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Abstract 

Accessible fresh water resources for drinking and usage are very limited in our world. Furthermore, these limited fresh water 

resources are gradually decreasing due to climate change, industrialization, and population growth. Despite the ever-increasing need 

for water, the inadequacies in our resources have made it critical to develop alternative drinking and utility water production 

methods. Desalination, one of the most important alternatives for fresh water supply, is on the rise on a global scale. Desalination 

facilities use various thermal and membrane techniques to separate water and salt. Concentrated brine, which contains desalination 

chemicals and significant amounts of salt, and is formed in high volumes from desalination processes, is also a concern. This article 

compares various desalination techniques using a multi-criteria decision-making method. The findings show that the Reverse 

Osmosis & Membrane Crystallization process is the most preferred technology due to its cost advantages as well as operational 

efficiency. Similarly, Multistage flash &Electrodialysis, the least preferred alternative, has been criticized for its low cost-

effectiveness. These results suggest that cost and operational efficiency will continue to be the main drivers in the evaluation of 

desalination technologies in the near future. 

Keywords: Multi-Criteria Decision-Making, Oceanography, Desalination, TOPSIS, PROMETHEE 

Introduction 

According to common estimates, only 1% of freshwater 

worldwide is easily accessible. As a result, when the 

growing global population is taken into consideration, 

the conservation of these water supplies becomes an 

increasingly critical issue. There are several alternatives 

to conventional water supply systems, yet the availability 

of clean drinking water remains a global issue. 

According to Savun-Hekimoğlu et al. (2021), 

alternatives include desalination, irrigation with recycled 

water, water transfer from regions with sufficient water 

to regions with a shortage, and rainwater harvesting. 

Demand for freshwater has increased as a result of 

increasing population and climate change, and as a 

result, the seawater desalination sector has experienced 

exponential growth, with an ongoing rise in the number 

of reverse osmosis-based plants. (Grossowicz, et al., 

2020). Desalination, which involves utilizing available 

seawater resources, stands out among these and other 

recently developed alternatives. More than 16,000 

desalination facilities are in use worldwide, and 

practically all are located in high-income nations. Today, 

it is seen that there is a rise in the generation of fresh 

water from seawater, particularly in Middle Eastern 

nations with arid regions. Although it may be an energy-

expensive solution, desalination is even considered for 

the restoration of ancient freshwater resources by Middle 

Eastern countries. In a 2022 climate treaty between 

Jordan, Israel, and the United Arab Emirates, countries 

agreed upon the installation of 600-Megawatt capacity 

solar power plants in the desert and use the generated 

clean electricity to pump desalinated seawater to the Sea 

of Galilee and Jordan River (Friedman, 2022). These two 

bodies of freshwater, which are used to be the main 

source of life and irrigation in the region, are facing the 

threat of severe water loss and drying (Burak et al., 

2004; Wine et al., 2019).  

Seawater is inappropriate for use in industry, agriculture, 

or human consumption (Ohya et al., 2001). By removing 

salt from the nearly infinite supply of seawater, 

desalination has emerged as a substantial source of fresh 

water (Khawaji et al., 2008). A growing number of 

countries depend on desalination technology to provide 

their fresh water demands. Around 20 000 desalination 

facilities of various capacities can produce 86.55 million 

cubic meters of potable water each day by the year 2020. 

Using energy, desalination operations convert seawater 

to fresh water. These procedures' costs and viability 

generally depend on the cost of energy. Desalination 

plants produce hazardous sludge with high salt content in 

addition to fresh water. Therefore, the management of 

this byproduct, known as brine, should be taken into 

account while designing the desalination plant. Socio-

economic and ecological impact of desalination is 

revealed in a causal loop diagram in Figure 1.  
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Fig. 1. A simple causal loop diagram for desalination technology 

As an energy-consuming solution to water scarcity 

problem, desalination triggers two respective positive 

feedback loops that increases global need for 

desalination technology over time. First positive 

feedback loop (R1) works through energy consumption 

of desalination and its share in national and global 

energy consumption. Increased energy consumption 

stimulates CO2 emissions and temperature due to 

greenhouse effect. Increased climate temperature lead 

fresh water demand of people (and agriculture) to surge 

which increases need for desalination plants. The second 

positive feedback loop (R2) goes through brine disposal 

of desalination plants. Effluent brine creates pressure on 

natural fresh water resources and this pressure increases 

need for desalination technology. These two powerful 

positive feedback loops are only balanced with a single 

negative feedback loop (N) of desalination plants’ water 

supply. As N1 is not powerful enough to balance R1 and 

R2, desalination is considered to be a controversial 

solution to water scarcity problem.     

In general, each desalination technology has a different 

set of pros and cons. Before making an investment 

decision, decision-makers need to evaluate all 

alternatives with respect to a set of qualitative and 

quantitative criteria. For instance, the investment and 

operational costs of desalination plants and the amount 

of effluent salt per unit volume of water are quantitative 

criteria that can effectively be measured. The price of 

manufacturing 1 cubic meter of purified water ranges 

from 50 to 100 cents, though it differs based on 

technological advancement and investment cost structure 

(Papaetrou et al., 2017). However, qualitative factors, 

e.g. public acceptance or environmental friendliness, are 

usually hard to measure. Therefore, choosing the right 

desalination technology requires the utilization of Multi-

Criteria Decision Making (MCDM) methods that can 

incorporate qualitative and quantitative methods into the 

decision-making process effectively. 

In this paper, we considered seven different evaluation 

criteria to evaluate desalination alternatives with two 

MCDM methods. Our results indicate that RO & 

Membrane Crystallization process dominates the other 

alternative desalination technologies due to its lower 

(investment and operational) costs and high efficiency. 

Similarly, high-cost rates lead the ion exchange process 

to the least favorable option for desalination plants. 

These results indicate that the cost rates and operational 

efficiency are the main drivers for the selection of 

desalination technologies which stands for one of the 

main contributions of our study. In addition, our work 

contributes to the literature with the joint usage of Fuzzy 

TOPSIS and Fuzzy PROMETHEE methods for the 

desalination technology selection. 

This paper consists of five sections. The second section 

briefly reviews the relevant literature. Section 3 

considers viable desalination options as well as decision 

criteria for the investment problem. Section 4 presents 

resulting rankings from the two MCDM methods 

whereas Section 5 concludes the paper. 

Literature Review 

In many environmental problems, MCDM is a common 

decision-support system as environmental problems 

require the evaluation of multiple alternatives with 

respect to a set of criteria in qualitative and quantitative 

scales. Some exemplary ecological problems that are 

approached with MCDM are reservoir management and 

water allocation (Zamani et al., 2020; Mahmoud and 

Garcia, 2000; Srdjevic et al., 2004; Flug et al., 2000), 

wastewater treatment (Kholghi, 2001; Piadeh et al., 
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2018a; Khalil et al., 2005), urban water management 

(Joubert et al., 2003; Zarghami et al., 2008; De Marchi et 

al., 2000; Savun-Hekimoğlu et al., 2021), urban landfill 

management (Sharma et al., 2020; Shah et al., 2021; 

Coban et al., 2018), groundwater management 

(Pietersen, 2006; Okello et al., 2015), river bank 

management and flood control (Ebrahimian et al., 2019; 

Wu et al., 2019; Shariat et al., 2019), and design and 

control of irrigation systems (Karleuša et al., 2019; 

Gonçalves et al., 2020; Tiwari et al., 1999). 

From the methodological perspective, MCDM studies 

focusing on environmental problems utilize Multi 

Attribute Utility Theory (MAUT) ( Schuwirth et al., 

2012; Monte and de Almeida-Filho, 2016; Zheng et al., 

2016), compromise programming ( Chang et al., 1995; 

Shiau and Lee, 2005; Fattahi and Fayyaz, 2010; Tzeng et 

al., 1991), Analytical Hierarchy Procedure (AHP) (Salas 

and Yepes, 2018; Zyoud et al., 2016; Ramanathan, 2001; 

Sharifipour and Mahmodi, 2012; Freitas and Magrini, 

2013; Piadeh et al., 2018b), PROMETHEE and TOPSIS. 

TOPSIS is a popular method that takes each alternatives’ 

distance to the best and worst alternatives into account 

respectively ( Savun-Hekimoğlu et al., 2021; Noureddine 

and Ristic, 2019). It is appropriate for environmental 

problems including criteria that are not necessarily 

mutually exclusive (Blanco-Mesa et al., 2017). In our 

study, we modified TOPSIS with fuzzification to be able 

incorporate randomness in expert judgements. 

PROMETHEE is another popular method that ranks 

alternatives based on a criteria set. Environmental 

applications of the method, such as waste management, 

life cycle assessment ( Hermoso-Orzáez et al., 2019), 

and water management (Savun-Hekimoğlu et al., 2021) 

are well known in the literature. Furthermore, Raju et al. 

(2000) consider PROMETHEE to compare various 

irrigation technologies in the agricultural production. 

Behzadian et al. (2010) review the environmental 

publications on PROMETHEE, which we extended with 

fuzzification addressing variability in expert judgements. 

A review of the existing body of knowledge shows that 

some research has been done on water purification and 

desalination using MCDM in recent years (Anqi and 

Mohammed, 2021). Chamblas and Pradenas investigated 

the selection of the most suitable seawater desalination 

technology using three MCDM techniques and TOPSIS. 

Al Araidah et al. (2020) investigated the most important 

factors for choosing a reverse osmosis membrane using 

Fuzzy-AHP. Talaeipour et al. (2018) compared a hybrid 

process of nanofiltration, reverse osmosis and both to 

desalinate groundwater using AHP. Hajeeh and Al-

Othman (2005) addressed four desalination plants using 

a two-stage AHP process and determined the most 

suitable desalination technology based on 7 selected 

criteria. Hajeeh (2010) has developed a hierarchy model 

based on fuzzy set theory taking into account 6 factors 

and 3 technologies for the selection of desalination 

technology (Hajeeh, 2010; Ghassemi and Danesh, 

2013).  Huang (2022) consider a decision-making 

framework for renewable-powered desalination plants 

using a hybrid methodology consisting of four different 

multi-criteria decision-making methods.  They evaluated 

nine different desalination technologies using nine 

evaluation criteria. Dweiri et al. (2018) utilize AHP for 

the location selection problem for a desalination plant. In 

their work, 5 main criteria and 40 respective sub-criteria 

are considered for selecting a location for a desalination 

plant. Location of a desalination plant is also considered 

by Badi et al. (2018) using a combination of AHP and 

Combinative Distance-based Assessment (CODAS) 

method. They applied this method to a desalination plant 

in Libya.  

The findings obtained when the word "desalination" is 

searched using the web of science database shows that 

the studies on this subject have increased considerably 

over the years (Figure 2).  

Fig. 2. The number of studies over the years obtained when the word "desalination" is searched using the web of 

science database (Barchart derived from Clarivate Web of Science, Copyright Clarivate 2022. All rights reserved). 
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3. Model

The MCDM methodology consists of multiple phases 

shown in Figure 3: development of alternatives and 

criteria, data collection, data processing and 

interpretation of results. This section presents a detailed 

description of each stage in the relevant subsections. 

Fig. 3. Flowchart of the study. 

Development of Alternatives 

Although there are numerous technologies on 

desalination and new technologies are being developed, 

the three main methods are membrane, thermal and 

chemical processes. In desalination with membrane 

technologies, salt and water are physically separated 

from each other by using various semi-permeable 

membranes. In thermal technologies, water is evaporated 

and then condensed, leaving only salt. Chemical 

technologies, on the other hand, separate salt from water 

using various chemicals. Some common desalination 

technologies are briefly described below. 

Multi-stage flash (MSF) is a thermal process based on 

the principle of shock evaporation (Bulut, 2021; Khawaji 

et al., 2008). They are processes consisting of many 

stages at low pressure, where the temperature drops by 

2°C at each stage (Kalogirou, 2005). Although the 

performance of MSF plants is not very high and the total 

desalination capacity is 40-45% and requires pressure, it 

is the most widely used process worldwide due to its 

advantages such as easy operation (Bulut, 2021; 

Compain, 2012). This process is especially widely used 

in the Middle East and accounts for 34% of worldwide 

seawater desalination (Bulut, 2021; He and Yan, 2009; 

El-Ghonemy, 2018). The electrodialysis system is used 

not only for desalination but also for the recovery of the 

desired substances from wastewater (Sadrzadeh and 

Mohammadi, 2008). It is also a method used to obtain 

high purity salt  (Sadrzadeh and Mohammadi, 2009). In 

the electrodialysis process, the electrical potential 

difference between the electrodes immersed in the 

solution and the ions in seawater is used (Bulut, 2021; 

Kalogirou, 2009). The cations in the brine feed water are 

directed towards the negative electrode and the anions 

towards the positive electrode and are retained in the ion 

exchange membranes (Bulut, 2021; Kalogirou, 2009). 

Nanofiltration (NF) is a membrane process that works 

Hekimoğlu et al., / IJEGEO 9(4):207-216 (2022) 
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with pressure to separate particles according to their size 

and electrostatic interactions (Faridirad et al., 2014; 

Bulut, 2021). Although the most known disadvantage of 

the process is membrane contamination, which leads to 

the shortening of the membrane life, it stands out among 

other membrane processes due to its high separation 

ability and lower pressure requirement compared to the 

reverse osmosis process (Faridirad et al., 2014; Bulut, 

2021). Membrane crystallization can be expressed as the 

percolation of a solution with a crystallizable and non-

volatile solute through a porous membrane. A 

temperature differential between the two membrane 

surfaces typically acts as the driving force (Koyuncu, 

2018). Since the membrane is hydrophobic, liquid 

cannot enter the pores. Only volatile substances, then, 

pass through the membrane and condense at the 

permeate area (Quist-Jensen et al., 2016).  

The reverse osmosis (RO) membrane system is based on 

the separation of water from the saline solution and 

obtaining fresh water by exceeding the applied osmotic 

pressure (Compain, 2012; Kalogirou, 2005). RO systems 

have many advantages, which can be listed as being easy 

to operate, high separation efficiency, low energy 

consumption (Kalogirou, 2005; Bulut, 2021). This 

process does not require heating but does require 

pressure (Compain, 2012; Bulut, 2021). In addition, pre-

treatment is required to prevent membrane clogging 

(Kalogirou, 2005). Ion exchange is an extremely 

effective chemical procedure for desalination. The 

displacement of ions with the same charge from the 

liquid phase to the solid phase is the basic mechanism 

used in this technique (Bulut, 2021). Using a strong acid 

cation exchanger to turn the salt into acid and a weak 

anion exchanger to absorb the weak acid to remove it are 

the two steps in the ion exchange desalination process 

(Dube and Tzoneva, 2007). The mechanical vapor 

compression (MVC) process uses mechanical 

compression and thermal compression to generate heat 

for evaporation and then to condense water vapor (Aly 

and El-Fiqi, 2003; Ahmed et al., 2019; Bulut, 2021). 

Mechanical vapor compression systems use a 

mechanical compressor that uses electricity to compress 

the vapor, while thermal vapor compression systems use 

a steam injection compressor (Bulut, 2021; Compain, 

2012). Kim (2011), which uses the same set of 

alternatives with us, reviewed some of the processes that 

can produce both potable quality water and salable salt. 

Therefore, the comparative cost evaluation of our 

alternatives can be found in Kim (2011). These 

processes, most of which are hybrid processes, were 

chosen as alternatives in this study. Expert academics 

and private sector employees evaluated the alternatives 

according to the various criteria shown in Table 1. 

Figure 3 shows the overview of the study. 

Table 1. Development of Alternatives and Criteria 

Alternatives Criteria 

A1: Multistage flash (MSF) and Electrodialysis (ED)  C1: Initial investment cost

 C2: Operation and Maintenance Cost

 C3: Efficiency (The proportion of the fresh water generation to

the seawater consumption)

 C4: Land Requirement

 C5: Carbon dioxide emissions generated

 C6: Acceptation by the public/end users

 C7: Salt Recovery Potential

A2: Nanofiltration (NF) and Membrane Crystallization 

(MCr) 

A3: Reverse osmosis (RO) and Ion Exchange (IE) 

A4: Mechanical vapor compression (MVC) and 

Electrodialysis (ED) 

A5: Reverse osmosis (RO) and Membrane 

Crystallization (MCr) 

Calculation of Criteria Weights 

After the development of criteria and solution 

alternatives, we collect evaluations of experts from 

academia, public, and private sectors. In the data 

collection phase, we asked experts to judge the relative 

importance of criteria and alternatives by selecting from 

the following set linguistic rating set. 

𝐿𝑅 = (𝑣𝑒𝑟𝑦 ℎ𝑖𝑔ℎ , ℎ𝑖𝑔ℎ, 𝑚𝑒𝑑𝑖𝑢𝑚 ℎ𝑖𝑔ℎ, 𝑚𝑒𝑑𝑖𝑢𝑚, 𝑚𝑒𝑑𝑖𝑢𝑚 𝑙𝑜𝑤, 𝑙𝑜𝑤, 𝑣𝑒𝑟𝑦 𝑙𝑜𝑤). 

Criteria weights are calculated with the F-TOPSIS 

method. Fuzzification is used to obtain the parameters of 

the triangular distribution, which is utilized to obtain 

criteria weights and alternatives’ score of importance in 

both MCDM methods. For criteria weight calculation, 

we utilize FUCOM method, which is recognized to be 

better than BWM and AHP (Mukhametzyanov and 

Pamucar, 2018). Our method is a modified version of the 

FUCOM method as it requires less amount of data. This 

method has been suggested by Savun-Hekimoğlu et al. 

(2021) for evaluation of criteria weights for the first 

time. In the rest of the section, we present summaries of 

F-TOPSIS and F-PROMETHEE methods for alternative 

scoring. A detailed mathematical exposition of our 

methodology is presented in Appendix D of Savun-

Hekimoğlu et al. (2021).  

Fuzzy TOPSIS 

F-TOPSIS method begins with the enumeration of 

linguistic ratings and the estimation of the parameters of 

the triangular distribution (Chen et al., 2006). The 

parameters of the triangular distribution are extended to 

ratings for each criterion in Table 2. Similarly, 

evaluation data from experts for alternatives are mapped 

onto the integers given in Table 2. Also, the 

normalization of weighted average of the parameters is 

conducted. Using the normalized parameters values, the 

best and the worst ideal solutions are obtained for each 

criterion. These ideal solutions are utilized to calculate 

the closeness coefficient of each alternative leading to 

preference score. 
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Table 2. Linguistic Evaluation Scale for Criteria and Alternatives ( Cinar and Ahiska, 2010) 

Linguistic Rating 

Criteria Alternatives 

𝑛1 𝑛2 𝑛3 𝑛1 𝑛2 𝑛3

Very Good (VG) 0.80 1.00 1.00 8 10 10 

Good (G) 0.70 0.80 0.90 7 8 9 

Medium Good (MG) 0.50 0.65 0.80 5 6.5 8 

Medium (M) 0.40 0.50 0.60 4 5 6 

Medium Low (ML) 0.20 0.35 0.50 2 3.5 5 

Low (L) 0.10 0.20 0.30 1 2 3 

Very Low (VL) 0.00 0.00 0.20 0 0 2 

Fuzzy PROMETHEE 

F-PROMETHEE begins with the expected value of the 

triangular distribution for the evaluation of each expert. 

It proceeds with the preference score of each alternative 

pair based on each criterion. In this calculation, Gaussian 

preference function is utilized to map differences of 

alternatives onto [0,1] interval (Behzadian et al., 2010; 

Dagdeviren, 2008). Next, we obtain a global preference 

index using weighted averages. In the last two phases of 

F-PROMETHEE, we obtain ranking flows (Dagdeviren, 

2008, Eq.8). The net outranking flow, denoted by 𝜙, is 

calculated using the difference between positive and 

negative ranking flows, that are denoted with  𝜙+

and 𝜙− in Table 5. In the following section, we present

our results of F-PROMETHEE and F-TOPSIS methods 

for the desalination technology selection problem. 

Results 

In our analyses, we calculated the importance index of 

each criteria using AHP method. According to our 

numerical results given in Table 3, the two most 

important criteria are initial investment cost (C1) and 

efficiency (C3). These results are consistent with the 

current distribution of the desalination technology. 

Desalination requires significantly higher investment 

cost compared to other supply alternatives. Furthermore, 

almost all desalination technologies consume energy to 

remove sea salt from water which rises costs of those 

facilities for the economies. The least important 

evaluation criterion is found to be public acceptance (C6 

in Table 3). This is probably becuase desalination 

facilities are installed to coastal regions and seawater is 

an endless water source in public perception.  

Table 3. Criteria Weights from AHP Method. 

Criteria 
Cod

e 

Lower 

Bound 

Media

n 

Upper 

Bound 

Initial investment cost C1 0.70 0.87 1.00 

Operation and Maintenance Cost C2 0.40 0.60 0.80 

Efficiency (The proportion of the freshwater generation to the seawater 

consumption) 
C3 0.70 0.93 1.00 

Land Requirement C4 0.20 0.55 0.90 

Carbon dioxide emissions generated  C5 0.20 0.50 0.80 

Acceptation by the public/end users C6 0.10 0.35 0.60 

Salt Recovery Potential C7 0.20 0.55 0.90 

Table 4. Average Alternative and Criteria Weights for PROMETHEE Method 

Alternatives C1 C2 C3 C4 C5 C6 C7 

Criteria Weights 0.856 0.600 0.878 0.550 0.500 0.350 0.550 

A1 1.556 1.111 8.889 1.611 3.556 8.444 8.889 

A2 1.556 2.556 8.444 3.000 4.556 7.944 7.944 

A3 2.056 2.056 6.500 5.000 4.500 6.500 6.500 

A4 1.556 1.111 9.333 3.556 5.000 8.444 7.889 

A5 4.000 3.000 6.500 4.000 4.500 7.000 7.000 

std deviation 1.060 0.849 1.346 1.255 0.528 0.879 0.925 

Table 5. Alternative Rankings from PROMETHEE 

Alternatives Q+ Q- Q Description 

A5 1.426 0.990 0.436 RO& Membrane Crystallization 

A4 1.106 0.679 0.427 MVC & ED 

A2 0.962 0.564 0.399 NF and Membrane Crystallization 

A1 0.887 1.388 -0.501 MSF & ED 

A3 0.642 1.404 -0.761 RO & Ion Exchange 

Using calculated criteria and alternative weights in Table 

4, we obtain positive and negative ranking flows (Q+ 

and Q- in Table 5) using Fuzzy-PROMETHEE method. 

The differences between positive and negative flows of 

each alternative is used as the ranking metric in Table 5. 

According to PROMETHEE calculations, we find RO& 

Hekimoğlu et al., / IJEGEO 9(4):207-216 (2022) 
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Membrane Crystallization process is the most preferred 

desalination alternative whereas RO & Ion Exchange is 

the least preferred one. Good score of RO& Membrane 

Crystallization process is mainly due to its high 

evaluations of experts for investment cost and efficiency 

that can be observed from Table 3. Similarly, we also 

find that the low ranking of RO and Ion exchange 

process is attributed to its cost inefficiency. 

To compare and vlidate our results from PROMETHEE, 

we also apply a combination of AHP and TOPSIS 

methods for the desalinatiion technology selection 

problem. For the weights of evaluation criteria, we 

applied Analytical Hierarchy Process (AHP) to calculate 

weights. For each criteria, we obtain data and calculated 

lower bound, median and upper bounds of ratings in 

Table 3. Median values are used as the criteria weights 

in the TOPSIS method. 

TOPSIS utilizes the distance of each alternative to the 

hypothetical best possible and worst possible 

alternatives. The distance difference to the best and 

worst possible alternatives are considered as the 

alternative score in Table 6. In this part of the study, the 

results indicate that RO & Membrane Crystallization 

process is the most desired alternative whereas MSF 

&ED are least desirable one.  

Conclusion 

Water scarcity is a pressing issue for all nations of our 

World and desalination is projected to be an important 

part of the solution. Especially in arid regions, energy-

expensive desalination plants are powered with solar 

panels to alleviate the severity of climate change's socio-

economic impacts and reverse negative environmental 

feedbacks that further exacerbate water scarcity.  

To make an investment for such an unconventional 

technology, policymakers need to consider different 

factors and compare various alternatives with respect to 

a wide range of criteria set. These decision-making 

criteria might be in qualitative or quantitative form and 

might conflict with each other. Multicriteria decision 

making models are suggested to deal with such decision 

problems as they allow analysts to take all relevant 

factors into account in the same model.  

In this study, we consider two different MCDM models 

to rank different desalination technologies. Specifically, 

five different technology alternatives, Reverse 

Osmosis&Membrane Crystallization, 

Nanofiltration&Membrane Crystallization, Mechanical 

vapor compression & Electrodialysis, Reverse 

Osmosis&Ion Exchange and Multistage flash & 

Electrodialysis, are evaluated with respect to seven 

distinct decision criteria, including investment and 

operational costs, public acceptance, efficiency, salt 

recovery, and CO2 emission rate. The results indicate 

that RO& Membrane Crystallization process is 

considered the most promising desalination technology 

mainly due to its low investment, operational costs, and 

high efficiency. This result also indicates the importance 

of future technological developments that may lead to 

efficiency gains and cost reductions of the desalination 

technology for its sustained and widespread usage to 

battle the effects of climate change.   
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