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Experimental study of a novel solar multi-effect

distillation unit using alternate storage tanks

M. Alsehli, B. Saleh, A. Elfasakhany, Ayman A. Aly and M. M. Bassuoni
ABSTRACT
In recent years, the use of solar energy has been growing exponentially and applied in a wider range of

applications; one of the important applications for using solar energy is water desalination. The current

work investigates the proof of concept experimental setup for a novel solar multi-effect distillation

(MED) using alternate storage tanks. The experimental setup consists of a MED unit, two thermal

storage tanks, and a solar collector. One storage tank is used as a charging tank while the other tank is

used as a discharging tank. This unique dual-tank system stores the thermal energy to be used later in

the MED unit, which improves the control of the water mass flow rate and water temperature

throughout the MED process. The peak temperature achieved every day in the charging tank

determines the MED production capacity. This system is designed for the tanks to alternate roles every

24 hours. The testing of this design was carried out during May 2019 in Saudi Arabia. The experimental

results prove the novel concept design to work efficiently providing an average production rate of about

21 kg/day with total solar collector area of 2.7 m2 and average daily performance ratio of 2.5.
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NOMENCLATURE
ETC
 Evacuated tube collector
CA
 Collector area m2
Tsi
 Medium fluid supply temperature, �C
Tsr
 Medium fluid return temperature, �C
TBT
 Top brine temperature, �C
Tamp
 Ambient temperature, �C
PR
 Performance ratio
RR
 Recovery ratio, %
MED
 Multi-effect distillation
Md
 Total distillate flow rate generated by the MED,

kg/day
Msf
 Medium fluid mass, kg/day
Mf
 Incoming mas of seawater, kg/day
Is
 Available solar power, Wh/m2
Vw
 Wind speed, m/s
hfg
 The water latent heat of vaporization in KJ/kg
INTRODUCTION

Background

The world’s population is increasing rapidly, perhaps reach-

ing about nine billion by the year 2050 (Ghiazza et al. ).

This will increase the demand for fresh water by about twice

(Bongaarts ). Thus, the demand for seawater desalina-

tion has become compulsory, especially in the areas where

sources of fresh water are rare. Currently, the desalination

process requires an intensive usage of fossil fuel, which

emits bulky pollutants into our environment; additionally,

new desalination units are being built every day with, of
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course, increased use of fossil fuels. In the survey, approxi-

mately 19,000 desalination plants with 60 million cubic

meters of capacity every day have been installed throughout

the globe as of the year 2014 (Ghiazza et al. ). For a

desalination plant to produce 13 million cubic meters of dis-

tillate water per day, it requires about 130 million tons of

fuel per year (Eltawil et al. ; Gude ). In addition

to the pollutants of fossil fuel, it costs a great deal to produce

distillate water. In recent studies, it has been shown that to

provide about 3% annual increment in the production of

fresh water using desalination, an investment of about 500

billion dollars is needed (Shouman et al. ).

Generally, there are two techniques for water desalina-

tion processes. The first technique is phase-change, such as

in the multi-stage flash (MSF) and/or multi-effect distillation

(MED) systems, while the second technique is a single-

phase, such as in the reverse osmosis (RO) systems. In the

year 2010, for example, RO, MSF, and MED systems

counted for 94% of worldwide desalination capacity (Calle

et al. ). The MED process is commonly used in large

thermal plants due to its low specific energy consumption

and low top brine temperature (TBT), which usually

ranges from 60 �C to 90 �C (Calle et al. ). Additionally,

MED requires only half of the water pumping, compared

with MSF, and that makes the MED process the most pre-

ferred one of the phase-change water desalination

techniques (Frantz & Seifert ). The MED can be used

for large-scale plants, similar to the plant which was

installed in Jubail, Saudi Arabia in 2009, producing over

800,000 cubic meters per day (Clayton ).

MED operates by passing hot brine and steam through

several sub-units; those sub-units are called ‘effects’. Each

sub-unit or effect contains a network of heat exchanger

tubes, multiple nozzles (for spraying the brine over the heat

exchanger tubes), and finally, a base pan to collect the brine.

Literature review

Currently, the world is moving towards replacing fossil fuel

by renewable energy. However, renewable energy currently

applied in water desalination is estimated to contribute only

less than 1% of the desalination capacity worldwide (García-

Rodríguez ). With the increasing costs of fossil fuel and

its high pollutants, solar energy becomes more appropriate
s://iwaponline.com/jwrd/article-pdf/10/2/120/701510/jwrd0100120.pdf
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as a source for energy, especially new desalination units

which are installed every day. In the literature, numerous

studies have investigated the utilization of solar thermal

energy in desalination units. Calle et al. () investigated

a dynamic model for a solar-assisted MED plant. A good

agreement between simulation results and experimental

data was obtained. Sharaf et al. (a) studied two different

combined solar cycles with different configurations of MED

processes. In the first technique, solar energy was utilized to

power the MED process; in the second technique, the

exhausted energy from the organic Rankine cycle turbine

was used to power the MED process. The results showed

that the second technique was more attractive than the

first one. Joo & Kwak () carried out a performance

evaluation on a MED multi-effect distiller with 3 m3/day

capacity and shell-tube type heat exchanger. The results

showed that the performance ratio of the developed distiller

was about 2.02. Hu et al. () carried out a comprehensive

theoretical exergy analysis for the MED-reverse electrodialy-

sis heat engine. The results showed that increasing the

concentration of the initial brackish solution or the

number of effects in the MED was helpful for improving

the exergetic performance of the heat engine. Iaquaniello

et al. () developed an alternative scheme by proper inte-

gration of concentrating solar power with MED and RO

desalination processes. The results showed that the desalina-

tion using concentrating solar power system through such

hybrid integration allows for continuous operation and can

be an effective way to lower water production costs.

Andrés-Mañas et al. () evaluated experimentally and

performed a simulation analysis for a solar seawater desali-

nation system. The simulated volume of distilled water

generated annually ranged from 41.7 to 70.5 m3. Hartwig

& Sebitosi () studied the feasibility and design of a

solar-powered MED system. Furthermore, a simulation

was constructed in order to predict the fresh water output.

Sharaf et al. (b) evaluated solar power-assisted different

techniques of MED-vapor compression processes. The

results showed that reducing the value of the compression

ratio with increasing the evaporator’s numbers would

reduce the specific power consumption, solar field area,

and thermo-economic costs. Calise et al. () investigated

a solar system producing simultaneously electrical energy,

thermal energy, cooling energy, and domestic water. The
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results of the economic analysis were comparable with those

reported for similar systems.

Li et al. () reviews first solar desalination research

activities, followed by discussions of solar-assisted desalina-

tion processes and a variety of possible combinations. They

concluded that with the cost reduction of future solar sys-

tems and the development of novel solar technologies, as

well as accurate solar radiation data collection and model-

ing, solar desalination could be an effective option for

future desalination systems. Mohammadi et al. () pro-

vided an overview of the status of state-of-the-art hybrid

concentrated solar power desalination systems. The study

demonstrated that there are many potential ways to hybri-

dize concentrated solar power with desalination systems.

Alhaj et al. () carried out research and discussed the lit-

erature on a solar-powered MED, and highlighted key

research drawbacks that should be considered. The design

and simulation of a MED plant powered by a parabolic

trough collector was presented by Mabrouk et al. ().

The study concluded that the capital cost of groundwater

was reduced by utilizing an air-cooled condenser.

A technical and economic study on MED-RO plant pow-

ered by solar energy that produces desalted water and

electricity was conducted by Iaquaniello et al. (). The

produced desalted water from the hybrid plant costs less

than $1.23/m3. The performance of a linear Fresnel collec-

tor solar field integrated with a MED plant was modeled

by Askari & Ameri (). A techno-economic analysis of

the plant under different conditions was performed. Results

revealed that the minimum water cost was obtained at the

lowest solar share. An experimental study to characterize

the performance of a MED thermal vapor compressor

plant powered by a solar linear Fresnel collector was con-

ducted by Hamed et al. (). It was found that to

produce thermal energy of 13.6 MWh to the power plant,

a solar field area of 55,737 m2 was required. An optimized

MED process driven by steam, which was provided by a

linear Fresnel collector, was proposed by Alhaj et al.

(). The results showed that the equivalent mechanical

energy of the plant is 8 kWh/m3, which is 59% lower than

that of existing commercial MED facilities with thermal

vapor compression. An innovative concept of a spray evap-

oration MED system, in which a spray evaporation tank was

used to fully split brine disposal for water and salts was
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proposed by Guoa et al. (). Results indicated that a

high evaporation efficiency of 99.86% was achievable by

the modified spray evaporation tank. A novel concept of

the integration of a MED for distillate generation with super-

critical carbon dioxide Brayton cycle utilizing the waste heat

from the power cycle was investigated by Sharan et al.

(). For the different locations considered, Yanbu in

Saudi Arabia gave the cheapest cost of the distillate and elec-

tricity generation. The distillate cost for the RO system is

16% higher compared with distillate produced by integrated

MED. A low-temperature MED was proposed to improve

the dispatch ability of a 600 MW coal-fired power generating

unit by Xue et al. (). An unsteady thermal system model

was developed to study peak shaving capacities. Braun &

Kleffner () studied MED to improve water management

efficiency in several industry sectors. The study indicated

that MED is a disruptive technology with regard to various

industrial desalination challenges. Cui et al. () applied

an enumeration-based MED process synthesis framework

for optimization utilizing column pressure as an independent

decision variable. Results showed the MED can generally

save nearly 50% of energy and up to 30% of the total annual-

ized cost, compared to a conventional distillation column.

In comparison between the process of MED using fossil

fuel and solar energy, in a solar desalination unit, the steam

applied via the first effect is acquired through solar heat

energy instead of through a boiler and/or an electric heater.

The solar heat energy is transferred in the form of either ther-

mal energy, as used in thermal storage technologies, or in the

form of electrical energy, as used in photovoltaic (PV) tech-

nologies. The current work focuses on thermal solar

desalination, e.g., using thermal storage technologies. In

thermal solar desalination, there are generally two main

approaches: direct solar desalination and indirect solar desa-

lination. In direct solar desalination, solar energy is used to

heat the brine directly, while in indirect solar desalination sys-

tems, solar energy is used to heat a medium fluid that passes

through the brine within the heat exchanger. The current

work uses the indirect thermal solar desalination process.

The use of solar energy requires application of a thermal

storage system to manage daily variations in solar energy,

and, in turn, the desalination plant could operate continu-

ously throughout the day. Researchers proposed different

thermal storage systems to drive the solar desalination



123 M. Alsehli et al. | A novel solar desalination Journal of Water Reuse and Desalination | 10.2 | 2020

Downloaded from http
by alsehli_m@hotmail
on 18 June 2020
system. In our earlier study (Elfasakhany ), a nano-

composite energy storage system for increasing the perform-

ance and productivity of simple-type solar desalination was

proposed. The results showed that the productivity was

increased by about 125%. The current work investigates a

novel thermal storage system design using two solar storage

tanks with alternating roles. The first thermal tank is used as

a charging tank while the second thermal tank is used as a

discharging tank. The discharging tank is used for supplying

hot medium fluid to the MED while the charging tank is

used for holding the medium fluid that is circulated through

the solar energy collectors and the two tank switch roles

every day at sunset. This unique design aims to completely

separate the MED from the solar energy variations over

time and thus allows the MED unit to operate continuously

and in the most efficient way. This novel concept was first

numerically modeled and simulated by the authors in

Alsehli et al. (), and the current experimental work

serves as a continuation of the numerical modeling work

and investigates the experimental proof of concept for this

unique and novel design.
SYSTEM DESCRIPTIONS

The novel solar desalination system investigated in the cur-

rent work consists of three subsystems: the first subsystem

is the solar collector, the second subsystem is the thermal
Figure 1 | Schematic of the overall solar MED distillation unit.
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storage tanks, and the third subsystem is the MED unit.

Figure 1 shows a schematic of the overall solar MED distil-

lation unit. In this design, the brine is heated indirectly

through a medium fluid that is stored in the alternate ther-

mal storage tanks. In this section, the different subsystems

and their roles in the desalination process are explained.

The first subsystem is the solar collector, which consists

of an evacuated tube collector (ETC) that converts the solar

energy into thermal energy that is absorbed by the medium

fluid while circulating through the collector tubes. The circu-

lating flow rate of the medium fluid is adjusted according to

the heat that the collector can pass to the fluid to achieve the

desired peak temperature. The heat value is a function of

hourly ambient temperature, wind speed, collector area,

and solar radiation intensity.

The second subsystem is the thermal storage system,

which consists of two identical insulated tanks; each tank

has enough capacity to feed the MED unit with the required

amount of medium fluid for a full day. The first thermal tank

is used as a charging tank while the second thermal tank is

used as a discharging tank. During typical operation, the

charging tank is designed to be full of hot medium fluid at

sunset daily. This approach allows the charging tank to

gradually raise the medium fluid temperature throughout

the day, minimizing thermal losses to the environment. As

the hot medium fluid from the discharging tank passes sen-

sible heat to the MED unit, it undergoes a temperature

change. This temperature change, along with the medium
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fluid flow, depends on the type of medium fluid, the

effectiveness of the heat exchanger, the desired MED pro-

duction level, and the top brine temperature in the first

effect of the MED.

Figure 1 shows the operating principles of alternating

thermal tanks. One tank is the charging tank, which is

being filled with hot medium fluid that comes from the

solar collectors; whereas the second tank is the dischar-

ging tank which feeds the MED with the hot medium

fluid that was heated the day before (Joo & Kwak ).

Every 24 hours, the tanks alternate roles as follows: if

the two-way switch is in position ‘A’, this makes Tank 1

the discharging tank and Tank 2 is the charging tank;

and if the two-way switch is in position ‘B’, this makes

Tank 1 the charging tank and Tank 2 is the discharging

tank.

The third subsystem is the MED, as shown in Figure 2.

The heat exchanger in the first effect normally receives

steam from an external heat source, such as a boiler for a

power facility. This steam condenses within the heat exchan-

ger in the first effect to heat and evaporate the feedwater.

The steam and brine from the first effect are used to drive

the second effect. Similarly, the steam from the second

effect is used to drive the third effect, and so on, until the

last effect. In this process, the distillate is being collected

from the heat exchanger outlets via all effects in the

system, except for the first one. The steam produced by the

last effect is, consequently, passed through the condenser,
Figure 2 | A conventional MED layout.
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which produces distillate and also pre-heats the incoming

seawater for the system.

The MED in the current novel system accomplishes this

duty with sensible heat from medium fluid stored in the dis-

charging tank instead of the steam from an external heat

source. The remaining MED operation is the same as a con-

ventional MED, as explained above, e.g., vapor generated in

the first effect is utilized as a heating source for the second

effect, and vapor generated in the second effect is utilized

as a heating source for the third effect, and so on to the

last effect. The medium fluid is heated each day in the char-

ging tank, by circulating through the solar collector, raising

its temperature to a peak value that determines the MED

production for the following day. Therefore, the MED

should be able to accommodate daily changes in the

medium fluid supply temperature.
EXPERIMENTAL SETUP

A schematic diagram for the solar MED unit with the alter-

nate thermal storage tanks is shown in Figure 3, while

Figure 4 shows a photograph of the experimental setup.

The experimental setup was built and tested at Taif Univer-

sity, Taif, Saudi Arabia. As shown, the experimental setup

consists of a MED unit, two thermal storage tanks, and an

evacuated tube solar collector. The MED unit consists of

three effects; each effect has a heat exchanger, a vapor



Figure 3 | Schematic diagram of the solar MED system.

Figure 4 | A photograph of the experimental solar MED system.
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space, a brine pool, a feedwater spray, and a condenser. The

effect is a chamber made of galvanized iron and coated to

prevent corrosion and reduces any thermal losses to the

environment. The length, width, and height of each effect

are 1.2 m, 0.4 m, and 0.4 m, respectively. The heat exchan-

ger tubes across the effects are made from steel with a

diameter of 0.5 inch. The incoming feedwater is partly pre-

heated in the condenser by the vapor coming from the

third effect which is fully condensed. The condenser consists

of a chamber (1m × 0:4m × 0:4m) made of galvanized iron

sheet. The condenser tubes are designed similarly to the

heat exchanger tubes and the outer surface of the condenser

is completely insulated with proper insulating material. The

desalinated water from the second effect, the third effect,

and the condenser are collected by means of a flexible

pipe into a measuring apparatus located next to the

condenser.

The storage tanks used are cylindrical tanks made from

sheet metal bending and soldering. The tanks are made of a

galvanized iron sheet with 0.003 m thickness. The diameter

and height of each tank are 1 m and 1.5 m, respectively, with

a total volume of 1.18 m3. To eliminate heat losses from the

tanks the walls of the tanks are insulated by dense polyethy-

lene material with a thickness of 0.015 m. The two thermal

storage tanks are integrated with an evacuated tube solar

collector with 2.7 m2 surface area for heating the feedwater

by absorbing the solar radiation. The technical specifica-

tions of the collector are given in Table 1. The solar

collector is set up at a slope angle of 45� and facing in a

south direction.
Table 1 | Technical specification of the evacuated tube collector

Part Parameter Value Unit

Outer glass tube Thickness 2 mm
Diameter 47 mm
Conductivity 0.74 W/m.k
Length 1,500 mm

Inner glass tube Thickness 2 mm
Diameter 37 mm
Conductivity 0.74 W/m.k

Copper tube Thickness 0.7 mm
Diameter 8 mm
Conductivity 398 W/m.k

Absorbing coating Absorptivity 0.92 –

Emissivity 0.08 –
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A vacuum pump is connected to the three effects and

the condenser to create a vacuum pressure and remove

any non-condensable gases at each effect and at the conden-

ser. All the main components of the system are connected by

1-inch diameter PVC tubes while the distillate tank and the

tank supplying the system with seawater are connected with

a flexible pipe.

The experiment was carried out during the month of

May in 2019 in Saudi Arabia. The testing was conducted

over the course of the day starting around sunset at 7 p.m.

when the thermal tanks switch roles. The tanks are designed

to alternate roles at 7 p.m. so that the charging tank

temperature gradually heats up to the peak temperature

throughout the day.

The experiment was conducted with constant feedwater

flow and constant medium fluid flow. Water flow meters

were used to measure the flow rate of the medium fluid

water, the feedwater, and the rejected brine while the distil-

late production was measured by the measuring apparatus.

Temperature measurements throughout the system were

taken using thermocouples, while the ambient temperature

was measured by a laboratory mercury thermometer. The

solar intensity was measured by a solar radiation solar

meter and the wind speed was measured by a digital anem-

ometer. The measuring instruments’ characteristics are

shown in Table 2. The distillate water, solar radiation,

wind speed, temperature values, feedwater flow rate,

medium fluid flow rate, and manometer measurements

were all observed and recorded every hour.
RESULTS AND DISCUSSION

The experiment was conducted between May 23rd and May

31st in 2019, at Taif University, Taif, Saudi Arabia. Figure 5

shows the average daily variations of wind air speed over the

duration of the experiment; as shown, the wind air speed

tends to be more uniform over the course of the week and

has an average value around 3.5 m/sec. Figure 6 shows the

hourly variations of solar intensity measured between May

23rd and May 30th. As expected, the solar intensity starts

increasing with the sun rise around 5 a.m. to 6 a.m. and

reaches a peak value of 1,000 w/m2 around 12 p.m., then

decreases in the afternoon until all the solar intensity



Table 2 | Specification of the measuring instruments used in the experiments

Instrument Type Range Measurement accuracy Manufacturer

Water flow meter 12E 10–100 L/min ±1% WAYSEAR

Solar power meter TM� 207 2,000 W/m2 ±10 W/m2 Tenmars

Air speed meter GM8901 0–45 m/s ±3.0% Benetech

Thermocouple OM-EL �200 to 390 �C ±1.0 �C Omega

Figure 5 | Measured wind speed between 23rd and 30th May, 2019.

Figure 6 | Measured solar radiation between 23rd and 30th May, 2019.

Table 3 | Data measured on May 26th

Is (kW:h=m2) 8.23

Tamp (
�C) 33

Vw (w=s) 5.3

Tsp (�C) 71

Mf (kg=day) 50

Ac (m
2) 2.7

Md (kg=day) 21

Figure 7 | Cumulative distillate production rate on May 26th 2019.
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fades away at sunset around 7 p.m. Between 8 a.m. and

5 p.m. every day, the solar intensity is in the range of

400–1,000 w/m2.

A sample of the data collected and measured on May

26th is shown in Table 3. The average total solar irradiance

obtained on the collector surface is about 8.23 kW.h/m2 and

the system produced a total of 21 kg/day of distillate water

with the collector area of 2.7 m2.
s://iwaponline.com/jwrd/article-pdf/10/2/120/701510/jwrd0100120.pdf
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Figure 7 shows the hourly cumulative production rate

over the day of May 26th which adds up to about 19.5 kg

with an average hourly production rate of about 0.8 kg/hr.

As shown in the figure, the production rate rises linearly

with time with a constant slope. This shows the continu-

ous operation of the MED unit and the uniform

production of distillate water independent from the vari-

ation in the solar energy throughout the day. This is

only possible through the novel dual thermal tank alter-

nating role design which completely separates the MED

from the solar energy variations and allows the MED to

operate continuously throughout the day providing a
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constant distillate product rate regardless of the solar

energy variation.

To better correlate the variations in the distillate pro-

duction with the solar intensity and the medium fluid

supply temperature, Figure 8(a)–8(c), respectively, illustrate

the collective bar graphs for the daily total solar intensity,

medium fluid supply temperatures, and daily distillate pro-

duction during the period of the experiment. It is seen that

the average amount of solar irradiance varies between

285 W/m2 and 325 W/m2 with most of the average values

around 305 W/m2. It is also seen that the medium fluid

supply temperature (the temperature of the discharging

tank) follows the trend of solar irradiance with a 1-day

shift, while the daily production rate follows the trend of

the supply temperature on a day-to-day basis. It can also

be seen that the highest supply temperature and hence the

highest production rate occurred on May 29th, where it cor-

responds to the highest solar irradiance which occurred the

previous day on May 28th. Similarly, it is shown that the

lowest supply temperature and hence the lowest production

rate occurred on May 24th where it corresponds to the

lowest solar irradiance which occurred the previous day

on May 23rd. This shows the medium fluid supply tempera-

ture and the daily distillate production rate are determined

by the solar irradiance on the previous day.

To quantify the operation of the MED unit, a recovery

ratio (RR) value is usually computed. The recovery ratio is

defined as the ratio of distillate production rate to the incom-

ing feedwater rate, which basically represents how efficient

the distillation unit is in converting the feedwater into distil-

late water. The higher the recovery rate value, the better the

operation effectiveness of the unit.

RR ¼ Distillate Production (kg=s)
Input Feedwater (kg=s)

× 100 (1)

Figure 9 shows the daily production rate (plotted on the

primary right vertical axis) and the daily recovery rate values

(plotted on the secondary left vertical axis) computed for the

measured data. The results show that the daily RR has an

average value of ∼42% and that the maximum RR value of

∼43% was computed on May 29th while the minimum RR

value of ∼40% was computed on May 24th. Those two

dates correspond to the maximum and minimum measured
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solar intensity dates, respectively, during the period of con-

ducting the experiment.

For further quantifying the operation of the MED unit,

the performance ratio (PR) is usually computed as well.

The PR is defined as the ratio of the power gained from

the unit (distillate flow rate × latent heat of vaporization)

with respect to the power input into the unit (El-Dessouky

& Ettouney ; Joo & Kwak ):

PR ¼ Md × hfg

Q
(2)

where Md is distillate flowrate, hfg is the latent heat of the

water evaporation, and Q (the power input) is the amount of

heat required to raise the temperature of feedwater in the

first effect. The 24-hourly average values of latent heat

were calculated using experimental data:

Q(kW) ¼ _mFS × Cp × (Ti � To) (3)

where _mFS is the mass flow rate of the medium supply fluid

and Ti and To are the inlet and outlet temperatures of the

medium fluid.

Figure 10 shows the daily values of PR for the measured

data. The daily PR has an average value of 2.5 and the maxi-

mum PR value of 2.7 was computed on May 29th while the

minimum PR value of 2.3 was computed on May 24th.

Those dates correspond to the maximum and minimum

measured solar intensity dates, respectively, during the

period of conducting the experiment.

In order to evaluate the performance of a solar inte-

grated multi-effect distillation, the specific energy

consumption should be adopted. The specific thermal

energy consumption (SEC) for the MED plant can be

expressed as:

SEC ¼ Q (kW)
Md (kg=s)

(4)

where Md is distillate flowrate hfg is the latent heat of the

water evaporation, and Q is the useful heat gain by the work-

ing fluid. The 24-hourly average values of latent heat were

calculated using experimental data. Figure 11 illustrates



Figure 8 | (a) Measured solar radiation and solar irradiance between May 23rd and May 30th, (b) medium fluid supply temperature between May 24th and May 31st, and (c) daily distillate

production between May 24th and May 31st.
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Figure 9 | Variations of total distillate production rate and recovery ratio (RR).

Figure 10 | Computed performance ratio for the solar MED system between May 24th and May 31st.
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the computed daily values of SEC for the measured data. It

is seen that the daily SEC has an average value of 831 kJ/kg

and that the maximum SEC value of 911 kJ/kg was
om https://iwaponline.com/jwrd/article-pdf/10/2/120/701510/jwrd0100120.pdf
hotmail.com
20
computed on May 24th while the minimum SEC value of

786 kJ/kg was computed on May 29th. Those dates corre-

spond to the minimum and maximum measured solar



Figure 11 | Computed SEC for the solar MED system between May 24th and May 31st.
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intensity dates, respectively, during the period of conducting

the experiment.

To compare the current solar MED performance with

other experiments (Leblanc et al. ), the published data

of a recent experiment with the same number of effects

and the same supply temperature (noting the difference in

the solar collector area and thus the production rate) was

selected for an A-to-B comparison as shown in Table 4.

The current solar MED has a better recovery rate and

lower specific thermal energy values.
CONCLUSIONS

A novel solar-powered multi-effect desalination system was

built, tested, monitored, and evaluated. The system includes

two tanks where one tank is used for solar charging while

the other tank is used for feeding the MED. The two thermal
Table 4 | Comparison of performance of two experiments

Parameter (unit)
Experiment
(Leblanc et al. 2010)

Current
experiment

Number of effects 3 3

Freshwater yield (kg/day) 1,460 21

Area of solar pond/collector (m2) 720 2.7

Supply temperature (�C) 70 71

Specific thermal energy
consumption (kJ/kg)

912 831

Recovery rate (%) 41 42

Performance ratio – 2.5

s://iwaponline.com/jwrd/article-pdf/10/2/120/701510/jwrd0100120.pdf
.com
tanks switch roles at the end of the day. The discharging

tank is designed to contain an adequate amount of the

medium fluid at a temperature suitable for running the pro-

cess for a full day. In the meantime, the charging tank

receives the medium fluid back from the first effect and

circulates it through the solar collector to increase its temp-

erature gradually. The experiment was conducted from May

23rd to May 31st in 2019 in the western region of Saudi

Arabia. The distillate water, solar radiation, wind speed,

temperature values, feedwater flow rate, medium fluid

flow rate, and manometer measurements were all observed

and recorded every hour. The recovery ratio, the perform-

ance ratio, and specific energy consumption were

computed for the system throughout the testing duration

period.

The results from the experiment show the system works

effectively with good efficiency of this parallel-arrangement

MED system. The system produces an average of 21 kg/day

of distillate with an average daily performance ratio of 2.5

and an average specific thermal energy consumption of

831 kJ/kg. The novel dual-tank alternating role design com-

pletely separates the MED from the solar energy variations

and allows the MED to operate continuously throughout

the day, providing a constant distillate product rate regard-

less of the solar energy variation. For future work, it is

recommended to look into the necessary steps to industrial-

ize this novel solar-powered multi-effect desalination system.
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