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Optimization of Bioelectrochemical Anaerobic Digestion Process

Using Response Surface Methodology
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Abstract >> This study was performed to optimize the integrated anaerobic digestion (AD) and microbial electrolysis
cells (MECs) for the enhanced hydrogen production. The optimum operational conditions of integrated AD and
MECs were obtained using response surface methodology. The optimum substrate concentration and operational
pH were 10 g/l and 6.8, respectively. In the confirm test, 1.43 mol Hx/mol hexose was achieved, which was
2.5 times higher than only AD. After 40 to 60 hour at seeding, the volatile fatty acids (VFAs) in reactor of AD
were not changed. However the VFAs of reactor of AD-MECs were reduced by 61.3% (acetate: 76.4%, butyrate:
50.0%, lactate: 55.0%).
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Table 1 The central Composite design with two independent variables
ol Concentration of substrate Operational pH H, yield
Trial No. X, Xi X, Xa (mol Hx/mol hexose)
1 10.0 -1.0 5.0 -1.0 1.24
2 27.5 0.0 4.7 -1.2 1.13
3 48.5 1.2 6.5 0.0 0.68
4 6.5 -1.2 6.5 0.0 1.33
5 45.0 1.0 8.0 1.0 0.53
6 45.0 1.0 5.0 -1.0 0.92
7 27.5 0.0 83 1.2 0.76
8 10.0 -1.0 8.0 1.0 1.42
9 27.5 0.0 6.5 0.0 1.22

A26d A53 20159 10Y



412 SSEREEA S B G ARA

M ZALS o]&35}git) TS, VS 2 COD: Standard
Methodsol] 25101 =389, 215 ng&2] pHi
Orion 8102BNUWP ROSS Ultra® pH Z=XThermo

scientific, USA)S o|-835}9th

Zn W o

w

3.1 HISHHEMHS 0|82 HY 2H =2 =&

Table 10] A 2710 vjel A@e Sastol
FA A HAIERS ARSI tHFig. 1| JFx2). 1 2
T}of| w2 Trial No. 5 ZAA 24 44 WAk

o
2 0.53 mol Hy/mol hexoseZ 714 27| LE o™
Trial No. 89]|4] 1.42 mol Hymol hexoseZ 7} &=A
UERgt) ESE Trial No. 4, 6, 8 & 99| H9 =4
wo] A R WAl el eh, ol

m
173
g 20
2 ———— TrialNo.1
3 — -0 — TrialNo.2
£ — —9—— TrialNo.3
= ———A-—— TrialNo.4
= s
[=}
E A-A
E oA A
s Sd
-] A o0
o o
3 "‘/ ~d
s A 2
s ~ o v
=
> -
o '\
£ os) ‘/‘( y /v/v/
z / »
S & e
2 %
] =&
S
00
§ 20 40 60 80
Time (h)

20

——@®—— Trial No. 5

_—-0 — Trial No. 6
— —y—— TrialNo.7
——-A-—— Trial No. 8

15| oo o, Trial No. 9

80

Cumulative hydrogen production (mol H,/mol hexose)

Time (h)

Fig. 1 Cumulative hydrogen production in different experi-
mental conditions

>> Al A 8k3] =2

ot

SRS

AEA7|BRH WA Sk W) A 9
A B2 $RF FUAHATEY B groz
0 ek AR o] §5ATkTable 1). Fig 20
£ SRR A%E ANk

A 20 WRGEREA Fuke] B AAI5HY

=

H,yield= 1.20— 0.29X , —0.095X, )
—0.14.X,X,— 0.092.X — 0.13.X;

=2E RUAT g AR Bk
Q3| EAFEA)(Analysis of Variance, ANOVA)E& <=
%At} Table 20l= ANOVA ZAi}S AAISHH:
b Asol w2l mese] “ProvaFre] glol
0.05 oJ3t2 YEFom “F-value”®] Fro| 24.89=
UERH T ol mEAo] AJgE sk slen
A% 9.8 ubA B8] 0.05% ofakel AoE Lt}
e

malso 2iE £aE ARA|sH BI04 4
o %‘:594 A A 2HL FEZN-1.00, 0.18)0]

Uehgon Ag 2o Az 49 /)4 =

H2 yield

Operational pH

Concentration of Substrate

Fig. 2 3D plots of a fitted response surface to the H; yield



413

- 28 - 417

ol %

Table 2 Analysis of Variance for a response surface model

Prov>F
0.0003
<0.0001

0.0193
0.0106
0.0501

0.0110

F-Value

24.89

84.60
9.14
11.94
5.58
11.78

Mean squares

0.17
0.58
0.062
0.081

0.038

0.80

Degree of freedom

Sum of squares

0.85
0.58
0.062
0.081

0.038

0.080

Source model

model

X1

X1X2

X1

X2
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