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b BE 5 PR AL R ) LR AR, LA R R BRI . A
2004 ED, A EK RS T REAGE BRI LA 40% LA
R PRI G TN, 2008 AFERGH B EIA R T 82.19%. Fi
ML B BRI NP R A TR IR B 2004
I 8.56% - THE 2008 “E1f) 26.82%. # 1l 2009 4F,
o 2 RO IEAT KR B AR TR 2k 3 800 A, A
R R FREAL ST T K S ) S 5 A v K. 2007
L, EREARN AR R KR LRI DL AR
M g i H B 1 A AR R AR TR AR S R
2] 2010 F4 E AR A HES B HOEF] 4000 J5 7, H
KRR TR 4000 4, FEFEEA 190 /2 m’;
2020 4, AEARAN S HEAH A 8000 S, K
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Joo MRIRGEER D, kA A OG
SeA AT B AR R AT T BT A, (R R A A
FARPAERATREMMES T2, BRk=H GA <. H
W HED BIAITT A, B2 A IR S BRIE AT R G Y
Wt At B IRR A TS AT E B AF AR )
EHRLIRAE 21 AR BE A TREEAT T & 5 R
AT, BAE N B WA TR ARG, W) PR R
TRESE BRI ATHOR , DA SN A B 1) J - 4 H At e i) i
FRY3E A0 5 5 0%, 6 VA AR TR e A8 AT M fk AR e
RIERMMGEEL S %,

1 BAESMHMRAZE

1.1 BAEFZE

M 2009 4E 9 10 HE 2010 4E 3 H 24 H, 46
RAVLHAE 21 AT N 1) R B A TR
AT WAL, PriffrE < LR 2010 FRT
B HAUBAE 800 m® LL L, Ay 14 ANETR g HLIX,
b CELEETR D) HiX 7 S, AN AR E AR H
AT AR CLLVE WA I A
o5, W, EIE . HoRRE QRO B, 4
Bk R AR B YR = S T LA RO R A A )
M3
1.2 BUEAZ

HERNEAE S, BCE I, SREERTFFHLCE 5 min,
KRR AR KA, BRUCREERE Y 500 mL, JHHFE
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i k) DR AR B B T VR, R UCR AT T i T
FE 500 mL, KA G IRE SBONAH A DK SR AR i A v
ArlElsss s, SERIRET AT, ARAES H S8R AT IR
TNVKFE A,
1.3 Stk AE

SUE K (total solid, TS) : 105°CIHEAE (DHG-9023A
B, RS RS A IRARD R E e T
Wses HERYEFA (volatile solid, VS) : 550°C Ly 3h
(4-10 4, 22 BMUA B PRA D Py ke 2248 2 i
TIN5

k.2 75 % i COD( chemical oxygen demand, COD)
W5E: KH HCA—100 brift COD (Cr) JHfif#s (Z i
MHERMBEHRARD , RHE X GB 11914-89
Jrikise, BORAAE 10 mL, i 0.25 mol/L 4% iR 4
5.0 mL. BRFA—AEE (1:10) 15 mL, W15 [
fift 2 h, 15 F1 0.10 mol/L i R MV 2k 42 A vk Wi o &2
L, FROR N AR E B k.

T HAEW RS & (5-day biochemical oxygen demand,
BODs) M52: ffH 250 mL 3 KE . B B FE (1 15
FEMRAE 20°C HfEIRBE IR A6, % E bR GB7488-1987 (i
HARED Ik AT 5 o

ARG R AT TF IR 1)< 3 M S S B A
Ak 0.5 mL, GC9890A/T SAHMIEAX (i ptf e (it fl
FN I R ARSI, AEARUELEE 150°C, Al 4
£ 160°C, /N maliA.

FERIW R REEON 2 . R 28 KL, ZRIEPE GB
5750-1985 JjikitAT .

W= H e ik : = B Angelidaki and
Sanders®VUy AT, SR BCAR A 180 mL 1) I 7
I 5, 4% VR A WA R AR VR T AR T R - (mixed
liquor volatile suspended solids, MLVSS) 15 g/L [ &
FERN IR A Ve, AN —E m PR E M, A0 e R Ak
A 50 mL, ¥ 15, 25, 35°C 3 NREERL T, (EEE
Kt 4 (HH-2 B, EFERRARA D hiFE, Kk
AW 24~ Ho
2 BRE5SWH
2.1 BEIEBERARES

P 21 SRR TR R 1 fis. W&
1 WTLAE M, FrRERES TR 16 4, 14
54, 17 REKELIBITEFEL L, 5 4 KRESIS
TEARIEAT o BT ARV SRR b 3 i T Tk
Mt T 5e R, SIBCA S8 A B Jrok) . V8 AL HE R
g, BT
2.1.1 R

FEFTR A 21 A T RE D, B 2 U AE
800 m* LA E, Hrp 1000 m’® L BB TS 16 %,
R AR 76%, UL 9548 AT R R LK Y
hE. PR TEYES T Rbydgl, Hf, 800~
1000 m® VA TREA & MR HEPLENEE KN

80 kW, # ik 1000m® & L L3 ML & & N KT
100 kW
2.1.2 TEEA

JIT R 1 7 TR DR AR A R N 2 28 7R AR X
DA N 2% CCSTR) Fl AL 20 DR A= [ 44 ) W 4% (USRD
P Rh, o, DL A WL FE CSTR L E R E, 7 67%:;
KPP TS A IS AT IR AT WL IR PR AR
R, TR S I I R R WS BT I S
TREPppEAM AT AFE—F U E (1% RHT ™~
R R A RDRE IR AU 5 A S A
h—, FERGANE By w3 W2 R, T EA
AR, WA T i N A I T e R R A R T
CLAM LR I 4 R SAE 1 TR S R 450, IFKs A A
VA A8 NI . 1% TR A R AR ALV S
TR B AT b R R D T R
Wi, HATEMC. . TS, Hi bk
RIS, — BRSO BV S8 AT S I AR P i 3 s e
SRR KR, S ASRBIAS, BRI HE, A
ERTES i/ AT E ) 1) e g VA
2.1.3 =38 (JBA. Bk, BE) s FRF X

REFrRGHLLENAE S TN E, HA 3 FIE
LT 3000m’ BAE, (HlT RO REAE, EERBL
AN BB, WA @R —, Fr=EA S TR
HSMA=AmHEe, KEZRESPEEERD. 1%
DR AP el 4 IR R S TR R A P R B, A 82%
BAR LRI = EA LA AT 30%, HREA8H
25, W T E A AR

A HH (A s v AT FE VR v v Sk R T R R
KGR D o MEA LR B AR HECE 1 T A i A
i, VH R AR A 3 R RO A . gk R
LX) 228 6 AT T KT BUE AR LR B R
MR EIUR O, S SRR, T EREAR. e
BOANIE 0 22 it FH IS A o ] A BRI A = A VA
MR IEAS =, R, VAR R 2 A SR i e 2=
WHAAET G, Rk, M40 &8 & EA LR
WA S T B AT A3 S5 IA AR HE IR . AR T A L, AN
— R T V5 KA R G, KR4y HEAT RSO A A Ak
L, P ORI = A A AR BN 3 &K, AN 14%,
LA AL BRI 8 5K, 1 38%. LMD T
AALTE X B AR IR, S5 R IN, A YE X OB A
DUGEFAAAE T, TR B XV o oK 7 95 e 2 I S i il
WRAER, FRAE N ORI P # R BRI (P<<0.05) o o,
=Y EALTE N VR MLSS. COD. RZ& (TN) . &
BRONH-NO AL BECTPOHI R E 73 515 81.1%+83.3%-
96.2%-+ 98.2%K1 96.8%, ik F| (& & I=HNLTE AW HEK
FrifE)  (GB18596-2001) HESUbR#E; 1M 4 37 1 ¥ 27 44
WIHIX 5 TR PRI HIICE XA 63.4% 40.9%+ 31.9%.
27.7%F1 89.1%, “F37 U4 99.2%- 77.6%- 53.4%- 59.0%
F139.2%, KAEIEMRHE . it n] LU H 4 Ak 38 6V
BT A RO, (B LR FRHE, 3 75 H7 2 G E
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Table 1 Basic information of 21bigas plant in Jiangsu province

lig " AT FR5H AR T2 e R e — .

B i A S Bm’ P it < W H % B /(kW-h-d ™) VWA J5 20

1 Iz 26 R 800 CSTR KBS — 44 80 HAL 1120, 472 640 A [

2 bk 14 B 1000 CSTR (IR o 200 HEL 1400, AL 700 *ﬁﬁgﬁgﬁ@ﬂﬁﬁ

UIL = LA

3 % * P:Ti“:lé lace 4 1000 USR RIS — Ak 80 —_ :Jﬁgﬂj ﬁfm’ﬁ v
4 B 31 i 800 USR RIS 36 HZ4 400, X241 100 A HE A

5 T 26 ARE 1000 CSTR R A, 200  HFH 45)(())(;138(())6 AFY ?%ﬁi’jﬁf% HA
6 B 48 st 4 1000 CSTR IR, 80 N A& H1 A

7 HERH 19 R 1000 CSTR RIS — 4k 82 K74 800, X741 200 A m =]

8 fTiweid 20 B 3700 CSTR (A5 W 500 2253000, &Z=45 900 A =]

s - £

9 T4 25 R 5500 CSTR (A5 400 Y 42202 5503000’ F A m =]

10 TRF s 6 AA 2200 CSTR YRS 150 "2 1500, 424250 — RS AL T

11 Nt 6 v 800 USR [FERiT5 vt 82 HEY) 640, XZ=4)320 5 K AL FE R G
12 4 6 i 1300 CSTR RIS — Ak 150 ) 1650, X721 400 A FH 1]

13 KéE 12 3 800 USR RIS — Ak 80 HEZ) 600, XZ=4)300 A FH 1]

14 LAY 6 T 1200 USR RIS — 4k 150 HZ41200, 741900 A A B A
15 ESit 17 T 1000 USR RIS — Ak 82 N A& H1 A

16 T 18 st 4 1000 CSTR RIS — 1k 82 W) 480, XFAE A& H1 A

17 My 31 LS 1000 CSTR IR, 80 WAL 780, X754y 300 R E YR AL

18 M *ﬁfm W 800 USR SRR — R AL 82 — — R TR BT
19 Bl KigfT LUES 1000 CSTR RS — Ak 120 J— S
20 LI 7 LUES 1200 CSTR RS —1k1k 150 ANPE — R AL T
21 AL RIE1T LUES 5000 CSTR RIS 500 NG A& H1E

e CSTR AR RAE R N A USR W THRA PR N 4 o

2.2 BRIBEITRR
2.2.1 BARIBABRERTAZ

Bl 1 2 BoR THA TRERERYINF TS, COD .
HE 1. 2 ITAE H, 86%H A TR K B2 J5UE COD i i
WIEAKT 50 000 mg/L, 90% 1A L FERER] TS 5t & 4344
<5%, T6%HEEl TS JBiE s 8<3%, 43%MH < ik
RHRE TS FiEDE <1%, WA ES TREUMEK
FERIE o X EIE R TR AR TR 2 LA TR
B R KA, AN DURS 85 REVE N H 1, [FIE O T 98
BGACEE O AMESE, FRIEIA TG 3 AN HE N PR A
A E .

KRR AL, o S8R TREAR SR L. )
WEET T R R s UL (6 1), DU m® WA 077 1.5 kWeh
HL A0, BT AR TR B R (120d) O 2R B PSR AN AE
0.3~0.6 m*/(m*d), &K (90d) A TREMEM T
0.3 m*/(m’-d), AEEF I K KR LR
T 1 AHBESATIRN, 45 BRI A TR
BB 0.25 m/(m’d). 78V T RE R A )
BRI, K2 78 S TR R ik B PR B, R
TS JRESE N 8%~ 15%, A IEWiE 1.0~
5.0 m/(m*d)!". BAh, PEARERARH S A T R
AR TR AR R, R AR TR K
AR RS, SOLR SRR, s . 4 M

TSI, AR EDOE R N 50%.

10
<« 8r
Ay
=
S o4t 3
r
B o, % @2
0 1 x 1 1
TSF & 1%<TSJFi 3%<TSHiE TStk
HE<1% HE<3%  DES% G H>5%
B 1 BARTAZEAHEEKR (TS) RENHK
Fig.1 Concentration of TS in influent of biogas plant

COD /i ik [/(mg-L")

E1 <10 000 [d 10 000~50 000 =50 000

14.29%
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A2 BAIf£i#H CODRERA

Fig.2 Concentration of COD in influent of biogas plant
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2.2.2  dHbBRAG AR

WA LRERERA KE V™42, X8 8 v e AT
THHRED BT B3 Wox HEHNH W COD ik % 2 A i
W, B4 B BT BODs/COD Eofil, %2 Bon T H
RHE AN [ LT AR AR = 77

8 —50
L]/

7F L)
3 S
< 5| b
B R
H 4L st
r 0
2 =

3_

2 -

'T A

0
1000~3000 >1000~3000 >5000~10000  =10000
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Fig.3 Concentration of COD in digestate of biogas plant

HE 3 w0, e RAEUREE, KIEYIR) COD A ks
fig . COD MIJE IR KT 1000mg/L, #ikF
GB18596-2001 (& &= M5 G HE bR e ) e v5 7K
COD JiU K & <400 mg/L [FHEBRRAE . o 62% HRHA
W) COD JREWKEEIAF] 5000 mg/L LA_E, 33%HRHE
f) COD JREWR LS| 10 000 mg/L LA E, HEH %A
AL HEL COD itk AR T 110 400 mg/L, &IF
Y (MLSS) JmikEIAR] T 54 g/L, UL 4551
KSR ARG B T84 (R . BODs/COD  EUAE AT - VF M
K A A AL AR . 27 BODs/COD>0.45, WA= 4k Bk
B, # BODs/COD>0.3~0.45, WaJJE47 1k Bfd s
BODs/COD 4 0.25~0.3, U % 3 3 17 4 1k % i
BOD/COD<<0.25, MR AApEm® 1, i 4 v i,
ERERNBEAITRES, 1 66.7%M#H < TR H M
BODs/COD>>0.3, it B KB4 IRAR R I S (1) 78 W A= A 1%
R TEATI AR

BOD,/COD
2045 [0>03~045 @>025~03 [[H<0.25
9.52%
23.81% e 42.86%
LIS
i IEEEEN]
R
23.81%

B 4 h4+78% BODs/COD 14
Fig.4 Value of BODs/ COD in digestate of biogas plant

X 18 FIEHIEAT AR TREFTHEBU R T TR
[FRELEE R (15, 25, 35°C) ~HIGaE e, ik 2 ]
W, BT A B B A — e B R i, R
XPVRWI AR AR 7 e ) sem B3, B WL T

W= b . AR, 78 35CAHT,
A 12 K G 67%) A LRRMEBERA ™ B )ik
100 mL/L BAE, 17 4 K (22%) HBGRAR H ke J1ib
F 1000 mL/L PAE. NBL, 3 TREHBOR AR F R
REEZM. Angelidaki 2% PH 2 18 SRAAS TR
WREE SRR, WA DR R B vl o 2 A
HA LB R 6%~33%. A T By likar=H
B 1) RCHRTBG B T 58— RO IR U A T ) P o IR
NGO IRE, BRI RE I HURHIE N O I
AP IEAE L 4k 81, RSO JS I A=A i v < s
x2 BREFERE THERKRTREEN
Table 2 Residual methane production of digestate slurryat
different temperatures

mL/L
PRI 15°C 25°C 35°C
&I 1 0 65 70
&2 0 147 298
CE 0 20 30
2 31 6 49
M3 0 24 85
B 0 34 66
T 0 24 134
ik 106 663 548
TR KUk 116 121 334
pNtN 0 171 225
JIE=S 39 897 1359
i 23 38 116
RE 0 269 880
I 702 1111 1252
IR 201 216 265
LieE) 136 178 228
ALl 593 993 1039
YLy 3 68 76
2.2.3 #t. HHEXMEARG R

PRiE, BEBMOEAWTEH 150 2 AFLE
TR EBORES, — BB GE L, A KREA
KA, R R R AT IR SR 3 5h W HE
M) o B ARG et A SO R B 2 —. W
SRR R WEEAE AR RS TR, s
HARRBM. # (B EFRHENTE R WHO R HE)  (GB
18596-2001) "H L, FRIEIHEIBUR TG 7K rh 2K M i 2
V<1000 cfu/100 mL, FELMATIFRHE (& &M IEHE
AR ARINTEY  (NY/T1168-2006) H#isE, ik i
RUAS TR, 3R R AFEUNY. < 1 000 cfu /100 mL,
et R VH R 2SR R AN <10 efu /100 mL.

BATTRE 18 FIEAEIBAT RS TRERaE R T 7
HEEHT, S5 RINR 3 Fror. WER 18 NMESR LREIER
i, FERBBEEOYTE 1x10°~1x10°% ¢fu/100 mL, WS T
VE# 2007 4EUSU} B B IR HEBUR AR R A E S Y i
LR, S PR REE, HR T 3K W RS BT
FA, FIERFEDHTIN 18 ANESR LRI K E RT3y
WD 92.9%, (HPRAH AL G i P A S B ik B 3R
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JavERe, AN 3 A TR v Aok 2 [
FATNARHERLE W BB, AT 72% 78 W3 K s G
T 1000 cfu/mL , 50% 8 ¥ 3 K W e BE SO S T
10 000 cfu/mL, LW -3 5 T4 i A R R S K
WAL, P2 A 100 PR 2, (AW A TR
FER W R 2 SR W] BAF T4, P 2B %500k
98.12%. 85.43%, WiFH A THEW B TH . Wi
ANFEAT R A LR R B 2 BR 3, RIS IFAS
Z URRBATAE MG, 1SR 1 a DUR W TR LR R
H91.5%, Mistr 2a LLEACK 83.8%, LA THHE
AT BIKY- AT BE S PR 26 K T A 2 B & IR ) O
SR BUKEAN, FERI RS L BRE AT R S A
FRd8) M WL R 4T ¢ . Leena Sahlstrom! ™A Ky, R4 K%
Tk R E SO AE W) 25 o 52 B R TR 7K ) 4 B I 1)
(HTR) . pH fH. ¥R (VFA)  JREKEE L
2 OpfbaUR M L2, B8R L 2D VLSRN LD T
Ky BRI ERZE M, T T )5 DN 5 R
JJE 5 HTR. Salminen 252NNk PG AL BE NS A8 JCI
W AR R A S TR ARG iR A IR AL e
T2 R SV T 1B 100 % A K, T 8L i Akt
IR Ar 3R R BV TR AR K o A PRIEE S TR
2tk WORRIE PR 4l DL R g R e 7 8 3%
R BE N RS BEE 2 BT 5 S5 BT 70°CIH BE 30 B
60 min!'?,
%3 ZRSLEsHNPEXFERRABIRTGEHE (MPN)
Table 3 Fecal coliform value of MPN in digestate of different
biogas plant

cfu/100 mL

L/B‘ifp e

7.0x10° 957 M. LIRS 2a bl
49x10> 999 . LRENEITlallT
1.1x10° 945 M. TREIEfr2a L
49x10° 46,6 . TRIEIT2a bl b
1.1x10° 843 . TREE T 2abl b
5.2x10° 60 W, TREIEIT 1~2a

=
J

PR Hiok
4471 1.6x10°
4452 2.1x10°
BT 1.7x10°
B2 9.0x10°
B3 7.0x10°

R 1.3x107

O 0 9 N W kR W N =

KA 3.5x107  54x10° 846 M. LFREIT1allF

T 3.5x10°  7.9x10° 999 . LIRS 2a bl

WM 33x10° 2. 2x10° 933 M. LREE T 1allF
10 @®F 13x10% 34x10° 974 . LRNZEIT 1~2a
10 £ 11x10® 3.5x10° 69.2  J&EY. THEir2a bl b
11 #FE 94x107  2.6x10° 972 . TRHEIT1ablF
12 HKE  33x10° 4.9x10° 852  JEY. THHE T 1alLF
13 W% 1.7x10° 54x10° 682 B, LENBIT1allF
14 fEy 3.5x10°  2.6x10° 993 . LFREIT 1~2a
15 fhl 8x10° L1x10°  99.8  Y¥fdg. TRUEIT 1a IR
16 =3 1.8x10°  9.0x10° 995  Wikly. THUEIT 1ablF
17 I 33x10° 1.4x10° 95.8 W4y, TREE T 2all b

3 Hit5EW

FTIREG 21 50T R4 8 B FR KR TR
PRI TRI, TSRO, (RIS ATRCR SR PR,

BRSO MG. HAMH@ER—, FIHRE; HRE
BEAEFHEEANL, AESA K. KZEHES
TRER B IEYIA RER B E 4, HRHHW COD fum{/isRis
115 62% HUEHA WY COD Jit sk BEik 21 5 000 mg/L UL |,
33%HENEWY COD ik EIAF] 10 000 mg/L LA -,
WIFHECH (A AT w7 A A M I R e, E 35°C AT,
A 12 FIR A CRER BSR4 Hibi 18 100 mL/L B E,
A 4 FKEWRATHhi i E] 1000 mL/L LLE, HAK
P b BE T DL BRAC ZE OR M e B A i, P b
92.9%, {HPRAETH AL S5 BB AT & A B AR B 2K W B
B, ANH 3 KA TR H B R EAOL 2 K AT
MEFRAERIL E 1) R A

A 1 A o R 85 T 9548 K rh BRI Il
FEHAROCEL: D AR BRI AR, PURIEA T
EH PR, Bl&HAEe e, Pk 22 mAmasdHs 2)
Bl & 2 R TG, RO — 0 P S AT
DAY D VAT RRR AR o] = 2E ) i s ml s 3) ¥
ROCRENAC & 548 2 QA AGIEROR b VA W
B kg gy 4) T D3 s rE b A WU i
M T AR, b AH REE H MY & H -+
5 S BB A W05 G, AR AR A VR W N AT
THERACEE, B SR IO DA Tt SR B2 i IR AT AL IR 15 %
Ry IR 0 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



