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General Introduction

General Introduction

Today, a large part of the world's energy production is provided by fossil fuels. The consumption of
these sources gives rise to greenhouse gas emissions and therefore an increase in pollution. The
additional danger is that excessive consumption of the stock of natural resources reduces the reserves of
this type of energy in a way that is dangerous for future generations, and also in the face of the multiple
economic and oil crises, science has taken an interest in the so-called renewable resources, which
constitute a strategic sector and occupy a privileged place in the fields of research and development. [1].
Renewable energies can be solutions because of their abundance and they are inexhaustible on the human
time scale. Some of the main renewable energy resources include solar energy (the energy carried by
solar radiation), wind energy, hydro-wind energy (these underwater wind turbines use ocean currents to
generate electricity), biomass energy, geothermal energy and hydropower.Algeria, due to its
geographical location, benefits from favourable conditions for the use of renewable energies, in
particular solar energy of photovoltaic origin, and the introduction of these new energies could easily be
envisaged on many sites.Algeria also has significant potential in solar energy and is just waiting for good
exploitation. Photovoltaic electricity is an interesting technical and economic option and can be used at
the same time as it is produced. It covers the electricity needs of various establishments such as lighting,
water pumping and cold production. [2].The optimization of photovoltaic systems is based on sizing
criteria. The purpose of sizing a pv system is to have the most efficient electricity production to meet your
consumption, so it is a question of finding a happy medium between your production and your
consumption.Our work consists of the sizing and construction of a photovoltaic installation with storage,
in which we are based on the use of a simple method that allows us to properly size the different
elements of our system
To do this, we have subdivided our thesis into three chapters:
e The first chapter will be devoted to general information about photovoltaics, the different

types of photovoltaic systems, particularly systems with batteries.

In the second chapter, we will present methods for sizing stand-alone photovoltaic

systems.

The third chapter will be devoted to the presentation and practical implementation of our

project, followed by an estimate for the complete installation

This work will of course be finalized by a general conclusion
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Chapter 1:General information about photovoltaics

1.1 Introduction

Photovoltaic solar energy (or photovoltaic energy or EPV) is electrical energy produced from
solar radiation through collectors or photovoltaic solar power plants. It is a renewable energy, because
the Sun is considered an inexhaustible source on the human time scale.

In this chapter, we describe general information about the photovoltaic system, (the definition of
photovoltaic solar energy, the different types of photovoltaic system, the PV cells, the elements of the PV
system... etc.). [3].

I.2 Photovoltaic solar energy

Solar photovoltaic energy comes from the conversion of sunlight into electricity within
semiconductor materials such as silicon covered with a thin metal layer. These photosensitive materials
have the property of releasing their electrons under the influence of external energy, this is the
photovoltaic effect. The energy is provided by photons (components of light) that hit the electrons and
release a direct electric current. The electricity produced is available as direct electricity or stored in
batteries (decentralised electrical energy) or as electricity fed into the grid. A photovoltaic solar generator
is composed of photovoltaic modules that are themselves composed of photovoltaic cells connected to
each other [3].

1.3 The different types of photovoltaic systems

1.3.1 Stand-alone photovoltaic systems
These photovoltaic systems are installed to ensure autonomous operation without the use of other

energy sources. Generally, these systems are used in isolated and remote areas of the grid. Depending on
whether or not electrochemical storage is used, stand-alone photovoltaic systems are classified as
follows:

e Stand-alone system without electrochemical storage: This type of system does not
require electricity storage, either because the energy production of the cells is sufficient
in low light or because the load running time is not critical (e.g., water pump: the water
tank serves as storage).[4]

e Stand-alone system with electrochemical storage :This is the most common

2
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photovoltaic system. The PV field serves as a charger for the battery. Electricity can

then be used at any time. For example, this system is well suited for lighting a home
where electricity is needed when it is no longer daylight [4].

—@:

Solar
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Controller

Solar PV Panels or Array

DC. +Vae _Tac
Load [—

(Lighting) n

12 to 48 volt
Inverter Battery Bank

Isolation
Switch
Vae

Ac. el
Load (TV. Stereo)

Figure 1. 1 : Diagram of a stand-alone PV system with battery.

1.3.2 Grid-connected PV system
Such a system is installed on a grid site. Generally on homes or businesses that wish to use a form

of renewable energy and that benefit from good sunlight, see Figure (1.2). [5]
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Figure I. 2 :Example of the structure of a grid-connected PV system

Home appliances
Typical grid connected PV solar system

1.3.3 Hybrid System
These are systems that bring together energy sources of different types such as a wind power plant, a

diesel generator or a cogeneration plant in addition to the photovoltaic generator. This type of installation

is used when the photovoltaic array alone does not cover all the required energy [6].

1.4 The photovoltaic cell

1.4.1 Principle of operation of a photovoltaic cell
The operating principle of this cell is based on the photovoltaic effect. Indeed, a cell is made up of

two thin films of a semiconductor, these two layers are doped differently:
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« For the N shell, input of peripheral electrons
» For the P shell, electron deficit

These two layers thus present a potential difference. The energy of the light photons captured by the
peripheral electrons (N-shell) allows them to cross the potential barrier and generate a direct electric

current. To collect this current, electrodes are placed by screen printing on the two layers of

semiconductor. [7]

1.4.2 Photovoltaic cell technology. [8]
There are different types of solar cells or photovoltaic cells. Each type of cell is characterized by
its own efficiency and cost. However, whatever the type, the efficiency remains quite low between: 8 and

23% of the energy that the cells receive. The most commonly used cells are:

1.4.2.1 iliciummonocristallin :
Monocrystalline cells are solar cells made from silicon crystallized into a single crystal. Their efficiency

is 10 to 16%, but their manufacture is complex and energy-consuming.

Figure 1. 3: Silicium monocristallin

1.4.2.2 Silicium poly cristallin :

Polycrystalline cells are made from a block of crystallized silicon in the form of multiple crystals. Their

average efficiency is 11 to 13%, and their production cost is slightly lower than that of monocrystalline

cells
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Figure 1. 4: poly cristallin

1.4.2.3 Silicium amorphe :

Amorphous cells consist of very thin layers of silicon applied to a glass, flexible plastic, or metal
backing. Originally, their efficiency was lower (6 to 10%), but technology is evolving rapidly, they work
with low or diffuse illumination (even on overcast days, including under artificial lighting from 2 to 3000

lux).

Figure 1. 5:Silicium Amorphe
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1.5 Elements of a photovoltaic system

Our study is based on the autonomous system so we will detail it much more by presenting their
components:

1.5.1. Photovoltaic modules

The modules are an assembly of a photocell (or cell) mounted in series, in order to obtain the
desired voltage (12V, 24V, etc.). The photovoltaic cell is the basic element in radiation conversion.
Several cells are associated in a module which is the smallest surface of transformable, demonstrable and
demonstrable capacity on a site.

The modules are grouped into panels, which are in turn combined to obtain photovoltaic arrays as
required.

Photovoltaic cells are mainly made of crystalline silicon, which is used in monocrystalline or
multi-crystalline form in wafers or ribbons or in semi-thin layers on substrates according to recent
technologies.

The modules are combined in series and parallel to obtain high power and the desired voltage.
Each PV cell is protected against heating by mounting a diode called "bypass diode” in parallel which
short-circuits. Also, a PV module is prevented from being a receiver by putting in series at each branch a

diode called "non-return diode" with a negligible voltage drop. [9]..

1.5.2 Batteries

The fact that solar energy is not available over the entire period of operation of the system being powered

requires the use of batteries in stand-alone installations to store energy. In our work we use
batteries. [10]

gel™
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Figure I. 6: Batterie de 150 Ah/12V

1.5.3 Battery types [3]
In stand-alone solar systems, the main uses are:

Lead-acid batteries: are the most economical investment for a multi-source system and have the
advantage of being more than 90% recyclable. However, these batteries are susceptible to misuse
and their lifespan is often much shorter than that of the electricity-generating device. Indeed, lead-

acid batteries in their current technology do not accept deep discharges very well. The depth of
discharge is indeed responsible for the degradation of these batteries, leading to a noticeable reduction in
their lifespan when used in extreme conditions.

. Alkaline batteries (Ni/Cd and Ni/MH): are much more robust but also more expensive. They are
better suited to low temperatures. On the other hand, their recycling is complicated because of
cadmium, which is a heavy and polluting metal.

Lithium batteries: "technically” have the best performance. The self-discharge of Li-ion batteries
is indeed low, while their stored energy density is relatively much higher.

. "Gel" batteries: The electrolyte is frozen by the addition of silica gel. In some batteries,

phosphoric acid is added to improve the life in deep cycling.

1.5.4 Regulator(3],[9]
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Once the most suitable technology has been identified, it is necessary to focus on the sizing of the
photovoltaic controller. It depends on 2 main criteria:

e The nominal voltage must correspond to that between the panels and the photovoltaic
battery: 12, 24 or 48 Volts.

e  The maximum allowable current through the regulator's input circuit must be greater

than the current generated by the solar panels. This alsoapplies to the output circuit.
There are several models of regulators of different powers:

e Shunt Regulator,

e SeriesRegulator,

e PWM Regulator,

e MPPT regulator.

1.5.5 Inverter

An energy converter is a piece of equipment that is generally available either between the PV field
and the load (without storage with continuous charging, it will be called a DC-DC converter) or between
the battery and the load (it will then be called an inverter or DC-AC converter). The inverter is generally
associated with a rectifier that transforms alternating current into direct current and whose role will be to
charge the batteries and supply the installation's continuous circuit in the event of a long period without
sunlight. [11].

Entree — Sortie
T

—>  E—
(DC) (j (AC)

Figure 1. 7: Symbolic diagram of the inverter

To power equipment operating with alternating current, a device

e |Inverter Features
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v’ Lightweight inverters (low power), they provide output power from
100 to 10000W,

v Medium resistance inverters, they provide power ranging from 500 to
20000W,

v Robust inverters (of high power), They provide electrical power
ranging from 10000 to 60000W.

1.5.6 Charges
Loads are the elements that consume electrical power. The consumption of this electrical power
depends on the characteristics of the load. There are resistive and inductive loads (lighting, heating,

pumping, etc.). etc). [12].

I.6Advantages and Disadvantages of Photovoltaic Energy [3]

< Advantagesof Photovoltaic Energy

Its free

No pollution

Its reliability and long plant life.

Itsfixed structure
Itslow maintenance cost.

The installation does not produce any noise.

% The disadvantages of photovoltaicenergy
+ The high cost of installation.
+ The relatively low efficiency of the photovoltaic effect.

+ The power is reduced when the weather conditions are unfavorable (clouds).
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+ The storage of electrical energy in chemical form (battery) is necessary for a stand-
alone installation.
+ Even though the electricity produced by a photovoltaic system is pollution-free, the

manufacture, installation and disposal of panels have an impact on the environment.

1.7 Conclusion

In this chapter we have presented general information about photovoltaic systems,

photovoltaic solar energy and the different types of photovoltaic systems (stand-alone systems,

stand-alone system without battery, stand-alone system with battery, hybrid systems, PV system
connected to the electricity grid).
We also saw how the photovoltaic cell works and then the combination of the PV modules,

the elements of a PV system and the advantages and disadvantages of photovoltaic energy.
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Chapter I1: Sizing of a photovoltaic system

1.1 Introduction

For the realization of a photovoltaic installation, sizing remains an essential step. Sizing a PV
system means determining all the elements of the PV chain, i.e. the size of the generator, the storage
capacity, if necessary the power of a converter, or even the inclination of the modules and the operating
voltage, according to loads such as the sunshine and the load profile. An oversized installation means

additional costs, while an undersized installation means unreliability.

Whatever the methodology used and the precision with which the different components of the
chain are taken into account, we are still faced with two types of estimates:

- the first is on demand, which in most cases is rather roughly defined because it is often
not well known and which is subject to daily, weekly or seasonal fluctuations.

- the second on the solar deposit, about which there is a crucial lack of representative data.
This problem leads us to calculate the irradiation based on data relating to the site of the installation. This
demonstrates that the reliability of a PV system is closely linked to dimensioning, which in turn is linked

to the availability of reliable data.

The merit of a PV installation is often measured by its ability to provide energy in all

circumstances.
Generally speaking, the parameters to be taken into account when designing and sizing a
photovoltaic system are quite numerous and concern: [13]
The location where the PV generator will be placed.

The PV system (modules, regulator, converter and batteries).

The charge.
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11.2 The purpose of the design

Dimensioning is an essential step in the design of photovoltaic systems. Indeed, the optimal
sizing of such systems is obtained when the various components such as panels, batteries, inverter,
regulator and cables are chosen adequately for a given solar resource and a given consumption profile.
As sizing affects the price, quality and durability of a photovoltaic system in an isolated site, it is a
crucial step in the implementation of the system. Thus, when looking to optimize the sizing of a stand-
alone photovoltaic system, the goal is to determine all the sizing parameters of the system in order to

minimize the various costs, while ensuring the power supply to the consumer without interruption[3].

11.3. The design stages

11.3.1. Description of the premises
The premises we have chosen is the Electrical Engineering laboratory located at the University of

M'sila, University of Mohamed Boudiaf:
11.3.2. Recording of meteorological data
For the sizing and construction of our autonomous photovoltaic system installation, we chose the

m'sila site where the electrical engineering laboratory is located, the geographical and meteorological
data are already imported by the PVSYST version 7 software.
The sizing of the PV generator is dictated by site conditions. To adopt the PV generator/battery
capacities, at the charging conditions, it is essential to know the characteristics of the solar irradiation per
day or per month, i.e. the average energy received on a given plane, at the same place where the PV
generator will be located.
The data must be known for each month of the year. They can be obtained by national meteorological
organizations or by calculations (computer tool), In our project the fireplace requires the following input
parameters:

- Geographicallocation: M'sila, Algeria

- Latitude : 34.445 °N

- Longitude : -4.209 °E

Soilreflectivity or Albedo: 0.20
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-Time zone : UTC+1

11.3.3. Calculation of peak power
To size the PV generator, three parameters are taken into account, the total energy of the load and

the maximum hours of sunshine received on the plan of the modules and the System efficiency given by

the following expression:[14].

Ech

PC =
H Xnsys
Pc : Peak power of the PV generator [Wp]

nsys: System efficiency nsys=0.75

Ei: Hours of maximum sunshine [h/day] Example M'sila:
Ei= 5.2 KWh/m?#day

Ech: Total Energy of Load

11.3.4 Choice of inverter
The role of an inverter for a stand-alone site is to convert the direct voltage delivered by the

battery bank into an alternating voltage to cover the needs of the electrical load.

The important criteria for choosing the inverter are:[14]

Load profile: the inverter must provide the daily power according to the needs of the
devices.

Rated power: The inverter should have a higher power rating than the load, with a
margin of 30%.

Inverter efficiency: As previously stated, the inverter efficiency should be 95%.

Standby consumption: the inverter must have a standby system or have practically zero

no-load consumption.
13
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- Voltage and frequency stability: the inverter must deliver a mains voltage of (220V AC)
more or less approximate.

Protection: The inverter must be equipped with overload and short circuit protection as
well as high temperatures.

We can calculate the nominal power of the inverter by the following formula: [1].

PN>1.3xPcp,

PN :Inverter Power Rating

If: PN< 500W VBattery=ERV
If: 500 W< PN<1000W  Vpadtery= 24V

>
If: PN>1000W VBattery= 48V

According to the formula (11.2) so we have:

PN>1.3x350
PN>455W
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11.3.5. Panel Choice and Number Used in a Single Field
After assessing the electrical needs of a PV installation, the sizing of the PV field, which consists
of calculating the peak power necessary for the proper operation of the installation.

To calculate the number of panels used in a single field, we have the following formula: [14].

_Pc

= (11.3)

N : Number of photovoltaic panels

Pc: PV Generator Peak Power [Wc]

Pu : Unit power [Wc] [Power of a PV panel that you have chosen]

11.3.6. Choice of solar controller used in a single field
The role of the solar controller, also known as a charge controller, is to:

It limits the charge when the battery is fully charged.
It slows down the discharge in order to avoid deep discharges.
- It continuously indicates the working status of the solar panel and the charging status of
the solar battery.

The two main elements for choosing a charge controller are:

- The voltage between the panels and the batteries: the regulator must be able to accept this
voltage (usually 12V, 24V or 48V).
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- The maximum intensity of the regulator: the current of the regulator (in amperes, A) must be
higher than the short-circuit current of the solar panels to which it is connected. A safetymargin of 10%

to 20% is not useless.

The most widely used regulator in photovoltaic technology is MPPT (Maximum Power Point Tracking),
They allow the solar panel to operate at its maximum power point, or more precisely, at the optimal

voltage for maximum power output.

To define the maximum current and the maximum voltage of the regulator that will help us choose the

best regulator for our installation, we use the following expressions: [14]

Imax Reg™ ICCx NBranches enparalléle X1' 3

Vmax Reg™ VOCx NPanels in Series X 1.25

11.3.7. Choice of solar batteries used in a single field

The choice of batteries in the photovoltaic system is made according to the two most important criteria:
the voltage and the capacity of the battery.

The expression to calculate the battery capacity is: [14]
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Ech x N daysyf autonomy

Can= /VBatterie ,, op

CAh :Battery Capacity [Ah]
Ech: Total Load Energy [Wh/d]

N’daysof autonomy: Number of days of autonomy in M'sila, i.e. = 1 day

DOD: Depth of Discharge = 0.8

VBattery:System voltage (V) [depending on inverter power] = 12 volts.

11.4. Presentation of the PVSYST software

PVSYST is designed to be used by architects, engineers and researchers, but it is also a very
useful educational tool. It includes in-depth contextual help, which explains in detail the procedure
and models used and offers an ergonomic approach with a guide in the development of a project.

PVSYST allows you to import weather data from a dozen different sources as well as personal data.

PVSYST presents the results in a comprehensive report, incorporating specific graphs and tables.

This data can be exported to another software.

@PVSYST

PHOTOVOLTAIC SOFTWARE

Figure I1. 1: Designation of the project in PVSYST.
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11.5. Sizing steps with PVSYST software

11.5.1 Step 1, Designation of the project:

We created a new project on the name Project2024 and we chose the geographical location m'sila,
Algeria.

@ Froset: Frojet2024 ProjectPR)
Projet Ste Variante Mémo utilisateur

Projet Fotoncas 77 corger [ semer w oo w coot | KN poremeresduproict I swpomer | & ent

Hom du projet [ratz0za ] Hom du chient e df

Fichier site misla_MHBLSIT Meteonorm 8. 1 (1991-2000), Sat=100 % Ageria q | +

Fichier Météo [M_sila_a 1_svn.mET Meteonor 5.1 (1991-2000), Sat=100 % Synthdtique 0k a Q

Variante F| vowvea

H® de Variante VG0 : Nouvelle varisnts de smuston

Paramétres prinpaux Optionnel

@ orientaton | ® Hortzon

@) Besons utisateur | (@) ombrages proches
@ systeme
(@ Pertes citaliées

Figure 1. 2: Our project in PVSYST (project2024)

11.5.2 Step 2, Determination of electrical requirements:

In "autonomous” mode, PVSYST has a window where we will choose the estimated
consumption. Power consumption and usage time. PVSYST gives the estimate of the average daily

and monthly consumption. In the context of our study and according to Figure (11.3), the results
obtained are as follows:

Définition des usages domestiques journakiers pour I'année.
Consommation Distribution horaire
Consommations journaliéres

Hombre Appareil Util. journ. Distrib. horaire Daily energy

[Lampes (LED ou fiuc) hfjour oK 108 Wh

[Tv /PC F Mobile [3:0 ] hiour

[Eo ]

oK 720 wh

520 wh

24 hfjour 24 wh

Energie journaliére totale 1372 wh/jour
Energie mensuelle 41.2 kWh/mois

Utilis. Week-end ou semaine
[ utiisation seulement pendant

[7 ]2 tours dans la semaine

I ‘ = autre profil H I annuler H " oK |

Figure 11. 3: Determination of electrical requirements
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11.5.3 Step 3, D hourly distribution of the load:

@ Besoins d'énergie quotidiens, variante “Nouvelle variante de simulation”

des L journaliers pour l'année.
Consommation | Distribution horaire

Lampes (LED ou fluo) TV / PC / Mobile

350
300
250

Conscxruion horaie [W]

| = aute oroml I I Annuier " ox

Figure I1. 4: Hourly load distribution.

11.5.4Step4, Sizing the battery bank:
We chose 12v lead acid batteries with a capacity of 150Ah Total battery count 4, 2 batteries in

series and two on parallel.

variant Nouvele

Besons jour. moyens  DEF. la PLOL acceptable 1 Tension batterie (st utlis.) [Ej ] ﬂ
13 kiwhjjour Autonomie requise Capadite conseilée 550 Ah
5 i " Puissance PY consellée 389 W (rom.)
Stockage | Champ PV Appoint  Schéma simpifié

Procédure -
L o s

L Définissez| pré (PLOL, autonomie,

2. -Stodkage Définssez e pack de batteries (es cases défa &

3. - Concepton champ PV Défnissez e champ PY (Madue PY et mode de contrle). Conse : commencez avec un réguiateur universel
4, - Appoint Défiissez un éventuel groupe dectrogéne

Définissez le pack de batteries-

Trir les batteries seion @ tension O capacité O fabricant

[Gererc 12V 160#h  Pb Seded Gel Sdar IV/160#h Depuss 2000 J | owc
Ph-acde Tension du pack batteries: uv
E] O batteries en série 4 Capacit g o

s O " ge {80 %D00) 61 kivh
atteries en paraléle
edlines M Poids total 97 1g

% Etat dusure intial (nb. de cycles) Moedecydesd@ %00 1300
Energie totale stockée durant la vie 8533 kivh
% Etat d'usure initial (statique) de la batterie

Température batterie en opération Besoins utlis.  Usis. omestaue Pussance oy, §5W
Fratonnut  9.6% Energie jour 1.33kWh
Made tenpér,|Foce (oca terpére) Packde batteries 2 engarsbés, 247 Capacté 3204
" Autonomie 46y  Energestockée 6.14k0h
Température fixée -
Champ PY L chaines de 1 nades Pussance ram, M0 Wc
La température est importante pour la durée
e vie de I batieie, Une augmentaton de 10 [l 61 Energemoy. oo 1.8k
C drinue a durde de v stasaue” dun Réquistewr  MPPT rvversel Pussance ram, 296 W
PijpCony L5 Seuls selon'SOC

K rorier o

Figure 11. 5: Sizing of the battery bank
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11.5.5 Step 5: Dimensioning the PV field:
the type of module chosen in the case of this study is of the type: 340W 28V monocrystalline.

With a PV field of 4 panels.

# Défnition dun systéme isoké avec batteries, Variante “Nouvelle variante de simulation”, Variant Nouvell variante de smulation”

Besoins jour, moyens D, la PLOL accetable * @ Tenson battere (etutis)  [12_]2 V @)
13 kiwhfour Autonomie requise ED: me) @ Capacité consediée 550 ah
5 Prédners, détaté pussance PY conselée 389 Wc fpom.)

Stadage | Champ PV | Appoint  Schéma simpifié

Nom et orentation du sous-champ- Aide au dimensionnement

tom (e | O Pas de prédim. Entrezprom désrée O 04| ke
Orent.. Plan inchné foxe : . ousurface depontie O g B
Sélection du module PV

Tous les modules Timoddespar @ Pussance O Tedhnologee

| Generic | [0wo28v  Semone Mono 340 Wo Twin 120 half cels Q Owrir

Dimens. des tensions : Vmpp (60°C) 284V
Voo (-10%C) 444V

Chesissez le mode de régulation et le régulateur

© Gréguste unversel [ Genenc v

HMode d'opération

Convertisseur de puissance MPFT

Oc
@ Convertisseur MPPT
O Convertisseur DC-DC

Conception champ PV
Besoims utiis. Ut domestioue Pussance moy. 55W
doit éte: Vimpp (60 By Fraction nuit 86% Energie jour 1.33kwh
vod. ensére [L @Pas ce contrante | g { 4y Fackdebatteries  2en paralile, 24¥ et
to.chunes [ |7 Denmeserz e - Autonome 46y Eergestodée 6.14kah
inadencepln 1000 W/m? Champ Y 4 chaines de 1 modies Pussance rom. 1360 We
v (80°0) m Puiss. ma. e fonctomenent 1,22 kit . . o
BT G5A (3imad. max. et 50°C) ) s 76 ST o
IcauSTT)  433A Puiss. nom. champ (STC) 136 kic e — —Hs e
PPCony 160 Seuds selon SOC

Koo || s |

Hbre modules 4 surface 7m

Figure I1. 6: Dimensioning of the PV field.

11.5.6 Step6, Sizing the converter:

We chose a 1000W 24V MPPT converter (62A — 13A)

The operating parameters of the universal controller will be automatically adjusted according
to the properties of the system.

Figure (11.7) shows the electrical characteristics of the MPPT converter.

@ Définition dun systéme isolé avec batteries, Variante Nouvele variante de smuabon”, Variant Nouvele variante de smulation”

Besons jour. moyens  Déf. la PLOL acceptable ‘s_n} * @ Tension batterie etutis.) (12 |2 v (7]
1.3 kwhfiour Autonome requise [HJ et @ Capacité consellée 550 ah
[ Pré-gmens. détailé Pussance PV consellée 389 We fom.)
Stockage | Chano PV | Appoint  Schéma simpifié
Hom et orientation du sous-<hamp Aide au d
Nom  [Champ PV © Pas de précim. EntrezProm désiée O 0.4 | ke
Orent.. Plan incliné fixe "“::E ’::
‘Selection du module PV
[Tous ks moddes | Timoddespw @ Pussance O Technokge

_Genenc | [3%0mwp 287 Semono Mono 340 W Twin 120 haif.cels

Dimens. des tensions : Vmpp (50°C) 28B4V
veo (10) 444V

Cho de régul:

© Treosoreur unverse [ _Senenc

Hode d'opération
O«

Convertisseur

Courants max. de charge - décharge

@ Convertisseur MPPT | Les paramétres de fonctionnement du régulateur universel seront
O Convertisseur DCOC | Sutomatiquement ajustés selon les propriétés du systéme.

‘Conception champ PV
Besoins utilis. Utiks. domestique Puissance moy. S5W
i étre: vmpp (60°C) By Fraction nuit 6% Energiejour 1.33kWh
e [ P i C v Pack de batteries  2en paralile, 24V Capacité 320 Ah
Mo.chaes [+ |0 Dlenve let2 e " Autonome 465 Eneroestockée 5.19kMh

1000 W/m: . Champ PV 4 chaines de 1 moduies Puissance nom. 1360 We
4104 Puss. max, en fonctomement 1.2 kW

PVPLOsd 245 Ener 128k
asa (3rad. max. et S0°C) _— ol . w’“’“" iy o
DY Puiss. nom. champ (STC) 136 ke === ——— il

PYPCOnY 460 Seullsselon SOC

oo || S|

Hbre modules 4 Surface

Figure 11. 7: Sizing of the converter.
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11.5.7 Step 7, Orientation of the panels:

To estimate the optimal tilt angles of the photovoltaic modules in this region for which the energy
gain is improved, we opted for an inclination of 30°
And the azimuth 0°.

Optimization compared to annual irradiation.

@ Orientation, Variante "Nouvelie variante de simulation™

Type de champ | Plan incliné fixe

Paramétres du champ

Indlinaison plan e

Azmut o0 | T =

Inclin. 307 Azimut 07

Optimisation rapide
Optimisation par rapport & ©
© Irradiation annuelle
© Eté (Avr-Sept) 1 - 1 — T T
@ Hiver (Oct-Mars) 14 1.4 e e
1.2 / 1.2} / - \\-
Météo incidente hiver 1.0 1.0
Facteur de Transposition 1.42 o8l ol
Perte par rapport & foptimum -7.2% o . o

ol o capters 836 ki T R = Ows S

T

Figure I1. 8: Orientation of the panels.

11.5.8Step 8, Launch of the simulation:

In the end, we launched the simulation to have the report of the results.

Pa
Projet

ste My

Type systéme isoé avec batieres

Seuiaton 01018y 12031
(Donées mitio géndriques)  Caurant

Distribution de F'état de charge journalier Indice de performance (PR) et Fraction solaire (SF)

Diagramme d'entréelsortie journalier

O recente

H Saner
e s e i [ I el

Figure 11. 9: Launch of the simulation.
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11.6. The simulation report and interpretation of the results

After all simulation steps have been set up in the software, a simulation report is automatically

produced with all results in the form of tables and figures.

Projet: Projet2024
Wariante . Nouwvebe varanie de simutation

Donnees metso

msila
Meteonom 8 1 (19912000, Sa=100 % - Syrthétgse

Ré & Sy
Systeme isobe Bystéme isokd awvec batteries
O plan [ ins de I'
Plan fooe COmEormey T T S
Il QeSO ruAT m ut L - Constants s ["annde
WA rerre

Irformation sy sterme
Champ PW

Nb. de modules

Prom botal

des résul

Erwrgee drspordtie Procusciibhe PEIT WA reSon port PR
Erergee ufilsde Fraciosn solaine (SF)

Tabile des matiéres

Résumdé du projet of des résuitals

FParamates gérdraun Carachimhgues du champ e capteurs, Peres sy stdme
Besoins o Mutllsateur
RESUNITS [rirsCapsdin
Dhicagrarmamie ce-S Peerbes.
Craphiques frdosSnmn

Figure I1. 10: Summary of results report.
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Projet: Projet2024

Vmimrte N e v rian e G b s tion

Figure I1. 11: The ratio of general parameters.

The consumption of each household electrical appliance, the energy balance and the total daily

energy of the installation is 1.3 kWh/day, as well as other information relating to the system under
study are detailed in the table in Figure (I1.11).

N Projet: Projet2024
‘a Variante. Nouvebe vanante de simutation
P¥syst VT.3.1
veo,

e
DSMTI2E X2 a8
et W 1

B de Futili
Consomm Somestigus, Constants sur Mannde. moyenne = 1.3 kKiWhgr
Valeurs annuelles

Mo | Pussancs

W

Lampas (LED ou Suo) 4
TW | PC J Mobile 2 SOapp
130 bot

parmabere %)

Frmtren de Fomrpic.

Figure 11. 12: Report on the user's energy requirements.
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11.7. Conclusion

The use of the PVSYST software allowed us to study practically all the elements of the

autonomous photovoltaic installation, specifying the electrical characteristics of each
component.

The result of the simulation is presented in an automatic PDF file. Which will make our work
in Chapter 111 easier.
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Chapter 111 :Stage of implementation and study of the cost of
the installation
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111.1 Introduction

In this chapter, we will present the steps in the implementation of the photovoltaic

installation project with storage not connected to the grid for

Our work will be presented in two parts, the first will be devoted as already mentioned
above to the presentation of the project as well as the different stages of the realization of the
project. In the second part, we have drawn up an estimate for the installation.

I11.2 Representation of the project

The project consists of the construction of a PV installation with batteries for the
electrical engineering laboratory of the Mohamed Boudiaf university, Wilaya M'sila.

Its geographical coordinates are:

e Latitude 35.74 N,
e Longitude 4.54 E
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111.3 Project implementation

In this part, we have made a photovoltaic installation for the electrical engineering laboratory

to turn on almost 1.3kw per day, this installation is composed of 4 panels of 340W, 1 off grid
inverters of 2kVA, 4 batteries of 150Ah-12V, cables and protection elements. The inverter is

connected with 4 panels, 4 batteries and an electrical cabinet. The cabinet is divided into 2 parts (DC

side, AC side and control side).

111.4 Elements used in the installation

111.4.1PV panels
IF-BGM340-60 polycrystalline panels were used. Double glass structure, anodized aluminum

frame, excellent resistance to extreme weather conditions (high humidity, heat).

Figure I11. 2: Panel nameplateFigure I11. 3:PV panel
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- The orientation of the panels: due south

- L’inclinaison (30°)

Figure 1. 4: The Ioa-bearlng structure of the panels

o [ =]
Gl )l
%

‘—J\».uh.
] e e e

R T e S

Figure I11.5: The junction box connected to the panels




Chapter Ill: Stage of implementation and study of the cost of the installation
|

The connection of the panels and 4 panels, each panel has an input and an output, the connection

was in relation to the Icc and VVoc of the panel and the inverter.

>
o
¥

Figure I111.6: Installing the Panels

111.4.2Battery
4 gel batteries (12V, 150 Ah) were used

Figure 111.7 :Battery park Figure 111.8: Connecting the batteries
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111.4.3 Inverter
We used 1likou compliant brand inverter of (2kW-24V)

POWER FAULT

220V<200VAC OUTPUYT

Figure 111.9: 2kVA inverter Figure 111.10: the outputs of the inverter

111.4.4 MPPT
We used 1 likou compliant brand MPPT Regulator of (12v/24v , 40A).

Lircow

MPPT SOLaAR CONTROLLEFR

Figure 111.11 : MPPT Regulator
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111.4.5 Protective elements:

+The electrical cabinet:

It is a resistant box designed to protect electrical devices and distribute current to the various

system switchgear.

Figure 111.12:The electrical cabinet Figure 111.13:The protective elements

Disconnector:

The disconnect switch is necessary in case you need to insulate the solar PV panels for

maintenance or if something goes wrong with them.

Figure 111.14 :Disconnect switch
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Lightning conductor:

It is a component that secures the electrical installation, as well as the appliances, in the event
of a surge caused by lightning in the solar system. Its installation location is recommended at both

ends of the DC power line (solar panel side and inverter/converter side)

Figure 111.15: Surge arrester
Circuit breaker:

It is a device that allows you to cut off the electricity in the event of a short circuit or
overcurrent. Works the same way as a switch, but it triggers automatically.

Figure 111.16: Circuit breaker

Fuse Holder:

It is a device that protects the photovoltaic modules against short-circuit currents, at the same

time, interventions can be carried out at the breaking point on the connected modules.
r

Figure 111.17: Fuse Holder




Chapter Ill: Stage of implementation and study of the cost of the installation

Fuse:

Protective fuses in photovoltaic (PV) systems play a crucial role in ensuring the safety and reliability
of solar installations. They are designed to protect system components from overcurrents that can
occur due to short circuits or failures in the system. Fuses work by interrupting the flow of excessive
current, preventing potential damage to solar panels, inverters, and other connected equipment.

In summary, protective fuses are indispensable components for maintaining safety, preventing

property damage and ensuring the proper functioning of photovoltaic systems.

Figure 111.18:fuse

=+The Ground spike:

The ground stake in a photovoltaic (PV) installation is an essential element in ensuring
electrical safety. It is used to direct leakage currents or surges, such as those caused by lightning, to
the ground, protecting equipment and people from electric shock.

This stake is usually made of metal and is driven deep into the ground to ensure an effective
connection with the ground. It is connected to the PV system's grounding system, which includes
specific cables and connectors. Proper grounding is crucial for the proper operation and overall safety

of the PV system, adhering to local and international electrical safety standards.
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Figure 111.19: Ground spike

Figure 111.20: The Inverter, MPPT, and Electrical Cabinets After Installation
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I111.5 Total Estimated Estimate of the Installation

Each technical study is accompanied by an estimated and quantitative estimate consisting of a
unit and total price of each piece of equipment to have a financial estimate of an installation.

111.5.1 Total Panel Estimate

IF-BGM340-60 4 25000 100000

Table I11. 1 :The load-bearing structure of the panels

111.5.2 Total Battery Cost Estimate

6FM150G 35000 140000
Table 111. 2: Battery Estimates

111.5.3 Total cost estimate for electrical cables

Cable6 mm? 45m 400 18000
Ground Cable 6mm? | 45m 400 18000

Table 111. 3: Total cost estimate for power cables.

111.5.4 inverter Estimate

2000VA/24V 160000 160000

Table I11. 4: Inverter Estimate

111.5.5 Regulator Estimate

2000VA/24V 1 10000
Table I11. 5: MPTT Regulator Estimate
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111.5.6 Others

Elements Price(DA)
MC4 450
Connection terminals 1440
Cable holder 3600
Embout de cablage vert 6mm? 1000
Peigne de raccordement 250

Cosse de cable 840
Baarre de coupure 700

Rail de montage 500

Total price 8780
Table 111. 6: Others

Total price

3 circuit breakers (1AC+2DC)

1surge protector 530

18 Fuse Holder+18 Fuses 8640

Total price 24670
Table I11. 7: Total Estimated Circuit Breaker Prices
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Total price

Elements
Photovoltaic panels

\ Price(DA)
100000

Batterys

140000

Inverter

160000

MPPT

10000

Electrical cables

36000

Load-bearing structure of the panels

15000

Load-bearing structure of batteries

5000

Electrical cabinet

20670

Junction Box

8650

Ground spike

1500

Others

8780

Total price

505600

Table 111. 8: Total estimate of the solar photovoltaic installation

The total price of the installation is 505600DA
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I11.6 Total estimated cost of the photovoltaic installation in percentage:

Figure 111.20: Percentage price of photovoltaic system components.

I11.7 Load study

This is an example of devices that we can power with the power we have produced, which is
1.3kw.
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Appareil

Quantite

Duree
[Heures]

Puissance
[watts]

Energie journaliere

[Wh]

Pc/Mobile

2

4

90

720 wh

lampe

4

6

5

108 wh

Refrigirateur

1

24

15

370 wh

1300wh
Table I11. 9: Energy balance

Total [wh]

111.8 Conclusion :

In this chapter we have presented the steps followed for the sizing and implementation of

the photovoltaic installation with storage for a primary school, and we have been able to define
the different elements necessary for the installation, as well as its protection. In the end we
determined the cost of the latter.
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General conclusion
The work presented in this project concerns one of the most current applications of

renewable energy, that of the use of photovoltaic solar energy. Photovoltaic solar energy is
therefore of particular interest to developing countries: it is likely to improve the living
conditions and productivity of geographically dispersed dwellings very quickly and at an optimal
cost.

Our work was carried out in the following ways:

In the first chapter, we gave an overview of photovoltaic energy and the different
photovoltaic systems in general. Their working principle and the different cells that make up the
photovoltaic module, and the advantages and disadvantages of this type of energy. As well as the
components needed for a stand-alone installation.

In the second chapter, we made a study of the methods of sizing a photovoltaic system.
We chose a sizing method with the pvsyst.7 software, we dimensioned an autonomous
photovoltaic installation located in the city of M'sila, Algeria. We have detailed the method of
sizing the PV system, taking into account its estimated consumption from a configuration of
electrical charges of the Electrical Engineering Laboratory .

For the last chapter, we have presented all the practical steps for the realization of the

photovoltaic installation after study and dimensioning. Finally, we have carried out an economic

study of the cost of the latter.
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Abstract

A stand-alone photovoltaic system is a solar energy system that operates independently of the
centralized electricity grid. It generally consists of solar panels that convert sunlight into
electricity, a charge regulator to control the charging of the batteries, batteries to store the
electricity produced during the day, an inverter to convert the electricity stored with usable
alternating current, and possibly an additional generator for periods of low sunlight.

This work presents a 1.3 kW autonomous system, produced at the electrical engineering research
laboratory. The photovoltaic panels were installed at 33 degrees, and a structure was put in place
to contain the batteries. In addition, a protective electrical cabinet was built, and grounding was
carried out. This type of system is often used in remote areas where access to the electrical grid is
limited or expensive. It can power a variety of applications, from small household installations to
water pumping systems, telecommunications, weather stations and many others. The autonomy
offered by these systems makes them particularly attractive for off-grid applications, providing a

reliable and renewable source of energy in remote environments.
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Resume

Un systéme photovoltaique autonome est un systeme d'énergie solaire qui fonctionne de maniere

indépendante du réseau électrique centralisé. Il se compose généralement de panneaux solaires
qui convertissent la lumiéere du soleil en électricité, d'un régulateur de charge pour contréler la
charge des batteries, de batteries pour stocker I'électricité produite pendant la journée, d'un
onduleur pour convertir I'électricité stockée en courant alternatif utilisable, et éventuellement

d'un groupe électrogene en appoint pour les périodes de faible ensoleillement.

Ce travail présente un systéme autonome de 1.3 kW, réalisé au niveau du laboratoire de
recherche en génie électrique. Les panneaux photovoltaiques ont été installés a 33 degrés, et une
structure a été mise en place pour contenir les batteries. De plus, une armoire électrique de

protection a été réalisée, et la mise a la terre a été effectuée.

Ce type de systeme est souvent utilisé dans les zones éloignées ou l'accés au réseau électrique est
limité ou codteux. Il peut alimenter une variéte dapplications, des petites installations
domestiques aux systémes de pompage d'eau, en passant par les télécommunications, les stations
météorologiques et bien d'autres. L'autonomie offerte par ces systemes les rend particulierement
attrayants pour les applications hors réseau, offrant une source d'énergie fiable et renouvelable

dans des environnements éloignés.
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