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Chapter

Performance Investigation of the

Solar Membrane Distillation
Process Using TRNSYS Software

Abdelfatah Marni Sandid, Taieb Nehari, Driss Nehari
and Yasser Elhenawy

Abstract

Membrane distillation (MD) is a separation process used for water desalination,
which operates at low pressures and feeds temperatures. Air gap membrane distil-
lation (AGMD) is the new MD configuration for desalination where both the hot
feed side and the cold permeate side are in indirect contact with the two membrane
surfaces. The chapter presents a new approach for the numerical study to investi-
gate various solar thermal systems of the MD process. The various MD solar systems
are studied numerically using and including both flat plate collectors (the useful
thermal energy reaches 3750 kJ/hr with a total area of 4 m?) and photovoltaic
panels, each one has an area of 1.6 m? by using an energy storage battery (12 V, 200
Ah). Therefore, the power load of solar AGMD systems is calculated and compared
for the production of 100 L/day of distillate water. It was found that the developed
system consumes less energy (1.2 kW) than other systems by percentage reaches
52.64% and with an average distillate water flow reaches 10 kg/h at the feed inlet
temperature of AGMD module 52°C. Then, the developed system has been studied
using TRNSYS and PVGIS programs on different days during the year in Ain
Temouchent weather, Algeria.

Keywords: solar desalination, membrane distillation, photovoltaic system,
solar-thermal system, cooling system

1. Introduction

Nowadays, on the world level, the demand for drinking water is in strong
growth. In fact, to face the rapid increase in water demand in the irrigation and
industrial sectors, as well as in the incompressible needs of the population in the
large agglomerations of the various countries, highlights the research in the desali-
nation of water as a capital due to the fact that the water scarcity increases in
countries where water resources are too low in relation to population and
agriculture [1].

Solar membrane distillation (SMD) was considered an appropriate water provi-
sion option in decentralized regions. For rural arid populations with less robust
infrastructure availability, it is not cost effective to scale down conventional desali-
nation technologies, such as reverse osmosis (RO) or multistage flash distillation
(MSF) [2]. Moreover, MD requires less vapor space and building material quality
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compared to conventional thermal distillation processes leading to potentially lower
construction costs [3]. As mentioned earlier, another reason for coupling membrane
distillation technology with solar energy sources is due to its high tolerance to
fluctuations in operating conditions and operation with low-grade thermal energy.
Since MD is operated at a similar range of temperatures obtained from low-
temperature solar heaters, integration is straightforward [4]. The selection of solar
collectors depends upon the location, and low-grade thermal energy-absorbing
collectors like flat plate (FPC) and evacuated tubular (ETC) collectors have been
considered as thermal sources for MD by many researchers. Apart from these,
compound parabolic collectors (CPC), solar stills, and solar gradient ponds were
also considered as thermal sources for various MD systems [5-7].

Recently, various MD processing technics have appeared as solutions that have a
free energy source and diversity of membrane distillation technologies such as
direct contact membrane distillation (DCMD), vacuum membrane distillation
(DMV), air gap membrane distillation (AGMD), and sweeping gas membrane
distillation (SGMD) [8]. According to the high-energy costs associated with existing
desalination methods, there is a great demand for technologies that can use low-
temperature sources like waste heat or solar energy. DCMD is the most MD config-
uration technology studied due to the simplicity and ease of handling, where its
energy efficiency, called the membrane thermal efficiency (MTE), is commonly
related to the operating conditions [9]. In the MD process field, the DCMD process
has a lower MTE against the AGMD procedure because of conduction heat losses.
The mechanism functions of the AGMD systems are based on the stagnant air gap
interposition between the membrane and condensation area, which leads to an
inherently increase in the thermal energy efficiency of the process [10]. Conse-
quently, the first patent to discuss the principle of AGMD appeared with Hassler
[11] and Weyl [12] for the basics knowledge, in which the concept and behavior of
AGMD systems can be found in different literature studies [13-15]. Hanemaaijer
et al. [16] introduced an idea of internal heat recovery that is called memstill
membrane distillation. Sequentially, Duong et al. [17, 18] conducted a study that
allowed only AGMD to restore the latent heat without any external heat exchanger.
Minier-Matar et al. [19] found through their study that AGMD provides a higher
resistance to mass transfer and runs at low water flow.

Although recent developments in AGMD configurations, the first flat plate
AGMD system was developed by the Swedish Svenska Utvecklings AB in 2016 [20],
while such modules today have been manufactured and commercialized by Scarab
development. Each module is made up of 10 planar cassettes with an overall mem-
brane surface of 2.3 m” and a global capacity of 1 to 2 m*/day of distillate water [21].
The single stage consists of injection-molded plastic frames containing two parallel
membranes, feed and exit channels for warm water, and two condensing walls
[20, 22]. Achmad et al. [23] developed a portable hybrid solar membrane distillation
system for the production of freshwater using vacuum multi-effect MD. The total
volume distillate output during the test was approximately 70 L with an approxi-
mate conductivity of 4.7 pS/cm. The average distillate output rate was 11.53 L/hr.
with a maximum of 15.94 L/hr. at noontime, whereas the distillate flux was in the
range of 1.5 to 2.6 L/m” hr.

Dynamic simulation of the combined system using tools such as TRNSYS and
parametric analysis enables to design of a functional system and then optimizes it.
In this study by Kumar et al. [24], the application of the cogeneration system for
residential households in the UAE is considered for per capita production of 4 L/day
of pure water and 50 L/day of domestic hot water. The optimized cogeneration
system utilizes more than 80% of the available solar energy gain and operates
between 45 and 60% collector efficiencies for FPC and ETC systems, respectively.
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The cogeneration operation reduces 6-16% of thermal energy demand and also
enables 25% savings in electrical energy demand.

The configuration studied in this article for seawater desalination is AGMD. It is
a thermal membrane process, the driving force behind the transfer being a partial
pressure difference on either side of the membrane created by a temperature dif-
ference. Compared to other membrane distillation techniques, AGMD seems inter-
esting for its aspects of low membrane wetting and the fact that there is no
additional energy consumption linked to the use of an additional pump. In recent
years, AGMD has experienced more sustained development, mainly in research,
thanks to developments in membrane manufacturing techniques. Seawater desali-
nation is one of the most promising fields for the application of solar thermal energy
due to the coincidence, in many places of the world, of water scarcity, seawater
availability, and good levels of solar radiation (like Algeria). The solar membrane
distillation (SMD) is recently an under-investigation desalination process that is
suitable for developing self-sufficient, small-scale applications. The use of solar
energy considerably reduces operating costs. The main objective of this project is to
analyze and optimize renewable-driven AGMD systems.

This objective can contribute to ensure the availability of distillate water by using
the solar desalination process. In this work, a complete test rig to evaluate the perfor-
mance of the membrane distillation module driven by solar energy during the flat
plate and evacuated tube collector heating process is studied throughout Ain
Temouchent weather, Algeria. Additionally, this study contains a comparison of dif-
ferent renewable energy systems integrating an air gap membrane distillation module.

2. Materials and methods
2.1 Description of the thermal system

The studied system contains the thermal energy loop, as shown in Figure 1. The
system incorporating a flat plate collector (FPC) with an area of 4 m’ providing heat
via a freshwater heat transfer fluid to a storage tank containing 300 L with heat
exchanger internal and auxiliary heaters, a pump, and a controller in differential
temperature. Figure 2 shows the total volume of daily consumption of 100 L/day
and the volume of consumption in each hour of the day.

Solar Collector field

Solar Thermal Supply
Thermal
m Storage tank
(D Temperaturesensor [E Flowsensor =
@ Pressuresensor @ Circulation pump
© Comductivtysensor oo Bal Ve Solar Thermal Return |
Figure 1.

Diagram of a solar hot water system.
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Figure 2.
Daily seawater consumption profile (100 L/day).

2.1.1 The thermal tank storage

The thermal tank is equipped with inlet and outlet pricking and installation of
accessories, in all there are 10 prickings, the cold water inlet is at the bottom of the
tank at reference A, the exit is at the top of the tank (J), the inlet of the hot fluid
coming from the panel is connected to the point C and its exit to the B, in the case of
a recirculating installation we use the pricking D, the auxiliary resistance is
connected to the E reference, the installation of temperature probes is positioned at
references G and H, the thermometer has been connected to the position I, and the
point F is reserved for a manhole or a second auxiliary resistance; for more details
see Figure 3.

[ Thermometes
E: Electrical resistance

F: trapdioor

L)

i

Figure 3.
The thermal stovage tank using SolidWorks software.
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Figure 4.

Assembly diagram of the solar system in the TRNSYS simulation.

The thermal tank is completely covered with a layer of 100-mm-thick glass wool
insulation and a mild steel cover sheet of 7/10 mm. A thermovitrification lining
should be applied against the corrosions of the product to be heated, and a
magnesium anode is installed at the top of the tank.

2.1.2 The thermal system in the TRNSYS software

The model of the solar water heating system is developed by using transient
simulation software TRNSYS, as shown in Figure 4. The following solar system
components are used:

Reading and processing of meteorological data (TYPE109-TM2)

Single speed pump (Type 3b)

Flat plate collector (Type 1b)

Storage tank with optional internal auxiliary heaters and optional internal heat
exchangers with 1 input and 1 output (Type 60d)

Distribution Water Supply Profile (Type 14e)

Differential temperature controller (Type 2b)

Online plotters with files (Type 65c)

The parameters of the solar system components of this model appear in
Tables 1-3.



Distillation Processes - From Conventional to Reactive Distillation Modeling Simulation...

Parameters Value Unit
Tank volume 300 1
Tank height 1.42 m
Height of flow inlet 1 0.215 m
Height of flow outlet 1 1.415 m
Fluid specific heat 3.911 kJ/kg k
Maximum heating rate 0 kw
Heat exchanger inside diameter 0.02 m
Heat exchanger outside diameter 0.027 m
Heat exchanger fin diameter 0.027 m
Total surface area of heat exchanger 12 m’
Heat exchanger length 18 m
Height of heat exchanger inlet 0.805 m
Height of heat exchanger outlet 0.215 m
Table 1.

Hot water cylinder.

Parameters Value Unit

Number in series 2 —

Collector absorber area 2 m’

Intercept efficiency 0.778 kJ/kg k

inlet flow rate 20 kg/hr
Table 2.

Solar collector parameters.

Parameters Value Unit

Rated flow rate 20 kg/hr

Rated power 0.4 kW
Table 3.

Pump parameters.

2.2 The cooling system

Desalination using distillation membranes requires a very accurate study of all
aspects, and because the cooling system has a significant role in the production of
distilled water, in this research we study the numerical model of cooling the mem-
brane with the use of the heat exchanger. Therefore, the power load of the heat
exchanger is calculated, and the cooling system is studied with the help of the
TRNSYS program in Ain Temouchent weather, Algeria.

2.2.1 Description of the cooling system

In the distillation membrane cooling unit, the distilled water tank is filled with a
least half a liter and is circulated by a pump to be passed to the distillation mem-
brane. On the opposite side, water vapor produces from the hot system. Thus, when
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Cooling system for distillation membrane.

water vapor is increased, the volume of distilled water is increased. The role of the
heat exchanger is to reduce the temperature of the distilled water mixed with steam
that is 50-60°C to 20-25°C. This makes the mixture state liquid “distilled water” as
shown in Figure 5.

2.2.2 Cooling system in the TRNSYS software

A unit for cooling the distillation membrane is created at the program TRNSYS
as shown in Figure 6 with the following tools:

Reading and processing of meteorological data (TYPE109-TM2)

Single speed pump (Type 3b)

Storage tank with 1 input and 1 output (Type 60d)

The counterflow heat exchanger (Type 5b)

Online plotters with files (Type 65c)
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Figure 6.
Assembly diagram of the solar system in the TRNSYS simulation.
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Value of time to operate cooling unit for distillation membrane.

This system used to cool the distillation membrane relies on the heat exchanger
in particular because it reduces the temperature coming out of the membrane, and
thus be there more flow for distillated water and increases the production.

In order to obtain good harmonic results, we chose the time from 8 am to 6 pM to
operate the distillation membrane-cooling unit as shown in Figure 7. This the time
when human needs in it distilled water in many fields.

2.3 Photovoltaic (PV) system

Solar PV system includes different components that should be selected
according to the system type, site location, and applications. The major components
for solar PV system are solar charge controller, inverter, and battery bank.

To save costs, a photovoltaic system uses based on renewable energy (solar
energy). Therefore, the energy needed calculates for the pumps and replaces by
photovoltaic panels, each one has an area of 1.6 m” by using an energy storage battery
(12V, 200 Ah). Figure 8 presents a photovoltaic system with energy storage.

7/

'
o

'\-\_
S

-

P Iy

, ]| | J
Solar Array L v
Fadio

LS L

Figure 8.
Synoptic representation of the structure of a photovoltaic system with energy storage.



Performance Investigation of the Solar Membrane Distillation Process Using TRNSYS Software
DOI: http://dx.doi.org/10.5772/intechopen.100335

2.4 The AGMD module

AGMD is a configuration of membrane distillation (MD) in which an air layer is
interposed between a porous hydrophobic membrane and the condensation surface.
The module contains the cassette in a plate and frame configuration and the layout
of components in the bench-scale MD module. The cassette of the AGMD module
has the following specifications [24]—hydrophobic PTFE membrane with a pore
size of 0.2 pm, the thickness of 280 pm, and total membrane area of 0.2 m?.

3. Equations and methods

The most significant influential design variables on the AGMD performance are
the feed inlet temperature (Tyin), the cooling inlet temperature (Tci,), which is
condensation temperature, the feed flow rate (V¢), and feed concentration (Cs).
The selected performance indicators of the AGMD process are distillate flux (D,,)
and specific performance ratio (SPR), whereas D,, is calculated by [24]:

o= M

where My (kg) is the mass of distillate water collected within the time tand S (m?)
is the effective membrane surface area of evaporation. SPR is obtained by [20]:

My
SPR = — 2
de ( )

Q,ns (KWh) is the thermal energy supplied to the AGMD module.
The regression quadratic model with coded parameters [24] can be expressed as
follows:

Y = o + BiX1 + X + B3 X5 + PpXiXa + PiaXaXs + PsXoXs + PuXl + X3
+ f33X %
3)

Kumar et al. [24] determined the final regression equations for D,, and T’y in
terms of actual operating parameters as follows:

D, = —6.57 +0.16 x Tgin + 0.15 X Ty —5.86 x 107> x V —5.77 x 1073
X TcinTHin — 2.5 x 107" X Tgiu Vs 4 3.44 x 107* x Ty V5 + 2.48 x 1077

X le-lm
(4)
THour = 3.097 + 6.82 X 107% X Tgiy + 0.772 X Thjn +3.5x 107 x V§ +1.42 x 107
X Tcin T Hin
(5)

The basic method of measuring collector performance is to expose the operating
collector to solar radiation and measure the fluid inlet and outlet temperatures and
the fluid flow rate. The useful gain is

Q, =moCps (To — Ty) (6)
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m is the solar fluid mass flow rate (kg/hr), C,y is the specific heat capacity of solar
fluid (kJ/hr), and T and T; are the inlet and outlet temperatures of the solar fluid (K).
The efficiency of flat plate collectors is expressed as follows [5]:

T—T,n T-T,)2
q:qo_aox%_alx% (7)

With G the solar flux and T, the ambient temperature, a¢ and a; (W/m? K?) are
characteristic constants of the efficiency of the collector.
Heat exchanger counterflow effectiveness is [5]:

1—exp(— UA 1 — Comin
€ i C . < leﬂ <A Cmaxc>> (8)
1— (G ) exp (— 44 (1- &)
UA is the overall loss coefficient between the heater and its surroundings during
operation (kg/hr), C,y is the maximum capacity rate (kj/hr. K), and C,,;, is the

minimum capacity rate (kJ/hr. K).
Required heating rate including efficiency effects in the auxiliary heaters is [6]:

Qaux - Qloss + Qﬂuid (9)

With:
Qlo:s =UA (T - TEVH)) + (1 - ”htV)Qmax and Qﬂuid = l’l’i() Cpf (Tset - Tl)

Q.ux is the required heating rate including efficiency effects (kg/hr), Qg4 is the
rate of heat addition to fluid stream (kg/hr), Q,,, is the rate of thermal losses from
the heater to the environment (kg/hr), Q.. is the maximum heating rate of the
heater (kg/hr), n,,, is an efficiency of the auxiliary heater, m is the outlet fluid mass
flow rate (kg/hrl), Cyr is the fluid specific heat (kJ/hr), T; is the fluid inlet

temperature (K), (T) is the brackish water average temperature, T is the set
temperature of heater internal thermostat (K), and T, is the temperature of heater
surroundings for loss calculations (K).

The PV system is calculated the following equations [7]:

The peak power of the autonomous photovoltaic installation is

D
Fe=Pp =G F

(10)

Pc Power of the PV field, D Daily need kWh/day, F Form factor, N Number of
hours equivalent.

Gt (Z’)

N —
Grstc

(11)

Gr(2) is the solar radiation incident on the solar PV array in the current time step
kW/m?; Gr,stc is the incident radiation at standard test conditions kW/m?.

4. The solar AGMD system

The model of the solar thermal AGMD system is developed by using TRNSYS
software, which is a quasi-steady-state simulation program. TRNSYS is a transient

10
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Figure 9.

Assembly diagram of the AGMD system in the TRNSYS simulation.

systems simulation program. A TRNSYS simulation project consists in choosing a
set of mathematical models of physical components (by relying either on existing
models in the TRNSYS model libraries or by creating them) and in describing the
interactions between these models. TRNSYS contains a large number of standard
models (utilities, thermal storage, equipment, loads and structures, heat
exchangers, hydraulics, regulators, electrical/photovoltaic components, solar
collectors).

The main component of the model is the AGMD unit, which is represented by a
new equation in TRNSYS. As shown in Figure 9, additional components to the
model include TYPE109-TM2 reading and processing of meteorological data, Type
91 heat exchanger, Type 60 storage tank, Type 1 flat plate collector, Type 2 differ-
ential temperature controller, Type 3 single speed pump, Type 6 auxiliary heaters,
Type 94 photovoltaic panels, Type 47 storage battery, Type 48 inverter, Type 14
forcing functions, Type 57 unit conversion, and Type 65 online plotter. Tables 1-3
show the values of parameters that are used in the TRNSYS model.

5. Results and discussion
5.1 Weather data

This model is installed in Ain-Temouchent weather (latitude 35° 3'0”N, longi-
tude 1° 1’0"E in Algeria). Figure 10 shows changing climate conditions throughout
the year:

The weather of the state Ain-Temouchent is pleasant, warm, and moderate in
general. At an average temperature of 25.7°C, August is the hottest month of the
year. At 10.8°C on average, January is the coldest month of the year. Therefore, in
this Figure 10a, we notice a change in temperature throughout the year, which
reaches up to 40°C in the month of August, and we note that the wind is fairly
moderate and does not exceed the speed of this one 15 m/s. For the irradiation, it

11
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(a) Ambient temperature, wind speed, and (b) irradiation in the Ain-Temouchent weather.

changes during the months of the year and reaches up to 220 kWh/m?” in the month
of August and July, as shown in Figure 10b, because the temperature is high in this
period of the year.

5.2 The outlet temperatures and the useful thermal energy Qu for FPC system

The change of outlet temperatures of collectors and storage tank for the
thermal system without using an auxiliary heater is illustrated in Figure 11 on day
1st of January and August. The results show that the temperature decreases in
January that reaches between 51 and 79°C (tank storage and collectors), but it
increases in August when the temperature is high and reaches between 59 and
87°C, respectively. This change is due to the change in ambient temperature and
radiation in the daytime and their difference from month to month as shown in
Figure 10.

12
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Figure 11.
The outlet temperatures of the solar energy collector and hot water outlet tank.

Figure 12 illustrates the amount of useful thermal energy obtained from collec-
tors in different climatic conditions in January and August. We note that the
productivity of the useful thermal energy is low in January and reaches 3250 kJ/hr.
and increases in August, which reaches 3750 kJ/hr. Consequently, the changes in
temperature and climatic conditions as clarified in Figure 10 affect the useful
thermal energy in different months selected. Therefore, when the temperature
decreases, the useful thermal energy also decreases and vice versa.
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Figure 12.
The useful thermal energy Qu for FPC system.
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5.3 The outlet temperatures in the storage tank

Figure 13 shows the temperature at the outlet of the storage tank at 60°C. In the
storage tank, the initial temperature of the specified nodes into the tank’s stratifica-
tion (T1, T2, T3, T4, and T, system) coming out from the heat exchanger in the
tank has been calculated. They reach a maximum of 37°C on this first day of the cold
month of January. For this reason, the auxiliary heater should be added to reach the
temperature at 60°C when the weather temperature is low.
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Figure 13.
The outlet temperatures in the storage tank for the FPC system.

5.4 Outlet cold and hot temperatures of the cooling system

Table 4 represents the changes of outlet cold and hot temperatures coming out
of the heat exchanger (HX) at the heat transfer coefficient of the counter flow HX
using the inlet temperatures between 20 and 50°C, respectively.

U A (KJ/hr. k) “Heat Exchanger”  Outlet hot temperature (°C)  Outlet cold temperature (°C)

100 28.87 41.16
150 26.56 43.47
200 25.20 44.82
250 24.31 45.72
300 23.68 46.35
350 23.21 46.82
400 22.85 47.18
500 22.32 47.70

U A, overall heat transfer coefficient of the counterflow heat exchanger.

Table 4.
Outlet cold and hot temperatures of the heat exchanger with (U A).

14
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In order to improve the distillation membrane-cooling unit, the temperature
changes and the overall heat transfer coefficient of the counter flow heat exchanger
were calculated. We note that increasing the overall heat transfer coefficient
increases the temperature on the cold side of the heat exchanger by 20 to 47.70°C.
In addition, using the overall heat transfer coefficient (400-500 kJ/hr) is obtained
the maximum production of distilled water in the membrane distillation process.

In Figure 14, the temperature coming from the distillation membrane is the
same as the temperature entering the heat exchanger. This curve shows that the
temperature of the distillation membrane reduces from 50 to 22.32°C in the hot side
and increases from 20 to 47.7°C in the cold side. Therefore, the temperature of the
hot side from the heat exchanger is reverse on the cold side.

Temperature Cold ( "C )

8 10 2 14 L 18
TIME ( hr )

Figure 14.
Outlet cold and hot temperatures of the cooling system.

5.5 The inlet temperatures and distillate water flows of the AGMD module

Figure 15 presents the inlet temperatures and distillate water flows of the
AGMD module on the day of 1st January. The MD solar systems are studied
numerically using and including both flat plate collectors and photovoltaic panels.
Therefore, the power load of solar AGMD systems is calculated and compared for
the production of 100 L/day of distillate water. It was found that the developed
system obtains an average distillate water flow that reaches 10 kg/hr. at the feed
inlet temperature of AGMD module 52°C.

5.6 The daily power consumption and variations of energy of the PV panels

To save costs, a photovoltaic system is used based on renewable energy (solar
energy). Therefore, the energy needed calculates for the pumps and replaces by
four photovoltaic panels, each one has an area of 1.6 m” by using a TRNSYS help
program.
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Figure 15.
The inlet temperatuves and distillate water flows of the AGMD module.

Estimated electricity requirements (kWh/day): The daily power consumption
[or daily requirement in (kWh/day)] is given by the product of the nominal power
of the load (kW) and the number of hours of daily use (hr/day). The daily power
consumption is shown in Table 5.

Devices Number  Unit Frequency or Power Energy
power duration of daily use

Pump of water 1 0.1kW 10h 0.1kW 1kWh

Pump of collectors 1 0.1 kW 10h 0.1kW 1kWh

Pump of AGMD 1 0.1kw 10h 0.1kW 1kWh

Pump of cooling system 1 0.1 kW 10h 0.1kW 1Kwh

Heat exchanger of cooling system 1 0.37 kW 10 h 0.37kW 3.7 kWh

Total 0.77kW 7.7 kWh
Table 5.

The daily power consumption (water consumption profile 100 L/day).

As shown in Table 6, increasing the daily power consumption increased the
number of PV panels for AGMD process. Therefore, the various solar thermal
systems of the MD process should be investigated to find the developed system that
consumes less energy and with an average distillate water flow reaches 10 kg/hr. at
the feed inlet temperature of AGMD module 52°C.

5.7 The various solar thermal systems of the MD process

Figure 16 presents a new approach for a numerical study to investigate the various
solar thermal systems of the MD process: (1) tank storage with auxiliary heaters, (2)
tank storage with two auxiliary heaters, (3) tank storage with a heat exchanger and
without auxiliary heaters, and (4) tank storage with a heat exchanger and auxiliary
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Total energy PV panels

10.1 kWh 7 Panels

9.1 kWh 6 Panels

8.1 kWh 5 Panels

7.7 kWh 4 Panels
Table 6.

Variations of energy of the PV panels.
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Figure 16.

Power to load of the auxiliary heaters of the thermal system for AGMD.

heaters. The various MD solar systems are studied numerically using and including
both flat plate collectors and photovoltaic panels. Therefore, the power load of solar
AGMD systems is calculated and compared for the production of 100 L/day of
distillate water. It was found that the developed system in case (2) consumes less
energy (1.2 kW) than other systems by percentage reaches 52.64% and with an
average distillate water flow reaches 10 kg/hr. at the feed inlet temperature of AGMD
module 52°C. Then, the developed system has been studied using TRNSYS and PVGIS
programs on different days during the year in Ain Temouchent weather, Algeria.

6. Conclusion

A complete test rig to evaluate the performance of the membrane distillation
module is driven by solar energy during the flat plate collectors heating process is
simulated in Ain-Temouchent, Algeria.

The chapter presents a new approach for a numerical study to investigate the
various solar thermal systems of the MD process: (1) tank storage with an auxiliary
heater, (2) tank storage with two auxiliary heaters, (3) tank storage with a heat
exchanger and without auxiliary heaters, and (4) tank storage with a heat
exchanger and an auxiliary heater. The various MD solar systems are studied
numerically using and including both flat plate collectors and photovoltaic panels.
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Therefore, the power load of solar AGMD systems is calculated and compared for
the production of 100 L/day of distillate water. It was found that the developed
system in case (2) consumes less energy (1.2 kW) than other systems by percentage
reach 52.64% and with an average distillate water flow reaches 10 kg/hr. at the feed
inlet temperature of AGMD module 52°C. Then, the developed system has been
studied using TRNSYS and PVGIS programs on different days during the year in
Ain Temouchent weather, Algeria.

The simulation results show that a very simple AGMD system with a total
collectors area of 4 m” for the production of 10 L/hr. of distilled water flow
throughout the entire year. To save costs, a photovoltaic system is used depending
on renewable energy (solar energy). Therefore, the energy needed is calculated for
the pumps and is replaced by 4 photovoltaic panels, and each one has an area of
1.6 m” using an energy storage battery (12 V, 200 Ah) via TRNSYS and PVGIS to
help programs. Accordingly, the purpose of this study is the use of solar panels in
the photovoltaic system to produce the necessary electrical energy. The AGMD
system using solar energy for seawater desalination will be useful for further simu-
lations or applications of the technology. Finally, these systems of projects that
integrate renewable energy technologies with additional services are in principle
attractive in terms of the associated socioeconomic benefits.
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