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Design and Start-up Test of Horizontal Plug-flow Dry
Anaerobic Fermentation Equipment

FENG Jing' HU Xin'? ZHAO Lixin' GUO Zhanbin®> YAO Zonglu' LUO Juan'
(1. Key Laboratory of Energy Resource Utilization from Agriculiure Residue, Ministry of Agriculiure,
Chinese Academy of Agriculture Engineering, Beijing 100125, China
2. College of Engineering, Heilongjiang Bayi Agricultural University, Daqing 163319, China)

Abstract. At present, the dry anaerobic fermentation technique is still not applied widely among biogas
plants in China. Especially, there are few reports on dry fermentation techniques employed in biogas
plants. Aimed to this situation, a design method of horizontal plug-flow dry anaerobic fermentation
equipment was developed, which employed a screw convey for continuous inlet and a vacuum device for
outlet. Based on this method, a pilot scale equipment was developed with an effective volume of 180L.
The equipment consisted of screw convey, dry anaerobic fermentation reactor, vacuum pump for
discharge, gas purification reactor and solid-liquid separation device. All the above devices were online
controlled with a computer. The pilot equipment was started up using mixture of cow dung and corn straw
with a mixing ratio of 3: 1 (dry matter ratio) , the inoculums accounted a proportion of 30% in inlet raw
materials and the initial total solid content was 20% . The whole start-up (103 d) could be divided into
three stages. During stage I, the reactor was operated at room temperature, the average biogas producing
rate for the reactor was 0. 17 m>/(m’+d). After 68 d of running, the reactor temperature was raised to
38°C, and then the average biogas producing rate was risen to 0.25 m’/(m’+d), with a decrease of
methane content. Meanwhile, the pH value was decreased significantly. After 70 d of running, the
inoculation was increased to 50% by adding biogas slurry. After that the biogds production rate of the
reactor was increased rapidly and reached the highest point of 0.58 m’/(m’-d). The average biogas
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production rate was around 0. 48 m’/(m’+d) , and methane content was stable at about 56% . At the end

of the start-up, the dry matter degradation rate of raw materials reached more than 48% . The

performance of the reactor during start-up suggested that the equipment could run normally, which meet

the design requirement.

Key words: dry anaerobic fermentation equipment; horizontal plug-flow ; mixed raw materials; pilot tests
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Fig. 1 Process of horizontal plug-flow dry anaerobic

fermentation
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Fig.2  Sketch of horizontal plug-flow dry anaerobic

fermentation equipment
LB B Ol 2. R 3. BOKEE 4. BLELRE 5. dERHRE
6. BRTEH AL TOME AL 8. M AL 9 HER 10. K
2k 1L BERERR 12 kB 13 TR

ST KW R AR SR 250 L, 30k 10 ~ 15 ke/d,
KBRS 25°C/38°C B ] 15 ~40 d,

2 REEMIRIT

2.1 #HBEEIEIT

T T Z B R LR B, T sl M 22, e A%
K FH ST E Rt i) 7 20K R i kAN R R R, A5
N EE 3 s, S IR A 0T R
e KT e 2 A A 5

I, =%wl)zvgpp (1)
Sk LS
60 (2)
§$=0.8D

Krp [, ——Ab PR B2 ~3 kg/min
D——12JiESME , m
e—H AR H, 0. 33
p—HE RV kg/m’
S——I2FE  m

J_LKIEJ o B RS R VR A TR HE U R A 1

ErE RN 20% i HERL JE g 994. 4 kg/m”, 4b HE

i 1,73 kg/min, WFEFEH A 70 r/min , R 5 — & P

W RE 1 JEE 45 M S B RS B R B IO R R BR

0.33 fRAR(2) o AT 15 B8 fie i 3% #5 AP 424 0. 1 m, B2

A 0. 08 m,

R AN A AT
PN Y Y YY

Kl 3 HEIE i 2% 8 s B
Fig.3 Sketch of screw conveyor for continuous feeding-in

ORGP 2 WA 3 MERT 4. BRHES

2.2 REEFERIT
N4 PR, e BERA AR D B A K I B
FRAE SR EP A HE M A5 4, 322 oy e WA 1R B HE K

Prfiat DR E ORI L AR, AR AR e )2
HA SR PRl K R U T P A 1 )l JEE RIS 8

B E WIBEHE O IEOREZ BT 28T DR IE T ORI 225
R, R 52 B sh WOkl i) H Y 9007 3T OB EE L
Y e R D e

4 e eAS 45 1A
Fig.4 Structure of fermentation container
Lyiit 2 460k 3 4L 4 AR H SOBEHER 6. Ok
b7 e 8L
RRAE 202K Bl A A FURHR: 150 kg, 1R
B YRHEERL 994. 4 kg/m’ , R EERT T K 5 TR 45
L R BEA R BT Sy

(3)

Horp 8=

X V— K BEFIRRL,
q—iéi*“ﬂr% kg 5—%]] by 70 1 Z 4
S 2280, B 0. 78
.—Mﬁ\?jﬁﬂﬂ/}ﬂ%?ﬁ B3

RAAKIE6=0.6,V=0.25m", Jpff T4 $1 5l 1 %
B ORUREEAE 1.6 m, M 0.4 m,
2.3 WERAEI

R T 90 B8 3h L 5 B8 B 3 32 2 A Al X
A R A R Y A R E
TR AR TR A AR A AR BT B ) A 5 R X
T A T R RN A A AR N AR A
L AR (R A AR A 25 5 WA e 3GE A IORY B IR AR 1 TR
A BRI BRE. ZGAEFIR, T AR
)PP A ik i H B T — R U Rt
AL s iR .

(I e S AL

Fig.5 Structure diagram of propeller

Al R 2 BB P2 TAE R B S ~ 10 mm,

AL T B3 2 Rl ok T A PN B B ) R
AR, DR AR 8] B 5 BN 20 (8] B e, A



322 & A Hl

L

2018 4

JIG 321 T B e, 29 10 mm | AR e 197 E < B A () B
M) B E 4 HBEHERD, FE ARl 2 4 HAHER
ANEPES h 4 21 f 90 i Rk i A ZH A
LI AME R AT K AR 98 b AN 1 2K 34
(B e 2R i B
R=0-2u, (4)
N B v B R ROR I ) I B AR BE A, 40 FH 28 TAF
IF, W 32 A0 T /N T B B E L B
mw’R < mg (5)

2mn
H _cnn
Hrp ®="c

X m—m R o— M A A

; 2mn )\’ 3002 1 oy
ik (20 <g,Eﬂn<fﬁ,ﬁ%4§tﬂ%’m¥
WEESH n Jy 7. 93 r/min,

3 #FENNRKSRE

3.1 HHR

FEAR B 22 1SS R AT B A I SR AR E AT R, R
25 FE ML 7 26 I3 % 46 i 7] 3K 0.5 MPa, 15 7%
% P R 5 JERLIEE L B AL [ A % 9N 70 r/min,
DAASTR] B 8 T 9 2 4 0 0 R 1 A7 003K, 1F ) iR
180 ~ 200 kg/h; 3 5 [ W 43 25 AL 7 5 hy 4% HF AR
GLC — 180, I , 4 BI&50% hy 80% ;4 A HE2L
SR A8 55 L Sl AL, 35 P 4 AT ZE 1 ~ 20 v/ min Py
LR AR T R S R SR A

BT A A 1 56 B SR AT & e 0 A s
HL AP I BTG A 7K 25 1 A R AT PR TR N AR TR e
AlGK 40°C  FE iR 22 0. 5°C 5 i 1+ F0 CH, W 4%
GRNG A BE R EH AR R BR 22 £0.5% ;i
A7k AR ep Rt R BT A TR R A AR T A
Brifb AT T REFEMN A, B & RIS 1T 1 d AEH &2
2.6 kW-h, BT AL, [F A3 7 L2A8K,
3.2 R

FENLIN A 78 BT, 76 AR 35 B K 3% 11 00F 5% e 1
SR ENAT T REARR, A LY EAE 6 FiR .

6 B SRR T o R S
Fig. 6  Picture of horizontal plug-flow dry anaerobic

fermentation equipment

T8 SR T S A R BT TR RS AT BRI L
AU WA, 8 TR A AT 5 G R AT SR 2 ALK e
(KREEO.5~1 em), WM T L= &M Bk
AR PEIN L 1 BT o
F1 KRR

Tab.1 Properties of raw materials

BT 15 5 1 1 B
J R A L
i 3/ % W) A 5y %
Bk 2 3% 34.62 85. 83 15.24
I EORFEFT 31.19 95. 65 24.09

3.3 RWAERMRIER

A 5 WA A0 T o s & ey 301,49
R A B TR R TR W B B R T Y R
Bt 5 PENR A TR E 4t R 50% 1R A TR R
BT 0 B 20% TR A R 20 Ay, HE
A BB SRR A R W EURH I AR BERE N, R
E AT T0% o F N #50] be 457 B8 1f ] 2 20 d, 5
HEbRE 1R, B R R 9 kgo SN &% 1E 12 17 5 L
il 5IRA FRHETIRG 5 R,

WA AT 3 BBk, ks fy 103 d, A
W BO 3 T2 S50 30 3k 2 fis , B K&
PR e pH(E AT R, B 6 B B e aE AT
FERGIN , 72565 3 B Boiak 36 7™ ke A2 Ja X8 T8 Y HBORE T
S AL SF T S R S PR T R B

2 HBRAR
Tab.2 Test plan
W B LR, PR/ RERYE ETEE/
< (kg-d™')  HAH/% d
1 25 9 20 =
2 38 6 20 25
3 38 6 15 25

H 7= 85 R LMP — 1 538 5X 5 8 S 4R 7 &
TR AR AR 28 5] 5 5 VR Arh B be & iR
Fi BM12492 7Y ff # 5 78 ARk 4 W A (35 H
Geotech 74 /) ) W 5 5 J5URE o A BLBR S0 7 & R
EA2400 B 50 & /3 #rAY ( 2€ [ PerkinElmer 23 &) ) M
SE VBV pH {H SR B PHS — 3C #U R B it (11 35 il
O] W 5 0 R T VR A 2 T AR R ) SR T R &
20 000 r/min (1) & 0> L &5 0 43 85 15 min J5 2 3,
i E S AR SR 5B —2C ) COD e 3 il 52 % ( 2
e W 7 28 ) I E
3.4 RO

WA B AT I B v BN 2% 1 28 B AR G T
M pH B3I E 7 ~9 s, B E ShE 1
W B, BN g W) ik 5 R SRR Bl S ] s BT
R IR R N BB AT 20 d 2B A B, R



%7

i A BHER U E S TR IR R A BB A BT 5 AR 323

7B > E 2B e B3R —>

oo

%

JUR N N N I S— S— — |
0 10 20 30 40 50 60 70 80 90 100 110
i} il /d
B 7 AR B

Fig.7 Changes of gas production rate

B B> B2 B e B3>

/%

2 L /Y
TR T

i

P (SR S— —pe—
10 20 30 40 50 60 70 80 90 100 110
] /d

8 THAUH b o A HO o Hh 2

Fig.8 Changes of methane content in biogas

5 LB B>t B 20— > B3>

6.

5 — 11§ 1 1 3 _
0 10 20 30 40 50 60 70 80 90 100 110
i il/d
P9 iR pH {HAL L £k
Fig.9 Changes of biogas slurry pH value

I #5 1) H ARSIk ] 60 L 24y, 45 B KGR
#0.30 m*/(m’+d) , Z J5 I 7 A 28 B AR 2 i
BEAR . o oo A2, N A 00O 2 A5 B SR N
0.17 m*/(m’-d) , 7 B e B0 4 $02 i 7
H I 20 4y BOA B 61.05% e A7 [Fl B, Y8 W4
i pH AR 7. 07,45 1 prBrigfrad 2 P, i pH {8
FELET.0 ~7.5 UM, — M &, ™ B ke il
pH {4 725 1k o Sk, 3 AR K pH fH ol 6.5 ~
7.8 A A PR MR W i A K o TR I I EE X
PR AR B A W A A D e R I ot AR Bl g 2 R AR e 1 TR
SRR BE R G R Rk
TR A vy A I 4 2 5 e IR SRR 4 3 P AT R T
DR AT 2 it 0 RE B RE 7 2 B AR N RO I i
720700 5L B A I A B AR, %
R T RMAEIT R E R (25C) £ BT,

BB R BO" A

552 B B, IV A R s AT IR E R R 2 bl
38°C, [v B Ay ab f S o7 & A R AL, 4 0E A R PR AR 2
6 kg/d, I #% 7K 3 45 B i R 4 & 35 d. AR s
T4 F)G , RN #e 25 BU= SR 8 T IR 78 I 0 2
121750 d J5ik%] 0.45 m*/(m’ -d) HZ JFZE# T
Mo FEE T FE v, SR A B A B RR N
0.25 m'/(m’-d) ZE 47, B T B B < kA B B 7
Bo 2 BrBrg Tl A, TR T T A A ARy
SRFETE 60% 247, M AE R N AR 81T & 55 d A4
B, VR AR H B 5 i A BOGR H FR AR = 40% ~50%
[R5 2 B BevH R pH (A 2 M REBH . XAl i
P T Bl IR A R T SR 7 P A L R R
B, i TR R 30% £2 47, n] RE H B2 RPN 8 5
RS,

SN #RiafT 68 d J 55 3 M BEE A BIR A
JEURE T B B 4 B R 15% , LA 4 b i T
R R 3% S N HERE R BRI E 15% . 2
Joi S fR BB ARG T /L AR B AT AR 75 R
WA AEB P ARAGE0.58 m*/(m’ - d) , % &1
ARPEARAK0.48 m*/(m'-d) , PE A 2 B
BB T o ESL A VAR 2 T 4y
AR 56. 7% FeAy 10 W pH KA HL B 5 2 e PR 45
FET.0 ~7.5 PERBN, &R CEfT. ZEX
TR Al 2 T R R0 & P I 7 R 0 AT IR, TR T
DAL i 1 b 2 T SR T Y AT GK 43 669 mg/ L, 48 K
JIE W7 P G i v B - X RT3k 9 976 me/L, 5 H Al A 5
F2E A Kl 56 B A i, IR A R ORHTE
38°C 2 b F M fi RT3k 48% L o M ZHF5E %
Y e R AR R A 26 5 RS AT IR A JRUR I i R
Hh40% FoAT o AP H BT AR TR B AT AT R
B AR R Ok B B R K, T LB T & i, |
5 [ AN SR A Y AR RS A I A B R
RN X FEIE R T ARG R A4 2R AT R,
I H AP B, X R R A B AR AR
e E R

4 it

(1) 55 W8T pH R B ARG e E
0 FH 24 R [ A3 B S e T TR O Ui
TR A R BB, B or T B o 4 T ik IR
RS A STy 2 OF kg g R b i 5 ia 17 R it

(2) ZRKEH T 3 BB AR A B
BT & &4 F 103 d (&L 31T, m A
ARAEF] 0.58 m®/(m’-d) |, SEBL TR Y BB FE
i 2, B Jo 40 T 3k 56% , SEEL TR I R R
LA E TR R,



324 | 1 R A= 20184

11

12

13

14

16

17

18

& % x Wt

Hh B KB R e Il T R ] A AR A AT R 45 R T M i 80% [ EB/OL]. [2016 =05 —26]. http: // jiuban. moa. gov.
cn/zwllm/zwdt/201605/120160526_5151375. htm.
RS 4 B 3% T304 B 95 9 T A R P09 97 % [ EB/OL]. [2016 08 — 11]. hitp: //jiuban. moa. gov.
cn/zwllm/zefg/nybgz/201609/120160919_5277846. htm.
EIR B AT . RURBERE T PR AL M As CFD BB A RLTEF 58 [J/OL] . Al HLBK 2% 41k , 2018 ,49(2) 305 -
312. http: // www. j-csam. org/jcsam/ch/reader/ view _abstract. aspx? flag = 1&file_no = 20180239 &journal _id = jesam. DOI: 10.
6041/j. issn. 1000-1298.2018. 02. 039.
WANG Le,FAN Min,ZHAN Xiangyu, et al. Numerical simulation and models of gas-stirred anaerobic digester by CFD[ J/OL].
Transactions of the Chinese Society for Agricultural Machinery,2018,49(2) :305 -312. (in Chinese)
FA Bk RAR. B FH KR AL 3h S 058 [ J/0L] . Ak HLBE A% 42,2017 ,48 (1) :245 - 251. hitp: // www. j-csam. org/
jesam/ch/reader/view_abstract. aspx? flag = 1&file_no =20170132&journal _id = jesam. DOI.10. 6041/j. issn. 1000-1298. 2017.
01.032.
GATI Xikun,ZHANG Liangquan. Kinetic study on anaerobic reaction of livestock wastewater[ J/OL]. Transactions of the Chinese
Society for Agricultural Machinery,2017,48(1) :245 -251. (in Chinese)
HHAE , WU, 25 A B AT AL TR R B ROR SR W5 [ )] R0 AR %4 ,2008,24 (10) - 100 - 104.
HAN Jie,XIANG Xin, LI Xiang. Technology and equipment of large scale biogas dry fermentation in membrane covered trough[ J].
Transactions of the CSAE,2008,24(10) :100 = 104. (in Chinese)
FRIT, B0 A E A2, A [ vl A I B e A SR (0] ARk TR 2441 ,2010,26 (5) :1 - 6.
CHENG Xu, LIANG Jinguang, ZHENG Hengshou,et al. Tapping of China’s biogas industry and its perspective[ J]. Transactions
of the CSAE,2010,26(5) :1 —=6. (in Chinese)
e, 22 LB, S5 A R S TR IR SR B R RIBFFE [T ] AT FEAE RE TR, 2004 (2) 40 - 41.
QU Jingxia,JIANG Yang,HE Guangshe,et al. Research on dry anaerobic fermentation by agricultural refuse[ J]. Renewable Energy
Resources,2004(2) :40 —41. (in Chinese)
PEETH RS, TRE S RNERYREAT KBHORTI S RLT]. R4k 1 ,2015,32(2) 7 - 11.
LU Chaoyang, WANG Hongjie, YU Jingmin, et al. Research progress of dry-anaerobic fermentation technology forrural waste[ J].
Henan Chemical Industry,2015,32(2) .7 = 11. (in Chinese)
NICHOLS C E. Overview of anaerobic digestion technologies in Europe[ J]. BioCycle,2004 ,45(1) :47 - 53.
RFER IR, TR SCH , % PR T A REBOR OIS BERE [J]. 7T # A= RE IR ,2009,27(2) 46 - 51.
ZHU Shengquan,ZHANG Yanlin,ZHANG Wenqian,et al. The progress of dry anaerobic fermentation technology [ J]. Renewable
Energy Resources,2009,27(2) :46 —51. (in Chinese)
RIS, W, Bk, S5 REATIRE T R B 1 AAORBEBOR B R [T ] op EAR LA ,2011(4) :56 - 59.
ZHU Dewen, CAO Chengmao, CHEN Yongsheng,et al. Key technologies and discussion of the straw dry-anaerobic fermentation
[J]. Chinese Agricultural Mechanization,2011(4) :56 —59. (in Chinese)
LUTZ P. New BEKON biogas technology for dry fermentation in batch process[ R]. Unterfohring: BEKON Energy Technologies
GmbH & Co. KG,2010.
A U, X3 R A BAL BE AT AW [T ] WP R 24 4R B AR 2 1,2013,29(2) 344 - 348.
LI Jun,YANG Hongxu, LIU Qiang. The study on the combined pretreatment of rice straw for dry fermentation[ J]. Journal of
Shenyang Jianzhu University ; Natural Science,2013,29(2) :344 —348. (in Chinese)
TR R, HAE, TR, 55 T X RE B 45 K TR AR R [T ] E R RL A4 ,2011,31(3) 1417 -422.
LIANG Yuegan,ZHENG Zheng, WANG Longmian,et al. Effect of dry digestion on structure changes and biogas production from
rice straw[ J]. China Environmental Science,2011,31(3) :417 —422. (in Chinese)
BOLZONELLA D,INNOCENTI L,PAVAN P, et al. Semi-dry thermophilic anaerobic digestion of the organic fraction of municipal
solid waste ; focusing on the start-up phase[ J]. Bioresource Technology,2003,86(2) :123 - 129.
DE BAERE L. The dranco technology: a unique digestion technology for solid organic waste[ M ]. Brussels: Organic Waste
Systems Pub. ,2010.
ZEIR N SR A ST AR T 3 IR AT A b BB R g N RIS R SR [T ] AR W B Ak 2 TR, 2008 ,42(4) 143 - 50.
LI Dong,SUN Yongming,ZHANG Yu,et al. Application and research advances on anaerobic digestion for municipal solid waste
treatment[ J ] . Biomass Chemical Engineering,2008,42(4) :43 —=50. (in Chinese)
LI Y, PARK S Y, ZHU J. Solid-state anaerobic digestion for methane production from organic waste [ J ]. Renewable and
Sustainable Energy Reviews,2011,15(1) :821 - 826.
FoR®, b, T, % L UES T AR BT S5 AU [T ] Rl LR, 2016,32(7) 194 - 197.
YU Meiling, GU Shiyan, YU Yang, et al. Design and biogas production characteristics of vertical continuous dry fermentation

equipment[ J]. Transactions of the CSAE,2016,32(7) :194 —199. (in Chinese)



573 i A BHER U E S TR IR R A BB A BT 5 AR 325

20
21
22

23

24

25

26

27

28

29

30

31
32

33

34

FATSE, TH, SRTE. BB % e Tk R A R BE SO #3531 [T ], Rl 545K ,2015,35(23) :48 - 50.
JB/T 7679—2008 M2k £ HLAY LA S B 5 H AR B R[S]. 2008.
BRI i , 25 A AR BOR B S Bt e [ )], b B 96 <, 2005,23 (1) =17 - 20.
HU Mingcheng, LONG Tengrui, LI Xuejun. The up to date processes for the hydrogen sulfide removal and sulfur recovery from the
biogas[ J]. China Biogas,2005,23(1) :17 —20. (in Chinese)
B BOKAE XK X BB T E R EE [T ] R YLD ,2008,30(8) 1228 - 230.
LI Jinyang, AO Yonghua, LIU Qingyu. The research of biogas desulphurization technology [ J]. Journal of Agricultural
Mechanization Research,2008,30(8) :228 —230. (in Chinese)
BOLLON J,LE-HYARIC R,BENBELKACEM H, et al. Development of a kinetic model for anaerobic dry digestion processes:
focus on acetate degradation and moisture content[ J]. Biochemical Engineering Journal ,2011,56(3) ; 212 - 218.
WA AT EE R ROREBT, S D 5 E 7 COD Y R I E O A2 K COD 1 L XS B 58 [ 7] v B BR 8 E ,2015,31(2)
148 - 152.
CAO Meiyuan, REN Lulu,ZHAO Keming, et al. The comparison research of import and domestic cod digestion apparatus[J].
Environmental Monitoring in China,2015,31(2) :148 - 152. (in Chinese)
PESR VETE S 220K , 45 TR AL HE oA A WL 509 10 DR A BE R R [T ] Al A% ,2011,1(2) :36 - 38.
PANG Ran,PANG Demao, LI Lan, et al. Prehomogenization stacked biogas fermentation technology in large junk dry yards of
applications[ J]. Agricultural Engineering,2011,1(2) :36 —38. (in Chinese)
CHAVEZ-VAZQUEZ M ,BAGLEY D M. Evaluation of the performance of different anaerobic digestion technologies for solid waste
treatment[ C] // CSCE/EWRI ASCE Environmental Engineering Conference, 2002.
DR SR L TG, SR 5 X FEIC HE X IR A RIS AL AR R [ ] ARk AR AE 4 ,2013,29(2) 1232 - 238.
LI Dong, YE Jingqing,ZHEN Feng,et al. Effects of anaerobic co-digestion of different proportions between rice straw and chicken
manure on biogas yield rate[ J]. Transactions of the CSAE,2013,29(2) ;232 —238. (in Chinese)
BRI AR AE. RS 3R G M SR AN AL & A W R TS [J/OL ] ROl HLAR 7 4R ,2013,44 (1) : 101 -
105. http: / www. j-csam. org/jcsam/ ch/reader/ view_abstract. aspx? flag = 1&file_ no =20130120&journal_id = jesam. DOI; 10.
6041/j. issn. 1000-1298.2013.01. 020.
LI Dong, YE Jingqing, SUN Yongming,et al. Continuous anaerobic co-digestion of rice straw and cow manure for biogas production
[J]. Transactions of the Chinese Society for Agricultural Machinery,2013,44 (1) :101 - 105. (in Chinese)

FL T J, Ak UK, SRICHE S5 AN [ I A% PR AT 45 M INC bL B PR 3R 2 48 3R X VR A i A2 e [T Aol TR 2 4R, 2009,
25(2).188 - 193.
BAI Jierui, Ll Yibing, GUO Ouyan,et al. Effects of ratios of manure and straw, urea and cellulose on biogas yields at different
temperatures| J]. Transactions of the CSAE,2009,25(2) :188 —193. (in Chinese)
AR AR, BB SF IR AR A HOR ML JE e A2 Tl Ak ,2004.

I 2, 2 S0, 45 FRAT A M BC L IR 4 2 P pH, VEA 577 BOCR MR R[] Rb R 2222 47 ,2010,29 (12)
2425 -2430.
ZHANG Tong,LI Wei, LI Wenjing, et al. The relationship among pH, VFA and biogas production in anaerobic fermentation of
mixed manure and straw with different ratios [ J]. Journal of Agro-Environment Science,2010,29 (12):2425 - 2430. (in
Chinese)

BTT . BRI R A R B AR E M R AU A LW D] ik - T AR MR R ,2016.
ZHAT Ningning. Rocess stability and biogas efficiency improve technology in anaerobic digestion of kitchen waste[ D]. Yangling:
Northwest A&F University,2016. (in Chinese)
YAMASHIRO T, LATEEF S A, YING C, et al. Anaerobic co-digestion of dairy cow manure and high concentrated food
processing waste[ J]. Journal of Material Cycles and Waste Management,2013,15(4) :539 - 547.



