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Abstract

Nowadays, the importance of ensuring the effluent standards of wastewater treatment plants is obvious.
It is necessary to pay attention to the selection of the biological wastewater treatment process by
considering different and diverse criteria. Because, the incorrect choice of the process increases costs and
does not achieve the desired result. In this research, the technique of analytical hierarchy process and its
combination with Taguchi method was used. By weighting and prioritizing the criteria and options by two
groups of experts, including the scientific group and the executive group, the weight of each criterion and
option was calculated. In the present study, options (in two cases including 7 conventional options and 7
advanced options), criteria (4 items) and comprehensive and complete sub-criteria (13 items) for selecting
biological wastewater treatment processes in rural areas under various conditions have been considered.
Finally, it was concluded that in both perspectives, the sub-criteria of providing disposal criteria and
standards and the ability to reuse wastewater and climatic conditions were placed in the first and second
priority. These sub-criteria received weights of 0.113 and 0.108 from the scientific point of view and
0.122 and 0.106 from the executive point of view. Also, the present study showed that the model of
combining AHP and Taguchi method is a successful model for determining the method of biological
wastewater treatment for various conditions. Finally, according to the results of this study, the
prioritization of biological wastewater treatment options for wastewater treatment in Ahar village was
done as a case study and the output results showed that the first priority of all experts is the artificial
wetland method and MBBR, from a scientific point of view, Extended Aeration and ABR-Wetland, and
in the executive point of view, artificial wetland and A?0 methods were prioritized (conventional and
advanced methods, respectively).

Keywords: Wastewater Treatment Plant, Multi-Criteria Decision-Making, Taguchi Method,
Wastewater Treatment Options.
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No. of rritari
Criteria  Sub- Sub- criteria title STBETIEHE B7EH
criteria 1 2 3
= Financial resources available Low : :
‘é’ 1 to initial costs Medium High
o - . .
c Financial resources available Low . .
U8J 2 to the cost of operation Medium High
The possibility of providing Low ; :
. complex equipment Medium High
Dependence on foreign . .
4 P T g Low Medium High
= Flexibility of the desired
2 5 method and reliability of the High Medium Low
g process
o The importance of ease of : ;
S 6 implementation High Medium Low
S Climatic conditions of the Hot and dry or dry ] g g
3 7 project area P oA ot Mild and humid Cold climate
= (e The simplicity of
£ T Average simplicity ;
3 Ease of use and the need for Great simplicity and average operation and the
— 8 B oo and low number of G number of expert
pertp personnel personnel are not
personnel important
9 The need t%fpglﬁg)égnd dispose Law VT High
= The importance of the disposal
& 10 criteria and standards and the High Medium Low
% ability to reuse the wastewater
E 11 Importance of HSE High Medium Low
== The importance of public ; :
@
15 § 12 acceptance and social benefits il Bleuiam Lo
23
g g 13 Improvement of the process High Medium Low
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n 2 3 4 5 6 7 8

RI 0 058 09 112 124 132 141
n 9 10 11 12 13 14 15
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Table 3. Specifications of experts who participated in completing the questionnaires of this research

Expert .
. Expert profile Category
PhD., civil engineering-environmental engineering and specialist o
1 . Scientific
in water and wastewater
PhD., environmental engineering - water resources and specialist o
2 . Scientific
in water and wastewater
PhD., civil-water engineering, wastewater treatment plant expert o
3 ) Scientific
in water and wastewater company
PhD., environmental engineering - water and wastewater, water o
4 Scientific
and wastewater expert of the country
Master's degree, environmental health, wastewater treatment i
5 ) . Executive
plant operation expert in water and wastewater company
Master's degree, water and wastewater engineering, consulting .
6 o . Executive
engineer in the field of water and wastewater
Bachelor's degree, water and wastewater engineering, wastewater i
Executive

treatment plant expert in water and wastewater company
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Fig. 1. The results of the weight of the sub-criteria studied in the current research
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Fig. 2. The weight assigned by all experts to traditional options in 27 combinations of Taguchi method
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Fig. 3. The weight of the option and its priority in first Taguchi combination as an example for

traditional treatment process
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Table 4. The first priority weight of biological wastewater treatment options based on the all experts’ results

27 Taguchi Conventional process Advanced process
combinations Scientific Executive  All experts  Scientific Executive  All experts
1 0.196 0.175 0.178 0.189 0.128 0.168
2 0.209 0.169 0.192 0.179 0.126 0.167
3 0.200 0.205 0.189 0.168 0.115 0.158
4 0.204 0.210 0.198 0.168 0.117 0.163
5 0.167 0.174 0.163 0.151 0.115 0.147
6 0.206 0.206 0.194 0.182 0.134 0.181
7 0.188 0.167 0.179 0.156 0.124 0.155
8 0.199 0.204 0.190 0.180 0.136 0.180
9 0.193 0.209 0.200 0.176 0.130 0.172
10 0.190 0.158 0.171 0.171 0.126 0.169
11 0.180 0.161 0.172 0.164 0.121 0.161
12 0.196 0.158 0.179 0.165 0.121 0.162
13 0.183 0.170 0.168 0.166 0.134 0.171
14 0.169 0.164 0.159 0.173 0.128 0.172
15 0.208 0.178 0.195 0.162 0.119 0.152
16 0.172 0.156 0.165 0.166 0.126 0.166
17 0.196 0.185 0.183 0.159 0.117 0.157
18 0.175 0.167 0.164 0.159 0.128 0.159
19 0.181 0.168 0.175 0.160 0.128 0.159
20 0.181 0.156 0.170 0.178 0.131 0.176
21 0.188 0.182 0.185 0.164 0.131 0.162
22 0.176 0.165 0.171 0.159 0.120 0.156
23 0.195 0.183 0.190 0.173 0.140 0.179
24 0.170 0.162 0.164 0.160 0.126 0.163
25 0.239 0.204 0.224 0.166 0.127 0.164
26 0.190 0.174 0.177 0.157 0.127 0.162
27 0.178 0.167 0.171 0.157 0.115 0.155
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Table 5. The contribution of the sub-criteria effect in the first option of traditional
and advanced biological wastewater treatment based on ANOVA analysis (Percent)

Qption No. Conventional Advanced
Sub- criteria No. process process

1 9.28 11.93

2 4.22 0.74

3 4.55 13.80

4 6.77 7.67

5 3.18 2.89

6 2.89 6.82

7 16.76 3.78

8 10.19 1.39

9 11.96 8.51

10 1.10 26.62

11 19.16 0.06

12 1.92 0.34

13 6.75 9.30
Error/Others 1.28 6.14
Sum 100 100
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