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Fig. 1 Schematic diagram of controllable constant-temperature

fermenting equipment
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Fig. 2 Effects of temperature on daily biogas and bio-methane

production during anaerobic digestion
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methane production during anaerobic digestion
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Fig. 5 Effect of temperature on pH value variation during

anaerobic digestion

KW (5 21~42 K),B.C F1 D X 3 4
pH (EATHAERELE ™ FF e B B L, T A 2R 22 R
JESEPEE 6.5, X ] RESE PR 2 R Y 7 F e TR AFE
TEPEAR AR, P2 R A 5 A A E %, B ek
BB TR Ak AR I A AL K e B B FE Bl



2092 XK [H

2
H

=1
b

it 39%

Ay,
£

pH (EHAERFAEARAKT o XUSRIEAE RIX] %k
P50 S B R e o BR AR K, oy e A TR PR R ek i
RIS . A b, H s 5% iR L A
UREEE N E HiEe O SR W RS B o | (T LN =13
TR 22 P 41 TR (8] BEAH IR A R, B REA RIS P
TR AR ARG LR
25 VFAsRERETZTH
VFAs J& RS8R BE ™ 1R W Be 1 32 7=, g2 ™=
e B REAR IR 0 2L .t IR 6 mI 0, 4 A4
RURZH Y VEAs W B2 5 e R ta . W)
WAV e TR, T KRE TR . LR
N H SRR DL, 7 & BRI AR K S0
HEE TR, VEAs ¥ BEAS W R 22 91 35 3 45 [ 04 MEL
B 4 20 (3G IG5 A AN A, Hor D R, A
M CHRZ,B AN, B A e R 7K 302
M) 5~6 £5 o [RIET, 206 Bl = AT VEAs B &
T, o B AR AL T aAE . T AR
) 2 TR 3023 FH AN ek 2 2 Y () B A ) BT s e rp
T R P A ) T 0™ R o TRAE 1) BB AR G TR R I
FEHBE R VEAs ANWHCAIH , BE bR T8 HLER
FAAME, AR VFAs TE [ 42 5, ff B Fl C 4 4%
FRRAR VEAs ¥R B2, U B 4G 24K T 125 mg/L.
Banks 250N VFAs e AL T 500 mg/L. AT
PR RNRRE . 2FERIMEEERRENZ
XA LA I fie e 0 R 1 v BT R R R
T 7= B e 8 6 2 P P B2 G S, 2 D 4 VIFAs
WeREAL T o o
1000
900
. 800
»glo700-
E 600
= 500+
% 400
300

200
100 [

e A4l 20°C
& B4, 32T
—a—CHl, 37°C
—=—D#, 55°C

0 5 10 15 25 30 35 40

20
i Ifl/d
K6 EXHE R MERITIR (VEAs) & BRI

Fig. 6  Effect of temperature on VFAs during

anaerobic digestion

25 RJa P/, SR A kR, D 4l
M CHRZ,B A K, 456 7 R pH
{H,D 4l VFAs ¥ B2 i Pty /N 5 Bt ™= < Pkt
HE R H 77 e WA R A — S (B 2 L 4) , 16
VFAs 8 = i 94k 1 7 HY e 187 438 ) 2 22 2 A
o A Y VFAs WP S5 1 Ji PRUZE T 3 3 7 R e
P PR AR, AT LR Bl A 1) A e e AP T e A=
BT, v R R I, B S A 4] pH [HERFE
6.5 WEPIE T 3X— .

2.6 BEXIELBE/FEE (VFAs/Alk LL{E ) #0

VFAs/Alk oA 2 A 1 IR 8 K 9 2R Go e e PE Y
HEAEhRZ — . HIZENT 04, RGN T
0.4~0.8 B, Fo e PEAR 2% s = T 0.8 B, R I A F
Eo HE 7 A, 4 MRIAAY VEAs/Alk L EIIE
T 0.1, H B A T 7000~14000 mg/L Z [i] , i% 5
Lane 25 18 ) Fa 2 & B2 00 SR B8 R ST 90080 =5 T
1500 mg/L, VFAs/Alk HLAEART 0.7 MHFT & . BB
WRSHEERALEEA BRIFgvhae )l , A A TR
ARG R EBIT, HAFEENE,AMDHMY
VFAs/Alk FUAE B ahds kK, L H A HEW 5 BT, =
W IR R VEAs W B ARk 5 B B o8 5 A EAS
MEIR G X 5 R B G A 4HEE VFAs R EE R4
1% pH EZ5 R —2(E 5 fE 6)

0.09r
0.08F
0.07r

M 0.06

{g 0.05F

4 0.041

0.031
0.02F

0.01¢,
O.OO0 3

—o— A4, 20°C
—e—B4l, 32°C
——C4l, 37°C
—=—D#, 55°C

20 25 3540

I Til/d
7 R BEXH A R L L) )
Fig. 7  Effect of temperature on VFAs/Alk during

10 15 30

anaerobic digestion

BEMESSRE (NH,-N)RER N
H 8 Al A, 4 AR 41 1 NH-N e 1 5
IR T R R A A

2.7

KW, A 4L VEAs WREA AR A0 A LYK T B0 NHL-N R BESE i, FLI S B

JN,Hodr AF C A 30 RITERIS/N, B FT D 4

NH.-N A= i B fetle . D i3 s febl, B A1 C 4HIR



84 AR BB SRR S SR G T A T SR PR 2 e 2093

2o Ph IR R T 2R G0 N R AR R A AL R
AE UL T iR mE R A AR & . R BT, A R D
) NH,-N WS T B A C 4L, % B B2 = B e
PRLRc TR BRI 7= B B, 77 B e BT NHL-N R T AR
BT A R 1T e O RN S R A 7 e T
B RN PR AR AR, NHL-N AR R AL TR )
HUOR X 5 X 5 R YR Haeeis 55 2 Y 25 R —
o ZJE, T IRY AW AL, NH-N 2B Bl %
TR , FLP= B g oA R 50 A9 M A 384 I (i NHL-N
B FEACE, DU /R IS NHL-N R BEREAI, 2
R I (5 30~42 2K) , 77 W Bt T 430 58 B AR e
1, AR R, i A A WU K AT RS T
NH,'-N ¥ BE F R Th s o 8 T R BEAR M, NHS-N 1)
FEAEEOH AR T RRE . A E AR E
(<200 mg/L) NH.'-N X PR 48 & I 5o 7 B A ) ik
JE 358 85 (=700 mg/L) W T R 38 5 5% M DR 4 1T A 40
N pH B A e B s 1 55 =g R 7 R e
PR R R AR A IR R S AR S50
300 —e— A4, 20°C

—a—B4, 32°C
F—a—C4, 37°C

0 I5 1I0 ll5 2I() 2IS 3IO 3;5 4I()
i li)/d
PI8 IS 2 UMk B S
Fig. 8 Effect of temperature on NH,"-N during

anaerobic digestion

28 32 CRAXEMN3 m’ARBS bt

FIH 3 m® PR FRBEE IR VA A b E 4T 32 Crp
IRk R E, 45 RAn1E o A 10 Frs . HES S
WGRREE T d 5 e S BT 5S0% LA 1, HAE 42d
KR RBEAT 26 K7=S P, H =< s 1G5
K510 L LRSS RAIRL . 55 42 Rifi) R
A ARBTG5 52 70.52 m® Fl 38.67 m?, H
SRR 1.68 m' WA AN 0.56 m/(m’-d),
T 10 LK [ GE 45 R 7 3 WP e (R B A HOh
54.83%,5 10 L K BERELE BT

4.0
3.5F

& N aa N

0.00 36 0 121518 21 24 27 30 33 36 30 42
I fal/d
El9 KRS EEAAN H =S m RS

Fig. 9  Daily biogas production and accumulated biogas

production of solar heating thermostatic biogas digester
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production of solar heating thermostatic biogas digester
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EFFECT OF TEMPERATURE ON BIOGAS PRODUCTION FROM
ANAEROBIC CO-DIGESTION OF VEGETABLE WASTE AND
SWINE MANURE

Ren Haiwei'”, Wang Yujie'?, Li Jinping'®, Xu Zhe'?, Li Zhizhong’
(1. China Western Energy & Environment Research Center, Lanzhou University of Technology , Lanzhou 730050, China;
2. School of Life Science and Engineering , Lanzhou University of Technology, Lanzhou 730050, China;
3. Gansu Key Laboratory of Complementary Energy System of Biomass and Solar Energy , Lanzhou 730050, China)

Abstract: Baich anaerobic digestion experiments were used. The vegetable waste and the swine manure were mixed and

fermented in mass ratio of 1:2 in 10 L reaction system to investigate the effects of temperature (20, 32, 37, 52 <C) on

the gas production characteristics of the mixture. The results indicate that the mix fermentation system is stable at middle

and high temperature condition (32, 37, 52 °C), but there is an acid inhibition phenomena during the later period of

room temperature (20 °C ) fermentation. The performance of producing biogas at 32 °C is optimal, the total biogas
producing quantity is 4.65, 2.08 and 1.42 times of that at 20, 37, 52 °C, respectively. The pH value, VFAs and NH,"-N

concentration in the fermentation process are located in normal range. The experimental results in 3 m® household biogas

digester show that the volume gas yield of mixed fermentation of vegetable and swine manure at 32 °C is 0.56 m*/(m’-d),

the average methane volume fraction is 54.83% , and the average daily gas production is 1.68 m’. The mix-ferment with

vegetable and swine manure can not only maintain the stability of anaerobic fermentation system, but also can improve

the biogas producing function, and can provide reference for the biogas-utilization of vegetable waste.

Keywords: anaerobic digestion; vegetable waste; temperature ; swine manure ; biogas



