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Main Influencing Factors and Strengthening of Anaerobic Transformation of Excess
Sludge in China
DONG Bin, GAO Jun, CHEN Si-si", YANG Dian-hai, DAI Xiao-hu

(College of Environmental Science and Engineering, Tongji University, Shanghai 200092, China )

Abstract : The anaerobic conversion efficiency of excess sludge in China is significantly lower than that in

developed countries. Sludge characteristics are important factors affecting anaerobic degradability of sludge.
Typical differences of excess sludge between China and developed countries are mainly reflected in three aspects.
That is, long sludge age, high content of micro-sized grits, and high content of metal ions. Therefore, the effects of
sludge age, micro-sized grits (represented by silica particles) and metal ions on the anaerobic digestion (AD) of
excess sludge were studied systematically. And the quantified comparison and targeted enhancement research were
also carried out. The results showed that the negative effect of grit in influent on VS reduction of sludge during AD
was not obvious, while sludge age and metal ions were the main inhibitory factors. And the inhibition level of
sludge age was significantly higher than that of metal ions (P <0.05). With the increase of sludge age, the
inhibition level of metal ions showed a further strengthened trend. Therefore, it could be concluded that long
sludge age was the most important factor limiting the degradability of excess sludge. At the same time, with
thermal hydrolysis pretreatment (160 ‘C, 0.55 MPa, 30 min), the cumulative methane yield and V'S reduction of
sludge with long sludge age (40 d) almost increased to the value of sludge with sludge age of 5 d. That is, thermal
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hydrolysis pretreatment has the potential to break through the bottleneck of degradability of sludge cause by long
sludge age.

Key words : excess sludge ; grits ; metal ions ; sludge age ; anaerobic digestion; thermal hydrolysis
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Fig. 1 Reactors for sludge cultivation and the discharge of sludge
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Table 1 Characteristic of substrate and the design of experiment

Sl FE S5 Vet TS 1% VSITS /% IR VS I InElg b
159 1-1 5 3.0240.04 90.6240.11 2.00 1.9
159e 1-2 10 4.9140.03 88.9140.13 2.03 1.9
ANEJeETE e 15iE 1-3 20 3.6440.03 89.1840.15 2.05 1.9
15¢ 1-4 30 4.0740.07 89.4640.17 2.07 2.0
159J¢ 1-5 40 3.5040.02 86.7440.19 2.02 1.9
15 2-1(%
) 10 4.0040.05 90.4640.21 2.02 1.9
159e 2-2 10 2.3040.04 79.9840.14 1.92 1.8
159¢ 2-3 10 3.0040.02 69.5440.17 1.95 1.9
ENEIER A= eEHE 15¢ 2-4 10 6.60+0.08 64.7140.15 2.00 1.9
159¢ 2-5 10 2.0040.02 56.0340.21 2.03 1.9
159¢ 2-6 10 6.4040.07 52.3540.19 2.02 1.9
150 2-7 10 6.1040.04 44.7040.23 2.03 1.9
159¢ 2-8 10 6.2040.02 33.3640.17 1.98 1.8
159¢ 3-1 10 4.4140.01 90.3620.14 2.05 2.0
ANEERETG R 1598 3-2 10 2.2640.08 79.7640.19 2.04 2.0
+ERET 5 3-3 10 5.6740.05 69.2140.21 2.08 2.1
15¢ 3-4 10 5.2440.12 56.4540.13 2.04 2.0
159¢ 3-5 10 5.1240.03 32.9640.19 2.03 2.0
159¢ 3-6 5 3.1240.03 90.4240.21 2.02 2.0
NG e 1596 3-7 10 4.8740.05 88.8140.12 2.04 2.0
+ERE T 15 7E 3-8 20 3.7540.04 89.6740.14 2.03 2.0
159¢ 3-9 30 4.1340.08 89.52+40.23 2.05 2.1
159¢ 3-10 40 3.4940.03 85.0140.21 2.01 2.0

12 RE~HIRidiE

PR H b i 562 B v Bioprocess H1 £t i #4% CAMPTSII, Bioprocess Control, Sweden),
W 2 fios . AHEFERT R PR X [ S8 % 55 75 1 OO =S5 T8 IREAETH AL L2
PRI TS A (0.90 #0.02) %, VSITS A (56.9940.21) %, RFANFEIE AN 200 g 5

Ve, R VS EE N 1.06 g.
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Fig. 2 Equipment for anaerobic digestion
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Fig. 3 Methane production of sludge with differed sludge age
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Table 2 Methane production and V'S reduction of sludge with differed sludge age
NN 1g VS 11 B

Gai:! &35 Jes/d VS &M%
B b/ mL gt
1 57 1-2 5 406.543.1 73.540.5
2 5 2-2 10 314.642.6 63.940.3
3 157 2-3 20 287.3482.9 59.440.3
4 1578 2-4 30 282.1482.7 59.640.5
5 157 2-5 40 265.342.4 54.740.4

H 3 FI3E 2 a4, BEEVER M 5d %) 40d, BEARIN 1g VS 1) BERE LR RRL T

34.7%[ 1 (406.5 +3.1) mL gL iZ#ipE{L4E (265.3+2.4) mL g], VS [EMFRIEIL T 25.6%[H
(73.5%0.5) %ZHFFEE (54.7 £0.4) %) 1. AL, {58 RE S H etk RE Rt & Vo5 YR ks i3

K2 FRE@Ess, BAS dmE 10 d i, JSiRREMFRitEfe I AEE ., X415
Bolzonella ZEBIFIAfF 7E a4 FE AR —5, EPYERS A 5 d I IRETH AL ERE Ao, YEHS AN 5 d 3N
20 d B JRAEH AL RER 2 R % CRABERD, (HM 20 d 39n%) 40 d i R a1 7. R
ifi, 7E Bolzonella £ e, HAR K A T I FE /MR, ks 5 a3 R
SR, Je i A B BRI 22 5, 7oA S B d 2 BB BOR, A FUAE [ — 2K 44T
T8 I FRE ) AH B SR AR AR 2 ()5 e B IE G AR T Tk o, B R B b S I T Y DR AT A
REMI 52 .
2.2 #EKHRERL TSR K SIEH M ARSI
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Fig. 4 Methane production of sludge with differed silica content
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Table 3 Methane production and VS reduction of sludge with differed silica content
REANIN 19 VS [ BB H

g He VS/TS/% ~ VS f KFF A%
K /mL gt
159 2-1 Ck
90.460.21 316.242.5 64.210.4
)

2 1578 2-2 79.9810.14 317.42.7 64.510.5
3 57k 2-3 69.5440.17 320.243.3 65.510.6
4 157k 2-4 64.7140.15 329.442.4 66.010.7
5 57 2-5 56.030.21 339.142.4 69.410.8
6 157k 2-6 52.3540.19 325.442.7 67.110.7
7 5 2-7 44.7040.23 310.243.1 64.210.7
8 157k 2-8 33.3640.17 309.543.0 64.010.5

H P 4 F13& 3 fiow, B {5 PE VSITS {E H (90.46 +£0.21) % %% (33.36 +0.17) %,
RN 1g VS [ 8RB~ e &AM VS B2 H (316.2 £2.5) mL gt/ (64.2 £0.4) %JFih
SIS TR R BRI, HAE VSITS {HA (56.03 +0.21) %Mk F|IE(E (339.1+2.4)
mL g1 (+7.2%)#1 (69.4 £0.8) % (+8.1%). Rl /K — i [l N 4D Vs I B 2 4575
Ve 60 RN~ HkEE A VS BRI m, k4 VSITS fEAM 56.03% +0.21% (WE{E) TF%
$] 33.36% 0.17%, 5V B HE BRI VS i KFEMERITIE TR, (HETCRM 2-1 7576
FEAR A8, B3 (AR i & e — e Y R B, X AR A A P 2 Uk 3 (H AN 277
A B S R AR A

IS ARG LS R T DU, R &' R ZE NN RERM EEE R —,
BT AR, AR EIA G IR AN =25 B s e . Z a0t ot
WA R BN I AN RS T 75 Ve I IR B A 1 B, 1E K 22 R 25 FE G Y i N JHLAth R 28 142 1) sk
BHEERATEK FRTEIE ekt LM FRRZAEWD STl 20, ik 3.1 4l
SRS W8 1 e 205 e 1) DR A8V A0 PR R SR S35 (1 B I], T 2 0] AT 70 25 SR 3 il — S 2
FERITH
23 ERETFMSRREEKEENZMN

1576 3-1~3-10 7£ R e il FErh s n 1 g VS 1 R ke & 5 o, H
FEHGEE S VS BRFENE 4 FR.
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Fig. 5 Methane production of sludge with differed metal ions content
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Table 4 Methane production and VS reduction of sludge with differed metal iron content

RN VS ERH VS FEMRE VS KRR

ol e Y SRT/d VSITSI%
Y&l mL gl 1% B2 /%

1 15k 3-1 10 90.3640.14 297.642.8 60.340.3 —6.0
2 15k 3-2 10 79.7640.19 301.5#1.5 61.340.2 —5.0
3 15k 3-3 10 69.2140.21 300.842.9 61.640.4 —6.0
4 15k 3-4 10 56.4540.13 312.043.1 63.840.4 —8.0
5 15k 3-5 10 32.9640.19 288.542.6 59.740.3 -7.0
6 15k 3-6 5 90.4240.21 373.543.6 67.640.9 —8.0
7 15k 3-7 10 88.8140.12 297.842.9 60.840.6 5.3
8 15k 3-8 20 89.6740.14 264.043.5 54.140.7 -89
9 15k 3-9 30 89.52+40.23 253.842.1 53.640.3 -10.0
10 15k 3-10 40 85.0140.21 2359427 48.740.5 -11.0

_IRINE R BTSSRI VS FEfRS o 0 GULE ey =ty B TN [
iR i vs s X 100% — 100%, AR R E BB TG VS FEfRE T %

HE 5 Ak 4 Fion, KPR S PRI AR VSITS EFIAS [FYE 8 175 e 1 R4
THAPERE AR A 2 B B30 X 150 B 43 B8 0 Y R AUV A PR e (R A A FH LA
M, AEATET I R B S R IHIFLEEAE 5.0%~11.0%2 18], HAl, &BE F s RE
AL R O — e SR I I B RS, BIV5 T E HLAE & S 48 BE e 1 Ny Je S AL
R e R A %, SEES> T 42515 Ve SURL I R T 45 A A0 A, AT IR i L PR AT Ah v e el

ah, EARMATERERE T HER S, SRR T, SR
1598 VS B R IR NI FE FE Bl 2 5 e VSITS B AR 4k I & kA8 W % 3)), 75 5.0%~8.0% [H] ;
MYERE N 20~40d (8~10 4H) W), &)@ FXITYE VS BRI H0 I Fe B 20 5 28 = TRt
5~10d (1~74) B (P<0.05). XA[fEA M TRBLEKS, V5ikFMsNE B R mg s
RERRE, WEBERIEH ARG, X &8 B T 5 A LR 8] I A A
— IR AR R S,

2.4 3 MERXITIRR A~ R sEfZ AL 3

BT UL AT R, G5 YRR TRANRb 4 21X 3 AR PR o5 e AT ALt g
SUMARE R HEAT 7 RGMERI BT o ST IS AR B, B IR [ A E A 5 IR
FEAAE RIS, ARSI IREARAE B, ST R semfLrE, ¥t A 10,
20. 30 A1 40 d [IREAVE RIREGAL, Vel N 5 d VSR REALE Xt IRAL, X T4 8% Tk
WFERE, WIRINE R B ISR ARME RIS, RININE 8 B P15 Ve re A E st 4.
SRR R MR R EE Y DL VS B AR AR GRIGZ VS FRIEZ I IR AL VS PR ORAE .
Xof b A3 BT ) 285 SR AR T R AE W 6 T

1) VS BEfR 2 5
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Fig.6 Comparison of effects of silica particles, sludge age, and metal irons on the VS reduction of sludge during
AD
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AifF 8 FLAE B8 5 Y DR AU W B P4 e D7 T A FH

AIKARRT 5 KRR AT 5 e PRAAE A58 (1 A P e s i 7 B 53R EoR, &
POKMETACEE 5, BN 1 g VS B SRR ki & i (265.3+22.4) mL gt $2 7 & (367.3+2.6)
mL g, VSRR (54.720.4) %IRTIE (70.6+1.1) %. EIZEib)E KR (40d) i5
Ve PRE e eI e ey 5 d I B PRAE™ FRGEMERE o R MW AR B B A R Je 18
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