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Summary

Summary

Traditional energy sources like fossil fuels and nuclear power are finite and pose a threat
to the environment, necessitating the search for alternative and renewable energy sources.
Photovoltaic solar energy is one such promising alternative, enabling the generation of

electricity from sunlight using photovoltaic cells through the photovoltaic effect.

Photovoltaic solar power systems are characterized by low operation and maintenance
costs, and zero polluting emissions, making them a sustainable and environmentally friendly
option. As a result, they are gaining popularity in residential, commercial, and institutional

applications.

This work focuses on the design and installation of a 3-kilowatt grid-connected
photovoltaic solar power system to power the research laboratories at the Faculty of

Technology.

The system comprises a set of interacting components such as solar panels, inverter,

cables, switches, fuses, surge protector, and circuit breaker.

Keywords: Photovoltaic solar energy, Grid-connected photovoltaic system, PVsyst,

Photovoltaic Inverter, Net present value, Discounted payback period.
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Résumé

Résumeé

Les sources d'énergie traditionnelles comme les combustibles fossiles et I'énergie
nucléaire sont épuisables et représentent un danger pour l'environnement, ce qui nécessite la
recherche de sources d'énergie alternatives et renouvelables. L'énergie solaire photovoltaique
est I'une de ces alternatives prometteuses, permettant de produire de I'électricité a partir des

rayons solaires en utilisant des cellules photovoltaiques par effet photovoltaique.

Les systemes d'énergie solaire photovoltaique se distinguent par leurs faibles co(ts
d'exploitation et d'entretien, et l'absence d'émissions polluantes, ce qui en fait une option
durable et respectueuse de I'environnement. C'est pourquoi ils gagnent en popularité dans les
applications résidentielles, commerciales et institutionnelles.

Le présent travail porte sur la conception et l'installation d'un systeme d'énergie solaire
photovoltaique de 3 kilowatts connecté au réseau électrique pour alimenter les laboratoires de
recherche de la faculté de technologie.

Le systéme est composé d'un ensemble de composants interactifs tels que des panneaux
solaires, un onduleur, des cables, des interrupteurs de courant continu et des dispositifs de

protection.

Mots clés : Energie solaire photovoltaique, Systéme solaire connecté au réseau, PV Syst,

Onduleur photovoltaique, Valeur actuelle nette, Période de récupération actualisée.
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General Introduction

General Introduction

With increasing pressures related to the negative environmental impacts of fossil fuels
and the rapid depletion of non-renewable natural resources, it has become imperative to
transition towards alternative and sustainable energy sources. Photovoltaic solar energy is one
of the most promising technologies in this field, being clean, environmentally friendly, and

permanently renewable.

Since Algeria is a sunny country [1], photovoltaic energy was chosen in this study, which
is a viable, clean and profitable solution. This technology has already proven itself in many
countries. Photovoltaic solar cell technology has witnessed significant development since its
discovery in the early twentieth century, which has led to increased efficiency and lower costs
this technology can be used in various applications, from small household appliances to power
plants. Nowadays, it seems to us that no one can doubt the importance of energy, the demand

for energy is increasingly increasing.

The work presented in this thesis concern the design and installation of a 3 kW solar
photovoltaic grid connected system to operate LGE laboratory at the faculty of technology at

the University of Msila.

To this end, the study presented in this dissertation is organized into four parts. It is

summarized as follows:

Before getting to the heart of the matter there is a general introduction.

Chapter one covers the generalities of PV solar energy, including its history and

evolution, solar cell and modules, and various applications.

Chapter two addresses the study and design of the grid-connected solar system, including

site selection, component sizing, and installation design.

Chapter three presents the simulation of the project using the PVsyst software, where the

PV system is modeled, simulated, and the results are analyzed.
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General Introduction

Chapter four provides an economic study of the 3 kW on-grid solar projects, including

calculation of initial costs, financial analysis, and results discussion.

This thesis aims to highlight to importance of photovoltaic solar energy as an alternative
and sustainable energy source and provide a practical solution to meet the electricity needs of
the faculty of technology in an environmentally friendly manner. Hope that the results of this
project will contribute to promoting the use of solar energy in Algeria and diving sustainable

development.

Finally, this work with a general conclusion, which will provide a summary of the work

presented.
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Chapter I: Photovoltaic Systems: State of the Art

I.1. Introduction

The sun is an abundant and renewable source of energy that has been harnessed by
humans for various purposes throughout history. However, the ability to directly convert solar
energy into electricity through the photovoltaic (PV) effect has revolutionized the way we

utilize this inexhaustible resource [1].

Photovoltaic technology is based on the principles of solid-state physics and the
properties of semiconductor materials, particularly their ability to absorb photons from
sunlight and release electrons, generating an electric current. This process, known as the
photovoltaic effect, forms the foundation of solar cells, which are the fundamental building
blocks of PV systems [2].

In this chapter, the basics of solar photovoltaic will be explored, starting with the

photovoltaic effect and the evolution of PV technology.

Next, photovoltaic cells and modules, their working principles, and the various types of
PV technologies available will be discussed. This section will also cover the electrical
characteristics of solar cells and their performances parameters, which are essential for system

design and optimization [3] [4].

Furthermore, the applications of photovoltaic systems will be discussed, ranging from
standalone systems to grid-connected installations. The advantages and challenges associated
with each application will be explored, providing a comprehensive understanding of the

diverse roles that PV technology can play in meeting our energy needs [5].

1.2. Solar energy

Solar radiation is considered the most plentiful and widespread source of renewable
energy on planet earth. Estimation suggests that the tremendous amount of energy emitted by
the sun and intercepted by the earth within a single hour could sufficiently satisfy the world’s
total energy needs for an entire year. The sun continually discharges an enormous amount of
radiant energy into the solar system; the earth intercepts a very small part of the solar energy
radiated into space. An average of 1367 watts reaches each square meters of the outer edge the

earth’s atmosphere for an average earth-sun distance of 150 million km; this is what we call the
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solar constant which is equal to 1367 W/m?. The portion of energy received on the earth’s

surface depends on the thickness of the atmosphere to pass through [6].
1.2.1. Solar thermal energy

The term 'solar thermal energy' refers to the energy harnessed from sunlight through
glazed solar thermal collector systems, which are used for directly heating water and buildings.
The heat concentrated in these collector panels is transferred to a heat transfer fluid.
1.2.1.1. Advantages and disadvantages
¢ Advantages

- Renewable and clean energy source with zero harmful emissions.

- After the initial investment, very low operational costs.

- Can be used for direct heating of water and buildings.

- Reliable and safe systems that require little maintenance.
¢ Disadvantages

- High upfront costs for purchasing and installing the panels and systems.

- Reduced performance in cold or hazy weather conditions.

- Energy storage for later use is not straightforward.

- Requires large surface areas of panels to generate significant amounts of energy.
1.2.2. Solar photovoltaic energy

The photovoltaic solar energy process involves directly converting sunlight into
electricity through the use of photovoltaic cells. These cells are made from semiconductor
materials, most commonly silicon, which generates an electrical charge when exposed to
sunlight. The electrical charge created by the solar cells in then captured and channeled as an

electrical current that can power electrical devices or be stored in batteries for later use.

In simple terms, photovoltaic technology allows for the direct conversion of sunlight
into usable electricity without the need for any intermediate processes. It is a clean, emission-

free way to generate electricity from a renewable source.

Page 5



Chapter I: Photovoltaic systems: State of the Art

1.2.2.1. Advantage and disadvantage
¢ Advantages
- Public acceptance.
- Suitable for hot countries and remote sites.
- Relatively low maintenance costs.
- Non-polluting electrical energy during use.
¢ Disadvantages
- Still high cost.
- Relatively low efficiency.
- Market very limited but developing.

- Panel lifespan generally limited to 20 years.

Traps / Traps

Solar PV

Solar 'I"hermal

EIL.ECTRICITY

Figure L.1. Types of solar energy

1.3. Photovoltaic effect
The photovoltaic effect is the phenomenon that occurs when light rays fall on a certain
surface, imparting their energy to the electrons present in that surface. If the energy of the light
rays is sufficient, it will dislodge the electrons from the bonds that bind them to the atoms in
the material, leading to their freedom and movement within the material. These free electrons

can be utilized to produce an electric current by connecting electrical terminals to the material

[71.
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This phenomenon is the basis on which solar cells rely in their operation. Solar cells are
designed from semiconductor materials such as silicon, in a way that allows the exploitation

of the free electrons resulting from the photoelectric effect to produce an electric current.

Sunlight

e
. n-type Material
2 g pP-n Junction
,’/
Solar Panel

-— . p-type Material
\t Photons

? Electron
Flow
| o © © I

Hole
Flow

Figure 1.2. Photovoltaic effect

1.4. History and evolution of photovoltaic technology

The roots of photovoltaic technology date back to the 19t century when the French
scientist Edmond Becquerel discovered the photovoltaic effect in 1839 [8]. Becquerel
observed that certain materials produced a small electric current when exposed to light [8].

In 1883, American scientist Charles Fritts developed the first solar cell made of silicon,
albeit with a very low efficiency of less than 1% [9].

Little progress was made until the early 20" century when German scientist Adolf
Becker developed the first crystalline silicon solar cell in 1941 with an efficiency of around
1% [9].

In 1954, Bell Laboratories in the United States achieved a major breakthrough when
scientist Daryl Chapin and Gerald Pearson developed the first crystalline silicon cell with an
efficiency of 6% [8].

Since then, PV technology has witnessed rapid advancements, with improvements in
efficiency and reductions in manufacturing costs [10]. In the 1970, efforts focused on
developing low-cost thin-film solar cells using amorphous silicon (hydrogenated amorphous
silicon)[10].
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Currently, several PV technologies are competing, such as crystalline silicon cells, thin-
film cells, and organic solar cells [11]. Each technology has its own advantages and
disadvantages, and over time physicists continue their efforts to improve the efficiency and
reduce the costs of each technology.

1.5. The PV cells
1.5.1. Operation of a PV cell

Photovoltaic cells are devices that directly convert light energy into electrical energy
through the photovoltaic effect. They consist of two semiconductor layers, one positive (P-
type) and one negative (N-type) [12].

When exposed to light, photons are absorbed, causing electrons to be dislodged and
leaving holes. Due to the electrical field from the P-N junction, electrons move to the N-layer
and holes to the P-layer, generating a voltage difference [12].

1.5.2. Types of cells

There are several main types of photovoltaic cells that differ in their manufacturing
materials and characteristics.
1.5.2.1. Monocrystalline Silicon (c-Si) cells: Made from a single continuous crystal of pure

molten silicon. They have high efficiency in converting light to electricity, but are more

expensive due to the complex manufacturing process.

Figure L.3. Monocrystalline cell
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1.5.2.2. Polycrystalline Silicon (mc-Si) cells: Composed of multiple small silicon crystals
fused together. Less efficient than monocrystalline (c-Si), but cheaper to

manufacture.

Figure L4. Polycrystalline cell

1.5.2.3. Amorphous Silicon (a-Si) cells: Have no distinct crystalline structure. Easy to make

as thin inexpensive films, but relatively low efficiency.

Figure 1.5. Amorphous cell

1.6. Electrical characteristics
Solar cells are devices that convert sunlight directly into electricity through the
photovoltaic effect. The electrical characteristics of a solar cell are essential in understanding

its performance and efficiency. Here are some key electrical characteristics of solar cells:
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e Open-Circuit Voltage (Voc): This is the maximum voltage that the solar cell can produce
when it is not connected to a load. It is determined by the semiconductor material and the
design of the solar cell [13], [14].

e Short-Circuit Current (Isc): This is the maximum current that a solar cell can deliver when
its terminals are shorted, when the voltage across the cell is zero. It is proportional to the
incident light intensity and the surface area of the solar cell [13], [14].

e Fill Factor (FF): The fill factor is a measure of the maximum power that a solar cell can
deliver compared to its theoretical power output (Voc X Isc). It is affected by the series and
shunt resistances within the solar cell [13], [14].

e Efficiency (n): The efficiency of a solar cell is the ratio of the maximum electrical power
output to the incident light power. It is a measure of how effectively the solar cell converts
sunlight into electrical energy [13], [14].

e Series Resistance (Rs): The series resistance represents the resistance to the flow of
current within the solar cell and its external connections. Higher series resistance reduces
the fill factor and overall efficiency [13], [14].

e Shunt Resistance (Rsn): The shunt resistance represents the leakage paths for current
across the solar cell, which can be caused by manufacturing defects or impurities. High
shunt resistance is desirable for better performance [13], [14].

e Temperature Coefficient: Solar cell performance is affected by temperature changes. The
temperature coefficients describe how the open-circuit voltage, short-circuit current, and
efficiency vary with temperature [15].

e Current Voltage (I-V) curve: The I-V curve represents the relationship between the
current and voltage output of a solar cell under different load conditions. It provides
important information about the cell’s performance, such as the maximum power point
MPP, where the solar cell operates at its maximum power output [13], [14].

These electrical characteristics are crucial in evaluating and optimizing the performance
of solar cells in different applications and operating conditions.

1.6.1. The I-V curve

Figure 1.6 illustrates the nonlinear characteristic 1-V of a solar cell for an illumination

G=1000 W/mz and a temperature T=298°K (conditions of standard operation).
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Figure 1.6. I-V curve

On the X-axis, voltage is plotted, starting from zero (short circuit) up to the maximum
value which is the open-circuit voltage (V/,.) when there is no current flow.

On the Y-axis, current is plotted, starting from zero (open circuit) up to the maximum
value which is the short-circuit current (Isc) when the voltage is zero.

The point at which the product V*1 is maximum is the maximum power point MPP of
the cell, which is the ideal operating point.
1.6.1.1. Effectof temperature and solar radiation on the I-V curve
o Effect of temperature

Simulation were performed keeping the illumination constant G=1000W/m? for different
temperatures 298°K, 323°K, 348°K. The curve of characteristics of solar cell will present

different looks depending on the temperature.
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Figure L7. Influence of temperature on -V
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- Anincrease in the solar cell temperature leads to a slight decrease in the open-circuit voltage
(Voo).

- Anincrease in temperature slightly increases the short-circuit current (Isc).

- Ingeneral, an increase in temperature reduces the power conversion efficiency of the solar
cell.
e Effectof solar irradiance
Apply a temperature T=298°K kept constant, and varies the radiation G from 400W/m?
to 1000W/mz, the results obtained are illustrated by the figure following:

X Y Piot

354 1000w/ m?2 4
3F -
ROOw M ?
25 =
z 2 600w,/m?2 .
=

400w, " m?2

Figure L8. Influence of solar radiation on I -V

- An increase in the solar irradiance falling on the cell increases the short-circuit current (Isc)
proportionally.
- Anincrease in irradiance does not significantly affect the open-circuit voltage (Voc).
- Ingeneral, an increase in irradiance increases the power output and conversion efficiency of
the cell.
1.7. The PV module and PV array
In designing a photovoltaic system, it is crucial to determine the required number of
modules connected in series and the number of arrays connected in parallel to meet the desired
energy demand. Photovoltaic modules are formed by connecting individual solar cells in series.
These modules are then assembled in series to create solar panels or strings. The strings are
then wired in parallel to form photovoltaic arrays. Finally, multiple arrays can be combined to

create utility-scale solar power plants.
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Photovoltaic (PV) Module
Cell

Figure 1.9. From cell to array

1.8. Application of solar photovoltaic energy

Photovoltaic systems are classified into two main categories: off-grid (stand-alone) and
on-grid (grid-connected) systems. Diesel generators or wind energy can be integrated with off-
grid systems to form a hybrid system. The key distinction between the two categories lies in
how the produced electrical energy is stored. In off-grid systems, the energy is stored in
batteries, whereas in on-grid systems, the excess energy generated is fed into the public utility
grid.
1.8.1. Off-grid photovoltaic systems

Stand-alone photovoltaic systems encompass various applications and configuration to
provide electricity in remote areas without access to the main utility grid. Two notable
examples that fall under this category are solar pumping systems and hybrid renewable

systems.
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Figure 1.10. Stand-alone PV system

1.8.2. Solar Pumping Systems
Solar pumping systems are a specific type of stand-alone solar application where
photovoltaic panels are used to power water pumps, extracting water from wells or the other

sources for irrigation, livestock, or domestic use in areas lacking grid electricity [16].

Solar-pumping inverter

Storage tank

Agricultural irrigation
o Te e Te e

L g
B t3
SR\ SR e oA

s '

Figure I.11. Solar pumping system
1.8.3. Hybrid Renewable Systems
Hybrid renewable systems, on the other hand, combine multiple renewable energy
sources, such as solar panels, wind turbine, and battery storage, to create a more robust and
reliable off-grid power system. These systems are particularly useful in areas where a single

renewable source may not be sufficient to meet the energy demands consistently [17].
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Charge Controller DC Load

Photovoltaics
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Figure L.12. Hybrid PV system

Both solar pumping and hybrid renewable systems are integral components of the broader
off-grid solar ecosystem, providing clean, sustainable, and reliable energy solutions for remote
communities, agricultural operations, and other off-grid applications where grid extension is
not feasible or cost-effective.

1.8.4. Grid connected photovoltaic systems

Grid connected photovoltaic systems, also known as on-grid photovoltaic systems or
utility-interactive PV systems are solar power systems designed to operate while connected to
the local utility grid. These systems allow homeowners or businesses to generate their own
solar electricity and feed any excess energy back into the grid.

In simpler terms, a grid connected photovoltaic system is a solar power setup that
remains liked to the primary electrical grid, enabling a two-way flow of electricity. When the
solar panels produce more electricity than the site needs, the surplus is sent to the grid, and
when the site requires more power than the solar panels can generate, electricity is drawn from
the grid [17].
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Inverter / Conditioner

Distribution Panel

Photovoltaics

Electric Utility

Figure I.13. Grid connected PV system

The following diagram represents the types of solar photovoltaic systems

Photovoltaic Systems
Grid Connected Systems Stand Alone Systems
Large Scale ‘1' i i
Grid Contnected PV Hybrid With Without
Systems Systems Storage Storage
ithdi DC off- .
Small Scale > Wét:e?ﬁ?:l > r'(:j Pumping
g gni systems
Grid Connected PV systems
systems | With wind
turbine > ACoff-grid
systems
With cogeneration
engine

Figure 1.14. Photovoltaic systems
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1.9. Conclusion

In this chapter, the fundamentals and basic concepts of photovoltaic solar energy were
covered. The operating principle of solar cells and the PV effect were discussed, in addition to
the advantages, applications, and different types of solar cell technologies. The evolution of
solar cell technology throughout history as well as the electrical characteristics of solar

modules and arrays was also explored.

The diverse applications of PV solar energy such as stand-alone systems, water pumping
systems, hybrid systems, and grid-connected systems were addressed. Despite the challenges
and constraints that this technology may face, solar energy remains a sustainable and

environmentally-friendly option that is gaining increasing interest.

Through this research, we hope to shed light on the importance of solar energy as a
renewable and clean energy source and contribute to promoting its wider adoption in the
future.

The next chapter will focus on the design of a grid-connected solar energy system, with

detailed calculations for the components of the project | am working on.
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Chapter 11: Sizing of a Grid Connected photovoltaic system

I1.1. Introduction

This chapter covers grid-connected photovoltaic systems, addressing several important
aspects of these systems. It will begin with an overview of grid-connected PV systems and how
they operate. Then, it will discuss the site assessment study, which involves evaluating the
location in terms of solar potential, environmental conditions, and available infrastructure.

Next, the chapter will delve into the sizing of system components, including solar panels,
inverters, cables, and other equipment. It will explain how to calculate electrical loads and
determine the appropriate system size.

Finally, the focus will shift to system design and the preparation of engineering diagrams
for the proposed installation.
11.2. Presentation of grid-connected PV system

A grid-connected photovoltaic system is a system that generates electricity from solar
energy using solar cells, and it is connected to the public electricity grid. This system consists
of solar panels that convert sunlight into direct current DC electricity, which is then converted
into alternating current AC electricity compatible with the public grid through an inverter [18].
The generated electricity is used to meet the energy needs of the home or building, and any
excess electricity is exported to the public grid, while electricity can be imported from the grid

when the generated solar power is insufficient [19].

DC protections: Fuses, Surge
protector, DC Switch

PV array _ Grid Utility

O | | Inverter Circuit breaker

“'——-{;/ " g ‘gs,i______

sel”

Figure IL1. Grid connected PV system
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11.2.1. Main components

Grid-connected photovoltaic systems consist of the following main components:

11.2.1.1. Solar panels: A collection of solar cells that directly convert sunlight into electricity
[20].

Figure I1.2. Solar panels

11.2.1.1. Inverter: Converts the direct current (DC) output from the solar panels into

alternating current (AC) compatible with the public grid [19].

sOLAX

POWER

Figure I1.3. Inverter
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11.2.1.1. Grid-connected system: Connects the system to the public electricity grid and
allows for exporting excess electricity or importing electricity when needs [19].

11.2.1.1. Cable: A set of insulated conductors used for transmitting electrical current.

0O

Figure IL.4. Solar cables

11.2.1.1. Safety and protection equipment: A group of components intended to protect the
system, people and property from potentials risks. This equipment includes the
following:

e Fuses: Electrical safety devices that melt when the current exceeds the allowed limit,
cutting off the electrical circuit to prevent damage.

[ g
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Figure IL5. Fuses
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e Surge protector: A protective device installed in an electrical circuit to protect it from

high voltages surges caused by lightning or other events.

~
m

Figure I1.6. Surge protector

e Switch: A device that allows manual switching on or off of electrical current in a circuit.

» -.g':“zl Kom. ®

-

-
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Figure I1.7. Switch DC

e Circuit breaker: Anelectrical safety device that automatically disconnects the electrical

current when there is an increase in load or a short circuit to prevent damage.
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Figure IL8. Circuit breaker

11.3. The standards to consider in the PV system on-grid
Grid-connected photovoltaic systems must comply with various standards and regulations

to ensure safety, performance, and grid compatibility.

Some of the most important standards include:

e Electrical safety standard: Such as IEC 61730 and relevant local standards to ensure the
safety of electrical equipment [21].

e Component quality standards: Such as IEC 61215 for solar panels to ensure component
quality and efficiency [22].

e Grid interconnection requirements: Including standards like IEC 61727 and local utility
requirements to ensure system compatibility with the grid [23].

e Performance standards: Such as IEC 61853 for measuring system performance and
efficiency [24].

e Local codes and regulations: Such as building codes and permit/approval requirements
for solar projects [25].

11.4. Advantages of grid connected PV system

Grid-connected photovoltaic systems offer several advantages, including:

Page 23



Chapter 11: Sizing of a Grid Connected photovoltaic system

- Benefiting from the grid simultaneously: Electricity can be imported from the grid when

solar production is insufficient, and excess electricity can be exported to the grid.

- No need for battery storage: The generated power is consumed directly or exported to the

grid, reducing costs and maintenance requirements.

- Environmental sustainability: These systems contribute to reducing greenhouse gas

emissions and promoting the use of renewable energy sources.

11.5. Site Characteristics

Studying the installation site for a photovoltaic system is a crucial step to ensure good

performance and a profitable return on investment. In this section, we will analyze the key

factors related to the project in the University of Msila.

11.5.1. Meteorological Data

Comprehensive meteorological data from the Meteonorm 8.1 program for Msila region

was used for the period from 1991 to 2000. This data includes the following details:

11.5.1.1. Solar Irradiation

Table II.1 represent the solar irradiation values at the project location

Table II.1. Solar irradiation of the location

Annual Global Horizontal

Irradiation (kwh/m?)

Annual Diffuse Horizontal

Irradiation (kwh/m?)

Global Irradiation on Tilted

Panels (33°) (kwh/m?)

1736.5 707.39 1983.4
11.5.1.2. Temperatures
Table 11.2 represent the temperature values at the project location
TableIL.2. Temperature of the location
Annual Average Highest Monthly Lowest Monthly

Temperature °C

Average Temperature °C

Average Temperature °C

21.76

35.28 (July)

9.74 (January)
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11.5.2. Plant Location and Orientation
The system is designed with fixed solar panels oriented towards the south azimuth 0° and
tilted at an angle of 35°. This tilt angle is generally recommended for areas located around the

latitude of 35.7°N like M’sila to optimize the capture of solar radiation throughout the year.

11.5.3. Expected Solar Production
Based on the proposed system configuration, the report estimates an annual solar
production of 1620 kwh. It is a good production thanks to the high solar radiation in the Msila

region.

Emphasis was placed on the most important key points from the simulation report for the
site study.

11.6. Components Sizing
11.6.1. Solar Panels

The solar panel was chosen according to the requirements of the project, and the
characteristics of the selected panel are as follows:

The technical characteristics of this photovoltaic panel are on a name plate installed on
the back of the PV panel and are also detailed in the PVSYST program as shown in the two
figures.

The technical sheet for this photovoltaic panel specifies the following:

- Manufacturer data,
- Electrical properties,
Figure I1.9 represent the system definition dialog box when selecting the solar panel, it

was taken from PVsyst software.
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Basic data | Sizes and Technology  Model parameters  Additional Data  Commerdial  Graphs

Model |Po|y 150 Wp 36 cells

| Manufacturer |Generic

File name |Generic_Po|y_150W.PAN

| Data source |Typim|

Criginal PVsyst database

0

Prod. Since 2020

Nom. Power Wp  Tol o+ %
(at TC)
Ty

—Manufacturer specifications or other measurements 9 —Model summarv—o
L Main parameters
diti GRef W/m2 C
Reference conditions af 11000 i TRef R shunt 1800
Short-dircuit current Isc |8.930 |A Open dreuit Voo (2240 |V Rsh{G=0) 700 0
Max Power Point Impp |8.430 | A Vmpp (17.80 |V R serie model 0200
' . . R serie max. 0.250
T ture coefficient . °C in seri in series
emperatuire mulsc mA/ b cels in series R zerie apparent 0300
or mulsc |0.060 | %/°C Model parameters
—Internal model result tool Gamma 1035
9 IoRef 0.60 nA
Operating conditions GOper o W/mz TOper : °C muvac -73 mv/°C
Max Power Point Pmpp 150.2 W 0 Temper, coeff,  -0.40 %j°c| | MUPMax fixed -0.40 /°C
Current  Impp 8.37 A Voltage vrpp 180 y
Short-gircuit current [sc 8.93 A Open dircuit Voc 224V
Efficiency [ Celsarea 17.14 % /Module area 15.15 %

Figure I1.9. System definition dialog box when selecting the solar panel

The figure I1.10 represent the physical characteristics of the solar panel

Description

Generic, Poly 150 Wp 26 cells

|156.0| |156.0| mm

—Module —Cells
Length mm In series
Width 70 mim In parallel
Thickness i Size W x H
Weight kg Cell area
Module area 0.992 m= Cells area

R333]00 o

0.876 m=

Figure I1.10. Physical characteristics of the solar panel
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11.6.1.1. Nameplate

Table 1I.1 represent the characteristics of the photovoltaic panes
Table I1.3. Characteristics of the PV panel

Model

Generic, poly 150W 36 cells

Maximum power

150W

Technology Poly-crystalline
Temperature coefficient -0.40% / °C
Short-circuit current 8.93A
Open-circuit voltage 224V
Current at( Pmax) (Impp) 8.37 A
Voltage at ( Pmax) (Vimpp) 17.80 V
Module efficiency 17.14%

11.6.2. Inverter

The inverter was chosen according to the requirements of our project, which has a

capacity of 3 kW, and the characteristics of the chosen inverter are as follows:

Madel X 1-Air-3. 3k
File name Solaxpower_X1_Air_3_3_5.0MD
d Custom parameters definition
—Input side (DC PV field)
Minimum MPP Voltage 55 v
Min. Voltage for PNom 220 v
Maximum Input Current 14.0 A
Mominal MPP Voltage 360 W
Maximum MPP Voltage 530 v
Absolute max. PV Voltage 600 v
Default
Power Threshold 15 w 7]
Contractual specifications, without
real physical meaning Required
Mominal PV Power 3.00 ke
Maximum PV Power 4.30 kw
Maximum PV Current 14.00 A

Main parameters | Efficiency curve  Additional parameters  Qutput parameters  Sizes and Technology  Commercial data

Manufacturer |Solaxpower
Data source |Manufacturer 2020

Prod. Since 2016

—Output side (AC grid)

TEqUENCY
® Monophased
Triphased 50 Hz
Biphased 60 Hz
Grid voltage 230 V"
Nominal AC Power 3.00 kw
Maximum AC Power 3.00 k'
Mominal AC current 14.30 A
Maximum AC current 14.30 A
—Efficiency
Maximum efficiency 97.10%
EURO efficiency 26.80%
Efficiency defined for 3 voltages

Figure I1.11. System definition dialog box when selecting the inverter
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11.6.2.1. Technical datasheet
Table II.1 represent the Manufacturer data of the inverter

Table I1.4. Manufacturer data of the inverter

Model Solaxpower X1-Air-3.3kw

Manufacturer Solaxpower

And the table II.1 represent the information of the input and output parameters of the
inverter and also the efficiency.

Table IL5— Input and Output parameters of the inverter

Input parameters DC PV field Output parameters AC grid
Minimum MPP voltage 55V Grid voltage 230V
Min. Voltage for MPP 220V Nominal AC power 3kw
Maximum input current 14A Maximum AC power 3kw
Nominal MPP voltage 360V Nominal AC current 14.3A
Maximum MPP voltage 530V Maximum AC current
Absolute max.PV voltage | 600V Efficiency
Power threshold 15W Maximum efficiency 97.10%

11.6.3. Cable Selection
The following equation enables us to calculate the cross-section cables:
_2%Lpc Floc *p IL1)

S
L0SS * Vpp

Where:
Loc: The lengths of the cable run (m)

Ioc: The current that will flow through the cable (A)
p: The resistivity of the conductor material

Loss: Refers to the allowable or maximum voltage drop over the length of the cable
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Vmpp: Maximum power point voltage

- For Vmpp = 55V

§= 2x100%843%1.7 108

= 2.6mm?
0.02 * 55
- For Vupp = 530V
2% 100%8.43 1.7 108
= 2.7mm?

0.02 %« 530

We take the greatest value, and for more protection we use a greatest cross-section, for

example in this project we use S = 6mm?.
11.6.4. Safety and protective equipment
11.6.4.1. DC Side

e Fuses
To calculate the fuses, we follow the following steps:

e Calculate the maximum operating temperature of cell.

e Calculate the effective current of the module.

e Finally, we calculate the fuse current.

- Apply of step:

e The maximum operating temperature:
Tc—max :Ta +0-03*Gmax (Hz)

Tc—max = 63773°C
Where:
T «: Ambient temperature of the location Msila

Gmax: Maximum solar irradiance at the location

The maximum solar irradiance was obtained from the PVGIS program.
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Profil rayonnement journalier, plan incliné
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Figure I1.12. Solar Irradiance

e The effective current

* -
|( ) - |( )*[1 + O(‘Isc (Tc—max Tref )]
SC-max SC-STC 100
0.06 + (63.773 — 25)
Isc—max = 8.93 * [1 + 00 ]

Isc—max = 9.137A

Where:

Isc—stc: The short circuit current module from STC

aisc: Short circuit temperature coefficient

(IL3)

e The fuse current: The fuses must be calculated according to the following expression:

I =1.25 % |
Ir = 1.25%9.137
Ir = 11424

(IL.4)
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A factor of 1.25 is chosen as a safety margin to protect the circuit from any temporary
surges in current.

Since a fuse current value of 11.42A was found, we will need a fuse with a larger current
value.

So, need two fuses of 16A.

e DC Switch

Regarding the Switch DC current, apply the same fuse current equation and find the same
result, since the specifications and data used are exactly the same.

And the Voltage,

V=V x N (IL.5)
- The effective voltage

O(‘voc' T -Min -Tre (H6)
Vinax et = Vocste [1+ ( iOMO f)]
—0.4.(9.74—-25)
100

VMax—Eff = 224‘[1 +
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Vmax—Eff = 23.767V

Vs=23.767%* 20

Vs=4753V

Where:

Voc : Open circuit voltage from STC

avoc: Open circuit temperature coefficient

Np: Number of solar panel
Take DC Switch of 500V, or better yet 1000V.
So the characteristics of the DC Switch are: 16A/1000V.

e Surge Protector

As part of designing a 3KW grid-connected PV system, the surge protector DC 1000V,

20K A was selected in accordance with common practices and standards in the small-scale solar
power market. This surge protector is considered suitable for providing adequate protection for
the DC circuits in a system of this size and capacity. In small projects, key components such as
surge arresters are typically chosen based on recommendation from manufacturers and experts

in the field, rather than performing complex calculations.

However, the surge protector’s specifications were verified to be compatible with the
requirements of the designed solar power system, providing a suitable operating voltage of
1000V DC. And a high discharge capacity of 20KA, making it a safe and effective choice for
protecting the system against lightning strikes and high electrical surges.

11.64.2. AC Side

e Differential Circuit Breaker

ID = 125* Ii—max (H7)
Ip =1.25%14.3
Ip =17.875A

Where:

Ip: Differential circuit breaker current

li-max: Max output current of the inverter
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Of standard caliber, choose an AC differential circuit breaker with a current of 25A.
The project we are studying is a small photovoltaic station, so the elements that have
been calculated are all we need to install this station.

11.7. Design and diagram of the planned installation

foL
:O: PV array AC protections
st DC protections |m==——-
----------------- v Inverter I :
: — . : — L] i I Load
20 panel ' EI B o : C)
1 | —/o— 1 I !
T | n : .
(F . . — ] - | |
¢ > P TR
100 meters

Figure I1.13. Station diagram
11.8. Conclusion
In this chapter, PV grid-connected systems are explored in depth. After presenting the
main components, operation, and standards governing this type of installation, the numerous

advantages it offers are highlighted.

An in-depth study of the installation site was then carried out, taking into account crucial

factors such as solar irradiance, optimal orientation, and tilt to maximize energy production.

The detailed sizing of each component was meticulously performed, from the PV panels
to the inverter, including wiring, surge protection, and electrical safety devices. These rigorous

calculations ensure a safe, efficient, and code-compliant installation.

Finally, a complete schematic of the proposed installation was provided, illustrating the

arrangement of the different elements and their interconnections.

The following chapter will tackle the simulation of this system using specialized
software, allowing for the analysis of expected performance and further optimization of the

design before actual implementation.
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Chapter III: Simulation of the project in PVSY ST software

I11.1. Introduction

After explaining the theoretical background and photovoltaic technologies in the previous
chapters, the focus will now be on the digital simulation aspect of solar photovoltaic systems.
Performance simulation is a crucial step in the design and evaluation of any photovoltaic

system before its actual implementation.

Specialized simulation software allows of the study of the proposed system’s behavior
and energy production under a variety of weather and design conditions. Simulation results
help make informed decisions regarding technical specifications and identify any necessary

modifications or improvements to achieve maximum efficiency.

In this chapter, PVsyst one of the most renowned and widely used solar energy
simulation software, will be employed to conduct a simulation study of a grid-connected
photovoltaic system. The various steps of the PVsyst simulation will be explained in detail,

from preparing input data to analyzing results and proposing potential design improvements.

The main objective is to build and accurate simulation model for the performance of the
studies photovoltaic system under specific conditions. This allows for reliable estimation of
expected energy production and identification of potential factors that may affect system
efficiency. This information will provide a sound basis for making appropriate decisions
regarding the final design and feasibility of project implementation.

111.2. Presentation of the PVSYST tool

PVsyst is software of simulating and designing photovoltaic solar power systems,
developed by the University of Geneva in Switzerland [27]. Here is a detailed presentation of

this tool:

111.2.1. General Description

PVsyst enables the modeling, simulation, and analysis of the performance of grid-
connected or stand-alone photovoltaic installation [28]. It takes into account numerous criteria
such as local weather date, panel orientation and tilt, potential shading, and component

characteristics (modules, inverters, cables, etc.)[27]
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111.2.2. Main features
- Sizing of photovoltaic fields.
- Selection and association of components.
- Simulation of energy production.
- Performance and profitability analysis.
- Consideration of near and far shading.
- 3D modeling of the installation.
- Case studies for different scenarios.
111.2.3. Interests and advantages
- Comprehensive tool for design and feasibility assessment.

- Consideration of local weather data.

Extensive library of photovoltaic components.

Ability to import your own data[29].

User-friendly interface.

Results in the form of detailed reports.
111.3. First contact with PVSYST
When opening PVSYSYT, you access the main page:
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® Pysyst 7.3 - LICENSED

File Preliminary design Project Settings Language License Help

i‘-:ii Welcome to PVsyst 7.3

Project design and simulation

il i T
Grid-Connected Standalone Pumping
Utilities
S % 2
Databases Tools Measured Data
Recent projects © pocumentation
£ my Project
& New Project 7 )
Open PVsyst Help (F1)

QF.A.Q.

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

There are also many questionmark buttons for more
specific information,

B video tutorials ‘

P77 Pysyst user workspace

C:\Jsers\madani\PVsyst7.0_Data | *b Manage | | 11 Switch |

‘ —b| Exit ‘

Figure IIL.1. Pvsyst main page

This gives access to the four main parts of the program:

111.3.1. Project design and simulation

Project design and simulation is the core feature of the software. It is used for the

complete study of a project. It involves the choice of meteorological data, system design,
shading studies, loss determination and economic evaluation. The simulation is carried out

over a full year by time slot and provides a complete report, as well as many additional results.
111.4. Modeling of the PV system

The entire project will be signed and is a networked project. When the project that is

connected to the network is selected (figure I11.2).
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Get a dashboard (figure I11.2) to manage the project.

® Pysyst 7.3 - LICENSED

File Preliminary design Project Settings Language License Help

':ii Welcome to PVsyst 7.3

=+ T
Standalone Pumging
% D
Databases Tools Measured Data

Figure II1.2. Start a grid-connected project

This dashboard consists of two parts:

e Part 1: Project in PVSYST

The central object upon which various forms of the system are to be build. The project
contains the geographic location of the system, a reference to a file containing meteorological
data.

e Part 2: System variables
Each contains all the detailed definitions of my system, which will trigger the simulation

calculation. These definitions include

- Selection of PV panels and reflectors.

Number of panels and inverters.

Geometric arrangement and potential shading.

Electrical connections.

Different economic scenarios.
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 Project: M_sila_Project PRI = O X

Project Site Variant User notes

s = | )
P!’OJeCt + New | Load H Save @ Import | Export 0 Project settings m‘ Delete z Client @
Project's name my Project I Client name Not defined
Site File M'sila_MN81.5IT Meteonorm 8.1 (1991-2000), Sat=100% Algeria Q | +

Meteo File _sla_MN81_SYN.MET Meteonorm 8.1 (1991-2000), Sat=100%  Synthetic OIS Q @ '@

Simulation done
(version 7.3.1, date 02/24/24)

N | b
Variant + New H Save | @ Import m Delete o Manage @
—Results overview
Variant n® [VCU + New simulation variant
System kind No 3D scene defined, no
shadings
—Main parameters —Optional imulati System Production 4861 kWhjyr
‘ @ rienttabon ’ @ Horion ‘ Specific production 1620 kWh/kWp/yr
’ Run Sinulation Performance Ratio 0.817
‘ @ system j (®) Near Shadings J Normalized production 4.44 kWhjkWp/day
. Array losses 0.85 kWh/kWp/day
‘ (®) Detailed losses ’ ® Module layout ‘ ) Advanced Smul. | Systemlosses 0.14 kWhikwp/day
[
‘ (®) Selfconsumption ’ (®) Energy management ‘ ‘ i} Report ‘
‘ ®) Storage J (@) Economic evaluation ‘ ‘ 1 Detalled resuits ’

Qe _ Qm |

Figure IIL.3. Project management dashboard

111.4.1. Weather and site data

First, we choose the site through a new site Msila from the site file. Then we select the

meteorology file.

. — |
PI'O]ECt + ew |7 Load Hiave Inport | o Expot OProjectsetﬁﬂgs wgelete Aglient

Project’s name
Site File Wl MNBLTT Meteonom 8.1 (1991-2000), Sat=100% Aeria
eteo il iz MIGL SHMET Metonoma.d (155200, Set=100% Syt

Figure II1.4. Choose a geographic site
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—sereTTeTTOT,

Localy:| 43410, 35.869 i

[ 1] +]

MSia

Ras £l Oued
Hammam Country

Dhalaa Barinia AnQUM? | pgeria
Bordj Ghedir
i Alssa Latitude (°)

35,7089
Salah Bey

Longitude (°)
4.5372

Altitude (m)
480

Time zone

.
Msila V.\[ZOEM ;

/W\ Ouled Derrad]
Ain El Hadjel
= Berhoum

Magra

Ain Khadra
Belaiba

Djezar

ChottElHodna

@ OpenSireethtap contributors.

Figure IIL5. Interactive project map
111.4.2. Parameters of the chosen components

After we have determined the site and weather data for the project, we move on to

determining orientation and system.

3 | s
Variant + New H Save | s | Import W Delete 0 Manage 0
—Results overview
Variant n° !VCU + New simulation variant
System kind No 3D scene defined, no
shadings
Main parameters—— | —Optionll——————————— —Simulati System Production 4861 kWhiyr
‘ @ Foon ’ Specific production 1620 kWh/kWp/yr
L ’ Run Simulation Performance Ratio 0.817
l ‘ Near Shadings ’ Normalized production 4.44 kWhikWp/day
4 . Array losses 0.85 kWh/kWp/day
] @ Module layout ‘ O Advanced Simul, ’ System losses 0.14 kWh/kWp/day
‘ (® Selfconsumption ] (®) Energy management ’ | [} Report ’
L !
‘ ®) Storage ‘ (®) Economic evaluation ’ ‘ ' Detailed results ‘
O\ System overview ’ —ﬂ Exit ’

Figure TI1.6. Two basic parameters orientation and system
111.4.2.1. Orientation

It determines the tilt angle of the solar panels.
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L3 Orientation, Variant "New simulation variant”

Field type |G NIlICENE R Y
—Field ters . .
° Tilt 35° Azimuth 0°
Flane tilt |35.0 2
Azimuth 0.0 =
/ West East
South
—Quick optimizati
—Optimization with respect to d
@ Yearly irradiation yield
() Summer (Apr-Sep) 1.2 T T T T
) Winter (Oct-Mar) s
1.0 1
—Yearly meteo yield [
0aH 0.8 B
Transposition Factor FT 1.15 FTranspos.= 1.15
) ) [ Loss/opt.= 0.0% i
Loss with respect to optimum 0.0% 06 I 1 0 L L I 1 1
0 30 50 50 30 S0 -30 0 30 80 90
Global on collector plane 2005 kWh/m?2 Plane tit Fiane orientation
x Cancel ‘ ‘ J O

Figure II1.7. Orientation dialog

We will install the solar panels on a fixed tiled plane. After setting the correct values for
the inclination and azimuth angles (respectively 35° and 0°), we click ok to finish the
orientation and head to the system.

111.4.2.2. System

It includes identification:

- Type and number of photovoltaic modules.

- Type and number of inverters used.

e Select the PV module

In the previous chapter i determined the capacity and type of solar panel, now we choose
it to complete the simulation.
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® Grid system definition, Variant VC0: "Mew simulation variant™

Sub-array 0 List of subarrays 0
Sub i i Pre-sizi
y name and Or ng Help F (5 AIB v A &
Name [PV Aay O Mo sizing Enter planned power @ o @ =
Tt 35° | T il (modulesy O 8 Name #Mod #5tring
Orient. Fixed Tilted Plane imuth @9 o s ... or available area(modules; EI m #nv. SMPET
~Select the PV module b
| Available N ] [&IPY modul ] ded modu = +- Generic - Poly 150 Wp 36 cells ) 1
wailable Now i modules Approx. needed modules H
Fiter “-- Solaxpower - X 1-Air-3. W 1 1
| Generic | [1s0wp 15v_ Sipoly Poly 150 Wip 36 cells Since 2020 Typical |1 open
() Use optimizer
Sizing voltages : ¥mpp (60°C) 153 V
Vo (-10°C) 249V
—
50 Hz
Available Now | Output voltage 230 V Mano 50Hz 60 Hz
|Su\axnower \/l 3.0kW 55-530V T 50/60Hz X 1-Air-3.3kW Since 2016 VI C, Open
Nb. of inverters - Operating valtage:  55-530 V  Global Inverter's power 3.0 kiac
Input maximum voltage: 600V "String” inverter with 1 inputs
Design the array
—Number of modules and stri Operating conditions Global system summary
vmpp (60°C) 307 v Nb. of modules 20
- Vmpp (20°C) B Module area 20 m2
Mod. in series - Obetween 4and 24 Voc (-10°C 498 v
N 9| voctu Nb. of inverters 1
2 1 .- - i " |
Nb. strings * Eonly possibiity 1 Plane iradiance 1000 W/m2 OMax.indsta @ sTC Norinal Y Power 3.0 kwp
Overload loss 00% = govare | (73 Impp (STC) 844 Max. operating power 2.7 kw MEX'.WU'" PV Power 2.9 kwoc
Frier 1.00 = show sizing Isc (STC) 89 A (at 1000 W/m? and 50°C) Nominal AC Pawer 3.0 kWAC
Prom ratio 1.000
Hb. modules 20 Area 20 m? Isc (at STC) 89 A Array nom. Power (STC) 3.0 kwp
| Q System overview | | g— Single-line diagram | x Cancel | | ‘/ oK

Figure IIL.8. System definition dialog when selecting PV module

e Choose an inverter
Their capacity, type and number were also previously determined. For the installation of

our project we chose a 3KW inverter with a single input.

The complete installation configuration for our project also contains: one inverter, one

string, containing 20 connected modules.
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m definition, Vari wlation variant”
Sub-array 0 List of subarrays 0
—Sub-array name and Ori i Pre-sizing Help I &
4 AB VvV A
Name [PV Aray O Mo sizing Enter planned poner @ wip @ =
Orient.  Fixed Tilted Plane P + or avaloble areafmodules) Oz |me Name Hod  #sting
Select the PV module PY Array
[Fuaiabiey - (17 mod ] P 2» Generic - Poly 150 Wp 35 cells 20 1
vailable Now modules Approx. needed modules
Filter Solaxpower - X1-Air-3,3kW 1 1
| Generic | [150wp 15v  sipoly Poly 150 Wp 36 cells Since 2020 Typical ~]| | open
[ use optimizer
Sizing voltages : Vmpp (60°C) 153 V
voc (-10°C) 249V
- Select the inverter
- 50 Hz
Available Now | Output voltage 230 ¥ Mono 50Hz 60 Hz
| Solaxpower | [zokw  ss-ssov T sojsoHz xiAr3.sew Since 2016 ~] | o open
Nb. of inverters » Operating voltage: 55-530V  Global Inverter's power 3.0 kWac
Input maximum voltage: 600V "String” inverter with 1 inputs
Y
—Number of modules and strings——— | Operating conditions Global system summary
Vmpp (60°C) 07 vV Nb. of modules 20
- Vimpp (20°C) 367 V Module area 20 m:
Mod. in series o [Obetween 4and 24 Voc (-10°C 498 v
EI ot ) Mb. of inverters 1
) - m o - )
Nb. strings I:I . Eonly passisiity 1 Plane iradiance 1000 W/m? OMax.indata @ sTC Nominal PV Power 3.0 kwp
Oveliond 1038 0.0 % . ) Impp (STC) 8.4A Max, operating power 2.7 kw Max\.mum PV Power 2.9 kwpnC
= 1.00 [= Show sizing Isc (STC) 8.9A (at 1000 W/m2 and 50°C) Mominal AC Power 3.0 kWAC
Prom ratio 1.000
Nb. modules 20 Area 20 m? Isc (at 5TC) 8.9A Array nom. Power (STC) 3.0 kwp
| Q System overview | | g— Single-line diagram | x Cancel | | / oK

Figure II1.9. System definitiondialog when selecting inverter

111.4.3. Project simulation

In the project control panel, the start simulation button is activated and we can click on it.

® project: M_sila_Project.PR] — o X

Project Site Variant User notes

. = i >
Project W new PPV Lond H sve @ Inport | o Bport | [QR Projectsettngs T Delete | & Clent / @
Project's name my Project ) Client name Not defined

Site File Msila_MN81.STT Meteonorm 8. 1 (1991-2000), Sat=100% Algeria q & L

Meteo File sia_MNS1_ SYN.MET Meteonorm 8,1 (1991-2000), Sat=100% __ Synthetic 01D a @ (7]

Simulation done
(version 7.3.1, date 02/24/24)

; ¥ i A
Variant New H; swve | ® | Import T Delete o Manage y (7]
—Results
Variant n°® VCO  : New simulation variant 2
System kind No 3D scene defined, no
shadings
~Main ~Optional T ——————— System Production 4861 kihjyr
‘ @ Orientation I ‘ @ Horizon I Specific production 1620 kWhkWp/yr
P Eim Semudation Performance Ratio 0.817
‘ @ System | ‘ @ Near Shadings | Normalized production 444 kwhjip/day
- Array losses 0.85 kihjwp/day
‘ @ Detailed losses @ Modue layout | @ Advanced Simu. ] System losses 0.14 KWhjWp/day
‘ (@) Self-consumption | ‘ (@) Energy management I ‘ Jli Report |
‘ (@) Storage I ‘ (@) Economic evaluation I ‘ |n# Detailed results I

Figure II1.10. Simulation run button
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I11.5. Simulation results

Once the simulation is complete are directed directly to the dialog box containing the

results of this project.

111.5.1. Analysis of the results

- This dialog box displays, at the top left, a small summary of the simulation parameters.

- At the top right is a box containing six values summarizing the main results of the

simulation, which are approximations of the results.

@ Results, variant VCO New simulation variant™

At the bottom of the dialog box, several graphs appear that actually provide more detailed
information about the overall behavior of the system.

it

—Main

Project

my Project PV Array

Site Msia PVmodules  Poly 150 Wp 36 cells

System type  Grid-Connected Nominal power 3.00 kiWp

Simulation  01/01to 12/31 MPP voltage 8OV
(Generic meteo data) MPP current 8.4A

System Production 4861 kWhiyr Normaized prod.  4.44 kiWhjkWp/day
Specific prod. 1620 kWhjkWpjyr  Arraylosses 0.85 kWh/kWip/day
Performance Ratio 0817 System losses 0.14 kWhjkWp/day

Inverter X1-Air-3.3W

Inv. unit power 3.0 kw

Nb. of inv. 1

Daily Input/Output diagram

il Report

T T T

Performance Ratio PR \
T T T T T T T

T T T T =
H © Values from 01/01 to 12131 1; Il #R Performance Ratio (v1/Yr): 0317 - Tables
H 20f o B 2 09 e
B W@d 3 [ Predef. graphs
h 4t 5 —_—
2 4 F
3 wf ws@«’ig§ g ‘ [ Hourly graphs
: o® ] —_—
g st
H Ini Economic evaluation
obee | e S
0 2 4 5 s 10 Mar  Apr May Jun Ju Aug Sep Oct Nov Dec e
—_— Globalincident in coll. plane [Kih/m/d
{Daily Input/Output diagram | alncident in coll. plane [ 2] [Performance Ratio PR |
— " . System
System Output Power Distribution = Array Temperature vs. Effective Irradiance O\ i
e T T T T T £ 100 : ; i i
E —— Values from 01/01 to 12131 E
< 100} E: a0 Values from 01/01 te 12431
£ E sTC =
i - i O Recenter
g 60 E
3 2 40 |
i wf =
g 2 £ 20 ] 1
2 2 < I I 1 I 1 Save
i ! ! ! ! n By
3 G o e e s g 0 200 400 800 200 1000 1200,
I — \ power injected into grid [W] =
| kAt — J

Effective Global, corr. for IAM and shadipos IW/mT g E Close

111.5.2. The report

Figure III.11. Results dialog box
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WPVsSYsT

|".l'er5.'u:m 7.3.1|

PVsyst - Simulation report
Gnd-Connected System

Project: Design and installabon of a 3 KW
Gnd Connected Photovoltaic System

System powsr: 3000 W
M'sila - Algeria
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a: Project: Design and installation of 3 kW gnid connected PV system

PVsyst V7.31
ViZD, Simulation date:

170224 22-13
with v7.3.1

Project summary
Geographical Site Situation Project settings
MW'sila Latitude 151N Albedo 020
Algeriz Longitude 43°E

Altitude 430 m
Time zone UTC+

Meteo data
Msilz
Meteonorm 8.1 (1981-2000). Sat=1007% - Synthetic

System summary
Grid-Connected System Mo 30 scene defined, no shadings
PV Field Crientation Mear Shadings User's nesds
Fixed plane Mo Shadings LUnlimited load (grid)
TilAzimuth ain®
System information
PV Amay Inverters
Mb. of modules 20 units M. of units 1 unit
Prom total 3000 Wp Priom total 3000 W

Priom ratic 1.000

Results summary
Produced Energy 4BE1 KWhiyear Specific production 1620 kWhkWpdyear Perf. Ratio PR 8170 %

Table of contents
Project and results summary 2
General parameters, PV Array Characteristics, System losses 3
Mazin resuls 4
Loss diagram 3
Predef. graphs B
Single-line diagram 7
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TLL

i

e

.
PVsyst V7.3.1
VCO. Simulation date:
17/02/24 22-13
with w7.3.1

Grid-Connected System

PV Field Orientation
Orientation

General parameters

Preoject: Design and installation of 3 kW grid connected PV system

No 3D scene defined, no shadings

Sheds configuration

Models used

Fixed plane Mo 3D scene defined Transposition Perez
TikAzimuth asfo- Diffuse Perez. Meteonorm
Circumsolar separate
Horizon Mear Shadings User's needs
Free Horizon Mo Shadings Unlimited load (grid)
PV Array Characteristics
PFY module Inverter
Manufacturer Genenc Manufacturer Solaxpower
Model Pahy 130 Wp 36 cells Mode] H1-Air-3 3w
{Criginal PVsyst databasa) {(Custom parametsrs definition)
Unit Mom. Poweer 130 Wp Lnit Mom. Piower 3.00 kWac
Mumbsr of PV modules 20 units Mumber of inverters 1 unit
Mominal (3TC) 3000 Wp Total powrer 3.0 kWac
Modules 1 Siring x 20 In series Cperating vokage 33-330 WV
At operating cond. [S0°C) Prom ratic (0C-AC) 1.00
Pmpp 2702 Wp
' mpp 3V
I mpp g4 A
Total PV power Total inverter power
Mominal (5TC) 3.00 KWp Taokal power 3 kWac
Total 20 modules Mumber of inverters 1 unit
Module area 19.8 m? Prom ratic 1.00
Cell arez 94 m*
Array losses
Thermal Loss factor DC wiring losses Module QGuality Loss
Meodule temperature sccording to imadiance Global array res. 44 mik Loss Fraction -0.8 %
Uc (const) 200 Wirnk Loss Fraction 1.3 % st 5TC
U (wirecd 0. Wmimis
Module mismatch losses Strings Mismatch loss
Loss Fraction 2. % at MPP Loss Fraction 01 %
1AM loss factor
Incidence effect (WAM): Fresnel smooth glass, n = 1.326
o 30 o -1 Fit T =] BS b=l
1.000 0938 0581 0.948 0,862 0776 0636 0403 0.000

P

age 47




Chapter I1I: Simulation of the project in PVSY ST software

.
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PVsyst V7.3.1

VCO0. Simulation date:

17/02/24 22-13
with w7.3.1

Project

: Design and installation of 3 kW grid connected PV system

System Production
Produced Energy

4861 K'Wwhiyear

Normalized productions (per installed kKWp)

Main results

Specific production
Performance Rato PR

1620 KWhik\Wplyear

31.70 %

Performance Ratio PR

. . Lot Collaction Loss (PV-amay lossas) 085 KWWhWW piday i [ ] F’FI!. Pearfermance Ratio (¥f } ¥r] | 0817

I Ls: Systam Loss (inverter, .} 014 KWK sy B

_E_ s ¥ Produced useful erer .44 KVURRW Picleny _

ERE

- 1

“ Jan Mar Apr Mey Jun Apr May Jun Aug
Balances and main results
GlobHor DiffHor T_Amb Globinc GlobEff EArray E_Grid PR
kKwh/m? kwhim? “C Kwhim? kKWwhi/m? k'wh kWwh ratio

January 80.6 3417 Q74 129.2 126.8 B34 3425 0.883
February 930 38.64 11.42 1323 1296 3565 3455 0.871
March 1371 55.07 16.30 1659 1621 4310 4175 0.839
April 168.1 70.28 2044 176.1 1712 4479 4339 0.821
May 1935 85.93 25.75 1828 1772 4555 4413 0.805
June 2088 90.34 3113 1889 1828 4580 443 6 0.783
July 2194 85.61 3528 2036 1974 481.1 466.0 0.763
August 199.9 78.41 34.05 204.0 1984 4843 469.2 0.767
September 151.9 61.97 27.82 1726 168.2 4247 41156 0.795
October 1226 46.10 22.90 164.8 161.3 4178 4049 0.819
Movember 87.2 31.06 14.90 1375 1351 3640 3528 0.855
December 744 29.81 10.64 1256 1233 312 3326 0.883
Year 17365 707.39 21.76 1983 4 19335 50174 4861 .4 0.817
Legends
GlobHoer Global horizontal irradiation EArmray Effective energy at the output of the array
DiffHor Horizontal diffuse irradiation E_Gnd Energy injected into grid
T_Amb Ambient Temperature PR Performance Ratio
Globlnc Global incident in coll. plane
GlobEff Effective Global, corr. for IAM and shadings
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There are seven pages in this report, which are as follows:

1- Cover page: This contains some information about the project (system type, size,

location).

2- Second page: A detailed summary of the project system and results of simulation
variables, a fully specified geographic location and weather characteristics, as well as a
table of contents of the report.

3- Third page: General basic parameter of the simulation, showing us the level trend, system
type, components used configuration table and loss parameters.

4- Fourth page: Contains the main results of the simulation, which are energy

production, specific production, and performance ration.

5- Page five: Gives the PVsyst loss chart, which shows the power balance and all losses

along the system.

6- Page six: Charts for simulating and showing daily input and output plans and the

distribution of forces injected into the network.
111.5.3. Analyze the report results
On the fourth page, | find results related to my system, which are defined in three

relevant quantities:

1- Energy produced: The basic result of the simulation, which is equal to 4861kwh/year.
2- Specific production: The produced energy is divided by the facility’s nominal energy,

which found to be equal to 1620 KWh/kWp/year.
3- Performance ratio: It is an indicator of the quality of the system. This is about 81.7%.

Main results
System Production
Produced Energy 4861 kWh/year Specific production 1620 kKWh/kWplyear
Performance Ratio PR 81.70 %

Figure II1.12. Main simulation results from report
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On the same page will also find a table of the main variables, show is monthly values and
total annual value. The annual value can be an average, such as temperature, or a sum, such as

radiation or energies. The meaning of the different variables is in the image with the table.

Table III.1: assessment and main results of the Msila site

Balances and main resuits

GlobHor DiffHor T_Amb Globinc GlobEff EArray E_Grid PR

KWhim* kWhim* °C kWh/im* kWh/m? kWh kWh ratio
January 80.6 3417 9.74 1292 126.8 3534 3425 0.883
February 93.0 3364 1142 1323 1296 356.5 3455 0.871
March 1371 55.07 16.30 165.9 162.1 4310 4175 0.839
April 168.1 70.28 2044 176.1 1712 479 4339 0.821
May 1935 8593 2575 182.8 1772 4555 4413 0.805
June 208.8 90.34 313 188.9 1828 458.0 4436 0.783
July 2194 85.61 3528 2036 1974 4811 466.0 0.763
August 199.9 7841 34.05 204.0 1984 4843 469.2 0.767
September 151.9 61.97 27.82 1726 168.2 4247 4115 0.795
October 1226 46.10 22.90 164.8 161.3 4178 404.9 0.819
November 87.2 31.06 14.90 1375 1351 364.0 3528 0.855
December 744 29.81 10.64 1256 1233 3432 3326 0.883
Year 17365 707.39 21.76 1983.4 19335 50174 4861.4 0.817
Legends
GlobHor  Global horizontal irradiation EArray Effective energy at the output of the array
DiffHor Horizontal diffuse irradiation E_Grid Energy injected into grid
T_Amb Ambient Temperature PR Performance Ratio
Globinc  Global incident in coll. plane
GlobEff Effective Global, corr. for IAM and shadings

Figure II1.13. Table of main variablesand its results

Monthly diagrams are presented in units called the normal performance indicator NPI.
These variables were defined by the Joint Research Center IRC ISPRA for standardized
reporting of PV system performance, and are now defined in the international standard
IEC61836.
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Normalized productions (per installed kWp) Performance Ratio PR
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Figure I11.14.Standardized performance indices

This figure represents the losses that are influenced on the energy production per month

and the corresponding performance index of each state.
These losses are:

- Collection loss: 0.85 kWh/day
- System loss: 0.14kWh/day

When the losses are small the performance index is important and the opposite.

Overall, an APR of 81.7% is considered good for this solar system, indicating that the

system is operating at efficiency close to its maximum theoretical potential.

On the fifth page we find the loss diagram that explains all the losses. This chart is very useful
for analyzing design options [30], and should be used when comparing systems or variants for the

same project
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Loss diagram
1737 kWhim* Global horizontal irradiation
T +14.2% Global incident in coll. plane
-2.51% |AM factor on global
1933 kWh/m* * 20 m? coll. Effective irradiation on collectors
efficiency at STC = 15.15% PV conversion
5808 kWh Array nominal energy (at STC effic.)
-0.34% PV loss due to irradiance level
\ -11.12% PV loss due to temperature
A +0.75% Module quality loss
EQJO% Mismatch loss, modules and strings
-1.12% Ohmic wiring loss
5017 kWh Array virtual energy at MPP
-3.10% Inverter Loss during operation (efficiency)
N 0.00% Inverter Loss over nominal inv. power
N 0.00% Inverter Loss due to max. input current
N 0.00% Inverter Loss over nominal inv. voitage
N-0.01% Inverter Loss due to power threshold
N 0.00% Inverter Loss due to voltage threshold
4861 kWh Available Energy at Inverter Output
4861 kWh Energy injected into grid
-—___\ e
‘\w--__ﬂ-"

Figure III.15. Loss diagram
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111.5.3.1. Loss diagram analysis for PV energy system
1- Global horizontal irradiation: This represents the total solar radiation falling on the surface

of the PV modules. It is equal to 1737 kwh/m2.

2- Global incident in coll. Plane: This represents the solar radiation that actually reaches the
surface of the PV modules, taking into account factors like module orientation and tilt.
Increased by 14.2% compared to the global horizontal irradiation.

3- 1AM factor on global: The Incidence Angle Modifier (IAM) represents the losses due the
angle of incidence of the solar radiation on the PV modules. Decreased by 2.51%.

4- Effective irradiation on collectors: This represents the actual solar radiation that is

effectively utilized by the PV modules.no specific value given, but can be calculated from

the previous values, as follows :

globalincident in coll. plane (I1.1)

ef fective irradiation on collectors = ) ) ..
f1 alobal horizontal irradiation

From the data in the diagram:

- Global horizontal irradiation= 1737 kwh/m?

- Global incident in coll.plane = 1737 x (1 + 14.2%) = 1982.4]“”}2’
To calculate the effective irradiation on collectors:
2
1982.4 kwh/m (IIL.2)

ef fective irradiation on collectors =
1737 kwh/m?

=1.14 or 114%

Therefore, the effective irradiation on collectors is 114%. This indicates that the incident
radiation on the surface of the collectors is 14% higher than the global horizontal irradiation,

suggesting that the design of the collectors’ orientation and tilt is suitable.

5- PV conversion: This represents the conversion efficiency of the PV modules, converting

the solar radiation into electrical energy, and efficiency at STC is 15.15%.
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6- Array nominal energy (at STC efficiently): This is the expected nominal energy output of
the PV array under Standard Test Condition (STC), and equal 5808 kWh.

7- PV loss due to irradiation level: Losses due to the actual irradiation level being different
from the STC irradiance. Decreased by 0.34%.

8- PV loss due to temperature: Losses due to the PV module temperature being different
from the STC temperature. Decreased by 11.12%.

9- Module quality loss: Losses due to variations in the quality and performance of the PV
modules. Increased by 0.75%.

10- Mismatch loss, modules and strings: Losses due to mismatches between the PV modules.
Decreased by 2.10%.

11- Ohmic wiring loss: Losses in the electrical wiring and connections. Decreased by 1.12%.

12- Array virtual energy at MPP: The energy output of the PV array Maximum Power Point
(MPP), and equal 5017 kwh.

13- Inverter loss during operation (efficiency): Losses in the inverter during the conversion of
DC to AC power. Decreased by 3.10%.

14- Inverter loss over nominal inv. power: Losses in the inverter when operating at non-
nominal power levels. Around 0.00% or close to it.

15- Inverter loss due to max. Input current: Losses in the inverter due to exceeding the
maximum input current. Around 0.00% or close to it.

16- Inverter loss over nominal inv. voltage: losses in the inverter due to exceeding the
nominal input voltage. Around 0.00% or close to it.

17- Inverter loss due to power threshold: Losses in the inverter when the power output is
below the minimum threshold. Around 0.00% or close to it.

18- Inverter loss due to voltage threshold: Losses in the inverter when the voltage output is
below the minimum threshold. Around 0.00% or close to it.

19- Available energy at inverter output: The final energy output of the PV system, which is

the energy injected into the grid, and equal 4861kWh.

Analyzing these values, we can extract some points:
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1- The global incident radiation on the surface increased by14.2% compared to the global
horizontal irradiation, indicating that the tilt and orientation of the solar collectors are
suitable.

2- There are significant losses due to temperature (11.12%), suggesting the need for better
cooling of the modules or the use of more heat-resistant modules.

3- The mismatch and ohmic wiring losses to 3.22%, indicating the need to improve electrical
connections and balance the array.

4- The inverter losses during operation were 3.10%, which is a reasonable value for the
inverter efficiency.

5- The final available energy at the inverter output is 4861 kWh, which is 83.7% of the array

nominal energy at STC.

This detailed analysis of the values in this loss diagram provides a comprehensive view

of the system’s performance and potential areas for improvement.
111.6. Conclusion

Throughout this chapter, we highlighted the main steps in the development and modeling
of the proposed photovoltaic system. We started by introducing the PV system design tool and
the PVsyst software, and then proceeded to build a model of the targeted system and
implement the simulation process and its in-depth analysis. These systematic stages helped us
acquire a comprehensive understanding of the design and performance of this proposed

photovoltaic system.

These findings and conclusions will be of great importance in supporting the next step in
this study, which is the conduction of an in-depth economic assessment of the project in the
upcoming chapter. This economic analysis will help provide deep insights into the financial
feasibility of implementing this photovoltaic project and will be a crucial element in the final

decision-making regarding its potential execution.
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IV.1. Introduction

Conducting an economic feasibility analysis for solar energy projects is a crucial step to
ensure their success and financial viability. In this chapter, a comprehensive economic study
will be carried out for a 3 kWh grid-connected solar power project, focusing on the key

financial factors and indicators.

Initially, the assumptions and data used in the economic analysis will be identified, such

as the discount rate, purchase price, evolution of the kWh price, and degradation rate.

Subsequently, the initial costs of the project will be calculated, including equipment.

Then, a detailed financial analysis will be performed, encompassing the calculation of
energy production and expected revenue, as well as annual net cash flow. Major financial
evaluation metrics, such as net present value (NPV), internal rate of return (IRR), levelized
cost of energy (LCOE), and discounted payback period (DPP), will be utilized to assess the
project’s profitability and feasibility.

Finally, the financial results will be discussed, and the impact of various factors on the
project’s profitability will be examined. This comprehensive economic analysis will aid in

making an informed decision regarding the implementation of this solar power project.

IV.2. Project Description
IV.2.1. Initial costs of the project

Initial costs of a project refer to the one-time expenses incurred at the beginning or during
stages of a project’s life cycle. These costs are typically associated with the initial investment

required to get the project up and running [31].

The initial costs of a project can vary significantly depending on the project’s nature,

size, and complexity.

Accurately estimating and budgeting for the initial costs a crucial during the project
planning phase, as it helps determine the project’s feasibility, secure necessary funding, and
evaluate its potential return on investment. Initial costs are also an essential factor in
calculating the project’s net present value NPV and other financial metrics used for decision-

making and investment analysis [31].
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The tables 1'V.1 represent all project materials costs.

Table IV.1. The initial costs of the project

The materials Unit | Quantity Unit Price Total Price
Panels Polycrysalline solar panel, Puissance: 125W/ Tension: 24V We 20 21750DA 435000 DA
Inverter Single-phase on-grid 3KW W 1 223000 DA 223000DA
Structure Triangular metalstructure for 20 parels _ 1 133000 DA 133000 DA
Cables Bare Copper 6 mm2 m 100 450 DA 45000 DA
The Boxes

Fuse holder 16A _ 2 1500DA 3000DA

Isolater switch 16A _ 1 6500 DA 6500 DA

Boxe DC Surge protecter 20KA _ 1 5000 DA 5000DA

Boxe Ac Differental circuit breaker 25A _ 1 4000DA 4000 DA
TOTAL HT 854500 DA

TVA 19% 162355 DA

IV.2.2. Assumption and data used in the economic analysis
This information is available on the website of the Ministry of Energy and Mines in Algeria.

a. Discount rate: the discount rate used for solar projects is usually 8%.

b. Evolution of the price of kWh: according to the Ministry’s policies, the annual change in
kWh prices is expected to be within 5% in the coming years.

c. Degradation rate: the annual degradation rate of solar energy systems in Algeria is
estimated at about 2% per year.

1VV.2.2.1. Discounted rate

The discounted rate is the rate at which future cash flows are converted to their present
value [32]. It is used to calculate the net present value NPV of a project, where future cash

flows are discounted using this rate to determine their present value [33].
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IV.2.2.2. Degradation rate

The degradation rate is the rate at which the performance efficiency of a solar system or
solar panels [34] decreases over time. This degradation occurs due to various factors such as
environmental impacts and natural aging of materials [34]. The degradation rate is used in
financial analysis calculations to estimate the amount of energy that solar panels will produce

over their expected lifetime [34].

IV.2.2.3. Selling price

The selling price is the monetary amount received in exchange for selling a product or
providing a service.
1VV.2.2.4. Evolution of the price of kWh

Evolution of price in solar power projects refers to the changes in the price at which the
electricity generated from a solar power system is sold to the grid over the project’s lifetime.
This price may vary from year to year due to various factors such as changes in operation and
maintenance costs, financing costs, and any regulatory or governmental changes in renewable
energy support policies [31].

The table I'V.2 represents project data
Table IV.2. The data of the project

Investment 1016855 DA
Discount rate (%) 8%
Kwh purchase price (DA/Kwh) 7 DA

Evolution of the price of Kwh (Y%/year) | 5%

1st year solar production (Kwh) 21024

Degradation rate per year (%) 2%

Page 54



Chapter IV: Economic Assessment

IV.2.2.5. Project lifespan

This photovoltaic project is designed to operate efficiently for a full 25 years, during
which is main components, such as solar panels, inverter, and others, are expected to remain in
good condition throughout this estimated period, with the necessity of carrying out periodic
maintenance operations to maintain their optimal performance levels.
IV.3. Financial analysis
1VV.3.1. Energy production and revenue calculations

IV.3.1.1. Calculation of annual energy production
We have:

- System capacity 3kWh
- System power factor 0.8, that is produces 80% of its energy [of inverter datasheet]

- Number of hours per year 8760 hours
So, the energy produced in the first year is:

E =CxPFxN, (IV.1)
E =21024 kWh

Then, calculation of the energy produced in the different year:

Ewiy = Ey-[Ey X1l (IV.2)
Em+1) = Emy X (1 =)
Where:

(n+1): The energy production for the next year
(m): The energy production for the current year
r: Degradation rate (%)

r=2%=0.02

E (n+1) = E(n) x 0.98
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We have: E1 = 21024 kWh so:

E2 = E1 X098 = 21024 X 0.98 = 20603.52kWh

E3 = E2 X 0.98 = 20603.52 X 0.98 = 20191.4496kWh

E4 = E3 X 098 =20191.4496 x 0.98 = 19787.62061kWh

In this way, the energy produced is calculated over the life of the project.
IV.3.1.2. Calculation of annual energy price

The starting price is 7DA and the evolution of the price of the kwWh is 5%
P(i1)= Py * (1+0.05)

Where:

Pm+1): The energy price for the next year

Pm): The energy price for the current year

P1 =PoXx (1+0.05) =7 x (1+0.05) =7.35DA

P> =P1x (14 0.05) =7.35% (14 0.05)=7.7175DA

P3 = P2 x (1+0.05) =7.7175 x (1 + 0.05) = 8.103375DA

In this way, the energy price is calculated over the life of the project.

1VV.3.1.3. Calculation of annual revenue

(IV.3)

Revenue refers to the income generated by the solar energy project through the sale of the

electricity it produce.

In the case of this project, the main and only revenues will be from the sale of the

electricity produced, and these revenues will constitute the cash flow coming into the project.

Revenue is calculated by this way:

R = solar production x price

R1=E1 X P1 = 21024 x 7.35 = 154526.4DA
Rz = E2 X P2 = 20603.52 X 7.7175 = 159007.6656DA

R3 = E2 X P2 = 20191.4496 x 8.103375 = 163618.8879DA

Inthis way, revenue is calculated

(IV.4)
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1VV.3.2. Cash flow calculations

IVV.3.2.1. Calculation of cash flow

Cash flow refers to the inflows and outflows of cash and cash equivalents of an entity
(company, project, etc.) over a specific period of time. Cash flow is considered an important
indicator of the financial health of the entity and its ability to meet its financial obligations
[35].

In the case of this project, the cash flow can be calculated as follows:

cash flow = revenue —costs (IV.5)

Where revenues are the amounts received from the sale of produced electricity, and costs

include the initial investment, and any annual operational or maintenance costs.

In this project, there are no costs, only the initial costs.

Inyear O:
Cash flow = 1016855 — 1016855 = 0DA

In subsequent years, cash flow = revenue (no additional costs).
Year 1: cash flow = revenue =154526.4 DA
Year 2: cash flow = revenue =159007.6656 DA
Year 3: cash flow = revenue =163618.8879 DA
And all the remaining years are like this.

1VV.3.2.2. Calculation of annual net cash flow

Annual net cash flow is the net amount of cash inflows and outflows from an entity
(company, project, etc.) over the course of a single year [35] or the annual net cash flow is the

difference between the cash inflows.

The annual net cash flow can be calculated as flows:

Cav = cash flow(year ., - cash flow(year ) (1V.6)

Year1:

Cav = cash (ye(1)) — cach (year (o))

Page 57



Chapter IV: Economic Assessment

Cavi = 154526.4 — (—1016855) = 1171381.4DA
Year 2:

Cav = cash flow (year (2) — cash flow (year (1))

Cav2 = 159007.6656 — 154526.4 = 4481.2656DA

And all the remaining years are like this.

1VV.3.3. Net present value (NPV)

1V.3.3.1. Concept of NPV

Net present value NPV is a financial analysis tool used to estimate the viability of a
project or investment. It is used to find the total present value of all future cash flows [36]. The
net present value is calculated by subtracting the initial investment amount from the total

present value transferred [36].

1VV.3.3.2. Calculation of the project’s NPV

_~+ C (IV.7)
NPV = Z(HAdV)N -C,

t=1
Where:
Co: Initial investment (DA)

Cav: Annual net cash flows (DA)

d: Discount rate (%)

NPV =123636.2598DA

NPV > 0

IV.3.4. Internal rate of return IRR
IV.3.4.1. Concept of IRR

The internal rate of return is the rate that makes the NPV of a series of cash flows equal
to zero. Simply put, it is the rate that equates the present value of cash inflows with the present
value of cash outflows [37]. The IRR is used as a measure of the profitability and financial

viability of a particular investment project.
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IV.3.4.2. Calculation of the project’s IRR

To calculate the internal rate of return, a mathematical formula is used based on the trial

and error method using the NPV equation.

The steps to calculate the IRR are:

- Assume a value for the discount rate.

- Calculate the NPV using this assumed rate and the project’s cash flow series.

- If he NPV is equal to or close to zero, the assumed discount rate is the internal rate of
return IRR.

- If the NPV is negative, it means that the assumed discount rate is greater than the IRR, and

should lower the discount rate.

- We repeat the steps using different discount rates until we reach an NPV value of zero or

almost zero, which will be the internal rate of return IRR.

Now we will impose this value of NPV: 10/11/12/16/17.50/17.60/18/18.20/19/20.50 and

we will perform the detailed calculation using Excel and the results are shown in the following

tables:
R 8% r 10% r 11%
Total 1140491 Total 1110701.786 Total 1097052.82
NPV 123636 NPV 93846.78578 NPV 80197.8166
R 12% r 16% r 22.50%
Total 1084091.93 Total 1037639.26 Total 974629.207
NPV 67236.9321 NPV 20784.2552 NPV -4225.7928
R 19% r 17.50% r 17.60%
Total 1007029.71 Total 1021761 Total 1020943.42
NPV -9825.29233 NPV 4905.842 NPV 4088.4
R 18% r 18.20%
Total 1016905.85 Total 1014906.17
NPV 50.85 NPV -1948.82596

Figure IV.1. Different results of net present value
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After calculation, we find that the NPV is close to zero and positive when the discount rate is
18%, so the IRR of project is 18%.
IV.3.5. Levelized cost of energy LCOE
1VV.3.5.1.Concept of LCOE
Levelized cost of energy represents the average cost of producing one unit of electrical

energy over the life of the project [38]. The lowest possible levelized must be achieved.
1V.3.5.2.Calculation of the project’s LCOE

To calculate the levelized cost of energy, we use the following mathematical formula:

Co+Coem +C¢ (1v.8)
Energy Generated

LCOE=),

Where:
Co: Initial investment (DA)
CosM: Operational and maintenance costs (in this project equal zero
Ce: Fuel cost (in PV system Ce = 0)
LCOE = 2.35 DA/kWh
1V.3.6. Discounted payback period DPP
1VV.3.6.1.Concept of DPP
The period of time required to recover the capital cost through inflows while discounting
future cash flows.
Calculation of the project’s DPP

DPP = Z Cash Flow (|V9)
(1+n!

- Calculate the discount factor for each year:

DF = (IvV.10)
(1+nt
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Yearl: DF = o= 0.926
Table 1V .3: The discount factor of each year
Year Discount factor

1 0.926
2 0.857
3 0.794
4 0.735
5 0.680
6 0.630
7 0.583
8 0.540
9 0.5

10 0.463

We complete the calculation over the life of the project.

Calculate the discount cash flow for each year:
DCF =CFxDF

Year 1: DCF1 = CF1 X DF1 = 14526.4 X 0.926

= 143091.446

(IV.11)
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Table IV.4: The discount cash flow for each year

Year Discount cash flow
1 143091.446
2 136269.569
3 129913.397
4 123747.419
5 117807.543
6 112310.435
7 107035.626
8 101935.34
9 97117.096

10 92537.958

Sum DCF until it exceeds the investment cost.

Table IV.5: Total discount cash flow

Year DCF Note

1+2 279361.01 Less than initial cost

1+2+3 409274.41 Less than initial cost

1+2+3+4 533021.83 Less than initial cost

1+2+3+4+5 650829.37 Less than initial cost

1+2+3+4+5+6 763139.81 Less than initial cost

1+2+3+4+5+6+7 870175.44 Less than initial cost

1+2+3+4+5+6+7+8 972110.78 Less than initial cost
1+2+3+4+5+6+7+8+9 1069227.88 Greater than initial cost
1+2+3+4+5+6+7+8+9+10 1162765.83 Greater than initial cost
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Therefore, the discounted payback period for this project is 9 years. After 9 years, the
discounted cash flows would have exceeded the initial cost of the project.

IV.4.Results Discussion
1V.4.1. Analysis of financial results
o Net present value NPV=123636.26 DA
- The positive NPV value indicates that the project is economically viable and generates a
return higher than the 8% discount rate used.
e Internal rate of return IRR=18%
- The IRR of 18% is significantly higher than the 8% discount rate, meaning the project
achieves a good return on investment.
- An18% IRR can be considered acceptable and profitable for this project.
e Levelized cost of energy LCOE=2.35DA
- Compared to the assumed selling price of 7 DA, the LCOE indicates that the project will
be profitable.
- The low LCOE compared to conventional electricity prices in Algeria makes solar energy
an attractive option.
¢ Discount payback period DPP=9 years
- A9 years payback period is reasonable for this project.
- A 25 years lifetime for the system, there will be enough time to generate profits after

recovering the capital investment.

Overall, the financial results obtained are positive and indicate that this 3 kW grid
connected PV system project will be economically viable and profitable in the long run. The

high IRR, positive NPV, and reasonable payback period support the project’s feasibility.

IV.5. Conclusion
In conclusion, a comprehensive economic analysis was conducted for the 3kW grid
connected PV system project. By examining various financial aspects of the project, important

conclusions were drawn regarding its economic feasibility.

Page 63



Chapter IV: Economic Assessment

The calculations of net present value NPV and internal rate of return IRR demonstrated
that the project will be profitable in the long run, with positive cash flows outweighing the
initial and operational costs. Furthermore, the low livelized cost of energy LCOE indicates that

the electricity produced will be within competitive market prices.

Overall, this solar power project can be considered an attractive investment opportunity,
especially with the increasing trend towards renewable and clean energy sources.
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General Conclusion

The work presented in this thesis concerns the design and analysis a 3kW grid connected
photovoltaic system for powering LGE laboratory at the faculty of technology. This project
represents an important step towards transitioning to renewable energy sources and reducing
reliance on fossil fuels, thereby contributing to the preservation of the environment and natural
resources.

The project has been comprehensively studies in this thesis, covering all aspects related
to the design, installation, and operation of the photovoltaic system. Additionally, a simulation
of the system was conducted using the specialized PVsyst software, enabling an accurate
evaluation of its performance and analysis of the results.

Furthermore, the in-depth economic study provided valuable insights into the financial
feasibility of the project, where initial costs, future cash flows, and economic feasibility
indicators such as net present value, internal rate of return, levelized cost of electricity, and
discount payback period were calculated. The results demonstrated that the project has good
long-term economic viability.

Despite the challenges encountered during the implementation of this project, they were
overcome through continuous efforts and ongoing learning. One of the key lessons learned is
the importance of careful planning and effective coordination among all stakeholders to ensure
the success of renewable energy projects.

In light of the positive results of this project, the mandate is to encourage the wider
adoption of photovoltaic solar energy in Algeria, both at residential, industrial, and institutional
levels. There isalso call for further investment in research and development to improve the
efficiency and effectiveness of solar energy technologies and reduce their costs.

Ultimately, renewable energy, particularly photovoltaic solar energy, represents the
future of sustainable and environmentally friendly energy. The transition towards these
technologies will undoubtedly contribute to ensuring energy provision for future generations
without compromising the environment or depleting natural resources. Projects like this thesis

represent a step in the right direction towards a more sustainable future.
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