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Abstract - Within the last decade, there is a radical decrease of annual personal share of fresh water in Egypt. This was 
referred to the increase in population with the same fresh water sources. Future prediction indicates that by 2025, the water  
personal share will drop to 500 m3 which is half of the international normal level. Looking around for the solar energy 
potentials (2100-2400 kWh/m2) available with the large resources of salt water from Mediterranean Sea at northern and Red 
Sea to the east, water desalination was found a promising solution. However, finding the suitable location and system for 
building water desalination system needs a robust and fast economical and scientific based decision making tool. The present 
work aims to develop a simulation design tool based on integration between TRNSYS and EES programs to predict the 
performance of desalination system under annual weather conditions. This developed tool was tested on performance 

prediction of multi-effect evaporation desalination system driven by solar evacuated tube collector assuming it will be built 
in El-Arish city on the north-east of Egypt as one location that suffers from fresh water resource shortage. A maximum 
validation error was found to be 2.19%. Results indicate that 35 to 65 (m3/day) of fresh water could be produced by the 
system based on the season. 
 

Keywords - Solar Desalination, Multi Effect Evaporation MEE, Evacuated Tube Collector ETC, Fresh Water, Desalination 
System Design. 

 

I. INTRODUCTION 

 

Fresh water shortage has become a serious worldwide 

issue, especially in arid and remote regions of the 
world due to changes in weather conditions and 

population growth. Based on the population growth 

estimation, Egypt will face water crisis by 2025 with 

an absolute water resource of 500 (m3/capital/year) 

[1]. In addition to population growth, many other 

essential factors (social factors, physical variables, 

economic and political elements) affecting water 

crisis in Egypt [2, 3]. Oceans are endless water 

resources with high salinity; therefore, water crisis 

could be managed by desalinizing seawater. Even that 

water desalination represents good solution for such 
crisis; the energy used for desalination process still an 

obstacle toward problem solution. Therefore, the type 

of energy used for desalination, as an important 

parameter, requires an additional contemplation [4]. 

 

Desalination is widely embraced in Arab countries 

and Middle East. One approach to the crisis of water 

and energy supply is to utilize solar energy sources to 

produce freshwater by desalination. Desalination of 

brackish water and seawater is definitely taken into 

consideration as one of the strategic objectives of 
Egypt's future integrated water policy [5]. A. Pugsley 

et al. [6] presented a method to estimate a rank score 

(0<R<1) which evaluate the applicability of solar 

energy for desalination process. Egypt has a high 

rank score of 0.75 which means a high applicability 

of solar integrated desalination system. In spite of the 

fact that desalination systems are very essential for 

remote areas, fossil fuels price and environmental 

impact limits its usage in desalination. Moreover, 

those areas are facing a shortage of both potable 

water and reliable power sources. Thus, integration of 

desalination systems and renewable energies is more 
viable, such as solar energy which could supply a 

sustainable energy to drive the desalination systems, 

especially in countries with high solar desalination 

applicability such as the Middle East [7]. 

 

Among different desalination systems using 

evaporation-condensation processes, Multi-Effect 

Evaporation (MEE) is considered as a favorable 

technique for medium to large production capacity, 

due to its low energy consumption in comparison to 

other desalination techniques [8, 9]. Extensive work 
in evaluating the characteristics affecting the 

performance and fresh water cost of MEE seawater 

desalination system has been conducted in [10, 11, 12 

and 13]. C. Li et al. [14] confirmed, based on long-

term tests, that solar driven MEE systems are 

technically feasible and reliable for some developing 

countries. 

Literature shows extensive work in evaluating the 

characteristics affecting performance analyze of MEE 

seawater desalination system using different solar 

energy techniques. A parametric study of a MEE 
desalination system carried out by SérgioCasimiro et 

al. [15], C. Frantz and B. Seifert [16] and K.M. 

Bataineh [17] using con-centrating solar power, solar 

tower and solar steam generation plant. H.T. El-

Dessouky et al. [18] investigated the performance 

analysis of the parallel-feed MEE system with two 

different flow configurations (parallel and the 

parallel/cross). Parallel feed system gives similar 
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characteristics of parallel/cross system with simpler 

design construction, and operation. 
 

Initial and running costs are one of the main 

parameters controlling the implementation of 

desalination unit. A. A. Mabrouk et al. [19] 

performed a thermo-economic analysis of the most 

existing different desalination systems which 

revealed that MEE seawater desalination system is 

competitive to other desalination systems as well as 

low unit production cost. The MEE systems powered 

by solar energy proven to be more attractive when it 

is used for producing potable water only because of 

its high performance ratio and low solar field area 
required. Moreover, parallel feed configuration is 

dominated against the other system configurations 

[20]. I. S. Al-Mutaz, I. Wazeer [21], theoretically 

investigated a comparative evaluation of performance 

characteristics for conventional MEE desalination 

system, and the results revealed that parallel feed 

configuration has higher performance ratio and lower 

energy consumption than the other forward feed and 

backward feed arrangements. 

Many types of solar collectors are used for solar 

energy applications, however, the Evacuated Tube 
Collectors (ETC) showed better performance over flat 

plate collectors (FPC) due to high efficiency at lower 

solar incidence angles [22, 23, and 24]. Although 

ETC are more expensive, $300–$550/m2 in 

comparison to $80–$250/m2 for FPC, the required 

area and number of unit to generate certain amount of 

energy is less for the ETC less of them and less land 

area would be needed for the same level of energy 

production [25]. The performance characteristics of 

these collectors are evaluated and compared with 

available commercial brands as in [26]. 

S. Bhojwani et al. [27] performs a detailed 
technology survey and data analysis for cost 

evaluation of water desalination systems. Their 

results depending on extensive review on the capital 

and operating costs revealed that the cost per m3 of 

fresh water produced is mainly depend on capacity 

and type of desalination technology. G. Kosmadakis 

et al. [28] proposes a new correlation for the capital 

cost of MEE desalination systems, taking into 

account the main design parameters not only the plant 

capacity. Their outcomes showed a good agreement 

with the expected trend of the system cost under 
different main design parameters. Investigation of the 

effects of implementing various feed configurations 

for a MEE desalination system on the cost of fresh 

water produced and the system performance is carried 

out by [29]. 

 

Based on previously discussed research, the present 

work will focus on developing a robust simulation 

design tools based on TRNSYS 16 [30] and EES 

[31]. The proposed design tool will be used in the 

visibility study phase to predict the system 

productivity and performance ratio under different 

operating conditions including climatic weather data 

within the target project location. 
 

II. SYSTEM DESCRIPTION 

 

The MEE-PF desalination system schematic diagram 

shown in Error! Reference source not found. 
consists of pump to circulate collector working fluid 

to the solar ETC field, which is used as thermal 

power source. The heated fluid goes to the stratified 

tank at which the MEE heating steam is generated 

and passed to the first effect unit. The MEE consists 

of 16 effects unit. MEE-PF plants combined of 

horizontal tube, falling-film effects (heat exchangers) 
in a serial arrangement, to produce fresh water 

through repetitive steps of evaporation and 

condensation. In the MEE-PF configuration, the feed 

flow rate leaving the condenser is divided and 

distributed virtually equal to each effect. MEE-PF 

effects are numbered 1 to n from the left to right, as 

the direction of the product vapor, while the feed 

seawater streams in a perpendicular direction. The 

parallel flow system contains (n-1) flash boxes where 

distillate vapor condensate in each effect is collected 

and a small amount of vapor is formed. 

 

 
Figure 1:  Schematic diagram of MEE-PF solar desalination 

system. 

 

The performance of the overall system is carried out 

using system simulation based on both EES software 

and TRNSYS software. A TRNSYS project is 

typically setup by connecting components graphically 

in the Simulation Studio with the description of a 

component: inputs, outputs, parameters, etc. 

TRNSYS type-71, type-3b and type-4a are used to 

simulate solar evacuated tube collectors, circulation 

pumps and stratified thermal tank, respectively. 

While EES was integrated with the TRNSYS using 

user defined types to enable the properties of different 
fluids within the desalination system. One of the 

essential standards for understanding the performance 

of any desalination system is; the performance factor 

(PF) which is defined as the amount of energy of the 

fresh water produced specified to the total amount of 

energy given to the system was used to evaluate the 

desalination system performance. The PF is 

calculated as follows: 

𝑃𝐹 =  
( 𝐷𝑡  ∗  𝐻)

𝑄𝑆  +  𝑄𝑎𝑢𝑥

(Error!  Bookmark not defined. ) 

whereDt is the distillate product flow rate, and H is 

the latent heat during the condensation. The total 
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energy input to the system is the combination of heat 

input (steam or hot water input energy from solar 
collector (Qs)) and energy (Qaux) consumed by 

auxiliary components (pumps and heater). 

The design configurations of MEE-PF system were 

varied and tested under different seasonal operating 

conditions to dominate stable operation along the 

year. The developed simulation tool was validated 

using already published data by M.A. Sharaf et al. 

[20]. Error! Reference source not found. 
illustrates the specifications and design limits that are 

considered for MEE-PF configuration during 

validation process. 

 

Ambient temperature, C Variable 

Seawater temperature, C Variable 

Brine blow down temperature, C 40 

Top steam temperature, C 75 

Seawater Salinity, ppm 42,000 

Brine blow down Salinity, ppm 70,000 

Number of effects 16 

Steam mass flow rate, kg/s 0.076 

Productivity, m3/day Calculated 

Feed mass flow rate, kg/s Calculated 

Cooling water mass flow rate, kg/s Calculated 

Condenser area, m2 Calculated 

Total effects area, m2 Calculated 

Gain ratio Calculated 
Table.1Specifications and design limits of MEE-PF 

configuration. 

 

In order to achieve the research objective Transient 
System Program (TRNSYS 16) and Engineering 

Equation Solver (EES) program are used to simulate 

and model all the components of the proposed 

system. A link between the two programs is 

developed to exchange data, and a detailed 

performance evaluation was conducted. 

 

III. RESULT AND DISCUSSION 

 

Model verification was based on published data by 

M.A. Sharaf et al. [20] in literature for (productivity, 

both feed and cooling water flow rates, both 
condenser and total effects areas and gain ratio). 

Results of the developed model are compared with 

the published data as shown in Error! Reference 
source not found. which indicates accurate 

agreement for different parameters with acceptable 

errors for all of the compared parameters. This 

indicates the possible utilization of the developed 

simulation tool to predicted different performance 

parameters of desalination system. 

 

Parameters 
Developed 

Model 

M.A. 

Sharaf et 

al., (2011) 

Error 

(%) 

Productivity, kg/s 1.154 1.157 -0.26 

% 

Feed water mass 

flow rate, kg/s 
2.885 2.894 

-0.31 

% 

Cooling water 

mass flow rate, 
kg/s 

0.6924 0.702 
-1.37 

% 

Condenser area, 

m2 
12.57 13 

-3.31 

% 

Total effects area, 

m2 
853.3 835 

+2.15 

% 

Gain Ratio 15.18 15.2 
-0.13 

% 
Table.2 Comparison between predicted and published values. 

 
The climatic conditions of El-Arish city, which is 

located in far north-east of Egypt, are used to carry 

out simulation of the MEE-PF desalination system. 

Change in solar radiation and dry bulb temperature 

will directly affect the MEE-PF desalination system 

performance. Error! Reference source not found. 
and Error! Reference source not found. show the 

variation of both parameters with local solar time for 

El-Arish city during four seasons, respectively. It is 

clearly shown from Error! Reference source not 
found. that solar radiation increases and reaches its 

peak at about 12 PM then diminishes until sun set 

with local solar time (LST) through the day. 
Relatively high solar radiation can be obtained over 

the year as a minimum solar intensity of 140 W/m2 

through the daylight time 9AM – 5PM and goes up to 

more than 1000 W/m2 around midday in summer. 

High radiation means high input energy, which can 

be delivered to the MEE-PF desalination system. The 

maximum radiation varies between seasons from 

1038 W/m2 in summer to about 512 W/m2 in winter. 

This directly guaranties satisfactory source of energy 

for the desalination system over all year seasons. 
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Figure 2: Solar radiation hourly changes for the four seasons. 

 

Another important input parameter, which is air dry 

bulb temperature, should be considered as it affects 

the desalination system performance. Dry bulb temp 

as a function of local solar time is shown in Fig. 3. 

Clearly, dry bulb temperature increases in a gradual 

way and then decreases with local solar time (LST). 
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This behavior depends directly on solar radiation 

variation as it is the source of heat. The data indicates 
that dry bulb temperature of ambient air within El-

Arish city suit the MEE-PF desalination system with 

a minimum of 15°C in winter and maximum of 30°C 

in summer. For spring and autumn, dry bulb 

temperature reaches 21 and 28, respectively. 
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Figure 3: Hourly change of dry bulb temperature at different 

seasons. 

 

The variation of performance characteristics of the 

solar-driven MEE-PF desalination system with LST 

at different seasons were shown in Figs. 4 to 7. Fig. 4 

represents the hot water inlet to MEE-PF desalination 

system temperature variation with LST for the four 

different seasons, it is clearly that the inlet water 

temperature directly affected by solar radiation 

variation. The temperatures are increasing gradually 

until midday hour then decreases gradually at the shut 
off of operation hours. The predicted hot water intake 

temperature varies between minimum of 68°C in 

winter and maximum of 81.5°C in summer, which 

suits the operating conditions of MEE-PF 

desalination system. 

The freshwater flow rate varies with LST as a result 

of solar radiation change during the day. The 

freshwater flow rate daily variation is shown in Fig. 5 

for different sea-sons. Clearly, freshwater flow rate 

follows the change in solar radiation with Local solar 

time. The predicted freshwater flow rate varies 

between 31.3 m3/day in winter season where solar 
radiation is weak, and maximum value of 63.5 m3/day 

through summer season i.e. 21 June, where the solar 

radiation reaches its maximum value. For spring and 

autumn, freshwater flow rate 50 m3/day and 52.25 

m3/day, respectively. 
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Figure 4: Variation of hot water inlet temperature to the MEE-

PF with LST during four seasons. 
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Figure 5: Fresh water produced from MEE-PF versus LST for 

the four seasons. 

 

The system performance factor as a function of the 

LST during the four seasons is shown in Fig. 6. The 

trend of decreased PF at higher temperatures for all 

seasons is found similar, which is due to the 

combined effect of the change in both input energy 
(thermal energy from solar field increases, also 

pumping energy increase due to the additional 

cooling seawater flow rate required to remove the 

excess heat from the distillate product) and output 

energy (thermal energy of distillate product increases 

slightly due to the decrease of latent heat at higher 

temperatures) of the MEE-PF system. Fig. 6 shows 

that, the PF varies between 10.2–12.6 through the 

year with maximum value in winter season i.e. 21 

Dec., where system operating temperature is 

minimum, thus the input energy to the system is 
minimum, which leads into high PF. Contrariwise, 

the minimum PF achieved in summer season is 10.2, 

due to the high input energy to the desalination 

system. 
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Figure 6: Performance factor of MEE-PF versus LST for the 

four seasons. 

The effect of operating hours i.e. LST on solar 

fraction of the solar-driven MEE-PF desalination 

system during the day is presented in Fig. 7. The 

results showed that increasing operating hours is 
decreasing the contribution of the solar energy in the 

system, but the amount of fresh water produced will 

be increased. The lowest solar fraction of 0.43 at peak 

fresh water flow rate happens in December as it has 

the lowest solar intensity. Furthermore, the solar 

fraction at peak fresh water flow rate of 0.63 in June 

is higher than solar fraction at peak fresh water flow 

rate of 0.6 in March and September, as it has higher 

solar intensity. 
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Figure 7: Effect of working hours on the solar fraction of 

MEE-PF. 

 

CONCLUSION 

 

The possibility of using the developed simulation tool 

by TRNSYS and EES programs for the prediction of 

the performance parameter of the desalination system 

at certain location before implementation decision 

was proven in the present work. Based on the 

reported results on El-ARISH climate applications, 

the following conclusions were drawn: 
 

Performance analysis of the MEE-PF configuration 

shows that operation of system is favored at higher 

temperatures, which results in reduction in the 

specific heat transfer area, therefore, reducing the 

capital cost. However, operation at lower 

temperatures leads to high performance ratio and low 

specific cooling water flow rate, which results in 

reduction in the operating expenses. 

Accurate prediction was achieved with an average 

acceptable error of -0.26%, -0.31%, -1.37%, -3.31%, 

2.19% and -0.13% for productivity, feed water mass 
flow rate, cooling water mass flow rate, condenser 

area, total effects area and gain ratio respectively. 

Performance factor (PF) could reach around 12.6 at 

winter season in El-Arish city. 

The expected capacity of produced fresh water varies 

between different seasons as 60, 52.5, 50 and 35 

(m3/day) for July, September, March and December, 

respectively. 
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