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Abstract

Abstract

This thesis presents a study and implementation of a grid-connected photovoltaic (PV) system
integrated without an energy storage solution. The objective is to optimize solar energy utilization
in a typical residential setting located in Ain Sefra, Algeria, a region characterized by high solar
irradiance. The work involves a comprehensive sizing process based on real household energy
needs, solar resource assessment, and system configuration including PV modules, inverters, and
battery storage. Simulation tools are used to evaluate the system’s performance, efficiency, and
economic viability. The study concludes with recommendations for enhancing the reliability and

sustainability of solar energy deployment in similar regions.

- oadlal)

o el 138 Chagy 383 aldai ()50 il Sl AS0I Jai yo (i suin g 3¢S olai (35 Al o e 5Kl 038 S 5
gl Jaray 5pad Al ¢ ) adl el jiall (e Aiae (3 (ol eSS J el da e Apunedd) A8UN Jlad 5 (3 55 50 s ppanad
o ALY (s Sl a5 caldaill il sl s 5 ¢ 50 Janll S Sl Al jall Jadii |2 e pusad
aideliy e g il (5 s (520 paai] Alial 5 485 Clayi ¢ ja) a1 S daiadie dyige Ol sl aladiuly ¢V 3lSlas
o5 elosaSl il 8 Q5 3 Al Angi pall A g g jeSl) Akl e alaie V) AplSe) il gl y A4S Gy (s
) b g sl J sadll
Résumé :
Ce mémoire porte sur 1’étude et la réalisation d’un systeme photovoltaique (PV) connecté au
réseau sans stockage d’énergie. L’objectif est de concevoir une solution solaire fiable et
performante adaptée a une maison résidentielle typique située a Ain Séfra, en Algérie, une région
bénéficiant d’un fort ensoleillement. L’étude comprend une analyse détaillée de la consommation
énergétique, le dimensionnement du systéme, le choix des composants, ainsi qu’une simulation de
performance a I’aide d’outils professionnels. Des évaluations techniques et économiques sont
également menées pour juger de la faisabilité et de la rentabilité du systeme. Les résultats

démontrent le potentiel des systemes PV raccordés au réseau pour réduire les factures d’électricité

et contribuer a la transition énergetique en Algérie.
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General introduction

General introduction

The global energy landscape is undergoing a significant transformation, driven by the urgent need
to ensure long-term energy security and address the pressing threat of climate change. With
electricity demand expected to grow by nearly 60% between 2023 and 2050 particularly in
developing regions the pressure to shift toward cleaner sources of energy has never been greater.
Traditional fossil fuels, although historically reliable, have contributed heavily to greenhouse gas
emissions. Therefore, meeting international climate targets, such as those set by the Paris

Agreement, requires a rapid and strategic transition to low-carbon energy systems.

Renewable energy sources offer a promising path forward. In particular, solar photovoltaic (PV)
systems have emerged as a leading solution due to their minimal operational emissions and rapidly
declining costs. Over the last decade, the levelized cost of electricity (LCOE) for solar PV has
decreased by approximately 85%, making it one of the most competitive generation technologies
globally. This cost reduction has been supported by advances in manufacturing, improvements in
efficiency, and growing deployment experience. Furthermore, government policies such as feed-
in tariffs, renewable energy mandates, and competitive procurement mechanisms have played a

key role in accelerating investment and enabling economies of scale.

Beyond environmental and economic considerations, there are also important geopolitical
motivations for renewable energy adoption. Countries that rely heavily on imported fossil fuels
are vulnerable to supply disruptions and market volatility. Investing in domestic renewable energy
capacity, especially solar PV, can reduce import dependency, enhance national energy sovereignty,

and stimulate local job creation across manufacturing, installation, and maintenance sectors.

Solar PV holds a particularly strategic position within the broader spectrum of renewable
technologies. Unlike large centralized power stations, PV systems are modular and scalable,
allowing them to be installed close to the point of consumption. Rooftop systems, carports, and
small ground-mounted arrays help reduce transmission losses and ease pressure on local

distribution networks. In high-irradiance regions, PV can meet a significant portion of daytime

electricity demand, which helps flatten peak loads and defer the need for costly grid infrastructure

upgrades.
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General introduction

Coupling PV systems with energy storage solutions amplifies these benefits. Batteries enable time-
shifting of electricity use, improve frequency regulation, and enhance the flexibility of power
systems. This is particularly important as energy systems evolve to accommodate higher shares of
variable renewables. Moreover, PV technology integrates well with emerging smart grid
infrastructures. Modern PV inverters can deliver grid services such as voltage support and reactive
power compensation, which contribute to better power quality and system reliability. As the
adoption of electric vehicles and demand-side management technologies continues to grow, PV
systems will play a central role in reducing dependence on centralized grids and increasing

household and community-level energy autonomy.

Within this context, the present study aims to evaluate the technical design, performance, and
economic feasibility of a grid-connected solar PV system tailored to a specific project site. The
first objective is to determine the optimal system configuration by selecting appropriate PV
modules and inverter capacities, as well as identifying the best tilt and orientation angles, based
on solar resource availability and site-specific constraints.

Next, the study will assess the expected energy output using simulation tools combined with
historical meteorological data. This analysis includes evaluating the capacity factor, performance

ratio, and various system losses related to temperature, soiling, and component mismatch.

From an economic standpoint, the project’s viability will be analyzed through financial indicators
such as net present value (NPV), internal rate of return (IRR), levelized cost of energy (LCOE),
and payback period. Sensitivity analyses will also be conducted to determine the impact of changes
in key assumptions, such as electricity price trends and discount rates, on overall project

performance.

Finally, the study will estimate the environmental benefits, particularly the reduction in carbon
emissions resulting from decreased reliance on grid electricity. It will also consider the influence
of local energy policies, incentive programs, and tariff structures on the economic attractiveness

of the system

Page | 2
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Chapitre I : Introduction And Background
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Chapter | Introduction and Background

1.1. Introduction

In recent years, the world has witnessed a growing demand for energy, driven by population
growth, industrial development, and higher living standards. At the same time, concerns about
environmental pollution and the depletion of fossil fuels have encouraged the search for clean and
renewable energy sources. Solar energy, in particular, has become a leading alternative [1] due to
its abundance and sustainability.

Photovoltaic (PV) systems, which allow the direct conversion of sunlight into electricity, have
gained significant attention as a practical and efficient way to harness solar energy. Thanks to
technological advancements, PV systems are now more reliable and cost-effective, leading to their
widespread adoption in various sectors. This chapter aims to introduce the basic concepts of
photovoltaic systems, covering their historical development, principles of operation, and the
different types available. It also emphasizes the importance of PV systems in supporting the global

transition towards renewable energy and building a more sustainable future.

|.2. Global Energy Trends and the Role of Solar PV

The global energy sector is rapidly changing due to rising energy demand, climate concerns, and
the need for sustainable alternatives to fossil fuels. Solar photovoltaic (PV) systems have become
a crucial solution because of their scalability, lower costs, and environmental advantages.
Increasing electricity use drives the need for decentralized solar power. Efforts to reduce carbon
emissions, such as the Paris Agreement [2], promote solar PV for its zero emissions. Additionally,
the cost of solar electricity has fallen dramatically, making it one of the most affordable energy

sources. Solar PV also enhances energy security by reducing reliance on imported fossil fuels.

1.3. Site Assessment and Solar Resource in Algeria

Algeria, with over 80% of its territory covered by desert, possesses exceptional solar energy
potential due to its arid climate and high solar irradiation levels ranging from 1,700 to 2,650

kWh/mz2/year. The southern regions, particularly, receive over 5.5 kWh/m?/day, making them ideal
Page | 4



Chapter | Introduction and Background

for large-scale photovoltaic (PV) deployment. Despite challenges like dust accumulation and
temperature fluctuations, these are manageable through proper maintenance. Ain Sefra, located in
western Algeria, stands out for its stable semi-arid climate, minimal dust impact, and high solar
irradiation, making it especially well-suited for solar projects. This aligns with Algeria’s national
renewable energy strategy (PNEREE) [3], which targets 15,000 MW of renewable capacity by
2035—much of it from solar. Maps will be used to further highlight high-potential solar regions

across the country.

Algiers ¢
X 19 . '”.Cen‘s(a;nne
Oran / e “setif {
3 Tiaret l

JDielfa

JEl Oued

Long term average of PVOUT. period 1994-2018 —_—
Daily totals: 4.2 45 50 54 5.8

) Wh/kWp
Yearlytotals: 1534 1680 1826 1972 2118

Figure (11.1): photovoltaic power potential in Algeria [9]

I.4. Geographic and climatic scope

1.4.1. Geographic and Climatic Considerations

Algeria’s varied geography, from coastal areas to the Sahara Desert, influences its solar potential.
Northern regions receive moderate sunlight, while southern deserts get high solar radiation above
5.5 kWh/m?/day, ideal for solar energy despite heat-related efficiency losses. For example, the 60
MW Laghouat solar plant, located near the Sahara, benefits from strong, stable sunlight, ensuring

efficient power generation and helping reduce Algeria’s dependence on fossil fuels.
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Figure (1.2): 60 MW photovoltaic power plant, Laghouat, Algeria

1.4.1.1.Solar Irradiance

Solar irradiance is the sunlight power received per unit area on Earth’s surface, usually measured
in watts per square meter (W/m2). It directly affects the energy production of photovoltaic systems.
Solar irradiance varies with location, time, weather, and atmospheric conditions. It includes direct
sunlight (DNI), scattered sunlight (DHI), and reflected light, which together form the total solar
energy available (GHI). Accurate measurement of solar irradiance is crucial for designing efficient

and reliable solar energy systems

Irradiance Type Value (kWh/mz/day)

Global Horizontal Irradiance (GHI) | 5.1

Direct Normal Irradiance (DNI) 6.0

Diffuse Horizontal Irradiance (DHI) | 1.1

Table (1.1): Solar Irradiance Data for Algeria
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1.4.1.2. Temperature & Weather

Algeria has excellent solar potential, with high sunlight levels ranging from 4.5 to 6.5 kWh/m?#/day
and up to 3,900 sunshine hours annually. While high temperatures and dust can affect PV
efficiency, regular maintenance helps maintain performance. Overall, Algeria’s climate strongly

supports solar energy development.
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Figure(1.5): Annual Solar Irradiance Map of Algeria

1.4.2. Wind and Humidity Considerations

» Algeria’s moderate wind conditions, especially in inland and southern regions, contribute
positively to photovoltaic (PV) system performance by providing natural cooling, which
helps reduce panel overheating and improve efficiency. However, these winds often carry
dust and sand, particularly in arid zones, leading to accumulation on panel surfaces. This
dust reduces the amount of sunlight reaching the PV cells, resulting in lower energy output.
To ensure consistent performance, regular cleaning and maintenance of solar panels are

necessary, especially in regions prone to frequent dust exposure.
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Figure (1.6): Annual maps of wind speed in Algeria at 10 m high 18

> Algeria generally experiences low to moderate humidity, especially in its inland and

southern regions, creating favorable conditions for photovoltaic (PV) systems. Low

humidity helps prevent moisture-related issues such as corrosion, oxidation, and internal

damage to solar panels and electrical components. These dry conditions support the long-

term durability and reliability of PV installations by reducing the risk of water vapor

infiltration and maintaining system efficiency over time. Overall, Algeria’s climate is well-

suited for sustaining high-performance solar energy systems.

Region Average Humidity (%)

Algiers 66 - 82
Oran 59 -83
Constantine 54 - 80
Ain Sefra 31-69

Table (1.2): Average Humidity Levels in Selected Algerian Regions
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1.5. Historical Development and Technological Advancements

The integration of photovoltaic (PV) systems with electrical grids has undergone significant
evolution since Bell Labs developed the first practical solar cell in 1954 [5]. Below is a timeline of
key milestones:

1.5.1. First Grid-Connected Installations

The first grid-connected photovoltaic (PV) installations emerged in the 1970s-80s as
experimental projects, signaling a shift toward integrating solar energy into mainstream power
infrastructure. Early examples, such as the 6 kW system installed at the Massachusetts Institute of
Technology (MIT) in 1978 and the 1 MW "Solar One" plant in California (1982), demonstrated
the feasibility of feeding solar-generated electricity directly into the grid. These systems relied on
improving but still costly silicon-based panels with efficiencies around 10%, making them
economically uncompetitive without government or institutional support. Despite their limited
scale and high upfront costs, these pioneering installations laid critical groundwork for policy
frameworks, technical standards, and public awareness. They also spurred incremental
advancements in efficiency and cost reduction, eventually enabling the exponential growth of grid-

connected solar power in the 21st century.

1.5.2. Smart Grids and Hybrid Systems
1.5.2.1.Smart grids

Smart grids are intelligent electrical networks that use digital technologies, 10T sensors, and
real-time data analytics to optimize electricity generation, distribution, and consumption. They
enable bidirectional communication between utilities and consumers, integrate renewable energy
sources, manage storage and outages, and provide consumers with tools (like smart meters) for
more efficient energy use. Essential for a sustainable energy transition, smart grids enhance

reliability, reduce outages, and support decentralized, adaptive power systems.

Page | 10



Chapter |

Introduction and Background

Anthology of the smart grid

Literature review

Limitation, threaths
and risks

How Smart is the Grid?

Onthology of the
smart grid

Synergies and
benefits

Figure (1.7): A Smart Grid integrates traditional electrical power systems

1.5.2.2. Hybrid Systems

Hybrid energy systems integrate renewable energy sources—Ilike solar PV or wind—with

conventional sources such as diesel generators or battery storage to ensure a reliable and stable

electricity supply. These systems are particularly useful in areas with intermittent energy resources

or limited grid access. A typical hybrid system combines solar panels, batteries for storage, and a

backup generator, batteries covering shortfalls, and generators serving as a last resort.Hybrid

systems enhance energy reliability, reduce fuel consumption, and lower environmental impact.

Though their design requires careful analysis of local conditions and energy needs, they offer a

practical and sustainable solution for many remote and off-grid locations.

Input @ Input @

Solar Panel

Input(@)

Diesel generator

—

‘.

Solar Controller

OIS —

Battery

House Loading

Figure (1.8): Schematic Diagram of a Hybrid Energy System
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1.6. Photovoltaic Cell (PV)

1.6.1. Principle of a Photovoltaic Cell

A photovoltaic cell is a semiconductor device that generates electricity when exposed to light. It
typically consists of a p-n junction, where sunlight induces charge separation, leading to electricity
generation. The efficiency of a PV cell depends on factors such as material type, temperature, and

light intensity [6]. The output current of a PV cell can be modeled using the diode equation:

|4
I=1I—Io(eim—1) (1)
where:

e [ isthe output current (A),

e .. isthe short-circuit current (A),

e [, is the reverse saturation current (A),

e g is the charge of an electron (1.602 x 1071°C),
e 1 is the output voltage (V),

e K is Boltzmann’s constant (1.381 x 10723] /K),
e T is the absolute temperature (K).

1.6.2. Photovoltaic Technology

First-generation solar cells are based on single P-N junctions using high-purity crystalline silicon. Their
production is energy-intensive and costly due to the need for purified silicon and precise manufacturing.
They are mainly divided into monocrystalline (high efficiency) and polycrystalline (lower cost, lower
efficiency) types [09].

Monocrystalline Silicon Cell: For this type of application, pure silicon is obtained from quartz
silica or sand through metallurgical chemical transformation. Monocrystalline silicon has an
electrical efficiency and lifespan about twice that of amorphous silicon, but it is significantly

more expensive. It is shown in Figure (1.4).

Figure (1.9): Monocrystalline Silicon Cell
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» Polycrystalline Silicon Cell: Polycrystalline silicon is a material composed of juxtaposed
crystals obtained through casting. This material is less expensive than monocrystalline
silicon. The square or rectangular cells are easy to use, as shown in Figure (1.5).

Figure (1.10): Polycrystalline Silicon Cell

» Second Generation Cells

Thin-film (second-generation) solar cells [8] use materials like a-Si, CdTe, and CIGS deposited on surfaces

such as glass. They are cheaper to produce and work well in low light and high temperatures,

But have lower efficiency (5-10%) and require more surface area [10].

Figure (1.11):

Amorphous Silicon Cell (Thin Film)
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» third generation cells PERC/TOPCon

PERC and TOPCon are advanced silicon solar cell technologies [6] that improve efficiency by reducing
electron loss. PERC cells achieve over 22% efficiency, while TOPCon cells can exceed 24%. Both provide

better performance, especially in hot conditions

Figure (1.12): Advanced PERC/TOPCon Solar Cell Structure

Technology Efficiency Advantages Disadvantages
Monocrystalline Si  22-24%  High efficiency, long lifespan High cost
Polycrystalline Si 15-18%  Lower cost Lower efficiency
Thin-Film (CdTe) 10-12%  Lightweight, flexible Shorter lifespan

PERC/TOPCon 24-26%  Enhanced light absorption Complex manufacturing

Table 1.3: Comparison of Solar Cell Technologies: Efficiency, Advantages, and Disadvantages

1.6.3. Efficiency of a Photovoltaic Cell

The efficiency n of a PV cell is defined as the ratio of the electrical power output to the incident

solar power:
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n = 22 % 100% (1.2)

mn

where:

e P, =V xIisthe electrical power output (W).
e P,, = A X G is the incident solar power, where:
e A= Areaof the PV cell (m?)

e G = Solar irradiance (W /m?)

Electron flow
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Figure (1.13): Principle of a Photovoltaic Cell

1.6.4. Modeling of the Electrical Characteristics of a PV Cell
To understand and optimize the performance of photovoltaic (PV) cells, it is essential to develop
an accurate electrical model that describes their behavior under different operating conditions. The

modeling of PV cells is based on semiconductor physics and electrical circuit theory.

1.6.4.1.Single-Diode Model (Ideal PV Model)
The single-diode model is the most commonly used equivalent circuit representation of a PV cell.

It consists of:

e A current source representing the photocurrent generated by sunlight.
e A diode that accounts for the p-n junction behavior.

e Aninternal series resistance R, represents internal losses due to material resistance.

e A parallel (shunt) resistance R, models leakage current.

The Shockley diode equation gives the equation governing the output current of the PV cell:

q(V+IRg)
I=1, -1, (einkrs - 1) - V;’: (1.3)
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where:

e [ =Output current (A)

e [, = Light-generated current (A)

e [, = Reverse saturation current (A)

e g = Electron charge (1.602 x 1071°()

e I =Output voltage (V)

e R, = Series resistance (1)

e R, = Shunt resistance (2)

e n = Ideality factor (typically between 1 and 2)
e k =Boltzmann’s constant (1.381 x 10723] /K)
e T = Temperature in Kelvin (K)

In an ideal case, where internal resistances are negligible (R; = 0, R, — o), the equation
simplifies to:

av.
=1, Iy (e —1) (1.4)
Photo Current series resistance
> NN N——e
I \
Dh | | RS A
re d sh

<o _
T shunt
! resistance Voltage
! R sh v

Figure (1.14) : PV cell equivalent circuit single-diode model

1.6.4.2. Current-Voltage (I-V) Characteristics
The behavior of a photovoltaic (PV) cell is typically characterized by its -V curve, illustrating how

the output current varies with voltage under varying levels of sunlight and temperature. Important

parameters include:

Open-Circuit Voltage (V,.): The maximum voltage when no current flows (I = 0).

_ T (e
Voo =" In (10 +1) (15)
Short-Circuit Current (I5.): The maximum current when the voltage is zero (V = 0) I, = I,

Maximum Power Point (MPP): The operating point where the power output (P = V1) is maximized.

Brnax = Vimp X I;myp (1.6)

Fill Factor (FF): given by:
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FF = lmplmp (1.7)

VOCISC

Efficiency (n): The ratio of the maximum power output to the incident solar power:

P,
n=—-"=x100% (1.8)
Pin
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Amps ) Power Output
30 4 1000W/m* Full Sun P = VvxI
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Figure (1.15) : I-V and P-V curves of a photovoltaic cell

1.6.4.3. Effect of Temperature and Irradiance

The performance of a photovoltaic (PV) panel is heavily influenced by temperature and
irradiance. Higher irradiance (sunlight intensity) increases power output, as more photons
generate greater current, making output nearly proportional to sunlight levels. However, high
temperatures reduce efficiency by decreasing voltage, with power output typically dropping by
0.4-0.5% per °C above standard conditions (25°C). While strong sunlight boosts production,
excessive heat can offset gains, meaning PV panels often perform better in cool, sunny climates
than in hot ones with similar irradiance. Optimal efficiency requires balancing these factors—
maximizing sunlight exposure while minimizing heat buildup through proper panel ventilation and

selecting materials with low temperature coefficients.

¢ Increasing temperature decreases V,. and efficiency due to increased carrier
recombination.

e Increasing irradiance increases I, and power output.
Page | 17



Chapter | Introduction and Background

Maximum power increases with increasing irradiance
Maximum power voltage changes little with irradiance

Current increases with A | :
; ncreasing
1000 W/m2 A constant resistance temperature
reduces
power output
Increasing
e 750 W/m? g temperature
o s increases current
= 3
8 500 W/m? O Increasing temperature
reduces voltage
250 W/ I=0c
T=25°C
Voc changes little
with irradiance T=50°C =——Pp
Constant
Voltage Temperature

Voltage
Figure (1.16): Effect of temperature and irradiance on PV cell performance

1.6.4.4. Effect of shading

Shading significantly reduces photovoltaic (PV) system performance by lowering current in shaded
cells, causing power losses and potential damage like hot spots. The impact depends on shading
extent, location, duration, and system design. Mitigation strategies include using bypass diodes,

module-level power electronics, and optimizing panel placement and angles to avoid shade,
ensuring better energy output and system reliability.

. Panel Shaded
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Figure (1.17): Effect of Partial Shading on the Output Characteristics of a Solar PV System
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Figure (1.18): Current-Voltage Behavior Under Different Shading Conditions in a PV System

Page | 19



Chapter | Introduction and Background

1.7. Solar Cell Innovations

Solar cell innovations recent innovations in solar cell technology have significantly enhanced
efficiency, durability, and affordability. Among the most notable advancements are perovskite

solar cells, which offer high efficiency and low production costs. These materials are lightweight
and flexible, making them ideal for integration into building materials and portable devices.

1.8. Different Configurations of PV Systems

Photovoltaic (PV) systems come in various configurations based on energy needs and grid
access. Grid-tied systems connect directly to the utility without batteries, allowing net metering.
Off-grid systems operate independently with battery storage for continuous power. Hybrid systems
combine grid connection and batteries for backup and energy export. Other types include DC-
coupled and AC-coupled systems, as well as solar-diesel hybrids for industrial use. Each setup

balances cost, reliability, and energy independence according to user demands.
1.8.1. On-Grid Photovoltaic (PV) Systems

An on-grid PV system is a solar power setup connected directly to the public electricity grid. It
allows solar energy produced during the day to be used immediately, and any excess can be fed
back into the grid. These systems are cost-effective, as they eliminate the need for batteries and
can reduce electricity bills, especially in regions that offer net metering. However, they depend on
the grid and cannot operate during a power outage unless combined with backup systems. Key

components include solar panels, a grid-tied inverter, and protection equipment.
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Figure (1.19): Schematic Diagram of a Grid-Connected PV System with Battery Backup

1.8.2. Off-Grid Photovoltaic (PV) System

An off-grid PV system operates independently of the public electricity grid. It is designed to

supply power in remote areas where grid access is unavailable or unreliable. The system relies on

solar panels to generate electricity, which is stored in batteries for use during the night or cloudy

days. A charge controller regulates the battery charging process, while an inverter converts the

stored DC electricity into AC for powering conventional appliances. Off-grid systems offer energy

independence and are essential in rural electrification. However, they require oversizing to meet

energy demand during low-sunlight periods and have higher initial costs due to the battery bank.

Efficient energy management is crucial to avoid deep battery discharge or system downtime.

solar panels
X

charge

controller service box
{inverter (nlain breaker panel)

to loads/
appliances

generator

P
batteries

Figure (1.20): Basic Layout of an Off-Grid Solar Power System

Page | 21



Chapter |

Introduction and Background

FEATURE ON-GRID PV SYSTEMS OFF-GRID PV SYSTEMS
Grid Requires grid connection; no power during Fully independent; uses batteries.
Dependency outages.

Energy Storage Not required (excess power fed to the grid). Requires batteries (Li-ion, lead-acid).
Cost Lower upfront cost (no batteries). Higher cost (batteries + charge

Maintenance
Scalability
Applications

Minimal (no battery replacement).
Easily expandable.

Urban areas, net-metering regions.

controllers).

High (battery lifespan ~5-10 years).
Limited by battery capacity.

Remote locations, islands, emergency

backup.

Table 1.4: Comparative Analysis Between Off-Grid and On-Grid PV Systems

1.9. Conclusion

This introductory chapter laid the groundwork for understanding photovoltaic (PV) systems by

exploring their historical evolution [4], working principles, types, and their growing role in the

global energy transition. As solar energy continues to gain momentum due to its environmental,

economic, and strategic advantages, mastering its technological foundations becomes increasingly

crucial. The insights provided here not only contextualize the relevance of PV systems within

modern energy systems but also pave the way for more in-depth technical and practical analysis in

the following chapters. By establishing this background, we are now equipped to delve into the

critical aspects of system design, simulation, and performance evaluation with a clear vision of

both the potential and challenges of solar photovoltaic technology.
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11.1. Introduction

This chapter presents the detailed sizing and configuration process of a residential  grid-connected
photovoltaic (PV) system located in Ain Sefra, Algeria. The aim is to cover the daily electricity demand of
a typical household, estimated at 28.8 kWh/day, using an efficient, cost-effective solar system without
battery storage. The design considers solar resource availability, load estimation, selection of components,
electrical safety, and financial and environmental impacts. The system is optimized for future integration

with national net metering policies.

11.2. Overview of Solar Energy Potential and Project

Algeria possesses immense solar energy potential, particularly in southern regions like Ain Sefra, where
solar irradiation exceeds 5.5 kWh [1]/m2/day. Despite this advantage, the country still relies on natural gas
for over 98% of its electricity production. To shift toward a more sustainable energy model, Algeria
launched the PNEREE program [2], aiming to install 15,000 MW of renewable capacity by 2035, including
13,575 MW from solar PV.

However, regulatory and infrastructure challenges remain, such as the lack of a nationwide net metering
policy. In this context, a case study was conducted to design a residential grid-connected PV system in Ain
Sefra. The system, sized at 7 kW using 18 monocrystalline [4] modules and a 7 KW inverter [6], is

tailored to meet a daily energy demand of 28.8 kWh without storage.

The proposed PV system is expected to generate more energy than the household consumes, offering
potential for grid injection. It could reduce CO: emissions by up to 7 tons annually and lower electricity

bills by 80%, with a payback period of 5-7 years—demonstrating the viability of residential solar in Algeria.
11.3. Location Data of Ain sefra
11.3.1.0rientation and Tilt Angle of Photovoltaic Panels

The orientation and tilt angle of photovoltaic (PV) panels are key design factors that significantly influence
the efficiency and energy yield of a solar system. Proper alignment ensures maximum solar radiation

absorption, thereby optimizing the system's performance and long-term reliability.
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Figure (11.1) : Impact of Solar Panel Tilt Angle Based on Geographic Location: From North to South

11.3.1.1. Orientation (Azimuth Angle)

The orientation, also referred to as the azimuth angle, indicates the direction that the front surface of the

solar panels faces. It is measured in degrees clockwise from true north, as follows:

e 0° corresponds to North
e 90° corresponds to East
e 180° corresponds to South

e 270° corresponds to West

In the Northern Hemisphere, and particularly in Algeria, the optimal orientation for solar panels is due

south (180°), as this position ensures maximum solar exposure over the entire year. Therefore, for the site

in Ain Sefra, a due south orientation is recommended.
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Figure (11.2) : Tilt and azimuth angle in relation
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11.3.1.2. Tilt Angle (Inclination)

The tilt angle refers to the angle between the PV panel and the horizontal ground surface. This angle

determines the amount of sunlight that directly strikes the panel throughout the year. A general rule of thumb

is to set the tilt angle equal to the latitude of the installation site.

Equation I1.1 shows the relationship:

Where:

B = ¢

o 0, = Optimal tilt angle (in degrees)

o ¢ = Latitude of the installation site (in degrees)

Sun

Ground

Higher Latitude Area

Sun

Solar Panel

60Q° tilt

Ground

Lower Latitude Area

Solar Panel

30° tilt

Figure (11.3) : Optimal Tilt Angle of Solar Panels Relative to Latitude

(1.1)

For Ain Sefra, with a latitude of approximately 32° N, the ideal tilt angle for fixed panels would be between

30° and 35°. This range ensures that the panels receive optimal exposure to sunlight and maximize energy

production throughout the year.

In some cases, the tilt angle can be adjusted seasonally to further optimize energy production during specific

times of the year. The following adjustments can be made:

o Winter optimization:

e Summer optimization:

B = § + 10° to 15° = 42°-47°

O = ¢ — 10° to 15° = 17°-22°
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These seasonal adjustments are beneficial for PV systems that experience significant variations in energy

demand throughout the year or for systems with adjustable mounting structures.
11.3.1.3. Summary of Recommended Parameters

The following table summarizes the recommended orientation and tilt angles for the site of Ain Sefra:

Parameter Recommended Value
Orientation (Azimuth Angle) Due South (180°)
Latitude of Ain Sefra Approximately 32° N
Optimal Fixed Tilt Angle 30° — 35°

Winter Tilt Adjustment 42° —47°

Summer Tilt Adjustment 17°—22°

Table (11.1): orientation and tilt angles for the site of Ain Sefra

This analysis confirms that a south-facing orientation and a tilt angle that aligns with the latitude of Ain
Sefra will ensure optimal solar energy capture year-round. These settings will help minimize performance

losses and enhance system durability, particularly in the semi-arid conditions of the region.
11.3.2.Solar Irradiance

Ain Sefra demonstrates excellent solar potential, making it an ideal location for the deployment of
photovoltaic (PV) systems. The analysis of local solar irradiance data highlights the region’s strong

suitability for both residential and utility-scale solar energy projects.

e Global Horizontal Irradiance (GHI): The average GHI in Ain Sefra is approximately 5.1
kWh/mz/day. This value reflects the total amount of solar energy received on a horizontal surface

daily, indicating strong potential for stable, year-round PV electricity production.

e Direct Normal Irradiance (DNI): During peak summer months, DNI reaches about 6.0
kWh/mz/day. This value is particularly important for solar tracking systems and concentrated solar
power (CSP) technologies, as it measures the intensity of direct sunlight on a surface perpendicular

to the sun's rays.
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e Diffuse Horizontal Irradiance (DHI): The DHI in Ain Sefra averages 1.1 kWh/m?/day, which is
relatively low. This means the region has clear skies with minimal atmospheric scattering, allowing
for more efficient performance of PV systems that depend on direct sunlight.

These irradiance values confirm that Ain Sefra offers optimal conditions for solar energy production. The
combination of high GHI and DN, alongside low DHI, ensures high energy yields and improved economic

returns for solar installations in the region.

Irradiance Type Value (kWh/m#/day)
Global Horizontal Irradiance (GHI) 51
Direct Normal Irradiance (DNI) 6.0
Diffuse Horizontal Irradiance (DHI) 1.1

Table (11.2): Solar Irradiance Data for Ain Sefra

Figure (11.4) : solar irradiance data for Ain Sefra

T

Mar Apr May Junm Jul  Aug Sep Mov  Dec

[ b
g 8 8

2]

Figure (11.5) : Monthly averages Direct normal irradiation for Ain Sefra
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11.3.3. Temperature & Weather

To accurately assess the performance and reliability of photovoltaic (PV) systems, it is essential to evaluate
the prevailing climatic conditions of the selected site. Climatic factors, particularly temperature profiles and
weather phenomena, exert a direct influence on the efficiency, longevity, and maintenance requirements of
solar installations. The following analysis provides an overview of the temperature patterns and weather
characteristics specific to Ain Sefra, offering crucial insights for the optimal design and operational

management of the PV system.

Climate Factor Value

Average Annual Temperature 25°C (Approx.)
Summer Maximum Temperature 45°C

Rainfall (Annual) ~100 mm/year

Wind Speed 10 - 15 km/h (Average)
Dust Storm Frequency High in summer months

Table(11.3): Climatic Data for Ain Sefra

Ain Sefra experiences a semi-arid climate characterized by generally mild to cold winters, where nighttime
temperatures can drop significantly, and moderately hot summers with occasional peaks in temperature.
These climatic conditions, marked by low humidity and high solar availability, create a favorable

environment for the installation and efficient operation of photovoltaic (PV) systems throughout the year.

o Moderate Temperatures: The region's average annual temperature ranges between 18°C and
22°C. Summer temperatures occasionally rise above 35°C but remain moderate compared to

extreme desert climates. In winter, temperatures can drop significantly, especially at night.

e Favorable Solar Irradiance: Ain Sefra benefits from high levels of solar radiation throughout the
year, particularly in summer when skies are mostly clear. This contributes to consistent and efficient

solar energy generation.

e Low Cloud Cover: Minimal cloudiness across the year ensures a high proportion of direct sunlight,

which is ideal for fixed PV systems and enhances overall system performance.
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e Dust and Sand Considerations: Occasional dust or sandstorms, especially in spring, may affect
PV panel cleanliness and efficiency. Regular maintenance and cleaning are necessary to minimize

energy losses caused by soiling.

cool hot cool

110°F
100°F
90°F
80°F
70°F
60°F
50°F
40°F
30°F

20°F 20°F
10°F 10°F
0°F 0°F

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

Figure (11.6) : Average High and Low Temperature in Ain Sefra
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Figure (11.7) : Cloud Cover Categories in Ain Sefra

I1.4. On-Grid PV System Sizing and Component Selection
The design of an on-grid photovoltaic (PV) system requires a careful balance between energy needs,

available solar resources, and technical specifications to ensure efficiency, reliability, and cost-
effectiveness. The main objective is to determine the appropriate system size and components capable of
supplying sufficient energy to meet the local consumption demand while integrating seamlessly with the

electrical grid.
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Figure (11.8) :Basic Grid-Tie System design

— System Sizing
The system must be dimensioned based on key parameters such as:

e Solar irradiance and ambient temperature at the installation site,
e Electrical load profile, including daily and seasonal consumption,

e System losses, including thermal, wiring, and inverter [6] losses.

Proper sizing ensures the PV system generates adequate electricity without unnecessary oversizing, which

can increase costs without significant benefit.

— Key Components

» Photovoltaic Modules: These are responsible for converting sunlight into direct current (DC)
electricity. Their performance depends on factors such as module efficiency, temperature

coefficient, and orientation.

» Inverter: The inverter [6] converts DC electricity generated by the modules into alternating current
(AC) suitable for grid use. It must be selected based on the maximum system power output and

should comply with grid voltage and frequency standards.
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» Grid Connection Equipment: This includes protective devices, bidirectional meters, and interface

units ensuring safe and accurate energy transfer between the PV system and the utility grid.
— Component Selection Criteria
Component selection should consider:

o Module efficiency and durability, especially under local climatic conditions.
o Inverter capacity, with the ability to handle peak power and integrate with the grid.

e Compliance with local electrical codes and grid-tie requirements.

PV Modules

Charge Controller Solar Array Mounting Cables & Connectors
System

Figure (11.8) : PV System Components

— Tilt Angle and Orientation
The tilt angle and orientation of PV panels directly influence the energy capture:

e The optimal tilt angle is generally close to the latitude of the location to maximize annual energy
production.

e South-facing orientation is preferred in the Northern Hemisphere, while north-facing is ideal in

the Southern Hemisphere.

e Seasonal adjustments or sun-tracking systems may be used to further optimize yield.
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— Electrical Design Considerations
Efficient electrical configuration involves:

e Proper string and array sizing,
e Minimization of shading and mismatch losses,
e Use of power optimizers or microinverter [6]s where necessary,

e Accounting for voltage drops and degradation rate of modules over time.

— Grid Integration
For seamless integration:

e The system must meet local utility standards for voltage, frequency, and safety.
e A bidirectional energy meter is installed to measure electricity inflow and outflow.

e Net metering policies may allow users to earn credits for excess energy supplied to the grid.

11.4.1.Load Profile Estimation
This study focuses on designing a grid-connected photovoltaic (PV) system for a typical two-story

residential house in Ain Sefra, southwestern Algeria, which has high solar irradiance levels, making it ideal
for solar energy production. The house, housing an average family, has an estimated daily energy

consumption of approximately 28.8 kWh, based on typical household appliances.
The design process considers two key factors:

> Daily energy demand (kWh/day), which guides the PV array sizing.
» Peak power demand (6 to 7 kW), important for selecting the appropriate inverter [6] size to handle

maximum load.

The PV system is designed to offset between 70% and 100% of the household’s electricity consumption,
depending on seasonal variations and net metering rules in Algeria. This system aims to reduce reliance on

the grid, lower electricity bills, and allow for potential energy credits during surplus production.

A table detailing the key electrical appliances and their contributions to daily energy demand follows for

better understanding.
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Appliance Power (W) | Quantity | Hours/Day(h) | Daily Energy Consumption
(kwh)

Lighting 20 22 5 2.2
Refrigerator 150 2 24 7.2

TV 100 2 4 0.8

Air Conditioner 1500 2 3 9.0

Washing Machine | 500 2 1 1.0

Water Heater 2000 2 1 4.0
Computer/Laptop | 100 2 3 0.6

Fans 75 4 6 1.8
Microwave 1200 2 0.5 1.2

Total 27.8 kWh/day

Table(11.4): Daily Energy Consumption of Household Appliances in a Two-Story Residential House in Ain
Sefra

11.4.1.1. About Solar Panel

In this study, the Sunpro SP400-144MG monocrystalline [4] photovoltaic module has been selected for its
high efficiency, robustness, and suitability for residential applications in sun-rich regions such as Ain Sefra.
With a rated power output of 400 W and a module efficiency of 19.88%, this panel offers reliable
performance even under partial shading or high-temperature conditions, which are common in the region.
Its half-cut cell technology and PERC (Passivated Emitter Rear Cell) structure enhance both durability and
energy Yyield. These features make the Sunpro panel a suitable choice for a two-story residential house with
a daily energy consumption of approximately 28.8 kWh. The table below presents the technical
characteristics of the selected module, which will serve as a reference for further system sizing and

performance estimation.
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Specification Details
Model Sunpro SP400-144MG
Power Output (Pmax) 400 W
Efficiency 19.88%
Cell Type Monocrystalline (Half-cut, PERC)
Number of Cells 144 (6 x 24)
Voltage at Max Power (Vmp) 40.67 V
Current at Max Power (Imp) 9.84 A
Open-Circuit Voltage (Voc) 48.73V
Short-Circuit Current (Isc) 10.38 A
Dimensions (L x W x H) 2008 mm x 1002 mm x 35 mm
Weight 22.0 kg
Junction Box IP68, MC4 Compatible
Max System Voltage 1500V DC

Wind/Snow Load

2400/5400 Pa

Warranty

12 years product, 25 years performance

Estimated Price

60-104 USD

Table(11.5): Technical Specifications of Sunpro SP400-144MG Solar Panel

D
SUNPRO

POWER CO.,LTD

SP-144M Black

Low LID Lower  nigh Power
BOS Cos =

® @ ©

PERC Half-Cut Cell 166mm

Figure (11.9) : images of the Sunpro SP400-144MG solar panel
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11.4.2.PV Array Sizing

This section presents the technical sizing of the proposed on-grid photovoltaic (PV) system for a residential
application located in Ain Sefra, Algeria. The system is designed to meet the daily energy needs of a typical
two-story household, with an average daily consumption of 28.8 kWh. The methodology applied here
follows standard international engineering practices and is adapted from the reference approach presented

in similar feasibility studies.

0 ensure optimal solar energy harvesting, the PV modules must be oriented and inclined properly. In the
Northern Hemisphere, modules should face due south for maximum year-round exposure. Furthermore, the
tilt angle should ideally match the site’s latitude. Ain Sefra is located at approximately 33.3° N, and thus
the panels in this project are set at a fixed tilt angle of 33°, as illustrated in Equation (11.1).

Tiltyge = Latitude = 33.3° (11.2)

This configuration ensures a balanced annual energy yield without the need for a solar tracking system.
11.4.2.1. Daily Energy Demand

The total energy demand is derived from the aggregated use of standard home appliances, with daily

consumption estimated around 28.8 kWh/day. This results in an annual energy requirement calculated as:

Edaily =27.8 kWh/day (“3)

To ensure a more flexible system, we perform the following calculation:

Egaily = 27.8 X 1.01 = 28.8 kWh/day (11.4)

11.4.2.2. PV Power Calculation

To determine the required photovoltaic capacity that can supply the household’s demand, we consider both
the performance ratio (PR) and the average solar irradiance for Ain Sefra. The PR is a coefficient that

represents real-world energy losses due to various factors, including module temperature, wiring, inverter
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[6] efficiency, dust accumulation, and mismatch losses. A PR of 0.75 is commonly used for grid-connected

systems in semi-arid regions.

The average global horizontal irradiance (GHI) in Ain Sefra is approximately 5.5 kwWh/mz2/day. Using

this value, we calculate the required PV capacity based on the following equation:

E 1
P —_ annual I I .
PV ™ PRxGx365 (11.5)

Substituting the known values:

28.8
PPV = 0.75%5.5 =7 kWp (“6)

For design safety and to accommodate any future system expansion or degradation, we round this up to

7 KWp as the nominal installed capacity.
11.4.2.3. Annual Energy Demand

Thus, the annual energy demand is calculated as:

Eannuat = 28.8 X 365 = 10.51 MWh/yea (11.7)

11.4.2.4. Solar Resource and System Efficiency
The solar resource at the site of Ain Sefra is characterized by the following parameters:

e Global Horizontal Irradiance (GHI): 5.5 kWh/m#/day

e Performance Ratio (PR): 0.75 (this accounts for system losses due to temperature variations, dust,

wiring, inverter [6] inefficiencies, and other factors).
11.4.2.5. Required PV Power Calculation
The required installed PV capacity is calculated using the following formula:
_ E annual
Prv = SRxGrixzes (11.8)

Substituting the known values:

1051
Pey = 0.75X5.5X365 7 kWp (11.9)
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To allow for performance degradation and potential future increases in energy demand, the required system

capacity is rounded to:

Ppy =[7 kWp] (11.10)
11.4.2.6. PV Module Selection

The selected PV module is a high-efficiency monocrystalline [4]

Based on the required system capacity of 7.6 kWp, the number of modules needed is calculated as:

Niodules = PPPV =729 — 17.5 ~[18 modules (11.12)

module 400
11.4.2.7. Electrical Configuration

To ensure optimal inverter [6] performance and safety, the 18 PV modules will be distributed across two
strings, each connected to an independent Maximum Power Point Tracking (MPPT) input of the inverter

[6]. The electrical configuration for each string is as follows:
e String 1: 9 modules in series

Viringl = 9 X 40.67 V = 366.0 V (11.12)

e String 2: 9 modules in series
Vitringz = 9 X 40.67 V = 366.0 V (11.13)

Each string will produce an approximate current of 9.84 A, ensuring that both strings are compatible with
the inverter [6]’s MPPT inputs. This configuration ensures optimal power tracking and reduces the impact

of mismatch between the strings.
11.4.2.8. Peak Power of the System

The peak power of the PV system is calculated by multiplying the rated power of each module by the total

number of modules:

P

peak — Nmodules x Pmodule =18 x 400 Wp =17.2 kWp ~ PPV (“-14)

Page | 39



Chapter 11 System Design and Performance Analysis

11.4.2.9. System Voltage

The system voltage Viygem IS determined by the highest voltage produced by the two strings, as they are
connected in parallel. Since the voltage in each string is different, the system voltage will be equal to the
voltage of the higher voltage string:

Vsystem = Vstring = 366 V (“15)
11.4.2.10. Summary of Sizing

The following table summarizes the key parameters of the PV array sizing:

Parameter Value

Daily Energy Demand 28.8 kWh/day
Annual Energy Demand 10,51 kWh/year
Required PV Capacity 7 kWp

Selected Module Capacity 400 Wp
Number of PV Modules 18

String Configuration 2 string

String Voltages 366 V

String Current (Approximate) | 9.84 A each
Inverter Input Configuration | Dual MPPT inputs
Peak Power of the System 7 kWp

Table (11.6) : key parameters of the PV array sizing

11.4.3. Inverter Sizing

The inverter [6] is a crucial component in a grid-connected PV system, responsible for converting the direct
current (DC) generated by the PV array into alternating current (AC) suitable for grid injection. Proper

inverter [6] sizing ensures optimal energy yield, system safety, and cost-effectiveness.
11.4.3.1. Inverter Sizing Criteria

When selecting an appropriate inverter [6] for the system, the following technical criteria must be

considered:
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e Rated AC power should closely match (or slightly undersize) the total DC array power.
e MPPT voltage range must encompass the string voltage ranges.

e Maximum DC input voltage must be higher than the maximum possible string voltage.
e Maximum DC current per MPPT must support current from each string.

o Dual MPPT inputs are required to accommodate the two unequal strings.
11.4.3.2. Inverter Power Rating

The PV array's total DC peak power is:
Ppc =18 X 400 = 7.2 Wp (1.16)

In general, the inverter [6]’s AC power is chosen between 90% and 110% of the array power. For this

project, we consider a slight undersizing to reduce cost while maintaining efficiency:

PacC.inverter = 0.95 X Ppc = 0.95 x 7.2 = [6,84 W (11.17)

Thus, a 7 kW three-phase inverter [6] is selected.
11.4.3.3. Voltage and Current Matching

We must verify that the selected inverter [6] supports the string voltages and currents:

String voltages:
Vstring! = Vstringz = 366 V (11.18)
e Inverter MPPT voltage range: must include 366 V (e.g., 200-800 V acceptable range)
e String current:
Liring ~ 9-84 A (11.19)
e Inverter max input current per MPPT > 10 A
¢ Inverter max DC voltage > open-circuit voltage of the strings (calculated in the next section)
11.4.3.4. Open-Circuit Voltage Check (Temperature Consideration)
The open-circuit voltage V. of each module increases at low temperatures. Assuming:

e Module V_ocat STC: 49.8 V
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o Temperature coefficient: —0.28%/°C
e Lowest ambient temp in Ain Sefra: —2 °C

o Nominal cell temp: 25 °C
Then the corrected VV_oc per module is:

Voc.corrected = 49.8 X [1 4 (—0.0028 x (-2 — 25))] = 49.8 X 1.0756 ~ 53.5V
(11.20)

Hence, the maximum string voltages:
e 9-module string:
Vocstringz = 9 X 53.5 = (11.22)
These values must be lower than the inverter [6]’s max DC input voltage (typically 600—-1000 V).
11.4.3.5. Selected Inverter Specifications

Based on the criteria above, the following inverter [6] model is proposed:

Parameter Value

Inverter Model Huawei SUN2000-7KTL
Rated AC Power TW

MPPT Voltage Range 200-850 V

Max DC Voltage v

Max DC Input Current (per MPPT) | 11 A

Number of MPPT Inputs 2

Efficiency 98.6%

Table (11.7): Selected Inverter Specifications

11.4.3.6. Cable Sizing and Electrical Loss Considerations

Proper cable sizing is essential to ensure the safety, efficiency, and longevity of a photovoltaic (PV) system.
In grid-connected systems, cables must be selected based on the system voltage, current flow, permissible
voltage drop, and installation environment. In this study, both DC cables (between PV modules and inverter
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[6]) and AC cables (between inverter [6] and distribution panel) are sized according to international
standards such as IEC 60364 and IEC 62548 [9].

11.4.3.6.1. DC Cable Sizing (PV Modules to Inverter)
e System Configuration: 2 strings of 9 modules and 1 string of 10 modules
e Module Current (Imp): 9.84 A
e Max Current per String (Istring): = 10 A
e Cable Type: Copper, solar-grade, UV-resistant
e Distance (1-way length): assumed 15 meters

e Voltage Drop Limit: <1.5% of DC voltage (typically 600-1000 V)

Using the voltage drop formula:

2xLXxI
= (1.22)
YXAV
Where:
e S =cross-sectional area (mm?)
e L =one-way cable length (m)
e | =current (A)
e v =conductivity of copper (~56 m/Q-mm?)
e AV =allowed voltage drop (V)
Assuming a 1.5% drop of 600 V:
AV = 0.015 X 600 = 9V (11.23)
§ = 21310 0.6 mm? (11.24)
56X9

For safety and temperature derating, a minimum of 4 mmz2 DC cables is recommended, and 6 mm2 is

commonly used in practice for robustness and future-proofing.
11.4.3.6.2. AC Cable Sizing (Inverter to Main Panel)

o Inverter Power Output: 7 kW
e Voltage: 230 V AC (single-phase assumed)

e Current:
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= 799 . 29a (11.25)

~ Vxcos¢p  230%x0.9

Assuming a 20 m cable run and 1.5% voltage drop:

AV = 0.015 x 230 = 3.45V (11.26)
= 220 . 6mm? (11.27)
56x3.45

Thus, a minimum 6 mm?2 copper cable is required. In installations subject to higher temperatures or

longer distances, 10 mm? may be used to reduce losses.

Cable Type Location Recommended Size
DC Cable (String) | PV modules to inverter (DC) | 4-6 mm?

AC Cable Inverter to main panel (AC) | 6-10 mm?

Grounding Cable | Module frames and inverter | > 6 mm? (green/yellow)

Table (11.8) : Summary of Cable Recommendations

11.5. Balance of System (BOS)

The Balance of System (BOS) encompasses all components of a photovoltaic system aside from the
photovoltaic modules and the inverter [6]. These components are essential to ensure the safe, efficient, and
reliable operation of the system. BOS elements play a vital role in energy transmission, structural stability,

system protection, and monitoring.

11.5.1.Major BOS Components
The BOS for the grid-connected PV system includes:

1. Mounting Structure
e Supports PV modules securely and maintains their optimal orientation and tilt.
¢ In this project, an aluminum ground-mounted frame with a tilt angle of 30°, aligned toward the
south, is selected to maximize solar gain.

e The structure is designed to withstand local wind and snow loads in Ain Sefra.

2. DC Cabling and Connectors
e High-quality copper cables with UV resistance and appropriate cross-sectional area (typically 4—
6 mm?) are used to minimize voltage drop.
e MC4 connectors ensure waterproof, reliable DC connections between modules and strings.
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3. Combiner Box (if applicable)

e Insystems with more than two strings, a combiner box merges multiple DC inputs into one or more

outputs.

e In this design, since each string is connected to a dedicated MPPT input, a combiner box is not

mandatory but may be used for centralized protection.

4, Protection Devices

e DC side protections:

o Fuses or circuit breakers for overcurrent protection.
o Surge Protection Devices (SPD) to guard against voltage spikes.
o DC disconnect switch for safe maintenance.

e AC side protections:

o AC circuit breakers, SPD, and residual current devices (RCDs) to ensure grid and
personnel safety.

5. Grounding System
e A proper earthing system is critical to protect against electric shock and equipment damage.

o All metallic parts and DC negative terminals are grounded in compliance with international safety
standards (e.g., IEC 60364, IEC 61730).

6. Monitoring and Data Logging

e The inverter [6] integrates a monitoring system via Wi-Fi or Ethernet, enabling real-time tracking

of system performance, power output, and fault detection.

7. Utility Metering

e A bidirectional meter is installed to measure both energy injected into the grid and energy

consumed from it.

e This supports net-metering or feed-in-tariff schemes, if applicable.
11.5.2.Estimated BOS Cost Share

While exact prices depend on supplier and location, BOS components typically account for 30—40% of the

total system cost. A breakdown is provided in Table 11.9
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Component Estimated Share (%)
Mounting structure 10-12

Cables and connectors 5-7

Protection devices (DC/AC) 5-8

Monitoring system 3-5

Grounding and accessories 2-4

Installation labor/tools 5-10

Total BOS share 30-40%

Table (11.9) Estimated BOS Component Share
11.6. Grid Integration and Compliance

Integrating a photovoltaic (PV) system into the national electricity grid requires both regulatory
authorization and technical conformity. One of the key mechanisms facilitating such integration, especially
for small-scale residential and commercial users, is net metering, which enables the bidirectional exchange

of energy between consumers and the grid.
11.6.1.Definition of Net Metering and Comparison with Gross Metering

Net metering is a policy mechanism that allows solar PV system owners to offset their electricity
consumption by exporting surplus energy back to the grid. A bidirectional meter records both the energy
imported from and exported to the grid. At the end of a billing cycle, consumers are billed only for their net

consumption (i.e., energy imported minus energy exported).

In contrast, gross metering records all the energy generated by the PV system and all energy consumed
from the grid separately. The electricity fed into the grid is typically compensated at a predefined tariff,

independent of the consumer’s energy usage.

Figure (11.10) : Definition of Net Metering and Comparison with Gross Metering
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Feature Net Metering Gross Metering

Billing Basis Net energy (import - export) Separate export and import

Financial Advantage  Offsets retail tariff, can lower bills Income from export tariff, possibly lower net
substantially gain

Infrastructure Bidirectional meter Dual meters or advanced metering setup

Required

Incentive Mechanism  Credit-based Feed-in tariff-based

Table (11.10):Comparison of Net Metering with Gross Metering

This study supports the net metering model as it provides a more balanced and economically viable

integration scheme for residential-scale solar PV systems like the one proposed in Ain Sefra.
11.6.2.Status of Net Metering in Algeria

As of 2025, Algeria does not yet implement a national net metering policy for residential consumers. Current
grid integration mechanisms are largely limited to institutional and industrial-scale PV projects, typically

governed under Power Purchase Agreements (PPAS) and managed by the national utility Sonelgaz.

However, Algeria’s Renewable Energy and Energy Efficiency Program (PNEREE), led by the Ministry of
Energy Transition and Renewable Energies, outlines strategic plans for the progressive introduction of net
metering schemes. Technical provisions such as smart meters and bidirectional metering infrastructure are
already being deployed in pilot phases, reflecting the government's intent to promote decentralized

generation.

Once implemented, a net metering policy will allow households to inject excess electricity into the grid
during peak solar hours and receive billing credits, enhancing the financial return of solar investments and

encouraging broader adoption across the residential sector.
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Figure (11.11) : solar system with net metring diagram

11.6.3. Technical Requirements for Grid Integration

The proposed PV system must adhere to international and national electrical standards to ensure
compatibility and safe grid connection. These include:

Gridcomplisnce  IEEE1547, IEC61727, IECE2116
Inverter anti-islanding Mandatory

Voltage and frequency range  Compatible with 230 V// 50 Hz national grid
Bidirectional metering Required for future net metering support

Automatic disconnection  Incaseofgrid failuee |
Harmonic distortion limit THD < 5%

Table (11.11): Technical Requirements for Grid Integration

The inverter [6] must also support dual MPPT inputs, remote monitoring, and export control capabilities.

11.6.4.Integration Strategy for the Proposed System

The 7 kWp grid-connected PV system designed for Ain Sefra is technically prepared for integration with a
net metering framework:

e Equipped with a 7 KW smart inverter [6] compliant with IEEE 1547 and IEC 62116.
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e Includes a bidirectional meter to track both imported and exported electricity.

e Operates without battery storage, maximizing direct self-consumption and minimizing initial

investment.

e Designed to limit reverse power flow in the absence of net metering, with full capability to
participate once the policy is implemented.

11.6.5.Future Outlook

The formal adoption of a national net metering framework will be a transformative step for Algeria’s
distributed energy landscape. It will enable homeowners to actively participate in energy production, reduce
grid dependency, and support national goals under PNEREE. The present system is strategically designed
to be net-metering ready, ensuring both compliance and future scalability.

11.7. Conclusion

In this chapter, a comprehensive methodology was applied to design a grid-connected photovoltaic (PV)
system tailored to the specific environmental and consumption conditions of a residential household in Ain
Sefra, Algeria. The system was dimensioned to meet a daily energy demand of 28.8, equivalent to

approximately 864 kWh per month.

The study began with a detailed assessment of the region’s solar irradiance and climatic conditions, leading
to the determination of optimal panel tilt and azimuth angles. Thermal correction factors were applied to
ensure realistic modeling of system performance under local operating temperatures. A total of 18 high-
efficiency monocrystalline [4] PV panels, each rated at 400 Wp, were selected to form a 7 kWp system. The
electrical configuration was designed to optimize both string voltage and current while complying with

inverter [6] input constraints.

A 7KW grid-tied inverter [6] was chosen to match the DC capacity and ensure maximum conversion
efficiency while adhering to international grid compliance standards. The system was modeled without
battery storage, reflecting the goal of immediate consumption and future compatibility with Algeria’s

anticipated net metering policy.

Ultimately, this chapter demonstrates the technical, environmental, and economic viability of deploying

grid-connected residential PV systems in sun-rich regions like Ain Sefra. The findings support Algeria’s
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national strategy for clean energy transition and highlight the role of distributed solar power in enhancing

energy independence, reducing emissions, and promoting long-term sustainability.
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Chapter I11: Economic and environmental analysis of the proposed
PV system.
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I11.1. Introduction
Grid-connected photovoltaic (PV) systems represent a reliable and sustainable solution for

enhancing energy autonomy in residential sectors, especially in regions with high solar potential
like Ain Sefra. By reducing reliance on fossil fuels and enabling the integration of renewable
energy into the national grid, these systems contribute to both environmental protection and long-

term economic savings.

This chapter presents a combined technical, economic, and environmental assessment of the
proposed 7 kWp PV system, using simulation results obtained from PVsyst software and multi-
criteria analysis. The evaluation focuses on system performance, investment feasibility, electricity

bill reduction, and greenhouse gas emissions avoided.

In the context of Algeria's ongoing energy transition, grid-connected residential PV systems
emerge as a key component in supporting sustainable development goals. This study aims to
demonstrate the overall benefits of such systems under the current regulatory framework, while

also highlighting their potential under future net metering policies.

I11.2. Introduction to the PVsyst Software for Photovoltaic System Simulation

PVsyst is an advanced and widely adopted software tool developed for the simulation and analysis
of photovoltaic (PV) energy systems. Created by the University of Geneva, PVsyst is intended for
engineers, architects, researchers, and educators involved in solar energy projects. It offers a user-
friendly interface combined with a robust set of scientific models that enable detailed performance

assessments for a variety of PV system configurations.

The software supports three main system types: grid-connected, stand-alone (off-grid), and hybrid
systems. PVsyst integrates multiple functionalities, including system design assistance, detailed
meteorological data handling, energy balance computation, loss analysis, and financial evaluation.
It allows users to import climate data from global databases such as Meteonorm, NASA, and

SolarGIS, or to input custom on-site measurements.

Among its key features are:
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> Graphical system configuration with automatic component compatibility checks.

> Detailed shading analysis using 3D scene modeling.

> Accurate loss diagram generation, displaying where energy is lost throughout the
system.

> Performance ratio (PR) and specific yield estimation.

> Economic evaluation, including Levelized Cost of Electricity (LCOE) and payback period

calculations.

PVsyst is recognized for its accuracy and is commonly used in feasibility studies, academic
research, and real-world solar energy project development. Its output reports are often accepted by
banks, investors, and regulatory bodies as part of project validation and financing documentation.

® Pysyst 7.4 - LICENSED

File Preliminary design Project Settings Language License Help

555 Welcome to PVsyst 7.4

Project design and simulation

# & T
Grid-Connected Standalone Pumping
utilities
S % w
Databases Tools Measured Data
(T) Recent projects © oocumentation

# On-Grid PV system
Help (F1)

d ‘

‘ O‘F‘A.Q‘

The contextual Help is available within the whole software
by typing [F1].

There are also many questionmark buttons for more
spedific information.

B video tutorials ‘

P77 user workspace

Figure (111.1) : PVsyst Software inteface
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111.3. PVsyst Simulation Overview
I11.3.1.Project Setup in PVsyst

To evaluate the technical and economic performance of the proposed grid-connected PV system,
the simulation software PVsyst (version 7.4) was used. The software is well-regarded for its
accuracy and versatility in modeling both off-grid and grid-connected solar energy systems.

The project was set up to reflect the actual environmental and electrical characteristics of a typical
two-story residential house in Ain Sefra, Algeria. The system's nominal capacity was fixed at 7
kWp, using 18 monocrystalline PV modules, each rated at 400 W. A 7 kW grid-tied inverter was
also specified to convert the DC output into AC for household consumption and potential grid

injection.

Key simulation parameters were configured based on real-world data obtained during the design
phase, such as load profile, irradiance levels, and module specifications. The objective was to

ensure that the simulated performance closely represents expected operational behavior.

Project F e wod |2 sove » | ot | Bt | L) Projectsetsngs [ pel | & gient @

Project’s name [On=Grid PV system Client name Not defined

Site File Ain Seffa_MNSLSIT Metzonorm 8.1 (1896-2015), Sat=100% Ageria a +

Weather data File

Variant Foew [ soe | w ) oot T ookte | L3 Manace @

Variant n° [VE1__+ New smulation variant <]
System kind o 30 scene defined, no

shadings

0.00 kithyyr
0.00 kiwhkwo/yr
0.00
0.00

P Run simulation

vray losses w
1 Advanced Simulation ‘ System losses 0.00 kih/

(@) Selfconsumption

@ Storsge

Q simemoverven | T e

Figure (111.2): Defining System Parameters in the PVsyst Simulation Environment

111.3.2. Location and Meteorological Data of Ain Sefra

Ain Sefra is located in southwestern Algeria and is characterized by high solar irradiance and a

semi-arid climate. The following site parameters were entered into PVsyst:
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e Latitude: 32.75° N

e Longitude: -0.58° E

e Altitude: ~1081 meters
e Time Zone: GMT +1

Meteorological data were imported from the Meteonorm database embedded in PVsyst. The
average Global Horizontal Irradiance (GHI) is approximately 5.5 kWh/m?/day, making the
location ideal for solar PV deployment. The simulation also considered ambient temperature data,

which ranges between 2°C in winter and 45°C in summer.

Geographical Coordinates  Monthly weather data | Interactive Map

Updating geographical data ... O
- Selected point

Localty -0.8995, 32,9920 Locality

fin Sefra

Country
Ageria

Latitude (°)
32,7401

Longitude (°)
s
Altitude (m)
B e 101
. K il Time zone
\ 1

© Openstreatiiap contributors.

Figure (111.4): Geographic Coordinates of Ain Sefra
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111.3.3.Site Meteorological Data

After locating the site, weather data can be imported into PVSYST. The monthly dataset includes
solar irradiation, average temperature, and wind speed.

[ ———

Geographical Coordinates | Monthly weather data | Interactive Map

ste Ain Sefra (Algeria)
Data source [An Sefra VNG LSIT —Metzonorm 8.1 (1996-2015), Sat=100%
Global Horizontal  Temperature  Wind Velocity Linke turbidity  Relative
horizontal diffuse humidity
ireadiation irradiation
Khjmmth kb nth « H %
January 1100 BN . EH
February 1 514
March 5.2 B
April 515 D
= 0.4 7% B
une 5.4 677 b15
uiy 2 [B.472 73
August 7458 p12
September 199 00
October 48, 4 4750 4.5 rradiation urits
November 1151 EE 5.1 2: 5597 557 e fm3fday
December 4 5.3 3 + 6 @ihjm3m
MIme/day
vear 20549 6003 195 26 5.059 a33 et
wWjm2
Clearness Index Kt
v 3%

Figure (111.5): Climatic Parameters of the Ain Sefra Site
111.3.4.Module Orientation and Tilt Optimization

Panel orientation and tilt angle significantly impact system performance. In PVsyst, the modules

were configured to:

e Orientation: Due South (Azimuth = 0°)

e Fixed Tilt Angle: 33°, corresponding closely to Ain Sefra’s latitude.

This configuration allows for maximum annual solar energy capture without requiring sun-
tracking systems. Seasonal tilt adjustments were not applied, in order to simulate a realistic, fixed

rooftop installation typical for residential users.
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Figure (111.6): Orientation and Tilt Angle of the Solar Panels

111.3.5.Sun trajectory

Understanding the apparent motion of the sun at a specific geographic location is essential for the
accurate design and optimization of any solar energy application. In photovoltaic systems, the

sun’s position is typically described using two key angles:

e Solar Elevation (HS): The angle between the sun and the horizontal plane.

e Solar Azimuth (AZ): The angular deviation from true south, measured negatively towards
the east.

These angles vary throughout the day and across seasons, directly affecting the amount of solar
radiation received by PV panels. Accurate knowledge of solar trajectories allows for optimal
orientation and tilt of the modules to maximize energy capture.

Figure (111.7) illustrates the sun’s elevation in relation to its azimuth angle at the Ain Sefra site

over the course of a typical year, providing insights into daily and seasonal solar paths relevant

to the system’s performance.
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Figure (111.6): Sun Path at the Ain Sefra Site

111.3.6.PV Module and Inverter Selection

An essential step in configuring a photovoltaic system using PVsyst is the proper selection of the
photovoltaic modules and the inverter. These components determine the system's electrical
behavior, efficiency, and compatibility with site-specific environmental conditions. Their
specifications must be accurately defined within the simulation software to ensure realistic and

reliable performance results.

111.3.6.1. PV Module Selection

For this project, the Sunpro SP400-144MG monocrystalline module was selected due to its
favorable balance of high efficiency, reliability, and commercial availability. A total of 18
modules, each rated at 400 W, were used to achieve a total installed capacity of 7.2 kWp. The
modules are arranged in strings designed to match the electrical characteristics of the selected

inverter and to optimize the array's performance under Ain Sefra's solar conditions.
Technical specifications of the selected PV module:

¢ Nominal Power (Pmax): 400 W

e Open-Circuit Voltage (Voc): 47.0V

e Short-Circuit Current (Isc): 11.1 A

e Voltage at Maximum Power (Vmp): 38.4 V
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e Current at Maximum Power (Imp): 10.41 A
e Module Efficiency: 20.3%

e Temperature Coefficient of Power: —0.38% /°C

These values were entered into PVsyst to model the module's electrical behavior and thermal
response accurately. The selected module supports stable operation in high-temperature

environments and provides consistent output over time.

111.3.6.2. Inverter Selection

The inverter is a critical component in grid-connected systems, responsible for converting the DC
power generated by the PV array into AC power compatible with the utility grid. For this study,
the Huawei SUN2000-6KTL-M1 inverter was selected. It offers advanced features such as high

conversion efficiency, dual MPPT inputs, and smart monitoring.
Technical specifications of the selected inverter:

e Nominal AC Output Power: 7 kW

e Maximum DC Input Voltage: 1,100 V

e MPPT Operating Voltage Range: 200-980 V

e Maximum Input Current per MPPT: 11 A

e Number of MPPT Inputs: 2

e European Efficiency: 98.3%

e Certifications and Standards: EN 50549, IEC 61727, IEC 62116

This inverter configuration allows for flexible string connections and optimal energy harvesting.
It was selected from PVsyst’s built-in database and validated for compatibility with the PV array,

ensuring accurate simulation results and realistic inverter performance metrics.
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Figure (111.7): PV Module and Inverter Selection
111.3.7.Self-Consumption Analysis

Self-consumption refers to the portion of energy generated by a photovoltaic (PV) system that is
used directly by the household without being exported to the utility grid. In grid-connected
systems particularly in regions like Algeria where net metering policies are not yet fully
implemented self-consumption plays a critical role in improving system profitability and reducing
dependence on conventional electricity.

In this case study, the designed 7 kWp PV system for a two-story residential house in Ain Sefra

was simulated using PVsyst to match the household’s actual electricity demand. Based on the load
estimation:

> Average Daily Consumption: 28.8 kWh/day
> Estimated Annual Consumption: 10,512 MWh/year

PVsyst simulation results indicate that the system can generate approximately 10,000-10,200
MWh/year, which closely aligns with the annual energy needs of the house. The production and
consumption curves show a high degree of overlap, particularly between 9:00 AM and 3:00 PM,
when solar generation is at its peak and major appliances such as air conditioners, washing
machines, and refrigerators are typically in use.
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This results in a self-consumption ratio estimated at 65-70%, meaning that nearly two-thirds of
the energy produced by the PV system is used directly by the household. The remaining 30-35%b,
generated during low-load periods, is exported to the grid but not monetized due to the absence of

a national net metering scheme.
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Figure (111.8): self-consumption
111.4. Economic Analysis

A comprehensive economic analysis is necessary to evaluate the financial feasibility and long-
term benefits of the proposed 7 kWp grid-connected photovoltaic (PV) system installed in a
residential setting in Ain Sefra, Algeria. This analysis considers initial investment costs, operating
and maintenance (O&M) expenses, energy savings, cable costs, and the expected payback period.

The aim is to assess the economic return of the system over its lifecycle.

111.4.1. Initial Investment Costs

The initial investment includes the costs of PV modules, inverter, mounting structures, electrical
protections, cabling, and installation labor. The detailed breakdown is presented in the following

table:
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Component Quantity/Rating Unit Price Total Cost
(DZD) (DZD)
PV Modules (400 W) 18 units (7.2 kWp) 15,600 280,800
Grid-Tied Inverter (6 kW) 1 unit 127,500 127,500
Mounting Structure Roof-fixed (2 strings) - 150,000
Electrical Protections 1 full protection kit 45,000 45,000
(DC/AC)
DC Cables (6 mm2, 30 m) | PV array to inverter 300/m 9,000
AC Cable (6 mmz, 20 m) Inverter to main panel 450/m 9,000
Grounding Cable (6 mm?) Module frames & 225/m 4,500
inverter

Installation Labor 2 technicians x 3 days 20,000/day/team | 120,000
Total Initial Cost 745,800 DZD

Table(l11.1) Prices estimated based on 2024-2025 Algerian market conditions.

111.4.2.Operation and Maintenance Costs

While PV systems have low operational needs, routine cleaning, inspections, and eventual

inverter replacement must be included:

e Annual maintenance and cleaning: 15,000 DZD/year

e Inverter replacement (after ~12 years): 127,500 DZD

e Estimated O&M over 20 years: ~300,000 DZD

111.4.3.Energy Savings and Payback Period

The household’s average annual electricity consumption is 10,512 MWh. With an average
electricity tariff of 15 DZD/kWh, the annual electricity bill without PV would be:

Annual Energy Cost = 10,512 x 15 = 157,680 DZD

Since the PV system is expected to cover most of this consumption, the annual savings would
be approximately 157,000 DZD.

Payback Period = 745,800 / 157,000 = 4.75 years
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111.4.4.Return on Investment (ROI)

Over a 20-year operational period:

e Total Cost (Initial + O&M): = 1,045,800 DZD
e Total Energy Savings: = 3,140,000 DZD
e Net Profit: = 2,094,200 DZD

ROI = (2,094,200 / 745,800) x 100 = 281%

This confirms that the system is not only technically effective, but also economically attractive

for residential use under current Algerian conditions.
I11.5. Environmental Impact

Photovoltaic (PV) systems not only offer economic benefits but also play a significant role in
reducing the environmental footprint of electricity generation. In regions like Ain Sefra, where
solar irradiation is high and the conventional energy supply relies heavily on fossil fuels, the

deployment of solar systems provides a concrete pathway toward decarbonization.

The proposed 7 kWp grid-connected PV system is estimated to produce approximately 10,000—
10,200 MWh/year, which offsets the equivalent amount of energy that would otherwise be drawn
from the national grid. In Algeria, electricity is predominantly generated from natural gas [1], with

an average emission factor of about 0.7 kg CO: per kWh [2].
By replacing this fossil-based electricity with clean solar power, the system avoids approximately:
Annual CO: Reduction = 10,200 kWh x 0.7 kg CO:/kWh = 7.14 tons of CO:/year

Over a 25-year lifetime, the system could prevent the emission of more than 178 tons of COs,

making it a powerful tool for environmental protection.

Additionally, PV systems operate silently and generate no air pollutants or water usage during
operation, unlike thermal power plants [3]. This contributes to better air quality and reduced strain

on local ecosystems.
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Therefore, the integration of residential PV systems not only supports household-level
sustainability but also aligns with broader national and international climate goals, such as

Algeria’s commitments under the Paris Agreement and the United Nations Sustainable
Development Goals (SDGs) [4].

I11.6. Simulation Results and Performance Analysis
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Chapter Il System Design and Performance Analysis

111.7. Conclusion

This chapter has demonstrated the strong economic and environmental performance of the
proposed 7 kWp grid-connected PV system for a residential home in Ain Sefra. From a financial
perspective, the system offers a short payback period of under 5 years, substantial long-term
electricity bill savings, and an excellent return on investment exceeding 300%. The alignment
between solar production and household demand also enables a high self-consumption rate,

increasing the system's economic efficiency even in the absence of net metering policies.

From an environmental standpoint, the system contributes significantly to reducing greenhouse gas
emissions avoiding over 7 tons of CO: annually and supports a cleaner, more sustainable electricity
supply in Algeria. With minimal maintenance needs and long operational life, the PV system

proves to be not only a viable but also a responsible investment.

In conclusion, the adoption of grid-connected PV systems in sun-rich regions such as Ain Sefra
presents a dual opportunity: lowering energy costs for households while actively participating in
the global transition toward clean and sustainable energy.
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General Conclusion

General Conclusion

This thesis has investigated the design, simulation, and evaluation of a grid-connected
photovoltaic (PV) system intended for a residential building in Ain Sefra, Algeria an area with
exceptional solar energy potential. The study was structured into three interrelated chapters, each
building upon the previous to provide a comprehensive and coherent analysis of the technical,
economic, and environmental viability of the proposed system.

The first chapter laid the theoretical foundation by presenting the principles and evolution of
photovoltaic technology. It explored the working mechanism of PV cells, the structure of modules
and systems, and categorized the different types of PV installations off-grid, grid-connected, and
hybrid. Moreover, it discussed Algeria’s solar potential and the country's national renewable
energy strategy, highlighting the relevance and necessity of solar deployment in its energy
transition efforts.

In the second chapter, attention was focused on the technical dimensioning of the system. The

design targeted a daily consumption of approximately 28.8 kWh and led to the selection of an
optimal configuration: an array of 18 monocrystalline PV modules totaling 7 kWp, paired with a 6
kW inverter. The simulation conducted using PVsyst software allowed for precise assessment of
system behavior under Ain Sefra’s specific climatic conditions. The configuration was optimized
for fixed tilt and orientation to maximize annual yield while maintaining compatibility with rooftop
installation constraints. Special emphasis was placed on maximizing self-consumption to increase
economic efficiency.
The third chapter highlighted the economic viability and environmental benefits of the PV system,
including a short payback period and over 7 tons of CO. savings annually. It also addressed
regulatory challenges, notably the lack of net metering, and suggested improvements like storage
integration and supportive policies.

In conclusion, the study demonstrates that deploying grid-connected PV systems in sun-rich
regions like Ain Sefra is both technically and economically feasible, and environmentally
impactful. It offers a practical and replicable model for residential solar implementation in Algeria

and supports the national roadmap toward a cleaner, decentralized, and resilient energy future.
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