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1 . UBKRBIARA R, H8 T AR L BIR RIS BE pH 4 VAR e Mk K F e BRI R, 45 R
WY, JEURE LA A BT 4 b 3/ IR AR 100:0 1 R AT A0 T4 R A T 07 BP0 AN B8 T8 B A 8 1K 7 FR Bk F2. 5Okl bkl 83:17
W, BRAGBYBL pH o4 6.5, 7.2 F1 7.9 1 3 4LIR A AL B e 7= 2 (LA Rk Bl 44 ) 43 ) o4 313, 346 #1360 mL/g, COD 2
3y 86.3%, 93.2%7F1 95.2%, Wik & EAa A 70%~80%. JERILLF] 62:38. pH 2 6.5, 7.2 F1 7.9 [¥) 3 20 R4 AL
Ber A5y 0 97, 247 Ml 279 mL/g, COD B2 32.6%, 80.5%F1 86.8%, i+ #4s /€ 1k 60%~80%.
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Table 1 Characteristics of wastes and inoculum

Particle size ~ Total solid (TS)

Volatile solid (VS)

Ammonia C H (e} N

Material (mm) (g/kg) (g/kg) mgl)  (%TS) (%TS) (%TS) (%TS) N
Kitchen waste <2 234 203 45 62 48.3 6.4 29.4 1.95 24.8
Waste paper <4 576 575 - - 414 6.2 51.9 001 3264
Inoculum <1 13.2 9.5 7.4 1531 — - - - —
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Table 2 Design of experiments

Kitchen waste/waste paper

Kitchen waste/waste paper

Kitchen waste/waste paper

Total material addition, VS

pH adjustment acidification stage

(wet basis) (TS basis) (VS basis) (9)
60:0 100:0 100:0 32.48 6.5,7.2,7.9
60:4 85:15 83:17 29.36 6.5,7.2,79
60:13 65:35 62:38 26.24 6.5,7.2,7.9

E 2 PR 5 A 35 DR AT A S Ak A DA Rt
L pH & DRAETH A — AN TR N 35, G 7 HGE 1)
et pH {4 6.5~7.2, 18 Chugh 259 A B B pH
FRETE 7.2~8.2. AWFFCRALIY BT pH 4 6.5, 7.2 I
7.9. SER LR 2.
2.3 TIGKMFIRE

SO E WL P 1. 500 mL I L R R N, <
PR HHERUR fr R KA TR, RSB TEIR (35 °C) K
W, G JRURE SEER TR LG 1001 A B
HERHG AR 2K PR AR 80 g/L, SRS
FENRIAE Ny HEH SN 25 TH0 R 25 SES0 Y] B) B R4
P2 Wk, RAVES #7500 2 mol/L HCI 5% 5 mol/L KOH
W pH BIBEEE, W Z AT A ) pH &R
FHA I =40, 3 JrORk A8 Py 852 S — R 15 23 JIE 38 13,
10 F1 11 d AT, EEAHA S FERII AR oA IE.

H Gas sampling port

Transfusion tube .
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Fig.1 Schematic diagram of experimental setup
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AR (TS) R o P ] 4 (V'S) SR FH -3kl s 10,

C, H, N F1'S &% Vario EL JGZ /B4l sE , pH %
FTE % pHS-3C 24 pH THllE , A i FC-100 A £ U
R O 5E . WA A S ™ PR A 5 2504(6000 r/min,
0~4°C), B 350 7 (0.45 um i € #%) 5 % ] HP-6820
RS MGG E, DB-FFAP (ilifl, #< He, #EFEN

UL 250°C, 43iiEL 1:50, FID Kl 283 E 300°C: 4
R HFEPTHE, VI 40 CLRAFE 5 min, 2RJ5 L
10 °C/min {3 T2 140°C, 4% 1 min, F-LL 5°C/min
(R Tt 2 250°C, BEJGRFE 3 min. AW B
HP-6890 A AH N2, TCD frlley, <A Ar,
TERE FURVRS I 2535 5 73510 29 100 A1 150°C, AEAH K FHFE
JPTH:, WIAGEESE 40°COREF 2 min, 4X/5LL 10 °C/min
(1134 % 1 21 80 °C HF- 45 1 min.
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3.1 [ERL LI R EE iR E MR R0

JEUREL A5 B 4% b7 %/ 4% A 100:0 FI R4 AL, HAS
REFE pH 7 5.7~7.0 Z (A3 30 [ L K] 2(a)]. 3 4LIRA 1k
KA BT RS E 1P el FE s A R R A
CO, FlIZbH Hy, HLTH5 15 d 501k, AL Bt
pH 7.9 I PRAH AL T H] = 4 (VFAS FIT L) B W3R
3. RIER VLRI (Volatile Fatty Acids, VFAS)FI A FRIK
FETHE 4 d 183w, 40k 15528 Fil 2805 mg/L. [F]
I YBAH A Sty = ) AT K ) SRR G, I R B A
N, TERAKH pH B ) VFAS WREETR, Ak —
WAL, PRI A P AR AN R AR A A e T i
1, SR N T PR A 25 BRI R I 1 pH.

X JEOBLEG ] 83:17 1 IRAEE AL, pH 8t IRALKT
B (i 18 d) SRR T BT R, 67 R BeAsoe £E
7.4~8.0[ WLIE 2(b), 2(c)]. WHTERALIY B pH oA 7.9 IRIIRAA
WAL, FRAL B BLH A VFAs TR R MR B 4 A
3000~7000 A1 700~1000 mg/L, £ FBek B & v 5
23 A SEAE 400~900 T 100~550 mgy/L, 117 H. A A Ao 5]
LA (AR 3). XTIkl sl 2y 62:38 [ R4 AL,
PTRRALET B pH oA 7.9 DR AL, TRALITBLE VFAS
5 PIMRUE 4399k 1800~4600 Al 400~700 mg/L; 7= H!
YekasE Ji, . VFAs & 500~1000 mg/L, b ARk s
“h 100~300 mg/L, [FIFEEAT LREA s, ¥AH pH R 7E
7.1~8.0[ UL 2(b), 2(c)], X5 Chugh LIt 5t 45 FLA
FF. TR b B A H 5 = b EH 28 3
S, TR AR VFAS BERS AN MR 5 RS, A
SN VFAs [ 28, 1 H pH AT mestEya L b
(07 BRA A= AR A = IR A%, BRI = H e B & T &
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Fig.2 Profiles of pH for anaerobic co-digestion of kitchen waste and waste paper at different ratios

* 3 BRILMEDAT pH=7. 9 YRR R K IR FAE LR LI R & E LAY VFAs FAZEZATIRE T L
Table 3 Variations of individual VFAs and ethanol in anaerobic co-digestion at various ratios of kitchen waste to
waste paper with adjusting pH value at 7.9 in acidification stage

Kitchen waste/waste paper ~ Time (d)  VFAs (mg/L)  Acetate (mg/L)  Propionate (mg/L)  ButyrateY (mg/L)  Valerate? (mg/L)  Ethanol (mg/L)
0 8190 2710 1682 3707 91 1680
4 15528 6520 2805 5774 429 5153
100:0 8 12304 4497 2712 4586 509 3283
13 9869 3771 1900 3396 802 2696
15 8375 3426 1018 3055 876 2080
0 3435 1354 750 1268 63 612
4 6477 3597 949 1784 147 1426
3507 511 898 1804 294 514
8317 12 707 296 198 153 60 0
14 455 252 125 48 30 0
26 501 166 90 127 118 0
37 640 193 178 170 99 0
44 520 151 135 179 55 0
0 1853 1035 447 330 41 307
3 4545 1800 581 1978 186 775
6 4587 2302 595 1571 119 742
62:38 8 4340 1683 667 1844 146 0
18 912 385 268 157 102 0
26 660 281 185 125 69 0
36 602 325 132 102 43 0
44 501 66 272 113 50 0

Note: 1) Including n-butyrate and iso-butyrate; 2) Including n-valerate and iso-valerate.

[y S
3.2 [EH}ELBIFN pH 3 REE L 1 BERY 20

W T E ) VEAS ], RGBSR 100:0 f R4
AR RETE idee 1= e i B s skl E ok 83:17,
FRAL I BT pH 4 6.5, 7.2 Fl 7.9 =20 RS AL ) ¢
P (LA VS )35 313, 346 F1 360 mL/g, 7 HILEMY
B W e & B RUEAE 70%~80%, B ™ Hl g £ Al
P BAhZE WK 3 T4, L1 g VSHI4T 1.1 g COD
5, CcoD £BF 4N 86.3%, 93.2%F1 95.2%( .
K 4). JRRIEBIY 62:38, 7 HkRRGE G, BRALEBOR
5 pH 4 6.5 (¥ 5 5 il 60%~70%. TR pH A 7.2
F17.9 [ H e 0k 70%~80%, =3 I I BE = 3R 43 ) Ay

97, 247 F1 279 mL/g, COD %LER%EN 32.6%, 80.5%F
86.8%.

FRALBY BT pH ol 7.2 A1 7.9 B PRAEIH AL I F G
FEE I COD LBRFAZEA N, RS T pH 4 6.5 IS5 H,
XA B BB AL B B pH Bk AT LB e IR AU A M i

Ll 4 FTLLE Y, LEKARIRALIGRT 6 d, JEORHEL
% 83:17 [¥) CH, & bt 62:38 () CH, & & . X2
H T A HURLE BRI R vh 437 A K& 1) CO,, T B AX
BESR KB  BRAE FH LU IR AR5 B AT, BT CAJBT A 33 L
BIERI RAETE A £ T 2 CO,p, FEUED S W
BRIAL. EASZIIET 6.d, JFURHELBI A 62:38 1 CO,
Er A SE L 83:17 I 1K) CO, 7 iy (SE R H i AR 41 ).
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Fig.3 Cumulative methane production in anaerobic co-digestion with different ratios of kitchen waste to waste paper
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Fig.4 Profiles of methane content in anaerobic co-digestion with different ratios of kitchen waste to waste paper

& 4 [REIHLRY COD T4
Table 4 COD balance for different anaerobic digestions

Kitchen waste to waste paper 83:17

Kitchen waste to waste paper 62:38

DH=65  pH—72  pH=7.9  pH=65  pH=7.2  pH-7.9
N 3230 32.30 32.30 28.86 28.86 28.86
Substrate addition (g COD
Hos ition (g COD) 100% 100% 100% 100% 100% 100%
substrate emoval (g COD) 27.87 30.10 3074 94 2323 2506
86.3% 93.2% 95.20% 32.6% 80.5% 86.8%
2 production (g COD) 0.69 0.75 0.86 0.80 0.94 0.55
2.1% 2.3% 2.7% 2.8% 3.2% 1.9%
CH produstion (g COD) 26.29 2007 3023 7.24 1848 20,91
81.4% 90.0% 93.6% 25.1% 64.0% 72.4%
VFAs production (g COD) 0.49 0.53 0.65 0.56 0.52 0.60
1.5% 1.6% 2.0% 2.0% 1.8% 2.1%
_ 4.43 2.20 16 19.46 5.63 38
Substrate residual (g COD
ubstrate residual (g COD) 13.7% 6.8% 4.8% 67.4% 19.5% 13.2%

3.3 HRMIRIEREKES KAEHLHIE

FE R BT e MUTUK AR R A I T4, RIS
TP G R (0 R, SRR R, fig i
Fe AT AR A R BV bty S S i i A M eI 5 AR 1%
FARUEE, 8 VFAS WS pH, 5 252 A g e
P, BRI VFAS 1 pH J2 DRAEVH AL I IS B R 3. anik

JEE (0] VFAS F 77 FRUSed o (10 32 BTN 1, Vieitez 251
fe, B VFAs WK 13000 mg/L IRF BRI Akl 15
1b, FCR TR A T d i, TR VY 22 4N R T v TR AR
PR, 5T RN IRAT L, IR M N R T8 5 11
77 e R G IL iR 52 9 FE £ 1000 mg/L LA R,

VERY T JEURHCORK AN 15 5 5K T 50% 10 J6] 43 135
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100:0) M IRAUH K SR FIRR A 25 5y 1EA T, A VFAs Hl
VAR JRE 32 K17 RVt b1 BT e B 2 ROV B, 3 A ] 3
(R4 R PR I R AR, BIAEETY pH & 7.9 thANHE MR
A AR BRAH.

X T 2 B A Y A O P AR R, 2 4 3 K
SR PROL RO, R R (B ) 2B AT R
BRI T =27 e Z R A o 1 A, BRI T VR AR R
IR RE. [RIINF, B K A 2 BRI T R AL AT, DAl
I T ARG IR — AN R A VFAS dlH]. FEA LG
NN T AR (B R SR AR R 83:17 FT 62:38) I R4
WAL, T T MM ERE, BRAG T R SR K R S
BRI, B PR FE I 2 VFAS RN FRIK LY
43 JIAE 13000 F1 1000 mg/L LLF, SA7 i % VFAS i),

1AL BRAH [F) 5T S AT AL R T3 R, S 4R B A
J AR AR AN SCE S HH TR R Pk T 0 R A i, i
H, R ARAE Ay = £ 4 22 B A P i AR
BET T IR, R RO R A K e g ik
2NN T 4 5. FR4E South 25U HA fry R B 55
DAY (ABK A5, £ = i (IR P e i 4 s 4 3 2K
SRR K e, DR, E S R ], BT
FIKARRACEY BL VFA 7= i, B, T4
JRAR SR BT (8] s[RI, 3& 4181 pH EEP AT fRIE
7= FGE AR e MR T A 1

4 % @

FACR: FH BT 43 7 3 A A 4t DR AR A 7= HE o 11 i
BE, ST ™ H I R AR AN EI, AN fig SEILAR A 1)
PR R BT A 3 5 R AR (R I AR R ) A IR AR
TH AL RE S RE 3 R VE R DT RR A R T 2 S A e . TR
BRI AR 83:17 I, ALK BL pH 24 6.5, 7.2 F1 7.9 [1)
3 2 IRATH A ot 7 28 (DA Rk AT 23 ) - 313,
346 F1 360 mL/g, COD 2: [k %y 86.3%, 93.2%F/1 95.2%,
F ot & B AR AE 70%~800. [ A3/ JR 46k 62:38 1) 3
YLPRAEI AL e R 3 )k 97, 247 1 279 mL/g, COD
B E N 32.6%, 80.5%F1 86.8%, ki AL E A
60%~80%
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Influences of Feedstock Proportion and pH Value on Anaerobic Co-digestion of
Kitchen Waste and Waste Paper

LI Dong*?, SUN Yong-ming’, YUAN Zhen-hong’, ZHANG Yu'?, KONG Xiao-ying!, LI Lian-hua

(1. Guangzhou Institute of Energy Conversion, Chinese Academy of Sciences, Guangzhou, Guangdong 510640, China;
2. Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Using kitchen waste and waste paper as anaerobic co-digestion material, the influences of feedstock proportion (ratio of
kitchen waste to waste paper at 100:0, 83:17 and 62:38, calculated by volatile solid) and pH value adjustment (6.5, 7.2 and 7.9) in the
acidification stage on anaerobic digestion stability and performance was investigated. Experimental results showed that the proportion of
100:0 can not realize stable methane production due to the inhibition of volatile fatty acids. For the proportion of 83:17, methane yields
were 313, 346 and 360 mL/g VS for three digestions with adjusting pH value at 6.5, 7.2 and 7.9 in the acidification stage. Methane
contents of three digestions were 70%~80%. COD reductions were 86.3%, 93.2% and 95.2%. For the proportion of 62:38, methane
yields were 97, 247 and 279 mL/g VS respectively, methane contents were 70%~80% for pH adjustment at 7.2 and 7.9 (60%~70% for
pH adjustment at 6.5), COD reductions were 32.6%, 80.5% and 86.8%. Compared with pure kitchen waste, the anaerobic co-digestion of
kitchen waste and waste paper could avoid the inhibition of volatile fatty acids and improve good performance of digestions.

Key words: kitchen waste; waste paper; anaerobic co-digestion; digestion inhibition



