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SEA] AR FRRAL ST 5 K S HEM A B 375 35 K. 2007
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ME G I 1 (A AR A TR SRR, $E
2] 2010 44 EARA 7 HVHASEOEF] 4 000 J7 8, Hr
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AT REIEREAE R, B K T R Ie AT i B
Joo BRPRBAER. LR, g IR AR R —
SeAE T IUAT IO T REREAT T R A, (ERAE A R
PEPERA TRMMEL T2, B =W QAL W
W D AT A B2 A TR S b is AR B
WHoC. it — DR R A RS AT & B b A7 1 i) L
EFMLIRAE 21 AR B A DR AT T 25 55 R0
AT, BAE BT EAT A RS TR, W PP S
TRESE PR Is AT BOR , DA R A I 1) 7 B Y At ke 1] 3
(g AR 5 i, R B AU TR e A8 AT K fi HERR E
RIERMEEL S %,

1 BFESMRAZE

1.1 AERZ®

M 2009 4E 9 H 10 HE 201043 H 24 H, 436
PRI 21 AN IR S A 0 K B <R
AT AR, B E A TRE N 2010 a7
B HAEAE 800 m® BL L, Ay 14 ANETR g HLIX,
St CEEEIR ) X 74, HENAEEEAR: H
AT RO DLR W Ak
BHR, R, E¥EERG. dUoBb GEWD BURE, 2
BT E HORRR M« TR P S T AR SR AR
1) 5
1.2 BW#EFR®*

HERRAE S, B AT, SRAERTFFHLEEE 5 min,
FZKFER A RN, MUCRERE TN 500 mL, JHBFE
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i oA DR AR I B B B HE I R VR R R SRR i ()
FEA 500 mL, KA IRE SBONA A DK ER AR s A
HWRISEEG s, SERIHEAT T, RAE M H SE R BT R
JNVKFRVA R, -
1.3 SR AE

S [E 44 (total solid, TS) : 105°CIHLAE (DHG-9023A
A, RS S e A PR A WD A A e TR AT
Mg HERYEMEE (volatile solid, VS) : 550°C I 3f
(4-10 Y, g ERMU A B AR AFD PRk E E i
AT 5

1k 2% 75 % # COD( chemical oxygen demand, COD)
W 5E: K HCA—100 #x4E COD (Cr) Wififtds (F£1E
MHERMBERARD , KRHEXFE GB 11914-89
Jrikise, BOREE 10 mL, I 0.25 mol/L H 4% R 4
5.0 mL. BH—EE (1:10) 15 mL, W55 P05
fi# 2 h, S ] 0.10 mol/L i B8 3V 2k 4% bR vHE 0 < &8
25, FROR AN AR AE B k.

TLHAY#ES & (5-day biochemical oxygen demand,
BODs) WI5E: f#H 250 mL i KB, BE LB 2L (1 1y
FEMAE 20°C HfEIR B IR A, d2 UE AR GB7488-1987 (11
HAREZD kAT o

ARGy SR AT T ORI AU M S 2R O
SR 0.5 mL, GC9890A/T AL (FE mi it Al
N HIF R )BTRS, AEARELE 150°C, A2 i
J£160°C, #HA A msiA.

FER MR BEEON E . RH 28 k%, SR E GB
5750-1985 J7ikitAT

B s F e % : 2 B Angelidaki and
SandersP 7 k34T, KRG MAEMR K 180 mL K ILiE
WD 2, Fo TR A WAE R B TF [ A T S K . (mixed
liquor volatile suspended solids, MLVSS) 15 g/L ffj &
Bebp RATGYE, AN — € E I IURE L, 2R S A4
A 50 mL, ¥ 15, 25. 35°C 3 MRJERL R, 7EfEE
Kt (HH-2 B, EFERRARAFD fiFE, {5
AW 24 H .

2 HRESH
2.1 BEIEEERAEES

B2 21 AR TREART SR 1 s, IR
1 WTLAEH, FHEERES TR G 16 4, 1h4E
54 17 REegEgaiT M B, I 4 FRESIE
FTEARIZAT . BTN R TRt Bk % BB 1] ¥k
il T 58 B, ST SE B R IR A b 21 &
g, BT E.

2.1.1 I

TEFTR A 21 KWHA TR, S s R A
800 m* LL b, b 1000 m® L ISR TREH 16 K,
b7 SR A 76%, Ui VL 95 48 T AT RR BB LK Y
hE. BRTEYEA T KBigl, Hd, 800~
1000 m® ¥/ TREMC & MR L HLBE ML A 2 — e b

80 kW, # it 1000m® & WL WL 2 & 0K T
100 kW,
2.1.2 TEEA

JIT VR RIF (1 9 AT DR AT A s N i 28 7R O AR X
PRAR N2 CCSTRO AT 2R 4 [ 44 e B 2% (USRO
PR, Forb, DL ALk B FE CSTR T 200 &, 7 67%:;
PR T8 2RS40 BT AT WL R I R AR
KW, TEITE & F00 I R EUR WS BT F 09 S
TR AT A U R (150 R T~
R R — i B, RO IR GE S5 A S S
H—, TEIRAE b7 e i W2 R, T A
P St W ¥ ERTIBURTLE S SNPIN - P D FY E Ea Wt
DL AR I 4 FR I SAE TR &R 4544, IFK 3 I A
RV 08 NSO . %It R i A R R AR 9 R
TR BRI T, Z b R e 2 b T R UK
M, HAAEMC. . T M s, Hok b
RIS, — B AR Ly A8 S i R P i 3 sl e
SRR, S ASBBOASA, EREARTHE, A
{HYR ZRAEVR, 1o B TR RN .
2.1.3 =38 (BA. BR. BE) eI X

AT LR B S TR, HAfF 3 Fe
LT 3000m® BAL, (HE T LMK EEAME, FEERbL
AN BB, WA @R —, IS TR
HamA=AmAae, KEZRIESPEAARD. 1§
PR AR R 4 SR R TR A R R I, AT 82%
BAR TR EA LA 2T 30%, |8
2, BN T E AR

A HH Al P s v TR T R v v R R
(R D o M TR A WA H S 1 T AR i A
i, VWA AR A 2 BB R I .k R
XY 228 6 B REAT T K B AR AR VW VTR
P IR I, A S5 SRR, o TR G A
BN, 022 0 P AN T ] R R R, A Al T VA
M RIS &, [, VR RIS 27 A 5 R Wit e 25
WHEAEAE G, Kk, MY & B E AR LN
WA S T B AT A S5 IR AR HE I o AR T A oL, A
— KW T VG R G, A S BEAT R U A AL b
B, HA ORI = R AL B AN 3 K, AN 14%,
AL A BRI 8 5K, o 38%. T4 MESEC R T
AR VR AR BRI, S5 R I, A A TR R A A
DUBEFAAE 5 5] B 0 v o oK o7 97 70 25 I 6 1
WAER, FEAE N ORI P #R BT (P<<0.05) o Hi,
=Y EALYE N VEWM MLSS. COD. R (TN . &
A Z(NH,-NOF S CTP Il E 73 )ik 81.1%83.3%
96.2%- 98.2%#1 96.8%, k% (& &IN5 G HE K
FrfE)  (GB18596-2001) HEISbR#E; 1M %437 I B 9L 4R
HBEIX 5 THEFR I HICE AT 63.4% 40.9% 31.9%
27.7%1 89.1%, 354 99.2%- 77.6%- 53.4% 59.0%
F139.2%, KAEIEARHE . Hknl LA H A Ak 38 VA
AP AR, (B LA FRHER, 38 75 83 2 A
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Table 1 Basic information of 21bigas plant in Jiangsu province

i ) BATIR FREH VAAOmEE T N K HY) C o e -

e bl /A S B S =S W H & R /(kW-h-d ™) VA J5 20

1 G175 26 G a 800 CSTR RIS — A4k 80 HZEY) 1120, X742y 640 A /[l H

2 417 14 g 1000 CSTR RS 200 L) 1400, &Z=4) 700 g%g"ﬁt ol ﬁﬁ% g

AR

5 aem K ij“%‘ R 1000 USR BB 80 — Jﬂ%’ﬁjﬁgﬁ vk
4 B 31 e 800 USR IR U< 36 K74 400, X747 100 A =l H

5 E% 26 /:':z%z 1000 CSTR 7)?&‘%‘)”2’%4%1{ 200 Eéé"] 400~480, géé@ :«&iéiﬁ?ﬂ\ﬂiﬁﬁf:)\

200~300 o Hh

6 B 48 e 1000 CSTR R S 80 PN GE A =l H

7 B 19 A% 1000 CSTR RS — Mk 82 Y] 800, X745 200 A& H AT

8 w3 20 ey 3700 CSTR A S 500 HZ4) 3000, %&Z=4] 900 A /=l

9 PR 25 gk 5500 CSTR SRR 400 RN 42,302;503000’ AF A% H 1] ]

10 kK 6 e 2200 CSTR G S 150 HZEY) 1500, 4254250 — RS

11 b 6 ey 800 USR RIS 82 WL 640, K=Y 320 LIBORGY G X
12 W+ 6 BRgE 1300 CSTR RIS — 14k 150 H ) 1650, XZ=4] 400 A HH 9] ]

13 ReE 12 e 800 USR RIS — AL 80 K74 600, X747 300 A H =l H

14 st 6 T 1200 USR RIS — AL 150 41200, XZ41900  =HAEYE AR HE]
15 %48 17 Fio 1000 USR RS — Mk 82 ANPE A m =l

16 T 18 ey 1000 CSTR RIS — AL 82 HZ4) 480, XFARIE A H =l

17 M 31 et 1000 CSTR G S 80 HZ4y 780, XZE4)300 — i Fa e AL B

N

s R e s USR  REPCHER 82 _ R A

19 Bl ARIEAT oy 1000 CSTR RIS — A4k 120 JR— R
20 =] 7 Wy 1200 CSTR RIS — 14k 150 A — R Y AL
21 Al Wig17 oy 5000 CSTR RIS 500 A A H =1 H

7: CSTR AAiR R Vs ;s USR A FHAL U IR A R N4 o

2.2 BRIFBEITRR
2.2.1 BAIBRBRERTAZ

1. 2 WO THATRREEYIN TS, COD KA.
HE 1. 2 /LA, 86% S LM A EUEL COD i
WEAK T 50 000 mg/L, 90% [¥17H < TRE#ERF TS FiiE 73 %1
<5%, T6%HFkl TS i/ 4<3%, 43%[PH= TrEd
BIRE TS B8 <1%, WHIVLIRA S TR MGk
FERIE ] F o X FEIE A TR A A TR DA PR TR
B N 3, AN A& LA S BE YA B 1Y, RIS T 98
B E SRR B OAMESE, FRAEIA T 35— RN R AU
&

RIERIEAMG, Mt SBEAR TR AR, R
PEHT T R R A (£ 1D, DU m® A0 77 1.5 kW-h
LA 00, R AT S TR R (120d) B P2 A AL A
0.3~0.6 m*/(m*d), &K (90d) KB HRNZEET
0.3 m*/(m*d), AR IR R N SO TR
T7 1 AHRESATIRN, 45 R ABRINZE A TR
PSRN 0.25 m/(m’d). M2E VS T RER A )
BRI, K2 S TRERH ik B IR R 8, R IR
TS FRESEHN 8% ~15%, HIF/AEKWIE 1.0~
5.0 m*/(m*d)!'. teAh, PR RIS — AN R A
WA TRERR A EEREE, Ko MHA TR A K
BRI RS, SOLRASCRE, I . &M

PR, ARG BIELRN 50%.
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Fig.2 Concentration of COD in influent of biogas plant
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2.2.2 HHBRE A AR

WA TR RA KA, R e AT
THHRE BT B 3 Won RN H W COD Rk % oA lh
W, B4 B HUENE BODs/COD Hfil, %2 BTl
RHABA L T IR =S 7.

8 - 450
A ]
7k [ Winiag) 4
— 40
§6_ 135 .
i S
< 5 -H30 =
ctr o
=L 14 =
N —15
2 —10
't | 1
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Fig.3 Concentration of COD in digestate of biogas plant

HE 3 oL, ik IREAUKRE, KEFI COD 11 k%
fig , COD [t 5K BE¥) KT 1000 mg/L, Ak F|
GB18596-2001 (7 &5 IR M5 Y HE R HED e i5 /K
COD Ji i & <400 mg/L [HEBRE . T 629% i RHA
W) COD ik ik 5] 5 000 mg/L BLE, 33%HRHAW
ff) COD JFEMEIAF] 10 000 mg/L LA L, H&EH %M
TR HEE COD JFri ik IA S T 110 400 mg/L, BT
) (MLSS) JimikEIAR] T 54 g/L, UeWIA A S5 1
R P JERL R B 78 2y B# it . BODSs/COD  EUAR o] Fi-F-9F4r
K ] AL BARE . #F BODs/COD>>0.45, WA AV [ g1
i, ¥ BODs/COD>0.3~0.45, WA]HEAT A AV i s
BODs/COD 4 0.25~0.3, Ul % 3 3 47 A= 1k % i
BODs/COD<0.25, MIANEAAp#® 1, i 4 v,
EWEMHEAITRES, 1 66.7%M# < T FREHE M
BODs/COD>>0.3, it B KB40 DR AR A B9 I 11 78 v A= 4 B
fE AT SR

BOD/COD
=045 [@>03~045 HMH>025~03 [H<0.25
9.52%
23.81% e 42.86%
LIl
[ IENEEN]
LT S
23.81%

B 4 #4787 BODsy/COD 14
Fig.4 Value of BODs/ COD in digestate of biogas plant

X 18 FIEHIBAT IS TR FT HEBU BT T A
L™ (15, 25, 35°C) F=HUE e, Wk 2 ]
DL, BT R A (S B AT — e 7= e (38 ), LS
XPVHW IR 7 e ) se i B3, B WS M,

TR S s A AR, 7535 CHIET,
A 12 K G 67%) WA TREIHIR AR F i )15
100mL/L Bh b, 45 4 5 (22%) HRGRART= Fhei ik
#1000 mL/L PAFo Rk, VA TRHEWBIR A P
REEZAM. Angelidaki ZEMI0PEE 18 SRR TR
WFEE RN, A TR B A ™ b vl o 3
WA TS8R 6%~33%. KT Bi -\ ikar=H
et ) KA WO R 2K — RO DR AR I I i ER K
AN GO, B RS I E A HORHIE N O IR
SEAEIFAE S gk, IR T T A= A= i <
F2 BREAFERETHZRRTRREN
Table 2 Residual methane production of digestate slurryat
different temperatures

mL/L
PRI 15C 25°C 35°C
&in 1 0 65 70
&I52 0 147 298
H¥1 0 20 30
H¥2 31 6 49
B3 0 24 85
HERH 0 34 66
R 0 24 134
Rt 106 663 548
TRk 116 121 334
A 0 171 225
B 39 897 1359
L 23 38 116
KE 0 269 880
2] 702 1111 1252
LIE5S 201 216 265
Tk 136 178 228
L 593 993 1039
PN 3 68 76

2.2.3 . BHEXMHEG T

FRiE, BEEEE AT EH 150 2R AEFILE
WP EEOR S, — B EE RS, e KRg
KB, R R R AR AT ISR S 5h W
A o B ARG Bt A SO R R 2 —. W
RTREFT= R R S AR R R AR, s
PEARB B 46 (B &Ry R HE R HE)  (GB
18596-2001) R, FRIAIHEI 5 7K Hh 3K i il FE4
<1000 cfu/100 mL, FELMATIFRIE (& & SEILHE
AL FRECRIITEY  (NY/T1168-2006) i, il ik
TR TR, 2SR R REEUY <1 000 cfu /100 mL,
fen i VR R B AN <10 cfu /100 mL.

BATTRT 18 FKIEAEBAT IS TRk RN AT 7
FRE T, SR 3 Fias. WER 18 MR TR
o, R RREEISLE 1x10°~1%x10°% ¢fu/100 mL, W& T
VE#r 2007 4EUI} 5 G5 IR A A HEIBUR A0 5 2B i G
AR, SRR, T3 RO A
B, FEREEDHTI 18 MNES LRI F K w3y
WD 92.9%, HPRAWE G IR R AT S A B ik BE 28K
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JawERE, N 3 KA TREHBES K w ek B [ K
FATIARHERL E PR, A 72% 0B K AU
T 1000 cfu/mL, 50% ¥H W 36 K M W R EGE T T
10 000 cfu/mL, LLA 9343 5 F2 08 it R TR RERL S K
WIREE, Wi 2 IAF D 108 (B0 SR, (B33 R TR
FER MR SRR B A T4, T3 B0 hlh
98.12% 85.43%, Wy'FipH A TR B TR . WK
ANFPEATERRE AR TR W R bk, RINEIHA
Z TRIEATAEREN, IBATHR 1a LUR P TR e
M 91.5%, 1MisdT 2 a L FAUk 83.8%, RIFHSA TRz
T8 BRIKT ] BB 2 PR 388 K B A 2 B e I ) O
K%,
BRAEELARAh, SRR L R TR S WA T
T34 hy %5 W K W4T 9% o Leena Sahlstrom!" Ak, PRAEKR 9%
Ik S5O AR ) 25 PR R B R FER E . UK 45 B 1)
(HTR) . pH fH. ¥R (VFA) | REKEE T
2 OptUR e T2, B8R T2 LU0 LDy Fh
Hy AMFEAER ZE 5, T T )5 DN 55 e R I
W% 5 HTR. Salminen 252NN K PRI AL A% A% IO U
B i R S T AR, w2 R AT AL R
3 KISV T TR 100% A K, T P 8 i Akt
IREAE 2 2SR SV T TR A Ko A PRIV A TR
e astk, ORI . FHEE. 1l DL g g o & 2 2%
B R HE N IR AR B 2 /T /5 e 54T 70°CUE 30 BX

60 min''%,

*3 BZRSIRELBPEAFEREABIRAENEE (MPN)
Table 3 Fecal coliform value of MPN in digestate of different

biogas plant
cfu/100 mL
BORRA R e R it

1 &1 16x10° 7.0x10° 957 M. THEfT2ablb
2 4dE2 21x10° 49x10° 999 . LRHE T 1alblF
300 EM1 O 17x10° LIx10° 945 . TRiEfTF2ablb
4 FM2 9.0x10° 4.9x10°  46.6 . LRHE T 2albl b
5 EM3 7.0x10°  11x10° 843 &, THEEfr2ablb
6 W 1.3x107  5.2x10° 60 ¥, TRHEIT 1~2a
7 K 35x107 54x10° 846 &Y. THIEIT1ablTF
8 LB 3.5x10°  7.9x10° 999 &g, THIEfF2alblb
9 BkKHE 3.3x10° 2. 2x10° 933 . LRIEIT1allF
10 aliE 13x10°  34x10° 974 . LRHEIT1~2a
10 FHE 11x10°  35x10° 692 . TS T 2a bl
11 fEFE 94x10"  2.6x10° 972 . LREHE T 1a AR
12 K& 33x10°  49x10° 852 M. THRE T 1alF
13 Ws 17x10° 54x10° 682 . THREE T 1a LR
14 fEM 3.5x10°  2.6x10° 993 . TRBIT 1~2a
15 4l 8x10° L1x10* 998  Fiflp. THHET 1a LR
16 == 1.8x10°  9.0x10° 995 @iy, TRE T 1a LR
17 T 33x10°  14x10° 958 @iy, LREE T 2a MR

3 HZr5EI

BRI 21 ST AR 8 B A A TR
VI THE, T BRI, (ISR KT,

B RRME. HAFH@RSR—, IR HBAE
BEAFHRERNL, AFFHRE K. RZHHEA
TRERBEEYIARE K E 4, BN COD S fr {/y3R ¢
1515 62% HUEHH WY COD Jit s 1A # 5 000 mg/L LA L,
33% I BHHH Y COD JE Bk #] 10 000 mg/L LA I,
NIFHE T Ry A vl P A A M e, E 35°C 4TS
A 12 ZIHA TR R A W p 15 100 mL/L BLE,
H 4 FWE A FihimEia®] 1000 mL/L BLE, #HAK
[ CEL NV R (RN 7L R SR S I B
92.9%, {HPATH A5 IV AT AR ik B 3 K b
B, A 3 A TRRHBEE R W AL 2 [ K AT
IR HE R A 1D PR 1

R 4 2 B S VL 04 K 2RV AR ) R
FEHAHCHUG: D R R FIHR, DRIEAZE
IEW =R, L& ARbe e, Bk 2 REAmads 2)
Pe % ORI, 0TV — 2D P AR AT IR
DAY v A C R KA BT o] B = AR W A i 52 s 3) ¥
RCFRNAC A58 2 A AGIEROR Wb v W )
WRESM kyg gy 4) T D3 s E A WU i
A mE b, B SE KR EMAED &R+
8 K ORI B e TG G, AE AR B T R Y g A T
THERACEE, B RIS Tt SR B2 i PR AT AL IR v F544
B IR IR B .
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Investigation on large and medium scale biogas plants and biological
properties of digestate in Jiangsu province

Ye Xiaomei, Chang Zhizhou™, Qian Yuting, Pan Juncai, Zhu Jin
(Jiangsu Agricultural Waste Treatment and Recycle Engineering Research Center, Jiangsu Academy of Agricultural Sciences, Nanjing
210014, China)

Abstract: Biogas plant construction has rapid development in recent years. However, studies on its operation and
management were few, especially for large and medium-sized ones. To explore the problems existing in operation and
management, a field investigation on 21 plants of large and medium-sized biogas was carried out in intensive pig and dairy
farms in Jiangsu province. The investigation included the operation status of the plants and the raw materials and digestion
slurry was sampled to analyze the content of COD, residual biogas production and the count of fecal coliform. Results
showed that the design and construction of all the biogas plants was performed by professional company with
well-appointed facilities, whereas the biogas volume produced and the utilization of biogas and digestion slurry were low.
The main raw materials for anaerobic digestion were waste water from pig and dairy farms, with low content of total solid
(i.e., TS < 3%). Most raw materials could not be digested completely. COD contents from 62% digestion slurry samples
were more than 5 000 mg/L, which caused appreciable quantities of methane produced from digestion slurry. Twelve
digestion slurry samples could produce methane more than100 mL/L at 35°C. Anaerobic digestion could significantly
reduce the survival of fecal coliform, reaching 92.9% on average. However, the digestion slurry still contained high
concentrations of fecal coliform, which could not reach the requirement of sanitary. These results could provide a
theoretical reference for the stable and healthy operation and management of large and medium-sized biogas plants.

Key words: biogas, coliform bacteria, biology, large and medium-sized biogas plant, residual methane production



