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Physical and chemical properties and methane production
potential of food waste in Chongqing City

HE Qin LI Lei HE Qingming PENG Xuya™"
(Key Laboratory of the Three Gorges Reservoir Region’s Eco-environment, Ministry of Education, Chongqing University, Chongqing, 400045, China)

Abstract; The basic physical and chemical properties of food waste collected from the urban areas of
Chongqing were investigated in this study, including waste components, particle size distribution,
moisture content ( MC), and volatile solids ( VS) content. Moreover, a semi-continuous single-
phase anaerobic digestion reactor was initiated under mesophilic conditions 37+2 “C in an effort to
make clear its performance on anaerobic digestion of food waste. The results revealed that easily
biodegradable organics (including food residues and kitchen waste) were the major component of the
food waste, characterized by high water content, high lipid content and high VS content. The
experiment-based methane production potential in the single-phase anaerobic digestion reactor was
0.363—0.713 L. CH,- ¢”' VS, which was 45.77%—89.93% of the theoretically calculated values.
And the removal efficiency of VS reached 88.87%—93.85% when the digestion reactor became
stable. Based on these results, anaerobic digestion of food waste performed under mesophilic
conditions is recommended as an effective technology for treatment of food waste and simultaneously
recycling of clean energy.
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PEF = e BE , U0 Cho 25 N OV BF9E T 37 °C 44 PN AL 28 d JR TG 48 I8 B3 L) % 488 Jo 45 35 A
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SETE 55 °C RIS AE 67 d, 75 5B BMP {84334 210 147 L CH, g™ VS;Li 25875 1 37 ¢ R4t 1k
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Fig.1 Schematic diagram of anaerobic digestion experiment system
S PEER IR R LR AL TS VIR N 3722 °C BEFEH A 60 romin™' A3 20 min-h™" M58

THAE 372 °C N kA7 3 M T ' — bk & B 80 18 L 4Mi5 18, B L 2.0 kgVS-m ™ d ™' (1)
ATIEHET , B2 A B R W 2850 TAEZS L 20 LR I6 iF s UG, 7EAR0E S 2% 20 L i TAE 2 FH 3



12 1] B4 L B D A 00 oy SRR P I B ™ F e v g 4 T 2193

ARG R HUBHEAT, I LL 2.0 kgVS-m ™ d™ WA TAAT , 1.0 kgVS-m ™ d ™ Hh R Fasb 1
T far S0 S R — Ty T SO s 1 T I AR B I 3 R R B S RE IR A S A, = i B U A
T T E
1.3 Mk

PRAG I SRR AR I AE 15 3 AT RE, 45 SO Y (8L B 3 o B A i RAR VO L 0 0 A5 R R
s R B (TS) &R B E B (VS) B L&A (NH-N) | COD KILAR W5 ¥ b o 310 0 2 5 pHL,
SR (TC) SRR 2 BESCHR 11 0058 3 MHLR A (TKN) (2o HL IR 2 AUk s A HLEKk : TC/TOC 434l
SEA; ER A . BRI B BRRER . GRS s B KU BE TR BOD Wi B S HE Ak s sh i 2# 3 E  3h
it (i HBDV- 11 +PRO, ).

FERVEA PR (VFAs)  SA I8/ (Z2HE1E GC-7890A , 5[ ) , FID Kl 2% (L 210 °C ) , 38X
4 N, ,DB-WAX B4 HFE (30 mx0.53 mmx0.5 wm) , FIEAE IR  HERERSIREE 43 310 40 °C F1 200 °C , B4
B THERF 140 C4EHF 1 min, 23 HLA 5 Comin™ A1 25 Comin™' AR TR 2 65 °C 1 160 °C, IFH7E
160 °C 4E%F 8 min.

2 AR5

2.1 RFTBI B

XoF A R AR 1) 2 o b R A R i A T B BT S5 R LR 1 R 2 AR 1 TR, B IR AT Ak
Yy (I Eskit S AN ) 5 93.34% , AR SR B RS ; AN, AR TR ST S ak s 4R LU
SRR by 3 Hh s L) 2% 5 AR JBT I SRR AR AE AL S ] 20—200 mm , 85 BE 5K, T 2 IR S8 AL 4 S5 4
AL BN 50—170 mm , Bi444].

R CEBRIRA S PR

Table 1 Composition and particle size of food waste

AR5 B/ % K42/ mm EE % TR/ % Hif2/mm
YRk 91.03 50—130 2 0.07 —
PN 5.66 60—120 A 0.04 <50
JEE AR 2.31 60—170 FiE 0.02 30—100
i 0.57 <20 AR 0.01 65—190
Rk 0.09 — HoAty 0.14 —
Lip 0.07 <200

MFE 2 W F BB VS SR, I8 92.88% s AT N 1096 kg-m ™ JEIT K 2 H =5 T2/
F2E 2 5 v R A T 850—080 kg - m 5 4 SCHRR I, DA 117 4 I 8 9 K R 62.5%—
81.5%"" 5 T MR B R BB S KR R 75.51% .78.27% . 73.67% F1 75.47% , i A%
T T A T DR TT 2 oy 3 % K R 81.70% , 5 DL b T R EE A T KR 5 35l R 10.37% (I
), 5 (5.53%) P97 (9.31%) 524(3.37%) 5B (8.78% ) " HI 13 (1.39%) 11> 25 4 v A et
b F A K i 5 B R A AR ) U — SR B BESA B T 4875 mPa-s; 5543 0.592% (1B4E) , Bl
2.551 gNa™ L™ fiKF Na #hRA0HIH S 3.500—5.500 gNa™L™" 1",

T3, NF 2 Al AR pH (2 3.67 KT Cabbai 45117 (1) 9256 i R AR | £ 548 5T 4R 1Y
pH 4.00.4.12, L & Elbeshbishy 25" 528 sp48 B pH 4.60+0.2; H45 VFA( EE N LB NI . T R)
SREIE 1340.87 mg- L7, AT AR JBERL SR IBORE I B 5 A I B R K AR FHL SR A 0 0. 4524% (T3K)
BRERER 7k 684 mg - L7, T 23 %F 7% Y BE 20 77 A SO °T NHE-N g 245.32 mg - L', TKN 75 &
2.31% (T35 GHAA R E AT & 400 14.44% (T3E) , 5H MR L — &2 KA i 2 h Rk
(H,S . NH;) iy EZR .
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Table 2 Physical and chemical properties of food waste

YRR WEME || f2detbn WEME || kAt € 18
TS/ % 18.30 || TC B3/ % 4747 || 2B/ (mg-L7") 591.85
VS/ % T H 92.88 || TKN T3/ % 2.31 AR/ (mg-L71) 720.48
FIKES % 81.70 || NH;-N/(mg-L™") 24532 || THR/(mg-L7") 28.54

ZH/(kgem™) 1096 BT/ % 0.4524 || TOC/(mg-L™") 132620
FhiBE/ (mPa-s) 4875 WBREY/ (mg- L) 684 COD/(mg-L7") 64640

TR (B /% 10.37 B/ (mg- L") 350 BODs/(mg-L7") 19967

85y (1B3E NaCl) /% 0.592 || pH 3.67

2.2 Mg he
IS = H BE S BE ( Theoretical methane potential , TMP ) Bl B3 &84 ML 5¢ 4 FH F IR &AH L 7= A iig
FEA R R e i, B BN L CH g7 VS, HAE H AR Buswell 72 A, WL (1).
C,,H,LObNU{n a_b +3cj H,0 (n +2 b 30) CH4+(n—a+b+3C) CO,+cNH, (1)
4 2 4 2 8 4 8 2 8 4 8
FRIEERACME BT o3 B, AT A5 R A Jod b 3 ) =24 4y« AR D B 1 B oK AR & W i & i AR = (1) DA
Fe 45 Ao A2 2 (35 3) TR 45 240 IS 7 W ot LA TR ) TP {1, L6 3.

x3 B TMP {H

Table 3 Theoretical methane production of food waste

R o2 7 CHy/ (Leg™' VS) kb (gVS-kg ' B
RILEY (CeHy05), 0.415 39.850
HE CsH,NO, 0.496 26.421

B CsyH 0,04 1.014 103.700
TMP/(L CHyeg™' VS) 0.793

B O AR IR (0 °C,101.325 kPa) " TR RF; @ (A & %5 T 6.25 M5 S HL A S =127 gk L& 9 &
VS R R RS I IR

H1Z% 3 AT B BRI TMP {58 0.793 L CH,g ' VS, BRI & WA RE SR e %5, o
PP (LA 1 g VS i) 582 T B A I ™= AR i H Be 4 0.793 L. 2 & B i3k VS & &R K
R B e S R4S B B 37 T J RS B 7 e, O 736,54 m™ 17 5K 134,79 m™ 1l AR
S (98% CH,) FAH 37 MJ-m ™ 20 AT 774K 27252 MJ -7y, 5K 4987 MJ -« i, -

2.3 fESRANL

it — TR RO AR S IE AT AR AT T W SERE, A 11 A A B 09 8 T 3R OB
JEORE, T 3742 C AT AT 46 d IYEAARE RS IR A R T AL 31, TR 1R A9 H 7= S fLR T R A
ST SFEAANE O 3 UL 2 ] 3, pH B s ARG L LIl 4, R GE VS RBRRAAE B ILE 5, 0F
SIERESHHT, ILIET 6.

231 PR E IR

PRI AL RIS FF AR HT 2 LU 2.0 kgVS - m ™ d ™ BERES IS VAR, BT LUAB I 1R 5 R AL VIIG
T T BEAE IR RS SE , 3E LA 1.0 kgVS - m™ ™" S e B2 & W 48 m 67 . A 2 AT 3 W0 75 iy, 6 fp 1 2
4.0 kgVS-m™d™J& , RGL A RBAE , [H Ve & I Sl W A, SO/ NG AT A BE A 0.5 kgVS »m - d ™ 7E
4.5 kgVS-m™d ™ g B, SR eI E BT R B B A T T R G A AR E S PR AR Y
TN 7 R S8 G 22 5.0 kgVS-m™>d ' F16.0 kgVS-m ™ d ™ Ayt A, B b & ke  (H =Sk 2k
BRI sl , BRI A B G e A B Y TRt kSR i 4 227.0 kgVS-m ™ d ™5 105
TR, HP R 98.36 Lod T B 74.44 L-d ™' REIEIAF] 24.32% , [R]BULEE 3 SR &5 9 175 08 77 A= I ik 2R
Z BRI — UM RL 3.6 L, 3 AN SR 36 KIFAIE IE#ERL 3 d, 5815 RGUIKE R i i fr ERHS 77 R
A TR HTE 80 L-d™ L AXAERE 2 d, BERNCHRE T B 2R HERRIRAS 197 AR [ON R 40 2 W R 1k
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FRAE , 2 LUt I RO RGEAEILIE 1707 20T T RE R Z S KA AL R 7.0 kgVS-m ™ d ™", % KT Zhang
SFPO IR U 6.64 kgVSem ™ dT L ZE AN MEA, BATTFEA RS 2903.27 L, REUEHLE 1762.36 LR
Gi R TRAY B 7= ot 2 1 Y ] 53.43%—72.02% , Y918 60.82% , W& 5 T Tampio 2517 ) 55%—63% (1
18 58%).
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.ﬁ’ 2000 oo 1 g E; 4
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Bk #Ho & = r
140 @ 4 &
1000 fo 1 o = =
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Fig.2 Biogas production of anaerobic digestion Fig.3 Biogas composition of anaerobic digestion

2.3.2 WJES pH

pH MBS IR A L2 EVE D B S8, RYE pH MBkIR S Eh i85 (BA) 24K WLIA 4.1
MR IS , RGN A 7R P2 i WKL 4 A& ), W46 BA 355 T 7349.00 mgCaCOy L7,
R IVARBATRI pH B I BCA BRI ) B T RR2 g, BA fH I — 22 8l (R RGEIE #2171
] G 2 A HFE 6437.60—7821.95 mgCaCO, L™ YW R, L] pH (AR AEFRFTE 7.41—7.81 MR RIK-, ik
Zhang %57 FE A RATM M B PR pH 7.8 4 T i = 7.0 kgVS-m ™ d™'B, pH (A B E T
R A5 1R RS AR PR R FEPR S 7 g7 RL IS Ak 2k T FF IR 3] pH WA 7.81, B S 16 FF 2288 & T far
AP % 2R AIRH 6.68 ;1M BA {HAEVKE 5 T A R B Bl T B | B fIGA 4222.73 mgCaCO, L', B
W5 A TR AT AR T RS EH 1817 B 7K.

10000  —O—BA —— pH —e— HHLHF 30 —14
9000 %w@ﬁmaﬂgﬁ E‘ 475 q12
—~ 8000 |- ] dio =
T ¢g) —7.0 o
2 R B JE% 1] | %
£ 100 g] o0 0 S0 “lesg P2
< e % o emoeer | = 4 D
26000 |- 60 -6 £
- cosssee ? e 1 =
5000 |- F""-. /@%g)_-ss 4 ﬁ
4000 |eee e} i 1
. 1 L 1 . 1 . 1 L 5.0 |
0 10 20 30 40 50
i [|)/d

4 JREHAL BA fH5 pH
Fig.4 BA and pH values of anaerobic digestion

2.3.3 VS EBR
FIH VS EBRRERIRE I R G5 Y B BRAOR , HefieC(2) 8, Horp, vS, R VS &
FRFE(%) , Fhrs e o ikl f FZon itk
w1
TS). TS ),
VS
TS [

1) L)

B VS/TS Fim UL AR A F SR AR AL R 48 VS KERRILIE 5. N8 5 /& i, RGURaE

VS, =1 (2)
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AT B AT T, VS KBRS BT T RS 0 — H R 88.87%—93.85% M A =K, 5
Nagao 25120 PR A8 I A0 48 6 b R AS 3 1Y) 84.4%—92.5% T I AHIT . X4 RGE AT S N 7.0 kgVS-m > d ™' I,
A Wi Bh 32 BN, VS Z2 Rl TR 45 36 KFF 2 e IN{E 80.01%. 1M Nagao 25> 1) R 40 AL
PR S R IE 1217, HAE U 7.4 kgVS-m ™ d ' FEEBIT152] 90.0% 5 VS LBRR. R G 15
1SR E B BT LT HAUEE 85.0% KDL A58 T 3 d, B PR R R 2 K s
2.3.4  SEbRHUBERBE

R S IR A TH AL 3L BR 7 e E ( Experimental methane potential , EMP) 31383 0 & WL (3) , Hidr,
Vo, JE I HGE R TR (FRUEARTS ) | VS Ol BB ES 9 SEBRIHFERY VS .

VCH
EMP (L CH4-g‘1VS)=VS“ (3)
d
THEAR 2 2 AT AL EMP B ACH: (5 BS ( 1Y L) EMP/TMP DLE] 6.
S[ e MARM  —O-VSERE 4100 27 8993 SSYEMP —m—Emprmp |1
7 oo  eseesese 1ok S%V. 81.06 ]
oor -0 £ ' 80
:.U 6~ 0000\ ,C§DOO E o 0s -_ o \7259 |
s T [’ R 2 =" 0713 ] o
2 s sosssee 8 -80 ; W [0.638 \; 0.643 wl®Z
esscses | Z = 06| . 056 R4
< 4 eseoses gy JfY H 5 B 0495 © =
= 4 ! 70 7 = 40 &
ﬂ? r / |:{ \E!,‘:‘ E € o4l 0.363 0.384 %
S 3~ esese 0o o 1 & | ] €
ﬁ 3- / : D%%p _60-:-,]“ i 150
ofope B 0 ] ¢ g _
| R R | 50 0 ) ] 0
0 10 20 30 20 50 20 30 40 45 50 60 70

B

AHLGH /(kgVS-m~d)

Be6 JRAINIL EMP 5 EMP/TMP ff
Fig.6 EMP and the EMP/TMP ratio of anaerobic digestion

B 5 VS EBRFLAEL VS/TS
Fig.5 VS removal rate and VS/TS in effluent

ME 6 Al F g2 R AN LAY EMP {620 0.363—0.713 L CH,-g™' VS, /5 TMP {H 1 45.77%—
89.93% , HAE 3.0 kgVS-m ™ d ™" S fif F ik 25 K= B AE 0.713 L CH, g7 VS, 1ii Tampio 257 i il
S R R 3.0 kgVS-m ™ d ™ g N5 E K EMP {8 0.483 L CH, g™ VS.JLHS, e K EMP 4
TMP {H 1) 89.93% , Bl 45 J5f 157 3% 1 89.93% A HL I I T 7 WY e, 48 Jo 7 35 IR 490 1 380 0 3 i i A
4.0 kgVS-m > d A F , EMP {H N ARAY 0.363 L CHg™' VS A0S TMP 1 45.77% , ] & i T 17 i 1
JIGHFE LR R G Wi A 58 A3 10 W I Ui/ N SR s 14 I B2, B 6777 T8, EMIP (L8 TG K, T 7E
5.0 kgVS+-m-d™ A fif if, R AR — m5 04 0.643 L CH,-g' VS, EMP/TMP {H 1% & 3] T 81.06%. 1%
7.0 kgVS-m™d™' f fif T, & 48 A fig 7K 32 M8 S A IO BB, AR W 0E PR 32 B0 I, EMP B Y
0.384 L CH,g™' VS, 1fii Zhang %l L iR NIJR BT K , 15 R 58 EMP {HAE = 7LfT 6.64 kgVS-m™d™' T
IREIAF] 0. 352—0.439 L CH,g™' VS.

3 45

(1) AR AR R IR BACTRMRAE U B B3, BA 70 Hr 3R A, o IR 23 Jof gl LA %

KA EIMAA VS SR AR b 5 RN AL B (I R BE AR R A ) R AR A) O
LRI

(2) 2l AR IR I AL SN A8 7E 3722 C M T s 47 1 46 d, 158 B 32 bR 7= H BE v g R
0.363—0.713 L CH,zg™' VS, BRI AY 45.77%—89.93% , B BAf7 48 B 3% (LA g VS 1) =4 Ay
fE i N 0.363-0.713 L, AR T 77 B A LT 7 238 A HLIBTAY 45.77%—89.93% .~ TH Ak it 7 i) B
TR B B 3 s 2 T 2903.27 1,1762.36 L, VS BR355%] T 88.87%—93.85%.

ZE b R R ST A B AR T A A A T D T 4 S sy 3 [ s sk e A BE
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