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Résumeé

Dans ce travail on a fait 1’étude et le dimensionnement d’un microréseau agricole hybride
afin d’alimenter en ¢électricité une exploitation agricole située dans une zone isolée a Adrar (sud

de I’ Algérie).

Le systéme hybride est composé de différents éléments, notamment un générateur
photovoltaique, une batterie de stockage et un groupe électrogeéne diesel, afin d’assurer la
continuité et la stabilité de la production électrique pour répondre aux besoins énergétiques de

I’exploitation (pompage d’eau, culture sous serre, culture en plein champ, et chambre froide).

Cette étude est menée a partir des besoins énergétiques de I’exploitation et de 1’analyse
de la zone ciblée (Adrar), dans le but d’apporter une solution énergétique fiable, durable et

¢économiquement viable, adaptée aux conditions climatiques désertiques.

Le dimensionnement et la simulation du systéme photovoltaique ont été réalisés a I’aide

du logiciel Pvsyst, tandis que 1’optimisation technico-économique du systeme hybride.

L’objectif principal est d’identifier la configuration optimale du systéme, de réduire les
couts du production et installations, de minimiser I’impact environnemental et d’améliorer

I’autonomie énergétique de I’exploitation.

Mots clés: Pvsyst, systeme hybride, pompage solaire, énergies renouvelables, Batteries.




Abstract

In this work, we focused on the study and sizing of a hybrid agricultural microgrid to

supply electricity to a farm in an isolated location in Adrar (southern Algeria).

The hybrid system is composed of various components; including a photovoltaic
generator, a battery storage bank, and a diesel generator to ensure continuity and stability of the
generated electricity to cover the farm’s energy requirements (water pumping, greenhouse

cultivation, open-field crops, and cold storage unit.)

This study is conducted based on the farm’s energy requirements, the analysis of the
targeted area of Adrar, to ensure a reliable, sustainable and economically viable energy solution
adapted to desert climatic conditions, sizing and simulation of the photovoltaic system was done

using Pysyst, and the techno-economic optimization of the hybrid system.

The main objective is to identify the optimal system configuration, reduce production
costs and installation, minimize environmental impact, and improve the farm’s energy

autonomy

Keywords:, Pvsyst, Hybrid system, Water pumping, Renewable energies, Batteries.
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General Introduction

Modern agriculture requires the availability of energy; it has a massive role in agri-food

systems, from seed plantation and farm cultivation, all the way to transport and refrigeration [1].

As modern activities such as irrigation, greenhouse equipment, refrigeration units, and other
auxiliary loads, require electricity to maintain productivity, and ensure food security [1], [2]; in fact,
the quality and reliability of the energy supply not only influence the technical functioning of the
farm, but also its economic efficiency and its capacity to maintain its continuity of service, However,
its availability faces serious challenges throughout the globe in isolated or remote areas, where access
to the conventional electrical grid is often limited, unstable, or economically difficult to extend
[1],[2],[4]., in many cases, agricultural operators frequently rely on diesel generators to satisfy their
electrical needs, particularly for irrigation pumping and refrigeration applications, although diesel
prices may be affordable in some fossil fuel dependent countries like Algeria, and its fairly easy to
get access to this solution, it is fair to say it remains an outdated source of energy full of disadvantages
both on the economic side and the ecological [7] , including high emissions of carbon dioxide,
frequent maintenance requirements, cost of fuel transportation, and high operating costs. [7]; one of
the available solutions to this matter is renewable energy, who gained significant importance in rural
and off-grid applications, due to its ability to exploit locally available natural resources while reducing
dependency on conventional fuels [4], [8]; several sources of renewable energy can be produced such
as solar radiation, biomass, wind, hydro resources, and geothermal, each of which has specific
characteristics and application domains [8],[9], in agricultural environments, the choice of renewable
energy source depends heavily on local climatic conditions, type of loads to be supplied, and the
required level of system autonomy; In the case of arid and desertic regions, solar energy appears to
be the appropriate renewable source, this is due to the abundance of solar irradiation, the long duration
of sunshine, and the increasing development of photovoltaic technologies[8],[10]; isolated
applications prefer photovoltaic systems due to their direct conversion of solar radiation to electricity,
high reliability, and limited maintenance compared with conventional generation systems [10], [11],
However, photovoltaic systems still have some difficulties despite their advantages, they are not
always sufficient to ensure a continuous energy supply under all conditions, due to their dependency
on solar availability and are subject to daily and seasonal variations [12], in applications where the
loads must be maintained independently of climatic conditions, this is particularly true in agricultural
exploitation where certain loads like water pumping or cold storage may require regular or

strategically timed operation.

For this reason, the integration of hybrid energy systems has become an increasingly adopted

solution in isolated applications; A hybrid system combines more than one source of energy and often




includes an energy storage unit to improve supply continuity, flexibility, and overall system
performance [12], [13]; in many cases, the most suitable architecture for agricultural electrification
consists of a photovoltaic generator associated with a battery storage system and, when necessary, a
diesel generator used as backup [13]; such a configuration makes it possible to exploit solar energy
as the principal source while maintaining operational continuity during periods of low irradiation or
elevated demand, From an engineering point of view, this type of system generally offers a more
balanced compromise between energy autonomy, reliability, and operating cost; Such a configuration
makes it possible to exploit solar energy as the principal source while maintaining operational
continuity during periods of low irradiation or elevated demand; this type of system generally offers
a more balanced compromise between energy autonomy, reliability, and operating cost, This
approach is particularly relevant in southern Algeria, where climatic conditions are highly favorable
to solar energy exploitation, the Saharan regions of the country, and especially the region of Adrar,
are characterized by high solar potential and by the growing importance of agricultural development
based on groundwater resources and irrigated cultivation [8],[14]; in these areas, agricultural
production often depends on electrically driven pumping systems and may also require greenhouse
installations, storage facilities, and auxiliary equipment, as a result, the question of energy supply
becomes central to the technical and economic viability of the exploitation, although several
renewable energy sources can be used for rural electrification, including wind energy, their suitability
and usefulness depends on local conditions and application limitations, in the region of Adrar, wind
resources are present and have been identified as technically exploitable in previous studies [18],
[19], however, compared to solar energy, wind energy remains more variable and less predictable,
and its integration requires more complex mechanical installations and maintenance conditions, For
micro-grid agricultural applications, where energy demand is closely linked to daytime operation,
photovoltaic systems generally offer a more practical and reliable solution, for this reason, the present
work focuses on a photovoltaic-based hybrid system adapted to the characteristics of the study site;
In this perspective, the design of a photovoltaic-hybrid system must be based on a structured

engineering methodology involving several stages.

First, the energy demand of the site must be evaluated through the identification of all electrical

and hydraulic loads.

Second, the local solar resource must be analyzed to estimate the production potential of the

photovoltaic subsystem.

Third, the different components of the system must be dimensioned according to technical and

operational criteria.




Finally, the complete system must be simulated and optimized to determine the most suitable

configuration from both technical and economic points of view [13], [15], [16].

Specialized software tools are used to realize this study, in photovoltaic system design, PVsyst
is widely used for pre-dimensioning, performance simulation, and analysis of energy production and
system losses [16]; it allows the designer to evaluate the expected behavior of the photovoltaic field
under realistic climatic and operating conditions; The problem addressed in this thesis may therefore

be expressed as follows:

How can a photovoltaic-hybrid energy system be properly dimensioned and optimized to ensure

the reliable electrification of an isolated agricultural exploitation in the region of Adrar?

Based on this problem, the main objective of this thesis is to design and evaluate an optimal
hybrid energy system capable of meeting the electrical needs of an isolated agricultural farm through

an efficient integration of photovoltaic production, storage, and backup generation.

The selected site represents a relevant case of agricultural electrification in a Saharan
environment, where the abundance of solar energy contrasts with the practical difficulties of

conventional power supply.
The remainder of this manuscript is organized as follows:

e Chapter I presents the general theoretical concepts related to renewable energies,
photovoltaic systems, MPPT, hybrid systems, storage technologies, and the role of energy in

agriculture.

o Chapter II is devoted to the presentation of the study site and the evaluation of the energy

needs and system sizing.

e Chapter III concerns the dimensioning, simulation, optimization and discussion of the
proposed hybrid system using PVsyst, and evaluation of energy management on the technical,

economic, and environmental aspects of the selected system.

o Finally, a general conclusion summarizes the main results of the work and presents possible

perspectives for future development.




Chapter 1

Generalities on Renewable Energy Systems and

Agricultural Electrification

1.1 Generalities on Renewable Energies

The concept of renewable energy refers to energy obtained from natural processes that

are continuously replenished on a human time scale.

Unlike fossil fuels, which are finite and subject to depletion, renewable energy sources
are derived from naturally recurring phenomena such as solar radiation, atmospheric

circulation, water cycles, and biological processes [4], [8].

These sources are considered sustainable because their exploitation does not significantly

reduce their availability over time when managed appropriately.

Fig. 1.1. Renewable energy illustration

1.1.1 Definitions and Classifications

Renewable energy systems can be classified according to several criteria, the most
common being the type of primary energy source and the method of energy conversion.

Based on the nature of the resource




e Solar energy which comes from sunlight and can be turned into electricity with

photovoltaic systems or heat with solar collectors [9], [10].,

Broadly speaking, solar energy falls into two categories:

a) Solar thermal energy

Solar thermal energy is a type of renewable energy that converts sunlight into heat instead

of electricity using solar collectors that catch incoming radiation and move the heat generated

to a working fluid, usually water or air [8], [10], collected thermal energy can then be used right

away for a number of purposes, especially house applications, farm and factories.
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Fig. 1.2. Solar thermal energy scheme

-High efficiency for heat production

-No greenhouse gas emissions during use

-Application limited to thermal uses

-Performance depends strongly on solar availability

b) Photovoltaic solar energy

Photovoltaic energy is a form of solar energy that enables the direct conversion of solar

radiation into electrical energy through semiconductor devices known as photovoltaic cells, this

conversion is based on the photovoltaic effect, where incident photons generate charge carriers

within a semiconductor material, resulting in an electric current when the circuit is closed [9],

[10], PV systems are widely used in both grid-connected and off-grid configurations,

particularly in rural and isolated areas where access to conventional electricity networks is




limited, their modular structure allows flexible installation and scalability, making them well
adapted to applications such as water pumping, lighting, refrigeration, and agricultural

electrification [9], [10].
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Fig. 1.3.(I) Grid connected PV system, (II) Off-grid PV system

Advantages: - Produce electricity directly.

-Low maintenance and operating costs with no ghg emissions.

Limitations: -Production depends on solar availability and seasons.

-Efficiency affected by heat and environmental conditions.

Wind energy is a clean renewable energy source that uses wind turbines to turn the
kinetic energy of moving air masses into electricity, wind flow makes the turbine blades turn,
which turns a generator that makes electricity [8]. Wind energy systems can be used in a variety
of ways, from small, stand-alone turbines for rural areas to large wind farms that are connected

to the electrical grid, wind turbines are classified according to:

-Horizontal axis wind turbines (HAWT): these are the most widely used turbines, with
the rotor axis parallel to the wind direction, offering high efficiency, making them dominant in

both onshore and offshore applications.
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Fig. 1.4. HAWT generator Structure.

-Vertical Axis Wind Turbines (VAWT): These turbines have a vertical rotor axis and

can capture wind from any direction without orientation systems.

Although simpler design, they generally have lower efficiency and are less commonly

used in large-scale applications.

Fig. 1.5.VAWT generator structure.




Advantages: -High efficiency under favorable wind conditions and considered one
of most mature technologies.

-Low operating costs and does not require fuel which makes it
suitable

for decentralized energy production.

Limitations: -Irregular wind resource may be insufficient for reliable energy
production
-Mechanical parts subject to wear, which can increase maintenance
requirements, and limit practical implementation for isolated

agricultural applications.

Hydropower is based on the conversion of the potential and kinetic energy of water into

electricity, typically through hydraulic turbines connected to generators.

It is one of the oldest and most established renewable energy technologies, widely used

in large-scale power generation as well as in small-scale installations [2].
Hydroelectric facilities can be divided into three groups:

- Reservoir hydropower, also known as storage hydropower, which separates the
turbines from the hydro inflows.
Dams can employ water storage as a buffer to control or store hydro inputs, decoupling
the

generating time from the input [2], [13].

Hydroelectric Dam

Long Distance
Power Lines

Fig. 1.6. Hydroelectric Dam (powerplant).




-Run-of-river hydropower, whose generating output is mostly determined by hydro

inflows due to a lack of storage to act as a buffer for the time and magnitude of inflows [2].
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Fig. 1.7.Run-of-river hydropower.

-Pumped storage hydropower, which uses reservoirs for higher and lower storage.

Water is pumped from the lower reservoir to the upper reservoir using energy when
demand is low, usually during off-peak hours, and released when demand for electricity is

high. Peak generating, grid stability, and ancillary services are the main uses for pumped hydro
(2]
By storing an abundance of renewable energy that is not required during times of low

electricity demand, it can also be utilized to incorporate more variable renewables [2].

"’\’. 1. Renewable energy is stored - Lecess How does pumped storage
energy generoted through solar or hydropowaf work ?
wind power 5 used 10 power the pump
3. Water is stored - /1 warer stoys
in the upper resenvoir, storing potentiol
energy until it's necded

Is generated - As the wote/
i, it passes through turbines,

tricity that is fed into the power g1id

Fig. 1.8. Pumped storage hydropower.




Hydropower can be classified also according to hydraulic head:
High-head systems (>100 m): use Pelton turbines which is suitable for mountainous

regions.

Medium-head systems (30—100 m): using Francis turbines offering a balance between

efficiency and adaptability.

Low-head systems (<30 m): use Kaplan or propeller turbines and are commonly found in

large rivers with low elevation differences.

-Advantages: - High efficiency and reliability as water flow can be regulated and
controlled thus producing continuous and stable electricity.
-High conversion rate often exceeds 85%.

-Long operational life span and low operating costs.

-Limitations: -Requires significant infrastructure.

-Efficiency affected by geographical limitations.

Biomass energy comes from organic materials like animal waste, agricultural waste,
wood, and other substances that can break down naturally; Combustion, gasification, or
anaerobic digestion can turn these materials into useful energy, which can be used to make heat,

electricity, or biofuels [1].

TRANSMISSION & DISTRIBUTION

TURBINE GENERATOR

COMBUSTION

REDUCTION

Fig. 1.9.Biomass energy production.

-Advantages: - Utilization of agricultural and organic waste.
- Relatively stable and controllable energy production.

- Possibility of local resource valorization
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-Limitations: - Requires continuous biomass supply and logistics.

- Lower conversion efficiency.

-Emission still present (though reduced compared to fossil fuel.

Geothermal energy exploits heat stored within the Earth’s crust for electricity generation

or direct thermal use.

This heat is achieved through wells that extract hot water or steam from underground

reservoirs, which can then be used to drive turbines or provide heating [8]; Geothermal energy

can be classified into 3 main systems:

-Dry steam systems: use steam directly from underground reservoirs to drive turbines.

-Flash Steam Systems: by depressurizing high-pressure hot water to produce steam,
which turns the turbine.
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INSULATING '2) The hot water returns to the
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ROCKS .3 The hot water heats up a secondary
working fluid via a heat exchanger.

Production well
Injection well
Production well

4 ) The vapour from that fluid spins
a turbine to generate electricity.
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Sources: Geodynamics; The Economist

Fig. 1.10. Geothermal energy system.

Binary Cycle Systems: Use moderate-temperature geothermal fluids to heat a secondary

working fluid with a lower boiling point, enabling us to make electricity in lower-temperature

environments.

-Advantages: - Continuous and base-load energy production.
- Not dependent on weather conditions.

- High reliability.

-Limitations: - Strong geographical dependency.

- High exploration and drilling costs.
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1.1.2 Relevance of renewable energy for the study site.

The choice of a suitable renewable energy technology depends not only on its general
characteristics but also on its compatibility with the environmental and geographical conditions
of the concerned site; this choice is particularly crucial for isolated agricultural exploitations
since the energy system has to guarantee reliability, autonomy and adaptation to local
constraints, the study area presented in this work is located in a Saharan region of southern
Algeria characterized by high solar irradiation, high ambient temperatures and low precipitation
levels; these climatic conditions play a significant role in the viability and efficiency of various
renewable energy technologies; the region benefits especially from a high solar potential, with

numerous hours of sunshine throughout the year, making solar energy one of the most abundant

Global earth Map

4

and accessible resources [5], [14].
Wh/m?

Q

Fig. 1.11. Map of Adrar with mean annual sum of global horizontal
irradiation (kWh/m?/year).

Other renewable energy sources, on the other hand, do not perform well when evaluated
under these circumstances, wind energy is technically feasible but highly dependent on local
wind regimes that may be irregular and insufficient to ensure stable and continuous energy
supply., hydropower systems (conventional, tidal or hydrokinetic technologies) are not

applicable due to the absence of significant water resources and suitable hydraulic conditions.

Similarly, biomass energy relies on organic resources that may be scarce in arid

environments, limiting its practicality as a primary energy source, In contrast, geothermal
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energy requires geological conditions that are generally not present or economically exploitable
in the region under consideration [1],[2],[8], based on this preliminary analysis, solar
photovoltaic energy appears to be the most suitable energy source for the electrification of the
agricultural site studied, coupled with a hybrid system to ensure continuity in the most

unfavorable scenarios, (solar photovoltaic system, batteries, diesel generator).
1.2 Solar Photovoltaic energy

1.2.1 Solar radiation

The sun emits energy in the form of photons covering a broad spectrum, spanning from

ultraviolet waves (0.2 pm) to far infrared (2.5 pm), this energy is distributed across three main

spectral bands:
e 9% in ultraviolet (< 0.4 pm)
e 47% in visible light (0.4 to 0.8 um)
e 44% in infrared (> 0.8 um)

To harness this radiation — whether as heat or electricity — solar collectors must be

designed to respond to these specific wavelength ranges, ensuring optimal photon capture.
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0.20 — _
Top of atmosphere

015 Ground level

010

Irradiance (W/ch-um)

0.05

0.00

0.5 1.0 1.5 2.0 2.5
Wavelength (um)

Fig. 1.12. Spectral analyses of solar radiation.

Producing an electric current from solar radiation requires two fundamental conditions to
be met, on one hand, the material acting as a sensor must be capable of interacting with

incoming photons by absorbing them according to their specific wavelength.
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On the other hand, the electrical charges released in this process must be directed and

gathered together in order to generate a coherent and usable electric current [18].
1.2.2 Different types of solar radiation

a. Direct Radiation: Direct radiation refers to the portion of solar energy that travels in
a essentially straight path from the sun to the Earth's surface without significant deviation.

When striking a horizontal surface, it is expressed as:
I, =1 x Sin(h)
where h represents the solar elevation angle.

b. Diffuse Radiation: Unlike direct radiation, diffuse radiation originates from the entire
sky dome rather than the sun itself; it results from the scattering and absorption of sunlight by
atmospheric particles, as well as its reflection off clouds; under clear sky conditions, it accounts
for roughly 20% of total incoming energy, whereas under overcast conditions, it represents the

entirety of radiation reaching the ground

c. Reflected Radiation (Albedo): This component corresponds to solar energy bounced
back by ground surfaces or objects present on them; its magnitude depends heavily on the
reflective properties of the surface, known as albedo, which tends to be especially high over

particularly reflective materials such as water or snow [18].

d. Global Radiation: on a horizontal plane encompasses all solar-origin radiation reaching that
surface, combining the vertical component of direct sunlight with diffuse sky radiation, on a
tilted surface when the receiving surface is inclined, global radiation becomes the sum of three

distinct contributions: direct, diffuse, and reflected radiation [18].
e. Air Mass and STC

The Air Mass (AM) concept describes the ratio between the actual path length traveled by direct
sunlight through the atmosphere and the vertical thickness of the atmosphere at that location. It

is computed as:
AM = 1/Sin(h) (1.1)

For any given site, atmospheric pressure p (in millibars) is also factored in. Standard reference
conditions are defined as follows: AMO applies above the atmosphere, AM1 when the sun is

directly overhead (zenith), and AM2 at a solar elevation of 30°.
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The Air Mass index serves a dual purpose: it quantifies the power carried by incoming

solar radiation; approximately 1367 W/m? at AMO, dropping to around 833 W/m? at AM1.5;

and it establishes a reference spectrum for calibrating photovoltaic test cells. Standard

qualification conditions for solar cells are set at an AM1.5 spectrum, an incident power of 1000

W/m?, and a temperature of 25°C [18].
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Fig. 1.13. Solar specter to different mass air values

Understanding the Air Mass number requires examining two distinct dimensions, the first

it serves as an indicator of the energy intensity carried by solar radiation reaching a given point,

this intensity stands at approximately 1367 W/m? outside the atmosphere (AMO) and falls

around 833 W/m? at (AM1.5) due to atmospheric absorption, the second one provides a

standardized spectral reference framework used

to calibrate benchmark solar cells, which are

themselves employed to assess and validate the performance of photovoltaic devices.

In this context, the internationally accepted

been established as follows:

An operating temperature of 25°C.

standard testing conditions for solar cells have

A reference spectrum corresponding to AM1.5.

An incident irradiance level of 1000 W/m?.

Unless explicitly stated otherwise, any performance data or technical specifications

provided for a photovoltaic device are assumed to be measured and reported under these

standardized conditions which is referred to as STC [18].
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1.2.3 Solar geometry and geographical coordinates

Locating any spot on our planet relies on a coordinate system built around three key

parameters

1) Longitude: it’s a way of measuring how far east or west a place sits relative to a
globally agreed-upon starting line, two imaginary vertical planes, both cutting through the
earth’s polar axis, form an angle between them, one anchored at the Greenwich reference

meridian (0°) and the other cuts through the target location, this angle is what we call longitude
)
This measurement is covered by some rules:

a) Value stretch from —180° to +180°

b) Eastwood positions carry a positive value, westward ones a negative value

¢) Every single degree of longitudinal separation translates into a 4-minute difference in solar

time [19].

2) Altitude: it’s how high a location sits above a universally adopted baseline known as
average sea level, expressed in meters and reflects the elevation of the point above the

theoretical flat reference.

3) Latitude: Latitude (@) it’s about how far north or south is a location from earth’s
midline, geometrically it is the angle formed at earth’s center between the equatorial plane and

a line drawn outward to the surface point of interest, and it works as follows:
-The equator sits at 0°, splitting the globe into two halves.
-Moving northward, values climb toward +90° at the north pole.
-Moving southward, values drop to -90° at the south pole.

-Northern Hemisphere locations receive a positive (+) sign, while southern hemisphere

ones are given a negative (-) sign [19].
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Fig. 1.14. Cartesian geocentric coordinates and local coordinates

1.2.4 Surface orientation and tilt

When studying how much solar energy a surface can capture, two angular parameters

become essential, where the surface faces, and how steeply it is angled

1) Azimuth angle (a): the azimuth tells you which compass direction that surface is
pointing toward, more precisely, it measures the horizontal angle between the sun’s position

and due south, the sign convention works as follows:

Direction faced Azimuth value
East -90°
South 0°
West +90°
North +-180°

Table 1: Azimuth values according to direction faced
A surface pointing due South (a0 = 0°) is generally considered optimal for solar energy
collection in the Northern Hemisphere, as it receives the most direct sunlight throughout the
day [19].
1) Tilt angle (B): the tilt angle addresses how steeply a surface rises from the ground; it

quantifies the deviation between the receiving surface and a perfectly flat horizontal plane:

In practice, most solar installations operate somewhere between 0° and 90°, with the

optimal tilt typically matching or approximating the geographic latitude of the installation site.
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Fig. 1.15. Angles on an inclined plane

1.2.5 Photovoltaic effect

The photovoltaic effect is based on the interaction between incident photons and
semiconductor material, leading to the generation of electrical carriers that can be extracted as
a usable current; this mechanism represents the core operating principle of photovoltaic

technologies and governs their electrical behavior under varying environmental conditions [23].

Photovoltaic conversion occurs within semiconductor materials such as silicon, which are
characterized by an energy band structure composed of a valence band and a conduction band
separated by an energy gap known as the bandgap, when a photon with energy equal to or
greater than the bandgap is absorbed, an electron is excited from the valence band to the

conduction band, generating an electron—hole pair [20], [18].

However, the generation of charge carriers alone does not ensure electrical power
production, in the absence of an internal electric field, these carriers would recombine without

contributing to useful current.

To address this limitation, photovoltaic cells are based on a p—n junction structure, formed
by joining p-type and n-type semiconductor materials, the resulting junction creates a depletion

region characterized by an internal electric field [20].

18



anti-reflection coating sunlight

transparent adhesive
from contact

./ﬁﬁL

cover glass current ——

-

pP-n junction

n-layer semiconductor

p-layer semiconductor back contact

Fig. 1.16. Solar cell diagram.

1.2.6 Photovoltaic cell

A photovoltaic cell—often referred to as a solar cell—is a semiconductor device that
transforms light energy directly into electric energy by exploiting a physical phenomenon

known as the photovoltaic effect.
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Fig. 1.17. Equivalent circuit of a PV Cell

The electrical behavior of a photovoltaic cell is commonly represented by its current—

voltage (I-V) characteristics, which are nonlinear and strongly dependent on irradiance and

temperature.
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Fig. 1.18. I-V characteristics curve of a PV cell
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-Voc = Open-circuit voltage. (maximum voltage output when the current is zero)
-Isc = Short-circuit current. (maximum current output when the voltage is zero)
-Pmax = Maximum power (at this point, voltage and current reach maximum value)

The photovoltaic energy conversion process can therefore be described in three
fundamental stages: photon absorption, generation of electron—hole pairs, and separation of
charge carriers under the effect of the internal electric field, the efficiency of this process is
influenced by material properties, recombination mechanisms, and thermal effects, which
significantly affect the overall performance of photovoltaic systems in real operating conditions

[18], [20].
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Fig. 1.19. 1) I-V characteristics vs Temperature, IT) I-V characteristics vs irradiance.

1.2.7 Photovoltaic cell technologies and Semiconductor Materials

The performance of a photovoltaic system depends not only on solar irradiation
conditions and system configuration, but also on the semiconductor technology used in the
photovoltaic cells. Over the past decades, several photovoltaic technologies have been
developed to improve conversion efficiency, reduce manufacturing costs, and adapt
photovoltaic systems to different environmental and operational conditions; these technologies
mainly differ in their semiconductor materials, fabrication processes, electrical characteristics,

and thermal behavior [21].

Silicon remains the dominant semiconductor material in the photovoltaic industry due to
its abundance, chemical stability, non-toxicity, and well-established manufacturing technology.
Depending on the crystalline structure of the semiconductor material, silicon photovoltaic cells
are generally classified into three principal categories: monocrystalline silicon, polycrystalline

silicon, and amorphous silicon technologies.
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a. Monocrystalline Silicon Cells

Monocrystalline silicon cells are manufactured from a single continuous crystal structure
obtained through highly controlled crystallization processes, their uniform crystalline
arrangement allows electrons to move more freely within the material, resulting in higher

conversion efficiencies compared to other silicon technologies [21].
These cells are characterized by:
o high electrical efficiency, typically ranging between 18% and 24%.
e good long-term stability.
o reduced space requirements due to their higher power density.

o relatively high manufacturing costs associated with crystal purification and fabrication

processes.

Fig. 1.20. Silicium mono-crystalline cell

Monocrystalline modules are particularly suitable for applications where installation
space is limited or where maximizing energy production is essential, their high efficiency makes
them attractive for isolated photovoltaic systems operating under strong solar irradiation

conditions, such as Saharan regions.

However, their performance remains sensitive to temperature increases, in high-
temperature environments, the output voltage decreases, leading to a reduction in overall

conversion efficiency [21].
b. Polycrystalline Silicon Cells

Polycrystalline silicon cells are produced using molten silicon that solidifies into multiple
crystal grains rather than a single crystal structure; this manufacturing process is simpler and
less expensive than that of monocrystalline cells, making polycrystalline technology widely

adopted in medium-cost photovoltaic installations [21].
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Compared to monocrystalline cells, polycrystalline modules generally present:
e lower manufacturing costs.
e moderate conversion efficiencies, typically between 15% and 19%.
o slightly higher recombination losses due to grain boundaries.
e lower energy production efficiency under identical irradiation conditions.

Despite their lower efficiency, polycrystalline modules offer a good compromise between
performance and economic cost, which explains their widespread use in large-scale

photovoltaic systems.

Fig. 1.21. Poly-crystalline silicium cell

c. Amorphous Silicon Cells

Amorphous silicon cells belong to the thin-film photovoltaic technology family, unlike
crystalline silicon technologies, amorphous silicon does not possess an ordered crystal
structure. Instead, semiconductor material is deposited in thin layers onto substrates such as

glass, plastic, or metal surfaces [21].
The main characteristics of amorphous silicon technology include:
o reduced material consumption.
o lightweight and flexible structures.
e lower manufacturing costs.
e better performance under low irradiance conditions.

However, amorphous silicon cells generally exhibit relatively low conversion
efficiencies, often below 12%, together with gradual performance degradation over time due

to light-induced degradation phenomena.
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Fig. 1.22. Amorphous silicon cell

d. Thin-Film Photovoltaic Technologies

In addition to silicon-based technologies, several thin-film photovoltaic materials have
been developed to reduce manufacturing costs and improve flexibility, the most common thin-

film technologies include:
e Cadmium Telluride (CdTe).
e Copper Indium Gallium Selenide (CIGS).
e Gallium Arsenide (GaAs).

Thin-film technologies require smaller quantities of semiconductor materials and can be
manufactured on flexible substrates, certain technologies, particularly CIGS, exhibit good
thermal behavior under high ambient temperatures, making them potentially attractive for

desert environments [21].
Nevertheless, some thin-film technologies remain limited by:
o lower commercial availability.
o reduced long-term stability.
e environmental concerns related to toxic materials such as cadmium.

For isolated agricultural applications in Saharan regions, photovoltaic modules must
withstand high solar irradiation, elevated ambient temperatures, dust accumulation, and harsh
environmental conditions; under such circumstances, crystalline silicon technologies
particularly monocrystalline modules are often preferred due to their high efficiency and

operational reliability despite their higher initial cost.
1.3 Components and types of photovoltaic systems

A photovoltaic system is an integrated electrical system designed to convert solar energy

into usable electrical power while ensuring energy conditioning, regulation, protection, and
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distribution according to the requirements of the application; in practice, photovoltaic
installation is not limited to the photovoltaic generator itself but includes several electrical and
electronic subsystems operating together to guarantee stable and efficient energy production

under varying environmental conditions [22].
The configuration of a photovoltaic system depends mainly on:

the nature of the electrical load.

the required autonomy.

o the operating environment.

and the availability of auxiliary energy sources.

Although photovoltaic system architectures may differ from one application to another,
most installations are composed of common fundamental elements including photovoltaic
modules, power converters, charge controllers, storage devices, protection systems, and

monitoring units.

1.3.1 Photovoltaic Generator

The photovoltaic generator constitutes the primary energy production unit of a
photovoltaic system, the electrical energy produced by the photovoltaic generator is delivered
in the form of direct current (DC) and subsequently conditioned by power electronic converters
to satisfy the requirements of electrical loads or energy storage systems [22], unlike
conventional electrical generators, photovoltaic generators do not contain moving mechanical
parts and operate solely through the interaction between solar radiation and semiconductor
materials, Consequently, their energy production depends directly on environmental conditions,

particularly solar irradiance and cell temperature.

1.3.1.1 Structure of a photovoltaic generator

A photovoltaic generator is organized in a layered structure composed of several
interconnected elements, the smallest functional unit is the photovoltaic cell, which converts
incident solar radiation into electrical energy; individual cells are electrically connected to form
a photovoltaic module, commonly referred to as a solar panel; since the electrical power
generated by a single module is generally insufficient for practical applications, multiple
modules are interconnected to form strings and arrays capable of delivering the required voltage

and power levels [23].
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layered organization can be summarized as follows:

Panel
several modules assembled
into a single structure

L~
Cell Module

Photovoltaic generator
assembly of arrays connected
in parallel to obtain the required power

Fig. 1.23. Structure of a photovoltaic generator

Where:

e Cell: elementary photovoltaic conversion device.
e Module : assembly of interconnected cells encapsulated within a protective structure.

e String : group of modules connected in series and /or parallel.
1.3.1.2 Series and parallel connections

The electrical characteristics of a photovoltaic generator are determined by the

configuration adopted for module interconnection.
A. Series connection

When photovoltaic modules are connected in series, the positive terminal of one module
is connected to the negative terminal of the next module. In this configuration, the output

voltage increases while the current remains unchanged [24].
The total voltage is expressed as:
Viotat = NsVimoaute (1.2)
where:

o Viotar® total generator voltage (V);
e Vinodule: voltage of a single module (V);

e N, : number of modules connected in series.

Series connections are generally used when high DC voltage levels are required for

inverter operation or power transmission.
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Fig. 1.24. PV series connection

B. Parallel connection

In parallel connections, all positive terminals are connected together, and all negative
terminals are connected. This arrangement increases the output current while maintaining

approximately the same voltage [24].
The total current is given by:
ltotar = Nplmogute (1.3)
where:

o Iiotqr: total generator current (A);
e Lnoduie: module current (A);

e N,: number of parallel branches.

Parallel connections are commonly employed when large power outputs are required.
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Fig. 1.25. PV parallel connection

1.3.2 Charge controller and power conditioning unit

A photovoltaic generator does not produce constant voltage or powers; its electrical output

continuously varies according to several factors including:

e Solar irradiance.
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e Cell temperature.
o Shading conditions.
e Load demand.

Therefore, directly connecting a photovoltaic generator to batteries or loads may results

in poor energy utilization, battery degradation, unstable operation, reduced system efficiency.

For this reason, photovoltaic systems incorporate a power conditioning stage responsible
for regulating energy transfer between the photovoltaic generator, storage units, and electrical

loads [22].

1.3.2.1 Role of charge controller in photovoltaic systems

In standalone and hybrid photovoltaic systems, the charge controller represents a critical
component responsible for supervising energy transfer from the photovoltaic array to the battery
bank while protecting the storage system from potentially damaging operating conditions,
beyond its protective role, the charge controller contributes significantly to improving the
overall efficiency and reliability of the system by regulating voltage and current levels
according to the operating requirements of the batteries and electrical loads [22]; the controller
also prevents reverse current flow between the battery and the photovoltaic generator; during
periods without solar radiation, photovoltaic modules cease producing electrical energy and
may behave as passive electrical loads, without adequate protection, stored energy could flow

back into the photovoltaic array, resulting in unnecessary energy losses.

Charge controllers incorporate blocking mechanisms that eliminate this reverse current
path and improve overall energy efficiency [22], beyond battery protection, charge controllers
are closely associated with power conditioning functions; the electrical output of a photovoltaic
generator rarely matches the voltage requirements of the battery bank or electrical loads
directly, therefore, voltage adaptation becomes necessary to ensure efficient power transfer
under varying operating conditions, this adaptation is achieved through the use of DC/DC

converters, which constitute the core of modern photovoltaic charge regulation systems [22].
1.3.3 Types of charge controller

1.3.3.1 PWM (Pulse Width Modulation) charge controller

It adjusts the width of electrical pulses to control the amount of energy sent to the
battery, it acts like a fast switch that open and closes several times per second, the more

the battery is charged, the shorter the pulses become, thus reducing the incoming energy
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flow, (e.g. if we have a solar panel of 18V, a duty cycle of 75% will allow for a charging
voltage of 13.5V for the battery), with this type of device we cannot control the current
[22].

Fig. 1.26. PWM SOLAR CHARGE CONTROLLER

1.3.3.2 MPPT (maximum power point tracking) controller

The electrical power generated by a photovoltaic system is not constant, since it depends
strongly on environmental conditions such as solar irradiance and cell temperature; under
varying operating conditions, the current—voltage (I-V) and power—voltage (P-V)
characteristics of photovoltaic modules exhibit a unique operating point at which the extracted
power reaches its maximum value; this operating point is known as the Maximum Power Point
(MPP), and its location changes continuously throughout the day depending on weather and
load conditions; as a result, direct operation of a photovoltaic generator without control leads

to suboptimal energy extraction and reduced system efficiency [24].

In order to overcome this limitation, Maximum Power Point Tracking (MPPT) techniques
have been developed; MPPT refers to a set of control algorithms implemented within power
electronic converters, whose main objective is to continuously adjust the operating voltage and
current of the photovoltaic generator so that it remains as close as possible to the MPP under
all environmental conditions; these algorithms are typically embedded in DC/DC converters
and act by modifying the duty cycle of the switching devices, thereby controlling the electrical
operating point of the photovoltaic array [24], [22], From a physical perspective, the MPPT
controller does not directly extract energy from the photovoltaic module; instead, it regulates
the impedance seen by the photovoltaic generator. By dynamically matching the load
impedance to the optimal operating conditions of the PV array, maximum power transfer is

achieved according to the principle of impedance matching, this makes MPPT an essential

28



component in all modern photovoltaic systems, particularly in standalone and hybrid

configurations where energy availability is limited and must be efficiently utilized.

1.3.3.1 Current-Voltage and Power—Voltage Characteristics

The current—voltage characteristic of a photovoltaic module is nonlinear and varies with
irradiance and temperature; under standard conditions, the curve is bounded by two extreme
points: the short-circuit current, corresponding to zero voltage, and the open-circuit voltage,
corresponding to zero current. Between these two limits lies a region where the electrical power

varies significantly with voltage [25].

The output power is defined as:

P=VxI (1.4)
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Fig. 1.27. MPPT P-V curve
The corresponding power—voltage curve presents a single maximum point, which defines
the optimal operating condition of the photovoltaic generator; this point is characterized by:

o Vnpp: voltage at maximum power point
e [Lypp: current at maximum power point
e P,a: maximum extractable power

Piax = Vipp X Linpp  (1.5)
The condition for maximum power transfer can be mathematically expressed by the
derivative of power with respect to voltage:

dP
=0 (16)

Since P=VI, the condition becomes:
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At the maximum power point:

d
d

P vdl

i I+ rra (1.7)
dl I
w= v 18

This relationship forms the basis of advanced MPPT techniques, particularly the

Incremental Conductance method; it indicates that at the optimal operating point, the

incremental conductance is equal and opposite to the instantaneous conductance of the

photovoltaic module.

1.3.4 Comparison between different methods of MPPT commands

The following table summarizes the differences between every MPPT method; their

operating principles, and their advantages and limitations [24].

Method Category Main Principle | Advantages Limitations
Perturb & | Direct Perturbs PV | Simple, low | Oscillates
Observe (P&O) voltage and | cost, widely | around ~ MPP,
observes power | used. less effective
variation to under rapid
approach the irradiance
MPP. changes.
Incremental Direct Uses the | High accuracy, | More complex
Conductance condition dP/dV | reduced calculations and
(INC) = 0 at MPP to | oscillations. sensitive to
locate the measurement
optimal noise.
operating point.
Fractional Open- | Indirect Estimates MPP | Very simple and | Requires
Circuit Voltage voltage from the | inexpensive. periodic
(FOCV) open-circuit disconnection of
voltage. the PV array,
causing power
loss.
Fractional Short- | Indirect Estimates MPP | Fast and simple | Requires
Circuit Current current from the | implementation. | periodic  short-
(FSCC) short-circuit circuiting of the
current. PV module.
Fuzzy Logic | Soft Computing | Uses linguistic | Robust and | Requires expert
Control (FLC) rules to | efficient under | knowledge for
determine  the | varying weather | rule design.
optimal conditions.
operating point.
Artificial Neural | Soft Computing | Learns the | Very high | Requires
Network (ANN) relationship accuracy and | extensive
between efficiency. training data and
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environmental high
conditions and computational
MPP. resources.
Particle Swarm | Soft Computing | Searches for the | Excellent under | High
Optimization global MPP | partial shading | computational
(PSO) using swarm | conditions. complexity.
intelligence.
Sliding  Mode | Non-linear Uses robust | Fast  response | Complex design
Control (SMC) control laws to | and strong | and  chattering
force operation | robustness. phenomenon.
toward MPP.
Ripple Direct Exploits Very fast | Lower steady-
Correlation converter tracking speed. | state  accuracy
Control (RCC) switching ripple and noise
to locate MPP. sensitivity.

Table 2: Summary of MPPT methods, operating principles, advantages and limitations

1.3.5 MPPT IMPLEMENTATION IN A CHARGE CONTROLLER VS INVERTER

The following table summarizes the different roles of MPPT when implemented in a

solar charge controller vs hybrid inverter:

Feature MPPT Charge | MPPT INVERTER
Controller
Primary function Regulates charging to | Converts DC to AC +
batteries MPPT tracking
Power Conversion Type DC to DC DCto AC
System Role Battery management System core (power
conversion +
optimization)
Typical Use Case Off-grid systems with | Grid-tied, hybrid,
batteries commercial systems
Complexity Lower Higher
Cost Lower upfront Higher upfront
Scalability Limited Highly scalable
Integration Requires separate | Often all-in-one solution
inverter

Table 3 : Comparative analysis of MPPT implementation in charge controller vs hybrid

1.3.6 DC-DC converter

inverter

A DC/DC converter is a power electronic device capable of transforming one level of

direct voltage into another while maintaining high conversion efficiency; Unlike conventional

transformers, which operate with alternating current, DC/DC converters employ high-

frequency switching techniques combined with passive components such as inductors and

capacitors to regulate energy transfer between the source and the load [31], The operation of
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DC/DC converters relies on semiconductor switching devices, typically MOSFETs or IGBTs,
which alternate rapidly between conducting and non-conducting states, by controlling the
switching sequence and the proportion of time during which the switch remains closed, known
as the duty cycle, the converter can regulate its output voltage according to system requirements

[22].

1.3.6.1 Types of DC-DC converters

BOOST DC-DC (step-up): A Boost converter (also known as a step-up converter or
parallel chopper) is a switched-mode power supply that converts an input DC voltage into a

higher value output DC voltage.

In a solar charger, the boost DC-DC converter elevates the PV panel’s voltage to match
the battery’s charging requirements while enabling the MPPT controller to extract maximum
power particularly useful when the panel’s maximum power point voltage is lower than the

battery voltage [22].

BUCK DC-DC CONVERTER (step-down): The Buck converter is commonly used in
battery charging applications where the photovoltaic array voltage exceeds the battery charging

voltage [22].

1.3.7 Inverter

The inverter is a key element in photovoltaic systems supplying alternating current loads
or interacting with an AC distribution network; its primary function is to convert the direct
current produced by the photovoltaic generator or the battery storage system into alternating

current with appropriate voltage and frequency adapted to the connected loads or the grid.

In modern photovoltaic systems, the role of the inverter extends far beyond simple
DC/AC conversion, advances in power electronics and digital control have transformed the
inverter into an intelligent energy management device capable of regulating power flows,
controlling battery charging and discharging, maintaining electrical stability, and ensuring
optimal utilization of renewable energy resources [22]; As a result, the inverter is often regarded
as the central control unit of a photovoltaic installation, particularly in standalone and hybrid

systems.

e Operating principle

32



The basic operating principle of an inverter relies on the periodic switching of
semiconductor devices according to a predefined sequence such as MOSFETs or IGBTs, by
controlling the switching frequency and duty cycle, the inverter generates an alternating voltage

whose amplitude and frequency can be adjusted to meet load requirements.

Hybrid inverters represent the most advanced category and are particularly relevant for
hybrid agricultural microgrids, these devices integrate several functions within a single unit,
including photovoltaic energy conversion, battery management, load supply, and coordination

with auxiliary generation sources such as diesel generators.

Through advanced control algorithms, hybrid inverters determine the most appropriate
energy source according to system conditions, load demand, battery state of charge, and solar
resource availability [26], in hybrid photovoltaic systems, the inverter plays a strategic role in
the implementation of energy management strategies, during periods of high solar irradiation,
photovoltaic production can directly supply electrical loads while simultaneously charging the
battery bank, when solar generation becomes insufficient, stored energy may be discharged to
maintain supply continuity; if both photovoltaic production and battery reserves are
inadequate, the inverter can initiate the operation of the backup generator to guarantee
uninterrupted service, this hierarchical management of energy flows contributes significantly

to reducing fuel consumption, improving renewable energy penetration, and enhancing

system reliability [26].
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1.3.8 Storage system

Energy storage systems are integrated into standalone and hybrid photovoltaic
installations to ensure continuity of supply during periods of low solar production or nighttime
operation [22], [26], batteries therefore play a fundamental role in maintaining system stability,

load autonomy, and operational reliability.
1.3.8.1  Batteries composition

An electrochemical storage device consists of two electrodes (a cathode and an anode)
connected to an external electrical circuit, both immersed in a compartment containing an

electrolyte.

The two electrodes are made of different metallic materials.

Current
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Fig. 1.29. Electrochemical accumulator

The electrolyte acts as an ionic conductive medium, enabling the movement of ions

between the electrodes and thereby ensuring the electrochemical operation of the system.
1.3.8.2 Main characteristics of battery

The following table summarizes the key characteristics of battery technologies:

Characteristic Definition and Role Typical Design Relevance

Nominal voltage

Rated DC voltage of a single
battery or battery block (e.g.,
12 V,24V,48 V)

Determines system DC bus
level and compatibility with
inverters/chargers

Nominal capacity

Stored charge at a given
discharge rate (e.g., Ah at
C10 or C20)

Used to size autonomy and
total usable energy

Usable capacity

Portion of nominal capacity
effectively available
considering DoD limits

Directly impacts backup
duration and risk of load
shedding
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Depth of discharge (DoD)

Fraction of capacity
discharged during a cycle (in
)

Higher DoD increases usable
energy but can reduce
lifetime

cycles before capacity falls
below a threshold

State of charge (SoC) Instantaneous level of charge | Key variable for control,
relative to full capacity (in | protection, and  energy
%) management

Cycle life Number of charge—discharge | Determines replacement

frequency and lifecycle cost

Round-trip efficiency

Ratio of discharged energy
to charged energy over a full
cycle (in %)

Affects  overall  system
efficiency and required PV
oversizing

Self-discharge rate

Capacity loss over time

when battery is idle

Influences performance in
low-usage  or  seasonal
applications

Maximum charge/discharge

Highest safe current the

Limits pump start-up currents

operation

current battery can accept or deliver | and fast load changes
Operating temperature | Temperature window | Critical in desert climates;
range ensuring safe and reliable | affects lifetime and capacity

Calendar life

Expected lifetime in years
under given storage and
operating conditions

Complements cycle life for
long-term planning

Safety and protections

Built-in or external
protections  (over-voltage,
over-current, thermal, BMS)

Essential for reliability and to
prevent thermal runaway or
damage

Cost per kWh (installed)

Total installed cost
normalized by usable energy

Used in techno-economic
optimization and system
comparison

1.3.8.3

Types of solar batteries

Table 3: Main characteristics of solar battery

Solar batteries can be classified according to the materials used for their electrodes and

the type of electrolyte employed [22], [26].

The most commonly used technologies in photovoltaic systems include lead-acid

batteries (flooded, gel, and AGM types) and lithium batteries.

o Flooded Lead-Acid Batteries

Flooded lead-acid batteries are the oldest and most widely used battery technology due to

their low cost, they employ a liquid electrolyte consisting of sulfuric acid diluted with water.

The positive plates are generally made of lead dioxide (PbO-), while the negative plates consist

of sponge lead (Pb).
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These batteries require regular maintenance, including monitoring the electrolyte level

and adding distilled water to compensate for evaporation losses.

Although they are reliable and economical, their maintenance requirements remain a

significant drawback [22], [26].

Fig. 1.30. Liquid lead-acid battery

¢ Gel Batteries

Gel batteries operate on the same electrochemical principle as flooded lead-acid batteries.

However, silica is added to the electrolyte to transform it into a gel-like substance.

This design enhances safety by preventing leakage and allows operation in various
orientations. Gel batteries also offer good resistance to deep discharges and require minimal

maintenance, making them suitable for standalone photovoltaic applications [22], [26].

_lead plates

_ Jel
/ material

Fig. 1.31. Jel battery

e AGM battery

In AGM batteries, the electrolyte is absorbed into fiberglass separators positioned

between the electrodes.
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This configuration prevents electrolyte leakage and significantly reduces gas emissions

during operation.

AGM batteries feature low internal resistance, excellent deep-cycle performance, and a

longer service life compared with conventional flooded batteries.

They are also virtually maintenance-free [22], [26].

Fig. 1.32. AGM lead battery

o Lithium Batteries

Lithium batteries are currently among the most efficient technologies for solar energy
storage. The anode is typically made of graphite because of its low cost, chemical stability, and

ability to host lithium ions.

Recent developments have introduced silicon-based, alloy-based, and metal-oxide anodes

to improve energy density and battery lifespan ,[13],[22],[26].

The cathode is commonly manufactured from lithium-containing compounds such as
lithium cobalt oxide (LiC00O:) and lithium iron phosphate (LiFePOs); battery performance
varies considerably depending on the cathode material employed, The electrolyte may be liquid,

semi-solid, or solid.

Liquid electrolytes generally consist of lithium salts dissolved in organic carbonate
solvents. Semi-solid and solid polymer electrolytes provide enhanced safety and greater
stability, making them promising candidates for next-generation lithium-ion battery

technologies [22], [26].
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1.3.8.4

Electrolyte
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Fig. 1.33. Lithium-ion battery

Comparison between different batteries technologies

Different batteries technologies have their own specifications and application fields, the

following table summarizes the differences between each of them, and specifies their

characteristics:
Characteristics Flooded Lead-Acid | Gel-AGM Lead acid Lithium-ion
Typical energy | Low—medium (= | Low—medium (similar | Medium—high (= 80—
density 30-50 Wh/kg) to flooded) 200 Wh/kg)
Round-trip = 75-85% = 80-90% = 90-95%
efficiency

Typical cycle life

= 500-1500 cycles
(at moderate DoD)

= 800-2000 cycles

= 3000-8000 cycles
(depending on DoD)

Recommended 40-60% (to | 50-70% 70-90% (technology

depth of discharge | preserve life) dependent)

(DoD)

Temperature Significant; lifetime | Similar to flooded; | High; requires

sensitivity drops at  high | sealed construction | proper thermal
temperature improves robustness management

Maintenance Regular (electrolyte | Low (sealed, | Very low (electronic
level, ventilation) maintenance-reduced) | BMS handles

protection)
Initial investment | Low Low—medium High
cost

Typical application
in PV

Small/medium
off-grid, low-cost
systems

Off-grid and backup

where low
maintenance is
needed

High-performance

hybrid  microgrids,
demanding cycling
profiles

Table 4: Comparison of battery technologies: operational characteristics, functions, and

maintenance requirements
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1.3.9 Protection and monitoring devices

Photovoltaic systems require various protection and supervision devices to ensure safe
and reliable operation. These devices are essential for protecting both equipment and users

against electrical faults, overvoltages, and abnormal operating conditions.
Typical protection components include:
e circuit breakers.
o fuses.
e disconnect switches.
e surge protection devices.
e grounding systems.
e overload protection mechanisms.

Monitoring systems are also increasingly integrated into modern photovoltaic

installations in order to supervise:
e energy production.
o battery state of charge.
e inverter performance.
o fault detection.
o and overall system efficiency.
These monitoring units facilitate preventive maintenance and improve operational
reliability, particularly in remote isolated systems.
1.4 Types of Photovoltaic systems
Depending on their mode of operation and connection configuration, photovoltaic
systems are generally classified into three principal categories.
1.4.1 Grid-Connected systems
Grid-connected systems are directly linked to the electrical utility network.

In this configuration, the photovoltaic generator supplies electrical energy to local loads

while excess production may be injected into the grid; these systems generally operate without
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battery storage and are mainly employed in urban and industrial applications where the

electrical grid is continuously available [27].
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Fig. 1.34. Grid-connected PV system

1.4.2 Off-grid systems

Standalone photovoltaic systems operate independently from the electrical grid and are
mainly used in isolated regions where grid access is unavailable or economically impractical

[27].
These systems generally include:
e photovoltaic modules.
o Dbattery storage systems.
e charge controllers.
e and power converters.
Standalone systems are widely employed in:

rural electrification.

water pumping.

Telecommunications.

and isolated agricultural applications.

Their main limitation lies in the intermittency of solar energy and the dependence on

storage capacity.
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Fig. 1.35. Off-grid solar system

1.4.3 Hybrid photovoltaic systems

Hybrid photovoltaic systems combine solar generation with additional energy sources

such as:
o diesel generators.

wind turbines.

or battery storage systems.
The objective of hybridization is to improve:
e energy reliability.
e supply continuity.
o operational flexibility.
e and system autonomy.

Hybrid architectures are particularly suitable for isolated agricultural microgrids
operating in Saharan regions, where high solar potential can be combined with storage systems
and auxiliary generators to ensure continuous power supply despite climatic variability; due to
their flexibility and improved reliability, hybrid systems have become one of the most
promising solutions for rural electrification and agricultural energy applications in remote areas

[28].
1.4.3.1 Classification of Hybrid Systems

There are several ways to classify multi-source hybrid systems; the chosen criterion

depends on the particular aspect under consideration [28].
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The most common classifications are presented below.

1.4.3.2 By operating mode
e Grid-connected operation (in parallel with the existing electricity network).

o Isolated (stand-alone) operation (in remote areas with no grid access).

1.4.3.3 By system configuration
This classification is based on several distinct criteria:
e The presence of a conventional (thermal) power source.
o The presence of an energy storage device (batteries..etc).
e Type of renewable energy source(s) used.
o Energy potential which is linked to the area’s conditions.

e Energy consumption.

PV systems

l l

Stand-alone PV System IIvbrid 'V System Grid — Connected PV system
s “' i < . 31, -
w 1thon_t With Battery _>| ith diesel | DBimodal 'V Directly
Battery system connected to
Utility
l 5| With Wind Turbines
Direct linked DC Mode
to a load > P
T — With battery Without
> il ydro Turbines systam battery
system
AC Mode

With Fuel cell |

Fig. 1.36. Classification of Photovoltaic systems

1.4.4 Photovoltaic system combined with a conventional source

This type of multi-source system is most deployed in regions with a warm climate and
high solar potential, such as Algeria, Saudi Arabia, and similar areas, its main purpose, when
operated in standalone mode, is to supply continuous power to a house, a residential or
administrative building, or even an entire village [29], standalone configurations generally
include batteries as well as other storage devices, the batteries and the photovoltaic array deliver

direct current, by contrast, diesel motors can drive generators that deliver either direct or
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alternating current, although in most cases the loads require alternating current; Because the PV
generator inherently produces direct current while domestic consumption usually relies on

alternating current, an inverter must be added to the system in order to convert DC into AC.

In such architectures, the photovoltaic generator can operate in parallel with, or
alternately to, the diesel generator; as a result, several configurations of PV/conventional-source

hybrid systems can be distinguished, including:
o series-type PV/diesel hybrid systems.
o switched PV/diesel hybrid systems.
o parallel PV/diesel hybrid systems.

1.4.4.1 Series-type configuration

....................

PV generator

Charge controller * : iidaceavevessensems
Batterie charger Diesel generator

S geesssssscssecsanes :
- < : :
WA . N i g s
< r| »’ f'_% :
fesseseasassasennan RPNy SRR ) Loads
Batrtery Inverter

Fig. 1.37. PV/diesel Serie Configuration

Essential characteristics of this design are:

o [t is specifically designed for small-scale systems that incorporate a rarely-used Diesel

generator.

o Both the Diesel generator and the renewable energy sources are connected to the

battery's common DC bus.

o The autonomous inverter functions unidirectionally, maintaining grid voltage, it also
facilitates the conversion of all direct current power, whether from the photovoltaic

array or the Diesel generator, into alternating current.

e When the photovoltaic system's energy output is insufficient to satisfy the demand, the

Diesel generator is disengaged.
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1.4.4.1.1 Advantages and limitations

The following table summarizes the advantages and limitations of PV-series

configuration

Advantages

Limitations

Easy determination of the appropriate size for
the Diesel generator

The inverter cannot operate concurrently
with the Diesel generator. Therefore, it must
be dimensioned to handle the peak possible
load independently.

A simplified electrical circuit, as there's no
need for switching mechanisms between AC
power sources.

Efficiency is relatively low when an AC
Diesel generator is involved, due to the
power undergoing two conversions before
reaching the consumer.

Starting the Diesel generator does not lead to
any interruption in the electricity supply.

Total loss of electrical power in case of
inverter fail.

The inverter ensures that the consumer
receives a steady power supply with suitable
voltage, signal waveform, value, and
frequency.

Suitable for only high capacity battery

Table 5 : Advantages and limitations of PV series configuration

1.4.4.2 Switched PV/Diesel arrangment

PV Array Charge Controller

L

DC Bus

Fig. 1.38.

Diesel Generator

! Changeover Switch |

Inverter

AC Bus

Switched pv-diesel arrangement system

This configuration is widely used even though it presents several drawbacks; in such a
system, energy can be supplied either from the conventional grid or from the photovoltaic array
combined with the battery through an inverter, but not from both sources at the same time, the

diesel generator can also be used to recharge the battery via a rectifier acting as an intermediate
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stage, due to the complexity of hybrid systems, their operation requires an automated control

and management system [29].

1.4.4.1.2 Advantages and Limitations

The following table summarizes the advantages and limitations of Switched pv diesel

arrangement

Advantages

Limitations

Enhanced efficiency because the Diesel
generator directly powers the load, leading to
reduced fuel usage.

A brief interruption of power occurs when
switching between sources.

The inverter can guarantee that the consumer
receives power at the specified voltage in
terms of both its form and magnitude.

Both the generator and the inverter must be
dimensioned for the system's maximum
power consumption. Consequently, their
efficiency decreases during periods of low
demand.

A malfunction of the inverter will not cause
a complete power outage, as the Diesel
generator can still supply the load.

Complex construction

Table 6: Advantages and limitations of switched PV-diesel configuration.

1.4.4.3 Parallel configuration

S |
PV ARRAY Charge controller

Bus CC

Fig. 1.39.

bidirectional | r----mememe- ”
inverter
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Parallel configuration

In this connection scheme, the diesel generator set is connected to the AC grid, the

photovoltaic modules and the battery bank are connected to a separate DC grid [29].

A reversible electronic converter links these two grids together, this device can fulfill two

functions: as a rectifier, when the diesel generator supplies the load while also charging the
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batteries or as an inverter, when the load (or part of it) is covered by solar energy and/or the

batteries.
In this way, the load can draw power from both grids simultaneously.
1.4.4.3.1 Advantages and Limitations

The following table summarizes the advantages and limitations of parallel configuration:

Advantages Limitations

System components do not need to be sized | An automatic control system is required to
for the full load, as the consumer can be | ensure proper operation of the overall system.
supplied simultaneously by both energy
sources.

Higher efficiency is achieved because the | The power electronic converter must
sources operate closer to their rated power | generate a sinusoidal voltage to enable
levels. In addition, there is no energy | synchronization with the diesel generator.
conversion stage for the diesel generator
output.

The number of power electronic converters is | Batteries tend to degrade faster due to the
reduced, which in turn decreases the required | absence of an optimized charging system.
cabling and lowers the initial investment cost
of the SMESR system.

A failure in one power electronic converter | Skilled personnel are required to operate and
does not necessarily lead to a loss of power | maintain the system correctly.

supply to the load.

Table 7: Advantages and limitations of parallel configuration
1.4.5 Choice of configuration for the application site

For the studied application, which concerns an isolated agricultural electrification system
operating under highly variable solar conditions, the parallel photovoltaic—diesel configuration
is identified as the most appropriate solution; its ability to ensure continuous power supply,
support dynamic loads such as water pumping systems, and maximize photovoltaic energy
utilization makes it particularly suitable for remote Saharan environments where reliability and

energy efficiency are critical constraints
1.5 Generator set

A generator set (genset) is an autonomous system designed to produce electrical energy.
It generally consists of a thermal engine coupled to an alternator; the system converts
mechanical energy from fuel combustion into electrical energy, depending on their design and

application, generator sets can range from small portable units weighing a few kilograms to
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industrial systems weighing several tons; their power rating is usually expressed in VA or kVA

(kilovolt-amperes), which represents the apparent electrical power output[30].

Fig. 1.40. 2 KW GASOLINE GENERATOR SET

1.5.1 Principle operation
Generator sets are mainly used as backup or standalone power sources, the thermal engine
converts chemical energy from fuel into mechanical rotational energy, which drives the
alternator; the alternator then transforms this mechanical motion into alternating electrical

current through electromagnetic induction.
1.5.2 Types of generator sets

Generator sets can operate using different energy sources depending on the design and

application [30]:

-Gasoline (petrol): Common in small, portable generators used for domestic purposes,
they can be started either manually or using an electric starter, their typical power range is
generally between 1.5 kW and 6 kW, making them suitable for household loads and small

equipment

They usually provide single-phase output and may include multiple outlets in higher-
power models, their engines are typically 2-stroke or 4-stroke, with relatively lower noise levels

compared to diesel units.

-Diesel fuel: Widely used in industrial and high-power applications due to its efficiency

and durability, they are mainly equipped with 4-stroke diesel engines and can provide single-
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phase, or hybrid electrical outputs depending on the configuration, their power capacity can
reach several megawatts (MW) in industrial installations, many modern diesel generators

include automatic  starting systems (ATS) for emergency or standby operation.

é:
0
sl
I

Fig. 1.41. 10 kVA diesel generator set

-Natural gas / LPG: cleaner alternatives with lower emissions and reduced operating

costs in continuous operation systems

Fig. 1.42. Propane gas LPG power generator set

-Fuel cell systems: Advanced generators that produce electricity through an
electrochemical reaction between hydrogen and oxygen without combustion, these systems are
highly efficient, quiet, and environmentally friendly, but are still limited by high cost and

hydrogen infrastructure requirements [31].
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The following table summarizes the differences between generator set energy
technologies and their advantages and limitations

Type Advantages Limitations Typical use

Gasoline Low cost, easy to start, | High fuel | Domestic use, small
lightweight, low initial | consumption, short | tools, emergency
investment lifespan, limited power | backup.

Diesel High efficiency, high | Noisy, higher | Industrial use, backup
torque, long lifespan, | emission, higher | for remote areas.
suitable for heavy | maintenance, heavier
loads, reliable for long | system
operations

Natural gas, LPG Cleaner emissions, | Requires gas supply | Urban backup systems,
lower operating costs | infrastructure, less | facilities  with  gas
than diesel, quieter | available in rural areas, | acces
operation, good | higher installation
efficiency complexity

Fuel cell (Hydrogen) | Very high efficiency, | Very expensive, | Advanced clean
silent operation, zero | hydrogen energy systems,
local emissions, low | infrastructure issues, | research, future grids.
mechanical wear still experimental in

many regions

Table 8: Comparison of gun-set technologies, application use, advantages and

limitations.

1.5.4 Choice of generator set for the application site

for rural and agricultural applications, where energy demand is variable and reliability is

essential, diesel generator set offer the most appropriate solution; in particular, the PV—Diesel—

Battery hybrid configuration provides an optimal compromise between technical performance
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and economic feasibility, this configuration ensures primary energy production during daylight

hours, while the battery bank stabilizes the load and improves energy continuity.

The diesel generator acts as a backup source during periods of low solar irradiation or
high demand; reducing significantly fuel consumption, operational costs, and it enhances
system reliability, which is a critical factor in agricultural applications such as irrigation

pumping, where power interruptions can lead to significant losses.
1.6  Solar pumping systems

Water pumping is one of the most important applications of photovoltaic energy in the
agricultural sector, particularly in remote and arid regions where access to the electrical grid is

limited or nonexistent [32].

Solar water pumping systems utilize photovoltaic energy to power electric pumps
responsible for extracting water from groundwater sources, wells, rivers, or reservoirs for

agricultural, domestic, and livestock applications.
1.6.1 Main components of a solar pumping system
A photovoltaic pumping system generally consists of the following elements:

o Photovoltaic generators.

e MPPT Controller.

o Inverter.

e Hydraulic pump and motor assembly.
o Water storage tank.

e Monitoring and Protection Devices.

o Battery storage (in hybrid structure).
1.6.2 Classification of solar pumping systems
Solar pumping systems can be classified according to their operating architecture [32].

-Direct-Coupled systems: In direct systems, the photovoltaic generator is directly

connected to the pump through a controller
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Fig. 1.44. Principal diagram of a direct solar pumping system

-Battery-Coupled Systems: These systems include batteries to store electrical energy.
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Fig. 1.45. Battery-coupled pumping system

Hybrid Solar Pumping Systems: Hybrid systems combine photovoltaic energy with

auxiliary sources such as diesel generators or wind turbines.
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Fig. 1.46. PV-diesel-eolienne pumping system
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1.6.3 Types of pumps used in solar pumping

Surface pump: Surface pumps are installed above the water source and are suitable for

shallow water levels, generally less than 7—8 meters [32].

Fig. 1.47. Surface pump

-Submersible pump: Submersible pumps operate underwater and are installed directly
inside boreholes or wells; its operation depth starts from 15m to 91m, and with specialized

modules can go up to 300m.

Fig. 1.48. 300m Water head stainless steel borehole submersible water pump

-Centrifugal pump: Centrifugal pumps use rotating impellers to impart kinetic energy

to water, its operating depth can go from 6m to 7m up to 300m.
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-Positive displacement pump: These pumps move a fixed volume of water during each
cycle, its operating depth depends on its location, its most suitable for moving thick fluids like
oil or syrups, for its consistent flow without getting clogged.[32].

Fig. 1.49. Centrifugal pump

Fig. 1.50. Positive displacement pump

1.6.4 Advantages and limitations of water pumps technologies

The following table summarizes the different technologies of water pumps, their

advantages and limitations:

Water pump type

Advantages

Limitations

Surface pumps

Easy maintenance, Low
installation cost

Limited suction depth

Submersible pumps

High efficiency, Suitable
for deep wells, Reduced
cavitation risk

Higher installation cost,
More difficult
maintenance

Centrifugal pumps

High flow rates, Low
maintenance

Pressure limits,
cavitation risks

Positive displacement
pumps

Consistent flow, high
pressure, strong suction

Higher maintenance,
Overpressure risk,
Weaker flow

Table 9: Advantages and limitations of water pump technologies
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1.6.5 Agricultural Electrification

Agricultural electrification consists of providing power to equipment and installations
such as irrigation systems, water pumps, storage facilities, and greenhouses, it enhances farms

productivity and supports the integration of renewable energy technologies in rural areas.
1.6.6 Energy requirements in Agriculture

Energy consumption in agriculture is primarily driven by mechanical, electrical, and

thermal needs associated with irrigation, crop processing, storage, and environmental regulation

Unlike industrial loads, agricultural energy demand is highly seasonal and strongly
dependent on climatic conditions and cultivation cycles; typical energy requirements include
water pumping, refrigeration, ventilation, lighting, and automation systems; these loads may
vary significantly during the day, with peak demands often coinciding with irrigation schedules
or storage cooling periods, in remote agricultural systems, ensuring a stable and continuous
energy supply is a major challenge due to the variability of both energy resources and load

demand [1].

The increasing adoption of renewable energy systems, particularly photovoltaic-based
solutions, offers a viable alternative to conventional diesel-powered agricultural electrification.
These systems reduce operating costs, minimize environmental impact, and improve energy

autonomy in rural areas.
1.6.7 Agricultural greenhouses

Greenhouses are controlled agricultural environments designed to optimize crop growth
by regulating temperature, humidity, light, and ventilation, these systems require continuous
energy input to maintain stable climatic conditions, particularly in regions with extreme

temperatures [1] [2].

Energy consumption in greenhouses typically includes ventilation fans, heating systems,
irrigation pumps, and artificial lighting; in cold climates, heating represents the dominant load,

while in hot and arid climates, ventilation and cooling systems are more significant.

The integration of renewable energy systems, especially photovoltaic and thermal solar
technologies, enables partial or full energy autonomy for greenhouse operations, this reduces

dependence on conventional energy sources and improves operational sustainability.
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Fig. 1.51. Desert greenhouses

1.6.8 Barley cultivation and fodder production

Barley cultivation constitutes an important agricultural activity in arid and semi-arid
regions due to its adaptability to harsh climatic conditions and relatively low water requirements
compared with other cereal crops. In southern Algeria, particularly in Saharan regions, barley

is widely used as animal feed and represents a strategic resource for livestock production.

The successful cultivation of barley depends largely on the availability of water during
critical growth stages; consequently, irrigation systems play a central role in maintaining crop
productivity, especially in areas characterized by low and irregular rainfall; the extraction and
distribution of groundwater generally require electrical pumping systems, making energy

availability a key factor in agricultural performance [1].

Fig. 1.52. Barley harvest in Adrar

The adoption of photovoltaic-powered pumping systems has emerged as an attractive
solution for barley cultivation in remote regions; the coincidence between high solar irradiance

levels and irrigation requirements allows photovoltaic systems to provide a reliable and
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sustainable energy source for water pumping operations. This reduces dependence on fossil
fuels, lowers operating costs, and contributes to the long-term sustainability of agricultural
activities, Furthermore, modern agricultural practices increasingly employ automated irrigation
systems, soil moisture sensors, and monitoring equipment to optimize water use efficiency;
these technologies require a stable electrical supply, further emphasizing the importance of

renewable energy-based agricultural electrification systems.

Conclusion

in this chapter, we presented the general concepts related to renewable energy systems

and their applications

We first reviewed the main renewable energy sources, highlighting their operating
principles, advantages, limitations, and potential contribution to sustainable agricultural
development. Particular attention was given to solar photovoltaic energy, which was identified
as the most suitable renewable resource for the study area due to its high solar potential and
availability throughout the year, we then examined the fundamental principles of photovoltaic
energy conversion, including solar radiation, photovoltaic cell technologies, and the various
components of photovoltaic systems. The operation of charge controllers, MPPT techniques,
converters, inverters, energy storage systems, and protection devices was also discussed in

order to establish a comprehensive understanding of photovoltaic system design and operation.

Furthermore, we analyzed the different types of photovoltaic systems and hybrid
architectures, solar pumping with emphasis on photovoltaic—diesel configurations commonly
used in isolated applications, finally, we highlighted the energy requirements of the agricultural
sector and the importance of reliable energy solutions for applications such as water pumping

and agricultural production.

56



CHAPITRE II:

Study Site, Load Assessment and System Sizing

2.1.1 Presentation of the study area

The study area is the agricultural development perimeter known as Kabertene, located in
the Wilaya of Adrar, within the commune of Sebaa Tamentit; this perimeter is part of the ODAS
development portfolio dedicated to agricultural valorization in Saharan region; Kabertene is
situated approximately 115 km from the wilaya capital (CLW) and around 80 km from the local
commune center (CLC); The site is relatively isolated but accessible through a road network
located about 15 km away, while the nearest electrical network connection is approximately 16
km from the perimeter, indicating a partially off-grid energy context, Its equipped with a 200m
deep artesian well, capable of supplying water with a debit of 301 per second.

The geographical coordinates of the site, as provided in the official ODAS technical fiche,

are:
-Longitude (Y): 0.303
-Latitude (X): 28.362
(check appendix 1)

The perimeter covers a total area of approximately 1000 hectares, divided into several

spatial agricultural blocks (BO1 to B10), as shown in the official cartographic plan of the site
(check appendix 2)
2.1.2 Climatic conditions

The climate of Kabertene, located in the Saharan zone of Adrar, is classified as hot desert

climate with very high aridity

The site experiences extreme environmental conditions that strongly influence

agricultural planning and irrigation system design such as:

e High aridity throughout the year
e High temperatures
e Strong solar radiation

e Very low humidity
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e Strong winds
Due to these conditions, the region requires continuous irrigation support, as natural

precipitation is insufficient for crop development
2.1.2.1.1 Solar potential of Adrar

The wilaya of Adrar presents an exceptional solar resource potential, making it one the
most suitable regions for photovoltaic energy systems in Algeria; this potential is confirmed by
simulation data obtained from PVsyst software, which provides monthly global horizontal

irradiation value for the study area

Global Horizontal Irradiation (kWh/mzlday)

Adrar 3.68 4.74 590 6.84 7.32 7.70 7.45 6.96 5.86 4.60 3.83 332

Table 10: Data source: NASA-SSE / PVsyst | Unit: kWh/m?/day
e Maximum irradiation: 7.70 kWh/m?/day (June)
e Minimum irradiation: 3.32 kWh/m?/day (December)

2.1.2.1.2 Water resources in Adrar

The Wilaya of Adrar relies almost entirely on groundwater resources to meet its water
demand for domestic use and agricultural irrigation, due to the absence of permanent surface

water sources in the Saharan environment.
Water is generally extracted from significant depths, depending on the aquifer layer:

o Shallow exploitation zones: around 80m

o Deep exploitation zones: up to 200m.
In agricultural perimeters such as Kabertene, groundwater is the only reliable source for
irrigation; it is used to supply:

e Open-field crops
e Greenhouse production systems

e Drip and pressurized irrigation networks
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Fig. 2.1. Groundwater storage in Algeria
2.2 General organization of the farm

The proposed organization of the site is designed to combine open-field cultivation and

protected agriculture while ensuring efficient water and energy management.

o Barley cultivation area
A 1-hectare barley field is planned within the perimeter; the field is organized in a regular
rectangular shape to facilitate irrigation network installation, crop management, and machinery
access
Barley is selected due to its adaptability to arid environments and its importance as a
strategic cereal crop.
e Greenhouse area
In addition to the barley field, the project includes twelve modern agricultural
greenhouses dedicated to the cultivation of tomatoes and peppers, two high-value crops widely
grown under protected agriculture in arid regions.
For the purposes of this study, each greenhouse is assumed to have an area of
approximately 500m? (50m x 10m), resulting in a total greenhouse surface of:

12 x 500 = 6000m  (2.1)
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The greenhouses are arranged in parallel rows to optimize land use, facilitate access for
agricultural operations, and simplify the installation of irrigation and water distribution
systems; their protected environment allows better control of temperature, humidity, and water
consumption, leading to higher crop productivity compared with open-field cultivation.

o Water supply infrastructure
According to the fact sheet of industrial agriculture development office, the targeted is
equipped with a forage of a 200m depth of and an average flow rate of 30 liters per
second, ready to be extracted through a hybrid pumping system.

o Irrigation and water requirements

Barley is commonly irrigated using sprinklers, in Saharan conditions, it typically

requires:

4000-6000 m3/ha per growing season
-For our design we will take a value of 5000m3/ha

Assuming a growing cycle of 120days:

5000 _ 3
70 = 41.7m°/day (2.2)

One crop cycle per year: 5000m3/year

Greenhouses (tomatoes and peppers): are irrigated through drip irrigation methods to

save water and deliver water directly to the root zone.
-Tomatoes:

A typical annual water requirement of tomatoes ranges between 6000 — 8000 m>/ha/

year
-For our design we will take a value of 7000 m3/ha/year

-Assuming 0.3ha of tomatoes: 0.3 X 7000 = 2100m3/year (2.3)

-Daily demand: % =5.75m3/day (2.4)
Peppers:
The annual water requirement of peppers: 5000 — 7000m3/ha/year

For our design we will take a value of 6000m3/ha/year

-Assuming 0.3ha of peppers: 0.3 X 6000 = 1800m3/year (2.5)
-Daily demand: % = 4.93m3/day (2.6)
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-Total greenhouse demand: 4.93 + 5.75 = 10.7m3/day  (2.7)

During summer, the peak demand may reach 15 - 20 m*/day

o Total farm water requirements during Barely growing season:

The following table summarizes the water requirement during barley growing season:

Crop Area Irrigation Daily demand | Annual

type demand
Barley 1 ha Sprinkler 42 m?*/day 5,000 m?*/year
Tomatoes 0.3 ha Drip 6 m?/day 2,100 m?/year
Peppers 0.3 ha Drip 5 m’/day 1,800 m*/year
Total 1.6ha |- 53 m?*/day 8,900 m?3/year

Table 11: daily water requirements of the farm during growing season

o Total farm water requirements during Barely harvest season

The following table summarizes the water requirement during barley harvesting season:

Crop Area Irrigation Daily demand | Annual

type demand
Barley 1 ha Sprinkler 0 m?/day 5,000 m?/year
Tomatoes 0.3 ha Drip 6 m?/day 2,100 m?/year
Peppers 0.3 ha Drip 5 m’/day 1,800 m*/year
Total 1.6ha |- 11 m?/day 8,900 m?®/year

Table 12: daily water requirements of the farm during harvesting season

2.3 Water tank sizing

The water tank serves as hydraulic storage, allowing the pump to operate when solar
energy is available while ensuring irrigation can continue even when solar production
decreases

1. Daily water demand: from the previous calculations:

Qd = 53m3®/day (2.8)
Qd=daily water demand

2. Tank autonomy
We going to choose a 2 days autonomy practice to ensure water irrigation in case of

solar production is not available.

Vt=Qd xN (2.9)

Vt = tank volume (m?)
Qd = daily demand (m?/day)
N = number of autonomy days

Vt =53 x2=106m> (2.10)
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3. Safety factors
To account for:

» Evaporation losses
» Future expansion
» Operational reserve

A safety factor of 10%-20% is usually added

So, the total tank storage capacity:

Vt =106 x 1.15 = 122m3

2.4 Water-pump sizing
2.4.1 Required flow rate

The required pumping flow rate is determined from the daily irrigation water demand and
the selected pumping duration; for a daily water requirement of approximately 53 m? and an
operating period of 6 hours per day, the required flow rate can be calculated through the

following formula:
vd
Q=" (2.11)

Q =required flow rate (m*/h)

Vd = daily water demand (m?/day)

t = pumping duration (h/day)

Considering water-pump operates 8 hours a day :

Q=2 =6.62m3/h (212)
2.4.2 Total Dynamic Head (TDH)

It’s the overall effective vertical distance a pump needs to raise a liquid, considering
differences in elevation, resistance caused by pipe wall friction, and the systems required

operating pressure.
TDH = Hstatique + Hfriction + Hpression + Hspeed (2.13)
2.4.2.1 Pipe friction losses

Our pipe parameters:
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Parameter Value

Flow rate Q 6.6 m*/h

Pipe length (rising main) 200 m (well depth) + 10m surface =210m
Pipe type HDPE rising main (submersible)

Table 13:

According to the pipe friction table:

Pipe parameters

s Qmvh | 1 '3 6 [ 91218 2al303s[a2]as8] 6090 120[180]240]300]360] 420
i Q /min | 16 50 100 | 150 | 200 | 300 400 | 500 | 600 | 700 | 800 | 1000|1500 2000|3000|4000|5000 6000 7000
G1* DN25S 2.712'
G1"1/4 DN32 5.7 5:5 Al B
0,35 2.1
G1"1/2 DN40 18 3 “{ ,_23 . = R e e
07 1,35[19]25
B 05 22 4 a 17 28
e | == 04 08 [125]15 |25 32 =
. : HL [ - o6 |12|21 |82 8 [12 172228
ARG | E v 0507s] 1 |14l 2 |25] 3 |34 4
08|16 28|4265]|75]|105] 15
ihad 0,7 [0951,25| 1.6 | 2 | 2.1 | 2.6 | 3.3
DN 100 D,‘:"xv 09|14 | 2 24|35 5 1 20
060811 (125|114 [16] 2 |32 4 |
midm| - - - - 09112138 65| 15 -
DN 125 | ™ s 0905|1114 2 27| 4
0615 25| 5 [ 8 |14
DN 150 09 14 by o b o 35148 |
04 06|13 2 |35]a6|65
Dat.00 08 1 |16] 2|26 3 |35
- - 3 =N B i 040721116 2
N30 | 1.3 16 z 2.3
03 [045]/07 | 09
DN 200 09 (125|114 |16

Fig. 2.2. Pipe friction table

Looking at Q = 6 m*h column (closest to 6.6) interpolating between 6 and 9 m*/h:

We choose DN 50 (G2”), the following table summarizes its parameters:

At Q=6.6 m*/h Value
HL ~ 3.0 m/100m
Velocity v ~0.95 m/s

Table 14: Velocity p

arameters of DN 50 (G2”)

Velocity is in the acceptable range (0.8-1.2m/s recommended for rising mains)

2.4.2.2 Linear friction losses

HL
JI=— XL =
100

20 %210 = 6.3 m (2.14)
100

2.4.2.3 Singular (minor) losses from fittings (figure 1.56)

According to the fitting friction loss sheet
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Fig. 2.3 Fittings friction losses

According to the friction loss sheet the following table of loss values is presented:

Courbes 4 angle vif o p a = 90° courbes a angle arrondi Vannes Clap_ets Clapets
Vitesse /: &y standard | de pied | de non
de [ —— m » retour
Veau | 1230° 0=d0° a=60° a=80° a=90° 4 X -
- o — =)
el Vo) 1 (f\"—J ‘/_—U rj:u Bai| 9204 | 9206 | 2=08 | du01|da15| Bf E @]
0.4 043 | 052 | 071 1.0 12 011 | 013 | 016 | 023 | 043 | 023 32 31
05 067 | 081 1.1 1.6 1.9 018 | 021 | 026 | 037 | 067 | 037 23 22
0,6 0,97 1,2 16 23 | 28 025 | 0290 | 036 | 052 | 097 | 052 34 32
0.7 135 | 165 22 3,2 3.9 034 | 040 | 048 | 070 | 135 | 0,70 35 2
0.8 17 21 28 4,0 48 | 045 | 053 | 064 | 093 17 0,95 36 33
09 22 27 36 52 6.2 057 | 067 | 08 | 118 22 1,20 37 34
1,0 2,7 33 45 64 7.6 0,7 0,82 1,0 1,45 2,7 1,45 38 35
15 | 60 73 | 10 | 14 | 17 | 16 | 19 23 | 32 [ ‘6 33 | a7 40
2,0 1 14 18 26 31 2.8 3.3 4,0 5,8 11 5,8 61 48
25 17 21 28 40 a8 a4 5,2 63 9,1 17 9,1 78 58
3,0 25 30 a1 60 70 6,3 7.4 9 13 25 13 100 7
3,5 33 40 55 78 93 85 10 12 18 33 18 123 85
4,0 43 52 70 | 100 | 120 1 13 16 23 42 23 150 100 |
4,5 55 67 90 130 160 14 21 26 37 55 37 190 120
5.0 67 82 110 160 190 18 29 36 52 67 52 220 140

Fittings Loss (mm WC) Loss (m)
Check valve 35 0.038 m
Gate valve 38 0.038 m
2% 90° short radius elbow 0.82x2 0.0016 m
(d/R=0.6)

Table 15: Friction losses of chosen fittings.

According to the data sheet:

Jsingular=0.035+0.038+0.002=0.075 m (2.15)

Our Total Dynamic Head is summarized in the following table:

Component

Estimate

Static head (well depth)

200 m

Drawdown (dynamic level drop)

+8 m (confined aquifer)

Pipe friction losses (DN50, 210m)

+6.4m

Pressure at delivery (tank + distribution)

+0 m (Ground level tank)

Total Dynamic Head (TDH)

215 m

Table 16: Total dynamic head depth

2.4.3 Hydraulic power

_ p-g-QTDH _ 1000X9.81X6.6X215

P L=
hydraulic 3600

From DAB curve and datasheet:

o ~ 4kW (2.16)
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Fig. 2.4. DAB S4 8 submersible pumps power curves

Our (THD,Q) point falls between two submersible pumps which are :

e S548-38
e S48-47

The selected pump is S4 8-38, 40LT 3x400V

It has a operational depth of 230m, fewer stages to wear, and lower nominal power, also
its made of stainless steel to account for salty groundwater in Saharan region of algeria.

ELECTRICAL DATA I PACKING DIMENSIONS |
P2 NOMINAL 0 | W VOLUME  WEGHT

NOPEL 1 orop | POVERINPLT | o M ok W Tk

w o | o
o s 10 ) 250 ) 0 | 0

4007 10 169 280 70 0,158 Lk

S48t 4661 V= 7 10 40,1 " 280 70 0,158 a8

AG6T Fudioy - 75 11 | 174 | ¥ 250 20 1158 | AR

40LT 20V - 34 15 26 2 20 23 D182 634

40T 3x400V ~ 55 15 131 2 280 230 i) DAL 634

e 4867 XAV~ 55 15 42 I3 20 20 BN Dg 66

2667 G300V - 53 15 14 2 280 230 2620 D182 6,6

Fig. 2.5. Operating characteristics of DAB S4 §8-43 and S4 8-47

For the booster pump dedicated to irrigation and water suction from the tank a 1.1kW

three phase surface pump is largely sufficient in this scenario.
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Cable de référence 5m (1x)

Nombre de référence 3+g

Tension Triphase 380V / 400V
Fréquence 50 Hz

Puissance 11kw

Poids 21kg

Fig. 2.6. Technical data sheet of CPm 160C
2.5 Cold storage room

The cold room runs 24h a day, the compressor cycles on and off but must maintain

temperature continuously
Barley is usually stored in silos or warehouses, not cold rooms.
So our refrigeration unit sizing is only determined by greenhouse production.
Tomatoes and peppers yield typically range between 20 and 25 kg /m?.

Taking that into account, the annual production of the greenhouse area can be estimated

as:
Mp = AgX Y (2.17)

e M), = annual production (kg),
e A,= greenhouse area (m?),

e Y=average yield (kg/m?).
For a greenhouse area of 6000m?, the annual production becomes:
M, =6000 x 25 = 150000kg (2.18)
Or 150t /year

In practice, agricultural cold storage facilities are not designed to store the entire annual
production simultaneously; a storage capacity corresponding to approximately 10% of annual
production is generally sufficient for short-term preservation and market regulation purposes.

Therefore, the required storage capacity can be estimated as:
M;= 0.10 X Mp (2.19)

M, = 0.10 X 150000 = 15000kg (2.20)

Assuming an average storage density of 300 kg/m? for palletized vegetables, the useful
storage volume is:
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V=22 (2.21)

300
15000
f =220 (2.22)
V, =50m3

To account for circulation aisles, pallets, handling space, and refrigeration equipment,
a correction factor is applied. Consequently, the total cold room volume is estimated

between 90 and 100 m3.

A practical configuration may therefore consist of a refrigerated chamber with dimensions

of approximately:
8 x4 x3m (2.23)

The refrigeration capacity required for fresh vegetable storage at temperatures between

2°C and 8°C can be approximated using a specific cooling load of 70 W/m?:
Qc=Vxqs (2.29)

¢ Qc = cooling capacity (W)
e V= Storage volume (m?)
e gs= specific cooling load (W/m?)

Qc =96 X 70 = 6720W (2.25)

Assuming a refrigeration system with a coefficient of performance (COP) equal to 2.5,

the average electrical power demand becomes:

=% _ %7 _ 2 68 kW (2.26)

P. = =27 _
¢ cop 25

Considering an average compressor operating cycle of 50%, the daily electrical energy

consumption is estimated as
Eq=2.68 X 24 X 0.5 = 32kWh/day (2.27)
2.6 Storage hangar and residential building

The storage hangar generally presents relatively low electrical demand, mainly associated
with lighting, ventilation, security systems, and occasional use of small electrical tools.
Considering a medium-sized agricultural hangar with basic services, the average installed
power can be estimated at approximately 1 kW, corresponding to a daily energy consumption
of about 5-8 kWh/day, The residential building constitutes a permanent electrical load and

includes lighting, refrigeration, domestic appliances, water supply equipment, communication
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devices, and air-conditioning systems; for the purpose of this study, the house is assumed to

have an average electrical demand of:
Phouse=3 kw

Assuming an average daily utilization factor of 30—40%, the daily energy consumption

can be estimated as:
Ehouse:3 X 24‘ X 0. 35 (2.28)
Ehousezz 5. 2kWh/day

The combined energy demand of the storage hangar and residential building is therefore

estimated between:
30to 35 kWh/day
2.7 Total Electrical Loads

The farm’s energy loads are divided according to the growing and harvest seasons the

following two tables summarizes the electrical loads:

During barley growing season:

Loads Power Operation Daily Energy
hours/day

Submersible Pump 5.5kW 8h 44 kWh

Booster pump 1.1 kW 7h 7.7 kWh

Farmer house and | 3.0 kW 12 h 36 kWh

storage unit

Cold storage unit 2.68 kW 24 h 48 kWh

TOTAL 11.6 kW - 135.7 kWh/day

Table 17: Farm’s electrical loads during barley growing season

During barley harvest season:

Loads Power Operation Daily Energy
hours/day

Submersible Pump 5.5kW 2h 11 kWh
Booster pump 1.1 kW 2h 2.2 kWh
Farmer house and | 3.0 kW 12h 36 kWh
storage unit

Cold storage unit 2.0 kW 24 h 48 kWh
TOTAL 11.6 kW - 97.2kWh/day

Table 18: Farm’s electrical loads during barley harvest season
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2.8 Photovoltaic system sizing

Photovoltaic system sizing is the process of matching energy needs with available solar
resources to determine the correct size of system components; it involves estimating the load
demand, evaluating solar potential, and selecting suitable capacities for panels, inverters, and
batteries while accounting for losses and system constraints, the goal is to ensure a reliable

supply of energy that meets consumption throughout different conditions of the year.
2.8.1 System sizing method
2.8.1.1 The most unfavorable month method

In this method, the potential energy yield is calculated for a critical one-month period,

referred to as the ‘least favorable month’.

This month corresponds to the period with the lowest solar radiation levels of the year

(December in Kabertene Adrar, where radiation is approximately 3.32 kWh/m?/day).
2.8.1.2  Annual average method

This method is based on the average solar radiation over the whole year (in Kabertene

Adrar region, the average annual radiation is approximately 5.69 kWh/m?/day)
2.8.2 PV array sizing using the annual average method

We adopted the annual average method for calculating the daily energy balance because
it provides a representative consumption value for the entire year, avoiding the oversizing that
would result from using peak summer values, while ensuring adequate coverage of the system’s

actual energy needs.

We can calculate the necessary peak power to guarantee the proper operation of the PV

system using the following formula

(EneedsxPi)
EiXPR

Pc > (2.29)

P. = Peak power of the PV array (kWp)

Eneeds = Daily energy consumed (kWh/day)

E; = Daily solar energy (kWh/m?/day)

Pi = Power output under STC conditions (1kW/m?)
PR= Performance ratio

» We evaluate the power ratio PR=0.60 due to the site conditions (dust, high
temperature); and Ei=5.69 (Table 10)

So for December we have a IGP of 3.32 kWh/m?/day, the peak power is determined as:
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136X%x1

5.69%0.60 (2.30)

Pc = 40 kWp

We conclude that a peak-power of 40 kWc is sufficient to ensure the proper functioning

of our farm covering most of the year.

The diesel generator is therefore considered as a backup source intended for worst
scenarios, such as prolonged periods of adverse weather conditions, maintenance operations, or

system failures.
2.8.3 Choice of photovoltaic modules

For this hybrid system, we selected the module JA SOLAR 585 Wp N-type bifacial

monocrystalline solar panel

We have chosen this module for its high power rating, allowing a reduction in the number
of panels required and therefore minimizing installation area, its silicone N-type
monocrystalline technology, which allows higher efficiency and lower degradation overtime,
Another important factor which is Bifacial technology, that enable additional energy production
from reflected sunlight especially in high-albedo environments such as desert areas, And lastly,

because of its availability in the Algerian market.

560

— Cell Mono-1688

Weight 31.8kg
@ — Demersions 2278s s armm s
- Cable Cross Section Size  4mm? (IEC), 12 AWC(UL)
,/*: n[ﬂ No. of cells 132(6x22)
= ~ ~ % = Junction Box 1P68, 3 diodes
i;::"w Connector QC 410-351/ MC4-EVO2A
= '{Em Portrait: 300mm({+)/400mmy-;
- SE e temmommmocert
== Front Glass/Back Glass 2.0mm/2.0mm

ot el e vl o et Packaging Configuration  36pcs/Pallet, 720pcs/40HQ Container
% ELECTRICAL PARAMETERS AT STC #& Superior Warranty
e el WAL VUO0 D DS VAMOE i ser it

0.4% Annual Degradation Over 30 years

Rated Maximum Power{Pmax) [W] 560 565 570 575 580 585
Open Circuit Voltage(Voc) [V] 47.38 47.58 47.98 47.98 4818 48.38 o9
Maximum Power Voltage{vmp) [v] 39.58  39.79 4000  40.21 40.42  40.63 \w‘\
Short Circuit Current(Isc) [A] 15.01 15.06 15.1 15.16 15.21 15.26 243%
Maximum Power Current(imp) [A] 14.15 14.20 14.25 14.30 14.35 14.40 87.4% = |
Module Efficiency [%] 217 219 221 223 225 22.6 5%
Power Tolerance 0-+5W
Temperature Coefficient of Isc(a_lsc) +0.046%/C
Temperature Coefficient of Voc(_Voc) -0.260%/C 1 s 0 - » = £
Temperature Coefficient of Pmax(y_Pmp) -0.300%/C n-type Bifacial Double -+ Standard Module Linear
sTC Irradiance 1000W/m?,cell temperature 25C, AM1.5G iﬁ:mﬁtw;:;w Performance Warranty

Remark: Elctrical data in this catalog da not refer ta a single module and they are not part of the offer. They only serve fo
mparison among different module types.

it ELECTRICAL CHARACTERISTICS WITH 10% SOLAR IRRADIATION RATIO 49 OPERATING CONDITIONS

TYPE JAMEED42 JAMEEDA2 JAMBED42 JAMBED42 JAMEED2 JAMEED42 Maximum System Voltage 1500V DC

-560/MB  -565/MB  -570/MB  -575/MB  -580/MB  -585/MB — -

Operating Temperature -40C~+85C

Rated Max Power(Pmax) [W] 605 610 616 621 626 632 Maximum Series Fuse Rating  30A
Open Circuit Voltage(Voc) [V] 47.58 47.58 47.78 47.98 48.18 48.38 Maximum Static Load,Front* 5400Pa(112 Ib/ft?)
Max Pawer Voltage(Vmp) [V] 39.58 39.79 40.00 40.21 40.42 40.63 Maximum Static Load,Back* 2400Pa(50 Ib/ft?)
Shart Circuit Current(isc) [A] 16.21 16.26 16.32 16.37 16.43 16.48 NOCT 45£2TC
Max Power Current(imp) [A] 15.28 15.34 15.39 15.44 15.50 15.55 Bifaciality™* BO%*10%
Iradiation Ratio (rear/front) 0% Fire Performance UL Type 29

Fig. 2.7. Ja solar module Data sheet.
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And lastly, because its availability in the Algerian market.

2.8.4 Determination of number of modules
Ptotal = 40kWc = 40 000 Wc

Pmodule = 585 Wc¢

40000

~ 69 modules
585

Nbre of modules =

2.8.5 Selecting the hybrid inverter

We chose the Sun-40K-SG01HP3 three-phase hybrid inverter, a device designed to
manage photovoltaic energy, battery storage, and AC loads within a single integrated system;
it is a hybrid inverter equipped with 4 MPPT trackers, high efficiency power conversion, and
compatibility with lithium battery and Lead acid storage systems.

We also chose a three-phase configuration because the irrigation pump is driven by a
three-phase asynchronous motor; this ensures balanced voltage supply, higher operational
efficiency, improved starting torque, and stable performance under variable hydraulic loads,

which is essential for continuous agricultural pumping applications.

SUN-2! GO1HP3 SUN-30K-SGO1HP3  SUN-35K-SGO1HP3 SUN-40K-SGO1HP3  SUN-50K-5GO1HP3
3 -EU-BM3 -EU-BM:

-EU-BM3 -EU-BM3 -EU-BM4

Battery Input Data

Battery Type Lithium-ion
Range (V) 160-B00
50+50
50+

Battery Volt
Max. Chargi

l Char gy f Self-aclaption to BMS

] PV String Input Data
Max. DC Input Power (W) 38870 39000 45500 52000 65000
ge (V) 1000
@A
a_ @ e (V)
{DC Voltage Range (V) 360-850 360-850 360-850 450-850
l Rated DC Input Voltage (V)
AC Output Data
{ Rated AC Output Activ 40000
‘ 44000
| 60.7/58
L 66.7/63.8
t(a) 70
200
1.5 time of rated power, 105
45.4/ 200/ 45, 45.5/200/45.5 53.1/200/53.1 60,7 /2007 60.7 758/200/758
-w -
“‘" 0.8 leading to 0.8 lagging

Outpu
Grid Type
istortion (THDI)

MPPT Efficiency
Protection

Integrated

Over Voltage Categary DC Type II/AC Type 11l
Certifications and Standards

IEC 61727, IEC 62116, CEI0-21, EN 50549, NRS 097, RD 140, UNE 217002
OVE-Richtlinie R25, G99, VDE-AR-N 4105

Safety EMC / Standard IEC/EN 61000-6-1/2/3/4, |[EC/EN 62109-1, IEC/EN 62109-2

Grid Regulation

Fig. 2.8. Sun-40K-SGO01HP3 Datasheet

We also chose a three-phase configuration because the irrigation pump is driven by a

three-phase asynchronous motor; this ensures balanced voltage supply, higher operational
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efficiency, improved starting torque, and stable performance under variable hydraulic loads,

which is essential for continuous agricultural pumping applications.
2.8.6 Photovoltaic array configuration
According to the solar module electrical characteristics:
Voc =48.38 V, Vmp=40.63V, Isc=15.26A and Imp=14.40A
The number of modules connected in series is determined according to the maximum DC

voltage allowed by the inverter (Max input voltage=1000V):

Vimax _ 1000 _ 90.66 ~ 20 modules (2.31)

Ns = =
Voc 48.38

Solar panels open-circuit voltage increases during cold weather so we must apply a cold
temperature correction, temperature in winter mornings in Adrar can drop up to 6 degrees

Celsius.
(2.32) Voc(cold) =Voc x (1 + (25 — tmin) x 0.0025
(2.33) Voc(cold) = 48.38 x (1 + (25— 6) x 0.0025

Voc(cold) = 50.67V

Vimax __ 1000
Voc_cold - 50.67

Ns(new) = = 19.75 = 19 modules (2.34)

The number of parallel strings is determined by the maximum current accepted by each

MPP tracker, which is 36A, since the operating current of string 1S Imp string=14.40A,

% ~ 2.5 = 2 parallel strings per MPPT. (2.35)

The total number of modules connected in series and parallel must not exceed the

maximum DC voltage allowed by the inverter which is 19 modules.

The inverter handles roughly 40 kW of max dc power, our total 69 panels produce 40kWp

power at STC conditions, therefore they are fully compatible.

The following table summarizes the panels strings configuration with the inverter’s

MPPTs:
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String Panels MPPT
String 1 17 MPPT 1
String 2 17 MPPT 2
String 3 18 MPPT 3
String 4 17 MPPT 4
TOTAL 69 -

Table 19: Panels strings connections to MPPTS
2.8.7 Battery bank sizing

Choosing the battery bank voltage depends on the inverter’s operating range specified for

it, which ranges from 160 to 600V.
Battery pack voltage chosen: 307V .

Using the following formula, we can determine the battery capacity to store the required
energy harvested by the PV or generator set system:

Nd X Eneeds

Ctd =
Vsys X DoD X nbat X ninvt

Vsys = System’s voltage.

Ng = Autonomy days.

Eneeds = daily power consumption ( kWhr /day ).
DoD = Depth of discharge.

ninvt = inverter’s efficiency rate.

npat = Battery’s efficiency rate.

We are considering a battery autonomy of 1 day and a maximum discharge depth of
80%
Calculating the battery’s nominal capacity by simply applying the following formula:

Cppm —DXAB7X1000__ ci0an (2.36)
307x0.80%0.92X0.98

For the selection of the appropriate battery, we selected the Smart BMS 51.2V 200AH
LiFePO4 battery.
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LH-HSE-R51200 - ™ 1 0. 24KWH - s v
51.2V 200AH — - —

Fig. 2.9. LitooARYV lithium-ion battery data sheet

We selected this specific batterie due to its superior overall performance in terms of
lifetime, efficiency , and reliability under harsh operating conditions; compared to AGM and
Gel technologies, which were excluded because of their limited cycle life, (500-1000), depth
of discharge (50%) which will require bank replacement every 1-2 years; therefore, despite
their higher initial cost, they represent the most economical, reliable, and technically

appropriate energy storage solution over the system’s lifetime.

e Number of batteries in series

Ns = System voltage (2.37)
Battery voltage
Ns = g% = 6 batteries (2.38)

e Number of Parallel strings

Bank capacity

= — (2.39)
Battery capacity
618 .
Np = 700 = 3 strings (2.40)

That gives us a total of 18 batteries, composed of 6 series-connected modules and 3
parallel strings, forming a nominal voltage of 307 V, strings are connected in parallel to the
inverter, since it has 2 batteries input slots, 2 strings are connected to Batl, and the third string

is connected to Bat2, (another configuration includes DC busbar is recommended by IEC).

2.8.8 Generator-set sizing

e Daily energy demand:
E = 137Kwh/day
=11.6kW

The sizing is based on the maximum simultaneous energy consumption of the installation
Applying a 25% design margin (considering a power factor of 0.8); the genset must handle its

peak load during daytime when powering the pump and nighttime loads simultaneously:
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Ptotal _ 116
nXPf ~ 0.8x0.8

Papparent = = 18.1 kVA (2.41)

Applying a safety factor of 1.25:
Pgunset=22.6 kVA

For our installation, a 25 kVA diesel generator is suitable to ensure production
continuity in case of an emergency, coupled with a soft starter to reduce inrush current

caused by the generator itself and the submersible pump.

2.9 Cable section and protection sizing

For the cable section and protection devices selection, we provide a table that summarizes

the critical cable distances between the installation of electrical components, to ensure accurate

voltage drop calculations, cable section selection, and sizing proper protection devices

# | Circuit Start Point End Point Route Distance
Description
1la | PV strings - Inverter PV array (4 | Inverter Along ground, | 40 m
strings) conduit
2a | Inverter - AC busbar Inverter AC busbar panel | Inside electrical | 3 m
room
3 | Genset = inverter Genset hangar Electrical room Underground 5m
conduit
4a | Battery string - inverter Battery rack inverter Inside electrical | 2 m
room
5 | ACbusbar - Borehole pump Electrical room Well (200m | Underground 220 m
deep) 10m + rising
main  200m +
10m surface
6 | ACbusbar - Booster pump Electrical room Tank area Underground 30m
conduit
7 | ACbusbar - House Electrical room Farmer's house Underground 20m
conduit
8 AC busbar - Cold room Electrical room Cold storage | Underground 15m
room conduit

Table 20: Distances between electrical components of the installation.

Using the following formula, we can determine cable section through voltage drop

V3X2XpXLXI
Avmax '’

2XpXLXI

SDC/3¢ = SDC/1¢ = (2.42)

AVmax

Spc = DC cable section (mm?).
Peopper = 0.0225 (Q.mm?/m).

L = Cable length (m).

I = single string current (A).

AVDcmax: 1 %
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AV ACmain max= 3%

AV acdistribution max= 5%

Voltage drop alone is not sufficient to determine the proper cable section, as it does not

take into consideration heat, short-circuit, and standard norms.

So the cable section is choosen following this formula and according to IEC 60364/ IS
732:

Smax (Sthermal’ Svoltagedrop' Sshortcircuit' ) (2-43)
, Sthermal =Ib<Iz (244)

Ib = current generated by load.

Iz = the permissible current from tables.

IscVt
Sshortcircuit =S 2 X (2.45)

Isc= is the short-circuit current,
t= the protection disconnection time
k= material constant (Cu=115-143 depending on insulation)

e Cable 1a — PV strings—inverter
Vtotal= 18 x 48.63 = 875,34V DC
Isc=15.26A (single string)

AVmax = 1% x 875,34V =8.75V

2x0.0225%40x15.26
8.75

Svoltage_drop = = 3.1392mm? (2.46)

Svoltage_drop=4l'lllll2

15.26V1

. . = >
SShOTtarcult S=2 115

= 0.13mm? (2.47)

s Sthermar = 1.25 X 15.26 = 19.07A (2.48)
, Sthermal = 2.5mm? (2.49)
Spv=max(2.5, 4, 013)= 4mm?
Fuse selection : Ifuse>1.25xIstring=1.25%15.26=19A
Fuse : 20A gPV fuse per string

Dc isolator selection:
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Vtotal : 875.34V
DC isolator : 1000V DC, 32A per string

e Cable 2 — Inverter — AC Busbar (3-phase)

P 40000
T V3BXVxPf  \3x400x0.8

Ib = 72.24 (2.50)

This is the theoretical current value, we will take the inverter’s maximum outpu AC current
which is 66.7A
Iihermar = 1.25 X 66.74 = 83.375A4 (2.51)
Sthermal = 25mm?
AVmax=3%x400=12V.

V3%0.0225%X3x72.2

— 2
= = 7.03mm? (2.52)

Svoltage_drop =

Svoltage_drop=1 Omm?

83.375V1

— 2
1 = 0.725mm* (2.53)

Sshort i cyit = S =

Sinverter=maX(0.725, 10, 25)= 25mm?
Circuit breaker selection : In>1.25%Ib=1.25%72.2=90A
Selected protection: MCCB 3P 100A AC

e Cable 3 — Genset — inverter (3-phase)

[ = Sgunset _ 25000
T \BxV T V3x400

=36.14 (2.54)

Since we are using the apparent power, there is no need for power factor
AVmax=3%x400=12V

V3%0.0225%5%36.1

= 0.58mm? (2.55)
12

Svoltage_drop =

Iihermar = 1.25 X 36.14 = 45.14 (2.56)

Sthermai=1 01111112

Ir
Xsc%

Isc =

Xsc% = Short-circuit reactance in %.
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According to the Diamond KJT25 diesel generator datasheet, ‘an overload capacity
equivalent to 300% of the full load impedance can be sustained for 10 seconds at

Power Factor =1.” (check appendix 5).

Sshort jcuit = S = % = 2.97mm? (2.57)

Sgunset=max(0.58, 10, 2.97)= 10mm?
Circuit breaker selection: In>1.25xIb=1.25%36.1=45.12A
Selected protection : MCCB 3P 63A AC
e Cable 4 — Battery string — inverter
Since each Battery port has a maximum charging and discharging current of 50A:
We have 3 parallel strings:

AVmax = 1% x 307V=3.07V

(2.58) Istring = == = 33.34

Svoltage .op = W = 1.46mm? (2.59)

Lermar = 1.25 X 504 = 62.54 (2.60)
Sthermai=10mm? per battery string

100V1
115

Sshort icyit = S = = 0.87mm? (2.61)

Sbattery_string=maX(0.87, 10, 1.46)= 10mm?
Fuse selection : Ifuse>1.25xIstring=1.25%50=54.3A
Fuse = 63A DC/ 600V , per string

e Cable 5 — AC Busbar— Sumbersible pump (3 phase)

P 5500

1= = =9.934
V3xVxPf +3x400x0.8

e AVmax=3%x400=12V

V3 x 0.0225 x 220 x 9.93 5
Svoltage.op = 12 =7,09mm

Iihermar = 1.25 X 9.934 = 124 (2.62)

78



Sthermal=2.5mm2
Assuming a short-circuit current of 6 x In

59.58V1

— 2
15 = 0,51mm* (2.63)

Sshort i cyit = S =

Ssubmersible_pimp=maX(0.51, 2.5, 7.09)= 10mm?
Circuit breaker selection : In>1.25xIb=1.25%x9.93A=12.41A
Selected protection: MCCB 3P 16A AC

Additional protection can be added : Soft starter 7.5kW, Thermal relay 10A, 18A

contactor, Dry run protection, Phase failure relay.
Isoft>1.25xIb = 1.25 x 9.93 = 15A soft starter (7.5kW)
Irelay>1.05%Ib = 1.25 x 9.93 = thermal relay =10A
18A contactor for AC-3 motor duty

e Cable 6 — AC Busbar— booster pump (3 phase)

1= P = 1100 =1.994
V3XVxPf V3x400x0.8
AVmax= 3%x400=12V
V3 x0.0225 % 30 X 1.99 )
S = =0.19mm

12

Sselectea=2.5mm?
Ithermat = 1.25 X 1.994 = 2.484 (2.64)
Sselectea=2.5mm?
Shooster_pimp=max(0.19, 2.5)= 2.5mm?
Circuit breaker selection : In>1.25%Ib=1.25x1.99A=2.5A
Selected protection: MCB 3P 6A AC

e Cable 7— AC Busbar— Farmer house (1 phase)

P 3000

VX Pf 200x0.8

AVmax= 5%x230=11.5V
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S_2X0.0225><20><16.3

=1.27 z
11.5 mm

Sselected=2.5mm?
Circuit breaker selection : In>1.25xIb=1.25%16.3A=20,3A
Selected protection: MCB 3P 20A AC
Another electrical diagram can be sized depending on house’s loads.

e Cable 8 — AC Busbar— Cold room (1 phase)

I= P = 2000 =10.87A
VXPf 230x0.8
AVmax= 5%x230=11.5V
2x0.0225 x 15 x 10.87
S = = 0. 64mm?

11.5

Sselected=2.5mm2
Circuit breaker selection : In>1.25x1b=1.25%x10.87A=13.5A
Selected protection: MCB 16A C-curve

Additional protection devices can be linked to specific cables using the international norm

IEC 61643
PV array : Type II SPD 1000VDC
Battery bank : Type I DC SPD
AC main busbar : Type II AC SPD 400V
Generator : Voltage, frequency and overcurrent protection

Remark. The inverter’s datasheet already specifies and integrates most of the protection

functions that we independently calculated

However, our calculations were still performed as design verification step to ensure
proper coordination with external components (cables, breakers...etc), as well to

account for future system evolution and site-specific operating conditions.
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Fig. 2.10. System electrical diagram of the farm.

Conclusion

This chapter presented a complete load assessment and system sizing for the agricultural
perimeter of Kabertene in the Wilaya of Adrar, a remote Saharan site characterized by extreme
climatic conditions and full reliance on groundwater and solar resources. the study area analysis
highlighted the strategic importance of combining irrigation agriculture with decentralized

renewable energy production to ensure sustainable development in an off-grid environment.

The load assessment covered all critical components of the farm, including the
submersible irrigation pump, booster pump, greenhouse irrigation systems, cold storage unit,
residential building, and auxiliary infrastructure. Seasonal variations between Barley growing
and harvesting periods were taken into account, leading to a detailed estimation of daily energy

consumption, with peak demand reaching approximately 136 kWh/day.

Based on these requirements, the hydraulic system was designed by determining water
needs for open-field barley and greenhouse crops, sizing a storage tank with two days autonomy

(approximately 122 m?), and selecting a pumping system capable of meeting a total dynamic
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head of about 215 m. This led to the selection of an appropriate submersible pump and

supporting surface pump, ensuring reliable water supply under deep groundwater conditions.

On the electrical side, a hybrid photovoltaic system was designed using both climatic data
and energy demand. The system was sized at approximately 40 kWc, composed of 69 JA Solar
585 Wp modules, connected to a three-phase hybrid inverter compatible with the agricultural
pumping load. A lithium battery bank (307 V, 18 units) was integrated to ensure energy
continuity, while a 25 kV A diesel generator was included as a backup source for critical or low-

solar conditions.

Finally, detailed cable sizing and protection coordination were carried out to ensure
safety, efficiency, and compliance with standard electrical design practices. Although most
protection functions are already integrated into the inverter system, independent verification

was performed to ensure system reliability, scalability, and compatibility with future expansion.
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Chapter I1I :

PVsyst implementation and technico-

economic optimization.

II1. Overview of the PVSYST Software

ITI.1 Preliminary Design

The preliminary design stage represents the initial phase of a project, commonly referred
to as the pre-sizing process. It is intended for a quick and straightforward assessment of a
photovoltaic system. At this stage, the user specifies the project location and the type of system,
after which the software estimates key sizing parameters and generates several outputs,
including annual energy production graphs, monthly solar irradiation profiles, summary tables,
and a preliminary economic analysis, For standalone PV systems, this tool assists in
determining the required photovoltaic array power and battery storage capacity based on the
load profile and the desired level of system reliability. Reliability is generally evaluated using
the Loss of Load Probability (LOLP), which represents the likelihood that the system will fail

to meet the load demand, or alternatively through the desired solar fraction.
IT1.1.1 Detailed Project Design

The project design module is intended for comprehensive system development through
detailed hourly simulations. Within a project environment, users can perform multiple
simulation scenarios and compare their performance to identify the most suitable system
configuration; The software requires the definition of the array orientation, with options for
fixed installations, tracking systems, or mounting structures such as sheds; Users can also select
specific system components, including PV modules, inverters, batteries, and pumps.
Furthermore, PVSYST assists in designing the PV array by determining the appropriate number
of modules connected in series and parallel according to the selected equipment specifications,
In a more advanced stage of the design process, additional parameters can be introduced to
achieve a more accurate system analysis; these parameters include thermal behavior, cable
losses, module quality, module mismatch effects, incidence-angle losses, horizon shading, and

partial shading caused by nearby obstacles, for photovoltaic water-pumping applications,
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different system configurations can be simulated and compared in order to evaluate their
operational behavior and overall efficiency; The software provides a wide range of simulation
outputs that can be displayed on monthly, daily, or hourly bases and can also be exported for
further processing in other software tools, one of the most valuable features of PVSYST is the
loss diagram, which helps identify the main sources of energy losses and highlights potential
weaknesses in the system design. Additionally, an engineering report can be generated for each
simulation run, summarizing the input parameters and presenting the key performance results.

The software also offers a detailed economic evaluation based on actual component costs,

additional expenses, and investment conditions.

I11.2 Project Description

In this project, a standalone photovoltaic (PV) system integrated with a diesel generator
is proposed to supply electricity to an agricultural farm located in Kabertene, in the Wilaya of
Adrar, Algeria, the hybrid system is designed to ensure a reliable power supply for various
agricultural loads, including irrigation equipment, water pumping systems, cold storage
facilities, lighting, and other farm-related electrical devices; The integration of a diesel
generator provides backup power during periods of low solar irradiation or high energy demand,
thereby enhancing the overall reliability and continuity of the power supply; The study site is
situated in Kberténe, a region characterized by high solar potential, making it particularly

suitable for the implementation of photovoltaic energy systems.
I11.2.1 Geographic Data

A geographical site is characterized by several essential parameters, including:

o The name of the site, the country, and the region where it is located.

e Geographic coordinates, namely latitude, longitude, altitude above sea level, and the
corresponding time zone.

e Monthly meteorological data, including solar irradiation, ambient temperature, and
other climatic parameters required for the assessment and simulation of photovoltaic

system performance.

This information is fundamental for accurately evaluating the solar energy potential of the

selected site and ensuring reliable system design and simulation results.
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L2 Geographical site parameters for Kabertene_Masa_1983.5IT
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Figure III.1: Geographic location and coordinates of the Kabertene site, Wilaya of
Adrar, Algeria.

In Figure I11.1, the geographic coordinates of the selected site located in Kabertene, Adrar,
have been presented, the site is situated at a latitude of 28.2995° N, a longitude of 0.1208° E,

and an altitude of 307 m above sea level.
I11.2.2 Meteorological Data

These data summarize the climatic characteristics of the project site, including solar
irradiation, ambient temperature, wind speed, and other relevant weather parameters; The
information used in this study was obtained from NASA-SSE satellite data, which provides

reliable monthly meteorological records for solar energy system simulation and assessment.
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 Geographical site parameters for Kabertene_Nas:
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Figure II1.2: Climatic parameters of Kbertene (Adrar, Algeria).

I11.3 Project Design

In this section, the standalone PV system is modeled in the “off-grid with batteries”

configuration, which involves several key design parameters.

The design process is carried out through multiple steps, including selecting the project
type and its associated variables, defining the orientation of the PV modules, setting the horizon
profile to account for distant shading, modeling near-shading effects, configuring the system

components, and finally analyzing the simulation results.

The steps related to distant and near shading are optional, however, when near shading is
considered, the precise adjustment of module tilt and azimuth becomes less critical at the early

stage, since these parameters can later be refined within the near-shading definition tool.
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Figure II1.3: Design of the standalone PV system with battery storage.
II1.3.1 Steps in Designing an Autonomous PV System

This section presents a step-by-step procedure for defining a standalone photovoltaic

system in PVSYST:
I11.3.2 Horizon profile defining

Defining a horizon profile is a very simple operation with the PVsyst graphical tool; The
horizon is a broken line superimposed on the sun path diagram, which can hold any number of

height and azimuth points.
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Figure I11.4: Horizon profile of Kabertene (Adrar, Algeria).

I11.3.3 PV module orientation

To achieve optimal performance of the photovoltaic installation, it is essential to select
appropriate tilt and azimuth angles that maximize energy production throughout the year. For
the simulation, a fixed tilted plane configuration was adopted with a tilt angle of 29° and an
azimuth angle of 0° (due South). These values were selected based on PVsyst's orientation
optimization analysis, which indicated that this configuration provides the maximum annual

incident irradiation on the collector plane (2305 kWh/m?) with a transposition factor of 1.11.

Furthermore, the selected orientation results in a 0.0% loss with respect to the optimum,
meaning that no additional annual energy losses are incurred due to module orientation.
Therefore, the chosen tilt and azimuth angles represent the optimal configuration for
maximizing yearly solar energy capture at the project site while ensuring the highest possible

energy yield from the photovoltaic array.

88



L& Drientation, Variant "Mouvelle wvariante de simulaton™

Field type Fixed Tilted Plane e

Field parameters———————————

Tilt 29° Azimuth 0°

/ Viest | . | East

South

Plane tilt [29.0 =

Azimuth 0.0 =

—Quick optimizati

—Optimization with respect to <
@ iYearly iradiation yield:
) Summer {(Apr-Sep)
O winter {Oct-Mar)
—Yearly incident irradiation —————————————————
Transpeosition Factor FT 1.11 . FTranspos.= 1.11
b Loss/opt.= 0.0%
Loss with respect to optimum 0.0%
o 30 a0 80 “s0 -850 -30 o 30 &0 80
Global on collector plane 2305 kwh/m= Plane tilt Plane orientation
| 2 cancal | | W oK

Figure II1.5: Fixed tilt plane orientation.

To optimize solar irradiation at the site, the PV array is oriented facing south with a tilt angle
of 29°.

I11.3.4 Definition of User Load Requirements

The User Demand window in PVSYST is used to define the electrical load that the
system must supply; it allows the user to specify the energy consumption profile, including
daily energy requirements, load power, operating periods, and possible seasonal variations, this
information is essential for simulating system performance and for correctly sizing the PV

array, storage batteries, and backup systems in standalone configurations.
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Figure II1.6: Load profile.
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Figure II1.7: Operating time schedule.
Two distinct daily load profiles are considered depending on the agricultural season.

During the cultivation period, the energy demand reaches its maximum due to intensive
irrigation activities, where the pumping systems operate frequently to support crop growth and
field water requirements; In contrast, during the harvest period, barley cultivation is completed,
leading to a significant reduction in water demand, at this stage, the load is mainly limited to
greenhouse irrigation, resulting in a lower and more stable daily energy consumption compared

to the cultivation season.

90



II1.3.5 Preliminary sizing conditions

At this stage, the software provides preliminary sizing suggestions based on the defined
load profile, site conditions, and system configuration, these recommendations include an initial
estimation of the required PV array power, battery storage capacity, and overall system
configuration; The objective is to ensure that the proposed design can meet the energy demand

with an acceptable level of reliability, while maintaining system feasibility and efficiency

Figure I11.8 shows the window used in the preliminary sizing stage of a standalone PV

system design.

© Stand-zlone system definition, Variant MNouvelle variante de simulation”, Variant "Nouvelle variante de simlation”

Av. daily needs
118 kWhjday

Enter accepted PLOL 2.0 % d

day(s) 7]

Battery (user) voltage 2] v @
506 Ah

37277 Wip (nom.)

Requested sutonomy 1.0 Suggested capacity

[ 12 Detailed pre-sizing | Suggested PV power

Storage  Champ PV | Back-Up  Simplified sketch

Sub-array name and Orientation Pre-sizing Help
Mame |Champ PV Na sizing Planned power O [37.8 kip
Orient, Fixed Tilted Plane Amﬂ: 13: \ Resize ... oravalable area @ [182 m?
~Select the PV module
Available Now 4 Sortmodules @ Power Technology
JA Solar | [sa5wp 38y Simono JAM73-530-585-MR Since 202: \ €, Open |

Approx. needed modules 65 Sizing voltages : Vmpp (50°C) 38.6V

Voc (-10°C) 586V

Select the control mede and the conts

MPPT power converter

(&9 ® Universal controller _Generic
—Operating mod Max. Charging - Discharging current
Direct coupling PPT 1000 W 307 1514 84 Universal controller with MPPT conve | Open ‘
@ MPPT converter The operating parameters of the universal controller will sutomatically be
DC-DC converter adjusted according to the properties of the system.
PV Array design
: User's need Daily profi Aver. power 4.31kW
~Humber of modules and strings Operating conditions: ser's needs aily profile Wer. pawer
shouid be: Vmpp (60° 695V Night ratio 50.6% Daly energy 118 kith
Mod. inseries  [18 % o constraint 813 Battery pack 3in parallel, 307V Capadty 600 Ah
v 1054 v
Jra— between 2and 5 Autonomy 1.3day Stored energy 147 kitth
Plane irradiance 1000 W/m?2 PV Array 4str. of 18 modules Nom. Power 42.1kiip
@ oo 53.1A Max. operating power 38.4 kW
e PV/PLoad 8.6  Av. dail 184kwh
a 201 me | 156 60%) 55.5 A (at max. irrad and 50°C) ; [ 0‘3‘ R .
. 72 Area m . Conts u MPPT Nom, Power 36.5 ki
Hb. modules Isc (at STC) 56.2 A Array nom. Power (STC) 42.1 kwip ontrofler niversa om. Fawer
PV/PCony 115 Thresholds act. to SOC

| ¢ cancel

| o

Figure II1.8: Parameters of the standalone system.

In the main window, the input parameters required for calculating the number of

batteries and sizing the multi-source system are defined as follows:

e The required autonomy, typically set to 1 day.

o The acceptable probability that the load demand is not met by the system (Loss of
Load Probability, LOLP), which is set to 2%.

o The nominal voltage of the battery bank, which is defined as 307 V.
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This window is divided into four sub-sections, namely:

The storage system.

The PV array.

The backup generator set.

The system configuration diagram.

111.3.6 Selection and Sizing of the Storage System

The storage system can be selected from the internal database of PVSYST, or

alternatively, a custom storage configuration can be defined if the required battery model is not

available in the software library.

In this study, the selected battery brand is the same as the one used in the iterative sizing

method, as shown in Figure I11.9

—Specify the Battery set

Sort batteries by ® voltage capadty manufacturer
Jiangsu Lihui Technology Co. | |51.2V 200 Ah Li LFP LH-HSE-R51200 51.2V Since 2023 e O, Open |
Lithium-ion ~| The selected battery is a module Eiattery pack voltage 307 V
. . j 600 Ah
6 modules in series Global capadty
; _ :“"“Eer ‘:']‘: ”‘l"d”'e; 5;§ Stored energy (80% DOD) 147 Kih
modules in parallel umber of elemen Total weight 1620 kg
100.0 | © % Initial State of Wear (nb. of cycles) Mp. cydes at 80% DOD 5000
Total stored energy during the 747 MWh
100.0 | | o4 Initial State of Wear (static) battery life

—Operating battery temperature ———

Temper. mode |{iSeRElgeslglelielyll -

Fixed temperature |30 | =C

The battery temperature is important for the
aging of the battery.

Figure III. 9.Selecting the battery bank.

Figure I11.9 shows the number of batteries obtained (in series, in parallel, and total), as well as
the selected battery model, under a fixed operating temperature of 30°C.

1 IIL1.3.7 Selection and Sizing of the PV Array

PV modules can be selected from the internal database of PVSYST, or alternatively,

additional modules can be added if the required module brand or model is not available in the

software library.
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The selected PV module brand is the same as the one used in the iterative sizing

method, as shown in Figure I11.10.

Storage | Champ PV | Back{Jp Simplified sketch

—Sub-array name and Crientation Pre-sizing Help
Mame | | O Mo sizing Planned pawer O kwp
Tit 29° ——
. . il 2
Crient.  Fixed Tilted Plane Azimuth 00 Resize I .+ O avaiable area @ m
—Select the PV module
|Available Mow Vl Sort modules ®) Power () Technology
| 34 Solar | | 585Wp 38V Si-mono JAM78-530-585-MR Since 202:°| | @, Open |
Approx. needed modules 65 Sizing voltages : Vmpp (60°C) 38.6 V
Voc (-10°C) 5B.6V

Figure I11.10: PV array parameters.

The software determines the number of PV modules to be connected in series and parallel
based on several design constraints, these constraints may or may not be considered during

system sizing, such as battery voltage, planned system power, and available installation area

(see Figures I11.9 and II1.10).

2 I11.3.8 Selection and Sizing of the Battery Charge Controller and Control
Strategy

PVSYST allows the selection of a battery charge controller and its proper sizing based

on system voltage, output current, and battery power requirements (Figure II1.11).

—Select the control mode and the controller
MPPT power converter
0 Universal controller I_Generic vl
perating mode Max. Charging - Discharging current
Direct coupling IMF‘PT 1000 W 307V 151 A 28 A Universal controller with MPET conve |
® MPPT converter The operating parameters of the universal controller will automatically be
) DEDC converter adjusted according to the properties of the system.

Figure III.11: Selection of the battery charge controller and control strategy.

In addition, PVSYST allows the selection among three battery charging control strategies:

direct coupling, coupling using an MPPT charge controller, and coupling using a DC-DC

power converter.
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3 II1.3.9 Selection and Sizing of the Backup Generator

The sizing of the backup generator is taken into account in PVSYST. It is included in the
system to compensate for any potential energy shortage that may occur at different times of the

year, especially during periods of low solar irradiation or increased demand.

Storage Champ PV | Back-Up | Simplified sketch

Back-up generator

Uses back-up genset StdGenerator3. GEM : Back-up generator - 3 kW
Full load capability Mominal power 25.0kW  Battery woltage 307V Charging Current
Effective operating Power 20.0 kW Battery voltage 307V Charging Current

Open

81L.4A
65.1A

Figure II1.12: Selection and sizing of the backup generator.

Figure II1.12 illustrates the selected generator power used to compensate for the possible power

deficit that cannot be met by the PV array.

I11.3.10 Multi-Source System Diagram

The multi-source system configuration (PV array, batteries, backup generator, and charge

controller) proposed by PVSYST is illustrated in Figure I11.13.

Storage Champ PV Back-Up | Simplified sketch

Typical layout of a stand-alone system

PV array System User {load)
Regulator
| Array
E Array | U Array
T E User
E Back-up
1 Back-up T Fuse T ! Bat?. ¢I User
U Batt. Chiisch.
Batteries User
Py
array
Back-up Fixad :
generator $Temper. E naads

Figure I11.13: Multi-source system diagram provided by PVSYST.
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I11.3.11 Economic Evaluation of the Multi-Source System

Based on the cost analysis of the main system components conducted at the beginning of
this study, these values were entered into PVSYST in order to evaluate the total investment cost

and estimate the additional expenses associated with the project.

Investment and charges | Financial parameters  Electricity sale  Self-consumption saving  Finandial results

—Values urrency
@® Global by Wp by m2 ’—(DA - ALGERIA ~) | f Rates
—Installation costs
AV /OTCEHO
Description Quantity Unit price Total
+ PV modules 1,440,000.00 DA
Batteries 18.00 | 120,000.00 | @ | 2,150,000.00 | DA
Controllers 1.00 | 540,000.00 | @ | 540,000.00 | DA
Back-up generator 1.00 | 900,000.00 | @ | 900,000.00 | DA
*/ Other components 1,260,000.00 DA
* Studies and analysis 50,000.00 DA
+/ Installation 200,000.00 DA
* Insurance 0,00 DA
* Land costs 0.00 DA
Loan bank charges D.DD| | D.DD| | 0.00| DA
* Taxes 0.00 DA
Total installation cost 6,550,000.00 DA
Depredable asset () 65,240,000.00 DA

Figure I11.14: Economic evaluation of the multi-source system.
II1.3.12 Impact of Near Shading

PVSYST makes it possible to analyze the effect of shading caused by nearby obstacles
such as trees, buildings, or walls, as well as self-shading between PV modules within the

array.
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Figure II1.15: Near shading configuration interface.

The near shading factor is set to 0 because there are no surrounding objects in the area

that could cause shading.
I11.3.13 Simulation results and discussion

The simulation was conducted using PVsyst v7.4.7 for a standalone photovoltaic system
with backup generator support, located in Kabertene, Algeria (Latitude 28.30°N, Longitude
0.12°E, Altitude 307 m).

The system is designed to cover an average daily load of 118 kWh/day using a 42.1 kWp
PV array coupled with a Lithium-Ion (LFP) battery pack rated at 600 Ah / 307 V and backed
by a diesel genset.

Key Performance Indicators
» Annual useful energy from solar: 43,009 kWh/year
» Available solar energy: 80,768 kWh/year

» Excess (unused) energy: 36,403 kWh/year — indicating battery oversaturation during

high-irradiance periods

» Performance Ratio (PR): 43.56% Since PR actually measures Yf/Yr, where
yf(Final/specific yeald) =E user/Pnominal, which is the useful energy actually delivered to the
load, normalized per kWp

Yr (reference yield)=globEff /G-STC = the theoretical energy the PV array could produce

based on the irradiation that fell on it, normalized per kWp
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The key point E_user includes the generator’s contribution = (solar + battery + generator

energy), but Yr is purely calculated from solar irradiance.
» Solar Fraction (SF): 99.45% excellent; the genset is almost never needed
Conclusion

The system achieves an excellent Solar Fraction of 99.45%, meaning that nearly all of the
annual load is supplied by the PV-battery subsystem; The diesel generator is configured strictly
as an emergency backup source and contributes only a negligible amount of energy during rare
periods of low solar availability and low battery state-of-charge; Therefore, the presence of
excess solar energy should not be interpreted as a design deficiency. In standalone systems

requiring high reliability, some level of unused energy is expected and often

intentionally accepted to guarantee uninterrupted power supply throughout the year
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Figure II1.16: report summarizing project and system results.
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I11.3.14 PV array & battery system specifications

The PV array consists of 72 modules of JA Solar JAM78-S30-585-MR (585 Wp each),
arranged in 4 strings of 18 modules in series, yielding a nominal STC power of 42.1 kWp. The
array is mounted on a fixed plane tilted at 29° facing due South (Azimuth 0°), which is an
appropriate tilt angle for the latitude (~28°N) to maximize annual energy capture; Operating at
50°C ambient (typical Saharan field temperature), the array produces 38.4 kWp at MPP — a
~8.8% thermal derating — with Umpp = 724 V and Impp = 53 A. This underscores the

importance of thermal loss modelling in hot climates.

The battery pack from Jiangsu Lihui Technology comprises 18 LFP units (3 in parallel x
6 in series) with a total nominal capacity of 600 Ah (C10) at 307 V, equating to approximately
147.5 kWh of stored energy, the minimum discharge SOC is set at 20%, with charge/discharge
command thresholds of SOC = 0.90/0.75 (charging) and SOC = 0.20/0.45 (discharging). The
back-up genset activates at SOC = 0.25 and deactivates at 0.45, The MPPT controller operates
with maximum/EURO efficiencies of 97.0%/95.0%, and a temperature coefficient of —5.0

mV/°C/element — well within standard parameters for LFP chemistry.
e Array Loss Budget

Thermal losses (Uc =20 W/m?K with no wind correction), DC wiring losses (1.5% at
STC), module mismatch (2.0%), and ohmic losses (1.34%) are the primary derating factors.
Module quality is modelled with a positive gain of +0.75%, typical for high-grade

monocrystalline silicon modules
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Figure II1.17: General parameters and PV array characteristics.

e Incidence angle modifier (IAM) analysis

The Incidence Angle Modifier (IAM) accounts for the reduction in transmittance of solar
radiation through the module's glass cover as the angle of incidence increases from normal.

PVsyst models this using the Fresnel equation for smooth glass with a refractive index n =

1.526, which is the standard for low-iron tempered glass used in PV modules.

e TAM table interpretation

At normal incidence (0°), [AM = 1.000 (no loss). Up to 50°, losses remain minor (IAM =
0.981), which covers most daily generation hours for this latitude. Beyond 60°, losses
accelerate: at 70° IAM drops to 0.862 (—13.8%), at 80° to 0.636 (—36.4%), and at 90° to

0.000, these steep-angle losses occur primarily during early morning, late evening, and

winter months when the sun is low on the horizon.

For a fixed-plane installation at 29° tilt in Kabertene, the annual IAM-integrated loss
(shown as —2.44% in the loss diagram) is quite acceptable and consistent with industry

benchmarks for similar latitudes. If bifacial modules or single-axis trackers were employed, the

[AM profile would differ and typically yield better annual performance.
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surroundings, the installation is located in a flat, open desert terrain in Kabertene (Saharan
Algeria), with minimal obstructions visible to the south and east directions. A single blue
rectangle represents the PV array footprint, with no significant near-field obstacles recorded in

the model.

the diagram — represents the region where shading losses are below 1%, confirming that the

PV array experiences essentially no near-shading losses (0.00% irradiance loss recorded in the

Project: hybride stockage electrogene

Variant: Nouvelle variante de simulation

PVsyst V7.4.7
WC1, Simulation date:
06/15/26 04:30

with V7.4.7
Array losses
|AM loss factor
Incidence effect (IAM): Fresnel smooth glass, n = 1.528
1} ane 50° 607 0 75" &0° 85" a0
1.000 | 0.958 | 0.981 | 0.948 | 0.862 | 0.776 | 0.636 | 0.403 0.000

Figure II1.18: Array losses table.

Near shading analysis

Iso-shading diagram

loss diagram).

The near-shading scene is displayed in 3D from a perspective of the PV field and its

The i1so-shadings diagram maps the sun's annual path (sun height vs. azimuth) overlaid

with shading loss contour lines (1%, 5%, 10%, 20%, 40%). The yellow zone — which dominates
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Figure II1.19: Near shading parameters

e Load profile & seasonal modulation

The load profile is defined as a daily demand schedule with seasonal modulation across
four periods: Summer (Jun—Aug), Autumn (Sep—Nov), Winter (Dec—Feb), and Spring (Mar—

May), the overall annual average is 118 kWh/day, with significant seasonal variation.

e Seasonal load analysis

Summer & Spring (104 kWh/day): The load profile shows a base load of 5 kW during
nighttime hours (00h—05h), a morning peak of 8.6 kW from 06h—08h (irrigation pumping ), and
a reduced afternoon load of 2 kW before rising again to 5 kW in the evening. The lower daily

average reflects reduced heating needs.
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Autumn & Winter (132 kWh/day): The same morning peak pattern is observed but
extends further into the day (06h—11h at 8.6 kW), and a brief spike of 7.5 kW appears at the
12h mark. This 27% higher winter load compared to summer may reflect longer operational
hours, and critically coincides with the period of lowest solar irradiance; creating a seasonal

energy balance challenge.
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Figure I11.20: Detailed user needs during seasons.

e Main simulation results

The annual energy balance confirms the system meets user demand with a Solar Fraction
0f 99.45%, meaning only 244.4 kWh/year (0.55%) 1s supplied by the back-up diesel generator.
This represents an extremely high degree of solar autonomy; a key performance target for

remote off-grid installations.
e Monthly energy balance review

Peak solar production months are May—August, with available energy ranging from 6,862
kWh (June) to 7,672 kWh (March). However, unused (excess) energy during these months is
very high (3,620-4,363 kWh/month), confirming that the battery becomes fully charged and

excess generation is wasted;a critical observation for system sizing optimization.
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January and December are the critical months: available solar energy drops to 5,999 and
5,390 kWh respectively, while the load remains at 4,095 kWh. The genset provides 107.6 kWh
and 136.8 kWh respectively, demonstrating the back-up system's role is minimal but necessary

for full reliability.
e Performance ratio discussion

The reported Performance Ratio (PR = 43.56%) should be interpreted with caution
because this is a standalone hybrid PV-battery system rather than a grid-connected PV plant, in
PVsyst, the PR calculation includes energy that cannot be utilized once the battery reaches full
charge, which artificially reduces the PR value. Since the diesel generator is configured only as
a backup source and contributes approximately 0.55% of the annual load, the low PR does not
indicate poor system performance. instead, it reflects the operational strategy adopted to
maximize reliability and ensure full load coverage under all seasonal conditions. For isolated
systems, Solar Fraction, Loss of Load Probability (LOLP), and energy availability are generally

more meaningful performance indicators than PR alone.
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PVsyst V7.4.7
VC1, Simulation date:
06/15/26 04:30

with V7.4.7

Main results

System Production

Useful energy from solar 43009 kWh/year Perf. Ratio PR 43.56 %

Available solar energy 80768 kWh/year Solar Fraction SF 99.45 %

Excess (unused) 36403 kWh/year

Back-Up energy from generator Battery aging (State of Wear)

Back-Up energy 244 KWh/year Cycles SOW 96.1 %

Fuel Consumption 18 liter/year Static SOW 85.9 %
Battery lifetime 7.1 years

Economic evaluation

Investment Yearly cost LCOE
Global 7,361,340.00 DA Annuities 0.00 DAsyr Energy cost 0.00 DA/KWh
Specific 175 DA/WpP Run. costs 21.12 DAJyr
Payback period Unprofitable
Normalized productions (per installed kWp) Performance Ratio PR
10 T T T T T T T T T T T 1.3 T T T T T T T T T T
Lu: Unused energy (battery full) 2.37 KWh/kWp/day 12 - PR: Performance Ratio (Y / ¥r) 0.436
Lo: Collection Loss (PV-array losses)  1.01 kWh/kWp/day 1.1 SF: Solar Fraction (ESol / ELoad) : 0,996

System losses and battery charging 0.23 KWh/kWp/day 1.0
v i he e Wpiday

§
£
b

Normalized Energy [kWhkWp/day]

Jan  Feb Mar Apr  May Jun Jul  Aug Sep Oct Nov Dec Jan  Feb Mar Apr May Jun  Jul Aug Sep Oct MNov Dec

Balances and main results

GlobHor GlobEff E_Avail EUnused E_BkUp E_User E_Load SolFrac

kWh/m? KkWh/m? kWh kwWh kWh kWh kWh ratio
January 109.7 159.0 5999 1851 107.6 4095 4095 0.975
February 131.9 173.1 6407 2583 0.0 3699 3699 1.000
March 184.1 211.2 7672 4318 0.0 3218 3218 1.000
April 213.9 213.8 7606 4363 0.0 3114 3114 1.000
May 236.8 212.8 7459 4109 0.0 3218 3218 1.000
June 2328 199.8 6862 3620 0.0 3114 3114 1.000
July 242.4 212.2 7183 3833 0.0 3218 3218 1.000
August 2251 2155 7287 3936 0.0 3218 3218 1.000
September 185.7 201.9 6940 2850 0.0 3963 3963 1.000
October 141.0 174.9 6238 2008 0.0 4095 4095 1.000
November 111.3 155.9 5726 1635 0.0 3963 3963 1.000
December 97.3 143.8 5390 1296 136.8 4095 4095 0.968
Year 2112.2 2274.0 80768 36403 244.4 43009 43009 0.995
Legends
GlobHor Global horizontal irradiation E User Energy supplied to the user
GlobEff Effective Global, corr. for IAM and shadings E_Load Energy need of the user (Load)
E_Avail Available Solar Energy SolFrac Solar fraction (EUsed / ELoad)
EUnused Unused energy (battery full)
E_Miss Missing energy
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Figure I11.21: Main results of system production.

e Energy loss pathway analysis (Sankey diagram)

The loss diagram provides a full energy flow breakdown from incident irradiance to final
energy delivered to the user. Starting from 2,112 kWh/m? of global horizontal irradiation, the

cascade of losses and gains can be traced through the system:
-Irradiance to array losses

A +10.4% gain is achieved by tilting the array to the collector plane (plane-of-array

irradiance benefit). Near shading contributes 0.00% loss. IAM reduces the effective irradiance
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by —2.44%, yielding an effective irradiation of 2,274 kWh/m? on 201 m? of collector area =
457,074 kWh of irradiation on the array.

-PV conversion losses

With STC efficiency of 20.93% (JA Solar module), the nominal array energy is 95,803
kWh. Key losses: temperature (—11.03%), irradiance level (—0.34%), mismatch (—2.10%), and
wiring (—1.34%). A module quality gain of +0.75% partially offsets these, the largest energy
flow identified by PVsyst is the unused energy occurring when the battery reaches full state-of-
charge. In this project, this result should not automatically be interpreted as system oversizing.
Because the design objective is to achieve very high energy autonomy with only emergency
generator support, surplus energy during high-irradiance periods is an expected consequence of
maintaining a high level of supply security, the simulation confirms that this design approach

successfully achieves a Solar Fraction of 99.45% while maintaining virtually zero unmet load.
-Converter & battery losses

Converter losses total —4.10% (efficiency + threshold losses). Battery losses include
efficiency (—0.76%), charge/discharge current efficiency (—2.66%), and self-discharge
(—0.17%). Approximately 75.2% of converter output is stored in the battery while 24.8% is

used directly — a healthy direct-use fraction that reduces cycling stress on the batteries.
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Figure I11.22: Loss diagram

e Daily Input-output diagram analysis

The Daily Input/Output diagram is a scatter plot correlating the global incident irradiation
in the collector plane (X-axis, kWh/m?/day) against the useful system output energy (Y-axis,
kWh/day). Each data point represents one day of the simulation year.

-Interpretation of the scatter pattern

The diagram reveals two distinct behavioral regions: (1) On days with low-to-moderate
irradiation (0-3 kWh/m?/day), the system output varies between ~70—-105 kWh/day, maintained
by battery discharge to meet load demand even when solar input is insufficient. (2) On high-
irradiance days (5—8 kWh/m?*/day), the system output clusters tightly around 100—-130 kWh/day,

corresponding to the full load satisfaction from solar + battery.
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The horizontal banding visible at output values near 130 kWh/day (winter load) and 104
kWh/day (summer load) confirms the system's seasonal load modulation. several isolated low-
output days visible at low irradiance correspond to deep winter days when battery charge is

depleted and the genset supplements supply.
-Conclusion

The scatter plot's upper cluster at 7-8 kWh/m?/day with output capped at ~130 kWh/day
(rather than scaling linearly) reflects battery full-charge limitations and load ceiling; a clear
manifestation of the high excess energy fraction noted earlier. An ideal system with matched
storage capacity would show a steeper, more linear correlation. This graph is a powerful visual

diagnostic tool for identifying battery sizing constraints in standalone systems
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Figure 111.23: Daily input /output diagram.

e Economic Evaluation & Cost Breakdown

The total installation cost of the hybrid PV system is 7,361,340 DA (Algerian Dinars),
equivalent to 175 DA/Wp at the installed capacity of 42.1 kWp, the annual operating
expenditure (OPEX) is minimal at 21.12 DA/year, representing solely the fuel cost for the back-

up generator — a testament to the system's high solar fraction.
-Capital cost (CAPEX) breakdown
-Module Mounting Supports: 36,000 DA (0.5%)

- Batteries (18 units x LFP): 1,800,000 DA (24.5%) ;the largest single component cost:
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-Controllers (MPPT): 600,000 DA (8.2%)
-Back-up Generator: 900,000 DA (12.2%)
-Accessories & Wiring: 1,300,000 DA (17.7%)
- Engineering: 10,000 DA (0.1%)

-Transport & Installation: 100,000 DA (1.4%)

VAT: 1,175,340 DA (16.0%)

- Project: hybride stockage electrogene
iea
==== Variant: Nouvelle variante de simulation
PVsyst V7.4.7
Simulation date.

ve1
06/15/26 04:30
with W7.4.7

Cost of the syst
Installation costs
Item Quantity Cost Total
units ba ba
PV modules
JAM78-S30-585-MR 72 20,000.00 1.440,000.00
Supports for modules 72 500.00 36,000.00
Batteries 18 100.000.00 1.800,000.00
600.000.00
800,000.00
1 1,200.000.00 1.200,000.00
1 100,000.00 100,000.00
1 10.000.00 10.000.00
1 100,000.00 100,000.00
1 0.00 1,175,340.00
Total 7,361,340.00
Dapreciable assat 5.976.000.00
Operating costs
Item Total
DAlyear
Fuel for Back-Up generator 2112
Total (OPEX) 21.12
7,361,340.00 DA
B 21.12 DAlyear
 (battery full) 36.4 MWhiyaar
s ora: 43.0 MWhiyoar
Used energy cost 8.5583 DAMKWR
06/15/26 PVayst Licensed to Page 1010

Figure I11.24: Cost of the system.

From a purely economic standpoint, the electrification of this desert agricultural farm in
Adrar through a hybrid PV-Diesel system represents not merely a technically sound choice, but
an overwhelmingly superior economic decision compared to conventional grid extension; The
total installation cost of 7,361,340 DA, while significant, must be contextualized against the
reality of Adrar's geographical remoteness, extending the Sonelgaz medium voltage network to
a desert farm located kilometers from the nearest grid connection point would require

infrastructure investments estimated to exceed 16,500,000 DA for the extension alone;more
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than double the entire PV-Diesel system cost; without accounting for ongoing subscription fees,

energy bills, and the chronic unreliability of grid supply in remote southern Algerian regions.

Furthermore, the simulation demonstrates an exceptionally competitive energy cost of
8.5583 DA/kWh, comparable to or below conventional grid tariffs, achieved with near-
complete energy autonomy, the annual operating cost of merely 21.12 DA/year; representing
diesel consumption during periods of insufficient solar irradiation; underscores the system's
remarkable self-sufficiency; Over a 20-year operational horizon, the hybrid system generates
estimated savings exceeding 20 million DA compared to the grid extension alternative, while
simultaneously providing the farm operator with complete energy independence; immunity to
power cuts, voltage fluctuations, and the administrative constraints associated with Sonelgaz
supply contracts, the excess solar production of 36.4 MWh/year; energy generated beyond the
system's immediate needs; further highlights the economic opportunity inherent in this design.
This surplus could power future farm expansions, additional cold storage capacity, or be
redirected toward productive agricultural processes, generating additional revenue without

incremental energy cost.
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General Conclusion

The work carried out in this thesis was motivated by a fundamental and practical
challenge: how to provide reliable, autonomous, and economically viable electrical energy to
an isolated agricultural farm in one of the most remote and extreme environments in Algeria,

the Saharan region of Adrar.

The answer, as this study has demonstrated, lies in the intelligent combination of solar
photovoltaic energy, lithium battery storage, and diesel backup generation; a hybrid architecture
that proved to be not only technically capable of meeting every electrical and hydraulic need of
the farm, but also overwhelmingly superior to any conventional electrification alternative from

an economic standpoint.

Perhaps the most significant achievement of this work is the demonstration that a farm of
this scale and complexity; comprising a submersible pump operating at 215 meters of dynamic
head, a greenhouse irrigation network, a cold storage facility, and a residential building; can
be powered with a total installation cost of 7,361,340 DA and an annual operating expenditure
of barely 21.12 DA/year, to put this into perspective, simply extending the Sonelgaz medium
voltage network to the site would require infrastructure investments exceeding 16,500,000 DA
for the grid connection alone; more than double the cost of the entire hybrid system; without
accounting for monthly energy bills, subscription fees, or the chronic unreliability that
characterizes grid supply in remote southern Algerian regions. Over a twenty-year operational
horizon, the hybrid system generates savings estimated to exceed 20 million DA compared to

the grid extension alternative.

Beyond the economic argument, the simulation results confirmed an exceptional solar
fraction of 99.45%, meaning that the diesel generator; included strictly as an emergency
backup; contributes only 0.55% of the annual energy supply. The farm operates on solar energy
for virtually the entire year, achieving a competitive energy cost of 8.5583 DA/kWh while
maintaining complete independence from the national grid, immunity to power cuts, and full

operational autonomy even during the most energy-intensive agricultural periods.

The excess solar production of 36.4 MWh/year; energy generated beyond the system's

immediate needs during peak irradiation periods; should not be viewed as a design inefficiency
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but rather as an untapped economic opportunity. This surplus energy could be redirected toward
future farm expansions, additional cold storage capacity, or other productive agricultural

processes, generating additional value without any incremental energy cost.

In the broader context of Algerian agricultural development, this study demonstrates that
the vast solar-rich desert regions of the south are not an obstacle to agricultural productivity
they are, in fact, an energy asset; the hybrid photovoltaic system designed for the Kabertene
perimeter represents a replicable and scalable model for sustainable agricultural electrification
across the Saharan wilayas of Algeria, where the combination of exceptional solar irradiation,
deep groundwater resources, and growing agricultural ambitions creates ideal conditions for the

widespread adoption of renewable energy-based farming systems.
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FICHE DESCRIPTIVE DE PERIMETRE DE MISE EN VALEUR —4 éme PORTEFEUILLE DE L'ODAS

WILAYA : Adrar

COMMUNE : Sebaa - Tamentit
LIEU DIT : Kabertene 06
DISTANCE EN KM/ CLW : 115 km
DISTANCE EN KM/ CLC : 80 km
COORDONNEES GEOGRAPHIQUE :
Longitude Y : 0,303

Latitude X : 28,362

DISTANCE DU RESEAU ELECTRIQUE EN KM : 16 km,
DISTANCE DES VOIES D’ACCES EN KM : 15 km par route
INFRASTRUCTURE DE BASE DISPONIBLE : néant

RELIEF DU PERIMETRE : plein

ALTITUDE : \

- NAPPE:\
- DEBIT MOYEN (APPROXIMATIF) : 30 I\s
- TYPE D'OUVRAGE : forage

- PROFONDEUR :200 m

- TYPE DE SOL : sablonneux
- PROFONDEUR DU SOL : profond
- APTITUDES CULTURELS : annuelles et pérennes

- PREVOIR UNE AMELIORATION FONCIERE : oui

- SAHARIEN A TRES FORTE ARIDITE, A HIVER TEMPERE.
- SAISON SECHE SUR TOUTE L’ANNEE.

- TEMPERATURE ELEVEE, FORTE INSOLATION, HUMIDITE QUASIMENT INEXISTANTE, ET DES VENTS FORTS FONT QUE
L'EVAPOTRANSPIRATION SOIT TROP IMPORTANTE EXIGEANT UN RECOURS CONTINU A L'IRRIGATION.

Appendix 1 : développement perimeter of Kabertene descriptive sheet.
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Appendix 2 : Descriptive fact sheet of the perimeter of Kabertene.
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Appendix 3: Current carrying capacity three-phase current.

Current carrying capacity direct current

Amperes  Power in volts Cable cross-section for Cable cross-section  Cable cross-section

1 m cable length for 3 m cable length  for 5 m cable length

1A 12V 0,75 mm? 1.5 mm? 1,5 mm?

240 24y 0,75 mm* 2.5mm? 4mm?

5A 60V 1.5 mm’ &mm’ 10mmn?

104 120V 4mm? 10 mm’ 16 mm’

154 180V &mm? 16 mm?* 25 mm?

204 240V &mm? 25 mm* 35 mm

254 300V 10 mm? 25 mm* 50 mm?

304 306V 10 mm? 25 mm* 50 mmm?

35 A 420V 10 mm? 35 mm’ 50 mm?

Appendix 4: Current carrying capacity Direct current.




Annexe

POWER
GENERATOR

STANDARD FEATURES

KJT25[ 25 kVA

DIESEL GENERATOR SET

ENGINE
State of the art technology, water cooled, four stroke heavy duty high
performace industrial type diesel engine.

COOLING SYSTEM

Made of guality industrial type radiator, expansion tank and cocling fan
keeps the engine system at the appropriate temperature of the generator
equipment. Radiator and cooling fan, complete with safety guards,
designed to cool the engine at high ambient temperatures.

ELECTRICAL SYSTEM

Battery group (12V or 24V), redresser, battery tray and cables are provided
with genset. The charging alternator is mounted on the engine and is driven
by a belt-pulley. DC starting motor to crank the engine is available mounted
onthe engine.

FUEL SYSTEM

0On Generating Sets up to 1250 kVA, the base-frame design is incorporated
with an integral fuel tank with a capacity of approx. 8 hours running at full
load. The tank is supplied complete with fill cap breather, fuel level gage,
fuel feed and return lines to the engine and drain plug. Higher capacities
and double-walled fuel tanks are also available as an option.

LUBRICATION SYSTEM

Qur diesel generators feature an efficient oil pump and integrated filtration
system, ensuring optimal lubrication and removal of impurities from the
engine oil. Equipped with low oil pressure sensors, they automatically
trigger an emergency shutdown to protect the engine in critical situations.
This advanced oil management system reduces friction among moving
parts, extending the engine’s lifespan and ensuring reliable performance.
With these features, our generators offer superior protection and
efficiency, making them an excellent choice for your power needs.

EXHAUST SILENCER

Heavy duty steel industrial type exhaust silencer. Silencer noise reduction
level is 10-15 dB(A). Higher capacity silencers also available as residential,
critical or hospital types as option.

CUSTOMIZED SOLUTIONS
KJ Power customized power systems, as tailor made production built and

SOUND ATTENUATED CANOPIES

Sound insulated canopies are produced from galvanized sheets in
accordance with rust and harsh weather conditions, as madular design
canopies are cleaned with a special process and painted with
electrostatic powder paint. KJ Power canopies have a modular structure
that can be easily disassembled, providing the group with easy service
and maintenance and on-site parts replacement. At the same time, the
canopies are designed to take into account the cooling performance and
power output value of the generator set according to the ambient
temperature, and are designed to not cause any power drop during
operation. Canopies are produced after prototype tests are carried out
for suitability to ambient temperature and sound level.

Container type and super silent canopies are also offered optionally
according to customer demand

ALTERNATOR

Synchronous & Poles, 3 phase, self excited, brushless alternators are
designed to offer you the best power generation performances. The
insulation system is Class H. All windings are impregnated in either a
triple dip thermasetting liquid. oil and acid resisting polyester varnish or
vacuum pressure impregnated with a special polyester resin. Heavy
coating of antitracking varnish provides additional protection against
moisture or condensation. The fully sealed Automatic Voltage Regulator
(AVR) maintains voltage regulation up to + 1% nominal adjustment by
means of a trim pot incorporated on AVR. When the PMG or AREP option
isinstalled, an overload capacity equivalent to 300% of the full load
impedance can be sustained for 10 seconds at Power Factor " Cos@=1".

FACTORY ACCEPTANCE TESTS

All generator sets manufactured at KJ Power facilities are subjected to
load testing before being shipped. Control functions of all protective
devices and field load conditions are implemented by simulation.

DOCUMENTATION
Maintenance and user manuals related with engine, generator and
controller. Wiring diagram/ Electric schematic.

WARRANTY

All our generator sets are covered by a warranty against manufacturing

Appendix 5: KJT25 25KVA DATASHEET.

TYPICAL PV CABLE - CCC

Electrical Characteristics

Conductor Size | Voltage drop factor
m v/ Am

Insulation Resistance | Conductor Resistance
MOk kn @ 20°C

25 204 2

650 198

4 126 q

510 495

] 842 U

40 330

10 487 48

3n 191

16 309 68

30 121

<f), s @ SID

WORLD BANK GROUP

S

DOCK

DEVELOPING STATES

Appendix 6 : PV CABLE-CC voltage drop and current rating.
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  N s =     V i m a x  V o c =  1000  48 . 38 = 20 . 66   ≈ 20   m o d u l e s


  V o c ( c o l d ) = V o c × ( 1 + ( 25 − t m i n ) × 0 . 0025


  V o c  ( c o l d ) = 48 . 38 × ( 1 + ( 25 − 6 ) × 0 . 0025


  V o c  ( c o l d ) = 50 . 67 V


  N s ( n e w ) =     V i m a x  V o c _ c o l d =  1000  50 . 67 = 19 . 75   ≈ 19   m o d u l e s


   36  14 . 40 ≈ 2 . 5 = 2   p a r a l l e l   s t r i n g s   p e r   M P P T .


  C t d   =     N d ×   E n e e d s    V s y s   × D o D × n b a t × n i n v t


    1 × 137 × 1000  307 × 0 . 80 × 0 . 92 × 0 . 98 ≈ 618   A h


  N s =   S y s t e m   v o l t a g e  B a t t e r y   v o l t a g e


  N s =  307  51 . 2 = 6   b a t t e r i e s


  N p =   B a n k   c a p a c i t y  B a t t e r y   c a p a c i t y


  N p =  618 200 = 3   s t r i n g s


  E = 137 K w h / d a y


  P a p p a r e n t =   P t o t a l  𝜂 × P f =   11 . 6  0 . 8 × 0 . 8 = 18 . 1   k V A


    ;   S D C / 1 𝜙 ​ =   2 × 𝜌 × L × I  ∆ V m a x


  S D C / 3 𝜙 ​ =   √ 3 × 2 × 𝜌 × L × I  ∆ V m a x


  S m a x (   S  t h e r m a l ,     S  v o l t a g e d r o p ,     S  s h o r t c i r c u i t ,   )


    S  t h e r m a l = I b ≤ I z


    S  s h o r t c i r c u i t = S ≥   𝑰 𝒔 𝒄 √ 𝒕  𝒌


  S v o l t a g e _ d r o p =   𝟐 × 𝟎 . 𝟎 𝟐 𝟐 𝟓 × 𝟒 𝟎 × 𝟏 𝟓 . 𝟐 𝟔  𝟖 . 𝟕 𝟓 = 𝟑 . 𝟏 𝟑 𝟗 𝟐 𝒎   𝒎  𝟐


  S s h o r   t  c i r c u i t =   S ≥   𝟏 𝟓 . 𝟐 𝟔  𝟏  𝟏 𝟏 𝟓 = 0 . 13 m   m 2


    S  t h e r m a l = 1 . 25 × 15 . 26 = 19 . 07 A


    S  t h e r m a l = 2 . 5 m   m 2


  𝑰 𝒃 =   𝑷   𝟑 × 𝑽 × 𝑷 𝒇 =   𝟒 𝟎 𝟎 𝟎 𝟎   𝟑 × 𝟒 𝟎 𝟎 × 𝟎 . 𝟖 = 𝟕 𝟐 . 𝟐 𝑨


    𝑰  𝒕 𝒉 𝒆 𝒓 𝒎 𝒂 𝒍 = 𝟏 . 𝟐 𝟓 × 𝟔 𝟔 . 𝟕 𝑨 = 𝟖 𝟑 . 𝟑 𝟕 𝟓 𝑨


    𝑺  𝒕 𝒉 𝒆 𝒓 𝒎 𝒂 𝒍 = 𝟐 𝟓 𝒎   𝒎  𝟐


  𝑺 𝒗 𝒐 𝒍 𝒕 𝒂 𝒈 𝒆 _ 𝒅 𝒓 𝒐 𝒑 =    𝟑 × 𝟎 . 𝟎 𝟐 𝟐 𝟓 × 𝟑 × 𝟕 𝟐 . 𝟐  𝟏 𝟐 = 𝟕 . 𝟎 𝟑 𝒎   𝒎  𝟐


  𝑺 𝒔 𝒉 𝒐 𝒓   𝒕  𝒄 𝒊 𝒓 𝒄 𝒖 𝒊 𝒕 =   𝑺 ≥   𝟖 𝟑 . 𝟑 𝟕 𝟓  𝟏  𝟏 𝟏 𝟓 = 𝟎 . 𝟕 𝟐 𝟓 𝒎   𝒎  𝟐


  𝑰 =   𝑺 𝒈 𝒖 𝒏 𝒔 𝒆 𝒕   𝟑 × 𝑽 =   𝟐 𝟓 𝟎 𝟎 𝟎   𝟑 × 𝟒 𝟎 𝟎 = 𝟑 𝟔 . 𝟏 𝑨


  𝑺 𝒗 𝒐 𝒍 𝒕 𝒂 𝒈 𝒆 _ 𝒅 𝒓 𝒐 𝒑 =   √ 𝟑 × 𝟎 . 𝟎 𝟐 𝟐 𝟓 × 𝟓 × 𝟑 𝟔 . 𝟏  𝟏 𝟐 = 𝟎 . 𝟓 𝟖 𝒎   𝒎  𝟐


    𝑰  𝒕 𝒉 𝒆 𝒓 𝒎 𝒂 𝒍 = 𝟏 . 𝟐 𝟓 × 𝟑 𝟔 . 𝟏 𝑨 = 𝟒 𝟓 . 𝟏 𝑨


  𝑰 𝒔 𝒄 =   𝑰 𝒓  𝑿 𝒔 𝒄 %


  𝑺 𝒔 𝒉 𝒐 𝒓   𝒕  𝒄 𝒊 𝒓 𝒄 𝒖 𝒊 𝒕 =   𝑺 ≥   𝟑 𝟔 . 𝟏 × 𝟑  𝟏 𝟎  𝟏 𝟏 𝟓 = 𝟐 . 𝟗 𝟕 𝒎   𝒎  𝟐


  I s t r i n g =  100 3 = 33 . 3 A


  𝑺 𝒗 𝒐 𝒍 𝒕 𝒂 𝒈   𝒆  𝒅 𝒓 𝒐 𝒑 =   𝟐 × 𝟎 . 𝟎 𝟐 𝟐 𝟓 × 𝟐 × 𝟓 𝟎  𝟑 . 𝟎 𝟕 = 𝟏 . 𝟒 𝟔 𝒎   𝒎  𝟐


    𝑰  𝒕 𝒉 𝒆 𝒓 𝒎 𝒂 𝒍 = 𝟏 . 𝟐 𝟓 × 𝟓 𝟎 𝑨 = 𝟔 𝟐 . 𝟓 𝑨


  𝑺 𝒔 𝒉 𝒐 𝒓   𝒕  𝒄 𝒊 𝒓 𝒄 𝒖 𝒊 𝒕 =   𝑺 ≥   𝟏 𝟎 𝟎  𝟏  𝟏 𝟏 𝟓 = 𝟎 . 𝟖 𝟕 𝒎   𝒎  𝟐


  𝑰 =   𝑷   𝟑 × 𝑽 × 𝑷 𝒇 =   𝟓 𝟓 𝟎 𝟎   𝟑 × 𝟒 𝟎 𝟎 × 𝟎 . 𝟖 = 𝟗 . 𝟗 𝟑 𝑨


  𝑺 𝒗 𝒐 𝒍 𝒕 𝒂 𝒈   𝒆  𝒅 𝒓 𝒐 𝒑 =    𝟑 × 𝟎 . 𝟎 𝟐 𝟐 𝟓 × 𝟐 𝟐 𝟎 × 𝟗 . 𝟗 𝟑  𝟏 𝟐 = 𝟕 , 𝟎 𝟗 𝒎   𝒎  𝟐


    𝑰  𝒕 𝒉 𝒆 𝒓 𝒎 𝒂 𝒍 = 𝟏 . 𝟐 𝟓 × 𝟗 . 𝟗 𝟑 𝑨 = 𝟏 𝟐 𝑨


  𝑺 𝒔 𝒉 𝒐 𝒓   𝒕  𝒄 𝒊 𝒓 𝒄 𝒖 𝒊 𝒕 =   𝑺 ≥   𝟓 𝟗 . 𝟓 𝟖  𝟏  𝟏 𝟏 𝟓 = 𝟎 , 𝟓 𝟏 𝒎   𝒎  𝟐


  𝑰 =   𝑷   𝟑 × 𝑽 × 𝑷 𝒇 =   𝟏 𝟏 𝟎 𝟎   𝟑 × 𝟒 𝟎 𝟎 × 𝟎 . 𝟖 = 𝟏 . 𝟗 𝟗 𝑨


  𝑺 =    𝟑 × 𝟎 . 𝟎 𝟐 𝟐 𝟓 × 𝟑 𝟎 × 𝟏 . 𝟗 𝟗  𝟏 𝟐 = 𝟎 . 𝟏 𝟗 𝒎   𝒎  𝟐


    𝑰  𝒕 𝒉 𝒆 𝒓 𝒎 𝒂 𝒍 = 𝟏 . 𝟐 𝟓 × 𝟏 . 𝟗 𝟗 𝑨 = 𝟐 . 𝟒 𝟖 𝑨


  𝑰 =   𝑷  𝑽 × 𝑷 𝒇 =   𝟑 𝟎 𝟎 𝟎  𝟐 𝟎 𝟎 × 𝟎 . 𝟖 = 𝟏 𝟔 . 𝟑 𝑨


  𝑺 =   𝟐 × 𝟎 . 𝟎 𝟐 𝟐 𝟓 × 𝟐 𝟎 × 𝟏 𝟔 . 𝟑  𝟏 𝟏 . 𝟓 = 𝟏 . 𝟐 𝟕 𝒎   𝒎  𝟐


  𝑰 =   𝑷  𝑽 × 𝑷 𝒇 =   𝟐 𝟎 𝟎 𝟎  𝟐 𝟑 𝟎 × 𝟎 . 𝟖 = 𝟏 𝟎 . 𝟖 𝟕 𝑨


  𝑺 =   𝟐 × 𝟎 . 𝟎 𝟐 𝟐 𝟓 × 𝟏 𝟓 × 𝟏 𝟎 . 𝟖 𝟕  𝟏 𝟏 . 𝟓 = 𝟎 . 𝟔 𝟒 𝒎   𝒎  𝟐

