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Performance of early-warning of compartmentalized
anaerobic reactor
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Abstract: Early-warning of compartmentalized anaerobic reactor (CAR) was investigated in lab-scale. The performance stability
of CAR at high loading rate was worse than that at common loading rate. At high loading rate, the fluctuation of effluent chemical
oxygen demand (COD) concentration and volatile fatty acids (VFA) concentration was larger than that of influent COD
concentration. The average relative standard deviation of effluent COD concentration and VFA concentration was 32.95% and
40.46% respectively, while that of influent COD concentration was 8.08%. The saturation of volumetric loading rate (Sy.g) and VFA
(Svra) could be used to alarm the performance of anaerobic reactors. The working performance was good when the CAR was
operated at normal organic loading rate (OLR), in which Sy g and Syga were below 0.89 and 0.40 respectively. The fluctuation of
performance became larger when the CAR was operated at OLR near saturation, in which Sy, r and Syga were close to 1. The
performance of CAR was deteriorated when the Sy g and Syga Were more than 1.
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Table 1 Composition of nutrient solution

anaerobic reactor, compartmentalized anaerobic reactor, high loading rate, performance early-warning

. NH,Cl, NaHCO;. M. M TR mW 1 .
I (% 1) Rt MEcEEl . AR
S 1 mL/L, NaHCOj3 it A &EARYE H /K pH {E T .
1.2 MR

RN ORGSR B A Wi & 4R /Y 1IC IR
Mi%, SS A 51.0g/L, VSS & 40.3g/L, VSS/SS K
0.72,

1.3 RER%

AT TR R RGE 1 s, RER
Mg EAR, AR 5em, R 120 cm, W
XA 2 Lo RNiAs AR AKX . s KR = A 43 B X
N SO IX A Bz B LAy B B, (H L3 i
)3 A VA o RN X A5 B A R AR IR
A =B X EEMREN, sl EE P
Heo s TAEREEh (3041) C.

14 SFMBRAE

COD: 4, SS. vsSs: @ty
pH: BEE M ERVEIRIIRR : okl <k
Uit : BSD 0.5 B ARG T vk o

2 HEREH

21 RENMFEIZEITIERE
211 ERURARN SIS TTHERE

FE AR N g s AT R, BRI AR K
=B IHE (HRT) oM 7 h, %4 ¥E/K COD ¥ JE N
(2 886+187) mg/L. 1#4F HRT 1HE, LIZEA s in
#E7K COD ¥k i 1 7 3% A0 48 185 S I 2% 28 B AR

Compound Concentraion (mg/L) Compound Concentraion (mg/L)
Yeast extract 1200 MgSO, 220
Beef extract 1200 KH,PO, 7 540
Tryptone 3600 Trace elements [ a
CaCl, 220 Trace elements I b

a: trace elements | (mg/L): EDTA 5 000, FeSO,5 000; b: trace elements 1l (mg/L): EDTA 15 000, H;BO, 14, ZnSO,-7H,0
430, MnCl,-4H,0 990, CuSO,-5H,0 250, NaM00O,-2H,0 220, NiCl, 199, NaSeO,-10H,0 210.
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Fig. 1  Schematic diagram of CAR. 1: influent tank; 2:
peristaltic pump; 3: recirculation pump; 4: anaerobic reactor; 5:
biogas; 6: effluent tank; 7: wet gas meter; 8,9,10: sampling
ports I, II, III, respectively.
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(98.41+0.32)% , Hi/K COD e B T A IR 48 /=
T [ I B K 1 SCRR AR 05 K VRA W
M (38.57+2.25) mg/L % (70.89+8.51) mg/L, i
K VFA W FEAR Tl S vl 5 1K pH R4S
fE 7.51 Ay, il EIRATHAAEA
COD 2 A WL i FE =48 bR, COD ¥ EE 7T L)
8RR R GEXT A I L BRIR O s VA 2 IR 4TH
RS FER R IE P2, VFA BB AT LUAE /R N R 48 H
VFA 7= A F AR B s LA 7K COD i VFA kB
YERFahR, AT RAPPAR IR SR #1038 47 T . AL
iz {7t fEH CAR MRS E HEIRA 5 SR L3R 2, MAHXT
PRER 22, K COD WREE (F-HAH X bk o I 25
24.57%) FHiK VEA WEE (P BIAHR AR 22 0

—eo—Organic loading rate
45 r —O-Volumetric COD removal rate
—%=Volumetric gas production

23 5
£ < | =
53 40 a1 3
j==S =
=0 L =
28 35 18 §
5% 30 15 2
22 i K
£ 2f 19 §
s © o
25 5t le¢ E
o & g
§08 10 1 S0=0=0 13 2
=0 o
3 5 . . . . . . 0

0 3 6 9 12 15 18 21
1(d)

B2 BRzTIRPHSRAAT. SREREMER~
|

Fig. 2 Organic loading rate, volumetric COD removal rate and
volumetric gas production at common loading rate.
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Fig. 3 Influent and effluent COD concentration and COD
removal efficiency at common loading rate.
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Fig. 4 Effluent pH and volatile fatty acids (VFA)
concentration at common loading rate.
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Table 2 Effect of substrate concentration fluctuation on performance stability at common loading rate

Series

II i

Influent COD concentration (mg/L)

4181.0+1 255.8

7134.0+1875.4

10 033.0+1 548.4

Difference 3045.0 4360.0 3935.0
Relative standard deviation (%) 30.0 26.3 15.4
Effluent COD concentration (mg/L) 87.0+24.4 122.0+27.5 159.0+36.7
Difference 64.0 90.0 121.0
Relative standard deviation (%) 28.0 22.5 23.1
Effluent VFA concentration (mg/L) 42.26+12.12 55.24+15.62 66.91+9.45
Difference 37.35 42.68 37.34
Relative standard deviation (%) 26.68 28.29 14.12

23.03%) HA 53K COD WEE (FXIAHN b7 e
W2 23.92%) RYSGIEIE L, (HARX T ik/K COD
WP I RIE T (B KbRifE 224 1 875.38 mg/L),
7K COD WA K VFA H B IS IR AN (e R
FRUEIR 22439k 36.70 F1 15.62 mg/L), FEHILEH R
iBf7id i CAR By R R e .
212 EAURFIR NI STTHERE
TE 2 B #s ik #) 7/ &% OLR #r i (OLR=

40 g COD/(L-d)) J&, 15f#%F HRT 1EE zt*éﬂﬁﬂn

kK COD ki Ty A m A Rt iy, dsAT45 2R WA
5~7, HHIEI AN, #7K COD e (11 595+373) mg/L
T E (29 300£200) mg/L, ZMGfTH (39.75+
1.28) g COD/(L-d) % (100.46+0.69) g COD/(L-d),
R EBREN (39.12+1.24) g COD/(L.d) &Kk
RIHERRAR (84.35+1.58) g COD/(L-d), AR =%
i (19.0240.62) L/(L-d) 4 Z iz K= % (57.00+
0.56) L/(L-d); 7k COD ¥EEH (184+39) mg/L 1
% (4 700+342) mg/L , COD £ & F W h
(98.41+0.32) % [ % (83.96+1.22)% ; Hi/K VFA HkJiE
i (70.89+8.51) mg/L 4 % (3 323.71+330.24) mg/L,
MK pH i (8.14+0.07) F&EZE (7.65+0.05), itk
COD ¥ E—L#F+ = (32 367+252) mg/L if, R
ERBMAMIEE (110.97+0.86) g COD/(L-d), (HZFH
LRGSR (82.19+2.16) g COD/(L-d), M=%
2% (56.47+0.66) L/(L-d); 7Kk COD ¥ Ji il 3% =
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Fig. 5 Volumetric loading rate, volumetric COD removal rate

and volumetric gas production at high loading rate.
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HE7K COD W (SF- 34 AH X A A 22 47 8.08%) )
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Table 3 Effect of substrate concentration fluctuation on performance stability at high loading rate

Series I 1I 111

v \4 VI VI

Influent COD 13152+1 691 16 1501 577
concentration (mg/L)

Difference 4 335 4130 4 065
Relative standard

deviation (%) 12.8 9.8 8.9
Effluent COD 214+49 262448 314+71
concentration (mg/L)

Difference 157 162 216
Relative standard

deviation (%) 22.9 18.3 22.6
Effluent VFA 67.5+21.1  82.8423.0  100.3+22.4
concentration (mg/L)

Difference 64.0 82.8 61.4
Relative standard 313 278 223

deviation (%)

18 968+1 685

21 731+1 347 24 668+1 746 27 758+1 736 30 833+1 692

3200 3940 3750 3500

6.2 7.1 6.3 55

640+353 1682+748 3508+£1 279 6 480+1 987

732 1640 2570 3690

55.2 44.5 36.5 30.7

181.4+83.0 800.4+600.8 2 328.7+1099.1 4 814.0+1634.0

179.4 1301.6 2 246.8 31045
45.8 75.1 47.2 33.9
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Fig. 8 Relationship between volumetric COD removal rate,
volumetric gas production and volumetric loading rate.
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Fig. 10 Relationship between effluent COD concentration,
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Fig. 11 Relationship between volumetric COD removal rate, volumetric gas production and VFA saturation (Syea).
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