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This paper represents a study on a survey and statistical analysis of ground water resources in 

Adrar region in southern Algeria, with a presentation of the used irrigation methods especially 

Foggaras system, which is not only an irrigation method, but a way of life and cultural heritage. 

We noticed that the Foggaras suffer from several problems, such as lack of maintenance and 

random excavation, in addition the pollution especially with sewage water. We also noticed 

that despite the abundance of renewable energy resources, especially solar and wind energy, 

these resources are rarely used for irrigation or pumping. Therefore, as responses to these 

issues, many proposals were presented, which are mostly related to the exploitation of 

renewable energies for pumping and irrigation with clean water and managing it rationally to 

obtain the best yield and promote sustainable development. 
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1. INTRODUCTION

Mankind has managed to adapt to the harsh desert climatic 

conditions, which are characterized by scarce precipitation and 

a high temperature, by exploiting groundwater resources. In 

addition thanks to the presence of some oasis that is available 

on agricultural and animal diversity [1]. The term oasis came 

from ancient Egyptian language, which means the inhabited 

area, and it was used by the geographer Herodotus around 450 

BC [2].  

Much research has been done on irrigation systems in the 

oases of the Maghreb, such as Todgha Farkala in Morocco. 

These oases are affected by bad water management; In 

addition to migration to urban areas. Therefore, investments 

were proposed based on the use of fossil fuel pumps to revive 

the agricultural sector [3-5]. 

In Algeria, some researches were focused on the inventory 

of groundwater sources, as well as the impact of modern wells 

random drilling on the hydraulic level of groundwater, which 

led to the lack of water reaching to Foggaras and thus the 

drying of its sources [6-8]. 

Since Algeria’s independence in 1962, the traditional 

management of water resources in Algerian oasis has been a 

feature of most of the oasis, which has led to several problems 

mainly related to the bad well managements, springs and 

blowers with the waste of water resulting from misuse [4]. In 

addition, climate change and an increase in temperature due to 

global warming. Therefore, Mohamed and Remini proposed 

an effective water control to address the problem of water 

distribution in rural areas [9]. 

Numerous studies have shown that Adrar region is rich in 

groundwater re- sources and fossil energy. It also contains 

huge solar potential [10-12] and significant potential of wind 

energy and the same for the wind potential [13-15]. 

In order to provide practical and sustainable answers against 

environmental problems by preserving energy resources of 

fossil origin, Algeria is firmly committed to the path of 

transition towards renewable energies, where the huge 

potential of solar energy is the driving force behind this 

strategic decision. The thermal solar energy and solar 

photovoltaic energy provide a large part of the national 

program for the energy transition, which should represent 37% 

of electricity production in the country by 2030. The program 

does not exclude wind energy, which represents the second 

axis of development, which should be about 3% of electricity 

production [16-36]. 

In this paper, at first Adrar region will be described in terms 

of physical, natural and human environment. After that, the 

ground water resources and the potential of renewable 

energies (photovoltaic and wind energy) will be focused on. 

Then, the number and types of available water sources will be 

counted, the used irrigation methods, and the observed 

difficulties will be investigated. In the next section, the use of 

these renewable energies in irrigation, pumping and Smart 

Remote Irrigation System in Adrar region will be studied. 

Finally, important recommendations will be added in order to 

rationalize the use of water and preserve the cultural heritage 

represented in Foggara, as well as the contribution to the 

energy transition.  

2. METHODOLOGY

At first, the initial state of the physical, human and natural 

environment is studied and analyzed. After that, a careful field 

investigation is carried out in several aspects, such as 
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geography (location, and estimation), special characters 

(aesthetic aspect, originality, and rarity), the quality of the 

environment, and the level of its protection, with an 

examination of the environment elements. This investigation 

is carried out according to the following stages: 

• Visiting of the agricultural production site;

• Water data collection and assessment;

• Data on the used irrigation systems;

• Estimate the potential of solar and wind energy;

The state of Adrar is located in south-western Algeria,

bordered in the north by the Timmons region, in the south by 

the Bordj Badji region, in the east by Ain Salah and in the west 

by Tindouf, Beni Abbas and Mauritania. The population of 

Adrar is 246.825 people (in 2011), distributed among 16 

municipalities. Its total area is more than 233475 km2 [23]. 

2.1 Relief 

The studied area is bordered in the north by Erg El Gharbi, 

to the south by the Tanzirouft plateau, and in the east by the 

Tadimat plateau, which is an extension of the Mzab mountain 

range that separates the eastern Erg from the western Erg. The 

sandy parts consist of the southern boundary of the western 

Erg and the Chash Erg to the west. The terrain height can reach 

636 m in the southern Erg border of Adrar (NOAA 2008) [37]. 

In this paper, topographic map of the Adrar region has been 

created based on the World Topographic Atlas (see Figure 1). 

Figure 1. Topographical map of the Adrar region 

2.2 Climate 

Koppen describes the desert climate in the Adrar region as 

being characterized by extreme drought with little or no 

rainfall, and a very hot weather. In addition to very strong solar 

radiation with a long duration of brightness in large parts of 

the state, and a very low humidity [2]. 

Based on the weather data recorded in 2021, this description 

is confirmed, the maximum recorded temperature was 45 

degrees Celsius in August (Fenougil site), and the lowest 

recorded temperature was 5 degrees Celsius in February (the 

Sabaa site). The average annual precipitation ranges from 0.7 

mm in the sites of Akbili, Tasabit, and Timu Qutan to 1.1 mm 

in the Sabaa site. While the average annual humidity ranges 

between 19.6% in Oulef site to 22.2% in Sabaa site. 

2.3 Geology 

The studied region is characterized by the (Cratonic) field. 

This later has been stable for 550 million years. It includes two 

shields where metamorphic and igneous rocks emerge 

representing two ancient mountain ranges, and a platform 

called the desert platform, which is built in sedimentary basins 

filled with animal sediments [38]. In this work a geological 

map of the Adrar region has been also created using the 

African Geological Atlas [39] (see Figure 2). 

Figure 2. Geological map of the Adrar region 

2.4 Fauna and flora 

Desert animals that have adapted to the desert environment 

create their own defense mechanisms to withstand the heat and 

scarcity of water. Where we find cuff sheep (in mountainous 

areas), deer (open spaces, valleys), fennec foxes, jackals, hares, 

small rodents such as gerbils, etc. are widely found among 

mammals, and their traces can be seen easily. Antelope species 

at risk of extinction [23]. The sand fish, also known as 

Churchman, is a type of lizard that inhabits the desert; it is 

found in the southern hemisphere, while the vegetation in 

Adrar region is divided into two types, an agricultural plant 

type and a natural one. 

2.5 Hydrogeology sources 

The studied area is located in the North Sahara Aquifer 

System (SASS), which extends over an area of 1,100,000 km2 

across Algeria, Libya and Tunisia, and it is located north of the 

Sahara [2]. It consists of two main groundwater reservoirs: the 

Intercalary and the Terminal Complex, which together contain 

large reserves of groundwater, estimated about 3,270,000 m3. 

This region is bordered by the Saharan Atlas from the north, 

the Green Hun region (in Libya) from the east, the Saura 

Valley from the west, the outcrops of Tedicelt and the southern 

edge of the Tenrart River from the south [40]. 

The SASS Basin consists of three sub-basins: the Hamada 

Al-Hamra Plateau in the east, the Great Eastern Erg Basin in 

the center, and the Great Western Erg Basin in the west. The 

SASS basin also contains the terminal complex and it has two 

reservoirs consisting of a number of aquifers that present in 

this basin (TC) [40]. 

In recent years, Adrar region has witnessed a massive 

drinking water supply (DWS) thanks to the increase in water 

storage capacities and the development of the water delivery 

network. This region also benefited from water projects that 

resulted in the construction of new wells and the installation 

of supply lines. We find from statistics in regions that include 

Adrar, Timimoun and Bordj Beji Mokhtar, approximately 811 

wells used to supply groundwater with a flow rate of 30.4 m3 

/ day, or 319 million m3 annually [2]. Wells are the main 

source of water supply, especially for irrigation. The 

estimation of the exploited wells are about 11,307 wells in the 

aforementioned areas, which provide daily filling of an 

estimated 2,452,491 m3 of the exploited flow [2]. 

The water required for plants is usually provided by surface 

water (flowing waters and valleys) and ground resources due 
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to the severe lack of precipitation in Adrar region [37]. 

However, due to the scarcity of irrigation water with its 

irrational control, only a few palm farm will benefit this water 

on one hand. On the other hand, the excessive irrigation is 

harmful to the soil, vegetation cover, and agricultural 

production [37]. 

Water can be collected occasionally using a traditional 

system named Foggara. The first Foggara of Tamantit was 

constructed by Almohadin in the 11th and 12th centuries, with 

a total length of 2,300 km. Their number is 758, but 369 of 

them have dried up [2]. 

The presence of the topography results in a reflection in the 

piezometric profile of the local groundwater currents, which 

only appears in wadis or sabkhas (areas of low pressure), as it 

is the case with Touat region. The same is true concerning the 

palm groves of Ghorara and Tidikelt, but there are many small 

enclosed depressions instead of one long depression with a 

ridge aligned with the Foggaras, each of them allowed the 

development of the Foggara system and the appearance of 

oasis [2]. 

The water obtained from the Foggara is distributed using a 

pot system named Kasria, which is like a stone comb with a 

sufficient number of holes, so that the water can flow easily in 

order to distribute and prevent large flows at the same time. 

Sometimes more than one outlet distributes water in the same 

stream (canal) directed to a particular farmer, where the 

number of outlets is related to the percentage of each farmer’s 

contribution and the area of his cultivation. There are many 

Kasrias that dispense the water of the Foggara, but the large 

Kasria is the first to be reached by the full flow of the Foggra. 

The latter end in Al Mijras with a secondary Kasria which 

distributes the water to the waterwheel [2].

2.6 Sources of renewable energy 

Adrar region has clean renewable energy resources, which 

can be exploited effectively. However, technologies to extract 

energy from these resources, which have been neglected for a 

long time, require more research concentration and 

development with the aim of making them more reliable, 

reducing costs (manufacture, use and recycling) and 

increasing energy efficiency. Since this area is far from the 

electric grid and has an excellent potential for solar and wind 

energy, photovoltaic and wind energy are focused. 

The required hydraulic power can be simply calculated by 

determining the necessary needs in the volume of water for 

each month and the characteristics of the well. The average 

daily hydraulic needed power can also be calculated from the 

following relationship (1) [41]: 

   
  

3600
a

h

g Q h
E


= (1) 

Eh is hydraulic energy (kWh/day), h is total height (m), Q is 

the flow rate provided (m3/day), ρw is water density (1000 

kg/m3), and g is acceleration due to gravity (9.81 m/s2). 

During the pumping process, the water level inside the well 

tends to decrease; the well is replenished to balance the well 

water level so that water can be pumped out again. The drop 

in the water level in the well depends on a number of factors, 

such as the type and permeability of the soil and the thickness 

of the aquifer. The total pumping height is the sum of the static 

height hs and the dynamic height hd (see Eq. (2)) [41]: 

    = +s dh h h (2) 

In the case of using solar energy, the daily electrical energy 

Ee, is given by [41]: 

( )=  e pv dmE AG (3) 

A is active area of the photovoltaic generator (m2), ηpv is 

average daily efficiency of the generator under operating 

conditions, and Gdm (β) is average daily irradiation incident on 

the plane of the modules at the inclination β. 

The needed electrical power is related to the hydraulic 

power, it can be expressed by [41]: 

= h pm eE E (4) 

The flow rate is calculated using [41]: 

( )
Q 

  
=



3600 pm pv dmAG

gh
(5) 

In the case of wind turbines, the average electric power (Pw) 

provided by the wind turbine is estimated by [42]: 

𝑃𝑤 = ∫ 𝑝(𝑣)
𝑣𝑎

𝑣𝑑

𝑓(𝑣)𝑑𝑣 (6) 

vd and va are, respectively, the zero-flow speed and the stop 

speed of the wind turbine. 

P(v) is the variation of the electrical power supplied by the 

wind turbine with the wind speed v (see Eq. (7) [22]): 

( ) =  31

2 pp v SC v (7) 

Cp is capped by force of wind turbine, ρa is air density 

(kg/m3), and S is surface perforated by wind turbines. 

f(v) is the density function of the wind velocity distribution. 

With the as assumption that this distribution is represented by 

Weibull statistical law (8) [22]: 

( )
−  

    = −    
    
 

1

exp
k k

k v v
f v

C C C
(8) 

k, C are shape and scale parameters of Weibull respectively. 

Finally, the average flow Q is evaluated using [43]: 

Q 


=


pm eP

gh
(9) 

3. RESULTS AND DISCUSSIONS

3.1 Sources and methods of irrigation 

In this work we created groundwater maps of Adrar region 

(Figure 3), based on research on groundwater maps of African 
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continent [44]. 

It is noted that the productivity of the north-eastern region 

exceeds 10 l/s, as it can provide the needs of large cities, a 

significant number of factories, and sufficient use of irrigation. 

It can be also observed that the depth of the groundwater for 

this area is suitable, as it is less than 65 m. The productivity 

ranges between 2 and 10 l/s in the eastern zone, and at selected 

sites in the southern zone. Thanks to that, small village can be 

created using modest powered pumps with a depth of less than 

65 m, while the groundwater reserve in the eastern and 

northern zones is less than 1700 mm, while the percentage 

increases as towards the southwest. 

Figure 3. Productivity, depth and storage of groundwater maps of the Adrar region 

Figure 4. Number of wells, Foggaras, and drillings at Adrar region 

Figure 5. Irrigated area at Adrar region 

In order to compare different irrigation systems we visited 

some fields and farms. We collected and analyzed data on 

water demand and renewable energy use. First, the total 

number of wells, Foggaras, and drilling at the regional level. 

Results and details are shown in the Figure 4: 

From Figure 4, three types of water sources for irrigation 

can be distinguished: 

3.1.1 Wells 

It can be said that wells are present in all the studied sites, 

and their number is the largest compared to other sources of 

water. It ranges from two wells in Ouled Ahmed to 784 wells 

in Reggane. 

3.1.2 Drilling 

The number of artesian drilling ranges from 3 in Tit and 

Bouda to 95 in Zaouite Kounta. We also noticed the absence 

of these drilling in some regions especially in Tamentit, 

Akuabli, Ouled Ahmed and Tamest. 

3.1.3 Foggara 

In spite of the absence of traditional Foggara system in 

Sabaa, in the other sites, the number of explosions ranges from 

2 explosions in Tit to 35 explosions in In Zaghmir and 

Reggane. 

Foggara is a way of life that has existed for more than a 

thousand years instead of the water supply system. It can be 

protected by informing the managers and owners of wells, 

repairing wells, and adjusting the flow rates of wells in Al-

Foggara. Increasing the flow of Foggara, in addition to the use 

of pumps powered by solar energy or wind energy to 

strengthen the flow. 

Moreover, a safe distance (> impact radius) must be 

respected when drilling new wells to avoid interference 
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phenomena and direct contact with the intake cone. The 

dryness of Foggara is often due to the lack of maintenance, the 

low level of groundwater resulting from excavations, as well 

as exposure to various forms of pollution, especially waste 

(Energy Sector Management Assistance Program ESMAP 

2018), due to the absence or lack of sewage networks, which 

affects the quality of fresh water. The preservation of 

resources intended for human consumption is a top priority 

through the application of the rules related to the preservation 

of these resources from pollution and the effectiveness of the 

paragraph. 

In this context, we have created a graph of irrigation systems 

for all sites in Adrar region based on the data collected about 

agricultural irrigation systems, as it can be seen in the Figure 

5. Three main types of irrigation can be distinguished as

following:

3.1.4 Gravity irrigation 

In this type of gravity irrigation all irrigation methods are 

combined which allow water to flow simply over the surface 

of the soil to cover the entire irrigation area under gravity 

irrigation (see Figure 6). The land geography and the soil 

capacities allow the water-holding (runoff, infiltration). This 

irrigation system is well-established with a long history, low 

cost and low energy requirement, while the disadvantages of 

this type can be seen in the long time required for water 

distribution, as well as the large waste of water, consequently 

poor efficiency. This type of irrigation is used in an area 

ranging from 108 hectares in Akabli to 1327 hectares in Zaouit 

Kounta. 

Figure 6. Gravity irrigation system [2] 

3.1.5 Sprinkler irrigation 

The sprinkler irrigation is recommended when the soil is too 

permeable to allow an uniform distribution of water during 

runoff irrigation or it is too shallow to be properly levelled for 

surface irrigation while retaining sufficient depth (see Figure 

7). In Buda this system is not used; the irrigated area ranges 

from 5 hectares in Akabli to 1876 hectares in Zaouit Kounta. 

However, its use should be avoided in areas frequently 

exposed to strong winds as it can lead to very irregular 

watering and also when plants are irrigated with saline water 

as the plant leaves are sensitive to salinity. The size and shape 

of the surface to be irrigated, its topography, and the type of 

soil must be taken into account. The quantity and quality of 

available or potential water sources. All weather conditions 

should be taken in consideration when sizing any pressurized 

irrigation system. The benefits of this system include high 

efficiency, water economy, flexible ground, and technology 

that can adapt to any type of soil. 

Figure 7. Sprinkler irrigation system [2] 

3.1.6 Drip irrigation 

Drip irrigation is relatively a recent technique, whereby 

water is supplied to the plant in small doses, wetting part of 

the soil in the process and reducing evaporation and 

percolation loss (see Figure 8). It also inhibits the growth of 

weeds. It uses stable and lightweight gear, while often 

requiring supplementary gear via hydraulic valve related 

control units. Compared to sprinklers, this technology saves 

energy while conserving water. The aesthetic appearance or 

aesthetics of gardens or gardens is not affected by the potential 

for marginal water use, the reduction of weeds and parasites, 

the improvement of soil structure, or the aesthetic advantage 

in the case of sub- surface irrigation. The problem with drip 

irrigation is that physical debris, chemical residue, and 

biological agents clog the openings. Using specialized anti-

blocking equipment can mitigate this problem, but the cost 

will go up and may harm plants. This system is used 

throughout the region, with irrigated areas ranging from 38 

hectares at in Zaghmir to 1246 hectares in Aouled Ahmed. 

Figure 8. Drip irrigation system [2] 

3.2 Possibility of using renewable energies for pumping 

and irrigation 

In order to find out the possibility of using solar energy and 

wind energy for pumping and irrigation, we made in this work 

the solar atlas and the wind energy atlas at a height of 50 m 

from the ground in Adrar region using data from the global 

solar atlas [44] and global wind atlas [45] (see Figures 9 and 

10). 

Figure 9. Solar Atlas of the Adrar region 
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Figure 10. Wind Power Atlas at 50m from the ground 

of the Adrar 

As it can be seen, Adrar region has a huge potential of solar 

energy throughout the region, as the long-term annual average 

of solar radiation ranges from 2168 kWh in the northern 

regions to 2186 kWh in the far south. The value increases to a 

maximum of about 2221 kWh in the extreme south- west of 

the region. 

The northeastern zone of Adrar belongs to the fourth 

category of wind classification (LNP). This means that it is a 

suitable area even for isolated wind turbines or wind farms. 

For the third category of classification there are seven zones. 

This means that it is a suitable area for the preparation of 

hybrid systems or isolated wind turbines. 

The calculation and simulation results showed that: to pump 

a 20 m well in Adrar, a photovoltaic system consisting of 8 

photovoltaic panels with a power of 100 watts of each, they 

can be used to provide a flow equal to 10 m3/day, with an 

estimated energy consumption of 1557 kWh/year. How- ever, 

if we want to double the flow to be (20 m3/day), wind turbines 

can be used with a nominal power of 1.5 kW, which produces 

an estimated energy of 3241 kWh/year. In this research 

context, we developed a smart remote control system for 

irrigation, where we created a prototype that allows to realize 

manually and automatically control the watering of plants, in 

addition to providing the necessary climate measurements and 

agricultural data to farmers. To carry out this work, we used 

many sensors such as the fire and rain sensor, where the 

information is processed and displayed through the control 

unit represented by the Arduino card connected to the Android 

application that we programmed on the Smartphone and the 

LCD display panel (see Figure 11).  

Figure 11. Agricultural smart irrigation system, using the 

application of remote control 

The aim of the idea of this model is to create an agricultural 

project with high efficiency in terms of ease and accuracy in 

controlling the needs of agricultural plants while rationalizing 

the consumption of water resources, in addition to saving time 

and physical effort for the farmer thanks to the automatic and 

manual control system remotely by smart phone. As well as 

compensating the costs of electricity generation by utilizing 

solar energy, thus contributing to food security and the energy 

transition.  This system has been verified in a real garden and 

has given very satisfactory results. Except for a few farmers 

who only use photovoltaic energy for pumping, there is little 

use of renewable energy in agriculture in Adrar, despite the 

huge potential of the region for both solar and wind energy [46, 

47]. 

Almost the only places where wind energy is used in 

government project and very few farmers. We distinguish the 

wind farm in Kaberten of Sonalgaz (distributor of electric 

power) with a capacity of 10 Megawatts to supply the electric 

grid. 

Although historically, the first experience of pumping water 

using a wind turbine (with a diameter of 15 meters) was in 

Adrar in 1953 (see Figure 12), this system is still less used. We 

can find a wind system for pumping water which was 

constructed in Ksar Ben Daraw Bouda (see Figure 13). 

Another turbine was constructed in the Baamour located in 

Fonuguil (see Figure 14). However, we discovered that this 

system was no longer working. 

Figure 12. Wind turbine installed in 1953 (Adrar) 

[48] 

Figure 13. Pumping wind turbine in Bouda [48] 
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Figure 14. Pumping wind turbine in Baamour [48] 

Concerning the solar energy, it is possible to refer to the 

efforts made to in- crease the flow of the Foggara, as in the 

case of Ait Messaoud (see Figure 15), in a site owned by the 

Reggane Company, which contains a photovoltaic system for 

water pumping that was installed in 2015 in cooperation with 

a number of government agencies. As well as Amguid located 

in Tamantit areas in Adrar (Figure 16), which contains a 

photovoltaic water pumping system for irrigation. This latter 

is a powerful system that works at an efficient rate. In terms of 

solar power plants, they generate approximately 53 MW 

across Adrar region. 

In terms of preserving fossil resources and diversifying 

renewable energy sources, integrating renewable energies in 

the country is a major challenge. These energies, in particular 

the widespread expansion of solar and wind energy, the 

introduction of biomass (waste recovery), and geothermal 

cogeneration, are at the core of Algeria’s energy and economic 

strategies according to the Renewable Energy Development 

Program 2011-2030. Regarding the social acceptance of a new 

energy system for domestic and industrial power generation in 

the Adrar region based on renewable resources, the results of 

the questionnaire carried out within the framework of the 

research indicate that although the vast majority of people find 

it socially acceptable. However, there are many requirements 

that must be taken into account. The action plan was 

highlighted in the desert environment, such as the Adrar region. 

According to the expectations of the participants and the 

farmers, there are challenges, especially in the field of 

financing for farmers. Funding is only available for irrigation 

equipment, but there is no funding for equipment that 

generates electricity with renewable energies for agricultural 

use. As well as digitization and intelligent irrigation control. 

Figure 15. Photovoltaic pumping in the Ait 

Messaoud site [48] 

Figure 16. Photovoltaic pumping in the Amguid-

Tamentit site [48] 

4. CONCLUSION

This paper aims to study the different irrigation methods 

and the use of renewable energies in irrigation. As a result, we 

have tried to make the following suggestions: 

• The ancient eruptions are part of the nation’s historical and

cultural heritage. It is compatible with the social and

environmental conditions of the region. This system has a

number of problems, including poor maintenance, random

drilling that depletes the groundwater supply, as well as

pollution from garbage and sewage. As a result, all Qs must be

complied with;

• Establishing a system of checks and balances to encourage

locals and meridians to adhere to the technical regulations

currently in place for the reasonable management of irrigation

water, particularly the management of water distribution while

adhering to the system of towers, water, and sale to users;

• And whining and regulations that protect drinking and

irrigation water from pollution and indiscriminate excavation.

It is urgently important to establish economic institutions to

manage these resources, to establish a trained management

structure, and to provide financial support in order to preserve

the bulwarks;

• Establishing a system of controls to encourage local

residents to comply with technical regulations currently in

force for the reasonable management of irrigation water, in

particular managing water distribution with adherence to the

system of towers, water and sale to users, choosing sustainable

water management will help restore natural resource

management practices;

• Inform the inhabitants of the oases of the difficulties they

will face. organizing volunteers to clean and remove sand from

the canals, and establishing the Palm Conservation Authority;

• Specialized agricultural management of palm groves

requires assistance in hydraulic development, which enhances

the water supply, with an emphasis on anything that collects

and provides even the smallest amount of rainwater while

expanding the purification of agricultural wastewater;

• We can also recommend the installation of a solar system to

irrigate areas intended for use in challenging environments and

remote locations. In addition, we can use the wind energy to

use the pivot sprinkler method, since this method, although

effective in growing agricultural crops (wheat, barley, corn),

requires a lot of energy that can be produced by wind energy

with a hybrid system. This technology is currently available,

but only on farms that are connected to the electricity grid. It

1677



is proposed to start by focusing on the Northwest, which has 

significant solar and wind energy resources as well as 

groundwater reserves. 
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NOMENCLATURE 

A 
the active area of the photovoltaic 

generator m2  

C the scale parameter of Weibull  

Cp the capped by force of wind turbine 

Ee the daily electrical energy kWh/day 

Eh hydraulic energy kWh/day 

f(v) the density function 

G acceleration due to gravity 9.81m/s2 
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Gdm (β) 
the average daily irradiation incident on 

the plane of the modules kwh/m² 

H total height m 

hd the dynamic height m 

hs the static height m 

k the shape parameter of Weibull  

P(v) 

the variation of the electrical power 

supplied by the wind turbine with the 

wind speed v 

Pw the average electric power w 

Q the flow rate provided m3/day 

S 
the surface perforated by wind turbines 

m² 

va the stop speed of the wind turbine m/s 

vd the zero flow speed m/s 

Greek symbols 

β the inclination rad 

ηpv 
the average daily efficiency of the 

generator under operating conditions 

ρa the air density kg/m3 

ρw water density 1000 kg/m3  

Subscripts 

Erg 

the dunes desert, more precisely a field 

of fixed dunes of which only the 

superficial sand is constantly remodeled 

by the wind. 
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