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1.1 SSIEME

DIOK RS FFVE R 32 2 ek, T 2020 4F 10 A 7E L1 TH ZRYE B RGERT (30°58'38”N, 121°1'39"E)
—WHERWE , iz 2 P4 1.2 mm JE 1 HDPE B2 B AA X, HREREREKE<Sem f5, Ui
PRS2 B S E AL B T (EE AR BT RZ 0 10 g'kg ™), TR S KRR 35% J5 HEAT IR AL FR0
ek B RIZE 4 m Aoy, AR T AR AR 20m? Ao A, HEMEH PE B KRR A 5 A 1 L DU R AR
BRI, B RA A F 60 d, DI AR B TAL BRALCR . AR B a5 2E, 2 iia Ll
AV X T A e R A o o e P e B R s B B, 3R I A A7 1 0 T 7 e BAR A M Bl X Al
J% 2P AL BE G (30°58'4 "N, 121°1'33"E) TR IR & BE W 40 25 5 W B BE VR W . S ARk B4
SR 1 TR o

x1 iR R

Table 1 Physical and chemical properties of raw materials

Ml BERTES %  ERVERERES e  AERFEMUe  CFEERFRS % pH ON
IKFEREHT 90.5 87.6 37.5 22.0 - 64
A 22.7 86.6 - - 81 9
TR 4.0 86.0 - - 72 -

12 SWRE

ASWFE R AR RMER R i, AWE 1 R, ZEEK4m, & 1m, BEEAER314m’,
K ANFRRE S) 15 kg-d (IS BRI R 30 ~ 40 d), b R . BLACRT S BP0 . Ha fl s
EALE . BIEBKHLSE RGN, JFACE A pH FEL AL (815 U-PH6-ZXCN2, TRIIGHI k(%
AR AR LR WA AU B A (TS LWQ-40A/S/A, TLIRAE AL F S AL AR AT IR
Al), PLR BAIHLEEEIRSE, ARSI H R YR pH R B HEAT SERT I IN . Forh, BB R G
EEREAR AT U, AL Ry S kgeh!, R E SRR SR YR R R LA T, RS E 1.2 m,
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Fig. 1 Structure of horizontal push flow plant

BEE RO 53 RHRBE MR R A . OB R G AR R FIE LK HL, OB E W ER R A
ZIRE KLY, B A [ (TS) 1 10% ~ 15% MK 2 40% Ji $HEAT 5 48 ME R A0 31 5 93 4R 5 433 b
] 2 4k 2k T R A o, e AN TS<3% By FR BREEAE S, TR R BEIR R TS M 10% 244 .
1.3 LIt

B S 5 B R R 3B B, Al ke SR B B (BB 1), fRE s 17 B —d R B B
BB ) fnfe g s H G m b B (B, Hod o B Be T a4, #% 88 4: 1(TS:TS) #9 Ll 78
R FERE T — R A B S M AE RS (200 kg) FH6E 2 (45 kg), AT TS 2 10%+1%, #:Fh 20% 1)iH
W, WERBERE N (35+£5) C, R AEEARL WG, LLSkgd (TS) Mis 4T i fif i LLis 17 Efa e ™
SIEREBE N o BB N striia, TRV (BB 1) 2R OB 1 .2) 6 <
itk (BB .3) 45 3 Fhi —J 7 2T W AR L R Gk vk, T B I sirgs i, @il
T E AN R AT O A S AR LA A A R, bRk R s (BB . T2 AI3),
TR B Ay i st g, 258 B ZNARA A R 7 2T AR RS A 80 R BR TR I A 15 L

R 8 R G 1 DR AR A I 7 SURPAE FAR B 280K, e BB 1 3250 Al o 50~60 d,  Biv B 1T AR B
I 5 b 4 6 07 XL 40 d o 1D WD 3, BLA I 7% 8 1.5 rmin™!, 2B KR E N
237~3.16 m*s™, iR RN 4.74~632 m s,
1.4 KMIBFER S GE

TS 7€ (105£5) C MEAF Pt T 2 E FH M 2 ;. ¥ &R R (VS) MIFE 550~600 C 3 47 v Ky g 28
HME 5 ZR4EE | A 2R 4k R o 0 BOR TR BB ik - 53 'O VR AT IE ™ Bk (C) AR (N) 43
) SR FH B % T B - R AT R B T TRk AT DU U R o A R 4 s felt 8 488 X R o O A (28
7 GDWC-600, Y 7 2l B A R A F)D W E , I NY/T 1700-2009 € 38 H B b il — 48 A ik
I 7 AR S L ) BRI IR R . PR LA S LA A% R AT HLIR (VFAs) >R AU €83
(445 Agilent-7809B, N Fi BB AT BR A R #E4700 %€ .
2 HZHR512
21 AEEHAFAMBRETEARELBIENZI

1) A 1 AP LR o B AR AR S BT . FES BB B g s AT B B, ARk Oy R A
T T IR EUR BERTE A H 77 i AR A S B AR R B 8] 2 R o FETT 40 d S SRRy, B0
SEIRFE T 61.4m°, Hf; VSRR N 3642 Lokg s NS 10 d S, ke A B4 BORT 43 4 54 3] 60%
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Fig. 2 Changes of rice straw daily gas production and methane volume fraction under different stirring methods
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B TR B B E TR 60% LA L, 54 5 S50 il BO<RE AT 5007 VS 77 Uik 1ok 3425 L kg LA B
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MBI B A R . AN B 205, BH P AELSdATEAME, ZEmlik22m’d', &
1T 22%, X FEZ R TUUR THORB YRSt widish, fem 7 RApaReam, S
BT Wi, PRITH SAR TS PR, BEE 15w d!, 5T MHEEKT 16%, HIF
BER R BOR ] T 64.80%, i T 111 #462.68%. 3% Al BERZ P, S A BRAE /K AR 9 it JBE 2t F e
f 40 %, VH UG PR BRI R T R b i) AR AR AR o B, R AR E T F BE Ry AR R FERY B
33247908, HP IR TS TS, @frha il B E PRI EZE 1.7 m’-d !
A, 53T 13%, Xl gese Bk, 1.3 Pafem T ah Pt s B 29 T .2 2R b bk
SREZAY 2 A%, B R E S Sl i 1 K R IR e gt AR R

KARIM PV T AR BF R 458, AN RTE TS M 10% 48 IRA LR BER g, S ahiicdk
PHBORIE TP R o 3 LM 22 5 i B R T REJE , KA KBS, & & Fe sy
2 T A BN s NRE S 249 50 oA, i LA A O B JRURFR IR B W g b, WRL Oy IR A 2 )=
TBWJZ ML Z 3 2, S S a2 B A S KUK 7 A 09 78 A0 BIOSCOE T s B 8 I, A<
T R R T AR - B A A T AR, (EX R AR 1) AR VR AR T AT R 2 . AR
TS, I AUBRER P i el BUAE B 0 e i Sh AT A B B R R R R S R R T
Fefih, TR AL AR AR

2) Yk pH F1 VFAs ZEALFFAE 7387 o pH Ml VFAs R AR IR R B B ) B 248 bR, v RO R
Sz AT AR ETERY . ARWETE XS B B I b oA [l 4 1 07 20T A IR U B R G b pH FI VFAs 22401 (L
T LM, S5V 3, FEBATRYBETT LRI 2 Fh, 2R A I B B 4 5k 254~360 FiT 223~
319 mg-L™", W% T BJORNSSON %5 iy fff sy 25 I . IRl T, RALM ARG iz frid B2k A
THRAEER (20~ 30). HAEN .1 AT 2 mfrad R, FHFRME R VEAs i R, XU, REKBE
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Fig. 3 Changes of rice straw daily gas production and methane content under different stirring methods
WA PR Y VEAs BEREBCRSE 4, RBERGIEITERE . FrBC I 3817 Hi) VEAs B i 2BUF T
F10d B ZEREEMHE 1106 mg' L™, HZ5 5 dalEEIRIF4ERE7E 700 mg L' 247 . X5 PATINVOH
SEC BT A R, ATIACH VEAs RBS P AL R AT 4 O R GEASE FIE H s 1T IR -

HIE 3 AT 1, VFAs 5 W I 5 48 pHL Ja 4 0 A Wi 2 b e (8, 1H pH Sy B8/, LB
BEPE L RSB R A AT S B BEFE AL YA 1 R A S pH EEE AR AE T 6.6 15 7.8 Z ], BITEIR A
R GER) I FLIE (6.0 ~ 8.5) NP0 X APRESE KON R 2SR B T —E MG b RS eAk, BB
101 A2 Pl e i pH 8 430 . v 1.3 s 47k B, A5 P o pH A B i i 2588 . X2 I
N, R TR R S 22 DR T PR S IR R R R B R R, TR T R R S e ) pH BB R, SR T R
R A B8 G 03 BEAE R B,

3) A LA 53 B Fg FRAE 3 A o R Al e 0 =X x2 TEHBEHAXTHENES ERYE
THOA HLAL AR UL 32 20 Zad 40 d 1R Table2 Removal efficiency of organic components under
ARBE, sATHBEI . D2 #0103 H1 A9 VS B different stirring methods

R 3 37.3% . 30.6% FI 32.7%., AW, 5 BITBYBE VSEBRR/%  THRMIERI% AR ERR %

SEHBEFEA L BB B RE 0% B G R R IR M1 373421 147411 14112
ARBERET VS WM. xRyt 12 0e 129406 10309
{gﬁg&%{jﬁﬂ:%{mﬁ?/m]o Igj/l\& " 1. " 2 %l] .3 32.543.1 12.7+0.8 13.1+0.8

.35 47 77 A= (T8 i v 27 4k 22 R P 20 2 R o i 0 B W IR, AT 38 12.7%~14.7% F1 10.1%~
14.1% X UL, TREUR BE G 0 W0RL 5y BE S 3R o0 9 o3, IR 0 AR RROE PG, ATAE N RGP
BRI 5 R B, RAER G .1, T2 A3 7R P B 374 (N PO, Al K,0) Jit 43 840 53l
35% . 3.2% M1 3.5%, MR NY/T 525-2021 (A HLEKE )Y U B3R 00 & M E LT =4%, H
I, VERFEFEEEA VAR S 2R AR, by 2O 7 i BT} %) 5% e v 200 AN 1
22 BMEAREEMBERRELBUENZT

BT B A — 33k 07 U RS TR IR AR B = SO A MLAL o B FR s O, itk — 25
TR FE 7 AT 32 55 R BEROCR B RE ), AR R T ML H1 AR v s R 2 Rl AL A K
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TRGBITRCER (B, BebEJr U0 R 0 & BERCR N3 3 iR . LIRS R ER, 5R LBk
A EE, 3R AR T R RS Tk IR B L 40 d B =R m AT, (H e AR o 838 A i ot
o L, BB iRy VS R A ML A BB B e, R VS P LIA S T 447.2 Lokg
2 Y RN 2 4 R BRI 3k 14.9% F15.1%, 7SR 2 .3 5 T 2.3% M 6.1%., %4
Elgn, FEOAR A AP R, LA FE X 5 v T AR R AL K ) STk R A B .
XOTRESE Il , FELIARERS N R IR IREA R BE RGN, AU FE 91 O E T sh B A1, (R
Uiy S Bl AT R AN B — LA FE O T R R RE N AR AE < AE A IRl R, SRR Sk O A R
PR AR BERGIERL, Fe KPR BEHL R4 THeFEMEA . Bk, WIRE R BHCERE, DL
MIEFE R L AT ARSI A A A P T RO R
£3 EAEBARTHESHEREGHAES BBRYE

Table 3 Gas production efficiency and organic component degradation efficiency under combined stirring methods

S FERAE L AT LAY PR
PATVSFER I/ (Lkg ) WA Y% MR REmM VSERER/%  FREREMR% LA YERER%
1.1 4472 63.73.7 76.4 414+12 14.9+0.9 15.1£1.6
Ir.2 4373 63.8+1.2 74.7 38.2+1.9 13.7+1.5 15.3+1.3
1.3 4215 64.5+1.8 72.0 35314 12.341.3 15.942.1
2.3 ITREAMTHSH
AR iz A7 e 7 SRR A T 3 R4 TRBHETERHTERETLNE
FEE:, NIRRT 4R S S AT RE g an Table 4 Comparison and estimation table of annual energy
FKAFTR . ENEM ., 3 gl S RHEn 7=t consumption under different stirring methods
BITHERERY ST O .M ERE, Hrl 54680 BATHTBE IBATHRERR kwh  BEREFEAEAWD  BEREFERE N /%
9% ~ 20%. Hr, #E .38 f7 i v B FEAE 1.1 6570 3351 51
Jr b R BE FE L B R RS AU 31%; 5 fir.1 5475 2311 42
KARIYAMA %P2 7 38 (%) R U JH AT A2 i .2 4927 1825 37
PEFEBE & L AT Ik 299%~54% M, A5 14 g i3 4380 1388 31
FER AL . MR MAO S50 FiT KIM 2884 (1 i 5% Vs BEPEARRE 7 HHEBEPEARRE PR B T B T BFERERY

T B BB AT O SR W B AR RO 0 A e 3R, PP
(B AL 3 3 AR A B4R B VA i, O R AR TR R AR . UL, 25 % HE 7 S R T Y
FE, LUSERE N R . HURR R N S 0 2 A R B ATV TR AT L1 e Bt by At
3 Z5ip

D) PEE T 4T, RS TR R 40 d M2 S IO NIERE 8 HUBSERES RT3 < 3
PEPES AR DR . BRI, WU R 1ot A R HE TR R 0% 0 R 0 A R B RIS S
AL e 9532 ik

2) FERLAR S 34 ARG S S Sh B FE AL A O AL AR T L B 3k (B K 4 O)+RT S S B B (B K
AV LA BRI S R R R AR I B VS PR A 4472 Lokg !, 2T 4 2RI E 4T 4 K R
AT Ik 14.9% F1 15.1%.,

3)3 il WL AR+ B 4L A B Rk B RRE RE AR 0 — HUAR D BB, R WL B (R
2 YRR S A BB (B 4 UR) 7 AL 3 B 07 2 REAE 0L B — LA B3 38 7 30 R RE 9 20 40% . X
W, DARTSRACSHBERE T 32 WU Sk R 0 414 B e RE IR 48 T B g
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Abstract To solve the problems of stratification, surface scaling and “dead corners” of lignocellulosic wastes
during the dry anaerobic digestion process, the stirring device was improved and the continuous operation was
conducted on a horizontal push-flow pilot reactor in this study. Through setting three different stirring methods
such as mechanical stirring, front-end” pneumatic stirring and whole-process pneumatic stirring, the
characteristics of gas production and substrate degradation were explored. The combined process of mechanical
stirring and front-end pneumatic stirring was optimized, and the fermentation efficiency and energy consumption
were comprehensively investigated. Results showed that the total biogas production of rice straw anaerobic
fermentation for 40 days under different stirring methods showed the rule of impeller stirring> front pneumatic
stirring> full pneumatic stirring. The yield was 75.5.66.5 and 61.9 m’ and the corresponding unit volatile solids
biogas production volume was 441.9. 389.3 and 362.3 L-kg', respectively. It indicated that impeller stirring
with improved frame-shaped blades can effectively stir materials and make that contact with the fermentation
broth fully. After further optimizing the stirring time of the mechanical and front pneumatic combined-stirring,
the biogas production of rice straw anaerobic fermentation for 40 days under these stirring methods was near to
the single-stirring. Especially the combined stirring method of mechanical stirring (4 times every day) and front-
end pneumatic stirring (4 times every day), the gas production volume of unit volatile solid was 447.2 L kg™,
cellulose and the degradation rate of hemicellulose could reach 14.88% and 15.06%. However, as far as
concerning energy consumption, the combined stirring method of mechanical stirring (2 times every day) and
front-end pneumatic stirring (4 times every day) had the lowest energy consumption, which was only 40% of the
energy consumption of a single mechanical stirring method. Therefore, during the actual operation of the rice
straw dry anaerobic fermentation project, a suitable combined-stirring method could be selected according to the
anaerobic fermentation biogas efficiency and energy-saving requirements. The above results can provide a
reference for the improvement of stirring methods in lignocellulosic wastes dry anaerobic digestion.

Keywords rice straw; dry anaerobic digestion; pilot test; mechanical stirring; pneumatic stirring;

fermentation efficiency
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