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Abstract

In recent years, water stress has become a global crisis due to climate and demographic changes and
lifestyle changes. Freshwater production from the sea using various processes is known as the most
important solution to deal with this crisis. Among these processes, the humidification-dehumidification
process has been considered by the scientific community as a flexible and low-cost method. In addition,
the optimal choice of construction sites for factories and even small water desalination units has a
significant impact on increasing productivity and optimizing their construction and operation costs. In this
study, using Delphi method, effective factors in locating humidification-dehumidification were identified.
Then, using the Analytical Hierarchy Process, two decision support systems, one based on criteria and
sub-criteria and the other by combining all sub-criteria, are proposed to locate this group of desalination
plants. The results show that the factors of inlet air temperature (ambient temperature), incoming water
temperature and relative humidity of the air from the technical criteria, with an effective weight of 0.186,
0.126 and 0.09, respectively, are the most important factors in locating this group of desalination plants.
In the following, the factors of access to technical and engineering services and the amount of water
reserves of the executive criteria, with a weight of 0.076 and 0.064, have been assigned the fourth and
sixth ranks. Fresh water sales tariff, construction fee and cost of wastewater and waste disposal from
economic criteria with the effectiveness of 0.069, 0.061 and 0.06, respectively, are in the fifth, seventh
and eighth positions. Also, the annual average factor of solar energy from environmental criteria is in the
ninth place with 0.054 points. These factors are the most effective factors in locating humidifiers-
dehumidifiers.

Keywords: Decision Support System, Analytical Hierarchy Process, DELPHI, Desalination,
Humidification Dehumidification.
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[ Step 1: Identify the effective factors in locating humidification-dehumidification plants using Delphi method ]

[ Step 2: Form a matrix of pairwise comparisons and surveys of experts

v

Step 3: Calculate the matrix of integrated pairwise comparisons

v

v

Step 5: Provide a decision support system

[ Step 4: Calculate the weight of the indicators and the incompatibility rate using expert choice software ]

Fig. 1. Steps of conducting research
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Table 2. Effective factors in locating humidification-dehumidification plants

Row Criteria Sub-criteria
1 Relative humidity of the air
2 Inlet air temperature (ambient temperature)
3 Technical Elevation above sea level (ambient air pressure)
4 Incoming water quality
5 Incoming water temperature
6 Distance to the electricity grid
7 . Distance to the road network
Executive
8 The amount of water reserves
9 Access to technical and engineering services
10 Construction fee
11 Water transfer cost
12 Economical Electricity cost
13 Fresh water sales tariff
14 cost of wastewater and waste disposal
15 Envi Distance to ecologically sensitive areas
nvironmental
16 Annual average of solar energy
17 Social involvement
18 Sociocultural Prevention of immigration
19 The extent of public health promotion
Technical 0.45 [
Executive 0.18¢ I
Economical 0.166 NN
Environmental 0.132
Sociocultural 0.065 NN

Fig. 4. Results of weighting the criteria
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Inlet air temperature (ambient temperature) 0.417 e
Incoming water temperature 0.283 I

Relative humidity of the air 0.201

Elevation above sea level (ambient air pressure) 0.06 N

Incoming water quality 0.039 N

Fig. 5. Results of technical sub-criteria weighting
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Access to technical and engineering services 041 e
The amount of water reserves 0.345 I

Distance to the electricity grid 0.177 I

Distance to the road network 0.069 I

Fig. 6. Weighting results of executive sub-criteria
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Fresh water sales tariff 0.319 I
Construction fee 0.285 I

cost of wastewater and waste disposal 028 e

Water transfer cost 0.071 I

Electricity cost 0.046 NN

Fig. 7. Results of economic sub-criteria weighting
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Annual average of solar energy 0.586 I
Distance to ecologically sensitive areas 0414 I

Fig. 8. Weighting results of environmental sub-criteria
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Prevention of immigration 0.451 I
The extent of public health promotion 0.419 e
Social involvement 0.13 I

Fig. 9. Weighting results of socio-cultural criteria
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Incoming water temperature
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Relative humidity of the air 0.09

Access to technical and engineering services 0.076
Fresh water sales tariff 0.069
The amount of water reserves 0.064
Construction fee 0.061
Cost of wastewater and waste disposal 0.06

Annual average of solar energy 0.054
Distance to ecologically sensitive areas 0.039
Distance to the electricity grid 0.033
Prevention of immigration 0.027
Elevation above sea level (ambient air pressure) 0.027
Extent of public health promotion 0.025
Incoming water quality 0.017
Water transfer cost 0.015
Distance to the road network 0.013
Electricity cost 0.01

Social involvement 0.008

Fig. 10. Prioritization of effective factors in locating humidification-dehumidification plants
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Table 3. Decision support system for locating HDH desalination plants based on criteria and sub-criteria

Criteria Weight Sub-criteria Weight Type Quality
Relative humidity of the air 0.201  Quantitative  Positive
Inlet air temperature (ambient temperature) 0.417  Quantitative  Positive
Technical 0.45 Elevation above sea level (ambient air pressure)  0.060  Quantitative  Positive
Incoming water quality 0.039 Qualitative  Positive
Incoming water temperature 0.283  Quantitative  Positive
Distance to the electricity grid 0.177  Quantitative Negative
. Distance to the road network 0.069  Quantitative Negative
Executive 0.186 o .\
The amount of water reserves 0.345 Qualitative  Positive
Access to technical and engineering services 0.410  Qualitative  Positive
Construction fee 0.285  Quantitative Negative
Water transfer cost 0.071  Quantitative Negative
Economical 0.166 Electricity cost 0.046  Quantitative Negative
Fresh water sales tariff 0.319  Quantitative  Positive
Cost of wastewater and waste disposal 0.280  Quantitative Negative
Environmental  0.132 Distance to ecologically sensitive areas 0.414 Qualittati.ve Pos%t%ve
Annual average of solar energy 0.586  Quantitative  Positive
Social involvement 0.130 Qualitative  Positive
Sociocultural 0.065 Prevention of immigration 0.451 Qualitative  Positive
Extent of public health promotion 0.419  Qualitative  Positive
bobre 25 slos  HDH (slo S 5ot 0l (2 5080 (roanas 0ltiy (e =¥
Table 4. Decision support system for locating HDH desalination plants based on sub-criteria
Sub-criteria Weight Type Quality
Relative humidity of the air 0.090 Quantitative Positive
Inlet air temperature (ambient temperature) 0.186 Quantitative Positive
Elevation above sea level (ambient air pressure) 0.027 Quantitative Positive
Incoming water quality 0.017 Qualitative Positive
Incoming water temperature 0.126 Quantitative Positive
Distance to the electricity grid 0.033 Quantitative Negative
Distance to the road network 0.013 Quantitative Negative
The amount of water reserves 0.064 Qualitative Positive
Access to technical and engineering services 0.076 Qualitative Positive
Construction fee 0.061 Quantitative Negative
Water transfer cost 0.015 Quantitative Negative
Electricity cost 0.010 Quantitative Negative
Fresh water sales tariff 0.069 Quantitative Positive
Cost of wastewater and waste disposal 0.060 Quantitative Negative
Distance to ecologically sensitive areas 0.039 Qualitative Positive
Annual average of solar energy 0.054 Quantitative Positive
Social involvement 0.008 Qualitative Positive
Prevention of immigration 0.027 Qualitative Positive
Extent of public health promotion 0.025 Qualitative Positive
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