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High-solids Anaerobic Co-digestion of Sludge and Kitchen Garbage Under

Mesophilic Conditions

DUAN Ni-na, DONG Bin, LI Jiang-hua, DAI Ling-ling, DAI Xiao-hu

(National Engineering Research Center for Urban Pollution Control, School of Environmental Science and Engineering, Tongji
University, Shanghai 200092, China)

Abstract: At solid retention time (SRT) of 20 days, biogas production, volatile solid (VS) degradation and system stability in co-
digestion systems of dewatered sludge (DS) and kitchen garbage (KG) were investigated in semi-continuous completely mixed reactors
numbered R1-R5 (the DS/KG of their feeding substrate based on wet mass was 1:0, 4:1, 3:2, 2:3 and 0: 1, respectively). The
results showed that, with larger proportion of KG in feeding substrate, higher methane yield and biogas yield were obtained with lower
methane content. For certain reactor at given SRT, KG addition could significantly improve the organic loading rate ( OLR) and volume
biogas production. System with more KG addition favored higher hydraulic constant £ and VS reduction. The hydraulic constant & was
0.25d7", 0.61 d7', 1.09 d”" and 1.56 d', and the VS reduction was 37.4% , 50.6% , 60.7% and 68.2% for R1-R4,
respectively, indicating higher hydrolysis rates with more KG addition, which led to increased VS reductions. With larger KG
proportion in feeding substrate, pH, total alkalinity (TA), total ammonia nitrogen (TAN) and free ammonia nitrogen (FAN) showed
decreasing trend. As KG addition increased by 60% , pH, TA, TAN and FAN decreased by 6% , 16%, 22% and 75% ,
respectively. FAN and Na" respectively were potential inhibitory chemicals that threatened the stability of the mono-system of DS and
KG. In comparison with the mono-system of DS or KG, the co-system showed higher stability by diluting toxic chemicals like ammonia
or Na* to much lower levels.

Key words : anaerobic; high solids; dewatered sludge (DS) ; kitchen garbage (KG) ; hydrolysis rate
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Table 1 ~ Characteristics of dewatered sludge, kitchen
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28 Jhiok 5 e At B G e
pH 7.5 0.2 5.00.2 7.7+0.1
TS/ % 20.12£0.15  21.26+0.20  2.31x0.22
VS/TS/% 58.04£0.26  92.25+0.31  56.51x0.42
TAN/mg-L ! 742 £37 403 +42 321 £20
C/N 7.2+0.3 12.8 0.3 —
Na*/g-L~! 0.10 +0. 1 3.6+0.2 —
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1.2 Wik st e
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Fig. 1 Simplified drawing and photo of the reactor
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Table 2 Characteristics of the feeding substrate for each reactor

biiz 2951 R1 R2 R3 R4 R5

DS: KG (FET3#EE VS) 1:0 2.4:1 0.9:1 0.4:1 0:1
DS: KG (FETHERE ) 1:0 41 32  2:3  0:1
TS/ % 20.3 20.3 20.6 20.8 21.3
VS/TS/% 58.0 65.1 72.1 78.9 92.2
C/N 7.2 88 10.1 11.2 12.8
OLRY /kg+(m®-d) ~! 5.8 6.6 7.4 8.2 9.8

1) AL ( organic loading rate)

R B KI5 e 54 St B I AEAS AR G L ) %
BRS¢ 22 5 T ROV g s AT R E 5, itk
BRI 24 h 9,558 1.0 h idsgii it LT K%
AR GRS
L3 pHriiirik

PRATH AR TE ORI A HORE o 4 A SR 4 2 e, Tl
AR R e S i IR pH, TS| VS| K
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T AR 0 3 25 ((Agilent Technologies 6890N
CA, USA, Pl S UAa il a8 ) MAS. T AL WORE b 7E

10 000 r-min " #5.00 10min 5 #1733 58, 8K 404
FLUEIEE(0. 45 pm) J& , i B — E A BOF A H R A
# pH < 2.0, Z J5 R S A 035 % ( Agilent
Technologies 6890N, CA, USA, ‘KJ& &ALkl #% )
T VEA WREE. PR R TS RITAHLTR
S HTAL ( Vario EL 111, Elementar, Germany ) il %&£ C/N
Fb. Na™ ¥ 3R P H RS 5 55 B 71 & Ot gAY
(Optima 2100 DV, PerkinElmer, US) . TS, VS
FITAN Y B SR FH A 1 7 a5 AR 0t 85 4 ( free
ammonia, FA) ¥R I8 L5 Siles 2521 T R H]
()77 A [F].

[ NH, |

[AN]
A [NH, ] Wi B &R B (mg- L") 5 [AN] LA
BT R B A 2 PR SRR MR BE SR (LA NH,
I mg-L71) 5 TR 2= IR,

VS [Ef#F (VS reduction, VSr) i1 315 (R
B B TEHLER 43 BV 4375 R IH AL T IS B 2
AT

VSispn + (1 = VSin)

Yor=te VSiry (1 = Vi)
K, VS TRIH AL VS & TS B (% ) ;
VS, FRHEEN VS (5 TS BRI (% ).

2 HRE5H

2.1 V5Ue MR B AR A LB = SRR B 52

R1 ~R5 7E SRT 20 d B~ S eS8 n
3 Ffizn. Hir R1 ~ R4 78 SRT 420 d B9 T K ik
FTRERE(H S EMHEE VS/TS EATEE ) ,
RS RBBF 211K 76 SRT A 20 d B TAL T
151730 d JE /A ARB T R R, VEA B0 BT, e
FHEARGWN pH LT 6. 5 MiRfL.

M2 3 ] UL, BEE SERE s 3 L B R i, R
SRUL DS Rers o IR VA 5 SR IR A e S Y 5

10~ -

i 1+W (1)

x 100% (2)

®3 BkTREERFURESHAMEBRELNT SR

Table 3 Performance of mono-and co-digestions on biogas production

Gy ¢(CH,) Y nethane Yhiogas smph SBP?) MP?) BPY

/% /L-(g-d) ! /L-(g-d) ! /Le(g-d) ! /Le(g-d) ! /Le(L+d) ! /Lo (L-d) !
R1 66.3 0.8 0.217 £0.011  0.329 £0.017  0.580 £0.029  0.879 +0. 045 1.26 0. 06 1.91 £0.09
R2 62.5+0.4 0.282+0.010  0.455+0.016  0.557 £0.020  0.899 +0. 032 1.86 £0.07 3.00 +0. 11
R3 58.2 £0.5 0.334+0.012  0.576 £0.021  0.550 £0.020  0.949 +0. 035 2.47 0. 09 4.26 £0. 15
R4 56.0 1.1 0.376 £0.020  0.671 £0.036  0.551 £0.028  0.984 +0. 053 3.08 £0. 16 5.51 £0.30
RS — — — — — — —

1) B B AT AL Y B 5677 3R ( specific methane production rate, SMP) ; 2)) BN FEAFRA HLT ) 7= SR ( specific biogas production rate, SBP) ; 3) B
PEARFR 58723 (volumetric methane production rate, MP) ; 4) AN RFR =S R (volumetric biogas production rate, BP)
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