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Abstract - This research was focused to apply response surface methodology for optimization of bio-methane
production by biogas upgrading process. Methane concentration(Y1) and methane efficiency(Y2) on biogas
upgrading process were mathematically described as being modeled by the use of the Box-Behnken design on
response surface methodology. The results of ANOVA(analysis of variance) about models, the probability value
of the methane concentration and methane recovery response surface model are 0.0001 and 0.0001, respectively
and coefficient of determination(R?) are 0.9788 and 0.9710, respectively. The response surface model is proved
of high reliability and suitability. The operation pressure had the greatest influence to methane concentration
than other operation parameters and the PSA rotary valve velocity had the greatest influence to methane recovery
than other operation parameters. Optimal condition of biogas upgrading process for production of 100Nm’/hr
bio-methane were operation pressure 8.0bar and outlet flow rate 31.55SRPM, respectively. At that operation
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condition the methane concentration of bio-methane was 97.13% and methane recovery in biogas upgrading

process was 75.89%.

Key words : Response surface methodology, Box-Behnken design, Biogas upgrading, Biomethane, process

optimization
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Table 1. Influent and effluent conditions in wastewater
treatment plant.

Composition Unit Value
Methane (CHa) % 65
Carbon Dioxide

% 34
(COy)
Hydrogen Sulfide
ppm 1,600 ~ 1,800
(H2S)
Temperature T 36
Pressure mmAq 250 ~ 330

Biogas Pretreatment
(H,S, Moisture)

Fig. 1. Diagram of CO,/CH4 separation process.

Pressure Swing Adsorption

Fig. 2. Detail description of rapid pressure swing
adsorption device.
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Table 2. Box-Behnken design for experiment.

Operation | Operation PSA Rotary Outlet
Factor Pressure | Valve Velocity | Flow Rate
Unit bar RPM RPM
Max.

8.5 50 50
Level
Mean
6.75 30 30
Level
Min.
5 10 10
Level

Response Methane Concentration(%), Methane

Factor Recovery(%)

(Operation Pressure), PSAS] F2/&2A7HS 24
sH= 3WME & nlo] e vgk QAR Outlet Flow
Rate)2] “3A#AE Design Expert 8.0 ZZ15-S
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0.046 X [AC] + 0.000225 X [BC] - 1.116735 X
[A?] - 0.005425 X [B?] - 0.001278 X [C?] )

Y, = 63.499464 - 0.748571 X [A] - 0.689857 X
[B] + 0.615171 X [C] - 0.021429 X [AB] -
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Table 3. Experimental results of the Box-Behnken design.

Operation Factor Response Factor
. PSA Rotary Valve Outlet Methane
Run | Operation Pressure . . Methane Recovery
Velocity Flow Rrate Concentrations
bar RPM Nm3/hr % %
1 6.75 30 100 93.1 78.7
2 6.75 30 100 93.4 78
3 8.5 10 100 97 93
4 6.75 30 100 93.6 78.5
5 6.75 30 100 93.2 79
6 5 30 50 94.3 66
7 8.5 30 150 87.2 82
8 5 50 100 78.5 72
9 6.75 10 150 79 96
10 6.75 50 50 96.5 62
11 6.75 50 150 80.4 77
12 8.5 30 50 98.2 61
13 6.75 10 50 96 75
14 6.75 30 100 93.4 78.5
15 5 10 100 78 96
16 8.5 50 100 97.5 66
17 5 30 150 67.2 89
B . oo .
- o
e o A
_ = A
4 .
3 2 ™
£ £ % "
a [ |
I T I
Actual Actual

Fig. 4. The actual and predicted plot for methane concentration and methane recovery.
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Table 4. Analysis of Variance of the model for methane concentration and methane recovery.
Response S Sum of 5
ource df Mean Square F Value p Value
Factor Squares
Model 1303.3 9 1448111 35.90845 < 0.0001
Y, Residual 28.2295 7 4.032786
Lack of Fit 28.0775 3 9.359167 246.2939 < 0.0001
(Methane Pure Error 0.152 4 0.038
concentration) | Cor Total 1331.529 16
R? = 0.9788, Adjust R? = 0.9515
Model 1836.038 9 204.0042 26.0675 0.0001
Y, Residual 54.782 7 7.826
Lack of Fit 54.25 3 18.08333 135.9649 0.0002
(Methane Pure Error 0.532 4 0.133
recovery) Cor Total 1890.82 16
R? = 0.9710, Adjust R* = 0.9338

D df : Degree of Freedom
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Fig.

B: PSA rotary valve velocity

C: Outlet flowrate
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(a) Two Dimensional (2D) Graph (b)Three Dimensional (3D) Graph

Two (2D) and Three (3D) dimensional response surface plots of the effects of operation pressure and PSA
rotary valve velocity on methane concentration : fixed outlet flow rate.
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Fig. 6. Two (2D) and Three (3D) dimensional response surface plots of the effects of operation pressure and outlet

C: Qutlet flowrate
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Fig. 7. Two (2D) and Three (3D) dimensional response surface plots of the effects of PSA rotary valve velocity

and outlet flow rate on methane concentration : fixed operation pressure.
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Fig. 8. Two(2D) and Three(3D) dimensional response surface plots of the effects of operation pressure and PSA
rotary valve velocity on methane recovery : fixed outlet flow rate.
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Fig. 9. Two (2D) and Three (3D) dimensional response surface plots of the effects of operation pressure and outlet
flow rate on methane recovery : fixed PSA rotary valve velocity.

Figure 5 ~ Figure 7¢] A3}& &3l wgksizol of
3 o] 7P A S AL o, v
o] o v|elk Ak, PSA Rotary Valve2] &9 50
2 S v 53] PSA SMWE &= J

ol ulg- vt

322 WS RHAAS B9 vets] e 54 24

Figure 8- o] Qwer A4 Outlet Flow Rate)
o] dAT o 7Y HT} PSA | E &Ho] s}
of W& wEs|eg Wslel] gk WhgaEwEelt)
Figure 85 HW PSA 3B &7} J71E5
Hgks] o] Aastt) PSA 3| = &)
o] GFATES AASHE SHJAAEA EEAgTe

Z7¥aes osieame ofe} ek FAl] v

—_

ZE7] vl EFAIRte] STFEES weks|go|
FrashA Hlek sk RE -9k o] Wstel] whE Hg
32 A WskebA] &okth AT wEks]
g0l vX= 9&S HH PSA Rotary Valveo| &
E7F AR IA %S vXaL Qo 4k
A4} 749t} PSA Rotary Valve &i=ol T
3 W33 p Value?} 0.6084 24 WF Fipr}t v
A0 LERgTh

Figure 9+= PSA 3|7MiH &wr) AAE o 7
3} vlo] e He AAFKOutlet Flow Rate)] W3}
of we wEs]es wslel] gk whEawiEolrh
Figure 95 X1 njo] o vel Ailefo] F7lsky= o
EFS)8- S7RIT vho] el AR FAFEe]
AFAE AR = SARJAEA Aikgo] S7tst

Journal of Energy Engineering, Vol. 23, No. 2 (2014)



70

Fig.

Fig.
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10. Two (2D) and Three (3D) dimensional response surface plots of the effects of PSA rotary valve velocity
and outlet flow rate on methane recovery : fixed operation pressure.
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11. Two (2D) and Three (3D) dimensional response surface plots of methane concentration for optimization
: fixed outlet flow rate = 100Nm3/hr, fixed operation pressure = 8.0Obar.
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Fig. 12. Two (2D) and Three (3D) dimensional response surface plots of methane recovery for optimization : fixed

outlet flow rate = 100Nm3/hr, fixed operation pressure = 8.0bar.
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Box-Behnken AAHE =&

[

HERSE(Y)) = 43.932882 + 14.897347 X [A] +
0321125 X [B] - 02395 X [C] -
2.791418X10"° X [AB] + 0.046 X [AC] +
0.000225 X [BC] - 1.116735 X [A7]
0.005425 X [B?] - 0.001278 X [C?]

kS 28(Y,) = 63.499464 - 0.748571 X [A]
-0.689857 X [B]+ 0.615171 X [C] - 0.021429
X [AB] - 0.005714 X [AC] - 0.0015 X [BC]
+ 0.034286 X [AY + 0.007763 X [BY -
0.001658 X [C*]
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