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Abstract: The effects on the gas production and the energy conversion rate of straw anaerobic fermentation, the performance of
biogas slurry and the gas production cost after fermentation were comparative researched under four different temperatures (20,
25, 30 and 35 C) and three different pretreatment methods ( NaOH, biological reagents and biogas slurry) by self-designed
leach bed reactors using rice straw as raw material. The results showed that the total solid(TS) mass fraction of substrate after
fermentation reached a stable level at 13% to 15% —semi-solid anaerobic fermentation; also the cumulative gas production and
temperature, the changes of COD and NH;-N after fermentation were significantly correlated. It also showed that the TS biogas
yield of rice straw after pre-treatment was higher than that of the untreated under the same temperature (20 =30 °C ). The TS
biogas production was 154. 0 mL/g and volatile solids( VS) methane yield was 55.2 mL/g under 35 °C, which increased 25. 1%
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and 52.5% respectively comparing with those of the untreated sample. At the same time, the methane volume fraction in
anaerobic fermentation gas production could be significantly improved by biogas slurry pretreatment. The methane yield of TS and
VS increased, while the elevation rate of methane production gradually decreased with the increase of temperature (20 —30 C ).
The methane production of all treatments could be increased by 90% when the fermentation temperature rose from 20 to 25 C.
According to the analysis of gas production cost, the self-produced biogas slurry had better treatment effect and lower production
cost. The variable cost for each 1 m’ of biogas produced was 1.62 yuan. Considering the warming of biogas fermentation tank
and energy input-output balance, temperature control at 25 “C might be the optimal economic strategy mode.
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Fig.2 Daily gas production and volume fraction of methane of rice straw after water pretreatment
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Fig.3 Daily gas production and volume fraction of methane of rice straw after NaOH pretreatment
2.1.3 A AT AR T Al B 3 R M R BB AR XIS AT R OR R AR 4R AR Y
Wi R ik BIMEIR RS AT LR A2 A i H i 72 eyl 4 T, 222k i) B 305 i K R FFAE 35 CR
BEREE T " U E MR BT, IK5) 2 390 mL, 878 FRHEAR (1 910 mL) $ 7% 25. 1% . W {EL ) BLEE] 5 2
1 RO SR S AR 22N K, 2 RIS I 5 ~7 do RIEZEHRUE 20, 25, 30 F135 CAAF T Bt
SE5129 6 320, 17 040, 20 200 121 540 mL, AT 0L 30 CLAG =R EIFARIIR . FBeRFR s
ARALREAEE 2,101 R 2. 1.2 TAEIARL, B 35 1 30 °C b BELARR 7 7 AR S 1T 0 R GE AR 43 B0 20 A
25 CHREM TS ~6 ME TN

25001 45-
2000
&
530
2 1500 §§
1 =
3 1000 R
= 15
500

0 5 10 15 20 25 0 5 10 15 20 25
AL fl/d AL fE)/d

——20 C; ——25 C; —0—30 C; ——35 C
a. HP*S & daily gas production; b. I BE/RF3 4L volume fraction of methane
4 EYRFIBALEREFESERFRERSH
Fig.4 Daily gas production and volume fraction of methane of rice straw after biological pretreatment
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Fig.5 Daily gas production and volume fraction of methane of rice straw after biogas slurry pretreatment
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Table 1 The initial and final indexes of rice straw anaerobic fermentation

—_—— BRER R/ C KBERT initial KW%JG final
) fermentati 5 5
pretreatments crmentation S/ % pH fE CoD/ NH;-N/ TS/% pH K COD/ NH;-N/
temperature pH value  (mg-L~") (mg-L™") pH value  (mg-L°") (mg-L~")

20 14.0 7.15 5680 34.4 13.2 6.62 7870 67.0

2 25 15.0 7.26 9630 43.0 13.4 6.57 12450 69.7
blank sample 30 14.9 7.56 8450 30.6 14.2 6.84 14100 67.0
35 14.3 7.43 9480 20.3 13.9 6.74 15720 80.2

20 14.1 7.56 5550 37.1 14.2 7.23 7630 53.6

NaOH 25 14.8 8.72 6680 48.1 14.7 7.67 10100 80.4
! 30 14.6 8.88 8860 44.3 14.1 7.36 13680 95.8
35 14.4 8.92 9740 37.5 14.0 7.21 14520 110.4

20 15.2 7.23 5640 38.9 14.9 6.77 8360 61.1

A= 35 25 14.5 7.43 6790 47.1 14.1 6.98 9230 91.0
bio-pretreatment 30 14.2 7.51 8670 43.0 13.3 6.77 12430 125.3
35 13.8 7.46 9520 34.7 13.9 7.01 14310 130.3

20 15.2 7.07 6370 46.4 15.0 6.54 9860 76.6

IR 25 14.7 7.19 7860 42.3 13.7 6.75 10260 111.9
biogas slurry 30 14.2 7.37 9620 38.3 13.6 6.42 16540 135.9
35 14.0 7.28 10100 50.1 14.0 6.83 17640 178.5
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HER 1 Al R EES YR TS Bi o B A T B (LA R IFAE 13% ~15% Z 0], Ui 248 )8 T2
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T I T e H AR AL A R %, 23 FRESD 20 “C B COD  NH,-N [ e J3 4 % B Wi 43 ) 42
15 38. 6% H194.8% M TE 35 C KMESFAF T, iX — 54T+ 2 65.8% F1295. 1% , i — iR, &
=S & 5 kG COD & NH,-N B9AR 1k £ 35 AR 1 25 1EAH 5C ( Pearson AHC R %M, n =16) ,#HC
ZH53 0 0.856.0. 721 F10. 8715 1 5 & B pH {E TS B 0BG, E— & 16 BN & BRI+
1R DA ) R A i X U ) R 2 YRGS, TR W AR B8 COD J NH,-N vk R K
2.3 WetFH U ERNXTEL ST
2.3.1 TRARF X TS FFE R IR T A AT LR 454, A B TR YR mT k1 I B A RN
Tt A A BEA T SR RS FE RO RESE AL s R 820 3 2 AT TRl —JRLRE (20 ~30 °C) 418 F , & Wikt HS 1Y
IRABREFEREL A TS PG T 7,20 CEE & B S 1F T, NaOH | A= 937 B 70 8 1 A BRAE o A
TS AR5 35,7, 42,1, 59.7 mL/g, 70 il as FARESh B 1 18.2% | 39.4% ) 97.6% . 35 CIER
FAFT 3 PR ERAE S Y TS 7353518 108.1,143. 6 J 154.0 mL/g, 73 5ilHeas FIRE b E - 12.2% |
16.6% 25.1% . MWHIEEr= iR F , TR R It 72 v G R B B0 ey, &5 B 3 7= Ak e AR
FETE 31% ~42% Hy7K-F- BRI TS 7= H e RIS, S A A 38 5 R e 1 {0 7 658 mlL, /i S ™= < i
(1 33.2% , VS F=HBERHy 55.2 mL/g, BAHRIEE T 925 AR R 52.5% ATl S KRR &
B 250, IR RO S EE AL B 5 28 A0 T AR 0350 B2 NaOH V3 W T5 A0 BRAE S % FT A0 9 b B ) — b O =X
AU BEIR T REFF L e 8540, 38 T 77208, M B TR BRI C/N L, 38T T & el
RV NaOH HiAL B O REAT , 78 35 C AR Y VS 7= HUBE 34025 (AR 5 R AIK 28. 2% , iIX 5 k)
HRAED0) ST NaOH b B AR K R R i 2R S R BT AS- 45 SR AR
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Table 2 Biogas production of rice straw relative under different conditions

SRR C B/, TS P %) SRR R /mL TS PR e/ VS =R/

g s ‘ . . . cumulative (mL-g™") (mL-g=")
ermentation cumulative (mL-g™")
pretreatments temperature gas production biogas yield of TS methar'le @ethane Imelhane
production yield of TS yield of VS
20 4530 30.2 1401 9.3 10.1
= H 25 11500 76.7 2841 18.9 20.5
blank sample 30 15170 101.1 3944 26.3 28.4
35 18460 123.1 5019 33.5 36.2
20 5360 35.7 1504 10.0 10.8
25 12060 80.4 3213 21.4 23.2
NaOH
30 17470 116.5 4730 31.5 34.1
35 16210 108.1 3614 24.1 26.0
20 6320 42.1 1726 11.5 12.4
A= 135 25 17040 113.6 3892 25.9 28.0
bio-pretreatment 30 20200 134.7 5772 38.5 41.6
35 21540 143.6 5998 40.0 43.2
20 8960 59.7 2786 18.6 20.1
B 25 17410 116.1 5337 35.6 38.5
biogas slurry 30 21910 146.1 7139 47.6 51.5
35 23100 154.0 7658 51.1 55.2

2.3.2 BAE MK BRI T B I A 0 PR AR A A DR R T TR I H A K T AR R
Py AR A DRI i 2 Al B VI PR P, TR ORI B B T4 5 . | 2 WA, A5 RR AL TS
PR SVS 7RG BB B TR B e, 25 NaOH | A Wi ) K v WP AL PR
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35 CH TS P75 R 95 20 CHETF307.6% . 202.8% . 241. 1% K 157.9% 335 CHY VS 7= Fl B0 51
520 CHETF 258.4% 140.7% 248.4% N 174.6% . FEZH J iR B Th A F) T4% w4 4 2 i AR5
PHEERTEHES L s S st & B, 30 CHEIR S /KB i T & B VS P28 N 87 ml/g, &
25 CRIEFAF T =208 1.4 5, 5 —J5 i, WIREE B E K= S48 TR IR B (WL 2) KR
20 °C T2 25 °C A H = H e Rl B 90% L b5 RRFIREE L 25 CHETFZ 30 °C, VS PR e Rl # i
30% VA b B EE N 30 CHEFFZE 35 C, AR ANVE UL B 5 O RE & VS 7= e R4t = KT 8%
IR BN TR RIS SO RIS A 55 R &R IR B HIAE 25 C AT E R AR RIS,
2.4 FEEBAENT SR

FEFFR AT RS R —FRRD I ARSIl Gn 2 Fil b BB AS i /&7, 5l FlAh B S 7= S
PETHARE AT AL BE % TR 2 06 4 b e Dk 2 T 5 174 B 48, R O A 2 i) 24 s FF VR A TR T A
D N E N R, KL, A DBV A SO W 5 S R AL B AR Sy T X K R A
FFP=I8 A0 T A8 AR IEA TR0 08T, AR S Hh Ak 27 T4k B0 38 B 45 AR 3500 A NaOHL, HiTli 740
& 4331128 60 000 12 000 J6/ W, K AFFSFF EURFR A% 298 250 0/, 418 3345 BIAS [R5 i AE 7 IR
T W AT AR BAS WL 3, 3 3 R, AL A TR R EAL BEOK RS RS FE B e AIX, AR 1w’ T A
AIARREASN 1. 62 T ; 2R F A= Wi 500 9 A BOK ARG A AT, 2248 7= 1 e VAW AT A8 A 1. 80 JT, >R H
1.5% NaOH ¥ WAL K FEFEAF AT AE BUA S 3. 70 JC, A A i i, R &, AP BIREA &
A B A AR A AR A A 7 A, R T AR A

%3 FREFLEFR FABREF=ESNATEHR AN

Table 3 Analysis of variable costs in per unit biogas production of different pretreatment methods

SR TR, B TR i/ Wk con/ (JEom )
kb3 (m*-t7") (kg-t=1)
pretreatments mass dry matter gas unit dry matter Tk 7] SRk CIE
production rate reagent dosage pretreatment reagent raw material variable
25 9 blank sample 123.1 2.03 2.03
NaOH 116.5 90.0 1.55 2.15 3.70
H WA bio-pretreatment 143.6 0.1 0.05 1.75 1.80
B biogas slurry 154.0 1.62 1.62

3 458

3.1 2 NaOH AW FA R TTAL BLS RS FF H =t S g a8 & el i v = e (e &
BEAR R B PR TR THE (20 ~ 35 °C) Tl ETHRyEa#

3.2 MFERREE (20 ~30 C) &40 T, 2 WAL IS (/KRR AT TS PSR A e s, A e NaOH A4 )it
BRSO oA W 35 CAFT TS PRI E] 154.0 mL/ g, %8 FIRE B 55 25. 1% 5 VS 72 H
BERIRF] 55.2 ml/g, 5825 FIRE A A R0 52. 5% 45 BUALBRAE S TS 7=/ B VS 7 H Bt 2 B L (20 ~
30 °C) b N AH = ST HR BT R 0 T T R R 20 CCHE T2 25 C i), - Ab PR H bt
KA 90% L I, IERNAS T RFEASEE A= RE SO 5 R IR B HITE 25 °C 24U M i b
(SR ASE

3.3 EMSSHE TS B B ELE 13% ~15% 2Z18], 1R pH {EIS A A%, (HIE % COD & NH,-N Ji
VR BERG N, FLRGERRE R RS bR R, REUT AR SIRE KBS COD K NH,-N (948 fh it 1 52
M d 35 IEAH G

3.4 WBEAEAAESAE BN BEREFF I A AL, B4R 1 m® A AT AR AR 1. 62 78, R H
1.5% NaOH 7R FAb BKFEAS AT BUAS B i, LA , F 7= VRV A BEK RS RS AT SR T TREE) R A,

SE 3k
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