R R AR AR A M AE S e, 45 A B Y H R
R B AR A

e TS 8 (79 g/kg) — M &M F . 4 FEAH
PR AATE 25 5 0 R A - O R JEORHAC b A IR
FPH C/N 225 . C/N J& 52 M JR 4 1836 1M i) 8 2
28, — MRl G IRAE AR C/N 2 (20 ~
30) + 17 ARBFFEH LA 10 A9 C/N(24.5 = DFE
HE I Z N . @A B JEORHAC bl & T A [F] 1Y
W i B0 TR 3 T O 0 RE B AT DL AR UE 7 HY A
AR 7 5 W I 9 3806, SURT LA i 28 AR 5 0 TR
H W AR o o A R AR . QTR AT 4
FMEARM =S EER. ERE R
T VE A ST 50 20 AR AR IE 7Y B T OK g R
Al . A 06 45 J R . K A RN R AL I B Y PE R
Bl B K DR Fr B A I G K . B RS KR SR
R0 EEORUE, B LS B W AT . AR TR IR
FIAPA 48 11 4R 1 K figp T R A8 28 2 3R i K S 1A
B AR BT L S BRSO B G sh e . M &
T ) HHEAT 48 T AR5 W K ik o T LA A K T TR 1) v S
ARKEMERIE. DEMA AR R, HEER L™
SE () 5RDEEE (O WA, HE =
44, 142245 350. 7, F1 K& B % R? =0. 950 6, iiF B i
FRESENRNEEEWEMIEMECER, W
I, 7E PR AR R S0 DR AR e i s AR A 3 1 17
fof L RN SE S5 1T L 3565 10 21 Bl 40 TE LU VS I £ 1)
R A R SR LR 4E 2R K 5, LR B = < = 1) B
8

3.2 AEEBELMNBEREFYWRELBERRR

SENEE

AN T JEORIE FE A A5 TR 2 37 0 TR S A I 2 e v
e o i A B — B H R 25 = TR T RE
Jikt C/N 25T, C/N ik, RAER S iR
WRER . FECR B R Z B s C/N /N, REHE
Ty I T B B0 e A L AR
WFFEIE A 2 PR W 1 700 mg/L i, A 1
& IR NE LR

Xt LA 5 e o 5 R T LA AS
A Ak AL e (RS H O R —
TR U A 25 5 BRI R IR F Y 5 K
ik (9 R T 2, 45 e I R S D o B R AR AR A
I 4 e R A B Y R VY pHL (B AT RE 2 7R AR
TE T B AR R B R I

Sy BT 3 LA R e A il AR L AR — A
MRKEFYRA LRSS/ ARTUA
R R B R B B . DAL AR5 3 A E L
R OR FE P PSR R 55 d AR L AT L
BB o AR AR G B AR

44 i

1) ARl JORHEC L A 28 0K PR 37 0 e 1R PR AR & e
YL 10 Ay Bt R EOR . 8 400 mL;
011 /N4 415 mL 2N 3 985 mL, 2 10
YL AR IR K R 140,94 mL/g: 55 11 4 fe/h .
90.37 mL/g. =AM %K 50. 57 mL/g, KEEH
11508 10 4L F e & b die i 49. 9%, I B
FH A AN PR . U R [ SRR E B X AR R 5 IR
SR T SRR R e

DIEKARE PRI B B 5 6 41K B BT =R
B 3 Rl 5 410 mL, Ui 6 41 Wk 44> 5
FoK i BR AL B BEAL HEA R 40 . 25 10 240 B B3t
AR (8 400 mL) 7R # (140, 94 mL/g) FIFa & 77
B ot i (49, 9 V0O By d i RIASS 10 41 4R
TR 3 ) R SRR B A AL A B o OK
PO = mCEMAD  mEAD) =4 4 2 WERRES
W) IR R R e I e AT L

[ 5% k]

C1T bR, R 77 400 35 4% Jof 457 3 40 88 T [EB/OLJ. 2011-01-
27. http://www. cn-hw. net/html/china/201101/22312. ht-
ml.
Sun S H. Treatment for kitchen waste will be projected in

Dalian [ EB/OL]. 2011-01-27. http://www. cn-hw. net/html/



128

P A A MR K AR

5 40 &

2]

(3]

(4]

(5]

(6]

(7]

(8]

9]

china/201101/22312. html. (in Chinese)

FORLEMEDL R S AR R Y DA AR Ak 43
Br [, P EE R, 2006,24(2) :35-39.

Wang X,Wang D H,Li J F,et al. Analysis to the present status
of anaerobic digestion technology of kitchen waste []J]. China
Biogas,2006,24(2) :35-39. (in Chinese)

FEE A 4 K. T Ay B vt B A B B S R [T,
W LA I ,2006,24(10) : 31-32.

Cui Y W,Chen J F. Resource recycling present status and pros-
pects of kitchen waste [J]. China Resources Comprehensive U-
tilization,2006,24(10) :31-32. (in Chinese)

TERERE, vk, BN, 45 B A by o B AL BOR [T AR
6T, 2004,24(7) ; 56-59.

Wang Q H,Ma H Z,Wang X M, et al. Resource recycling tech-
nology of food wastes [ J]. Modern Chemical Industry,2004,24
(7):56-59. (in Chinese)

ARG, VEHE B B e S, AL B ot B IS B BIETR B 0 UM IR AL
He [T Aol T4 41,2009, 25(11) : 269-273.

Zou D X,Wang Q H,Sui K J,et al. Aerobic composting effect
of kitchen garbage and spent mushroom substrate [J]. Trans-
actions of the CSAE,2009,25(11):269-273. (in Chinese)
Shirai K, Guerrero I, Huerta S, et al. Effect of initial glucose
concentration and inoculation level of lactic acid bacteria in
shrimp waste ensilation [J]. Enzyme and Microbial Technolo-
gy,2001,28.:446-452.

FhR/NAR SIS 5E A5 B IR W ) UKL 2 B Ok 8 2%
WE5E [, BREERL 22 2441, 2010, 30(3) : 556-564.

Chen X C,Zhang Z Q,Wu H H,et al. Optimization of fermen-
tation conditions for ethanol production from restaurant waste
[J]. Acta Scientiae Circumstantiae, 2010, 30(3):556-564. (in
Chinese)

O FF TAEDCHE AR AR R 3 1Y 1R R R T Ak A B
5% [J]. B85 T4 . 2009,3(8) : 1509-1512.

Ma L,Wang D H, Xie X L, et al. Study on treatment of food
waste by thermophilic anaerobic digestion [ J]. Chinese Journal
of Environmental Engineering,2009,3(8):1509-1512. (in Chi-
nese)

T F BB AR SN SRS B IR R A LR
YIaFgE L], 4ol TH 241 ,2007,23(6) : 203-207.

Ma L, Wang D H, Yang W J,et al. Domestication of inoculums
in treating food waste by thermophilic anaerobic digestion [J].

Transactions of the CSAE.2007,23(6) :203-207. (in Chinese)

[10]  EFHEE 285 62 . 905 3. 45 4% JBF r 30 IR A0 K 18 o 1k 19 AT 5

[J]. 3R 85 T2 . 2009, 3(9) : 1677-1682.
Wang Y C, Yuan Q X, Xie J] H,et al. Characteristic studies on

[11]

[12]

[13]

[14]

[15]

[16]

[17]

anaerobic fermentation for kitchen waste [ J]. Chinese Journal
of Environmental Engineering, 2009, 3 (9): 1677-1682. (in
Chinese)

B EE v A B NN A B 2 v IR R AR
R LI 1. 75 b AR ARRE £ K4 = 3k B AR BH K, 2011, 39
(4).177-181.

Luo T,Qiu L,Shi Y,et al. Effect of comfrey on mesophilic an-
aerobic digestion of swine feces [ J]. Journal of Northwest
A&.F University: Nat Sci Ed,2011,39(4):177-181. (in Chi-
nese)

FERIRT BRI 5 A TR TR L OIR & DR UK B
Ptk il (1], Al HLAk 2241, 2011, 42(4) :100-103.

Chu L L,Li Y B,Feng Y Z,et al. Characteristics of pig dung
and wheat straw in various ratios [ J]. Transactions of the
Chinese Society for Agricultural Machinery,2011,42(4) :100-
103. (in Chinese)

B R AR A S AN DML Je ot B3R S0k
H R FE . 2008 :223-224.

Qiu L. High-efficiency production and use of family-size meth-
ane tanks [ M]. Beijing: Science and Technology Literature
Publishing House,2008:223-224. (in Chinese)

ARG PN UL IR AR JRURE LA A pHL (B X JE 4% bz 3% A
AR IR TE AR g [T, a3 A2 TR 243, 2009,9(1) 53~
58.

Li D,Sun Y M,Yuan Z H,et al. Influences of feedstock pro-
portion and pH value on anaerobic co-digestion of kitchen
waste and waste paper [ J]. The Chinese Journal of Process
Engineering,2009,9(1) :53-58. (in Chinese)

Lynd L R, Weimer P J, Van Zyl W H,et al. Microbial cellu-
lose utilization; Fundamentals and biotechnology [J]. Microbi-
ology and Molecular Biology Reviews,2002,66(3) :506-577.
VL E A FEARR A TR A R TR DR ST fb Ab 2 R
HAW AR (1], o EFREER %, 2007,27(6) :721-
726.

Jiang ] G,Wang Y,Sui J C,et al. Variations of the ammonia
concentration of high solid anaerobic digestion technology for
organic waste [ ] ]. China Environmental Science,2007,27(6) ;
721-726. (in Chinese)

A AR A RO, A R R T 4 2R IR A R I 1Y 5
Wi [T 1. P b g bk A} £ K 2 2 4. B SR B2 . 2010, 38(2) .
165-170.

Li M,Li Y B,Yang G H,et al. Effect of urea and cellulose on
anaerobic fermentation []]. Journal of Northwest A&.F Uni-

versity: Nat Sci Ed,2010,38(2):165-170. (in Chinese)



