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1. Introduction 
Desalinating seawater is a procedure that requires a 

significant amount of energy and is expensive. Nevertheless, 
with the ongoing increase in population, the frequency of 
electricity and fresh water shortages will also rise. Potential 
sources of feed water may encompass brackish water, 
seawater, well water, surface water such as (streams and 
rivers), industrial feed effluent, and process waters. Only a 
small fraction, specifically 2.53%, of the total water on Earth 
is categorized as fresh water, and even less, less than 0.36%, 
is easily available for human use [1]. The extreme scarcity of 
water is a consequence of the continuously growing global 
population, especially in emerging nations MENA region [2]. 
Approximately 40% of the global population experienced 
acute water scarcity prior to 2014. It is anticipated that this 
figure will increase to 55% by 2025. Furthermore, it is 
projected that by 2050, around 57% of the world's population 
will reside in areas experiencing severe water scarcity [3], [4]. 
As of June 30, 2015, the International Desalination 
Association (IDA) reported that there were around 18,436 
desalination facilities worldwide. These plants were 
responsible for producing 92.5 million cubic meters of 
desalinated water per day, which was needed by over 300 
million people globally [5]. Furthermore, the total contracted 
capacity is projected to be around 99.8 cubic meters per day 
on a global scale [6], [7].Seawater desalination and very 
brackish water is the most widely considered method for 

improving water supply. It is increasingly viewed as a feasible 
solution for meeting primarily home and municipal water 
needs. There is a salinity range of 35000 ppm to 45000 ppm in 
the seawater, which accounts for 58% of the world's water. 
Additionally, brackish water has a salinity that falls within the 
range of 500 ppm to 35000 ppm, which is intermediate 
between that of freshwater and seawater [10]. Seawater 
desalination is now being utilised at a global installed capacity 
of 68% [11], [12]. Approximately, a quantity of oil ranging 
from 8.75 to 10 million tonnes per year is necessary to create 
one million cubic meters per day of fresh water through the 
process of desalination [13], [14]. The excessive fuel use leads 
to environmental pollution, global warming, the greenhouse 
effect, and other harmful consequences that pose a threat to 
human life. Hence, it is imperative to reduce fuel usage by 
implementing sources of renewable energy in water 
desalination procedures. The findings of a study conducted on 
worldwide water shortage and the suitability of sun 
desalination [15] revealed that places experiencing high levels 
of fresh water scarcity are also the ones where solar 
desalination is highly applicable. In addition, a significant 
portion of the areas experiencing a shortage of fresh water are 
situated in close proximity to the ocean, where there is access 
to saline water that can be purified through distillation. Hence, 
the presence of abundant solar resources and salt water in areas 
experiencing severe water scarcity holds great potential for 
utilizing solar thermal energy to produce fresh water in a 
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sustainable manner. CSP plants provide intense heat that can 
be utilized for generating power or fulfilling the thermal 
demands of many applications, such as the process of 
desalination [16]. CSP facilities can be effectively combined 
with other renewable and non-renewable energy sources by 
using thermal energy storage [17], [18]. The aforementioned 
attributes render CSP a compelling choice for extensive 
desalination, particularly in dry areas with ample solar 
irradiation and saline water resources. This article seeks to 
offer a thorough examination of the current state of 
desalination technologies. Concentrated solar power plants are 
categorized according to their dual purpose of generating both 
power and fresh water, or solely producing fresh water. They 
are further classified based on the specific technology 
employed in concentrated solar power and desalination 
processes. 

2.  The present state of desalination technologies 
 In phase change desalination thermal procedures, the 

temperature of the input water is raised until it reaches the 
saturation temperature at the working pressure. At this point, 
separation occurs through evaporation. Subsequently, the 
steam that is produced is condensed in the following heat 
exchanger in order to generate fresh water [19]. MED and 
multi-stage flash distillation (MSF) are the predominant 
thermal desalination technologies among phase change 
thermal desalination facilities, as stated in references [20], 
[21]. The Thermal Vapor Compression (TVC) unit is 
occasionally employed in MED desalination to enhance the 
efficiency of the facility. A comprehensive analysis was 
conducted and provided in reference [22] to compare the 
energy and fuel efficiency of MED, MSF, and SWRO 
desalination plants that are driven by oil-fired or combined 
cycle power plants. The study revealed that the MED with 
TVC unit exhibits similar energy efficiency as SWRO when 
integrated with a combined cycle power plant. The electricity 
consumption of MED desalination technology ranges from 1.5 
to 2.5 kWh/m3, which is lower than the electricity consumption 
of MSF and Seawater reverse osmosis (SWRO) desalination 
technologies. MSF has an electricity consumption of 2.5-4 
kWh/m3, while SWRO has an electricity consumption of 3-4 
kWh/m3. The MED (thermal/electricity) has a total energy 
consumption ranging from 5.5 kWh/m3 to 9 kWh/m3, which is 
significantly lower than the MSF's energy consumption range 
of 10 kWh/m3 to 16 kWh/m3 [23], [24]. The MED, which 
accounts for 8% of the global desalination capacity, requires a 
low-temperature heat source ranging from 64 °C to 70 °C. This 
heat can be obtained by utilising the waste heat generated by 
power plants [11]. In a thorough investigation was conducted 
to examine the worldwide situation of desalination facilities 
and their rates of brine output [25]. 

3. Concentrated solar power: potential and current 
technologies 

Solar thermal collectors are utilised to capture solar energy 
by heating a liquid or operating medium, which is 
subsequently transmitted to the intended process. Solar 
collectors can be categorized into two primary types: 
concentrating collectors and non-concentrating collectors. The 
attributes of these collectors have been rigorously examined in 
several scholarly investigations, including the publications of  
[26]-[28]. Concentrating solar collectors are comprised of 
reflecting surfaces that focus solar radiation onto a very small 

absorption area [26]. The property mentioned results in 
elevated operating temperatures as a consequence of the 
significant concentration ratio and negligible heat losses 
caused by the limited absorption surface size [10]. 
Nevertheless, the effective functioning of these devices 
necessitates a sun monitoring mechanism to guarantee the 
most efficient use of solar radiation. Concentrating solar 
collectors can be classified into two primary types: Linear 
concentrating systems are solar energy systems that focus solar 
radiation in a linear manner. They often include a single axis 
tracking device to accurately track the sun's path. Point 
concentrating systems, are solar energy systems that 
concentrate solar radiation onto a central receiver. These 
systems require a two-axis system of tracking to assure 
efficient orientation and functioning. Concentrating solar 
power systems are categorized into four commercially 
accessible varieties based on the manner of gathering solar 
energy Fig. 1. Parabolic troughs employ parabolic reflectors to 
gather and guide solar light towards tubes containing a heat 
transfer fluid. Solar towers employ a sizable mirror to gather 
solar radiation and focus it onto a central tower, where the heat 
is transformed into steam for the purpose of generating energy. 
Compound concentrating mirrors utilise linear mirrors to 
concentrate radiation onto heat transfer tubes, employing a 
simplified design in comparison to alternative systems. 
Parabolic dishes employ parabolic mirrors to concentrate light 
towards a focal point, where heat is directly created to power 
Stirling engines. Presently, the overwhelming majority of 
Concentrated Solar Power (CSP) plants. Nevertheless, solar 
towers are garnering growing interest because of their capacity 
to attain larger concentration ratios, elevated working 
temperatures, and increased thermal efficiency. Academic 
review studies have examined many elements of CSPs, 
including the works of [26]-[30]. An advantageous aspect of 
CSP power plants is their potential for combining with thermal 
storage systems for energy, as well as with other power plants, 
such as those relying on fossil fuels or renewable sources. 
There is a comprehensive analysis of CSP in comparison to 
other sources in reference [30]. 

  
(a) (b) 

  
(c) (d) 

Fig. 1 Main CSP technologies: (a) PTC, (b) LF, (c) STP, and (d) PD [31]. 

4. CSP-desalination systems 
Given the increasing water shortage in regions already 

under water stress due to environmental change and population 
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increase, the development of CSP-desalination systems can be 
crucial in addressing this issue in the future. Various factors 
contribute to the use of CSP technologies in desalination 
systems, such as the alignment of areas with high Direct 
Normal Irradiance (DNI) potential and severe water scarcity. 
With the potential to integrate with power plants powered by 
fossil fuels, thermal storage of energy, and back-up sources of 
energy, Concentrated Solar Power (CSP) offers a reliable and 
adaptable means of generating power and heat. In order to 
provide freshwater in distant places that lack connection to the 
power grid, it is possible to create and design small-scale CSP 
plants specifically for the purpose of desalination [31]. 

Figure 2 illustrates the three currently viable choices for 
CSP systems with desalination capabilities.  

 
(a) 

 
(b) 

 
Fig. 2 Three primary technically viable choices available for CSPs that 

incorporate desalination units [22]. 

These solutions can be used for either producing freshwater 
alone or for simultaneously generating electricity and 
freshwater. All four primary categories of CSP can be utilised 

to produce freshwater, either as standalone freshwater 
generation or in combination with the production of electricity 
as well as freshwater. Thermal desalination facilities like 
MED, TVC-MED, MD, and MSF can be combined with CSP 
either directly as illustrated in Fig. 2 (a) or as a cogeneration 
plant as illustrated in Fig. 2 (b). The electricity produced by 
CSP plants can be immediately utilized to power electric-
driven membrane desalination processes such as reverse 
osmosis (RO) or electrodialysis (ED) as in Fig. 2 (c). 

Figure 3 illustrates the potential combinations of CSP 
plants and desalination methods. Three well-established CSP 
technologies, including solar tower (ST), Parabolic Trough 
Collector PTC, and LF, can be integrated with various power 
cycles such as steam RC, air Brayton, CO2 supercritical 
Brayton/Rankine, transcritical-CO2 Rankine, and ORC. 
Utilizing a RO or ED system, the electricity generated by these 
power cycles can be utilized to generate freshwater in either a 
partial or full capacity. In addition, the surplus heat produced 
by these cycles can be used in thermally powered desalination 
system. These processes can operate the remaining heat from 
the exhaust emissions of a Brayton cycle, the steps of 
extracting and condensing in a RC, or the state of condensation 
and heat dissipation in CO2 power cycles. In addition to 
generating electricity, the thermal energy generated by CSP 
systems can also be harnessed to power a desalination unit. 
Considering the available desalination methods, MED-TVC 
seems to be the most suitable option because it can produce 
steam at high temperatures within a pressure range of 500-
4500 kPa [22]. 

 
Fig. 3 Various viable arrangements for integrating CSP plants with 

desalination technology [31]. 

5. Freshwater production exclusively based on CSP 
This section provides research carried outing desalination 

plants using concentrated solar power for the purpose of 
producing fresh water only.  

Tellez et al. [32] assessed the economic, environmental, 
and technological factors involved in the production of 
drinking water in the southwestern region of New Mexico. 
Conducted an experiment using a plant with 9 effects and a sun 
field with linear Fresnel technology as shown in the Fig. 4. 
They evaluated three combinations. The idea was to operate 
the plant using solar electricity for a duration of 8 hours every 
day, while relying on a fossil fuel backup system for the other 
6 hours. All three configurations employed sun distillation 
systems to minimize the outflow of brine from the final MED 
plant stage and to transfer the brine that has been concentrated 
through a deep well, however the specific features differed. 
Three distinct fresh capacities were considered 1412 m3/day, 
1109 m3/day, and 743 m3/day. The most efficient 
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configuration for providing drinkable water was found to be 
one that utilizes distillation by solar to reclaim the residual 
brine produced during the final operation of the Multi-Effect 
Distillation (MED) plant. This configuration produced a return 
on expansionof 10.2% with a freshwater cost of $5.00 /m3. 

 
Fig. 4 Proposed concept of CSP-desalination [32]. 

Sharaf et al. [33] created and assessed, from a 
thermodynamic and economic perspective, two alternative 
layouts of PTC CSP-desalination units capable of processing 
4545 m3/day of fresh water. Both configuration 1 and 
configuration 2 may be seen in Fig. 5(a) and (b), respectively. 
In the first configuration , the heat collected from the solar field 
is sent to the boiler and then to the TVC-MED unit. In 
arrangement 2, the mechanical vapor compressor (MVC) was 
operated using the electricity produced by the ORC, while the 
excess heat was utilized to drive the MED system. While water 
and toluene were considered as potential working fluids in the 
ORC, the PTC field used Therminol-VP1 as its heat transfer 
oil. They demonstrated that the first setup is preferable because 
of its lower freshwater cost and greater gain output ratio 
(GOR), even if it calls for a bigger solar field.  

 
(a) 

 
(b) 

Fig. 5 Schematic views of the provided CSP-desalination systems in [34]:  
(a) arrangement 1 and (b) arrangement 2. 

The area of collector is 117,908.9 m2 was necessary for the 
first arrangement, which showed a leveled price of water of 
$1.57/m3. These values were $33.1/m3 for the first setup and 
$33,181.5 m2 for the second. 

Hammed et al. [34] investigated a pilot plant in Al-Jubail, 
Saudi Arabia, which integrated a TVC-MED unit with 
modified Fresnel collectors. Solar panels, a boiler, and a 
cooling system were all part of the concentrated solar power 
facility as shown in Fig. 6. The oil was a heat transfer fluid. 
and a solar multiple of 1, the LF field solar operated with area 
of 662.4 m2. The authors compared the financial and technical 
viability of a CSP-driven plant versus one powered only by 
fossil fuels, using experimental test results as a basis. The 
results showed that the chosen TVC-MED needed a 55,737 m2 
Fresnel mirror area and a total thermal energy consumption of 
13.6 MWth for keeping a freshwater yield of 4546 m3/day. 

 
Fig. 6 The diagram illustrates an improved Fresnel collectors- Multiple 

Effect Distillation (MED) plant designed for production of freshwater at Al-
Jubail/Saudi Arabia [34]. 

Alikulov et al. [35] assessed and designed a PTC that 
integrates with an existing MED plant in Uzbekistan; this 
facility can produce up to 200  tones/h of freshwater as show 
on in Fig. 7 .The system's parabolic trough field was 
engineered to meet the thermal requires of the MED plant to a 
certain extent. Saturated steam, with design parameters of, 8 
bars, 200 °C, and 32 t/hr, was used for this purpose. In June 
2014, they discovered that the planned solar field could 
produce over 7,057.08 tonnes of saturated steam, in January 
2014, the figure was 966.90 tonnes. The ability to cut fossil 
fuel use was demonstrated in Jan, Mar, Jun, and Sep, 
respectively, by 59.64, 95.24, 389.96, and 298.26 tonnes, 
thanks to the integration of the PTC field. 

 
Fig. 7  PTC with a MED unit [35]. 

El-Agouz et al. [36] utilized an experiment on a solar 
desalination system that utilized spray evaporation in an arid 
area. The experiment involved a solar water collector with an 
area of 1 m2. They conducted a study on the impact of water 
inlet temperature on several factors, including efficiency, 
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GOR, productivity rate, and the cost of potable water per liter 
in the system desalination. It has been observed that an 
increase in the inlet temperature of water has a direct impact 
on productivity, GOR, efficiency and productivity rate. The 
highest daily  rate production has been increased to 9 L/m2. 
The peak efficiency during daylight hours is roughly 87%. The 
price of one litre of drinkable water is 0.029$. 

In a study conducted by Gude et al. [37] a groundbreaking 
low-temperature desalination method was introduced. This 
innovative technique utilizes a flat plate solar collector to 
produce an impressive 100 L/d of freshwater. Based on their 
research, an 18 m2 solar collector area and a 3 m3 thermal 
energy storage capacity can generate 100 L/d of freshwater, 
considering meteorological conditions. 

Saettone et al. [38] conducted experimental investigations 
on a 5.5 m2 intense black aluminum PTC that lacked a solar 
tracking system mechanism and had a line focal distance of 0.7 
m. It was aligned East-West and measured 2.5 meters in length 
with a 1 meter rectangular absorber cavity made of black 
aluminum. Cocayalta, a city 48 kilometres away from Lima, 
was the site. A 95% increase in freshwater flow was achieved 
by making simple changes to the cavities, taking the model 
with thermal insulated and wind protection from 3.25 litres to 
6.36 litres. 

Stuber et al. [39] analyzed the outcomes of models and 
experiments conducted on a prototype system that utilized a 
one-effect heat pump absorber (HPA)-MED, which was 
operated by a PTC solar field  as depicted in the Fig. 8.  Both 
the HPA and the MED cycles were designed as open-loop 
systems. The AHP cycle utilized an generator and absorber, 
while the MED cycle had a design similar to a closed-loop 
system, consisting of an evaporator, expansion valve, and 
condenser. The steams that was produced in the generator part 
was absorbed by the saltwater after being condensed in the first 
effect of the MED. This procedure persisted after the first 
effect's condensation of steam. At finally, the steam from the 
MED system's last effect was directed to the HPA's absorber 
portion. Two distinct operating modes, namely solely-MED 
and coupled HPA-MED, were examined for the three-effect 
and final condenser pilot system. As a feed water source, we 
utilized agricultural drainage water. The MED unit would be 
first supplied with steam at a pressure of 30 kPa, which is 
produced by transferring the thermal energy absorbed by the 
PTC to the HPA at a temperature of 180°C.  

 
Fig. 8 Illustrates a PTC solar field that is equipped with a one-effect HPA-

MED [39]. 

As contrasted to the solely-MED, the HPA considerably 
reduced the unit's thermal energy need from 0.261 MWh/m3 to 
0.133 MWh/m3, and it also greatly enhanced performance. The 
solar field size has to be reduced by 49% due to the lesser 
thermal energy. The optimised combination HPA-MED 
system with 10 effects lowered the energy thermal need to 34.0 
kWth/m3, according to their simulation results. 

Yuan et al. [40] analyzed a CR solar power plant that 
generates both power and water by employing a supercritical 
carbon dioxide S-CO2 Brayton cycle with MED. The MED 
process, as it was powered by the exhausted gases of the 
Brayton cycle. They utilized a MED system with five effects 
to attain a water production of 459 m3/d and a solar thermal 
power efficiency of 24%. 

Cioccolanti et al. [41] assessed the efficiency of a small-
scale, focussing heliostat collector powering one effect in a 
thermal desalination unit at three sites: Crendi, Palma de 
Mallorca, and Pantelleria. The plant was designed with 25 non-
imaging heliostats in a hexagonal shape, featuring a reflective 
surface spanning 9.5 m2 as shown in Fig. 9. It had a maximum 
output power of 6 kWh and could generate up to 150 L/day of 
fresh water using a single stage desalination thermal plant. 
They found that in batch mode, the plant produced 
approximately 1.3 L/kWh of freshwater relative to the thermal 
energy input, while in continuous mode, it produced roughly 
1.16 L/kWh. In their analysis, the researchers found that the 
suggested system would offer significant benefits for small-
scale operations in rural regions with a need for freshwater 
ranging from 30 L/d to 60 L/d. 

Blanco et al. [42] analyzed how well the new CSP-
desalination facility was doing. The nominal freshwater 
production capacity of this plant was 3 m3/h when it was 
designed. A TVC-MED system, thermal energy storage, and a 
PTC solar field were all part of the system. Solar steam at 10 
pressure and 180 °C was supplied by the PTC array. Phase 2 
of the project involved developing a concept to decrease 
electrical and thermal demands. This was achieved by 
incorporating a steam ejector system and replacing the vacuum 
system that is based on the hydroejector with a two effect 
AHP. The applied changes decreased the energy of thermal 
demand by 44%, from 63 to 36 kWh/m3, and the electrical 
usage by 12%, from 3.3 to 2.9 kWh/m3. 

 
Fig. 9 Scheme of the integrated plant [41]. 

Al-Hajri et al. [43] created forth a plan for determining the 
process parameters and equipment size for a multiple-effect 
distillation station that runs on concentrated solar power. 
Directly inputted the obtainable hourly solar radiation 
information in Kuwait during the design process as shown in 
Fig. 10. Desalination plant output capacity of 400,000 m3/day 
in winter and 865,000 m3/day in summer are determined by 
comparing the minimum and maximum amounts of available 
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solar energy, which corresponding to the shortest and longest 
days of the year, respectively. A total of 2,670,000 m2 of 
reflector surface area and 85,500 tones of molten salt heat 
storage. 

 
Fig. 10 STP with desalination plant [43]. 

Mishal et al. [44] introduced a MED system that is powered 
by concentrated solar collectors type PTC, by heating brine 
indirectly; this system then uses a charging tank to store this 
energy as shown in Fig. 11. Using 4 effects MED, a dynamic 
mathematical model is created and then simulated. Based on 
the results, it is possible to produce 2200 metric tons of 
distillate utilizing a 92,000 m2 plot of land for PTC, with a 
maximum daily feed water mass of 67,000 metric tons of 
brine. There is an average specific thermal energy expenditure 
of 1,140 kJ/kg and a daily performance ratio (PR) of 2. 

 
Fig. 11 Comprehensive diagram illustrating the planned design [44]. 

Table 1 summary a concise overview of the key attributes 
of the evaluated CSP-desalination units specifically designed 
for the production of freshwater. 

6. Cogeneration of freshwater/electricity through CSP 

This section examines the research that has been conducted 
to propose and develop CSP-desalination systems for the 
cogeneration of freshwater and electricity. 

Palenzuela [45] contrasted and evaluated the 
competitiveness and suitability of CSP-MED plants with 
varying configurations in comparison to the integration of a 
CSP plant with a RO unit. The diagrams of combinations 1-2 
are depicted in Figs. 12 (a) and (b). Using the turbine's steam 
as a thermal energy source, they compared their desalination 
process to that of a straightforward combination of a solar 
power plant with a reverse osmosis system. In terms of GOR, 
the data demonstrated that the 11-affect MED plant achieved 
8.4 and the 14-affect MED plant achieved 10. More exhaust 
steam and, by extension, more fresh water extracted from the 
MED plant, is a direct result of a larger MED's higher total 
turbine power. The 11-affect MED station yielded results 
ranging from 34,000 to 35,000 m3/day, while 14-affect MED 
station produced results ranging from 41,000 to 42,000 
m3/day. 

 
(a) 

 
(b) 

Fig. 12 the established CSP-desalination combinations: (a) combination 1, 
(b) combination 2 [45]. 

Frantz and Seifert [46] conducted a thorough thermal 
analysis of a MED system powered by a solar tower as shown 
in Fig. 13. By increasing the steam temperature from 65 to 90 
°C, distillate production doubled, albeit with an 11% decrease 
in power production. On the other side, increasing the heat 
transfer surface of the desalination plant by 30% could result 
in a significant boost in water production, exceeding 50%. Due 
to the increased power usage of the desalination plant, the 
yearly electricity production is only reduced by 1% in this 
case. 

 
Fig. 13 Schematic of the STP-MED plant [46]. 

Laissaoui et al. [47] examined the thermodynamic analysis 
of the integration of the STP plant and MED. Examine the 
performance of the STP-MED plant in the MOSTAGANEM 
region, which is a coastal site in northern Algeria Fig. 14.  

 
Fig. 14 the STP-MED plant [47]. 
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The case studies have considered a net electric output of 50 
MWe and a fresh water production of 22568 m3/d. 
Consequently, the integration of a multi-effect desalination 
MED plant may be a viable option for the integration of STP 
and desalination. 

Demir et al. [48] devised an integrated STP combination 
cycle system to simultaneously generate energy and freshwater 
through cogeneration. The depicted system, as seen in Fig. 15, 
comprised of a compressed air storage tank, a combination of 
a thermoelectric generator ,a gas turbine power plant, a flash 
distillation system and  a steam RC,. The system achieved a 
total energy efficiency of 44.5% and a total exergy efficiency 
of 54.9% when solar power provided half of the thermal 
energy and natural gas provided the other half. The combined 
system exhibited a total energy output of 21,800 kW, with the 
gas turbine cycle contributing 19,150 kW, the Rankine cycle 
contributing 2,632 kW, and the TEG contributing 32.94 kW. 
The system of TEG demonstrated an efficiency of 2.02%. 
Findings indicated that the unit of distillation flash they 
designed produced a daily output of 290 m3/day of freshwater. 

 
Fig. 15 The CSP-MED plant is a schematic that integrates a steam RC, TE 

,solar gas turbine, and MED unit [48]. 

Palenzuela et al. [49] conducted a thermodynamic analysis 
of different configurations, including MED desalination, RO 
desalination, and MED-TVC. In conjunction with solar power 
facilities that use parabolic troughs (PTC). The settings for the 
steam exhaust outlet turbine in all instances were 58 °C (0.18 
bar absolute), with 50 MW being deemed net power and 
48,498 m3/day being regarded water production Figs. 16 (a) to 
(d) illustrate configurations 1-4, correspondingly. In terms of 
thermodynamic efficiency , the results demonstrate that, under 
simulated conditions, a PTC-CSP plant with a MED unit 
integrated to replace the turbine exhaust steam condenser is 
preferable to one coupled with a reverse osmosis desalination 
plant. With reduced plant cooling requirements compared to 
the CSP+RO scenario, loss of energy to the ambient 
environment is also reduced with the MED-TVC design. In dry 
climates, a CSP+D configuration that combines the MED plant 
with thermal compression could be a good alternative to 
CSP+RO due to the reduced cooling needs. 

By incorporating new functionality into the SAM software, 
Casimiro et al. [50] created a novel method for modeling plant 
of a CSP-MED that combines the production of freshwater and 
electricity. A parabolic trough field was incorporated into their 
system to power a steam RC with a forward feed-MED unit. 
Four distinct cooling systems were assessed regarding this 
particular system, boasted a 111 MWel power capacity and a 
production capacity of freshwater is 16,400 m3/day: a 
standalone SWCC, dry cooling, moist cooling, and the 
MED/Seawater Cooling Circuit (SWCC). The feasibility and 

economic appeal of the system that integrates MED/SWCC 
were demonstrated by their findings. They noted that this 
system produces 5% smaller amounts of electricity compared 
to a CSP facility that utilised a moist system of cooling, but at 
the expense production of freshwater. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 16 the configurations of CSP-desalination: (a) layout 1, (b) layout 2, (c) 
layout 3, and (d) layout 4 [104]. 
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Sharan et al. [51] Examined the combination of a STPP and 
a MED desalination unit to generate both water and electricity 
as shown in Fig. 17. A novel method has been suggested to 
increase the water capacity factor by as much as 75% by 
utilising water tanks to store waste heat generated from the 
Brayton cycle. This  not only improves efficiency but also 
leads to a significant reduction in water costs, cutting them 
down by 19%. After conducting a thorough analysis of various 
locations, it was determined that in Saudi Arabia, utilising 
MED as the desalination system would result in the production 
of 115 MWel and 4720 m3/d of distillate at a cost 16% lower 
than using RO. Additionally, this system boasts a thermal 
efficiency of 48%. 

Sergio et al. [52] investigated a parallel MED system that 
used CSP as its power source. Incorporating steam ejectors 
into the model allowed for its validation with data from a real-
life medium-sized industrial plant that used a thermal steam 
compressor (TVC). For the first examination of these kinds of 
investments, the findings demonstrate that the MED model 
gives good predictions of plant behavior. These findings 
suggest that CSP+MED can be financially appealing when 
contrasted with the current TVC-MED facility. the 
CSP+MED/SWCC simulation, has an installed capacity of 110 
MW, produces around 297 GW of electricity per year, and uses 
around 5.4 million m3 of distillate. Due to its lower size, the 
CSP plant performs better than its nominal output, resulting in 
an annual capacity factor of 34.2% for the CSP plant and 
41.4% for the larger plant. 

 
Fig. 17  A solar tower powered CO2 power plant equipped with a MED unit 

[51]. 

Ortega et al. [53] performed a systematic investigation to 
assess the incorporation of a 12-effect MED-TVC system with 
a steam RC powered by a PTC solar field. The arrangement of 
the CSPP in combination with the MED-TVC system as 
illustrated in Fig. 18. The researchers examined how the 
suction steam pressures and motive influenced several 
characteristics, such freshwater output, GOR, and specific heat 
transfer area. It was discovered that there is an optimal location 
for the ejectors of the steam that optimizes the GOR for each 
steam motive pressure. To achieve higher steam pressures, it 
is necessary to position the steam ejector in close proximity to 
the final stage of the multi-effect distillation (MED) unit. The 
freshwater output experiences a substantial decrease when the 

ejector  of the steam is positioned in closer proximity to the 5-
effect. Their findings indicated that the MED-TVC unit should 
be supplied with a lower-pressure steam and the ejector of the 
steam ought to be situated nearer to the 5-effect (number of 
stage) in order to accommodate high electricity demands. For 
the MED-TVC unit, this resulted in an increase in electricity 
production and a decrease in freshwater production. To boost 
the operation of the MED- TVC plant during periods of low 
electricity needs, it is recommended to supply steam at a 
greater pressure and position the ejector steam nearer to the 
last effect. 

 
Fig. 18 CSP- MED-TVC system examined by [53]. 

Zhaorui et al. [54] developed a MED system that was fitted 
into a solar collector made of porous wood. A MED system 
was combined with a bilayer wood solar steam generator. The 
wood solar collector reaches its maximum steam production at 
a temperature of around 145 °C, while the minimum power 
consumption for the MED specific is 24.88 kWh/t. The 
increase in solar capacity from 50 kW to 230 kW results in a 
corresponding rise in the average temperature difference, from 
1.88 °C to 6.27 °C. This parametric research enhances the 
performance of both the MED system and the bilayer wood 
solar steam generator. 

Ghorbani et al. [55] utilized solar dish collectors in 
conjunction with a PCM storage to supply the necessary 
thermal power for a steam generating station with a net 
production capacity of 1,063 MW. Materials that change phase 
are stored overnight and when there are no solar thermal 
energy sources available. In order to reduce heat loss in the 
condenser, a substantial quantity of  lost heat is transferred to 
a three- MED system as shown in Fig. 19. Software such as 
Hysys, Transys, and Matlab were utilized to simulate the 
system using climate input data for the case study in Bushehr 
city. Based on the findings, it was observed that the 
desalination system generates a significant amount of fresh 
water by effectively utilising heat loss from the steam power 
plant. This system achieves an impressive total electrical 
efficiency of 28.84%, along with an exceptional total thermal 
efficiency of 97.18%. 

Talebbeydokhti [56] an MED system was incorporated 
with a PTC Solar Power (PTC-CSP) plant results shows, the 
most efficient layout was the integration of a MED with 11-
effects (number of stage). The conventional CSP plant was 
sized to accommodate the maximum steam (thermal 
requirements) extractable from the turbine, resulting in an 
overall electrical energy request of 0.195 kW/m3∙day. 
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Fig. 19 Integrated structure block diagram [55]. 

Figure 20 shows how GOR decreases with the increase in 
the steam inlet temperature. This is due to the fresh water 
production employed in the various cases, which leads to a 
decrease in the quantity of vapor produced in each effect. 
Consequently, the quantity of steam necessary for evaporation 
in the initial effect decreases in proportion to the quantity of 
vapor generated in each effect. Finally, Fig. 21, demonstrates 
that the GOR rises as the number of effects increases, owing 
to the presence of extra heat exchangers, which results in an 
increased heat transfer area. 

 
Fig. 20 Effect of  the steam-in temperature on the GOR [56]. 

 
Fig. 21 Effect of the number of effects on GOR value [56]. 

Al-Addous et al. [57] studied the analysis of a CSP plant 
that with a MED technology to produce electricity and 
desalinate water all at once. What the simulation results 
revealed was that the cogeneration system's water and 
electricity production varied greatly. In June, the concentrated 
solar power plant's output, excluding water production, 
reached 58.7 MWel. Dehydration of water at 170 m3/h resulted 
in about 49.5 MWel of energy. Also, because of temperature 
variations within the desalination stages, the flexible operation 
of the power plant was limited, although the number of stages 
had the biggest impact on distillate production generally. For 
10 steps, the mass flow of distilled water was 498 m3/h. 
Findings from the sale of generated electricity indicated that 
the design was profitable to the tune of €78.84 million. In 
addition, the ideal pressure for producing both power and 
distilled water was determined to be 0.45 bar in the condenser. 

Wellmann et al. [58] offered a representation of the 
combined water and electricity production process that 
incorporates a desalination plant with several effects. CSP 
plant  was type Fresnel with a capacity of 10 MWel, and the 
energy process simulation program “Ebsilon Professional” are 
both used to implement the model. With a desalination 
capacity of 520 m3/day and a concentrated solar power plant 
co-generation capacity of 2.2 MW, the results were 
impressive. In addition, input salinity, temperature, and 
cogeneration fraction are some of the process characteristics 
that affect the final product. 

Table 2 summarizes a concise overview of the significant 
attributes of the CSP-desalination systems that were examined 
for the purpose of generating both energy and freshwater. 

7. Conventional MED desalination 
This section offers a concise overview of the literature 

pertaining to multi-effect distillation and the approaches 
employed to improve the thermal and economic efficiency of 
multi-effect distillation systems. The study focusses on 
analysing various aspects of MED systems and examining the 
elements that influence their performance. 

Guo et al. [59] conducted research on the impact of 
preheaters, including their placement and quantity, on the 
GOR and the overall heat transfer area in the plant. The 
researchers examined the MED desalination plant, which 
comprised 10-effects as shown in Fig. 22. They separated these 
effects into three groups, with the forward feed arrangement 
used between teams and the parallel feed configuration used 
among evaporators within each group. 

 
Fig. 22  MED 10-stage system with preheaters [59]. 

Elsayed et al. [60] conducted a thermo-economic analysis 
on configuration of MED, all of which are integrated with 
TVC. Their aim was to identify the configuration with the best 
performance and estimate the cost of water using the specific 
exergy cost flow method. The authors concluded that the PCF-
MED configuration has the highest GOR (gain output ratio), 
the lowest specific heat consumption, and the lowest total 
power consumption. However, it is worth noting that this 
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configuration requires a significant specific cooling water flow 
rate. 

Cipollina et al. [61] conducted a thorough analysis of the 
PF-MED-TVC plant, incorporating preheaters and non-
condensable gases, but excluding flash boxes as shown in Fig. 
23. They subsequently validated the dynamic model using real 
data and achieved a near match. 

 
Fig. 23 Simplified sketch of the MED-TVC [61]. 

Garuso and Naviglio [62] reported the performance results 
from a one-year experimental study done at the solar pond site 
of the University of Ancona, Italy. The study took place in a 
MED plant with a capacity of 30 m3/day. The MED evaporator 
in this facility was fabricated using solely titanium material. 
The investigation was carried out using three distinct 
operational modes. The initial mode involved utilizing steam 
generated from the boiler, the subsequent mode involved 
utilizing a thermo vapor compressor, and the last mode 
involved utilizing heat obtained from a solar pond. The 
freshwater production rate for the first, second, and third 
modes was reported as 540, 480, and 600 kg/h, respectively. 
The heat performance values for the first, second, and third 
modes were 667, 750, and 700 kJ/kg, respectively. 

Abubaker [63] Investigated the impact of operating 
parameters on the performance of the MED-TVC system, with 
a particular emphasis on the enhancement of key performance 
indicators, such as water production. The results of MED-TVC 
are illustrated in Fig. 23, which illustrates the fluctuation of 
GOR in relation to the number of effects. Consequently, there 
was a robust positive correlation between the quantity of 
effects and an increased GOR. The number of effects 
increases, resulting in a significant increase in the water 
product, which in turn advances the GOR. It is important to 
mention that the simulation is conducted at a consistent steam 
flow rate of 8 kg/s.  

Jyoti and Khanam [64] created a seven effect of MED 
system model that accommodates various operating 
configurations, including steam division, condensate flashing, 
and vapour bleeding. Likewise, they optimized the quantity of 
flash canisters in the system by conducting an economic 
analysis. As a consequence, a modified system was identified 
that improved the steam economy by 23.77% and decreased 
steam consumption by 36.76%.  

Kamali et al. [65] created mathematical models to predict 
the design data for a 1200 m3/day capacity MED-TVC unit that 
includes a plate type evaporator and a shell and tube type 
evaporator. They have also compared the results of the 
evaporator. Additionally, they have demonstrated the impact 

of design and operating parameters, including the first effect 
steam temperature, number of effects,  and salt concentration 
ratio, on the system’s performance ratio. 

 
Fig. 24 Effect on number of effect on the GOR [63]. 

Yilmaz and Soylemez [66] developed a mathematical 
model of MED  steady state and conducted an analysis of the 
plant’s performance in relation to design parameters and 
operating variables as shown in Fig. 25. The conclusion was 
that the gain output ratio varied between 7.34 and 15.04 for 4 
effects and 12 effects. 

 
Fig. 25 schematic process of the FF-MED seawater desalination system [66]. 

Gong et al. [67] established a series of mathematical 
models for MED plant, that were employed to analyses the 
coefficient of  heat transfer  along the tube row, tube length, 
and tube column directions. The brine inlet spray density was 
varied from 0.05 kg/m-s to 0.09 kg/m-s, and the brine inlet 
salinity was varied from 30 g/kg to 50 g/kg. The results 
indicated that the heat transmission coefficient is higher in the 
evaporating zone than in the preheating zone. 

 A new design scheme and mathematical model for 
geothermal-driven MED plants were proposed by Wang et al. 
[68]. The geothermal hot water was initially incorporated into 
the first effect, and the water that exited the module was 
redirected to a seawater distillation module as shown in Fig. 
26. A portion of the vapor was produced, and it was then 
pumped into the corresponding effect within the MED plant. 
Consequently, the yield was increased by 25 to 60% in 
comparison to conventional MED plants. 

Esfahani et al. [69] conducted optimization experiments in 
the MED-TVC system. To achieve this objective, they 
proposed two mathematical models. There was a section 
dedicated to economic analysis, while another was dedicated 
to the procedure. Optimization results indicated that the MED-
TVC system with six effects is the most effective system 
among the systems with three, four, five, and six effects.  
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Fig. 26 Diagram of a geothermal/low grade heat multi-effect distillation 

(MED) plant [68]. 

Under ideal operating conditions, the system with 6 effects 
can achieve cost savings of 14%, 12.5%, and 2%, as well as 
reduce the steam consumption for producing 1 cubic meter of 
fresh water by 50%, 34%, and 18% compared to systems with 
3, 4, and 5 effects, respectively as shown in Fig. 27. 
Furthermore, the system consisting of 6 effects exhibits the 
largest GOR value, as depicted in the Fig. 28. 

 
Fig. 27 Effect of the number of effects on the amount of freshwater 

production [69]. 

 
Fig. 28 The GOR is affected by the number of effects [69]. 

Wade [70] conducted a comprehensive economic 
evaluation of the reverse osmosis (RO) process and various 
thermal desalination methods, such as multi-stage flash 
(MSF), multi effect distillation with thermal vapor 
compression (MED+TVC), and multi-effect distillation with 
mechanical vapor compression (MED+MVC).He determined 
that in places with low energy costs, particularly in the Gulf 
countries, big thermal desalination units are economically 
viable and comparable to the reverse osmosis (RO) technique. 
The author’s conclusion is that the MED process possesses 

numerous appealing characteristics that will enable it to 
dominate the desalination industry in the near future, 
particularly for facilities with moderate output rates. 

Kamali [71] presented the parametric optimization 
approach of the multi-effect desalination process employing 
steam-thermal compression (MED-TVC) to enhance the gain 
ratio (GOR) value. A comprehensive mathematical model has 
been established to accurately forecast the impact of various 
factors on the overall capacity, PR, temperature differential 
between effects, and pressure across each effect, considering 
both design and operational conditions. The results showed 
that total distillated product is 1536 ton/day,  and the GOR 
increases with increasing number of effects as shown in Fig. 
29, and decreases when the steam temperature increases as 
shown in Fig. 30. 

Temstet and Laborie [72] described the key features of 
three MED-TVC units at Curaceau. Each unit consists of 12 
effects and runs in parallel feed mode. They have a high 
performance ratio of 17 and a capacity production of 12000 
m3/day. 

Temstet et al. [73] provided a description of four MED-
TVC units that were placed in Sicily. Each unit consists of 12 
effects and works in the parallel feed mode, resulting in a low 
top brine temperature. The system’s production rate is 9000 
m3/day of desalination water, and its  performance ratio is 16.7. 

 
Fig. 29 GOR value change with number of effects [71]. 

 
Fig. 30 GOR value  change with steam temperature [71]. 

Table 3 provides a brief summary of previous studies by 
researchers in the field of conventional MED desalination. 
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Table 1. Summary of the primary CSP desalination systems and their characteristics that were reviewed for the sole purpose of producing freshwater. 

Authors Systems Freshwater capacity Remarks 

[32] LF-MED 

freshwater capacities are 
1,412 m3/day 

743 m3/day and 
1,109 m3/day 

The assessment was conducted by incorporating an LF solar field 
into a 9-effect MED unit, either with or without the inclusion of solar 
distillation. A normalized water cost of $5.00/m3 was determined to 
be the most suitable configuration, which was achieved through solar 
distillation. 

[33] 
CSP-MED-TVC 

and 
CSP-MED-MVC 

4,545 m3/day 

Two alternative layouts for the PTC-MED units were developed. In 
the first configuration, a boiler was utilized to receive the thermal 
energy from the solar field and then immediately sent to the TVC- 
MED unit. In the second arrangement, the heat waste from the ORC 
was sent to the MED unit, while the electricity generated from the 
ORC powered a mechanical vapor compressor (MVC). 

[34] LF-MED-TVC 4,546 m3/day 

Integrated a TVC-MED unit with Fresnel collectors. Solar panels, a 
boiler, and a cooling system were all part of the concentrated solar 
power system. The results showed that the chosen TVC-MED 
needed a 55,737 m2 Fresnel mirror area and a total thermal energy 
consumption of 13.6 MWth 

[35] PTC-MED 200 m3/h 
PTC field was created and integrated into an existing MED facility. 
The system resulted in a substantial decrease in the utilization of 
fossil fuels. 

[36] CSP-MED 9 L/m2 

The experiment involved a solar collector with MED. Revealed that 
increasing water inlet temperature directly impacts productivity, 
GOR, efficiency, and productivity rate. The highest daily production 
rate is 9 L/m2, with 87% efficiency during the day. 

[37] FP-MED 100 L/d 
A groundbreaking low-temperature desalination method was 
introduced. This innovative technique utilizes a flat plate solar 
collector to produce an impressive 100 L/d of freshwater. 

[38] PTC-MED 6.36 L/day 

Experimental investigations on a 5.5 m2 intense black aluminum 
PTC that lacked a solar tracking system mechanism.  A 95% increase 
in freshwater flow was achieved by making simple changes to the 
cavities, taking the model with thermal insulated and wind protection 
from 3.25 L to 6.36 L. 

[39] PTC-MED with 
HPA 

The ranges variable from 
0.24 m3/h to 0.47 m3/h  

on different days. 

The addition of an absorption heat pump resulted in a substantial 
decrease in the size of the PTC and the amount of thermal energy 
needed. 

[40] CR-MED 459 m3/d 

Analysis of a CR solar power plant that generates both power and 
water using the s CO2 Brayton cycle with MED. They used a five-
effect MED system. The results show that the solar thermal 
efficiency was 24%. 

[41] 
CSP with single 
effect thermal 
desalination 

0.15 m3/day 

A small-scale CSP plant was equipped with a thermal desalination 
plant that only had one effect. For rural locations with freshwater 
needs between 0.03 m3/day and 0.06 m3/day, the system is an 
excellent choice. 

[42] 
PTC-two effects 
TVC-MED/MED 

with HAP 
72 m3/day 

System comprised of a PTC in conjunction with a two effect HAP 
TVC-MED/MED. The thermal energy need was lowered by 44% and 
the electricity usage was reduced by 12% compared with the system 
that did not have an HPA. 

[43] CSP-MED 

in winter 
400,000 m3/day and 

in summer 
865,000 m3/ day 

Created forth a plan for determining the process parameters and 
equipment size for a multiple-effect distillation station that runs on 
concentrated solar power.  A total of 2,670,000 m2 of reflector 
surface area and 85,500 tons of molten salt heat storage. 

[44] PTC-MED 2200 metric tons 

Multi-Effect Distillation system that collects energy from PTC type. 
Using four MED effects. Based on the results, it is possible to 
produce 2200 metric tons of distillate utilizing a 92,000 m2 plot of 
land for PTC. There is an average specific thermal energy 
expenditure of 1,140 kJ/kg and a daily performance ratio of 2. 
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Table 2. Summary a concise overview of the key features of the CSP-D systems that were assessed for the purpose of co-generating freshwater and electricity. 

Authors Systems Freshwater capacity Power capacity Remarks 

[45] 
CSP-MED 

and 
CSP-RO 

11-effect MED 
34000-35000 m3/day 

and 
14-effect MED 
41000- 42000 

m3/day 

50 MWel 

Four combinations of CSP-desalination were examined, three of 
which included MED/MED-TVC and one of which utilized RO. 
Furthermore, three distinct cooling systems were considered: dry 
cooling, evaporative water cooling, and once-through cooling.  
Certain circumstances, the results suggested that a CSP-MED is 
more enticing than a CSP-RO configuration. The RO unit requires 
a significant amount of electricity, namely over 4.5 kWh/m3, and 
high temperatures are necessary during the condensation phase. 

[46] STP-MED 3,000 m3/day 3 MWel 

Thermal analysis of a MED system powered by a solar tower. By 
increasing the steam temperature from 65◦C to 90 °C, distillate 
production doubled, albeit with an 11% decrease in power 
production. 

[47] STP-MED 22568 m3/d 50 MWel 
Examined the thermodynamic analysis of the integration of the 
STP plant with MED unit. The integration of a MED plant may be 
a viable option for the integration of STP and desalination. 

[48] CSP-flash 
distillation 290 m3/day 21.82 MWel 

An integrated system that was suggested included a ST, a steam 
RC, a thermal energy generator, a distillation of the flash system, 
and a pressure air receiver-GT power plant. GT cycle output was 
19,150 kW, RC output was 2,632 kW, and total electrical 
generator output was 32.94 kW in the integrated system. 

[49] 

PTC-
MED/TVCMED 

and 
PTC-RO 

48,493 m3/day 50 Mwel 

Four designs were proposed, each of which consists of a steam RC 
propelled by a PTC and a variety of desalination methods. The 
CSP power facility was found to be more efficient when combined 
with a MED unit. 

[50] CSP-MED 

16400 m3/day 
and 

36112 m3/day 
 

111 MWel 
and 

110 MWel 
 

The feasibility of a system that comprised a PTC, a steam RC, and 
a MED unit was assessed. Assessed four distinct cooling 
technologies and determined that the CSP-MED SWCC 
configuration yielded the lowest electricity production. 
Nevertheless, this cogeneration has the potential to produce a 
substantial quantity of freshwater annually, despite some 
electricity loss. 

[51] CSP-MED 2,558 m3/day 115 MWel 

An innovative idea was presented for a MED system that uses a 
solar superstructure to power a Brayton cycle that recompresses 
supercritical CO2. Costs were cut by half due to the proposed 
strategy, which in turn reduced the size of the MED facility. 
Furthermore, the idea enhanced the MED system’s capacity factor 
and reduced the LCOW by 19%, from $1.81/m3 to $1.48/m3. 

[52] PTC-MED-TVC 390 m3/h 110 Mwel 

Parallel MED-TVC system for these findings suggest that 
CSP+MED can be financially appealing when contrasted with the 
current TVC-MED facility. Due to its lower size, the CSP plant 
performs better than its nominal output, resulting in an annual 
capacity factor of 34.2% for the CSP plant and 41.4% for the 
larger plant. 

[53] 
CSP-MED  

and 
CSP-RO 

158.6 m3/h 
and 

186.4 m3/h 
5 MWel 

The assessment involved 2 CSP-MED systems and one CSP-RO 
configuration, which consisted of a PTC and a steam RC. 
Compared these arrangements where the RO system is 
connectivity to the grid. The LCOWs for these designs were 
1.239, 1.265, and 1.055 €/m3, respectively. The arrangement that 
linked the RO system to the grid achieved an LCOW of 0.76 €/m3. 

[54] CSP-MED 

0.3 kg/s 
and 

3 kg/s 
 

50 kWel 
and 

230 kWel 

A MED system was combined with a bilayer wood solar steam 
generator. The increase in solar capacity from 50 kW to 230 kW 
results in a corresponding rise in the average temperature 
difference, from 1.88 °C to 6.27 °C. This parametric research 
enhances the performance of both the MED system and the bilayer 
wood solar steam generator. 

[55] PD-MED 8321 kg/s 1,063 MWel 

Utilized solar dish collectors in conjunction with a PCM storage 
to supply the necessary thermal power for a steam generating 
station. Materials that change phase are stored overnight and when 
there are no solar thermal energy sources available. This system 
achieves an impressive total electrical efficiency of 28.84%, along 
with an exceptional total thermal efficiency of 97.18%. 
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[56] PTC-MED 14,000 m3/day 51.84 MWel 

An MED system was incorporated with a PTC Solar Power plant. 
Results shows the most efficient layout was the integration of a 
MED with 11-effects and GOR decreases with the increase in the 
steam inlet temperature.  Finally, demonstrates that the GOR rises 
as the number of effects increases, owing to the presence of extra 
heat exchangers, which results in an increased heat transfer area. 

[57] CSP-MED 170 m3/h 58.7 MWel 

Analysis of a CSP plant that with a MED technology to produce 
electricity and desalinate water all at once.  CSP output, excluding 
water production, reached 58.7 MWel. 125 dipteran of water at 
170 m3/h resulted in about 49.5 MWel of energy. For 10 effects, 
the mass flow of distilled water was 498 m3/h. Findings from the 
sale of generated electricity indicated that the design was 
profitable to the tune of €78.84 million. In addition, the ideal 
pressure for producing both power and distilled water was 
determined to be 0.45 bar in the condenser. 

[58] LF-MED 520 m3/day 10 MW 

Cogeneration of the water and electricity production using a LF 
type concentrated solar power. With a desalination capacity of 520 
m3/day and a cogeneration capacity of the CSP plant of 2.2 MW, 
the results were impressive. In addition, the input salinity, 
temperature and cogeneration ratio are some of the process 
characteristics that affect the final product. 

 
Table 3. Summary of the primary characteristics of the conventional desalination systems that were reviewed. 

Authors Systems Type of 
feeding 

Number 
of effects 

Distillate 
production Remarks 

[59] MED-TVC 
FF 
PF 

PCF 
10 15,000 m3 /d 

A thermo-economic analysis on four configurations of MED, all 
of which are integrated with TVC. Their aim was to identify the 
configuration with the best performance and estimate the cost of 
water using the specific exergy cost flow method. 

[60] MED-TVC 

FF 
PF 
BF 
and 
PCF 

10 56.12 kg/s 
Impact of preheaters, including their placement and quantity, on 
the GOR and the overall heat transfer area in the plant. The 
researchers examined the MED desalination plant. 

[61] MED-TVC FF 12 101.5 kg/s 

Analysis of the PF-MED-TVC plant, incorporating preheaters 
and non-condensable gases, but excluding flash boxes. They 
subsequently validated the dynamic model using real data and 
achieved a near match 

[62] 

MED 
heat from a 

boiler 
MED-TVC 

MED  
heat from 
solar pond 

PF 3 
540 kg/h 
480 kg/h 
600 kg/h 

Investigation was carried out using three distinct operational 
modes. The initial mode involved utilizing steam generated from 
the boiler, the subsequent mode involved utilizing a thermo vapor 
compressor, and the last mode involved utilizing heat obtained 
from a solar pond. The heat performance values for the first, 
second, and third modes were 667, 750, and 700 kJ/kg 
respectively. 

[63] MED-TVC PF 17 
20 

10027.14 m3/d 
11794.40 m3/d 

Investigated the impact of operating parameters on the 
performance of the MED-TVC system, with a particular 
emphasis on the enhancement of key performance indicators, 
such as water production. The results of MED-TVC are which 
illustrates the fluctuation of GOR in relation to the number of 
effects. Consequently, there was a robust positive correlation 
between the quantity of effects and an increased GOR. 
Additionally, a maximal GOR value of 17.06 that can be 
achieved by utilizing the 20 effects of the MED system. 

[64] MED PF 7 0.1004 kg/s 

Optimized the quantity of flash box in the system by conducting 
an economic analysis. As a consequence, a modified system was 
identified that improved the steam economy by 23.77% and 
decreased steam consumption by 36.76%. 

[65] MED-TVC PF 5 1200 m3/day 

Mathematical models to predict the design data for a MED-TVC 
unit that includes a plate type evaporator and a shell and tube type 
evaporator. They have also compared the results of the 
evaporator. Additionally, they have demonstrated the impact of 
design and operating parameters, including the first effect steam 
temperature, number of effects, and salt concentration ratio, on 
the system’s performance ratio. 



126               A. I. Hadi, S. H. Hammadi / Basrah Journal for Engineering Sciences, Vol. 25, No. 1, (2025), 112-129                                  

[66] MED PF 4 
12 1000 l/day 

Developed a mathematical model of MED steady state and 
conducted an analysis of the plant’s performance in relation to 
design parameters and operating variables. The conclusion was 
that the gain output ratio varied between 7.34 and 15.04 for 4 
effects and 12 effects. 

[67] MED-TVC PF 6 15,000 m3/day 

A series of mathematical models for MED plant, that were 
employed to analyses the coefficient of heat transfer along the 
tube row, tube length, and tube column directions. The results 
indicated that the heat transmission coefficient is higher in the 
evaporating zone than in the preheating zone. 

[68] MED PF 6 126.5 m3/day 

A new design scheme and mathematical model for geothermal-
driven MED plants. The geothermal hot water was initially 
incorporated into the first effect, and the water that exited the 
module was redirected to a seawater distillation module. 
Consequently, the yield was increased by 25 to 60% in 
comparison to conventional MED plants. 

[69] MED-TVC PF 

3 
4 
5 
6 

15,116 m3/day 
19,713 m3/day 

24,2505 m3/day 
28,8985 m3/day 

Proposed two mathematical models. There was a section 
dedicated to economic analysis, while another was dedicated to 
the procedure. Under ideal operating conditions, the system with 
6 effects can achieve cost savings of 14%, 12.5%, and 2%, as 
well as reduce the steam consumption for producing 1 cubic 
meter of fresh water by 50%, 34%, and 18% compared to systems 
with 3, 4, and 5 effects, respectively 

[70] 

RO 
MSF 

MED+TVC 
MED+MVC 

FF 

6 
1 
4 
4 

32000 m3 /day 
 
 

Conducted a comprehensive economic evaluation of the RO 
process and various thermal desalination methods, such as MSF, 
MED+TVC, and MED+MVC. They determined that in places 
with low energy costs, particularly in the Gulf countries, big 
thermal desalination units are economically viable and 
comparable to the RO technique. 

[71] MED-TVC PF 7 1536 ton/day 

Presented the parametric optimization approach of the multi-
effect desalination process employing steam-thermal 
compression (MED-TVC) to enhance the gain ratio (GOR) value. 
The results showed that the GOR increases with increasing 
number of effects and decreases when the steam temperature 
increases 

[72] MED-TVC PF 12 12000 m3 /day 

Described the key features of three MED-TVC units. Each unit 
consists of 12 effects and runs in parallel feed mode. They have 
a high-performance ratio of 17 and a capacity production of 
12000 m3 /day. 

[73] MED-TVC PF 12 9000 m3 /day 

provided a description of four MED-TVC units. Each unit 
consists of 12 effects and works in the parallel feed mode, 
resulting in a low top brine temperature. The system’s production 
rate is 9000 m3 /day of desalination water, and its performance 
ratio is 16.7. 

 
8. Conclusions 

     This article examined the present condition of cutting-edge 
CSP-desalination systems. The review provides a 
comprehensive overview of the present state of CSP and 
desalination technology, with a particular emphasis on two 
types of systems, plants that exclusively produce freshwater 
and plants that cogenerate freshwater with power. CSP is 
suitable for powering a diverse array of desalination systems 
due to its ability to generate electricity and fluctuate in 
operating temperature. Thermal desalination systems utilize 
the process of evaporation to separating water from salt. 
Systems include processes involving MED, MSF and TVC, as 
well as other less common systems. Integrating a TVC or heat. 
The future direction can be classified into research on 
improving the efficiency of solar collector and thermal 
efficiency of multi-effect desalination technology and 
integration method as well as preliminary feasibility analysis 
of selecting a suitable site for CSP plant with high solar 
radiation level. Currently, the application of solar thermal 

desalination/multi-effect desalination technology leads to high 
cost of fresh water production. Pump absorbed can enhance 
performance and reduce costs in numerous thermally-driven 
systems. The studies mentioned here have different scopes, but 
most of them incorporate certain performance indicators, such 
as Levelized Cost of Electricity (LCOE), Levelized Cost of 
Water (LCOW), total thermal efficiency, power generation 
capacity, and freshwater capacity for production. Multiple 
studies have assessed the effectiveness of different setups and 
operational approaches to determine the most efficient plan, 
with some incorporating the incorporation of thermal energy 
storage. Ultimately, a few studies directly compare the 
efficiency of plants powered by renewable energy sources with 
those powered by conventional fuels. The completed review 
revealed various viable methods for coupling concentrated 
solar power (CSP) with desalination plants. Overall, CSP-
desalination plants have the ability to produce freshwater in a 
sustainable and ecologically benign way. However, further 
research and advancements are needed to make these plants 
economically viable. 



127               A. I. Hadi, S. H. Hammadi / Basrah Journal for Engineering Sciences, Vol. 25, No. 1, (2025), 112-129                                  

Nomenclatures 
Name Description 

BF Backward feed  
CSP Concentrated solar power 
DNI Direct normal irradiance 
ED Electrodialysis 
FF Forward feed  
GT Gas turbine 
GOR Gain output ratio 
HAP Heat absorption pump 
LCOE Levelized cost of electricity 
LCOW Levelized cost of water 
LF Linear Fresnel solar field 
LTD Low temperature distillation 
MED Multi-effect distillation 
MD Membrane distillation 
MENA Middle East and North Africa 
MSF Multi-stage flash distillation 
MVC Mechanical vapor compression 
ORC Organic Rankine cycle 
PCM Phase change material 
PCF Parallel cross Feed 
PD Parabolic dish 
PF Parallel cross feed 
PTC Parabolic Trough Collector 
RC Rankine Cycle 
RO Reverse osmosis 
SAM Systems Advisor Model 
ST Solar Tower 
STP Solar Tower Power 
SWCC Seawater cooling circuit 
SWRO Seawater reverse osmosis 
TEG Thermoelectric generator 
TVC Thermal vapor compression 

 
References 
[1] M. A. Abdelkareem, M. E. Assad, E. T. Sayed, B. Soudan, 

"Recent progress in the use of renewable energy sources to power 
water desalination plants", Desalination, vol. 435, pp. 97-113, 
2018. https://doi.org/10.1016/j.desal.2017.11.018 

[2] Food and Agriculture Organization of the United Nations, The 
FAOSTAT database, population: annual time series, Food and 
Agriculture Organization of the United Nations, Rome, 2019.  
https://www.fao.org/faostat/en/ 

[3] J. Schewe, J. Heinke, D. Gerten, I. Haddeland, N. W. Arnell, D. 
B. Clark, R. Dankers, S. Eisner, B. M. Fekete, F. J. Colon-
Gonzalez, "Multi model assessment of water scarcity under 
climate change", Proceedings of the National Academy of 
Sciences of the United States of America, vol. 111, Issue 9, pp. 
3245-3250. https://doi.org/10.1073/pnas.1222460110 

[4] World Water Assessment Programme (Nations Unies), The 
United Nations World Water Development Report, United 
Nations Educational, Scientific and Cultural Organization, New 
York, United States, 2018. 
www.unwater.org/publications/world-water-development-report-2018/ 

[5] International Desalination Association (IDA), Desalination by the 
Numbers, 2015.  
http://idadesal.org/desalination 101/desalination-by thenumbers/ 

 

[6] IDA, GWI, IDA Desalination Yearbook 2017–2018; Media 
Analytics Ltd.: Oxford, UK, 2017. 

[7] D. Zarzo, D. Prats, “Desalination and energy consumption. What 
can we expect in the near future?”, Desalination, vol. 427, pp1-9, 
2018. https://doi.org/10.1016/j.desal.2017.10.046 

[8] E. Jones, M. Qadir, M. T. H. V. Vliet, V. Smakhtin, S. Kang, “The 
state of desalination and brine production: A global outlook”, 
Science of the Total Environment, Vol. 657, pp. 1343-1356, 
2019. https://doi.org/10.1016/j.scitotenv.2018.12.076 

[9] R. R. Z. Tarpani, S. Miralles-Cuevas, A. Gallego-Schmid, A. 
Cabrera-Reina, L. Cornejo-Ponce, "Environmental assessment of 
sustainable energy options for multi-effect distillation of brackish 
water in isolated communities", Journal of Cleaner Production, 
vol. 213, pp. 1371-1379, 2019. 
https://doi.org/10.1016/j.jclepro.2018.12.261 

[10] J. H. Reif, W. Alhalabi, "Solar-thermal powered desalination: Its 
significant challenges and potential", Renewable and Sustainable 
Energy Reviews, vol. 48, pp. 152-165, 2015. 
https://doi.org/10.1016/j.rser.2015.03.065 

[11] A. Al-Karaghouli, L. L. Kazmerski, "Energy consumption and 
water production cost of conventional and renewable-energy-
powered desalination processes", Renewable and Sustainable 
Energy Reviews, vol. 24, pp. 343-356, 2013.  
https://doi.org/10.1016/j.rser.2012.12.064 

[12] M. C. Garg, “Chapter 4 - Renewable Energy-Powered 
Membrane Technology: Cost Analysis and Energy 
Consumption”, Current Trends and Future Developments on 
(Bio-) Membranes, pp. 85-110, 2019. 
https://doi.org/10.1016/B978-0-12-813545-7.00004-0 

[13] L. Garcia-Rodriguez, "Renewable energy applications in 
desalination: state of the art", Solar Energy, vol. 75, pp. 381-393, 
2003. https://doi.org/10.1016/j.solener.2003.08.005 

[14] S. A. Kalogirou, "Seawater desalination using renewable energy 
sources", Progress in Energy and Combustion Science, vol. 31, 
pp. 242-281, 2005. https://doi.org/10.1016/j.pecs.2005.03.001 

[15] A. Pugsley, J. D. Zacharopoulos, M. Smyth Mondol, "Global 
applicability of solar desalination", Renewable Energy, vol. 88, 
pp. 200-219, 2016. https://doi.org/10.1016/j.renene.2015.11.017 

[16] H. Zhang, J. Baeyens, J. Degrève and G. Cacères, 
"Concentrated solar power plants: "Review and design 
methodology", Renewable and sustainable energy reviews, vol. 
22, pp. 466-481, 2013. 
https://doi.org/10.1016/j.rser.2013.01.032 

[17] M. Saghafifar and M. Gadalla, "Thermo-economic optimization 
of hybrid solar Maisotsenko bottoming cycles using heliostat 
field collector: Comparative analysis", Applied Energy, vol. 190, 
pp. 686-702, 2017. 
https://doi.org/10.1016/j.apenergy.2016.12.165 

[18] K. Rashid, S. M. Safdarnejad, K. M. Powell, "Dynamic 
simulation, control, and performance evaluation of a synergistic 
solar and natural gas hybrid power plant", Energy Conversion and 
Management, vol. 179, pp. 270-285, 2019.  
https://doi.org/10.1016/j.enconman.2018.10.054 

[19] V. G. Gude, N. Nirmalakhandan, S. Deng, "Renewable and 
sustainable approaches for desalination", Renewable and 
Sustainable Energy Reviews, vol. 14, pp. 2641-2654, 2010. 
https://doi.org/10.1016/j.rser.2010.06.008 

[20] M. Shatat, M. Worall, S. Riffat, "Opportunities for solar water 
desalination worldwide: review" Sustainable Cities Societies, vol. 
9, pp. 67-80, 2013. https://doi.org/10.1016/j.scs.2013.03.004 

[21] S. Ihm, O. Y. Al-Najdi, O. A. Hamed, G. Jun, H. Chung, 
"Energy cost comparison between MSF, MED and SWRO: Case 
studies for dual purpose plants", Desalination, vol. 397, pp. 116-
125, 2016. https://doi.org/10.1016/j.desal.2016.06.029 

[22] H. Sharon, K. S. Reddy, "A review of solar energy driven 
desalination technologies", Renewable and Sustainable Energy 
Reviews, vol. 41, pp. 1080-1118, 2015.  
https://doi.org/10.1016/j.rser.2014.09.002 

 

https://doi.org/10.1016/j.desal.2017.11.018
https://www.fao.org/faostat/en/
https://doi.org/10.1073/pnas.1222460110.
http://www.unwater.org/publications/world-water-development-report-2018/
http://idadesal.org/desalination%20101/desalination-by%20thenumbers/
https://doi.org/10.1016/j.desal.2017.10.046
https://doi.org/10.1016/j.scitotenv.2018.12.076
https://doi.org/10.1016/j.jclepro.2018.12.261
https://doi.org/10.1016/j.rser.2015.03.065
https://doi.org/10.1016/j.rser.2012.12.064
https://doi.org/10.1016/B978-0-12-813545-7.00004-0
https://doi.org/10.1016/j.solener.2003.08.005
https://doi.org/10.1016/j.pecs.2005.03.001
https://doi.org/10.1016/j.renene.2015.11.017
https://doi.org/10.1016/j.rser.2013.01.032
https://doi.org/10.1016/j.apenergy.2016.12.165
https://doi.org/10.1016/j.enconman.2018.10.054
https://doi.org/10.1016/j.rser.2010.06.008
https://doi.org/10.1016/j.scs.2013.03.004
https://doi.org/10.1016/j.desal.2016.06.029
https://doi.org/10.1016/j.rser.2014.09.002


128               A. I. Hadi, S. H. Hammadi / Basrah Journal for Engineering Sciences, Vol. 25, No. 1, (2025), 112-129                                  

[23] Y. Ghalavand, M. S. Hatamipour, A. Rahimi, "A review on 
energy consumption of desalination processes", Desalination and 
Water Treatment, vol. 54, pp. 1526-1541, 2015. 
https://doi.org/10.1080/19443994.2014.89287 

[24] V. Belessiotis, S. Kalogirou, E. Delyannis, Thermal Solar 
Desalination, Methods and Systems, Elsevier, 2016. ISBN: 978-
0-12-809656-7, https://doi.org/10.1016/C2015-0-05735-5 

[25] E. Jones, M. Qadir, M. T. H. Van Vliet, V. Smakhtin, S. Kang, 
"The state of desalination and brine production: A global 
outlook", Science of the Total Environment, vol. 657, pp. 1343-
1356, 2019. https://doi.org/10.1016/j.scitotenv.2018.12.076 

[26] Y. Tian and C. Zhao, "A review of solar collectors and thermal 
energy storage in solar thermal applications", Applied energy, 
vol. 104, pp. 538-553, 2013. 
https://doi.org/10.1016/j.apenergy.2012.11.051 

[27] S. Kalogirou, "Solar thermal collectors and applications", 
Progress in energy and combustion science, vol. 30, no. 3, pp. 
231-295, 2004. https://doi.org/10.1016/j.pecs.2004.02.001 

[28] M. Thirugnanasambandam, S. Iniyan and R. Goic, "A review of 
solar thermal technologies", Renewable and sustainable energy 
reviews, vol. 14, no. 1, pp. 312-322, 2010. 
https://doi.org/10.1016/j.rser.2009.07.014 

[29] Á. Fernández, J. Gomez-Vidal, E. Oró, A. Kruizenga, A. Solé 
and L. Cabeza, "Mainstreaming commercial CSP systems: A 
technology review", Renewable Energy, vol. 140, pp. 152-176, 
2019. https://doi.org/10.1016/j.renene.2019.03.049 

[30] M. Islam, N. Huda, A. Abdullah and R. Saidur, "A 
comprehensive review of state-I-art concentrating solar power 
(CSP) technologies: Current status and research trends", 
Renewable and Sustainable Energy Reviews, vol. 91, pp. 987-
1018, 2018. https://doi.org/10.1016/j.rser.2018.04.097 

[31] H. Müller-Steinhagen and F. Trieb, "Concentrating solar power: 
A review of the technology", Quarterly of the Royal Academy of 
Engineering Ingenia, vol. 18, pp. 43-50, 2004. 
http://large.stanford.edu/courses/2014/ph240/galvan-lopez1/docs/ingenia18.pdf  

[32] D. Téllez, H. Lom, P. Chargoy, L. Rosas, M. Mendoza, M. 
Coatl, N. Macías and R. Reyes, "Evaluation of technologies for a 
desalination operation and disposal in the Tularosa Basin, New 
Mexico", Desalination, vol. 249, no. 3, pp. 983-990, 2009. 
https://doi.org/10.1016/j.desal.2009.06.057 

[33] M. Sharaf, A. Nafey and L. García-Rodríguez, "Thermo-
economic analysis of solar thermal power cycles assisted MED-
VC (multi effect distillation-vapor compression) desalination 
processes", Energy, vol. 36, no. 5, pp. 2753-2764, 2011. 
https://doi.org/10.1016/j.energy.2011.02.015 

[34] O. Hamed, H. Kosaka, K. Bamardouf, K. Al-Shail and A. Al-
Ghamdi, "Concentrating solar power for seawater thermal 
desalination", Desalination, vol. 396, pp. 70-78, 2016. 
https://doi.org/10.1016/j.desal.2016.06.008 

[35] K. Alikulov, T. Xuan, O. Higashi, N. Nakagoshi and Z. 
Aminov, "Analysis of environmental effect of hybrid solar-
assisted desalination cycle in Sirdarya Thermal Power Plant, 
Uzbekistan", Applied Thermal Engineering, vol. 111, pp. 894- 
902, 2017. 
https://doi.org/10.1016/j.applthermaleng.2016.09.029 

[36] S. A. El-Agouz, Y. A. F. El-Samadony, A. E. Kabeel, 
"Performance evaluation of a continuous flow inclined solar still 
desalination system", Energy Conversion and Management, vol. 
101, pp. 606-615, 2015.  
https://doi.org/10.1016/j.enconman.2015.05.069 

[37] V. G. Gude, N. Nirmalakhandan, S. Deng, A. Maganti, "Low 
temperature desalination using solar collectors augmented by 
thermal energy storage", Applied Energy, vol. 91, Issue 1, pp. 
466-474, 2012. https://doi.org/10.1016/j.apenergy.2011.10.018 

[38] E. Saettone, "Desalination using a parabolic-trough 
concentrator", Applied Solar Energy, vol. 48, pp. 254-259, 2012. 
https://doi.org/10.3103/S0003701X12040081 

 
 
 

[39] M. Stuber, C. Sullivan, S. Kirk, J. Farrand, P. Schillaci, B. 
Fojtasek and A. Mandell, "Pilot demonstration of concentrated 
solar-powered desalination of subsurface agricultural drainage 
water and other brackish groundwater sources", Desalination, vol. 
355, pp. 186-196, 2015. 
https://doi.org/10.1016/j.desal.2014.10.037 

[40] L. Yuan, Q. Zhu, T. Zhang, R. Duan, H. Zhu, "Performance 
evaluation of a co-production system of solar thermal power 
generation and seawater desalination", Renewable Energy, vol. 
169, pp. 1121-1133, 2021. 
https://doi.org/10.1016/j.renene.2021.01.096 

[41] L. Cioccolanti and M. Renzi, "Coupling a small-scale 
concentrated solar power plant with a single effect thermal 
desalination system: Analysis of the performance", Applied 
Thermal Engineering, vol. 143, pp. 1046-1056, 2018. 
https://doi.org/10.1016/j.applthermaleng.2018.08.033 

[42] J. Blanco, D. Alarcón, E. Zarza, S. Malato and J. León, 
"Advanced solar desalination: A feasible technology to the 
editerranean area", Proceedings of the 4th ISES Europe Solar 
Congress, Bologne, Italy, 2002. 

[43] I. H. Alhajri, B. M. Goortani, “Concentrated solar thermal 
cogeneration for zero liquid discharge seawater desalination in 
the Middle East: case study on Kuwait”, Desalination and Water 
Treatment, vol. 226, pp. 1-8, 2021. 
https://doi.org/10.5004/dwt.2021.27288 

[44] M. Alsehli, M. Alzahrani, J-K Choi, "A novel design for solar 
integrated multi-effect distillation driven by sensible heat and 
alternate storage tanks", Desalination, vol. 468, 2019. 
https://doi.org/10.1016/j.desal.2019.07.001 

[45] P. Palenzuela, G. Zaragoza and D. Alarcón-Padilla, 
"Characterisation of the coupling of multi-effect distillation 
plants to concentrating solar power plants", Energy, vol. 82, pp. 
986-995, 2015. https://doi.org/10.1016/j.energy.2015.01.109 

[46] C. Frantz, B. Seifert, "Thermal Analysis of a Multi Effect 
Distillation Plant Powered by a Solar Tower Plant", Energy 
Procedia, vol. 69, pp. 1928-1937, 2015. 
https://doi.org/10.1016/j.egypro.2015.03.190 

[47] M. Laissaoui, A. Touil, D. Nehari, “Thermodynamic Analysis 
of the Combined CSP and Desalination in Algeria”, Energy 
Procedia, vol. 139, pp. 79-85, 2017. 
https://doi.org/10.1016/j.egypro.2017.11.176 

[48] M. Demir and I. Dincer, "Development of an integrated hybrid 
solar thermal power system with thermoelectric generator for 
desalination and power production", Desalination, vol. 404, pp. 
59-71, 2017. https://doi.org/10.1016/j.desal.2016.10.016 

[49] P. Palenzuela, G. Zaragoza, D. C. Alarcón-Padilla, E. Guillén, 
M. Ibarra, J. Blanco, "Assessment of different configurations for 
combined parabolic-trough (PT) solar power and desalination 
plants in arid regions", Energy, vol. 36, Issue 8, pp. 4950-4958, 
2011. https://doi.org/10.1016/j.energy.2011.05.039 

[50] S. Casimiro, J. Cardoso, D. Alarcón-Padilla, C. Turchi, C. 
Ioakimidis and J. Mendes, "Modeling multi effect distillation 
powered by CSP in TRNSYS", Energy Procedia, vol. 49, pp. 
2241-2250, 2014. 
https://doi.org/10.1016/j.egypro.2014.03.237 

[51] P. Sharan, T. Neises, J. D. McTigue, C. Turchi, "Cogeneration 
using multi-effect distillation and a solar-powered supercritical 
carbon dioxide Brayton cycle", Desalination, vol. 459, pp. 20-33, 
2019. https://doi.org/10.1016/j.desal.2019.02.007 

[52] S. Casimiro, J. Cardoso, C. Ioakimidis, J. F. Mendes, C. Mineo, 
A. Cipollina, "MED Parallel System Powered by Concentrating 
Solar Power (CSP). Model and Case Study: Trapani, Sicily", 
Desalination and Water Treatment, vol. 55, Issue 12, pp. 3253-
3266, 2015. https://doi.org/10.1080/19443994.2014.940222 

[53] B. Ortega-Delgado, P. Palenzuela and D. Alarcón-Padilla, 
"Parametric study of a multi-effect distillation plant with thermal 
vapor compression for its integration into a Rankine cycle power 
block, " Desalination, vol. 394, pp. 18-29, 2016. 
https://doi.org/10.1016/j.desal.2016.04.020 

https://doi.org/10.1080/19443994.2014.89287
https://doi.org/10.1016/C2015-0-05735-5
https://doi.org/10.1016/j.scitotenv.2018.12.076
https://doi.org/10.1016/j.apenergy.2012.11.051
https://doi.org/10.1016/j.pecs.2004.02.001
https://doi.org/10.1016/j.rser.2009.07.014
https://doi.org/10.1016/j.renene.2019.03.049
https://doi.org/10.1016/j.rser.2018.04.097
http://large.stanford.edu/courses/2014/ph240/galvan-lopez1/docs/ingenia18.pdf
https://doi.org/10.1016/j.desal.2009.06.057
https://doi.org/10.1016/j.energy.2011.02.015
https://doi.org/10.1016/j.desal.2016.06.008
https://doi.org/10.1016/j.applthermaleng.2016.09.029
https://doi.org/10.1016/j.enconman.2015.05.069
https://doi.org/10.1016/j.apenergy.2011.10.018
https://doi.org/10.3103/S0003701X12040081
https://doi.org/10.1016/j.desal.2014.10.037
https://doi.org/10.1016/j.renene.2021.01.096
https://doi.org/10.1016/j.applthermaleng.2018.08.033
https://doi.org/10.5004/dwt.2021.27288
https://doi.org/10.1016/j.desal.2019.07.001
https://doi.org/10.1016/j.energy.2015.01.109
https://doi.org/10.1016/j.egypro.2015.03.190
https://doi.org/10.1016/j.egypro.2017.11.176
https://doi.org/10.1016/j.desal.2016.10.016
https://doi.org/10.1016/j.energy.2011.05.039
https://doi.org/10.1016/j.egypro.2014.03.237
https://doi.org/10.1016/j.desal.2019.02.007
https://doi.org/10.1080/19443994.2014.940222
https://doi.org/10.1016/j.desal.2016.04.020


129               A. I. Hadi, S. H. Hammadi / Basrah Journal for Engineering Sciences, Vol. 25, No. 1, (2025), 112-129                                  

[54] Z. Zhao, B. Yang, and Z. Xing, "Modeling analysis on solar 
steam generator employed in multi-effect distillation (MED) 
system", Frontiers in Energy, vol. 13, pp. 193-203, 2019. 
https://doi.org/10.1007/s11708-019-0608-0 

[55] B. Ghorbani, R. Shirmohammadi, M. Mehrpooya, 
"Development of an innovative cogeneration system for fresh 
water and power production by renewable energy using thermal 
energy storage system", Sustainable Energy Technologies and 
Assessments, vol. 37, 2020. 
https://doi.org/10.1016/j.seta.2019.100572 

[56] P. Talebbeydokhti, A. Cinocca, R. Cipollone, B. Morico, 
"Analysis and optimization of LT-MED system powered by an 
innovative CSP plant", Desalination, vol. 413, pp. 223-233, 2017. 
https://doi.org/10.1016/j.desal.2017.03.019 

[57] M. Al-Addous, M. Jaradat, M. Bdour, Z. M. Dalala and J. 
Wellmann. "Combined concentrated solar power plant with low-
temperature multi-effect distillation", Energy Exploration & 
Exploitation, vol. 38, Issue 5, pp. 1831-1853, 2020. 
https://doi.org/10.1177/0144598720913070 

[58] J. Wellmann, B. Meyer-Kahlen and T. Morosuk, 
"Exergoeconomic evaluation of a CSP plant in combination with 
a desalination unit", Renewable Energy, vol. 128, pp. 586-602, 
2018. https://doi.org/10.1016/j.renene.2017.11.070 

[59] Y. Guo, M. Bao, L. Gong, and S. Shen, "Effects of preheater 
arrangement on performance of MED desalination system", 
Desalination, vol. 496, 2020.  
https://doi.org/10.1016/j.desal.2020.114702 

[60] M. L. Elsayed, O. Mesalhy, R. H. Mohammed, and L. C. Chow, 
"Exergy and thermo-economic analysis for MED-TVC 
desalination systems", Desalination, vol. 447, pp. 29-42, 2018. 
https://doi.org/10.1016/j.desal.2018.06.008 

[61] A. Cipollina, M. Agnello, A. Piacentino, A. Tamburini, B. 
Ortega, P. Palenzuela, D. Alarcon, and G. Micale, "A dynamic 
model for MED-TVC transient operation", Desalination, vol. 
413, pp. 234-257, 2017. 
https://doi.org/10.1016/j.desal.2017.03.005 

[62] G. Caruso, A. Naviglio, "A desalination plant using solar heat 
as a heat supply, not affecting the environment with chemicals", 
Desalination, vol. 122, Issues 2-3, pp. 225-234, 1999. 
https://doi.org/10.1016/S0011-9164(99)00043-0 

[63] O. M. Abubaker, "Design and Operation of Multi Effect 
Distillation- Reverse Osmosis based Hybrid Desalination 
Proces", Ph.D. thesis, University of Bradford, 2022. 
http://hdl.handle.net/10454/19749 

[64] G. Jyoti, S. Khanam, "Simulation of heat integrated multiple 
effect evaporator system", International Journal of Thermal 
Sciences, vol. 76, pp. 110-117, 2014. 
https://doi.org/10.1016/j.ijthermalsci.2013.08.016 

[65] R. K. Kamali, A. Abbassi, S. A. S. Vanini, "A simulation model 
and parametric study of MED–TVC process", Desalination, vol. 
235, Issues 1-3, pp. 340-351, 2009. 
https://doi.org/10.1016/j.desal.2008.01.019 

[66] İ. H. Yılmaz, M. S. Söylemez, "Design and computer simulation 
on multi-effect evaporation seawater desalination system using 
hybrid renewable energy sources in Turkey", Desalination, vol. 
291, pp. 23-40, 2012. 
https://doi.org/10.1016/j.desal.2012.01.022 

[67] L. Gong, S. Zhou, X. Liu, S. Shen, "Mathematical modeling and 
performance analysis for MED/MED-TVC desalination system", 
Applied Thermal Engineering, vol. 159, 2019. 
https://doi.org/10.1016/j.applthermaleng.2019.113759 

[68] X. Wang, A. Christ, K. Regenauer-Lieb, K. Hooman, H. T. 
Chua, "Low grade heat driven multi-effect distillation 
technology", International Journal of Heat and Mass Transfer, 
vol. 54, Issues 25-26, pp. 5497-5503, 2011. 
https://doi.org/10.1016/j.ijheatmasstransfer.2011.07.041 

 
 
 

[69] I. J. Esfahani, A. Ataei, V. Shetty K., T. Oh, J. H. Park and C. 
Yoo, "Modeling and genetic algorithm-based multi-objective 
optimization of the MED-TVC desalination system", 
Desalination, vol. 292, pp. 87-104, 2012. 
https://doi.org/10.1016/j.desal.2012.02.012 

[70] N. M. Wade, "Technical and economic evaluation of distillation 
and reverse osmosis desalination processes", Desalination, vol. 
93, pp. 343-363, 1993. 
https://doi.org/10.1016/0011-9164(96)00064-1 

[71] R. K. Kamali, A. Abbassi, S. A. S. Vanini, M. S. Avval, 
"Thermodynamic design and parametric study of MED-TVC", 
Desalination, vol. 222, Issues 1-3, pp. 596-604, 2008. 
https://doi.org/10.1016/j.desal.2007.01.120 

[72] C. Temstet, J. Laborie, “Dual Purpose Desalination Plant: High 
Efficiency Multiple Effect Evaporator Operating with a Turbine 
for Power Production”, Proceedings of the IDA World 
Conference on Desalination and Water Science, Abu Dhabi, 
UAE, vol. 3, pp. 297-308, 1995. 

[73] C. Temstet, G. Canton, J. Laborie, A. Durante, "A large high-
performance MED plant in Sicily", Desalination, vol. 105, pp. 
109-114, 1996. 
 https://doi.org/10.1016/0011-9164(96)00064-1 
 
 

 

https://doi.org/10.1007/s11708-019-0608-0
https://doi.org/10.1016/j.seta.2019.100572
https://doi.org/10.1016/j.desal.2017.03.019
https://doi.org/10.1177/0144598720913070
https://doi.org/10.1016/j.renene.2017.11.070
https://doi.org/10.1016/j.desal.2020.114702
https://doi.org/10.1016/j.desal.2018.06.008
https://doi.org/10.1016/j.desal.2017.03.005
https://doi.org/10.1016/S0011-9164(99)00043-0
http://hdl.handle.net/10454/19749
https://doi.org/10.1016/j.ijthermalsci.2013.08.016
https://doi.org/10.1016/j.desal.2008.01.019
https://doi.org/10.1016/j.desal.2012.01.022
https://doi.org/10.1016/j.applthermaleng.2019.113759
https://doi.org/10.1016/j.ijheatmasstransfer.2011.07.041
https://doi.org/10.1016/j.desal.2012.02.012
https://doi.org/10.1016/0011-9164(96)00064-1
https://doi.org/10.1016/j.desal.2007.01.120
https://doi.org/10.1016/0011-9164(96)00064-1

