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Effects of Enzymatic Pretreatment Straw Wastes on Its Characteristics
of Anaerobic Digestion for Biogas Production

Deng Yuanfang' Qiu Ling” Huang Hui' Dai Benlin'® Wang Yixian® Xu Jiming'”’
(1. Jiangsu Key Laboratory for Biomass-based Energy and Enzyme Technology, Huaiyin Normal University, Huaian 223300, China
2. College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China
3. Jiangsu Collaborative Innovation Center of Regional Modern Agriculture & Environmental Protection, Huaiyin

Normal University, Huaian 223300, China 4. Commission of Agriculture of Huaian, Huaian 223001, China)

Abstract; A biological pretreatment with Trichoderma reesei culture was used to pretreat straw wastes (i.e.
rice straw, wheat stalk and their mixture ) at ambient temperature (30 = 1)°C to improve their
biodegradability and anaerobic biogas production. The initial Trichoderma reesei spores dose was 200 pL,
it had twice expanding training, and the pretreatment time of 72 h was appropriate for biological
pretreatment. These treatment conditions resulted in more total biogas yield, methane yield and shorter
technical digestion time compared with the untreated sample. The total gas production from pretreated
straw wastes reached the maximum of 14 555, 15103 and 17 130 mL for rice straw, wheat straw and their
mixture, respectively. The average methane concentration levels were at 48.2% , 45. 4% and 47.8% ,
respectively. The highest methane concentrations were at 60.5% , 66. 1% and 66.8% , respectively.
The average methane concentrations were increased by 205.1% , 213. 1% and 214.5% compared with
the untreated sample. The values of pH, VFA were located in normal range. The average daily

degradation values of COD reached 522.23, 542.50 and 668.72 g/d and TS degradative rates were
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172. 84, 183. 12 and 205. 54 mL/g, respectively. The digestion time DT,, for pretreated straw waste

which contained a mixture of rice straw and wheat stalk was calculated. The significant reduction of

digestion time indicated that the straw had become more accessible and readily biodegradable after

biological pretreatment.

Key words: Straw Enzyme pretreatment
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Anaerobic digestion
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T WS 0 A6 0 SR O B KR 0.2% | B R #%
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Tab.1 Effect of rice/wheat straw on cellulase production

JE ARG FPA/ (u-mL™")

A2 —

PRI 5 AL B 5

75 H XA — 2.796 4
2 E X B — 2.1356
25 H A C — 2.937 1
A 6.3743 10.531 6

B 5.9383 10.356 2

C 7.6183 11.7916
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IR R IR B 100 mL 4y BIE] AR A RURE A B
C B PR B — R & T A B S A 1
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SR, By TP AR PR R g A 2 AL BE ROR AR
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Tab.2 Changes of components of rice/wheat straw

after pretreatments and anaerobic digestion %

Aib 7 ES EE S NS

A 37.51 17. 62 9.67

i ub 78 )5 B 37.04 17.22 9.40
C 37.31 17. 51 9.39

A 28.78 8.20 9.22

RE KRG B 28. 41 7.72 8.93
C 28. 40 8.18 9. 00
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= AT KR K B 15 98, pH (7. 2, 5 AT B
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Tab.3 Physical and chemical characteristics of

raw material and inoculum

T H A B C BR Y
WA = L 42.48  62.94  50.65 20
F Wy 5 i 4 B % 95 97 96 10
4 P R T 4 B % 89.78 88.37 89.11 84.95
U FE R SR % 37.92  37.43  37.72 —
2 2 3 0T A B % 21.32 20.92  21.21 —
AR I 2 J5 A 4y B Yo 9.82 9.53 9. 60 —

L2 HEEE
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SR K pHAE/NT 3,
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ST 7 AR R R AT BE I D DR R K T A S
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Tab.4 Experimental plan
/g AL 3 B B IR 4R K B B B
poz _ ity ¥ i [ H,0/  3fp
itk I

/mL /h mL ¥y /mL

A 84.21 — 100 72 615 200

B — 82. 47 100 72 617 200

C 42.10  41.23 100 72 616 200
XA 84.21 — — 72 715 200
X HE B — 82.47 — 72 717 200
YR C o 42.10  41.23 — 72 716 200

1.4 ®WFHE

2T 4 2 WG 0 5E SR QB 2583—2003 H1 1y
s SO 4y K SR B Geotech V8 S M 43 HT AR
(Biogas5000) , HF 7K ik W B 5 TS W 7 : 7 (105 £ 1) C
{18 T A A0 v T 8 T e 5 VS T 550C Ky B &
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(VFA) R 56 et ke .

2 ERE5HMH
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P 1y DRARUR T ol R v 43 3R 45 A H 7 i
TSIt ol . BB L AT IR A A (R R ) Bt
B2 B(ZFF) A R B — JFURH R R = Rk A
R—3, =R LR BT e K54l A B
MR EmERRAERSES 2 R, HEAXE
6.9 mL/g, FGEIRFL M40 21.9% (B 2) . ZJ5 ™S
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B sh 58 1 R AP OR S — A = A m g, H AR
7.0 mL/g iZ ARGy o B A b7 14.3% (1&12) 2
B ESAR Ry 2k Ik CO,0 B 4] A B IRH
RS SR 35 d, BRI SE W TS 7R
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Fig. 1  Daily biogas TS production rate of straw wastes
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Fig.2  Methane volume content of straw wastes

during anaerobic digestion
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Tab.5 Biogas production comparison between different groups

2% ¥l Xt BE 41
A B C A B C
HPEA A/ mL 14 555 15103 17 130 106 93 82
H¥H =S 4t/ (mLd ") 428. 1 472.0 552.6 5.3 4.7 4.1
WAFRE/ (P em P d) 0.2140 0.236 0 0.276 0 0.002 7 0.002 3 0.002 1
TS =5 %/ (mL-g ") 172. 84 183.12 205. 54 1.26 1.13 0.98
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X R 77 SR AL 2E AT M AT S s
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W Z 73 ANER 109 F1 6 K TT a2 T, e g 1A R
S 8053 3k 60.5% .66. 1% .66.8% , T BB ZH H 45
R L 3 T R, P b R A R AR A T
KRG B B, 77 B RS PR B R pH (H B T
I, 52 TR0 Y e A IS SR, T e vk RE ARG, B R T e
R R 38, R R AR O BT IR 4R OF TR
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E

3 kg DR A K I 34 R e (R FR 0 BT EE BT, H
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HBE AR B0 B0 00 50l Ry 48. 2% (45. 4% F1 47. 8% ,
X ek B 5 21 4 i 4 s 205. 1% L 213.1%
214.5% o X 3 B4m dE 47 B 3, ok ] Stata 9.0 %X
It Ak R AR A R AT R 3 A, B T 22 5% Mk FLAR A IE
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Fig.3  Average volume fraction of methane
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Fig.4 pH value variation of straw wastes

during anaerobic digestion
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Fig.5 VFA value variation of straw wastes
during anaerobic digestion
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Tab.6 Composition change of fermentative fluid before and after anaerobic digestion

S A B c X4 A X HE4 B Xt I C
N i B i i 5 i 5 i 5 i 5
pH 18 6.6 7.0 6.7 6.9 7.0 7.0 5.4 7.0 5.2 7.0 6.2

PR VE R D BRI SV BE/ (mg- L7 1)

COD H¥RfE e/ (g-d™") 522.27

15875 6420 16180 8115 12570 6625 11390 6543 13035 5325
542.50

10532 3029
668. 72 2.12 1.73 1.57

S5 WoR N HZH A (B (C TR S 30 A% 1A 8] 1 3
B RIS SRR RRERE . KR4 AL
B C BARAE IR S A B i B b pH (E 3 3 Bk, B TH]
R 7 05 1) TR R 1Y RE T, iR 2 O, R pH
ERE R A A B LC R K BERT A BHECH VEA
Jo R vk B2 AR AL W] R, SE AR SRR T L B R (H
PR AR B R KT (B 1) i X — B
JECERTRT A7 B e A 14 79 7P 3 72 i R - D WY Joe 77 B 4
FRIA HLIR 284 W B 4o e o @ be i A B AR
W R AR AR e R B
FRAE R A (1B 2) P A i 56 7 A B4 i D
J& T ARAT R 2 — 2 SR W HLEE; COD 3
i PR 2 IR A HLB Y A, W] OR) AT Buswell 22
AHESE th I 7= U, B AL BR 1 g COD, Al AR i
0.25 g Hike'™ o COD H 3 itk MO 1 S e 1
Joe i A JEURE R A HLYI RO RE T, 3R 6 Al i il
AL B RS AT, R AT RS K B COD H X fiff

B0 M2 2 B v, SORE M) T A R i P e T
1y ¢ it RE 0 6 5

K Stata 9. 0 %4l o Hr B 1 X % 6 1 COD H
Y e A P AL B AT )5 A AL K CF AT T« =

0.05, HIEASMERKK AT H p=0.248 1 > a, AT IAN
B 2RI R IR A IE A 2 A, SR B X ¢ £ 5% i
BCXT ¢ K 55 AT 1, p = 0. 006 3 < o, JIT LA, SR FH il 325 i
A B S ARG A 26 JEORHH COD - 14 [ i 1 A B8R 42
mHAEAGI#E L

3 5t
(1) 283 AR B 1 7 W AL B B A IR 40 i
PR DL IR AT R R R4 A B LC B

SRS HIKF] 14 555 15 103 17 130 mL.,

(2) ZETALFRFS FF DR A &, WY e ok B R K 4
LI AL B C T B B R B g B A R
48.2% . 45.4% FI 47.8% , # % B 41 4 B4R 5
205. 1% 213. 1% 214.5% |45 5 F ke A 43 %040 3l
i F 60.5% .66. 1% il 66.8% .

(3) BramiH s MEETEEGYHTFRALR
T 77 VH A, Be 0% B S 40 K R AL ) A Rkcde = T
SRR 22, DT,y Sy 17 d, KK 4 4 IR 46K 8% A
Wy P kR e, i 4] A B .C,COD H ¥k
M4y 5 522. 23 542,50 .668. 72 o/d, TS j# A &
Sy 5K F 172,84 183,12 205. 54 mL/g.,
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