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DYNAMIC SIMULATION OF AN AIR-GAP MEMBRANE DISTILLATION (AGMD)
PROCESS USING PHOTOVOLTAIC PANELS SYSTEM AND FLAT PLATE
COLLECTORS
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ABSTRACT

In the desalination field, the membrane distillation (MD) is a new process of producing distilled water that
has been developed and tested in recent years. In this paper, the integrated single cassette air-gap membrane distillation
(AGMD) module in the solar thermal desalination system is validated and numerically simulated with the TRNSYS
program. This model is studied to be ideal for obtaining a distilled water flow rate of 5.5 kg/h at different times under
changing climatic conditions throughout the year in Ain-Temouchent weather, Algeria. The auxiliary heater is added
to ensure the thermal energy continuity in the cold climatic conditions, where the photovoltaic system is used to power
electrically the auxiliary heater. Therefore, the energy needed is calculated for the auxiliary heater and is replaced by
10 photovoltaic panels, each one has an area of 1.6 m? using seven of the energy storage batteries (12V, 200Ah) with
1.5 KW via TRNSYS and PVGIS help programs. Simulated results showed excellent compatibility with experimental
results in previous studies. Additionally, it was found that when the inlet temperature of AGMD reaches 85 °C, the
distilled water flow from the distillation membrane reaches 5.5 kg /h and that remains stable on different days
throughout the year by relying solely on solar energy.
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INTRODUCTION

Several technologies are used to produce potable water in different places of the world, and membrane
distillation (MD) is a new process of producing distilled water that had been used many years ago. MD process appears
as an attractive solution with a free energy source (solar energy) [1-2]. MD is a thermally driven separation process in
which only the vapor molecules pass through a microporous hydrophobic membrane. The driving force in the MD
process is the vapor pressure difference induced by the temperature difference across the membrane surface. This
process has various applications such as desalination, wastewater treatment and the food industry [3-4]. The advantages
of MD desalination via working on low-grade temperature sources (less than 100 °C), 100% salt rejection with low
fouling and operating pressure [5] make it more efficient methods for desalination application. Until now, the most
employed studies of MD hydrophobic micro-porous membranes commercially available have been based on
polypropylene (PP), polyethylene (PE), polytetrafluoroethylene (PTFE), or polyvinylidene fluoride (PVDF) [6].

In light of the review of work done by Verma SK et al. [7], the efficiency of the membrane decreases due to
its contamination by agglomeration of particles. Self-cleaning smart nanomaterials may be a suitable choice to solve
the problem. Therefore, photocatalytic methods of purification can be modified by adopting hybrid nanomaterials
photocatalytic, which can widen the absorption of ultraviolet-visible spectra for producing reactive oxygen radicals,
which damage the cell wall of harmful bacteria and simultaneously absorb more heat energy at the higher temperature
to raise the rate of the process.

Recently, various MD processing technics have appeared as solutions have a free energy source and diversity
of membrane distillations 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 configuration
technology studied due to the simplicity and ease of handling, where its energy efficiency, called the membrane thermal
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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 based on the stagnant air gap interposition between the membrane and condensation area, which leads
to an inherently increasing of the thermal energy efficiency of the process [10]. Consequently, the first patent to discuss
the principle of AGMD appeared with G. L. Hassler [11] and P. K. Weyl [12] for the basics knowledge, in which the
concept and behavior of AGMD systems can be found in different literature studies [13, 14, 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.

Schwantes et al. [20] gave the high thermal efficiency in AGMD; it was the first choice for experimental test
stations dealing with long-term operation and expansion problems, where these AGMD modules can be made with
cheap polymeric corrosion-resistant materials [21].

Although recent developments in AGMD configurations, the first flat plate AGMD system was developed by
the Swedish Svenska Utvecklings AB in 2016 [22], while such modules today are manufactured and commercialized
by Scarab Development. Each module is made up of 10 planar cassettes with an overall membrane surface of 2.3 m2
and a global capacity of 1-2 m3/d of distillate water [23]. The single-stage consists of injection-molded plastic frames
containing two parallel membranes, feed and exit channels for warm water and two condensing walls [22, 24]. Achmad
Chafidz et al.. [25] developed a portable hybrid solar-powered membrane distillation system for the production of
freshwater using Vacuum Multi-Effect Membrane Distillation. The total volume distillate output during the test was
approximately 70 L with an approximate conductivity of 4.7 uS/cm. The average distillate output rate was 11.53 L/h
with a maximum of 15.94 L/h at noontime, whereas the distillate flux was in the range of 1.5-2.6 L/m2 h.

Kullab et al. [26] studied the solar thermal integrated AGMD unit having non-concentrating solar thermal
collectors. The trials were conducted on this test facility with different parametric analyses (feedstock, Total Dissolved
Solid levels, temperature, and flow rates) and the data from the experiments and related studies demonstrated that the
MD unit performance remains insensitive to variations in feedstock qualities (e.g. PH, TDS levels).

On the other hand, Banat and Simandl [27] used membranes of different porosities for desalinating water by
using Air Gap Membrane Distillation (AGMD) technique. The results demonstrated that the permeate flux increased
exponentially with the increase in hot side temperature. Khan et al. [28] conducted experimental analysis from arsenic
removal using single cassette AGMD with an effective membrane area of 0.2 m2 and reported fluxes of 20 L/m?h at a
temperature difference of 50°C between hot and cold inlet temperatures. He et al. [29] applied factorial design and
RSM to analyze the relationships between operating parameters (hot and cold inlet temperatures, feed flow rate) on
performance indicators including distillate flux and gained output index of a hollow fiber AGMD module.

In Kumar’s work et al. [30], a single cassette air-gap membrane distillation (AGMD) module characterized to
identify the effect of process parameters on distillate flux and thermal efficiency. Favorable conditions to obtain a
distillate flow rate of 5—6 kg/h determined on a bench-scale experimental setup. The developed RSM regression model
tested by analysis of variance (ANOVA) and validated using experimental results of Asim et al. [31]. Parametric
optimization carried out as well to identify suitable conditions for operating MD with constant or dynamic energy
supply (e.g. solar thermal energy). Then, experiments on a solar MD system were carried out in October during which
maximum radiation would be incident on solar collectors installed in the United Arab Emirates (UAE).

In this paper, a numerical model of desalination that depends on single cassette air-gap membrane distillation
(AGMD) module integrated solar thermal system is validated with simulation results of Kumar et al. [30] which was
carried out experiments on solar MD system only in October on solar collectors installed in UAE as previously
mentioned [31]. Therefore, this model is dynamically simulated with the TRNSYS (transient system simulation)
program to be an ideal model of obtaining a distilled water flow rate of 5.5 kg/h at different times at changing climatic
conditions throughout the year in Ain-Temouchent weather. Then, the auxiliary heater adds to compensate the lost
thermal energy in cold climatic conditions, and the photovoltaic system adds the energy storage battery that the heater
needs. Thus, it saved costs by relying on solar energy only as renewable energy for this model used in desalination
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throughout the year using modern membrane distillation technology (AGMD). Therefore, this model is suitable to be
a compatible system with all intermittent weather climatic conditions in Ain-Temouchent, Algeria.

SYSTEM DESCRIPTION
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 12.75 m?, heat exchanger internal, and auxiliary heaters providing heat via
freshwater heat transfer fluid to MD hot water store containing 100L with a pump and a controller in differential
temperature as shown in Fig 1.
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Figure 1. Schematic showing an operation of solar domestic hot water (SDHW).

Photovoltaic system

The solar PV system consists of different components that must be selected according to the type of system,
the location of the site and the applications. The main components of the solar photovoltaic system are the solar charge
controller, the inverter, the group of batteries, the auxiliary power sources and the loads (devices) as shown in Fig 2.
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Figure 2. Synoptic representation of the structure of a photovoltaic system with storage
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AGMD process

AGMD is a configuration of membrane distillation (MD) in which an air layer is interposed between a porous
hydrophobic membrane and the condensation surface. In the process, volatile compounds (including water) present in
a warm feed evaporate at the liquid/vapor interface formed at the membrane surface. The vapor is transferred through
the membrane pores and the air gap then finally condenses on a cold surface inside the membrane module. The driving
force of the mass transfer in AGMD is the difference in vapor pressure on both sides of the membrane. The present
work utilizes a bench-scale AGMD unit with a single membrane cassette developed in collaboration with an industrial
research partner. Fig 3 shows the layout of components in the bench-scale MD module and shows the picture of the
module fitted with the cassette in a plate and frame configuration. Specifications of the membrane cassette are:

Material: hydrophobic PTFE membrane.

Pore size: 0.2 um; thickness: 280 pm; total membrane area: 0.2 m2.

Hot In

Distillate
| M Colel In

Figure 3. Bench-scale MD module and pictures of cassette fitted into module [30].

The most significant influential design variables on the AGMD performance are the feed inlet temperature (Tyip, ),
the cooling inlet temperature (T¢;,) which is condensation temperature, the feed flow rate (Vy) and feed concentration
(Cp). The selected performance indicators of the AGMD process are distillate flux (J;) and specific performance
ratio (SPR), whereas J; is calculated by:

Mg

Ja= 3 €Y)

Where My (kg) is the mass of distillate water collected within the time t, and S (m?) is the effective membrane
surface area of evaporation. SPR is obtained by:

SPR = o 2)
B de

Qma (KWh) is the thermal energy supplied to the AGMD module.
The regression quadratic model with coded parameters can be expressed as:

Y = Bo+ b1 Xy + B2Xy + B3X3 + B12X1X; ‘2*‘313X1X3 +
B23X2X3 + P11XT + PaaXs + PazX3 3)
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Kumar et al. [30] determined the final regression equations for J; and Ty, in terms of actual operating
parameters as follows:

Ja = —6.57 + 0.16 * Tgip + 0.15 * Ty, — 5.86 % 1073 % V; — 5.77 % 1073 * Ty Tygin —
2.5% 107 « TeinVy + 344 % 107 * Ty Vs + 2.48 x 1073 + TS, (4)

Thout = 3.097 + 6.82 1072 % Tgyy + 0.772 % Ty + 3.5 % 1073 % Vj +
1.42 % 1073 * Tein Tyin (5)

Table 1. Operational conditions of tested AGMD module.

Operational Parameter Specification
Feed flow rate, L/min 4,6 and 8
Hot water operation temperature, °C 40-80
Coldwater operation temperature, °C 10-50
Tap water conductivity, pS/cm 500-10,000

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:

Qu = mOCpf(TO - T (6)
my is the solar fluid mass flow rate (kg.hr™"), C, ¢ is the specific heat capacity of solar fluid (KJ.hr"), T, and T;

are the inlet and outlet temperature of the solar fluid (K).
Heat exchanger counter flow effectiveness is:

1-ow (-4 (1-E22)) .
1 (G exp — 24 (1 - )

UA is the overall loss coefficient between the heater and its surroundings during operation (kg.hr™!), Cpqx is
the maximum capacity rate (KJ.hr'! K, C,,;,, is the minimum capacity rate (KJ.hr'' K.
Required heating rate including efficiency effects in the auxiliary heaters is:

E =

Qaux = Qioss T Qfiuia 3

With:
Quoss = UA(T = Teny) + (1 = ey ) Qunax (8a)

And
Qfiuia = MoCpf(Tser — T) (8b)
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Qaux is the required heating rate including efficiency effects (kg.hr), Q144 is the rate of heat addition to
fluid stream (kg.hr"), Qs is the rate of thermal losses from the heater to environment (kg.hr'"), Q .« is the maximum
heating rate of the heater (kg.hr!), 0, is an efficiency of the auxiliary heater, m, is the outlet fluid mass flow rate
(kg.hr), C,f is the fluid specific heat (KJ.hr'), T; is the fluid inlet temperature (K), (T) brackish water average
temperature Tse, set temperature of heater internal thermostat (K), T,,,, is the temperature of heater surroundings for
loss calculations (K).

MD system determines the distillate production flow rate along with MD hot side outlet temperature. Other
main components of the solar thermal MD system are the solar collectors, a heat exchanger, three pumps and a
hot water storage tank. The heat exchanger transfers heat from the collectors to the MD feed water stored in a small
tank from where the feed pumps to the MD module. Cold-water pumps to MD from a cold-water storage tank having
temperatures according to the ambient conditions of the location. Table 2 shows the main specifications considered for
the components of the solar thermal MD system. Five flat plate collectors having a total area of 12.75 m? considered
for both experiments and the simulation model. A simple storage tank with fixed inlets and uniform heat losses
use for feeding water storage. The temperature differential controller uses to control the flow of heat transfer fluids
in the solar thermal system. This model studies throughout the year, especially in December when the minimum
radiation is incident on solar collectors in Ain-Temouchent.

Table 2. Main specifications for the solar thermal integrated MD system.

Component Parameter Value Unit
Flat plate collectors Collector absorber area 12.75 m?
Collector efficiency 0.781 -
Tilt angle 35 Degree
Heat exchanger Effectiveness 0.5 -
MD hot water store Volume 100 L
MD hot pump Flow rate 420 kg.hr!
Auxiliary heaters Maximum heating rate 1500 \%
Efficiency of the auxiliary heater 1 -

The use of solar energy considerably reduces the operating costs; however, its intermittent nature requires a
non-stationary optimal operation that can be achieved through advanced control strategies. In this study, the control
and model of the thermal system of the membrane make with the use of Photovoltaic panels for cost savings. Therefore,
to reduce the operating cost, the photovoltaic system uses the storage battery that replaces the power load of the
auxiliary heater, which appears in Figure 2. Then, the following output parameters, which are the outlet temperature
of solar collector and auxiliary power supplied to the storage tank. The control and model of the thermal system of the
distillation membrane also make with the use of Photovoltaic panels device for cost savings. In this study, a TRNSYS
program [32] and PVGIS software [33] are used to predict the long-term performance of the solar water heating
systems in different locations for distillation membrane, and they can simulate the system performances under different
weather, among them the operating conditions in the weather of the state Ain-Temouchent, Algeria.

The PV system is calculated based on the parameters of Table 3 using PVGIS software and the following

equations:
The peak power of the autonomous photovoltaic installation

D
Pc:va:N*F 9)

Pc Power of the PV field, D Daily need kWh/jour, F Form factor, N number of hours equivalent.
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_ Gr(t)

GT,STC

N (10)

G (t) is the solar radiation incident on the solar -PV array in the current time step kW/m?.

Grsrc is the incident radiation at standard test conditions kW/m?.

The size of the inverter from 25 to 30% must be greater than the total quantity of devices. In the case of a
device or compressor, the size of the inverter must be at least 3 times the capacity of these devices and must be added
to the capacity of the inverter to handle the surge current during startup.

The storage capacity of the battery is calculated according to the following relation [34], [35]:

D 1000 * N;

) = np * Py * B

(11)

D Daily need, N; Autonomy number of days without radiation, U, Nominal voltage of the batteries, n,,
Battery efficiency, B. = (1- online losses), P; Depth of the discharge.

Table 3. Technical characteristics of PV panels.

Component | Parameter Value | Unit
PV panel Module area 1.6 m?
Power tolerance +5 °/o
Solar Cells 36 cell
Module open-circuit voltage at reference conditions 38.9 v
Module short-circuit voltage at reference conditions 9.31 Ampere
Battery Tolerance for iterative calculations 16.7 Ah
Charging efficiency 0.8 -
Inverter High limit on the fractional state of charge (FSOC) 1 -
Regulator efficiency 0.78 -

Trnsys Model

The model of solar thermal membrane distillation system with AGMD and the photovoltaic system is
developed using TRNSYS software, which is a quasi-steady-state simulation program. TRNSYS enables system
components represented as preformats to be selected and interconnected in any desired manner to construct a system’s
model. To facilitate the selection of the system components, it is important to develop an information flow diagram.
The information flow diagram for the models is shown in Fig 2. The main component of the model is the AGMD unit,
which is represented by a new equation in TRNSYS. Additional components to the model include TYPE109-TM2
reading and processing of meteorological data, Type 91 heat exchanger, Type 39 storage tank, Type 1 flat plate
collector, Type 2 differential 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 and 2 show the values of parameters used in the TRNSY'S model.

To obtain good harmonic results, we have chosen the time from 8 am to 6 pm to operate the AGMD system.

In this time, the solar radiation required by both solar and photovoltaic panels is present in the winter season with
various changing climatic conditions in Ain-Temouchent, Algeria.
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Figure 4. Assembly diagram of the AGMD system in the TRNSYS simulation.
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Figure 5. The time value for operation of the AGMD system with ON / OFF control.

RESULTS AND DISCUSSION

Weather data
This model has been studied in Ain-Temouchent weather, fig 6 shows changing climate conditions throughout

the year. The weather in the Ain-Temouchent state is pleasant, warm and moderate in general. At an average
temperature of 25.7 degrees Celsius, August is the hottest month of the year. At 10.8°C on average, January is the
coldest month of the year. Therefore, in fig 6a, we notice a change in temperature throughout the year, which reaches
up to 40 degrees Celsius in August, and we note that the wind is moderate and does not exceed the velocity of 15 m/s.
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For the irradiation, it changes during the months of the year and reaches up to 220 KWh/m? in August and July as
shown in fig 6b, because the temperature is high in this period of the year. This study has been simulating for a full
year and the results will appear on different days (11/12, 11/03, 11/08, and 11/10).
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Figure 6. (a) Ambient temperature, wind velocity and (b) irradiation in the weather of Ain-Temouchent.

Model validation

Based on the experimental characteristics of AGMD module, the simulation results have been validated
with experimental data obtained from a pilot-scale solar thermal membrane distillation system that installed in
UAE [30]. This part aimed at checking the validity of the input data and output results to obtain correct and reliable
results in the same conditions used in the maximum radiation from October on solar collectors in UAE.
In fig 7, a single cassette air-gap membrane distillation (AGMD) module is characterized to identify the effect
of process parameters on distillate flux. Figure 7 shows a comparison between the results of this simulation and the
applied results from Kumar’s article et al. [30]. The results showed excellent compatibility between them, and this is
shown by the distillation flow rate value. Therefore, favorable conditions were determined and validated to obtain a
distillate flow rate of 4.5 kg/h.
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Fig 8 shows the comparison of the inlet hot feed side temperature of the AGMD module between the given
experiment results [30] and the simulated results obtained from the model used. It can be noticed that the inlet hot feed
side temperature of the AGMD module predicted by the present model has a good agreement with the experiment. The
outlet temperature of the thermal system of an AGMD module reaches 84 ° C in the maximum radiation from October
on solar collectors in UAE. Based on this result as shown in figure 8, the present study aims at simulating the solar-
based solar thermal membrane distillation system considered as a field trial installation in UAE.
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Figure 8. Comparison of temperature outlet of the thermal system between the simulation and the experimental data [30].

Temperatures inlet of AGMD and Distillate Flows without auxiliary heaters

The change in feed inlet temperature of AGMD module profiles without using an auxiliary heater for day 11
of December, March, August, and October is illustrated in Fig 9. The results show that the temperature decreases in
December that reach 52 °C, but it increases in August when the temperature is high and reaches 87 °C, as it reaches
72 and 81 °C respectively in March and October. This change is due to the change in ambient temperature and radiation
in the daytime and, their difference from month to month.
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Figure 9. Feed AGMD inlet temperatures without auxiliary heaters (°C).

Fig 10. illustrates the amount of distilled water obtained from AGMD in different climatic conditions
throughout the year. We note that the productivity of distilled water is decreased in December and reaches 1.6 kg/hr
and increases in August, which reaches 5.5 kg /hour, where it is 3.4 and 4.6 in March and October respectively.
Consequently, the changes in temperature and climatic conditions as clarified in Fig 6 effect the distilled water flow in
different months on the same day 11" of four months selected. The temperature is related to the flow of distilled water.
Therefore, when the temperature decreases, the flow of distilled water also decreases and vice versa.
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Figure 10. Distillate flows of AGMD module without auxiliary heaters (Kg/h).

Temperatures inlet of AGMD and Distillate Flows with auxiliary heaters

In Fig 11, there are feed inlet temperatures changes of the AGMD module in different climatic conditions by
adding an electrical heater to this used system. Therefore, we notice that inlet temperatures of AGMD reach 85-87 C°
and stay stable in each day: (11/12, 11/03, 11/08, and 11/10) and in different climatic conditions throughout the year
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in Ain-Temouchent as well. The auxiliary heater compensates for the necessary heat for the AGMD unit. Thus, this
system is appropriate to keep the temperatures stable at the same temperature 87 degrees Celsius for different seasonal
weather conditions in Ain-Temouchent.
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TIME (h)
Figure 11. Feed AGMD inlet temperatures with auxiliary heaters (°C).

Fig 12 illustrates the variations of the distilled water flow produced by the AGMD module by adding an
auxiliary heater at different climatic conditions for four months. In this case, we note that distilled water flow from the
distillation membrane reaches 5.5 kg /h and stays stable on different days throughout the year. This also explains why
the stability of heat occurs when adding an auxiliary heater to this system and this greatly helps in the flow of distilled
water that reaches the same flow 5.5 kg /hour in different climatic conditions throughout the year in the weather of

Ain-Temouchent.
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Figure 12. Distillate flows of AGMD module with auxiliary heaters (Kg/h).
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Auxiliary heating rate and power to load of the photovoltaic (PV) system

Adding an auxiliary heater consumes additional electrical energy to this system and that is due to interruptions
and climate changes in Ain-Temouchent throughout the year (as shown in Fig 13). We note on December 11, the
electricity power of the auxiliary heater reaches 1.5 kW, unlike on August 11, when the required energy reaches only
0.28 kW because the temperature in this month increases (as shown in figure 4). In addition to that, the electric power
in March and October reaches between 0.1-1.4 and 0.4-1.4 KW respectively. Thus, when the more temperature
decreases, the more electric power is required to reach the desired value. However, the auxiliary heater is useful to
producing more distilled water with a stable flow throughout the year in the weather of Ain-Temouchent, but it
consumes additional electrical energy that affects and increases the cost of this water desalination system.

- POWER- Auxiliary 11DEC
POWER- Auxiliary 11MAR|
POWER- Auxiliary 11AUG|
:+ POWER- Auailiary 110CT]|

6 8 10 12 14 16 18 20
TIME (h)

Figure 13. Power to load of the auxiliary heaters of the thermal system for AGMD.

To save costs, a photovoltaic system uses based on renewable energy (solar energy). Therefore, the energy
needed calculates for the auxiliary heater and replaces by 10 photovoltaic panels, each one has an area of 1.6 m? using
seven of the energy storage batteries (12V, 200Ah) with 1.5 kilowatts via TRNSYS and PVGIS help programs.
Accordingly, the purpose of this study is the use of solar panels in the photovoltaic system to produce the necessary
electrical energy. Therefore, we note in Fig 14 that the electric power of the auxiliary heater is the same energy that
comes out of the photovoltaic system. Consequently, the electrical energy of the auxiliary heater replaces by using the
PV system panels in various intermittent climatic conditions (11/12, 11/03, 11/08, and11/10) as shown in figure 14.

+ B~ POWER- Auxiliary 11DEC
+ -@— POWER- Auxiliary 11MAR
== —A— POWER- Auxiliary 11AUG

: |-¥— POWER- Auailiary 110CT

POWER- PV System 11DEC
POWER- PV System 11MAR
s |-»— POWER- PV System 11AUG
_: [—@— POWER- PV System 110CT

TIME (h)
Figure 14. Power to load of the photovoltaic system for the auxiliary heaters for AGMD.
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CONCLUSION

In this paper, a dynamic simulation of the membrane distillation module integrated solar thermal system has
been reported along with validation of the system model by comparing it with the experimental data obtained from a
pilot-scale setup located in UAE. The results obtained showed that the validated a TRNSYS model could be used to
predict long-term performance and to study the performances of the AGMD systems in different weather and operating
conditions for the Ain-Temouchent city, Algeria.

A TRNSYS model develops solar water heating systems with flat plate collectors with an area of 12.75 m?,
heat exchanger, storage tanks, the auxiliary heater, and 10 photovoltaic panels; each one has an area of 1.6 m?> with
seven of the energy storage batteries (12V, 200Ah). The model has been validated using the system data installed in
the UAE, where the following output parameters have been carefully considered, namely the temperature of the thermal
system outlet and the additional energy provided to the hot storage tank. Accordingly, the control system and model of
the thermal system of AGMD process designs to produce distillate water depending on the solar energy only as
permanent and renewable energy to save all costs, whereas the auxiliary heating consumed the highest value of 1.5
KW to augment the water temperature to 87 °C in the cold climatic conditions. Besides, the electric energy of the
pumps uses to perform the AGMD process is 0.6 kilowatts, which is calculated and added to the photovoltaic system
using TRNSYS and PVGIS programs.

Therefore, the thermal system temperatures reach the same value of 87 °C on different days from the year
(11/12,11/03,11/08, and 11/10). Thus, The proposed solar AGMD system has shown favorable potential application in
desalination of water can produce 5.5 kg/h of distilled water at different times and in changing climatic conditions
throughout the year in Ain-Temouchent weather, Algeria.

Thus, this is equivalent to a daily distillate production rate and can make this contemporary model for the
AGMD process usable and suitable to be a system compatible in the future with all intermittent climatic conditions
and all over the world.
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NOMENCLATURE

Gy ; Specific heat capacity of solar fluid, kJ.hr

Vs Feed flow rate, kg / hr

Ja Distillate flux, kg / hr

T Temperature, °C

M, Mass of distillate water, kg

S Effective membrane surface area of evaporation, m?

Qma Thermal energy supplied, kWh

t Time, hr

my Solar fluid mass flow rate, kg / hr

UA Overall loss coefficient between the heater and its surroundings during operation, kg / hr
C Capacity rate, kJ / hr.K

Q Heating rate of the heater, kg / hr

T Brackish water average temperature, K

Tset Set temperature of heater internal thermostat, K

Tonw Temperature of heater surroundings for loss calculations, K
P, Power of the PV field,

D Daily need, kWh / jour

F Form factor,

N Number of hour’s equivalent,

Gr(t) Solar radiation incident on the solar -PV array in the current time step, kW/m?
Grsrc Incident radiation at standard test conditions, kW/m?
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N; Autonomy number of days without radiation,

Up Nominal voltage of the batteries,

P Discharge.

Greek symbols

£ Heat exchanger counter flow effectiveness

n Efficiency

Subscripts

in Inlet

out Outlet

h Hot

c Cold

p Permeate

d Depth

hr Hour

aux Auxiliary

loss Losses

htr Heater

max Maximum

min Minimum

Abbreviations

MD Membrane Distillation

AGMD Air-Gap Membrane Distillation

DCMD Direct Contact Membrane Distillation

DMV Vacuum Membrane Distillation

SGMD Sweeping Gas Membrane Distillation

FPC Flat Plate Collector

SDHW Solar Domestic Hot Water

PV Photovoltaic

PTFE Polytetrafluoroethylene

PVDF Polyvinylidene fluoride

PE Polyethylene

PP Polypropylene
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