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Abstract

In recent years, reverse osmosis method has played a major role in desalination of brackish and

saline waters. The purpose of this study is to provide a proper desalination system for the use of
aqueduct water in the University of Tabriz for health consumption in order for proper water
management. According to the results of qualitative experiments, in the first step, the reverse
osmosis desalination system was selected and designed. Through that, according to the different
types of membranes and pre-purifiers, 15 scenarios were evaluated by 4 main criteria
(economic, technical, environmental and social) and 6 sub-criteria. With the help of water
application value engine (WAVE) software, the scenarios were modeled based on the opinion of
decision makers and the weight of each criterion was calculated. Finally, group fuzzy decision
making (GFDM) software was used to analyze group multi-criteria decision making to
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determine the best scenarion. In this study, by combining the WAVE and GFDM software the
opinions of officials and experts are directly applied in the design and selection of the treatment
system, leading to increase in the users’ satisfaction. Finally, the results show that the M
scenario is the best choice of the decision-makers' point of view, which includes XLE-440
membranes for reverse osmosis and SFD-2880 ultrafiltration filter. In addition, to more
accurately examine the behavior of the scenarios, sensitivity analysis on the parameters has also
been performed.

Keywords: Desalination, Reverse Osmosis Design, Salinity, Multi-Criteria Decision Making,
WAVE Software.
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Table 1. Reverse osmosis system scenarios

_ UF RO1*  RO2" Total
Scenarios UF module config RO module stage stage ELS per

config config. stage
A Ultrafiltration SFD-2880 1x4 BW30-4040 3x7 1x5 26
B IntegraFluxSFD- 2880XP 1x4 BW30-4040 3x7 1x5 26
C IntegraFlux UXA-2680XP 1x6 BW30-4040 3x7 1x5 26
D Ultrafiltration SFD-2880 1x4 LC LE-4040 1x6 1x5 11
E IntegraFluxSFD- 2880XP 1x4 LC LE-4040 1x6 1x5 11
F IntegraFlux UXA-2680XP 1x6 LC LE-4040 1x6 1x5 11
G Ultrafiltration SFD-2880 1x4 XLE-4040 2x2 1x7 11
H IntegraFluxSFD- 2880XP 1x4 XLE-4040 2%2 1x7 11
I IntegraFlux UXA-2680XP 1x6 XLE-4040 2x2 1x7 11
J Ultrafiltration SFD-2880 1x4 BW30-400 1x1 1x4 5
K IntegraFluxSFD- 2880XP 1x4 BW30-400 1x1 1x4 5
L IntegraFlux UXA-2680XP 1x6 BW30-400 1x1 1x4 5
M Ultrafiltration SFD-2880 1x4 XLE-440 1x1 1x2 3
N IntegraFluxSFD- 2880XP 1x4 XLE-440 1x1 1x2 3
@] IntegraFlux UXA-2680XP 1x6 XLE-440 1x1 1x2 3
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Table 2. Decision matrix

. Output
Index o Operating  Water System Energy
Initial cost . - effluent )
name cost quality efficiency . consumption
concentration
Index . . . . .
Fuzzy Certain Certain Certain Certain Certain
data type
Index
. w:0.7053 w:0.6387 w:0.6593 w:0.6725 w:0.4451 w:0.5363
weight
Scenario A m:2087.5,a:5,b:5 45.8 105.3 72.6 10338 1063.26
Scenario B m:2107.5, a:5,b:5 45.875 105.3 72.6 10337 1066.6
ScenarioC m:2097.5, a:5,b:5 45.65 105.3 72,5 10338 1056.57
Scenario D m:1041.25, a:5,b:5 416.25 107.2 69.4 9552 17447.54
ScenarioE m:1061.25, a:5,b:5 413.75 107.2 69.4 9556 17337.45
Scenario F m:1051.25, a:5,b:5 406.5 107.2 69.4 9563 17008.9
Scenario G m:1055, a:5,b:5 177.1 1129 71.4 9986 6866.02
Scenario H M1075, a:5,b:5 175.825 112.9 71.4 9988 6810.81
Scenario | m:1065, a:5,b:5 172.125 1129 71.3 9993 664653
ScenarioJ  m:1077.5, a:5,b:5 714 105.5 72.4 10272 2194.82
Scenario K m:1097.5, a:5,b:5 71.075 105.5 72.4 10273 2181.62
ScenarioL  m:1087.5, a:5,b:5 70.325 105.5 72.3 10275 2147.26
Scenario M m:735, a:5,b:5 36.475 121.3 72.7 10308 650.76
Scenario N m:755, a:5,b:5 36.45 121.3 72.7 10308 650.19
Scenario O m:745, a:5,b:5 36.4 121.3 72.6 10308 648.76
b slas 655 0 pSeas 035 -V oz
Table 3. Decision makers weight on criteria
Name Dl Dg D3 D4 D5
Rank
Very Very Very - Very
s much much much High much
1 Initial cost Relatively High High Very Relatively
large much large
2 Operating cost High REEDER  RElNEY High Normal
large large
3 Water qua!lty of Very Relatively High Relatively Normal
production much large low
4 System efficiency Normal YR YR Normal Normal
much much
5 Output effll_Jent Relatively  Relatively Normal Relatively Normal
concentration low low large
6 Energy_ Relatively  Relatively High Low Low
consumption large large
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Table 4. The results of WAVE software analysis based on the main and sub-criteria

Technical Social Environmental Economic
S mosssysem  consumption _produdted  congentration  "mitisl  Operating
efficiency % (Kws/d) water (ppm) (ppm)
A 72.6 1063.26 105.3 10338 2087.5 45.8
B 72.6 1066.6 105.3 10337 2107.5 45.875
C 725 1056.57 105.3 10338 2097.5 45.65
D 69.4 17447.54 107.2 9552 1041.25 416.25
E 69.4 17337.45 107.2 9556 1061.25 413.75
F 69.4 17008.9 107.2 9563 1051.25 406.5
G 71.4 6866.02 112.9 9986 1055 177.1
H 71.4 6810.81 112.9 9988 1075 175.85
I 71.3 6646.53 112.9 9993 1065 172.125
J 72.4 2194.82 105.5 10272 1077.5 71.4
K 72.4 2181.62 105.5 10273 1097.5 71.075
L 72.3 2147.26 105.5 10275 1087.5 281.3
M 72.7 650.76 121.3 10308 735 36.475
N 72.7 650.19 121.3 10308 755 36.45
O 72.6 645.76 121.3 10308 745 36.4
Ay e gl st a2l 639 5 5 S e s plarl 530 Ui
4 Ol S Sl S Sl ol sammsplis sl 5 S0s 5 Table 5. Degree of consensus of criteria
s bbb B ks S5 S Number Index name 5;952?]6832
352 ol o3 pamania (G Seat 5l 55ty R 0 S Initial cost C:89.61
5SS Ol s a5 4l ol s S Operating cost C:90.32
3503 5525 (oS s s Water quality of 8231
S @\:.: L RYSov VY B g PR W ] B W CL‘ production
Sl ol a5 0 M gl aS e ol 5! System efficiency C:79.55
5 XLE-40 Gblii 5l M 5l s ocoal ol Spes Output eff“_‘e”t :89.90
o1t ssliz) Ultrafiltration SFD-2880 Jus 23l 5 sl 2L concentration
Energy consumption C:76.73

G y (5ols e e gl e S o e ST
O eomlie 4 8 5 il ol e 4 5 1y a3l Sl g eud (5]
sy 0 S

ool 50T - Y-
Cowloo s A Jguz 5o by jlew S8, 5385 vy 62

P &l L“’J:-"‘)LL S92
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Table 7. Options scoring table

Table 6. The degree of consensus of decision makers

O St plazl 2555 Jsir

Scenarios Score Name Degree of consensus
M R:94.60 D, C:85.61
0] R:94.58 D, C:90.39
N R:94.55 Ds C:86.37
J R:86.68 D, C:76.60
L R:86.62 Ds C:84.72
K R:86.29
A R:67.94 anse Jold galaml sla bas Conlis JJUT w2 5 L
C R:67.79 O M 5l 58 o ssanlin (13S0 e o s 30 5 501 2082
B R:69.62 W..x_;)b)\J_“e6:\_4:5\(HUJ3\&;1}J3\)>913;4.3N3
l R:66.17 =S 5 6511 O e ol e bt 5 Lo Jlms Coals
H R:6525 b S8 sl sl oM gl S us )
G R:65.19 g il ol s e slne Sl ol s
F R:27.11
Co ol s M ol Sl sl U S s Ll ;
D R:26.74 208l 53 M 5 : e 240 e ol Lr?/}ﬁ
25l 518 sl o gl
bolas 59, 2 Comles )—JLT PESCEY NS PRE
Table 8. Results of sensitivity analysis on criteria
Economical Technical Environmental Social
Rank Scenario Point Scenario Point Scenario Point Scenario Point
1 M 99.39 M 99.35 M 75.84 L 89.41
2 (0] 99.29 N 99.35 0] 75.82 J 89.41
3 N 99.6 0] 99.34 N 75.80 K 89.16
4 J 85.57 A 95.23 J 73.29 A 75.35
5 L 85.43 C 95.22 L 73.25 C 75.22
6 K 85.06 B 95.17 K 73.17 B 75.07
7 I 66.93 L 91.02 A 65.29 M 62.16
8 G 66.06 K 90.81 C 65.21 0] 62.14
9 H 66.02 J 90.74 B 65.11 N 62.12
10 A 63.49 | 64.31 | 63.34 | 61.97
11 C 63..33 H 63.34 H 62.60 H 61.32
12 B 63.15 G 63.01 G 62.52 G 61.23
13 F 30.84 F 4.17 F 31.98 F 39.80
14 D 30.47 E 3.29 D 31.65 E 39.26
15 E 30.19 D 3.26 E 31.55 D 39.22
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