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ABSTRACT

Climate change significantly disrupts the global water cycle, impacting rainfall and social and economic development in countries like

Morocco. This has led to the need for alternative solutions like desalinating sea and brackish water. However, the efficiency of water pre-

treatment operations depends on the characteristics of the raw water to be treated and affects the overall system’s performance in

terms of water quality and cost. The final objective of this study is to design a solar-powered brackish pre-treatment technique before desa-

lination for remote rural populations. The primary task is to select the most suitable geographical area in Morocco for sampling and analysis

of water characteristics and their compliance with drinking water standards. The results help identify the most appropriate provinces for our

case according to certain selection criteria (distance, annual solar radiation, rural population, access to drinking water) and analyse the

water’s characteristics and compliance with national or international drinking water health standards. This provides a solid foundation for

the next stages of desalination method development.
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HIGHLIGHTS

• Classify potential provinces for sampling brackish water.

• Analyse physico-chemical characteristics of water samples.

• Identify whether the mineral content of samples complies with national and international health standards regarding drinking water.

• Propose a technique for pre-treatment of brackish water before the desalination unit according to the characteristics of the water and the

reality of remote rural populations.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Licence (CC BY 4.0), which permits copying, adaptation and

redistribution, provided the original work is properly cited (http://creativecommons.org/licenses/by/4.0/).
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GRAPHICAL ABSTRACT

1. INTRODUCTION

Water is an essential element for human activities, and it is used for domestic, agricultural, and industrial purposes. The exist-
ing water on the earth is about 332.5 million cubic miles, but 96% is salty and only 2.5% is fresh (Gleick 1993). Faced with the
demographic and economic development that humanity has experienced, this resource is becoming increasingly scarce;
around 40% of the world’s population, which is predicted to increase to 60% by 2025, currently has severe water shortages

(Ibrahim et al. 2017). Thus, the endowment of water resources in the world went from 9,317 m3/capita/year in 1980 to
5,500 m3/capita/year in 2020 (Official website of the world bank).

Morocco, in particular, suffers from water stress. In fact, the endowment of water resources in Morocco has decreased

from 2,560 m3/capita/year in 1960 to 632 m3/capita/year in 2020. In addition, Morocco will have a deficit of nearly 2.3
billion m3/year by 2030 (Report by the Directorate of Financial 2020). Faced with this situation, the desalination of sea
water and brackish water is among the solutions that have gained popularity in recent decades in several countries

around the world (Jones et al. 2019). This technique remains a good alternative to conventional water supply (surface
water, groundwater).

A major issue still remains to be resolved, that of access to water for rural populations in the most remote areas. In this

sense the use of small desalination units based on renewable energy remains one of the most widespread solutions
(Chafidz et al. 2016; Yoon et al. 2022). Their development requires, in particular, work in the field to locate sampling
areas of the water to be desalinated and the analysis of these physio-chemical characteristics. This analysis constitutes an
important step in characterizing water and then subsequently developing the appropriate pre-treatment methods (Maazouzi

et al. 2013).
In this perspective, we will propose a brackish water pre-treatment method before desalination to serve the rural popu-

lations in Morocco who are suffering from lack of water. Considering the performance of this technique in terms of water

quality (Hafez et al. 2009) and the importance of taking water characteristics into account before designing and validating
the various techniques to be used, the choice of the deployment area for the desalination and analysis of water test samples
reveals a crucial importance to be able to identify the populations to target, the analyses to prepare, and consequently the

characteristics of the raw water that should be expected throughout the project (Gourai et al. 2015).
://iwa.silverchair.com/washdev/article-pdf/14/3/244/1388431/washdev0140244.pdf



Journal of Water, Sanitation and Hygiene for Development Vol 14 No 3, 246

Downloaded fr
by guest
on 23 April 202
2. MATERIALS AND METHODS

Through this study, we were able to identify potential provinces and prioritized based on predefined criteria to optimize
sampling locations and install brackish water pre-treatment units before desalination. Starting with analysing brackish
water samples, we focus on mineral content and physico-chemical characteristics, crucial for validating pre-treatment tech-

niques before desalination. This aids in proposing a pilot model for pre-treatment techniques later on.

2.1. Criteria for study area selection

The objective of this section is to determine the provinces in which samples will be taken to analyse brackish water and to be
able to subsequently adapt the water pre-treatment processes. This is done first through the identification of the selection cri-
teria by the research group: the geographical proximity to the greater Casablanca area, the accessibility of the population to

drinking water, the number of the targeted rural population, and the solar energy potential of the area.
To determine the target area, we decided to choose among the provinces of Morocco. For logistical and financial reasons, it

was also decided to eliminate provinces with a distance of more than 200 km from Casablanca (National portal 2023). The
potential provinces are then presented subsequently (Figure 1).

Before proceeding to the stage of choosing specific provinces by setting the importance of each criterion, it is wise to detail
the information on each criterion and the method of evaluation.

2.1.1. Geographical proximity of the Great Casablanca

We included this criterion because of the financial costs of travel and the costs necessary to carry out the sampling. To control
the financial aspects of the project, a maximum distance of 200 km from Casablanca was set (Table 1).

2.1.2. Number of rural population by province

The number of rural populations in the study area is an important criterion as the project targets the largest possible rural
population to ensure the impact of our solution will reach the maximum number of rural populations. Below is the

number of rural populations in the provinces concerned. The data are taken from the general census established by the
HCP (High Commission for Planning) in 2014 (HCP official website) (Table 2).

2.1.3. Population’s access rate to drinking water

This accessibility rate measures the percentage of the population connected to the national drinking water network. It is of
crucial importance since it designates a population that is open to solutions to guarantee their access to drinking water. The
data from the HCP (High Commission for Planning 2014) (HCP official website) are collected. Figure 2 shows this rate at the

provinces concerned.

2.1.4. Solar energy potential by selected zone

To have an idea of the solar energy potential of the potential provinces, we have resorted to the solar mapping of Morocco
elaborated by IRESEN (Institute of Research in Solar Energy and New Energies) (IRESEN official website). Figure 3 shows
solar irradiation throughout Morocco.

This mapping gives the global horizontal irradiation in kWh/m2/year of Morocco. We have selected the concerned pro-

vinces, and we have been able to summarize their respective irradiation in Table 3.

2.2. The launch of sample analysis tests

Before embarking on the water quality analysis of the samples which will come from the selected provinces and for reasons of
convenience, we decided to launch a test to collect and analyse some samples in the commune of Benslimane at the level of
four wells with different depths in meters (P1/200 m, P2/120 m, P2/20 m, and P3/15 m). It was also decided, for comparative
purposes, to include another source of brackish water in the Tissa area and a sample of seawater in EL Mansouria.

Twenty parameters were measured, five of which were carried out in the field after calibration and/or validation of the por-
table equipment: temperature, conductivity, pH using a multi-parameter analyser Type CONSORT – Model C535, and
turbidity using a turbidity meter Type HACH-Model 2100P. Table 4 summarizes the method used and the unit of measure-

ment for each parameter analysed.
For nitrogenous elements, water samples are fixed with concentrated sulphuric acid in a 500-mL polyethylene bottle and

with concentrated nitric acid for Naþ and Kþ cations in a 250-mL polyethylene bottle. The other unfixed parameters were
om http://iwa.silverchair.com/washdev/article-pdf/14/3/244/1388431/washdev0140244.pdf
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Figure 1 | Geographical map of Morocco with the different provinces.
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sampled in a 1 L polyethylene bottle. The bottles of water taken, in accordance with Moroccan standard 03.7.059 (Moroccan
standard 2020), are labelled and then sent to the laboratory in a cool box at a low temperature of +4 °C, accompanied by a
card bearing all the necessary information, in particular the origin, date, and time of sampling. Water samples are taken,

transported, and stored in accordance with the protocol of national drinking water office (commonly called ONEP)
quality control laboratory and standard norms (ONEP 2007; ONEP 2008).

The methods used in the Laboratory of Natural Resources and Environment (LNRE) of the Polydisciplinary Faculty of

Taza (FPT) are as follows: volumetry for bicarbonates, chlorides (Cl�), calcium, and magnesium (Ca2þ and Mg2þ); molecular
absorption spectrophotometry for sulphates, nitrates, nitrites, ammonium ions, and orthophosphates; and flame spectropho-
tometry for sodium and potassium (ABOUZAID and DUCHESNE 1984; Rodier 2009).
://iwa.silverchair.com/washdev/article-pdf/14/3/244/1388431/washdev0140244.pdf



Table 1 | Distances of the provinces from Casablanca

Province Distance from Casablanca (km)

Sale 99

Khémissat 183

Skhirate Temara 92

El Jaddida 101

Benslimane 52

Berrechid 36

Sidi Bennour 165

Settat 75

Nouaceur 18.3

Mediouna 14

Mohammadia 30

Rhamna 187

Khouribga 124

Fquih Ben Salah 171

Table 2 | Number of rural population by province

Province Rural population

Sale 66,505

Khemissat 261,142

Skhirate Témara 56,987

El Jaddida 474,546

Benslimane 119,033

Berrechid 210,669

Sidi Bennour 367,575

Settat 417,357

Nouaceur 55,166

Mediouna 52,402

Mohammadia 115,378

Rhamna 211,926

Khouribga 164,365

Fquih Ben Salah 297,107
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3. RESULTS AND DISCUSSION

3.1. Study area selection

To summarize the results of each province by criteria, Table 5 represents an overview of the main statistics of our case study.
To show once again the deviation of each province value from the global variation of each criterion, we used the normal-

ization technique to allow aggregation of criteria with numerical and comparable data.
In our case, we aim to select the provinces that have the best possible combination to minimize the distance to Casablanca

and maximize the other criteria.
om http://iwa.silverchair.com/washdev/article-pdf/14/3/244/1388431/washdev0140244.pdf
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Figure 3 | Moroccan map of global horizontal irradiation in kWh/m2/year.

Figure 2 | Rate of rural population per province without access to water.
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To do this and considering the different scales we have, we will normalize the data using the Min-Max Scaler, which has the
following mathematical Equation (1) (Izonin et al. 2022):

Xscaled ¼ X�Xmin

X�Xmax
(1)
://iwa.silverchair.com/washdev/article-pdf/14/3/244/1388431/washdev0140244.pdf



Table 3 | The global horizontal irradiation in kWh/m2/year by province

Province
Daily horizontal solar
radiation (kWh/m2/day)

Sale 5.32

Khemissat 5.30

Skhirate Témara 5.32

El Jaddida 5.33

Benslimane 5.27

Berrechid 5.24

Sidi Bennour 5.41

Settat 5.37

Nouaceur 5.4

Médiouna 5.32

Mohammadia 5.31

Rhamna 5.47

Khouribga 5.50

Fquih Ben Salah 5.51

Table 4 | Methods for analysing physico-chemical components

Parameter Analysis method Unit

Conductivity Conductivity meter Type CONSORT – Model C535 μs/cm

Turbidity Turbidimeter Type HACH-Model 2100P NTU

pH CONSORT pH meter – Model C535 From 0 to 14

Temperature Mercury thermometer/multi-parameter analyser Type CONSORT – Model C535 °C

Alcalimetric Title Titrimetry with 0.1 N hydrochloric acid and phenophthalein meq/L

Full Alkalinity Title Titrimetry with 0.1 N hydrochloric acid and methyl orange mg/L

Hydrotimetric Title Complexometric titration with 0.02 M EDTA and eriochromic black T meq/L

Calcic hardness Complexometric titration with 0.02 M EDTA and HSN mg/L

Magnesium Deducted by the difference between total hardness and calcium mg/L

Chlorides Determination using mercuric nitrate in the presence of an indicator: diphenylcarbazone mg/L

Nitrates Sodium salicylate mg/L

Nitrites Zamballi reagent method mg/L

Ammonium Sodium phenol nitroprusside and chlorine solution mg/L

Sulfates Precipitation of barium sulphates in a hydrochloric medium mg/L

Potassium Flame spectrophotometry mg/L

Sodium Flame spectrophotometry mg/L

Table 5 | Descriptive statistics of study criteria

Province
Distance from
Casablanca (km) Rural population

(%) of rural households
without access to water

Daily horizontal solar radiation
(kWh/m2/day)

Average 96.24 205,011.29 70.44 5.36

Standard deviation 62.12 141,365.76 23.36 0.084
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Table 6 | Values of the different normalized criterion values and scores by province

Province
Distance from
Casablanca (km) Rural population

(%) of rural households
without access to water

Daily horizontal solar radiation
(kWh/m2/day) Total score

Sale 0.51 0.03 0.94 0.30 1.78

Khemissat 0.02 0.49 0.77 0.22 1.51

Skhirate Témara 0.55 0.01 0.52 0.30 1.38

El Jaddida 0.50 1.00 0.76 0.33 2.59

Benslimane 0.78 0.16 0.86 0.11 1.91

Berrechid 0.87 0.37 1.00 0.00 2.25

Sidi Bennour 0.13 0.75 0.63 0.63 2.13

Settat 0.65 0.86 0.98 0.48 2.97

Nouaceur 0.98 0.01 0.15 0.59 1.72

Mediouna 1.00 0.00 0.00 0.30 1.30

Mohammadia 0.91 0.15 0.25 0.26 1.57

Rhamna 0.00 0.38 0.41 0.85 1.64

Khouribga 0.36 0.27 0.90 0.96 2.50

Fquih Ben Salah 0.09 0.58 0.03 1.00 1.71
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Table 6 summarizes the calculation of the normalized values. For the criterion of the distance, the formula of the Min-Max
Scaler will be preceded by 1 minus the value found by the formula to show the punishing aspect to have a big value for the
distance. For the rest, we write directly the result calculated only by the formula, and the final score for each province will be

the sum of its normalized values for all criteria.
We note after the calculations made above that we can select the main provinces that have the highest scores (the top 6) to

carry out several samples in each province. According to our study, these are the following provinces: Settat, El Jaddida,

Khouribga, Berrechid, Sidi Bennour, and Benslimane.

3.2. Analysis of the mineral load and the physico-chemical characteristics of the test samples

3.2.1. Analysis of the mineral load of the test water samples

Following the experimental protocol established in the material and method section, we were able to calculate the concen-

tration of several elements that represent the mineral load of each sample from different sources. For visualization purposes,
we have summarized the results in graphs. Figure 4 shows a summary of the mineral load of the four brackish water sampling
points.

From these figures, we can extract the following observations:

• For the sample from P1/200 m, the elements Cl� and Naþ represent 73.31% with 2,128 and 1,686 mg/L, while SO2�
4 rep-

resents 9.95% (518 mg/L) and NO�
3 represents 3.13% (163 mg/L), exceeding World Health Organization (WHO)

thresholds and recommendations of 200 mg/L, 200, 250, and 50 mg/L, respectively (Diouf et al. 2022). The elements
responsible for the hardness of the water (Mg2þ and Ca2þ) represent 5.09% and 7.07%, respectively, with a concentration

of 265 and 368 mg/L, exceeding WHO thresholds ranging from [50–150 mg/L] to [75–200 mg/L], while the rest of the
elements are less than 1.42%.

• For the sample from P2/120 m, the elements Cl� and Naþ represent 71.47% with 3,692 and 2,646 mg/L, while SO2�
4 rep-

resents 9.73% (863 mg/L) and NO�
3 represents 2.51% (223 mg/L), exceeding WHO thresholds and recommendations

already mentioned earlier. The elements responsible for the hardness of the water (Mg2þ and Ca2þ) represent 7.96%
and 7.21%, respectively, with a concentration of 706 and 640 mg/L, exceeding WHO thresholds ranging from [50 mg/L–
150 mg/L] to [75 mg/L–200 mg/L], while the rest of the elements are less than 1.1%.

• For the sample from P2/20 m, the elements Cl� and Naþ represent 61.83% with 989 and 789 mg/L, while SO2�
4 represents

12.48% (359 mg/L) and NO�
3 represents 10.05% (289 mg/L), exceeding WHO thresholds and recommendations already

mentioned. The elements responsible for the hardness of the water (Mg2þ and Ca2þ) represent 7.34 and 7.23%, respectively,
://iwa.silverchair.com/washdev/article-pdf/14/3/244/1388431/washdev0140244.pdf



Figure 4 | Mineral load for the four brackish water samples.
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with a concentration of 211.2 and 208 mg/L, exceeding WHO thresholds and recommendations already mentioned, while
the rest of the elements are less than 1.03%.

• For the sample from P3/15 m, the elements Cl� and Naþ represent 43.71% with 823 and 667 mg/L, while SO2�
4 represents

39.37% (1,342 mg/L) and NO�
3 represents 5.05% (172 mg/L), exceeding WHO thresholds and recommendations already

mentioned. The elements responsible for the hardness of the water (Mg2þ and Ca2þ) represent 6.25 and 4.69%, respectively,
om http://iwa.silverchair.com/washdev/article-pdf/14/3/244/1388431/washdev0140244.pdf
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with a concentration of 213.1 and 160 mg/L, exceeding WHO threshold ranging from [50–150 mg/L] for Mg2þ, while the

rest of the elements are less than 0.89%.

The concentrations of the different components as well as their variations in relation to the depth of the wells can be jus-

tified by taking into account the location of the sampling zone and the following elements:

• A possible marine intrusion: As discussed by Diouf et al. (2022) and according to Bear et al. (1999) and Moujabber et al.
(2006), based on the ratio of concentrations in mg/L of Ca2þ and Mg2þ, the enrichment of Ca is given by Equation (2):

Ca Enrichment ¼ Ca
Mg

(2)

According to Bear et al. (1999), high ratios of Ca enrichment (.1) could be regarded as saltwater intrusion. After calculat-
ing this ratio, we can see that it varies between 0.75 and 1.38 (P1/200 m: 1.38, P2/120 m: 0.91, P2/20 m: 0.98, P3/15 m: 0.75).

We can also see that this rate generally increases with depth, which gives an indication of possible marine intrusion in the
deep layers of the ground.

• Agricultural activities in the region using fertilizers, which increase the concentrations of elements such as SO2�
4 and NO�

3

(Egboka 1984; Ju et al. 2006; Lwimbo et al. 2019)

For comparison purposes, it was decided to take another sample of brackish water away from the first sampling area and a
sample of seawater close to the main sampling area. Their mineral loadings are summarized in Figure 5.

From Figure 5, we can extract the following observations:

• For the Tissa sample, the elements Cl� and Naþ represent 76.32% with 1,420 and 1,076 mg/L, respectively, while SO2�
4

represents 12.17% (398 mg/L) and NO�
3 represents 4.34% (142 mg/L), exceeding WHO thresholds and recommendations

already mentioned. The elements responsible for the hardness of the water (Mg2þ and Ca2þ) represent 3.31 and 2.78%,
respectively, with a concentration of 108.5 and 91.2 mg/L, while the rest of the elements are less than 1.04%.

• For the seawater sample, orders of magnitude of concentrations vary greatly compared to brackish water samples. The
elements Cl� and Naþ represent 85.40% with 20,620 and 10,089 mg/L, while SO2�

4 represents 8.17% (2,940 mg/L) and

NO�
3 represents 0.6% (219 mg/L), exceeding WHO thresholds and recommendations already mentioned. The elements

responsible for the hardness of the water (Mg2þ and Ca2þ) represent 3.97 and 1.11% respectively, with a concentration
of 1,430 and 400 mg/L, exceeding WHO thresholds and recommendations already mentioned. The rest of the elements

are less than 0.8%.

3.2.2. Analysis of the physico-chemical characteristics of the test samples

The analysis of the physico-chemical characteristics of the samples mainly concerned measurements of conductivity, turbid-
ity, salinity, and pH. The details of the measurements are described in Figure 6.

The main information that can be drawn from the figure is as follows:

• For conductivity, all the samples are above the WHO threshold of 1 mS/cm or that recommended by the Moroccan stan-
dard of 2.7 mS/cm (Moroccan standard 2020). It is clear that the conductivity of the seawater sample is very high because

of its high dissolved salt content, whereas that of the brackish water samples is relatively low compared with seawater.
According to the samples we have, the relationship between conductivity and well depth is not trivial and depends very
much on the specific characteristics of the sampling site. It is the same case for salinity which exceeds the desirable

threshold for drinking water of ,1 g/L

• For turbidity, which measures the opacity of the water due to the presence of suspended particles, all the samples were
below the threshold recommended by the Moroccan standard, which is the limit value of 5 NTU (Moroccan standard
2020). The pH measurement is also compliant between 6.5 and 8.5.

3.3. Proposal of the brackish water pre-treatment technique

3.3.1. Selection of the pre-treatment technique

To validate the choice of our pre-treatment technique, we went through a set of pre-treatment techniques, and we were able to
characterize them in terms of application and performance using the existing literature. Table 7 summarizes our relevant
results.
://iwa.silverchair.com/washdev/article-pdf/14/3/244/1388431/washdev0140244.pdf



Figure 5 | Mineral load of samples from Tissa and seawater used for comparative purposes.
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From Table 7, we can see that the electrocoagulation (EC) technique is the pre-treatment technique which has more advan-
tages whether in terms of pollutant elimination (Hardness, Turbidity) or even lower energy consumption. In addition, the

suitability of the technique for our project given that it uses electricity which will be supplied by solar energy will contribute
to reducing the carbon footprint of our technique. In addition, this technique is more compact and requires less human inter-
vention which is not the case for other techniques which require the addition of chemicals.

3.3.2. Development of the pre-treatment pilot model

3.3.2.1. Presentation of the technique. EC is a technique that has been used to treat many types of water, and this is
especially the case for wastewater from different types of industrial or even domestic wastewater, groundwater, brackish
water, and many other applications for the elimination of particular pollutants. Several possibilities exist for the design of

EC, but in general, the basic scheme of EC is the following (Figure 7).
3.3.2.2. Simplified pilot model. Energy consumption of the EC unit: To assemble the EC unit with solar energy, particularly

photovoltaic panels, it is essential to understand the operational cost and in particular the energy cost of this technique to be
able to dimension our energy needs. The simplified operational cost calculation model which covers EC’s electricity
requirement. The operational cost of EC includes the cost linked to direct electricity consumption as well as the cost of

the electrodes which will be consumed during the reaction (Geraldino et al. 2015). The mathematical equation which
summarizes it is as follows:

Operational cost ¼ a: Energy consumptionþ b: Electrode consumption (3)
om http://iwa.silverchair.com/washdev/article-pdf/14/3/244/1388431/washdev0140244.pdf
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Figure 6 | Summary of the physico-chemical characteristics of the samples.
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where α is the cost of energy and β is the cost of the electrode.

Energy consumption ¼ U:I:t
V

(4)

where ith U is the electric tension (V), I is the current (A), t is time (h), and V is the volume (m3)

Electrode consumption ¼ I:t:M
F:z

(5)

where I is the current (A), t is the time (s),M is the molar mass (g), F is the Faraday constant, and z is the number of electrons.
Illustrative case study: In advancing the proposal for the simplified pilot model, it is imperative to establish operational

hypotheses for the numerical application of this illustrative case study.
://iwa.silverchair.com/washdev/article-pdf/14/3/244/1388431/washdev0140244.pdf



Figure 7 | Basic diagram of an electrocoagulation unit.

Table 7 | An overview of brackish water pre-treatment techniques

Technique Applications Performance

Coagulation-flocculation Elimination of colloids and suspended
particles responsible for turbidity
(Cherif et al. 2016; Poirier et al. 2023)

- 70.87% reduction in turbidity (Cherif et al. 2016)
- Generation of deposit from the addition of large quantities of

chemical (Garcia-Segura et al. 2017)

DAF Elimination of suspended solids/heavy
metals (Yuan et al. 2008, Opedal et al.
2011)

- Reduction of OM (organic matter) (20–61%)
(Shutova et al. 2016)

- High operational cost (Garcia-Segura et al., 2017;
Hakizimana et al. 2017)

Adsorption Elimination of organic matter
(Shen et al. 2023)

- Reduction in hardness of around: 55% (Rolence et al. 2014)
- Generation of deposit from the addition of large quantities of

chemical (Garcia-Segura et al., 2017)

Electrocoagulation - Elimination of colloids, elimination of
organic matter, and reduction of total
dissolved solids and hardness
(Poirier et al. 2023)

- Hardness reduction: 74%
- Turbidity reduction: 90%(Aljaberi 2022)
- 69.5% reduction in absorbance (Simanjuntak et al. 2011)
- Ower deposit and operational cost (Garcia-Segura et al. 2017;

Hakizimana et al. 2017)

Microfiltration (MF)/
ultrafiltration (UF)/
nanofiltration (NF)

- Do not allow particles that have a size
larger than the pores of MF (0.1–10 μm)

- Eliminate suspended particles, bacteria,
and colloids

- Do not allow particles that have a size
larger than the pores of UF (10 nm to
1 μm) and eliminate macromolecules
and viruses.

- Do not allow particles that are larger
than the NF pores (a few nm) and
eliminate macromolecules and divalent
ions (En CHIMIE G. D. D. 2019)

- MF: elimination of 100% of total suspended solid
(Auliya et al. 2021)

- UF: elimination of 98.95% of turbidity and elimination of
organic matter (70–80%) (Arevalo et al. 2018)

- NF: elimination of 97% de Mg2þ (Cheng et al. 2018)
- Very frequent clogging and limited lifespan (Anis et al. 2019)
- More energy consumption than non-membrane techniques

(Anis et al. 2019)
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- For the energy requirements of the unit:

• We admit an objective to produce potable water sufficient for a family, estimated at V¼ 20 L/day.

• In addition, we presume that the maximum pollutant removal efficiency has been experimentally validated for a specific
set of factors influencing EC (detailed in Section 3.3.2.1). In our context, we consider U¼ 20 V, I¼ 3A, and t¼ 1 h as the

parameters for this experimentation. In this case, the necessary electrical energy will be calculated according to Equation
(4) as follows: Energy required¼ (20� 3� 1)/(0.02)¼ 3,000 W h/m3.day.

- Calculation of the size of the photovoltaic generator:
om http://iwa.silverchair.com/washdev/article-pdf/14/3/244/1388431/washdev0140244.pdf
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The calculation of the dimensions of the photovoltaic panels takes into account the initial energy requirement as well as

factors linked to weather conditions and solar radiation of the area concerned by the installation (Soro et al. 2018). In this
case, we will have the following calculation relations:

Energy produced ¼ Energy required for EC
K

(6)

where K is the coefficient of meteorological uncertainty, generally [0.55, 0.65] and most often 0.65.

Power consumed ¼ Energy produced
IR

(7)

where power is represented in Watts peak and IR represents the irradiation in kWh/m2 per day. According to Table 5, the

average value of IR¼ 5.36 kWh/m2/day. In our case, energy produced¼ 4,615 W h/m3.day and power consumed¼ 861
Wpeak.

Subsequently, the number of photovoltaic panels must be chosen by browsing a set of commercial products following the

following equation:

N ¼ Number of panels ¼ Power consumed
Unit power of a panel

(8)

For a PHOTOWATT panel from the PX1650 DE range with a power of 165 Wpeak, we will have N¼ 6.

- Simplified diagram of the pilot model:

We admit that our pilot model works without the direct use of energy from the solar panel without the need for a charge

controller, and in addition, we will work with a parallel configuration for the panels since this will increase the current (given
its importance for the reaction) without increasing the tension. The diagram of our simplified model is shown in Figure 8.
Figure 8 | Wiring of the simplified pilot model.

://iwa.silverchair.com/washdev/article-pdf/14/3/244/1388431/washdev0140244.pdf
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4. CONCLUSION AND PERSPECTIVES

This study focused on identifying candidate provinces in Morocco by considering various criteria, including distance, rural
population, rates of non-access to drinking water, and solar irradiation. The selected areas were subject to brackish water
sample collection to comprehensively understand their characteristics, essential for designing effective pre-treatment pro-

cesses for water pre-treatment before desalination prototype. Analysing test samples revealed insights into mineral loads
and physico-chemical characteristics, shedding light on the impact of soil location and human activities. Moreover, depth
played a role in the presence of certain elements, such as SO2�

4 and NO�
3 . Notably, the elements contributing to water hard-

ness exceeded drinking water standards, necessitating further exploration of appropriate pre-treatment techniques through a
simplified pilot model. This is what was done by a simplified EC pilot model.
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