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Biogas production of rural organic wastes during anaerobic digestion

WANG Yan-qin"?,FU Long—yun', YANG Guang', YUAN Chang-bo', LI Ming-hua3,YAO Li'*"

(1.Institute of Agricultural Resource and Environment,Shandong Academy of Agricultural Sciences, Jinan 250100; 2.Shandong Provincial
Key Laboratory of Agricultural Non—Point Source Pollution Controland Prevention, Jinan 250100; 3.Water Supply Operation Area of Water
and Power Supply Center, Huabei Oilfield Company, Cangzhou 062552, China)

Abstract : Nowadays huge amount of organic wastes has been generated in rural area. Recycling these organic wastes is an interesting re—
search topic. Here an experiment was conducted to produce biogas from rural domestic organic wastes by anaerobic digestion. Domestic or—
ganic wastes were anaerobically co—digested with corn stover and cow manure at different ratios( 1:0:2, 1:0.5:1.5, 1:1:1, 1:1.5:0.5, and 1:2:
0, by wet weight ratio) under mesophilic condition(35+1) °C and total solid(TS) content of 12%. Biogas production was much higher from
three feedstocks than from two feedstocks. The highest biogas yield(278.92 mL-g™) was obtained with 1:1:1 mixture. The digestion time was
also influenced by the ratios of feedstocks. Increasing proportions of corn stover and cow manure extended the fermentation time. The fer—
mentation time of mixture( 1:0:2) was respectively 12, 15, 19, and 22 day shorter than that of mixtures 1:0.5:1.5, 1:1.5:0.5, and 1:2:0. The
degradation of cellulose and hemicellulose was improved in the mixture systems. In conclusion, the optimal mixing ratio was 1:1:1. Our re—
sults would shed light on the operation of rural organic waste biogas project.

Keywords: anaerobic digestion ; biogas ; rural organic domestic waste ; corn stover; cow manure
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Table 1 General characteristics of feedstocks studied
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Table 2 Characteristics of feedstocks used for anaerobic digestion
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Figure 1 Schematic diagram of experimental device
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Figure 2 Biogas production rate, methane concentration and unit TS cumulative biogas production of organic demostic wastes,

corn straw and cow manure mixture
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Figure 3 Changes of pH and volatile fatty acid content during anaerobic digestion

Bt rh, TR EHIA -, LRE30d TR i, 5 SRR IrE R —2
WRESEASAN o MAHLETS R S 2RG K 2.3 FHR FAEREBENTL
I, S8 T IR — BAR i, R B m B TR AUATE B FORFEFT A ZEA R E FE TR & &



1178

KA IEFFF 1R ERRET R

PR o VR A AT 4 R PE VR IR AT Y (LF R Tl 4
HZ WAL UE 4 s T LU 1 ECEE R 1101 [l kh
PREF 2 KPR I, iR 5 53.92% , SR IG KR L EE
1:2:0,1:0.5:1.5 1:1.5:0.5 1 1:0:2 f4b3E . Fe LAy 1:2:0
A3 SR AR £F 4l 28 R A v, R AR 251
N S e L R A B e e S B 2 R 1] 5 YN
KEVMER FBCEE 1:0.5:1.5 1:1:1,1:1.5:0.5 .1:2:0 FI
1:0:2 WALHR, 57 S RS AR — 8l AR SUAF 4R
LT YER BEfRRALT B B SEP Y, D R AT g2
NGRS PIRE, BB PSP 2 52 Firs.

O o e
50 HO PR VR4 £T 4

B eF %
40153 s %

30+

1:0:2 1:0.5:1.5 1:1:1
Pkt el

4 SR IT 4 BT IR T 4 T AR A ERNERE
Figure 4 Degradation of NDF, ADF, cellulose and hemicelluloses

1:1.5:0.5 1:2:0

3 i

(1) A I8 1 P RHC L RE 203 IS 4 1 DR 4R K e 1
AE, FEAEHE H PSR B AL TS BB AW
Bl EOKRAEFFAA-ZER/C L 10101 I B TS PR R b
L IKE] 278.92 mLe g,

(2) TRV & B R LG HL BB S DR 480 % T %
AR PRAE K e e A [B) o A8 BLAE T8 by 3 FOKAS AR AN
AFERE TR KT A HLA TG SRR AR 1)
T, S8 IR S K T A B 0] it 5 o A A9 g 286 i i
WK

(3) R S BEAR ™ B e A1 8 1 , 2 o o0 o) IR 4
KRR To A WA TS B A A2 RHR A
RIERT, RYGi o kAR, S INFSFF 03 R g tERE,
HA B TSR L4 R R

(HAEMUEWE S FORFEFF R SR A IR AR
M T8 R BER BE R 12% B B0, =Wk~ ERe
TAE, B AP R L 1:1:1

S

(1] RAESC, W, Bk AR, 85, RERT DA T R ™ TR SO BEROR K2 )

BRI s EAHLIL, 2011(4):56-59.

ZHU De-wen, CAO Cheng-mao, CHEN Yong-sheng, et al. Key tech—
nologies and discussion of the straw dry—anaerobic fermentation[J]. Chi—
nese Agricultural Mechanization, 2011(4):56-59.

[2] Fu S F, Wang F, Yuan X Z, et al. The thermophilic(55 °C) microaero—
bic pretreatment of corn straw for anaerobic digestion[J]. Bioresource
Technology, 2015, 175(5):203-208.

B14 %, XM 5k B, 55 KRR S 2SR G IREUR I RS

TCEMRAN. Bl TARA1E, 2014, 30(5) : 185-192.
LI Yi, LIU Yu—qiu, ZHANG Zhen, et al. Optimization of anaerobic fer—
mentation with mixed materials of corn straw and pig manure[J]. Trans—
actions of the Chinese Society of A gricultural Engineering, 2014, 30(5):
185-192.

(45K H, DSEAR Bk 2, S A S S Y BUIR bR A 1.
SRS, 2012, 31(5) 2 1241-1249.

ZHANG Tian, BU Mei—dong, GENG Wei, et al. Pollution status and
biogas—producing potential of livestock and poultry excrements in China
[J]. Chinese Journal of Ecology, 2012, 31(5):1241-1249.

(512 I, HAAR. PR R, 5. B SIS FORFEFT IR AL I <

FEMERIR[]. Ak TREE4R, 2012, 28(10):219-224.
LUO Juan, DONG Bao—cheng, CHEN Ling, et al. Experiments on aero—
genesis characteristics of anaerobic digestion of animal manure and corn
straw[J|. Transactions of the Chinese Society of Agricultural Engineer—
ing, 2012, 28(10):219-224.

[6] E s, 7&  WE, AEEN, 5. FRIE AT A 1 B3 35 Y BUIR -5 76 T
) AL R, 2012(4) :283-285.

PU Jin—cheng, YUAN Jin, LI Xiao—jiao, et al. The status and prevention
countermeasures of rural domestic garbage pollution in China[J]. Modern
Agricultural Science and Technology, 2012(4):283-285.

(7] v 45 Rk A A 3 A ORI 4 (M. Jbat: v R SE 3t Hh A,
20009.

The second national agricultural census data assembly in China[M].
Beijing: China Statistics Press, 2009.

[8] Ge X M, Matsumoto T, Keith L, et al. Biogas energy production from
tropical biomass wastes by anaerobic digestion[J]. Bioresource Technol—
ogy, 2014, 169(5):38-44.

[9] Zhang T, Mao C L, Zhai N N, et al. Influence of initial pH on ther—
mophilic anaerobic co-digestion of swine manure and maize stalk|]].
Waste Management, 2015, 35:119-126.

[10] Wang X J, Yang G H, Feng Y Z, et al. Potential for biogas production
from anaerobic co—digestion of dairy and chicken manure with corn
stalks|J]. Advanced Materials and Technologies, 2012, 347 :2484-2492.

[11] Ye J Q, Li D, Sun Y M, et al. Improved biogas production from rice
straw by co—digestion with kitchen waste and pig manure[J]. Waste Man—
agement, 2013, 33(12):2653-2658.

[12] Zhou S X, Zhang Y L, Dong Y P, et al. Pretreatment for biogas produc—
tion by anaerobic fermentation of mixed corn stover and cow dung][J].
Energy, 2012, 46:644-648.

(13174 7R, W35y, B 06, 25, R RS 20 LU X & AU AL <
AREGEMAL]. Al TR 2013, 29(2):232-238.

LI Dong, YE Jing—qing, ZHEN Feng, et al. Effects of anaerobic co—di—



EHE S AR U T B A R R TR S 1179

gestion of different proportions between rice straw and chicken manure
on biogas yield rate[]]. Transactions of the Chinese Society of Agricul—
tural Engineering, 2013, 29(2).232-238.

[14] BUE L. PR K PR PR BRIM]. JE0 Hh R Toll A, 1998.
HE Yan-ling. Anaerobic biological treatment of wastewater]M]. Beijing:
Chinese light Industry Press, 1998.

[15] Feftmm. Pl S R ST A2 7 ) U S B IE SR [D]. b e
JEE L TR, 2007.

KANG Jia-li. High—efficiency biogasification of rice straw by anaero—
bic digestion|[D]. Beijing: Beijing University of Chemical Technology,
2007.

[16] Zhong W Z, Zhang Z Z, Luo Y ], et al. Effect of biological pretreatment
in enhancing corn straw biogas production[J]. Bioresource Technology,
2011, 102(24):11177-11182.

LTI AT, BEOCR, B4, 55 FORTAT Ay SO0 H S 4R 28R &
DA AR SZ L. Al TRE41, 2014, 30(18):213-222.
REN Hai -wei, YAO Xing—quan, LI Jin—ping, et al. Effect of maize
straw storage practice on bioga s production performance during anaer—
obic co—digestion with cattle manure[]J]. Transactions of the Chinese
Society of Agricultural Engineering, 2014, 30(18):213-222.

I8 B4R, K8 IE, 4B AL, 45 AR 38 5 ALK RTR A AT L ™R
HIRRLI] Aok TARAAHIE, 2009, 25(3) 179183
CHEN Guang-yin, ZHENG Zheng, ZOU Xing—xing, et al. Experiment
on producing biogas by anaerobic co—digestion of cow feces and Sparti—
na dternifloral]). Transactions of the Chinese Society of Agricultural
Engineering, 2009, 25(3):17179-183.

[19] Park S, Li Y. Evaluation of methane production and macronutrient degra—
dation in the anaerobic co—digestion of algae biomass residue and lipid
waste[J]. Bioresource Technology, 2012, 111(5):42-48.

[20] Wang F, Hidaka T, Tsuno H, et al. Co—digestion of polylactide and
kitchen garbage in hyperther mophilic and thermophilic continuous

anaerobic process|J]. Bioresource Technology, 2012, 112:67-74.

[21] Lin L, Yang L C, Li Y B, et al. Effect of feedstock components on ther—
mophilic solid-state anaerobic digestion of yard trimmings[J|. Energy &
Fuels, 2015, 29:3699-3706.

[22] Xie S, Lawlor P G, Frost J, et al. Effect of pig manure to grass silage ra—
tio on methane production in batch anaerobic co—digestion of concen—
trated pig manure and grass silage[J]. Bioresource Technology, 2011, 102
(10):5728-5733.

[23] KR, FiLik, #h R, 55, BSE F DR EUR B IO~y ik

RS 4l TR, 2008, 24(4):209-213.
LIU Rong—hou, WANG Yuan —yuan, SUN Chen, et al. Experimental
study on biogas production from vegetable waste by anaerobic fermenta—
tion[]J]. Transactions of the Chinese Society of Agricultural Engineer—
ing, 2008, 24(4):209-213.

[24] ZEF5 I, SREEE, O 30, S5 AN [R) T4 BRI & P8 A5 A i 2 TH R

FEFRISZIRT]. 4ol TR, 2012, 28(19) :200-206.
LI Xiu-chen, ZHANG Guo—chen, SUN Wen, et al. Biogas yield of en—
teromorpha under different pretreatment and anaerobic fermentation
conditions|]J|. Transactions of the Chinese Society of Agricultural En—
gineering, 2012, 28(19):200-206.

[25] Griffin M E, McMahon K D, Mackie R I, et al. Methanogenic popula—
tion dynamics during start—up of anaerobic digesters treating munici—
pal solid waste and biosolid[]]. Biotechnology Bioengineering, 1998, 57
(3):342-355.

[26] Lin J, Zuo J E, Gan L L. Effects of mixture ratio on anaerobic co—di—
gestion with fruit and vegetable waste and food waste of China[J]. Jour—
nal of Environmental Sciences, 2011, 23(8):1403-1408.

27 BRI R, 2555 4, XURFRE, S5 R o0 i 75 D S0 AL PR RE O 52
W [J]. Al TRR2A4R, 2011, 27(2) : 144-148.

CHEN Jia—jia, LI Xiu—jin, LIU Yan—-ping, et al. Effect of mixing rates
on anaerobic digestion performance of rice straw|J]. Transactions of the

Chinese Society of Agricultural Engineering, 2011, 27(2):144-148.



