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[bookmark: _TOC_250111]ABSTRACT

Renewable energy has given institutions and individuals the opportunity to generate and manage their own energy consumption without much interference from power utility companies. This dissertation focused on design and analysis of Grid – connected PV Renewable
[image: ]Solar energy system for Igbinedion Crown estate Okada. Nigeria Solar Market study was

carried out to know the available grid PV components in Nigeria, their qualities, suitability,

capacities, and environmental adaptability. Several Capacities of bifacial and mono – facial

systems were designed and analyzed using PVsyst simulation software with the solar data about

Igbinedion University, Okada (IUO) obtained from meteonorm 7.1. The final result revealed

via the Performance ratios and the generated energy from each design that Igbinedion

University Okada Crown estate has vast potential in generating its own energy via solar system.

Finally, bifacial system with trackers proved to be the best system for the institution in

comparison with fixed bifacial system, mono – facial system with trackers and fixed mono –

facial system.
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CHAPTER ONE INTRODUCTION
1.1 [bookmark: _TOC_250108]Background of the Study

[image: ]Electrical Energy is important in human existence for comfort and development, and its availability and reliability differentiates developed nations from under- developed nations.
In the past centuries, major capacities of electrical energy could only be generated by burning fossil fuel using different methods, like burning of coal in coal plants, burning of oil in generators, cars, burning of kerosene in cocking stoves, liquefied gas in cooking gas and flaring of gases in oil companies and gas plants (López, 2020). The above mentioned means of energy generation has contributed immensely in electrical energy supply as well as in global warming, due to the emitted gases called greenhouse gases (CO2 Methane etc.) from these sources during energy production. (Privalsky and Fortus 2012; Lopez 2020).

Global warming happens when heat is trapped back to the earth as invisible infrared wave by green house effect of the emitted gases from fossil fuel burning. This makes the earth exceedingly hot than normal. This excessive hotness of the earth can cause an increase in sea level by melting mountains of ice and causing flood, it can kill the earth organisms that are helpful to the environment, it makes humans to feel excessive heat, and can also cause scanty rainfall or no rainfall in some parts of the world.
Due to the above adverse effect of global warming on ecology, environment, and the need to generate sufficient energy, the world is transiting to another means of energy generation called renewable energy for sustainability. These energy sources use inexhaustible, natural, and environmental friendly resources like sun (solar energy), water (hydro energy), Wind (wind

energy), Human/Animal/ Plant waste (biogas) ground heat (geothermal) to generate clean energy for humanity. (ATPS, 2013)

[image: ]It is worthy of note that these aforementioned renewable energy sources are abundant in most under- developed countries and continents like Africa, and can bring about positive changes in the energy generation capacity if given adequate attention. Transition to renewable energy can be of great advantage to developing countries like Nigeria and other African countries to measure up in energy generation and management in this 21st century, when advancements in technology is for everyone due to open information and availability. From the world map of mean radiation, it was revealed that Africa as a continent receives the highest amount of solar radiation between 300 and 350kW/m2 annually (Brew- Hammond et al., 2008)

From the above assertion, Africa can change the face of energy generation capacity via PV solar energy. PV solar renewable energy is a renewable energy that is generated from the sun by an electronic action called photovoltaic. Photovoltaic action happens when sun rays fall on array of PV cells called panel, which absorbs the photon energy from the sun and converts it into electrical voltage via electrons and holes formation. (Marie, 2018)

This project is aimed at “design and analysis of Grid- connected PV solar renewable energy for IUO crown Estate Okada”. In this dissertation, PV solar energy system that could generate power for IUO Crown Estate Okada and supply the excess power to the grid through a power electronic converter or converters will be designed and Analyzed

1.2 [bookmark: _TOC_250107]Statement of Problems

The world is transiting from burning of fossil fuel to renewable energy, due to global warming that destroys the ecology and environment as a result of greenhouse gas emission from fossil fuel combustion/burning.
[image: ]All hands are on deck globally to reduce the volume of carbon dioxide that is being emitted in the environment by creating awareness on the new trend of safe energy generation, building both small and large grid connected PV energy system, but most African countries (e.g. Nigeria) are still backwards in the fight against global warming, and reduction of emitted CO2 (ATPS, 2013). This is a problem to be addressed.

In addition, the scarcity of electrical energy in Nigeria and its cost is also a major problem to be solved. Many establishments that need constant power supply pay heavily to get it and most times will not get equivalent power of what they paid for, due to power scarcity. For instance Igbinedion University Okada as an institution is presently paying huge amount of money to maintain steady power supply and this huge amount of money being paid monthly is a problem to the institution and need to be addressed through grid – connected solar PV renewable energy.

1.3 [bookmark: _TOC_250106]Significance of the Research

This project is important because the natural phenomenon available in our geographical area will be used in clean energy generation if the design is put into practice. Moreover, it is coming at the time when the world is in daring need of renewable energy generation.
It will enlighten the readers about renewable energy and how important it is at this time.

This research work provides reliable solar record about IUO crown Estate Okada, and therefore serves as a foundation on which other bigger research on grid tied solar PV will be built on to make the whole community of Okada dependent on solar PV energy for its mega power supply.

1.4 [bookmark: _TOC_250105][image: ]Aim of the Research

The aim of this research is to design and analyze grid connected PV renewable solar energy system for IUO Crown Estate.

1.5 [bookmark: _TOC_250104]Research Objectives

This dissertation is written as a design study, exploring possible PV system solutions for Igbinedion Crown Estate Okada. The objectives of this dissertation are to;
1. Estimate the solar power needed for Igbinedion University Crown Estate Okada

2. Measure the voltage across installed panels at the site at interval of time in order to determine the level of output voltage fluctuation that will be experienced by the designed system due to temperature and irradiance fluctuations.
3. Collect and evaluate meteorological data for the site to determine the available solar resource and environmental conditions.
4. Determine the best PV system suited for Igbinedion University Okada.


1.6 [bookmark: _TOC_250103]Scope of the Research

This research only covers the simulation of grid connected PV system for I U O crown estate Okada, and the data used there in is valid for only I U O crown Estate. Focus was on the power generation and comparison of different variants from the simulations to determine best PV grid tied system design for I U O crown estate. The economic aspect of grid connected system for commercial purposes was not considered.

[image: ]

[bookmark: _TOC_250102]CHAPTER TWO LITERATURE REVIEW
2.1 [bookmark: _TOC_250101]Preamble

[image: ]The outcome of the meeting held in Paris in 2014, clearly stated that all signed countries should contribute to the goal of greenhouse gas (GHG) emission reduction, and always report on the extent of their emission and implementation effort. The world is working presently towards the Paris agreement to save our environment, and solar PV renewable energy which is the focus of this research is one of the most promising approaches to meeting the above goal. (Jie Feng Hu et al.,, 2017). Nevertheless, Grid connected PV solar system among other solar method stands tall, due to its ability to generate larger amount of energy at reduced cost and its simplicity, as compare to other PV solar method. An overview of some important terms on grid – connected PV solar system, and its components are presented in this chapter followed by related works from other researchers.

2.2 [bookmark: _TOC_250100]Solar Photovoltaic (PV) Energy generation System

Solar PV system is gaining more attention nowadays because of its simplicity in installation (Ashok and Nawrai, 2018). Solar PV energy system is a system that uses electronic means called photovoltaic to convert sun energy into electrical energy. ( Adiya Kumar et al., 2021). There are three main structures or types of solar PV energy generation system, which includes: Stand-alone PV system; where battery banks are charged by the solar PV module to supply A.C current through the inverter. Grid tied PV system where the D.C power from the solar PV module is converted to A.C by an inverter, which outputs the generated energy to the grid via energy meter, isolator switches, cables, and other necessary devices without battery bank.

Hybrid PV system combines grid connection and battery bank. However, this research focuses on grid Solar PV system as mentioned in the aim of the research.
2.2.1 [bookmark: _TOC_250099]Grid – connected PV energy generation system

It can be seen from the block diagram 2.1 that grid - connected PV system is a system in which different blocks and components work together to give a final output of electrical energy or power. The key aspect of grid PV technology is conversion of Light energy to electrical energy. After the energy from the sun is converted to direct current known as D.C current, which is boosted by a DC to DC converter or boost converter as in the second block of fig 2.1, the boosted DC current is further converted to the required form of electricity called alternating current A.C. The components that aid the proper working of PV system are known as balance of system BoS. However, grid connected PV solar renewable energy system starts from PV module to the grid through the Inverter without battery bank.
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Figure 2.1: Block diagram of PV system connected to the grid (Mansour et al, 2016)

2.3 [bookmark: _TOC_250098]Important Terms used in solar PV systems

2.3.1 [bookmark: _TOC_250097]Solar Radiation

[image: ]The sun is a fusion reactor that has been burning over 4 billion years, supplying the earth with large amount of solar energy (Askari et al.,, 2015). The nuclear fusion that happens in the center of the sun releases a total power of about 381026W.Greater percentage (like 98% of the released power) is released in the form of electromagnetic radiation. Therefore, sun is the source of the solar radiation that hits the surface of the earth. Apart from behaving as electromagnetic wave, the light also behaves as particles called photon, with a photon Energy 𝐸𝑝ℎ𝑜𝑡𝑜𝑛 given by Planck’s law (Marie, 2018)
𝐸𝑝ℎ𝑜𝑡𝑜𝑛 = ℎ𝑣	(2.1)

Where h = 6.626 · 10-34J· is Planck’s constant and ν is the frequency of the photon [Hz].

2.3.2 [bookmark: _TOC_250096]Irradiance

To design and analyze a photovoltaic (PV) system, we need to know how much sunlight is available at the location of the PV system. This is called irradiance of the site. The solar irradiance that reaches the Earth’s surface varies due to atmospheric effects, local variations in the atmosphere, latitude of the location, the season of the year and the time of the day. These factors affect both the power density, the spectral distribution of the light and the angle from which light is incident on a surface (Marie, 2018).

The Irradiance of a given location or site for PV solar plant can be determined via direct measurement from the site with an instrument called pyronometer, which measures the irradiance of the sun (i.e. amount of energy possible in sun radiation), or by obtaining metrological solar data from solar institutions, which use satellite to measure the irradiance of

every point on earth and process the data for use by interested individuals. The metrological data are measured by satellite and can have some percentage of inaccuracy with time. However, it is updated from time to time, like every ten years interval.
2.3.3 [bookmark: _TOC_250095]Terrestrial solar Output (radiation)

[image: ]The intensity at which sun radiates power in all direction is given in watt per meter square. According to Marie (2018) this intensity of power radiation by the sun is 64.107W/m2. This intensity reduces as the distance from the sun increases. There is always fluctuation in the solar radiation that gets to the atmosphere of the earth throughout the year because of the earth elliptical orbit. The yearly average value is called the solar constant, GSC, It has a value of 1361 W/𝑚2, as light passes through the atmosphere, its power decreases and the spectral distribution changes. There are three phenomena that reduce the amount of light that gets to the earth atmosphere, and these are scattering, absorption and reflection by gases, aerosols and dust particles. Moreover, the level at which the attenuation happens depends on the distance the light will travel to get to the Earth’s atmosphere. “The major factor in reducing the power of the solar radiation is the path length of the sunlight through the atmosphere, described by (a) The solar constant, GSC and irradiance at Earth’s surface G. (b) Air mass ratio. Solar constant is the quantity of the solar radiation per unit area that is measured on the outer surface of the earth atmosphere in a plane perpendicular to the rays. Solar constant for earth is 1350W/m2.
2.3.4 [bookmark: _TOC_250094]Seasonal, Daily and Latitudinal Variations

The radiation of the sun on the surface of the earth depends on the season and latitude of the place under consideration (Omer et al., 2017; Draganad, 2018) Taking reference from the elliptical plane, the earth tilt angle to the plane is about 23.45 degree, and circles the sun in an elliptical orbit. This is shown in figure 2.2. However, couple with the fact that the Earth revolves

around its axis, brings about seasons and therefore yearly variations in terrestrial solar radiation. The radiation of the sun on the surface of the earth also changes with latitude i.e the height of the place above the sea level.

[image: ]The declination angle of the Sun, δ, is the angle between the equator and a line drawn from the center of the Earth to the center of the Sun. The declination angle in the Southern Hemisphere reaches a minimum of -23.45◦ at summer solstice, a maximum of +23.45◦ at winter solstice and is 0◦ at both equinoxes. An equinox is the time of year when day and night are of equal length, occurring at September 21th and March 21th. The declination angle varies seasonally due to the tilt of the earth and the rotation around the Sun. (Anton Fedorov, 2015)
[image: ]

Figure 2.2: The tilt of the Earth and its path around the Sun. (Marie, 2018)

The seasons marked on the illustration are for the Southern Hemisphere. The declination angle varies from -23.45◦ ≤ δ ≤ 23.45◦ through the year.

2.3.5 [bookmark: _TOC_250093]Position of the Sun and PV module

To calculate the irradiance values and the energy production of a PV system the knowledge of sun path relative to the PV module is crucial. Time of the day, the time of the year and the location on Earth determines the position of the sun. (Ömer et al.,, 2017)
[image: ]It can be expressed in terms of a solar altitude angle, α, describing the angular height of the Sun in the sky relative to the horizontal plane, and a solar azimuth angle, γs, describing the direction the sunlight is coming from. The azimuth angle is defined as -180◦ ≤ γs ≤ 180◦, with zero due north. East angles are positive (east = 90◦) and west angles are negative (west = -90◦). The position of a PV module is defined by its tilt angle from the horizontal plane, βm, and orientation, expressed as the azimuth angle γm. The angle of incidence θ in figure 2.3b is the angle between the surface normal and the incident direction of the sunlight.

Figure 2.3 (a): Sun and PV module position angles. (Arno et al.,, 2016)

[image: ]

[image: ]Figure 2.3(c): Sun and PV module position angles. (Marie, 2018)


[image: ]

Figure 2.3 (d): Incidence angle. (Marie, 2018)


“Zenith Angle, Θz: This is the angle between the line that points to the sun and the vertical. Basically, this is just where the sun is in the sky. At sunrise and sunset this angle is 90º.
Solar Altitude Angle, αs: This is the angle between the line that points to the sun and the horizontal. It is the complement of the zenith angle. At sunrise and sunset this angle is 0º.

Solar Azimuth Angle, γs: This is the angle between the line that points to the sun and south. Angles to the east are negative. Angles to the west are positive. This angle is 0º at solar noon. It is probably close to -90º at sunrise and 90º at sunset, depending on the season. This angle is only measured in the horizontal plane; in other words, it neglects the height of the sun.
[image: ]Angle of Incidence, θ: This is the angle between the line that points to the sun and the angle those points straight out of a PV panel (this is also called the line that is normal to the surface of the panel). This is the most important angle. Solar panels are the most efficient when pointing at the sun, so engineers want to minimize this angle at all times. To know this angle, you must know all of the angles listed and described next.
Hour Angle, ω: This is based on the sun's angular displacement, east or west, of the local meridian (the line the local time zone is based on). The earth rotates 15º per hour so at 11am, the hour angle is -15º and at 1pm it is 15º.
Surface Azimuth Angle, γ: This is the angle between the line that points straight out of a PV panel and south. It is only measured in the horizontal plane. Again, east is negative and west is positive. If a panel pointed directly south, this angle would be 0º.
Collector Slope, β: This is the angle between the plane of the solar collector and the horizontal. If a panel is lying flat, then it is 0º. As you tip it up, this angle increases. It does not matter which direction the panel faces.
Declination, δ: This is the angle between the line that points to the sun from the equator and the line that points straight out from the equator (at solar noon). North is positive and south is negative. This angle varies from 23.45 to -23.45 throughout the year, which is related to why we have seasons.

Latitude, φ: This is the angle between a line that points from the center of the Earth to a location on the Earth's surface and a line that points from the center of the Earth to the equator. This can be easily found on a map”.
[image: ]Figure 2.3: Illustrates all relevant angles for describing the position of the Sun relative to the PV module.
The Sun’s path throughout the year for a specific location can be portrayed graphically by plotting its altitude angles against azimuth angles, as shown in figure 2.4. This illustration is called a sun path diagram.
[image: ]
Figure 2.4: Illustration of a sun path diagram for the location -34.46◦S, 19.53◦E. (Anton Fedorov, 2015)
The solar altitude angle is on the y-axis and the solar azimuth angle is on the x-axis.

2.3.6 [bookmark: _TOC_250092]Solar Irradiance on a Tilted PV Module

The total irradiance that falls or hits a tilted PV module Gt at a particular location on earth is made up of three types irradiance
· [image: ]The rays of the sun that fall directly on the PV module called direct irradiance (i.e rays from sun directly to the PV module)
· The rays from the sun to other terrestrial object and diffused on the pv module called diffused irradiance Gdif.
· The rays from the sun reflected by other ground objects to the Pv module called reflected irradiance Gref.
As illustrated in figure 2.5 and is given by

Gt = Gdir + Gdif + Gref ,	(2.2)

Where all irradiance components are expressed in [W/m2], Gt is also called the global tilted irradiance (GTI).
[image: ]

Figure 2.5: Solar radiation is reflected, absorbed and scattered when it travels through the atmosphere. (Anton Fedorov, 2015)

The figure shows the three components of irradiance on a tilted PV module consists of: direct beam irradiance, diffuse irradiance and reflected irradiance. βm is the tilt angle of the PV module.

2.4 [bookmark: _TOC_250091][image: ]Module Orientation and Inter-Row Spacing

The power harvested from the sun by solar panel depends on the sunbeams and the tilt angle at which the panel is facing the sun. According to Marie (2018), when sunbeams are perpendicular to the panel, the power absorbed by the panel will be theoretically equal to the power density of the sunbeam if there are no losses. However, sunbeams are not always perpendicular to the panel in practice, but changes position with time couple with various types of losses, therefore, power density absorbed by the panel is always less than the power density of the sunbeam.

In PV system technology, the two basic mounting structures are fixed system and tracking system. Fixed system is a type of mounting structure, where the solar panel are permanently fixed on the mounting surface at a given angle to the sunbeam with no chance of changing position either manually of automatically. According to Lopez 2020, when a panel is fixed, the best tilt angle is equal to the location’s latitude, and energy production is optimized during the winter season when the tilt angle is increased, and optimized during the summer when tilt angle is decreased or lowered. Nevertheless, fixed systems are not capable of modifying their tilt angle or orientation.

Tracking system is a type of system structure with no particular fixed tilt angle but assumes or takes any tilt angle at a given time to get the maximum sunbeam. Tracking structure follows the sun during the day, capturing the direct perpendicular component light during the maximum amount of time possible. (Anton Fedorov, 2015)


[image: ]The most common types of tracking systems have one or two rotation axis, and thus they differ in the degrees of freedom they have. One-axis tracking systems are usually aligned with the north-south meridian so they can pursue the Sun’s path from east to west. On the other hand, two-axis tracking systems have a first axis on the north-south meridian (tilt, β), and a second axis on the east-west line (azimuth, θ), so they are able to track the Sun in whichever position in the sky, as well as changing the tilt angle with seasonal height variations of the Sun. These kinds of systems is, of course, much more expensive than fixed ones, and require more installing and maintenance processes, but energy harnessing is notoriously enhanced. (López, 2020).

Therefore, to maximize energy production for a PV system, the azimuth and tilt angle of the modules should be optimized. An optimal azimuth is normally achieved by orienting the module towards the incoming sunlight at solar noon. In the Southern Hemisphere, the optimal orientation is therefore directly north. If energy production is to be optimized for hours of peak demand, the module may be oriented to achieve this. The optimal tilt angle for a fixed PV module depends on if the power production is optimized for year-around performance, a specific period or a specific load. As a rule of thumb, to optimize for year-round performance, the tilt angle should be equal to the latitude of the location. Larger tilt angles are required to optimize for winter loads, while smaller tilt angles are required to optimize for summer loads. Other factors to consider when choosing the tilt angle are soiling losses, near shading objects, albedo and inter-row spacing between rows of tilted PV modules. When designing a free standing PV system, mutual shading between different rows of PV modules should be considered. To optimize the power production of a PV system, an optimal point between module tilt angle and inter-row spacing should be found. The optimal tilt angle and inter-row

spacing is chosen by considering factors such as optimizing power production, reducing shading and good area utilization. The configuration of the modules will also affect the inter- row spacing
2.4.1 [bookmark: _TOC_250090]Inter-Row Spacing

[image: ]Inter – row spacing is used to describe the distance between one string of solar panels to another string. The reason for considering inter – row spacing in solar system design is to avoid mutual shading, a process by which one string of panel casts shadow or shading on the adjacent string. Fig 2.6 shows how one panel is distanced from one another, their tilt and their interaction with the sun rays based on the distance or spacing between them (drow). Common practice is to choose the Inter – row spacing with the condition that no mutual shading occur for a given number of hours on the winter solstice. The winter solstice is the day when sun is at its lowest and the range of azimuth angles is the smallest. Acceptable row spacing should be less than 1% of annual shading loss. (Marie, 2018). The inter-row spacing, drow, is illustrated in figure 2.6 and calculated using the following equation.
drow = wm · cosβz + wm(sinβm · cos(γs − γm)  ),	(2.1)
tanα

where wm, βm and γm is respectively the width, tilt angle and azimuth angle of the module, and γs and α is respectively the azimuth angle and the altitude angle of the Sun.
[image: ]

Figure 2.6: Inter-row spacing for a ground mounted PV system. (Paller et al., 2018)

2.5 [bookmark: _TOC_250089]Islanding

[image: ]This is a process by which distributed generation continue to supply power to the grid even when the grid have been disconnected from the source or de- energized. Islanding can be intentional and unintentional. Intentional islanding occurs when an auxiliary renewable energy like solar system is deliberately allowed to supply energy to the grid even when the grid has been de-energized. Intentional islanding can be beneficial in providing supply to mini grid in area where utility grid is not reliable. In the other hand, unintentional Islanding occurs when grid tied auxiliary energy supply supplies power to the grid unknowingly when the grid has been de – energized. Unintentional Islanding is dangerous because it may occur when lines men want to work on the line with the hope that the line has been de – energized. Therefore grid tied inverters should have features to recognize the condition of the grid and respond accurately to stop unintentional islanding to save people and equipment from electrocution and damage respectively. (Ogunseye, 2017)









2.6 [bookmark: _TOC_250088]Components of Grid – Connected System

Unlike other structures of PV solar systems, the structure of grid connected PV solar system is simple and involves lesser components. This is one of the reason why grid connected PV system is more reliable, easy to handle and installed. (Jie Feng Hu et al.,, 2017). Some important

[image: ]components	of	grid	connected	system	are	shown	in	the	circuit	diagram	below
[image: ]

Figure 2.7: Circuit Diagram Of Grid connected system (Paller et al., 2018)


2.6.1 [bookmark: _TOC_250087]The PV Module

Solar module is one of the major components of a solar renewable energy system. It has direct contact with the sun irradiance and converts the energy from the sun to electrical energy by electronic means known as photovoltaic (Ahmed et al., 2019). Every solar module is formed by connecting several solar cells in series to generate a usable voltage and current. (Bayoumi, 2015)
A solar cell typically has an open circuit voltage ranging from 0.55 - 0.72 V (Haberlin, 2012). Therefore, PV modules often contain 36, 60 or 72 solar cells, usually connected in series to minimize resistive losses and enable high voltages. The efficiency of a module is lower than a

[image: ]solar cell due to mismatch losses and resistive losses in the interconnections between the cells”. (Arno et al.,, 2016). The figures below are Crystalline and Thin film module which are the most popular used module type.
[image: ]

Figure 2.8: Typical structure of (a) a crystalline module. (Marie, 2018)

[image: ]
[image: ]Figure 2.9: Typical structure of (b) a thin-film module. (Marie, 2018)


2.6.1.1 [bookmark: _TOC_250086]Module Structure and Materials

Solar PV modules/panels are formed when multiple solar cells of 32, 36, 60, 72, and 92 numbers are interconnecting both in series and parallel with a thin metal busbar to achieve desired amount of voltage, current and power. These cells can be any of the following elements Cadmium telluride (CdTe), amorphous silicon (a – Si) Copper Indium, Gallium Selenide (CiGs) etc (Askari et al.,, 2015). After interconnections, they are enclosed in a layer of glass for protection. Solar modules are usually covered with a non reflective material, which makes it possible to absorb the greatest amount of radiation. The typical components of a crystalline silicon PV module are illustrated in figure 2.10. They comprise of the frame, the glass, encapsulant, solar cells, backsheet and junction box. The series and parallel interconnected solar cells are placed in between upper and lower encapsulants, which help to properly glue the cells

[image: ]to the iron tempered glass on top and the back sheet below to protect them against the environment ( Adiya Kumar et al., 2021). The encapsulant mostly made of Ethyl Vinyl acetate (EVA) creates bond between the cells, iron tempered glass and the back sheet when heated up to 150 ºC and it polymerises. The encapsulant should be transparent, low thermal resistance, stable, and withstand high temperature and UV radiation (López, 2020). The back sheet protects the cells from water, provide electrical insulation and dissipate heat. The most commonly used back sheet is a combination of Teldarand polyester (Sonnenenergie et al, 2013). The tempered low iron glass stops the cells from making contact with water, dust, and gas to prevent them from corrosion. The surrounding frame enhances the mechanical stability and the junction box contains all the electrical connections to the solar cells (Arno et al.,, 2016).
However, when solar modules or panels are connected in series to increase the output voltage to a desired amount, they are called string of solar modules, but when strings of solar modules are connected in parallel to increase output current to a desired amount they are called array of solar modules.

[image: ]

[image: ]Figure 2.10: Structure of a crystalline silicon PV module. Illustration inspired by (Arno et al.,, 2016).
2.6.1.2 [bookmark: _TOC_250085]Shading on PV Modules

Shading is away to describe the absence of sun irradiation on a solar panel as a result of near or far object casting shadow on them or as a result of the position of sun at a particular time. The power output of a solar module is reduced when shadow of any sort is casted on the solar cell, and can also lead to hot spot formation under certain operating conditions. The solar cell output declines proportionally to the amount of shading. The amount of current produced by any solar string (series connected solar modules) is determined by the shaded module in the string, in other words When a solar cell is shaded, the current in the string falls to the level of the shaded cell, which will be less than the normal current the string should output under normal conditions when there is no shading on any module or cell. (Marie, 2018)

According to (Marie, 2018) in his work stated that “Under normal operating conditions, each solar cell is forward biased and conducts current. When a solar cell is shaded the produced current reduces and it starts operating as a load, as the current from the non-shaded solar cells

[image: ]is driven through it. The forward bias across the non-shaded solar cells reverse biases the shaded cell, leading to large dissipation of power in the cell in the form of heat. A hot spot is created, which damages the solar cell. Bypass diodes prevents a hot spot from developing by diverting the current. A bypass diode is connected in parallel to a string of 18 to 20 solar cells and reverse biased under normal operating conditions. If a solar cell is reversed biased due to shading, the bypass diode reverses its polarity, allowing the current from the non-shaded solar cells to flow through it. The bypass diode protects solar cells from hot spot heating” (Marie, 2018).

According to (Anton Fedorov, 2015) , The IV-curve of a module is affected by shading. A PV module with three bypass diodes loses about 1/3 of the power output when one solar cell is 100% shaded, and 2/3 when two solar cells in different strings are 100% shaded. Without bypass diodes the current of the module is determined by the shaded cell and the power output is significantly reduced”. (Anton Fedorov, 2015).
2.6.1.3 [bookmark: _TOC_250084]The Photovoltaic Cell

The building blocks of photovoltaic cells are semiconductor materials mostly made of crystalline silicon (Bayoumi, 2015). Photovoltaic cells use a phenomenon known as photovoltaic effect to convert sun energy into electrical energy (electricity). (Bayoumi, 2015) (Askari et al.,, 2015) The solar cell can absorb a wide spectrum of photons from the incident solar radiation, depending on the optical and electrical features of the semiconductor material used in the solar cell. The physics of a semiconductor can be explained through the bonding model and the energy band model. In this section the bonding model is only used to visualize the atomic structure of a semiconductor and doping”. (Arno et al.,, 2016).

2.6.1.4 [bookmark: _TOC_250083]Crystalline Silicon and Doping

Doping is a process by which pure (intrinsic) semiconductor is made impure (extrinsic) by adding trivalent or pentavalent element to them to increase their conductivity.
[image: ]Silicon which is the material used for solar cell production has an atomic number of 14 and contains four electrons in the outermost shell of the atomic structure, which gives it the name tetravalent element. Ideally, the atoms of C-Si which is the mostly used semiconductor for solar cell forms a covalent bond with the 4 neighboring silicon atom at 00K and no conduction can take place because all the electrons are bonded and not free to move. In this state it behaves like an insulator. But when the temperature is increased above 00 K the covalent bonds of the material will begin to break, and electrons are getting free from the bond and leaving behind a vacuum called hole at the point of departure from the bond. Any hole left behind by an electron can attract electron from the neighboring bond and thereby creating a current of holes in the opposite directions. Holes are positive carrier while electrons are negative carrier. This is shown below as illustrated by the bonding model in figure 2.11a.
[image: ]
Figure 2.11(a): Bonding model illustrating (a) silicon above 0 K

[image: ]
[image: ]Figure 2.11(b): Bonding model illustrating (b) p-doping
[image: ]
Figure 2.11(c): Bonding model illustrating (c) n-doping


“The conductivity of a semiconductor at room temperature is low, because there are few thermally generated electron-hole pairs. To increase conductivity, a semiconductor can be doped with a pentavalent or a trivalent element, as illustrated in figure 2.11b and 2.11c. A pentavalent substance, such as Phosphorus, donates excess electrons to the crystal lattice, creating a n–type semiconductor. A trivalent substance, such as Boron, donates excess holes to the crystal lattice, creating a p–type semiconductor.
2.6.1.5 [bookmark: _TOC_250082]Working principle of the solar cell

Solar cell is a wafer of silicon material in which the upper half of a silicon substrate is doped with n-type impurities, with more electrons and less holes, and therefore negatively charged. The lower half of the same silicon substrate is doped with p – type, with more holes and less

electron concentration hence positively charged. A junction called p – n junction is formed at the middle where the upper and lower parts meet as shown in fig 2.12 below.
[image: ]When a p – n junction is formed, diffusion flow begins to happen, electron from the upper side (n – type) with higher electron concentration moves to the lower side of less electron concentration and holes from the lower side (p –type) with higher holes concentration move to the upper side with less holes concentration. (Marie, 2018)
The diffusion movement causes the part of n-type part where the electron has left to be positively charged, and also causes the p-type part where the holes have left to be negatively charged, and a layer called depletion layer is formed at the middle where recombination has taken place. This layer does not contain any electron or holes but neutral ions. A force called electric force is created on this layer because of negative and positive charges at the both side of the layer.

So, when solar radiation in the adequate wavelength strikes the n-layer of the cell, the absorbed photons pass through the material breaking silicon bonds and tearing off free electrons, thereby creating holes in the excited atoms. Both free electrons and holes pair up in the depletion region. However, the driving force of this layer stops electrons and holes out of it. Hence, free electrons and holes under the effect of the electric field take opposite directions. This develops into a high concentration of electrons in the n-region and holes in the p-region, and thus creating a clear potential difference between the layers. Whenever a load is connected between these two sides, an electric flow will pass through it, travelling from the n-part to the p-part and eventually recombining with the holes. These way solar cells continuously give direct current. Normally, solar cells use a thin and highly electron-doped n-layer, and a thick and lightly doped p-layer, so that the depletion region is wider and the cell’s performance increases” (López, 2020)


[image: ]

[image: ]Figure 2.12: Illustrates the working principle of a solar cell. (López, 2020)

The n- and p-type semiconductor materials are connected together, forming a p n-junction. (Otman Imrayed, et. al, 2019) E is the internal electrical field created at the p n-junction.
“The band gap energy is the energy difference between the top edge of the valence band, Ev, and the bottom edge of the conduction band, Ec. E.g. represents the minimum energy required for an electron to break free from its bound state in the valence band. For silicon, the band gap energy is about 1.1 eV” (Marie, 2018)
[image: ]

Figure 2.13: The band gap model for a semiconductor with the excitation of an electron by absorption of light. (López, 2020)
Energy equal to or greater than the band gap energy (Eg) is needed to excite an electron from the valence band to the conduction band.


2.6.1.6 [bookmark: _TOC_250081]Performance of a Solar Cell

[image: ]The performance of a solar cell is mainly characterized by the peak power (Pmax), the short circuit current (ISC), the open circuit voltage (VOC) and the fill factor (F F) (Arno et al.,, 2016). These parameters can be determined by looking at the IV-curve of an illuminated solar cell, as illustrated in figure 2.14. The short circuit current is the maximal current through the solar cell, obtained when the terminals are short circuited. If the solar cell is operated as an open circuit, no current will flow through the circuit i.e. there is infinite resistance between the terminals. Even though ISC and VOC are the maximal current and voltage, the power from the solar cell is zero at both points. The maximum power point (MPP) in figure 2.14 gives the maximal power output and is the ideal operating point. The power output at MPP is given by
[image: ]
Figure 2.14: I-V curve and power curve for a solar cell. (Marie, 2018)




The top line is the I-V curve and the lower line is the power curve. MPP is the maximal power point, and Pmax is the power at MPP.
Pmax = Impp · Vmpp,	(2.4)

Where Impp is the current at MPP [A] and Vmpp is the voltage at MPP [V]. The fill factor describes the quality of a solar cell. FF is calculated by comparing the maximum power to the

theoretical power at ISC and VOC. It is given by

F F = Pmax
𝑉𝑂𝐶 . 𝐼𝑆𝐶



(2.5)


[image: ]The conversion efficiency η of a solar cell is determined as the fraction of incident power which is converted to electricity and is a measure of its performance. In order to compare different solar cell technologies it is measured under standard test conditions (STC). STC are characterized by an irradiance of 1000 W/m2 , an AM1.5 spectrum and a cell temperature of 25◦C. The module efficiency changes as the operation conditions deviate from STC and is

idealistically defined as

η = 𝑃𝑚𝑎𝑥 =  𝑉𝑜𝑐 . 𝐼𝑠𝑐 . 𝐹𝐹



(2.6)

𝑃𝑖𝑛	𝑃𝑖𝑛

Where Pin is the incident power [W].

For a realistic, non-ideal, single-junction solar cell, several loss factors should be accounted for in the efficiency equation. The most important losses are due to the following:
· Non-absorption of long wavelengths

· Thermanization of the excess energy of photons

· Reflection

· Incomplete absorption due to the finite thickness

· Recombination

· Metal electrode coverage, shading losses

· Voltage factor

· fill factor.


2.7 [bookmark: _TOC_250080]Solar Cell One – Diode Model

[bookmark: _TOC_250079]2.7.1. Electrical Properties of a Solar Cell

[image: ]The diagram in figure below is used to model real illuminated solar cell, using one p-n junction diode connected in parallel with a current source and a resistor Rsh, with another resistor Rs connected at the end of the circuit on the terminal that will feed the load. This schematically represents the behavior of a real illuminated solar cell.
The diode represents the p-n junction of a solar cell. The parallel/ shunt resistor Rsh and the series resistor Rs represent the internal resistance of the solar cell. Also, the parallel/ shunt resistor Rsh is used to check the leakage current, and the series resistor Rs is used to check the voltage drop when charge carriers migrate from the solar cell to the load, due to resistance in the metal contact and the semiconductor itself.
[image: ]
Figure 2.15: One-diode model for a solar cell. (Jawairia , 2017)

Iph is the photo - generated current, Id is the diode current, Rsh is the shunt resistance, Rs is the series resistance, I is the current out of the solar cell and V is the voltage of the solar cell. The operating point and power production of a solar cell is affected by the internal resistance of the cell as shown in figure 2.16, but the effect can be reduced to minimal by making the value of Rsh high and the value of Rs low, when Rsh is low, more current will leak through Rsh (low

[image: ]resistance path) without reaching the load, but higher value of Rsh will prevent higher leakage current which allows more current to get to the load. The impact of Rsh is large at low light levels, because less current is generated. A larger part of the current will therefore escape an alternative path. In the other hand, high value of Rs will cause more voltage drop which will reduce the output voltage of the cell while a low value will reduce voltage drop at Rs and increases the output voltage. (Marie, 2018)
[image: ]
Figure 2.16a: Effect of series resistance on the IV curve of a solar cell (Adeyemi et al, 2019)
[image: ]
Figure 2.16b: Effect of shunt resistance on the IV curve of a solar cell. (Adeyemi et al, 2019)


When the series resistance increases, the resistance in the solar cell increases and the power produced decreases. If the shunt resistance is decreased, the leakage current increases, and thus decreasing the produced power.

[bookmark: _TOC_250078]2.7.2	Effect of temperature and irradiance level

To understand the effect of temperature and irradiance level on power generation of photovoltaic modules the IV graph of a solar cell can be used to clearly show how current and voltage is affected.
[image: ]The current/voltage (IV) graph of a solar cell varies with temperature and irradiance level ( Gajjar et al., 2015). When temperature of a module increases the band gap of a semiconductor reduces, resulting in a slight increase in current and a large decrease in the open circuit voltage. The overall effect is a reduction in output power. The amount of photo-generated current in a solar cell is proportional to the irradiance level, as illustrated in figure 2.17a and 2.17b
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Figure 2.17a: Effect of cell temperature on power output of a PV module (Marie, 2018)
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Figure 2.17b Effect of cell irradiance on power output of a PV module (Marie, 2018)

Figure 2.17: IV – is a solar cell curve under different conditions (a) temperature and (b) irradiance conditions.
[image: ]For figure (a), curve 2 and 3 shows the resulting fall in available power as the temperature of the cell increases. For figure (b), the red and green curve indicates the resulting decrease in available power when the irradiance decreases. The figure is inspired by (Haberlin, 2012).

As can be seen in figure 2.17a, the curves represent different degrees of temperature 0℃, 25℃, and 50℃, the knees of the curves represents the power output of the PV module. When the temperature is 0℃ the curve points directly at Voc and the knee of the curve shoots out showing highest power output, but when temperature increases to 25℃ the voltage decreases and current increases a little with the knee of the curve shifted to the left which shows decrease in power output, in the same hand when the temperature increases to 50℃ the voltage decreases further and the current increased further with the knee of the curve shifted further to the left which shows more reduction in power output of the module. (SolarProfessor, 2019). Increase in cell temperature decreases voltage and slightly increases current, which result in a net decrease in power. Inversely decreasing the cell temperature
increases voltage and slightly decreases current, which results in a net increase in power. (López, 2020)

Figure 2.17b shows the effect of irradiance on power output of a PV module. The curve represents different intensity of sun radiation. Curve 1 is the highest irradiance which produced the highest open circuit voltage, and the knee of the curve shows the highest power output. Curve 2 shows reduction in irradiance with small un-noticeable reduction in voltage but large reduction in current, which results to large reduction in power output as the knee of curve 2

moved below the knee of curve 1. Curve 3 shows further reduction in irradiance with small reduction in Voc and large reduction in current which resulted in larger reduction in power output. (Marie, 2018)

2.8 [bookmark: _TOC_250077][image: ]Inverters

Inverters are important component in renewable systems. It is a power electronic component that coverts direct current DC to Alternating current AC, and also perform maximum power tracking in PV solar system, (Bayoumi, 2015). The efficiency of an inverter used in PV solar system depends on the power input and voltage level. Inverters are classified as Single phase inverter and three phase inverter and can be connected in PV system as central inverter, string inverter, modular inverter and optimizer.
Single phase inverters: These are inverters used for single phase loads; example is in residential buildings where the needed AC voltage is not higher than 230V in Nigeria. These types of inverters are used for Televisions, fans, fridge, blenders, light bulbs, electric kettles, speakers etc.
Three Phase Inverters: These are inverters that are used in high voltage PV systems like industrial applications and grid systems where the needed voltage is from 415V above in Nigeria. They are used for powering equipments like conveyor machines in production industries, 3 phase industrial mottos and to distribution transformers for distributions in grid connected systems.

2.8.1 [bookmark: _TOC_250076]PV Inverter Configurations
[image: ]

[image: ]Figure 2.18a: Central inverter configuration Uploaded by (Adefarati, 2015)


[image: ]

Figure 2.18b: String Inverter Configuration Uploaded by (Adefarati, 2015)

[image: ]
[image: ]Figure 2.18c: Module Inverter Configuration (Marie, 2018)





[image: ]
Figure 2.18d: Multi - string Optimizer Configuration (Marie, 2018) Figure 2.18: Presents the main inverter configurations for a grid-connected PV system. They contain PV modules, inverters and power optimizers. Inspired by (Adefarati, 2015)
2.8.1.1 [bookmark: _TOC_250075]Central Inverter

Central inverter is a type of inverter used in large PV grid connected system. In central inverter PV grid system configuration, all the PV string in the array are paralleled and connected to the central inverter through which the system is linked to the grid as shown in figure 2.18a above. Central inverter configurations are less expensive and reliable to compare to others due to few components involvement. However, mismatch and DC cabling losses as well as low system flexibility and shading sensitivity are the major disadvantages of central inverters. Shading or

defect on any of the strings is picked up by the central inverter and this can affect the whole system. (Adefarati, 2015) (Bayoumi, 2015)
2.8.1.2 [bookmark: _TOC_250074]String Inverter

[image: ]A string inverter configuration as illustrated in figure 2.18b above is a type of configuration used in medium/large scale system where each string in the PV array is dedicated to one inverter, in such that one inverter is connected and manages one PV string in the system. This configuration helps to remove the shortcomings associated with central inverter.
In string inverter configuration, mismatch and Dc losses are removed, because shading or defect on any string is isolated from affecting the whole system and less cabling is employed. String inverter systems are more flexible and generate optimum power due to absence of much loss. The disadvantage of this configuration is cost and complexity if applied in large system where large numbers of strings are involved.
2.8.1.3 [bookmark: _TOC_250073]Module Inverter

In a module inverter configuration as illustrated in figure 2.18c, the inverter operates directly at one or several PV modules. This concept minimizes mismatch and partial shading losses, significantly reduces the amount of DC cabling and has a high system flexibility and expandability. It reduces the impact of the power production due to inverter failure and the failure is identifiable to a single point. However, the inverter has to operate in a harsh outdoor environment; leading to unfavorable ageing behavior. It also has a high specific cost and a lower efficiency due to a need for boosting the low voltage of the PV module to a higher DC voltage. Module inverters are most suited for a PV system with considerable partial shading. (Sonnenenergie et al, 2013).

2.8.1.4 [bookmark: _TOC_250072]Power Optimizer

[image: ]A power optimizer is a DC-DC converter that performs MPPT and perhaps, voltage amplification. (Bayoumi, 2015). It is attached to a single or two modules to minimize the overall mismatch losses, as illustrated in figure 2.18d. The optimizers are connected in series and communicate with each other to regulate the individual voltages. The conversion to AC is carried out by a central or string inverter which operates in a voltage range. If the voltage falls outside the range, the current it adjusted so the voltage falls within the range again.
The DC-DC conversion increases the efficiency losses, but optimizers do not heat up during operation as seen with module inverters (Arno et al.,, 2016).
A suitable Optimizer typically a Buck-Boost Converter that can accept the range of DC output voltage from the PV Panel as input and give a specified DC output that goes into the inverted is selected. The inverter unit selection is made based on the voltage from the charge controller and the maximum power of AC load, about 20% higher than rated load is advisable. A multi- string technology is preferred. (Alabi, 2019)

2.9 [bookmark: _TOC_250071]Mounting System

There are a variety of mounting systems and configurations available today depending on if the PV system is ground mounted, integrated in the building (BIPV) or mounted on the building (BAPV). The mounting system must be designed to withstand the expected loads at the location without causing the PV array to lift or slip down, and to provide ventilation for the modules. The load includes both PV modules and weather conditions such as wind and snow. On inclined roofs the most common mounting system is an additive system with the same tilt angle as the roof. The modules are assembled on the existing roof by using mounting rails that are either attached directly to the roof covering or anchored to the roof structure. The modules are fixed

[image: ]on the rails by using fasteners. Depending on the roof material, there are different methods to fasten the rails on the roof. For wave corrugated metal roofs the most commonly used fastening system is drilling mounting bolts through the roof waves. A typical roof mounting system is illustrated in s illustrated in figure 2.18a. (Marie, 2018)
[image: ]
Fig 2.19(a): Tilted roof mounted from (Marie, 2018)

[image: ]
Fig 2.19 (b): Ground mounted from (Marie, 2018)
Figure 2.19: Mounting system for (a) tilted wave corrugated roof and (b) ground mounted with concrete piles.

[image: ]The mounting system on a flat roof can either be inclined or aligned with the roof. Special care should be taken to avoid damaging the roof skin when installing the mounting system. If the modules are installed at an angle the extra wind load should be taken into account. There is a wide selection of foundation and frames available for a ground mounted PV system, depending on the quality, load and pH value of the ground, and the topography of the site. The foundation can be concrete slabs put on top of the ground or steel screws drilled into the ground. The frame is made of timber or metal and arranged in a rail system as illustrated in figure 2.19b.

2.10 [bookmark: _TOC_250070]Other BoS Components

Balance of Solar BoS in a grid-connected PV system are other components that is not the PV module which performs a given tasks to help the generated power from the PV panel to reach the load in a suitable form. These may include AC and DC cabling, inverter, a monitoring system, metering and protection and disconnection switches.
2.10.1 [bookmark: _TOC_250069]AC and DC cabling

Cable connection in PV system is divided into DC cable and AC cables. The DC cables are those cables connected to the DC side of the PV system, i.e. they link one module to another to form strings of modules or link strings of modules to another string in parallel to form an array of modules. They also include those cables that link solar PV farm to the inverter input to supply DC power from PV array to the inverter. In most cases these cables are exposed to the outside and must be UV resistance. They mostly come in 1.5mm2 and 6mm2 size and use plug connectors.
AC cables are those cables that link the inverter to the grid injection point. In both cases losses should be considered, because the longer the length of cable used the more the losses in the

system. It is advisable to respect national code and regulations when choosing cables for solar PV system.
2.10.2 [bookmark: _TOC_250068]Monitoring System

[image: ]Monitoring is process by which a given parameter is measured by a measuring device or a sensor to ascertain that the parameters under check do not exceed or fall below the set point. Monitoring systems in most cases display the value of the parameters under check at any given time in order to communicate the state of the system to the outside world for decision taking. (Draganad, 2018)
In PV solar system the monitoring systems measures and indicate/display the system parameters such as voltage, energy production, power, frequency, current and temperature.
It monitors, diagnoses and performs validations of the PV system to give the user information about the operating condition of the system. A monitoring system provides the owner with a learning tool to further understand how the system functions, and the installer with a system insight for remote troubleshooting. The monitoring system is usually a part of the inverter. Inverter manufacturers also provide their own monitoring platforms, often available through both web browser and app, to give the customer an easy way to view production and consumption. Each manufacturer has their own available features in the monitoring platforms. (Marie, 2018)
2.10.3 [bookmark: _TOC_250067]Protection, Disconnection and Metering

In order to keep the system is a safe condition protection switch and disconnectors are always inculcated in the PV solar system. It also serves the purpose of isolating the system during repair and maintenance work. The metering system measures the produced energy, energy fed to the grid as well as energy consumed from the grid.

[image: ]A disconnector or disconnection switch cuts off the power in a circuit. It is installed on both the AC and DC side of the inverter and should be rated for the maximum open circuit voltage and generated current. An isolation disconnector is also installed on the AC side to protect the grid and isolate the PV system from the electricity grid in case of faults (Sonnenenergie et al, 2013) An overvoltage happens in PV system when the voltage of the circuit rises above the maximum stipulated design voltage limit during lightning or other external and internal disturbances. (Abdunnaser et al, 2020). Preventing damage to electric/electronic component caused by overvoltage, requires protection devices like circuit breakers, fuses and control type of protection to cut off excess voltage or shut down the power supply. They are employed on both AC and DC side of a PV solar system inverter (Sonnenenergie et al, 2013)

2.11 [bookmark: _TOC_250066]Review of related Works

Many research studies have been carried out in different areas of PV solar energy system, in and outside Nigeria because of its importance at the present time, when renewable energy is in demand. However, much attention has not been given to grid connected system in Nigeria despite huge availability of sunshine. This work is unique because it is the first of its kind that considered designing both bifacial and mono-facial grid connected PV solar system for Igbinedion Crown Estate Okada. This type of research is rare in this part of the world and this paper intends to fill this gap by drawing attention to this new technology in PV solar system design.

Adiya Kumar et al (2021) in a journal article of physics conference series presented a research on Design and analysis of PV solar Rooftop in Motihari. Pvsyst 6.0.1 was used to simulate and analyses a 4kwp SPV plant. It was stated in the work that montihari receives average irradiation

of 1156.39W/m2 and the solar plant was rooftop mounted method. It was also stated that 1.2 fudge factor should be multiplied to the total energy calculated for the installation, which comes from the energy of the appliances to be powered. He explained the performance ratio as the
ratio of the final system yield to the reference yield, (final system yield) which gives the overall
reference yield

[image: ]losses that occur during the conversation of DC to AC power and also serves as an indicator of the energy available after removing the amount of energy lost in the PV system. In conclusion he claimed that the designed 4kwp SPV plant saved around 113 tons of carbon emissions, which is equivalent to plant 181 trees over a lifetime ( Adiya Kumar et al., 2021).

Ahmed et al.,(2019), presented a study on solar PV on – grid connection power plant using PVsyst in Umm Al – Quara University. In the design section of the project, they opined that knowledge in choosing the right number, size and type of PV modules, inverter, and other components is important to improve the energy production as well as lifetime maintenance of the grid tied PV plant. (Ahmed et al., 2019)
Furthermore,   they   presented   the   latitude   and   the   longitude   of   their   location   as 210 25′Northlatitudeand39034′ East longitude, and explained the factors affecting solar PV efficiency as follows:
(1) The PV module direction: the direction change in the PV module not according to Azimuth will reduce the current and lead to reduced power. And the Solar panel needs to face the south according to umm Al Qura- University’s location in the northeast side of the earth as they opined. However, the two ways to find the Azimuth Angle is to use the solar tracker, which helps to move the PV to the maximum radiation and manually by using a compass to south direction with 150 angle. (Ahmed et al., 2019)

(2) [image: ]The PV module Angle: they mentioned that a lower tilt angle increases productivity in summer months, while In winter higher tilt angles are used for lower irradiation condition. Comparing the above statement with Nigeria weather it implies that the lower tilt angle will be better during the dry season while higher tilt angle will be better during the rainy season when the sun shine is low. (Ahmed et al., 2019)
(3) The module irradiance: it was stated that the increase in the irradiant leads to increase in the power output. This is a well known fact in the field of Solar PV renewable energy since the power production to a large extent depends on the amount of sunshine or irradiant of the area. (Ahmed et al., 2019)
(4) The module Temperature: they stated that the increase in temperature of the module can affect the power production negatively. This is true because the voltage of the module tends to reduce during higher temperature than normal. Also, other articles on similar research stated same, and declared 250C as the standard temperature at which the module can give it rated maximum power output. (Ahmed et al., 2019)
Finally, the total amount of energy produced annually and annual average performance ratio were assessed in the final simulation and the table of result was shown. They tried in their research but failed to explain in detail how the simulation was run, to enable future researchers to follow their work and produce the same result. In this research PVsyst simulation software will be used to analyze some data to produce result.
KPrahala Redy (2020) carried out a research on Design and simulation Analysis of 12.4 KWp Grid connected solar system using PVsyst software. In their research they listed software’s for PV solar simulation as PVSYST, PVGIS, HELISCOPE, ARC GIS, GOOGLE SKETCH UP,
SOLARMAT, HOMER and so on.   He clearly gave the step by step involved in using

[image: ]simulation software’s in flow chart format as Start, Selecting a location in software, fixing tilt angle, Selecting of PV modules from a pre- defined list (recommended by the software), Selecting a suitable rated inverter from the pre – defined option, String arrangement of PV modules, running simulation, stop. design un He simulated 12.4kWp using Pvsyst and clearly presented the result in graphs and tables. (Redy et al., 2020)

Ashok and Nawrai (2018) worked on modeling and simulation of 115.2KWp Grid – connected solar PV system using PVsyst. His work focused on modeling and simulation of a 115.2KWp with PVsyst software to determine the amount of energy that could be generated by 115.2KWP off grid installed in a teaching hospital if linked to the grid. He talked about performance ratio PR, Specific yield, utilization factor, system loss and capture losses and their causes. The actual specific yield is only 304.28 kWh/kWp annually, whereas the simulated system shows specific yield upto 1728 kWh/kWp can be obtained. (Ashok and Nawrai, 2018). The simulation results from PVSYST shows that a 115.2 kWp On-Grid system is capable of injecting 199 MWh energy annually to the grid, with annual average performance ratio of 83.5 % and annual specific yield of 1728kWh/kWp. The shading loss was neglected and grid availability was considered 100%. (Ashok and Nawrai, 2018)
Similar study by (Ashok and Nawrai, 2018) was carried by Sharma et al. in India and showed annual performance ratio of 78%. The actual generation of the existing plant with battery bank, off-grid and on-grid inverters was only 35MWh for the first year of its installation. This actual generation was recorded on-site using a data logger. Thus, he recommended on-grid system as compared to similar standalone existing PV system at TUTH during next phase of solar PV installation for better performance and optimized energy generation. The current system is working, but with certain modifications, it can be made fully on-grid to optimize the generation,

with other input parameters remaining the same and reduced project costs. (Ashok and Nawrai, 2018)

[image: ]From his work, it can be deduced that same work done in different locations must not have same results. It was mentioned above, that similar studies by Sharma et al. at India showed annual performance ratio of 78% while his own work in Austria gave a performance ratio PR of 83.5%. Therefore different location has different solar energy capacity.

A pre – study was done by a Swedish company called Kraftpojkarana AB, which specializes on solar tracking system, a special controlled mounting system which keeps modules always. The advantage of this design is that it allows absorbing maximum solar irradiation and increasing the amount of produced energy per module area as a result. However, the complexity of this alternative makes it more expensive and maintenance demanding (Anton Fedorov, 2015)

Pragya Nema (2018) presented Assessment of PV solar energy system and smart grid a review nm pawar. In her work, she opined that Smart Grid is an unavoidable pattern of energy framework, and shrewd matrix thorough evaluation framework can direct a complete appraisal of the general attributes of savvy lattice, which can mirror the present level of the improvement, discover the shortcoming and the limitations in the system advancement, distinguish the separation to the objective, guarantee the brilliant network improvement accomplish a unification of the quality, speed and effectiveness. At present, numerous nations are examining on the savvy lattice far reaching appraisal frameworks. Number of authors addresses different architectural design related to configuration of smart grid. The key challenge lies in transmission & distribution system automation is the assortment of proper structural design and communications parameter and find out desired output. It is necessary to develop architectural

[image: ]design of smart grid on the based on energy conservation & energy efficient manner as well as minimum carbon emission concept, which is very beneficial for sustainable development. The proposed smart grid appraisal framework should regard keen network as a natural entire, mirror the data, computerization, interoperate highlights, give full thought to the electric vehicles, vitality stockpiling, other esteem included administrations model and social advantages of vitality sparing and condition assurance, shape a solidarity shrewd lattice assessment framework based on mirroring the time contrasts and provincial contrasts amid the brilliant network improvement. (Nema, 2018).

Atil Emre Cosgun and Yunus Uzun (2016) Researched on Thermal Monitoring System for a PV Solar Module. In their work, a good solar PV module and defective solar PV module were scanned with thermal camera and the images received were processed and analyzed using Matlab simulation software and also image processing technique was used to process the received image. Camera Optris Pi 160 that has measurement speed of 120 Hz and has 160 x 120 pixel optic resolutions. There was 2 meters between the infrared camera and PV panel. The panel was set to about 90 degree against the camera both the good and defective panel and their images were taking and analyzed with matlab software. After the analysis the result was shown. It was claimed by the author that Thermal Monitoring System for a PV Solar Module is better compared to others (Atil, 2016). Their study shows that situation of solder connection has an important effect on efficiency of PV panel output. With this study it is clearly seen that situation of panels can be observed with infrared cameras. Also, thermal monitoring system is more suitable method for large PV plants inspection; because it reduces the fault detection costs and shortens maintenance time. According to this study, fault detection on PV panel with infrared

cameras is very fast and economical method for getting more accurate data when compared to other traditional methods. (Atil, 2016).

[image: ]Otman Imrayed, Ahmed M Alturas, Elharoshi Diryak (2020) studied Shading Effect on a PV Solar Energy System Performance using MATLAB/SIMULINK. In this paper the model for the real PV solar cell array was developed and presented based on the fundamental circuit equations of a PV solar cell using Matlab simulation. The simulation results were validated by the manufacturer's datasheet and taking into account the effect of sunlight irradiance and cell temperature on the electrical characteristics (V-I, V-P and I-P curves). It was observed that the open circuit voltage got decreased with the variation of the values of the cell temperature while the value of irradiance is constant. Also it was noticed that the voltage produced by the PV array at open circuit and the short circuit current are increased by increasing of the solar irradiance level. A model of PV system under shaded condition with bypass and blocking diodes was investigated using Simpower blocks. V-I and V-P and I-P characteristics curves show multiple peaks under partially shaded conditions. Having read other articles related to my work, it has been observed that no research of this nature has been carried out for Okada town in general. The major uniqueness in this research is that an area, which has not been considered before will be considered and other uniqueness may come up in course of the project

Adeyemi et al (2018) carried out a research on development and sizing of a grid connected solar pv power plant for Cannanland was analyzed from load consumption data, and solar power plant were designed based on the analysis. It was opined that the designed system can carter for the community during the period of 10:30am to 4:30pm daily satisfying the peak loads and base load ( 5.16MW and 0.7MW) of the community respectively. (Adeyemi et al, 2019)

[image: ]Anton Fedorov (2015) carried out a study on photovoltaic system Design for a contaminated area in Falun, Comparison of south and East west layout. Investigation was carried out on the most profitable component combination and system optimization due to tilt and row distance. The approach was to simulate system with different components and orientations, which were sized for the same 100kw inverter in order make a better comparison. The main result of this part shows that with price of 0.43$/wp thin- film module were the most cost effective over crystal type.

Marie (2018) mentioned in her work titled; Design and simulation of a grid-connected PV system in South Africa: technical, commercial and economical aspects. Under grid-connected PV system design evaluation, that important factor to consider for efficient and reliable grid- connected PV Solar system design are: 1. Site study and assessment; where the location for the project must be studied to determine the condition and limiting factors that can affect the system. 2. Shading analysis; To understand possible shading to the system. 3. Climate data acquisition; where the correct data about the location is collected and understood. 4. Module orientation and Inter-Row; here the angle of placing and space of string of modules from one another is considered, five meter spacing was advised. 5. Modules and inverter selection for perfect array to inverter matching, DC to AC matching, voltage matching, strange sizing and numbering, and ohmic losses for AC and DC cables.

[image: ]

CHAPTER THREE RESEARCH METHODOLOGY
3.1 [bookmark: _TOC_250065]Research Methodology

[image: ]This chapter presents the methods used in this research for the design and analysis of Grid connected solar PV system for Igbinedion University Crown Estate Okada.

3.2 [bookmark: _TOC_250064]Preliminary Design

3.2.1 [bookmark: _TOC_250063]I U O Crown estate Power Requirement Estimate

Prior to the simulation design, it was necessary to determine I U O crown Estate power requirement in order to estimate the amount of energy expected from the solar PV system under consideration.
Table 3.1: 2020 Approximated power capacity of IUO Crown Estate from BEDC (Benin
electricity Distribution Company)

	Month
	Power consumption(MWh)

	January
	13794.315

	February
	14117.673

	March
	14486.064

	April
	14747.587

	May
	14965.563

	June
	15178.862

	July
	15415.473

	August
	15682.704

	September
	159251.702

	October
	16115.393

	Average
	29375.5336 ≈ 29376MWh =29376000kWh



Usage per day = energy consumption per month
30

=	29376000kWh = 979200𝑘𝑊ℎ
30

The approximate needed solar =	Usage per day
𝑆𝑜𝑙𝑎𝑟 𝑖𝑟𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛

3.1



3.2


[image: ]Solar irradiation of Okada is 5kWh/day
Therefore, the approximate needed solar = 979200 = 195840𝑘𝑊	3.3
5
Chosen a Derating factor of 0.85 it becomes   195840 = 244800𝑘𝑊	3.4
0.8

To estimate the solar capacity for I U O crown estate, the information as shown in table 3.1 was obtained, and average of the total consumption was calculated and divided by thirty (30) to obtain the I U O crown estate electricity usage per day which was 979200𝑘𝑊ℎ. The usage per day was divided by the irradiance value of the location (I U O) which is 5kwh/m2, and the needed solar capacity of approximately 195840𝑘𝑊 solar plant was obtained. After Dividing by de-rating value of 0.8 the value became244800𝑘𝑊.

3.3 Preliminary Specifications for IUO Crown Estate Grid Connected PV System Before the design, there was need to have prior Knowledge about some basics things related to the project in connection with the environment of the project. For instance one should know the voltage of the grid to which the system will be connected, whether transmission line or distribution line etc. In Nigeria, single phase supply operates on 220 – 230 volts and three phases operates on 415 volts on distribution level. These facts as stated above gave rise to some basic specification as below.
1. The output of the system should link to 415V AC grid: This is based on the fact that 3 phase distributor lines in Nigeria is rated at 415V.

2. The PV solar system should be able to stop supplying to the grid when the grid is out or de-energized, for safety. (Pema et al., 2017). It is called Islanding in solar system terms.
3. The system must not cover a maximum area of 10000m2

4. [image: ]Okada is located in the Northern area of the state and experience high sunny weather, therefore the system must be able to withstand up to 600C

3.4 [bookmark: _TOC_250062]Verification of Voltage Fluctuation with Installed Panel at the Site

To verify and understand the voltage fluctuation of the site, (I U O crown Estate Okada) panels with the following ratings as shown in table 3.2 below Were installed, and the voltage of each panel were measured at time intervals with a multi-meter and the readings obtained from the measurement were recorded as tabulated in table 3.3 below.
Table 3.2: Ratings of panels installed at IUO Crown estate

	
Nominal peak power(Pmax)
	
50W

	
Peak Power Voltage (Vmax)
	
17V

	
Peak Power Current (Imp)
	
2.94A

	
Open Circuit Voltage
	
21.20

	
Minimum Power (Pmin)
	
45.00W

	
Short Circuit Current (Isc)
	
3.22A









Table 3.3: Voltage values of the panels installed at IUO Crown estate measured at different time intervals

	Month
	Time
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	January
	9:05am
	16.54
	16.43
	12.86
	12.44
	16.54
	15.72
	11.31
	12.82
	13.54
	15.50
	17.63
	16.40

	January
	12:00
noon
	17.34
	17.25
	16.34
	17.64
	16.4
	16.23
	12.45
	15.43
	16.23
	16.46
	15.67
	15.53

	January
	3:19pm
	16.54
	14.48
	14.48
	15.00
	16.05
	17.00
	12.00
	15.72
	16.00
	17.98
	15.86
	18.7

	Febuary
	9:00am
	16.54
	16.43
	12.86
	12.44
	16.54
	15.72
	11.31
	12.82
	13.54
	15.50
	17.63
	16.40

	Febuary
	12:00
noon
	17.34
	17.25
	16.34
	17.64
	16.4
	16.23
	12.45
	15.43
	16.23
	16.46
	15.67
	15.53

	Febuary
	3:00pm
	16.54
	14.48
	14.48
	15.00
	16.05
	17.00
	12.00
	15.72
	16.00
	17.98
	15.86
	18.7

	March
	9:05am
	15.00
	16.00
	13.00
	12.44
	16.76
	15.67
	12.86
	13.86
	12.86
	15.56
	16.67
	15.87

	March
	12:00
noon
	17.00
	16.00
	13.99
	14.76
	17.96
	17.53
	16.83
	15.00
	15.03
	14.86
	16.65
	15.84

	March
	3:19pm
	16.54
	14.48
	14.48
	15.00
	16.05
	17.00
	12.00
	15.72
	16.00
	17.98
	15.86
	18.7

	April
	9:05am
	16.54
	16.43
	12.86
	12.44
	16.54
	15.72
	11.31
	12.82
	13.54
	15.50
	17.63
	16.40

	April
	12:00
noon
	17.34
	17.25
	16.34
	17.64
	16.4
	16.23
	12.45
	15.43
	16.23
	16.46
	15.67
	15.53

	April
	3:19pm
	16.54
	14.48
	14.48
	15.00
	16.05
	17.00
	12.00
	15.72
	16.00
	17.98
	15.86
	18.7

	May
	9:05am
	15.00
	14.45
	13.56
	14.96
	13.65
	13.65
	14.23
	15.65
	15.56
	13.67
	14.65
	65.34

	May
	12:00
noon
	17.40
	16.34
	15.56
	15.86
	16.32
	17.34
	16.67
	15.76
	14.76
	15.85
	16.85
	17.88

	May
	3:19p
	16.86
	15.65
	14.67
	15.00
	16.45
	16.24
	15.54
	14.56
	14.00
	16.00
	14.98
	16.98

	June
	9:05am
	16.79
	16.05
	13.94
	12.77
	16.83
	15.72
	11.31
	12.82
	14.72
	15.50
	17.63
	16.40

	June
	12:00
noon
	17.49
	17.43
	15.60
	16.04
	17.06
	16.94
	12.66
	14.85
	15.68
	16.13
	15.40
	15.72

	June
	3:19pm
	17.41
	16.54
	14.48
	14.70
	17.05
	16.03
	12.0
	15.77
	16.98
	17.98
	16.19
	18.7

	July
	9:05am
	16.79
	16.05
	13.94
	12.77
	16.83
	15.72
	11.31
	12.82
	14.72
	15.50
	17.63
	16.40

	July
	12:00
noon
	17.49
	17.43
	15.60
	16.04
	17.06
	16.94
	12.66
	14.85
	15.68
	16.13
	15.40
	15.72

	July
	3:19pm
	17.41
	16.54
	14.48
	14.70
	17.05
	16.03
	12.0
	15.77
	16.98
	17.98
	16.19
	18.7

	August
	9:05am
	13.96
	14.63
	13.85
	11.86
	15.74
	14.5
	11.43
	11.54
	13.23
	15.00
	15.81
	15.89

	August
	12:00
noon
	15.67
	15.65
	14.67
	16.00
	15.86
	15.78
	16.43
	14.70
	15.9
	14.87
	16.86
	16.15

	August
	3:19pm
	15.09
	14.00
	13.01
	15.05
	15.42
	14.76
	16.05
	13.96
	14.56
	14.08
	16.85
	15.8

	September
	9:05am
	16.54
	16.43
	12.86
	12.44
	16.54
	15.72
	11.31
	12.82
	13.54
	15.50
	17.63
	16.40

	September
	12:00
noon
	17.34
	17.25
	16.34
	17.64
	16.4
	16.23
	12.45
	15.43
	16.23
	16.46
	15.67
	15.53

	September
	3:19pm
	16.54
	14.48
	14.48
	15.00
	16.05
	17.00
	12.00
	15.72
	16.00
	17.98
	15.86
	18.7

	October
	9:05am
	16.54
	16.43
	12.86
	12.44
	16.54
	15.72
	11.31
	12.82
	13.54
	15.50
	17.63
	16.40

	October
	12:00
noon
	17.34
	17.25
	16.34
	17.64
	16.4
	16.23
	12.45
	15.43
	16.23
	16.46
	15.67
	15.53

	October
	3:19pm
	16.54
	14.48
	14.48
	15.00
	16.05
	17.00
	12.00
	15.72
	16.00
	17.98
	15.86
	18.7

	November
	9:05am
	16.54
	16.43
	12.86
	12.44
	16.54
	15.72
	11.31
	12.82
	13.54
	15.50
	17.63
	16.40

	November
	12:00
noon
	17.34
	17.25
	16.34
	17.64
	16.4
	16.23
	12.45
	15.43
	16.23
	16.46
	15.67
	15.53

	November
	3:19pm
	16.54
	14.48
	14.48
	15.00
	16.05
	17.00
	12.00
	15.72
	16.00
	17.98
	15.86
	18.7




	December
	9:05am
	16.54
	16.43
	12.86
	12.44
	16.54
	15.72
	11.31
	12.82
	13.54
	15.50
	17.63
	16.40

	December
	12:00
noon
	17.34
	17.25
	16.34
	17.64
	16.4
	16.23
	12.45
	15.43
	16.23
	16.46
	15.67
	15.53

	December
	3:19pm
	16.54
	14.48
	14.48
	15.00
	16.05
	17.00
	12.00
	15.72
	16.00
	17.98
	15.86
	18.7





3.5 [bookmark: _TOC_250061][image: ]Preliminary Manual Sizing Calculations

Perfect functionality of solar system depends on how well it was sized. Sizing simply means calculating the capacity of the load to be powered by the system and the corresponding ratings and numbers of the components that can power the load comfortably without stress or redundancy during operation. In this dissertation, two main constraints were considered which served as the starting point for the sizing. These constraints are space constraints and energy offset constraint. In space constraint the system was considered according to the available space while in the energy offset constraint, the system was sized to offset certain percentage of IUO crown estate energy usage. From the above calculation approximately 244800𝑘𝑊 energy is needed to offset reasonable bill for the estate, but lesser capacity can be designed to handle some sections of the estate. What was simply done in the sizing was to match the inverter and array perfectly by considering important parameters like minimum temperature, maximum temperature and the irradiance level of the environment etc. The technical specification for the module and inverter chosen for the manual sizing for I U O crown estate are as shown in figure
3.4 below.








Table 3.4: Technical specifications of the solar module chosen for the design

	Module model SEGM6-60-290
	

	Maximum power (Pmax)
	290Wp

	Voltage at maximum power (Vmpp)
	32.1V

	Current at maximum power (Impp)
	9.05A

	Open circuit voltage (Voc)
	39.2V

	Short circuit current (Isc)
	9.66A

	Panel efficiency
	17.5%

	Power tolerance
	

	Electrical Data at NOCT
	Temperature 45 -+ 2℃ Norminaloperating temperature (NOCT):
800/m2, AM 1.5, wind speed 1m/s, ambient
temperature 20℃

	Operating Temperature range
	-40 - 85℃




[image: ]Table 3.5: Module coefficient factors

	Temperature coefficients Pmax
	-0.45%/℃

	Temperature coefficients Voc
	-0.35%/℃

	Temperature coefficients Isc
	0.06%/℃

	Maximum System Voltage
	1000V

	Series fuse rating
	15A












Table 3.6: Chosen Grid Inverter specification Input data DC

	Model SUN2000-105KTL-H-1
	

	Max DC Voltage
	1500V

	Rated DC Voltage
	1080V

	Max. DC Current
	150A

	MPP(T) Voltage range
	600 – 1500V

	No of MPP Tracker
	6

	DC Inputs
	12

	Min. DC Voltage to start feeling in
	650V





[image: ]Table 3.7: Chosen Grid Inverter specification output data AC

	Maximum AC power
	116kW

	Rated AC Voltage
	800V

	Maximum AC current
	84.6A

	Rated AC current
	75.8A

	Frequency
	50, 60Hz

	Power factor (cosӨ)
	0.8

	Distortion (THD)
	< 3%

	Number of feed in phases
	3

	Maximum efficiency
	99%

	Euro efficiency
	98.8%




3.5.1 [bookmark: _TOC_250060]Matching Inverter and Array

[image: ]To match Inverter and array, it was important to find out the most appropriate combinations of modules and inverter by considering the local operating condition, the voltage, current and power rating of the module and inverter. These ensure proper matching of the system terms of performance and safety. The important steps followed in matching inverter and PV module array are finding.
1. Number of module in a string

2. Maximum number of strings (to match which the inverter input)

3. Matching of the power ratings


3.5.2 [bookmark: _TOC_250059]Number of Modules in a String

The first thing that was done under this was to determine the lower and upper limit of a string

i.e minimum and maximum number of modules that can be connected in series, maximum and minimum operating temperature, maximum and minimum effective voltage of the module, maximum and minimum operating temperature. By knowing the ambient temperature of a particular location which is 270C in Okada, NOCT (Nominal operating cell temperature) of the module and the incident solar radiation at that location the module operating temperature was calculated as

(𝑇𝑜𝑝

)𝑚𝑖𝑛 = (𝑇𝑎𝑚𝑏)𝑚𝑖𝑛 + (𝑁𝑂𝐶𝑇−20) ∗ 800	3.5
800


(𝑇𝑜𝑝)𝑚𝑖𝑛 = 27 + (47 − 20) = 27 + 27 = 54℃	3.6


(𝑇𝑜𝑝

)𝑚𝑎𝑥 = (𝑇𝑎𝑚𝑏)𝑚𝑎𝑥 + (𝑁𝑂𝐶𝑇−20) ∗ 800	3.7
800


(𝑇𝑜𝑝)𝑚𝑎𝑥 = 39 + (47 − 20) = 39 + 27 = 66℃	3.8
Top = = (𝑇𝑎𝑚𝑏)𝑚𝑖𝑛 + (𝑁𝑂𝐶𝑇−20) ∗  800	3.9
800

= 33 + (47−20) ∗ 800	3.10
800

= 33 + 27 = 60℃	3.11

Derated PV output (Ppv derated) =	𝑃𝑆𝑇𝐶 ∗ 𝐹𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 ∗ 𝐹𝑑𝑖𝑟𝑡 ∗ 𝐹𝑀𝑎𝑢𝑓𝑎𝑐 𝑡𝑜𝑙𝑒𝑟𝑎𝑛𝑐𝑒 3.12


𝐹𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒

= 1 – derating% due to Temperature( 𝑇𝑜𝑝 − Tstc )
100

3.13


Let the derating% due to Temperature be 0.5%/℃, and Tstc = 25℃

[image: ]= 1 − 0.5% ( 33℃ − 25 ℃) = 0.85	3.14
100

Chosen Temperature derating factor (𝐹𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒) = 0.85

Derated PV output (Ppv derated)   = 290 * 0.85 * 0.95 * 0.95 = 222.5V	(3.15) Let (Tamb) min and (Tamb) max be 39 ℃ and 27℃ degrees respectively

The above equation 3.5 and 3.7 was used to calculate the maximum and minimum operating temperature considering recorded highest and lowest ambient temperature of Okada.
[bookmark: _TOC_250058]3.5.3	Maximum and minimum effective voltage of the module

The minimum and maximum effective voltage of PV array can be calculated using the following formulas
Vmax – Eff = 𝑉𝑜𝑐 𝑠𝑡𝑐 ∗  [ 1 + [(𝑇𝑜𝑝) min − 𝑇𝑠𝑡𝑐)] ∗ [𝛾𝑝]	3.16
Vmax – Eff = 39.2 ∗ [1 + (54℃) − 25℃) −0.035] = 35.2V	3.17
100
Vmin – Eff = Vmmp stc ∗ [[𝛾𝑜𝑐 ∗ {(𝑇𝑜𝑝 𝑚𝑖𝑛) − 𝑇𝑆𝑇𝐶}]	3.18
Vmin– Eff = 32.1 *[1+ (66℃ − 25℃) ∗ −0.45] =	26.2V	3.19
100
Note: the output voltage of the array should not fall outside the inverter MPPT Voltage. And this depends on the minimum and maximum number of modules in a string therefore; minimum number of module in string can be calculated by the equation

𝑀𝑠𝑡𝑟𝑖𝑛𝑔 𝑚𝑖𝑛

=  (𝑉𝑖𝑛𝑣−𝐷𝐶)𝑚𝑖𝑛
𝑉𝑚𝑖𝑛−𝐸𝑓𝑓

3.20

𝑀𝑠𝑡𝑟𝑖𝑛𝑔 𝑚𝑖𝑛

= 600 = 22.9 ≈ 23 𝑚𝑖𝑛𝑖𝑚𝑢𝑛 𝑝𝑎𝑛𝑒𝑙 𝑖𝑛 𝑠𝑒𝑟𝑖𝑒𝑠	3.21
26.2

Minimum number of module in string can be calculated by the equation below

𝑀𝑠𝑡𝑟𝑖𝑛𝑔 𝑚𝑎𝑥

=  (𝑉𝑖𝑛𝑣−𝐷𝐶)𝑚𝑎𝑥
𝑉𝑚𝑎𝑥−𝐸𝑓𝑓

(3.15)

𝑀𝑠𝑡𝑟𝑖𝑛𝑔 𝑚𝑎𝑥

= 1500 = 42.6 ≈ 43 𝑚𝑎𝑥𝑖𝑚𝑢𝑛 𝑝𝑎𝑛𝑒𝑙𝑠 𝑖𝑛 𝑠𝑒𝑟𝑖𝑒𝑠	(3.16)
[image: ]35.2


[bookmark: _TOC_250057]3.5.4	Maximum number of string (to match with the inverter input)

Current rating of the module has to be matched with the inverter input current rating in order to determine the maximum possible string to be connected in parallel.
𝛾𝐼𝑠ℎ = 𝑠ℎ𝑜𝑟𝑡 𝑐𝑖𝑟𝑐𝑢𝑖𝑡 𝑡𝑒𝑚𝑝 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 %/0𝐶

𝛾𝑝 = 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑝𝑜𝑤𝑒𝑟 𝑡𝑒𝑚𝑝 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 %/0𝐶

𝛾𝑉𝑂𝐶 = 𝑜𝑝𝑒𝑛 𝑐𝑖𝑟𝑐𝑢𝑖𝑡 𝑡𝑒𝑚𝑝 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 %/0𝐶

Due to variation in operating temperature, the value of short circuit current of module also differ from its STC value. This can be determining as;
𝐼𝑠𝑐 𝑒𝑓𝑓 = [𝛾𝐼𝑠𝑐 ∗ {(𝑇𝑜𝑝)𝑚𝑎𝑥 −𝑇𝑆𝑇𝐶 }]	(3.17)




𝐼𝑠𝑐 𝑒𝑓𝑓

𝐼𝑠𝑐 𝑒𝑓𝑓 = 𝐼𝑠𝑐−𝑠𝑡𝑐 ∗ [(𝑇𝑜𝑝)𝑚𝑎𝑥 −𝑇𝑆𝑇𝐶 ) ∗ 𝛾𝐼𝑠𝑐 ]

= 9.66[1 + (66 − 25) ∗ 0.06] = 9.898𝐴	(3.18)
100



Maximum number of string to be connected in parallel with the inverter can be determined using the following equation

𝑆𝑚𝑎𝑥

= 𝐼𝑖𝑛𝑣−𝐷𝐶
𝐼𝑠𝑐−𝐸𝑓𝑓

(3.19)



𝑆𝑚𝑎𝑥

= 1500 = 151.5 ≈ 152 string in parallel	(3.20)
9.898


[bookmark: _TOC_250056]3.5.5	Matching power rating

To match the power rating of the module array with the inverter, nominal power ratio is an important parameter which determines whether the system is under- sized to operate at the inverter optimum power most of the time or over-sized to allow future addition of load without changing the inverter. In this work slightly under-sized system will be considered therefore the

nominal power ratio of 1.25 was chosen and used as below in equation 3.23.

Nominal power ratio = 𝑃𝑑𝑐
𝑃𝑎𝑐

Maximum AC of the inverter( Pac) = 116kW from inverter datasheet Therefore, DC of input of the inverter (Pdc) = 1.25 x 116kW = 145kW



3.23

The required DC output of the module Array to match the inverter of 116kWac is 145kWdc in order to have slightly under-sized system.
Table 3.8: Different possible of arrangement of module array

	
	
S/N
	No modues per string
	No of strings per array
	Power output, STC (KW)
	Dc –derated power output(KW)

	Minimum
String
	1
	23
	152
	1013.84
	778

	Maximum
String
	2
	43
	152
	1895.440
	1454

	Other combination
	3
	30
	148
	1218
	934.3

	-
	4
	20
	80
	464
	356

	-
	5
	16
	70
	325
	249

	-
	6
	16
	50
	232
	178

	-
	7
	12
	50
	174
	133

	-
	8
	13
	50
	189
	145

	-
	9
	13
	49
	185
	142

	-
	10
	13
	48
	181
	139

	-
	11
	12
	48
	169
	128

	
	12
	10
	50
	145
	111

	
	13
	10
	69
	200
	154

	
	14
	10
	60
	174
	133

	
	15
	12
	49
	171
	131



From table 3.8 above, the best combination that gave the needed DC power of 145kW as calculated from equation 3.23 are 13 numbers of modules in a string and 50 strings in parallel, this gave total modules of 650.
Therefore, if 650 panels give 145kW, how many panels will give 1000kW or 1MW?

[image: ]650∗1000 = 4483 𝑃𝑎𝑛𝑒𝑙𝑠	(3.23)
145

The AC output of the inverter is 116kW therefore the total number of inverter needed to

supply 1000kW or 1MW is = 1000𝑘𝑊 = 9 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑣𝑒𝑟𝑡𝑒𝑟 𝑜𝑓 116𝑘𝑤 𝑒𝑎𝑐ℎ
116𝑘𝑊

If 650 panels gives 145kW, how many panels will give 500kW?

650∗500 = 2241 𝑃𝑎𝑛𝑒𝑙𝑠	(3.24)
145

The AC output of the inverter is 116kW therefore the total number of inverter needed to

supply 500kWp is = 500𝑘𝑊 = 4.3 ≈ 4 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑣𝑒𝑟𝑡𝑒𝑟 𝑜𝑓 116𝑘𝑤 𝑒𝑎𝑐ℎ
116𝑘𝑊


3.6 [bookmark: _TOC_250055]Main design with PVsyst Simulation Software:

PVsyst was selected as the simulation software, because it is a powerful tool for studying, sizing and analyzing PV solar system. It contains databases of both meteorological data and PV system components from several manufacturers from which solar data about the location and component can be chosen. For this thesis version 7.2 of PVsyst was used.
Simulations of four different capacities of PV grid connected system were done to study the effect of different parameters on the P V system, and to determine the best system for Igbinedion University Okada. The simulation design was divided into three different scenarios as shown in Table 3.9 below.

Table 3.9: different scenarios of simulations

	Scenario A
	Shaded and non shaded 500kwp simulations to analyze the effect of shading on the PV
system

	Scenario B
	Bifacial and Mono- facial systems simulations on 100 by 50 land area to compare bifacial system with mono- facial
system

	Scenario C
	Fixed Bifacial on 250/00 tilt / Azimuth and tracking Bifacial simulations to compare fixed bifacial and tracking bifacial




3.6.1 [bookmark: _TOC_250054][image: ]Opening the PVsyst Software:

Opening the PVsyst software is like opening other computer program by double clicking the program icon to have access to the functions of the software. After installation of the program, it was opened by double clicking the icon to use the software.
3.6.2 [bookmark: _TOC_250053]Preliminary Design

PVsyst has a provision for preliminary design where one can make a rough estimate of his project to have firsthand information about the project. This section is not the main project and therefore very inaccurate, it serves as an estimate tool to get some values that will help in the main project design for more accuracy.

[image: ]

[image: ]Figure 3.1: PVsyst preliminary design interface


Figure 3.1 above shows the preliminary design interface for PVSYST 7.2 used in this dissertation. The interface seen is for grid connected system as shown. It contains site and meteo for choosing site and generating meteo data for the chosen site, Horizon for determining the horizon information of the location, and system for choosing the system parameters needed for the design.

3.6.3 [bookmark: _TOC_250052]Selecting the Type of PV System Structure

[image: ]PVsyst can be used to design all kinds of solar PV power, which include Grid connected PV solar, standalone PV solar power and pumping PV solar power as shown in fig 3.2. The project designer can choose any of the system as mentioned above. In this dissertation grid connected was chosen because the research is aimed at designing grid connected system for Igbinedion University Crown Estate Okada.
[image: ]

Figure 3.2: PVsyst page that shows three PV structure type grid connected, stand alone and pumping structures.

[image: ]

[image: ]Figure 3.3: Project design step in PVsyst (Paller et al., 2018)


3.6.4 [bookmark: _TOC_250051]Project Design

Project design in PVsyst is the main part of the software used to give a complete study of a PV system project. It includes selection of the parameters specified in figure 3.3. PVsyst software performs a thorough design and performance analysis using a detailed simulation performed over a full year in hourly steps. The output is a detailed system performance report. Optimization and parameter analysis can be performed through different simulation runs, also called simulation variants.

3.6.5 [bookmark: _TOC_250050]Creating a Project:

After selecting the system type, which is grid connected in this case, new project was created by clicking on “project” and “new project”. The project was given a name I U O crown Estate PV solar power.
3.6.6 [bookmark: _TOC_250049][image: ]Project Specification

3.6.6.1 [bookmark: _TOC_250048]Site Coordinate

Site coordinate is required in PVsyst to search and obtain the site information for proper simulation of the design. In order to obtain satellite information about I UO crown Estate the latitude, longitude, altitude and the Time Zone which are the site coordinate of the site ( I U O Crown Estate) were obtained from Google map and inputted into the geographical coordinate of the PVsyst as shown in figure 3.4.

[image: ]

[image: ]Fig 3.4: interface for geographical or site coordinate in PVsyst.


3.6.6.2 [bookmark: _TOC_250047]Site Selection:

In PV solar energy design, getting information about the irradiance (amount of sun light) of the location is an important step. The irradiance of any location helps the designer to estimate the amount of energy that can be generated from the location. Moreover, the irradiance information of any site can be obtained via direct measurement from the site or from satellite data. In using direct measurement, an instrument called pyranometer can be used to directly obtain the irradiance in Kw/𝑚2 from the site, by going to the site physically to get readings and determine the irradiance of the location. For satellite data the project site can either be chosen from a built-

in database as shown in table 3.10 below or a new site can be created. When defining a new site, the location and site coordinates in latitudinal and longitudinal degrees must be specified as in figure 3.4. The site coordinates are used to calculate the sun’s position throughout the year. An hourly or monthly meteorological datafile for the site must also be specified.
[image: ]Table 3.10: PVsyst built in database
[image: ]




3.6.6.3 [bookmark: _TOC_250046]Input Data and New Site Creation

Geographical Location of I U O Crown Estate was the first input data that was needed by PVsyst to generate satellite data for the simulation. The geographical coordinate determines the sun

[image: ]path over the year, and allows interpolating meteorological data for I U O Crown Estate where no direct measurement was taken (Andr'e Mermoud and Bruno Wittmer, 2014). The procedure that was followed to create I U O Crown Estate site in PVsyst is as follows. Firstly, all the site available in the PVsyst database as in figure 3.5 was accessed through the “choose site” icon, and it was found that I U O Crown Estate was not Originally in the PVsyst database and needed to be created, hence the “new” icon at the bottom of the page was clicked. This led to geographical coordinate page as shown in fig 3.4 which required the coordinates (latitude, longitude and the altitude) of I U O crown Estate to be copied into the designated boxes in the page. To get the latitude, longitude and altitude of the site, google map was used and the location I U O crown Estate was found in Google map with the latitude of 6.7300 degree and longitude
5.400 degree, as shown in Figure 3.5 and 3.6 and also found on Solargis with same latitude and longitude with the altitude of 88m inclusive. These three parameters, latitude, longitude and altitude of the location were copied into the geographical coordinate of the PVsyst, and the meteorological data shown in table 3.11, which contains the irradiance of I U O crown Estate was imported from meteonorm 8.0, and the site was created in PVsyst as shown in Figure 3.5 below. The newly created site, crown estate Igbinedion University Okada was highlighted, which means is has been added to pvsyst database. See table 3.11 below for the generated metrological data and fig 3.7 for created site.

[image: ]

[image: ]Figure 3.5: I U O Crown estate on Google map with the latitude and longitude

[image: ]

[image: ]Figure 3.6: I U O Crown estate on google map

Table 3.11: Igbinedion Crown estate Meteonorm data

	
	Global
Irradiance kWh/m2
	Diffused
Irradiance kWh/m2
	Temperature

℃
	Wind
Velocity m/s

	January
	138.6
	81.9
	27.2
	2.20

	February
	134.7
	98.6
	28.7
	3.10

	March
	150.3
	89.0
	29.2
	3.40

	April
	145.3
	91.9
	28.3
	3.10

	May
	147.8
	81.1
	28.1
	2.49

	June
	130.2
	76.6
	26.3
	2.60

	July
	111.3
	74.6
	26.0
	3.71

	August
	108.5
	77.1
	25.3
	3.90

	September
	117.7
	86.0
	25.6
	3.40

	October
	138.2
	84.5
	27.0
	3.60

	November
	146.1
	78.5
	27.7
	3.40

	December
	140.1
	86.9
	28.2
	2.29

	Year
	1608.7
	986.7
	27.3
	2.9



[image: ]

[image: ]Fig 3.7: Igbinedion Crown estate created in PVsyst database


3.6.7 [bookmark: _TOC_250045]Save the Project

At this point the new project created and the meteorological data generated was saved in PVsyst for further design.
Meteorological data of a place is a piece of information that tells about weather condition of that particular place, these can include the solar radiation, ambient temperature, relative humidity, wind speed air pressure and sunshine duration. In PV solar energy design with PVsyst, meteorological data-file can be obtained from one of the databases included in pvsyst, which are NASA – SSE and Meteonorm.
For this dissertation the metrological data for I U O crown Estate was generated from meteonorm 7.1 as shown in table 3.11.


[image: ]The required parameters in the meteorological file are horizontal global irradiance and ambient temperature. Horizontal diffuse irradiance and wind velocity are optional parameters, but the result will be more accurate if they are included. Metrological data for Igbinedion University Crown Estate Okada was saved to PVsyst database, and PVsyst started using it whenever the site is chosen for design and simulation.
3.6.8 [bookmark: _TOC_250044]Project Settings

In project setting, some parameters were adjusted to suit the concerned site (IUO Crown estate Okada). Access to monthly albedo values, design conditions and other limitations are available in the Project settings tab. Design temperatures used to properly match a PV array to an inverter can be modified in the Design conditions tab.
During the operation of PV system, the module voltage rises with decreases in temperature. Therefore, knowing the lowest temperature that is obtainable during the day at the site will help in determining the maximum voltage the modules can ever produce, and this helped in chosen the inverter of a particular maximum voltage that will accommodate the maximum voltage output of the Modules. In this dissertation research we used 20 degree Celsius as the absolute minimum operating temperature for Igbinedion Crown Estate Okada but the default is -10 according to UK lowest temperature.
During the operation of PV system, the module voltage decreases with rise in temperature. Therefore, knowing the highest temperature that is obtainable during the day at the site will help in determining the minimum voltage the modules can ever produce, and this helps in chosen the voltage inverter of a particular minimum voltage that will accommodate the minimum output of the Modules because the inverter will not pick when the module voltage is far lower than the minimum voltage of the inverter, In this dissertation research we used 60

degree Celsius as the Summer maximum operating temperature for Igbinedion Crown Estate Okada. The default temperature for summer maximum operating temperature is also 60 degree Celsius in PVsyst.
3.6.9 [bookmark: _TOC_250043]Mandatory Parameters

3.6.9.1 [bookmark: _TOC_250042][image: ]System Variant Management

Haven created the site in PVsyst with imported metrological data or chosen a site, another important aspect of PVsyst is to work through the variant section.
The variant section contains input parameters which help to define and give peculiarity to a given simulation, this implies that the input parameters that defined the system can be varied or changed under variant and compared with one another in order to choose more efficient system. There are mandatory and optional input parameters. The input parameters are listed as shown below.
· Orientation

· System

· Detailed losses

· Self – consumption

· Storage

· Horizon

· Near shading

· Energy Management

· Economic Evaluation

3.6.10 [bookmark: _TOC_250041]Orientation

[image: ]In the orientation section of the PVsyst the designer can choose the field type, the tilt angle and the Azimuth anlge for the solar system. PVsyst 7.2 used in this research has 17 field types, but only 3 field types were used in the course of this research. The considered field types are fixed plane, unlimited shed, unlimited trackers horizontal axis.
3.6.10.1 [bookmark: _TOC_250040]Fixed Plane Field Type

Fixed plane means a fixed solar module that cannot be automatically adjusted according to the movement of the sun once installed to a given tilt angle and azimuth considered good for the location of the project. Figure 3.8 shows a dialog box that allows the designer to adjust the tilt and azimuth angle to obtain the best angles for the intended location in the simulation design.
[image: ]

Figure 3.8: Orientation interface under fixed plane field type


In the orientation option, which specifies the orientation of the PVsyst planes (for the application of the transposition model) the special option unlimited shed fig 3.9 also perform

[image: ]the calculation of the mutual shading of a set of shed or rows. This simple calculation use as the hypothesis that they are unlimited in length i.e neglects the edge effect.
[image: ]

Fig 3.9: Orientation interface under unlimited shed


3.6.10.2 [bookmark: _TOC_250039]Tilt Angle and Azimuth Angle

Modules tilt angle and the azimuth angle are compulsory parameter to be chosen in the orientation. Tilt angle of the panel is the angle at which the panel is facing the sun from the base. Choosing optimal angle, makes it possible for the panel to receive greater part of sun radiation and thereby produce maximum amount of energy possible. When the panel’s tilt angle was adjusted in pvsyst, the amount of irradiation received by the solar panel in Kw/m2, and the

irradiation loss in percentage was shown. In other words, PVsyst proposes an optimal tilt and azimuth angle for the geographical location.
3.6.10.3 [bookmark: _TOC_250038]Orientation of the String Modules in Relation to Inverter

[image: ]An orientation is associated to each sub-array. Normally all modules of a sub-array should be in the same orientation.
Mixing PV modules of different orientations within a given string is not acceptable, because of mismatch current losses due to different irradiances (the current of a string is governed by the worst cell).
However you can mix strings in different orientations, because the mismatch in voltage (strings in parallel) is usually very low. PVsyst allows the creation of sub-arrays with 2 orientations on a same inverter input ( Heterogeneous planes). (Marie, 2018)
3.6.11 System under Variant Sub – array
System is one of the input parameters under variant. Any number of sub – array can be created under system. You can define an unlimited number of different sub-arrays kinds (add, copy, rename, move and delete on the right of the dialog).
For a given sub - array: you have to define your requirements, and PVsyst will automatically propose a suited arrangement.
The basic requirements for a sub-field (i.e. the parameters you should input) are:

· The desired nominal power, or alternatively the available area for installing modules,

· A PV module model, chosen in the database.

· The inverter model, chosen in the database,

Then the program will choose the required number of inverters, according to a pre-defined Pnom array/inverter ratio of 1.25.
It will then propose a number of modules in series, and a number of strings in order to approach the desired power or available area.
3.6.12 [bookmark: _TOC_250037][image: ]Array to Inverter Matching

Matching the PV array with the grid inverter brings improvement in the efficiency of the inverter, decreases the clipping losses of the inverter and prevents frequent shut down during clear sunny days of high solar radiation and low ambient temperature. (Ahmed et al., 2019)
In this dissertation the proper matching of the PV array with the inverter was taken care of by considering the lowest and highest temperature that can be experience in I U O crown estate and these was used to set some input parameter of the PVsyst simulation software like in Albedo setting which was changed from default -100C to 200C to suit the lowest temperature obtainable in I U O estate during the day. This is one of the reasons for the verification of voltage fluctuation with installed module at I U O Crown estate presented in section 3.4 of this dissertation.

3.6.13 [bookmark: _TOC_250036][image: ]Detailed Losses under Variant or Derating factors
[image: ]

Figure 3.10: Detailed losses page of pvsyst

Detailed losses are input parameter under variant where different losses on the component of the solar system are considered. Initially the loss parameters in different simulations of this project was set at their default values and later modified for comparison. The loss factors that can be defined under detailed losses are as follows.
· Thermal parameter:

Thermal parameter: this takes into account the ventilation of the modules/panels, because the thermal behavior of the field goes a long way to determine the electrical performance of the PV

system. Under the thermal parameter one can define either the field thermal loss factor or the standard NOCT (Nominal operating cell temperature), but PVsyst advices not to use NOCT because it is quite confusing.
[image: ]Thermal loss constant: U = Uc + Uv · v (Uc in [W/m²·k],   Uv in [W/m²·k / m/s],   v = wind velocity in [m/s]).
Under thermal loss factor you have contant loss factor Uc and wind loss factor Uv. The value for the constant loss factor Uc depends on the mounting type adopted for the PV modules. This mounting type can be free mounted modules with air circulation, Semi – integrated with air duct behind, or integration with fully insulated back. PVsyst will automatically assign value for the constant loss factor Uc once the mounting is chosen. For the first the PVsyst assigns 29 W/m2k, for the second it assigns 20W/m2k, and for the third it assigns 15W/m2k. for the wind loss factor the PVsyst maintains zero but can be changed according to the designer choice.
3.6.13.1 [bookmark: _TOC_250035]Dc Ohmic Wiring

In this part of detailed losses the losses caused by the resistance of the cable used in the system connection were considered. During the operation of PV system the Wiring ohmic resistance causes losses in DC the cable between the modules and the DC input side of the inverter.
In pvsyst this losses is depicted by global wiring resistance parameter R defined for the global array. The global wiring resistance can be calculated by specifying average length and cross section of the cables in the detailed computation tab, or specified explicitly if details about cross section and length are not known. If the global wiring resistance is unknown, an ohmic loss ratio at STC can be defined and the global wiring resistance will be calculated from this value. The ohmic loss ratio is a percentage showing the order of magnitude of the ohmic losses.

3.6.13.2 [bookmark: _TOC_250034]AC Ohmic Loss:

[image: ]The wiring ohmic resistance induces AC losses between the output of the inverter and the injection point. AC losses are only accounted for if the cable length is significant. The loss will be calculated by entering the length and cross section of the cable or by specifying an ohmic loss ratio at STC. (Marie, 2018)
3.6.13.3 [bookmark: _TOC_250033]Module Quality Loss:

The module efficiency loss specifies the deviation of the module’s performance in the simulation, compared to the manufacturer’s technical specification. A negative value indicates an under-performance, while a positive value indicates an over-performance. This is called the power tolerance of the module. The default value in PVsyst is half the lower tolerance of the modules.
3.6.13.4 [bookmark: _TOC_250032]Soiling Loss:

Soiling losses include everything that covers a PV module and reduces the transmission through the front glass, resulting in an efficiency drop over time. Soiling types include dust and particles, bird droppings, snow and leafs. The loss depends on the environmental conditions, precipitation frequency and on the cleaning strategy of the PV modules. Soiling losses in PVsyst can be specified as a percentage for each month or as a yearly factor. When specifying the soiling loss periodical cleaning and rainy periods should be taken into account.
3.6.13.5 [bookmark: _TOC_250031]Module Array Mismatch Loss:

The "Mismatch loss" is mainly due to the fact that in a string of modules (or cells), the lowest current drives the current of the whole string.
When installing real modules in the field, the characteristics of each module are never rigorously identical and result cause mismatch losses in the system.

3.6.13.6 [bookmark: _TOC_250030]Auxiliary Loss:

Auxiliary losses accounts for loss due to components such as inverters, light, fans that draw power, resulting in reduced output power of a PV plant. Auxiliary loss is not relevant for this study and will not be accounted for.
3.6.13.7 [bookmark: _TOC_250029][image: ]Ageing Loss:

The aging losses in PVsyst, accounts for the losses in the system as a result of degradation in the panel as time advances. This can be seen as the loss in the modules as a result of tear and ware. One can know the reduction in production of the system for any number of years by keying in the number of years in PVsyst. In other words this part simulates the growth of mismatch loss and degradation loss of individual modules over time. The mismatch loss will grow over time due to the un-even rate of degradation between modules in a string. The Global degradation factor is the cumulated average degradation factor for individual modules, and is set by specifying the average degradation factor. This gives the basic degradation line in the graph. The Mismatch degradation factor is the cumulated mismatch loss, defined by specifying the ISC dispersion RMS and VOC dispersion RMS. The Module warranty page defines the maximum degradation rate, as specified by the PV module manufacturer. This degradation rate should be taken as an extreme value and considered an absolute maximum rate.
3.6.13.8 [bookmark: _TOC_250028]System Unavailability:

Unavailability loss is downtime of the PV system due to system failure, maintenance or downtime of the grid. This loss can be defined in PVsyst as a fraction of time or a number of days. The actual energy losses depend on the season and the weather during unavailability periods.

[image: ]

CHAPTER FOUR RESULT AND DISCUSSIONS
4.1 [bookmark: _TOC_250027]Result and Discussion

[image: ]This chapter contains the results from various studies carried out in the course of this research, their discussions and analysis. However, Tables, figures, bar charts, and ISO diagram which summarizes some important results were first presented according to objectives as stated in chapter one, followed by discussion and analysis on various results.

4.2 [bookmark: _TOC_250026]Result on the Energy need for IUO Crown Estate Okada

Table 4.1: 2020 Approximated power capacity of IUO Crown Estate from BEDC(Benin electricity Distribution Company )
	Month
	Power consumption(MWh)

	January
	13794.315

	February
	14117.673

	March
	14486.064

	April
	14747.587

	May
	14965.563

	June
	15178.862

	July
	15415.473

	August
	15682.704

	September
	159251.702

	October
	16115.393

	Average
	
29375.5336 ≈ 29376MWh =29376000kWh



[image: ]It was mentioned in the objective section of this research, that the capacity of electrical power needed to power I U O crown estate or its section would be obtained and analyzed. The table above is the result of the approximate capacity of electrical power needed to power I U O crown estate as obtained from BDC (Benin Distribution Company). Number one objective of this research has been achieved.

4.3 Result on the PV Output Voltage Fluctuation carried out on the Field with Installed Solar panels.
To understand how temperature and irradiance variations of IUO Crown estate environment will affect the output voltage of the PV system, which have direct effect on the inverter, a study was carried out using 12 number of panels installed at the school premises. The specifications are shown in table 4.2. The output voltages of the 12 number installed panels were measured in the morning, afternoon and evening, and tabulated results are presented in the table 4.3. From the result, it can be seen that the voltage output of the panels were never consistence but experienced rising and falling in their output voltage.
The reading taken on July shows that the measured output voltage of 10 panels out of the total of 12 panel appreciated with minimum of 1v and maximum of 2v from 9am to 12 noon, while two out of the 12 panels showed a fall in voltage from 17.63v to 15.40v and 16.40 to 15.72 from 9am to 12 noon respectively.
Nevertheless, from 12 noon to 3:19pm seven panels out of the 12 panels experienced fall in output voltage with 0.01 minimum and 16.40 maximum, while 5 panels experienced rise in output voltage with a minimum of 0.92 and maximum of 2.98. At 5pm all the panel experienced the highest fall in voltage because that was sunset time in Okada.

In June measurement was taken around 10am, 12 noon, 3pm and 4:21pm. This revealed highest voltage around 12 noon and highest voltage fall around 4:21pm. The whole study revealed that output voltage of a solar panel fluctuates a lot in Okada but the maximum output voltage which approaches the nameplate voltage (nominal open circuit voltage) of each panel happened at 12noon, this is true, because at 12 non in Okada irradiance is high at lower temperature compare to 3am when the irradiance is also high but at higher temperature which make the voltage to drop less than it was at 12 noon.
Table 4.2: Installed PV panel nameplate ratings

	Nominal peak power(Pmax)
	50W

	Peak Power Voltage (Vmax)
	17V

	Peak Power Current (Imp)
	2.94A

	Open Circuit Voltage
	21.20

	Minimum Power (Pmin)
	45.00W

	Short Circuit Current (Isc)
	3.22A



Table 4.3: Open circuit output voltage measurement result

	Month
	Time
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	January
	9:05am
	16.54
	16.43
	12.86
	12.44
	16.54
	15.72
	11.31
	12.82
	13.54
	15.50
	17.63
	16.40

	January
	12:00
noon
	17.34
	17.25
	16.34
	17.64
	16.4
	16.23
	12.45
	15.43
	16.23
	16.46
	15.67
	15.53

	January
	3:19pm
	16.54
	14.48
	14.48
	15.00
	16.05
	17.00
	12.00
	15.72
	16.00
	17.98
	15.86
	18.7

	Febuary
	9:00am
	16.54
	16.43
	12.86
	12.44
	16.54
	15.72
	11.31
	12.82
	13.54
	15.50
	17.63
	16.40

	Febuary
	12:00
noon
	17.34
	17.25
	16.34
	17.64
	16.4
	16.23
	12.45
	15.43
	16.23
	16.46
	15.67
	15.53

	Febuary
	3:00pm
	16.54
	14.48
	14.48
	15.00
	16.05
	17.00
	12.00
	15.72
	16.00
	17.98
	15.86
	18.7

	March
	9:05am
	15.00
	16.00
	13.00
	12.44
	16.76
	15.67
	12.86
	13.86
	12.86
	15.56
	16.67
	15.87

	March
	12:00
noon
	17.00
	16.00
	13.99
	14.76
	17.96
	17.53
	16.83
	15.00
	15.03
	14.86
	16.65
	15.84

	March
	3:19pm
	16.54
	14.48
	14.48
	15.00
	16.05
	17.00
	12.00
	15.72
	16.00
	17.98
	15.86
	18.7

	April
	9:05am
	16.54
	16.43
	12.86
	12.44
	16.54
	15.72
	11.31
	12.82
	13.54
	15.50
	17.63
	16.40

	April
	12:00
noon
	17.34
	17.25
	16.34
	17.64
	16.4
	16.23
	12.45
	15.43
	16.23
	16.46
	15.67
	15.53

	April
	3:19pm
	16.54
	14.48
	14.48
	15.00
	16.05
	17.00
	12.00
	15.72
	16.00
	17.98
	15.86
	18.7

	May
	9:05am
	15.00
	14.45
	13.56
	14.96
	13.65
	13.65
	14.23
	15.65
	15.56
	13.67
	14.65
	65.34

	May
	12:00
noon
	17.40
	16.34
	15.56
	15.86
	16.32
	17.34
	16.67
	15.76
	14.76
	15.85
	16.85
	17.88

	May
	3:19p
	16.86
	15.65
	14.67
	15.00
	16.45
	16.24
	15.54
	14.56
	14.00
	16.00
	14.98
	16.98

	June
	9:05am
	16.79
	16.05
	13.94
	12.77
	16.83
	15.72
	11.31
	12.82
	14.72
	15.50
	17.63
	16.40

	June
	12:00
noon
	17.49
	17.43
	15.60
	16.04
	17.06
	16.94
	12.66
	14.85
	15.68
	16.13
	15.40
	15.72

	June
	3:19pm
	17.41
	16.54
	14.48
	14.70
	17.05
	16.03
	12.0
	15.77
	16.98
	17.98
	16.19
	18.7

	July
	9:05am
	16.79
	16.05
	13.94
	12.77
	16.83
	15.72
	11.31
	12.82
	14.72
	15.50
	17.63
	16.40

	July
	12:00
noon
	17.49
	17.43
	15.60
	16.04
	17.06
	16.94
	12.66
	14.85
	15.68
	16.13
	15.40
	15.72

	July
	3:19pm
	17.41
	16.54
	14.48
	14.70
	17.05
	16.03
	12.0
	15.77
	16.98
	17.98
	16.19
	18.7

	August
	9:05am
	13.96
	14.63
	13.85
	11.86
	15.74
	14.5
	11.43
	11.54
	13.23
	15.00
	15.81
	15.89

	August
	12:00
noon
	15.67
	15.65
	14.67
	16.00
	15.86
	15.78
	16.43
	14.70
	15.9
	14.87
	16.86
	16.15

	August
	3:19pm
	15.09
	14.00
	13.01
	15.05
	15.42
	14.76
	16.05
	13.96
	14.56
	14.08
	16.85
	15.8

	September
	9:05am
	16.54
	16.43
	12.86
	12.44
	16.54
	15.72
	11.31
	12.82
	13.54
	15.50
	17.63
	16.40

	September
	12:00
noon
	17.34
	17.25
	16.34
	17.64
	16.4
	16.23
	12.45
	15.43
	16.23
	16.46
	15.67
	15.53

	September
	3:19pm
	16.54
	14.48
	14.48
	15.00
	16.05
	17.00
	12.00
	15.72
	16.00
	17.98
	15.86
	18.7

	October
	9:05am
	16.54
	16.43
	12.86
	12.44
	16.54
	15.72
	11.31
	12.82
	13.54
	15.50
	17.63
	16.40

	October
	12:00
noon
	17.34
	17.25
	16.34
	17.64
	16.4
	16.23
	12.45
	15.43
	16.23
	16.46
	15.67
	15.53

	October
	3:19pm
	16.54
	14.48
	14.48
	15.00
	16.05
	17.00
	12.00
	15.72
	16.00
	17.98
	15.86
	18.7

	November
	9:05am
	16.54
	16.43
	12.86
	12.44
	16.54
	15.72
	11.31
	12.82
	13.54
	15.50
	17.63
	16.40



	November
	12:00
noon
	17.34
	17.25
	16.34
	17.64
	16.4
	16.23
	12.45
	15.43
	16.23
	16.46
	15.67
	15.53

	November
	3:19pm
	16.54
	14.48
	14.48
	15.00
	16.05
	17.00
	12.00
	15.72
	16.00
	17.98
	15.86
	18.7

	December
	9:05am
	16.54
	16.43
	12.86
	12.44
	16.54
	15.72
	11.31
	12.82
	13.54
	15.50
	17.63
	16.40

	December
	12:00
noon
	17.34
	17.25
	16.34
	17.64
	16.4
	16.23
	12.45
	15.43
	16.23
	16.46
	15.67
	15.53

	December
	3:19pm
	16.54
	14.48
	14.48
	15.00
	16.05
	17.00
	12.00
	15.72
	16.00
	17.98
	15.86
	18.7




4.4 [bookmark: _TOC_250025][image: ]PVsyst Simulation Results

In this section, the result obtained from different PV solar simulation design for

I U O crown Estate is discussed. PVsyst produced a six pages report for each simulation. The result for each simulation contains tables, bar charts, graph and sketches to illustrate relations between important parameters. In addition, comparison, analysis and discussion on the results to determine the most suitable design for I U O crown estate in terms of energy production, performance ratio, and losses is also presented in this section.. Over total number of twenty four simulations were performed in the course of this research but only the most suitable ones are considered for analysis and presentation.
Below are the information found in the PVsyst simulation report:

4.4.1 [bookmark: _TOC_250024]PVsyst Report Sections

The report generated from the PVsyst simulations are divided into different headings or parts in which different result about the simulated PV system were presented.
4.4.1.1 [bookmark: _TOC_250023]Project Summary

Under the project summary, the report contains the latitude of 6.73 N, longitude of 5.41 E, altitude of 53m and time zone UTC+1 for the location site, IUO crown estate. This is the point on the surface of the earth where IUO crown estate is located. The albado of 20 degree on the report is taken as the lowest temperature that can be experienced in Okada, which is the site

area of the project. It’s default in pvsyst is -10 which for European countries but was changed to 20 degree for this design.
4.4.1.2 [bookmark: _TOC_250022]System Summary

[image: ]System summary of the pvsyst report, gives some account on the most important components of the designed system. The summary of the PV module parameters and the inverter parameters are given in the system summary. In addition, it contains the number of PV modules, Pnom, which is the power the module will output at STC (standard temperature condition, 25 degree Celsius), the Pnom ratio, which is the ratio of the Pnom DC of PV module array and the Pnom AC of the inverter. The Pnom ratio shows whether a system is undersized, oversized or perfectly matched.
4.4.1.3 [bookmark: _TOC_250021]Result Summary

The result summary presents the produced energy per year, specific production per year and the performance ratio of the system. Performance ratio can be simply defined as the percentage of the useful energy of the system.
4.4.1.4 [bookmark: _TOC_250020]General Summary

This is where the general information about the system can be captured at a glance. The main parameters found under this are the general characteristic of the PV array and the inverter.
4.4.1.5 [bookmark: _TOC_250019]Array Losses

The losses that could be encountered by the designed system were presented in this section.

4.4.1.6 [bookmark: _TOC_250018]Near Shading

Near shading appears on the report if the designer included 3D drawing for shading. In some of the simulation reports as can be seen in Figure 4.1, a 3D drawing for near shadings and the

corresponding ISO diagram which displays the effect of the shading in a graphical format is presented. The module is being shaded by the object standing in front of the module.
4.5 [bookmark: _TOC_250017]PVsyst Results on different scenarios of simulations,

4.5.1 [bookmark: _TOC_250016]Scenario A simulation

In scenario A of the simulations, two 500kWp nominal power PV grid system were simulated with the weather data obtained for Igbinedion Crown Estate Okada. One of the 500kWp was simulated with 3D shading where a 3D object was placed near the PV array to cause shading on the system. The second 500kWp was designed without placing any object near the PV array to shade the system. This was done to analyze the effect of shading on the PV system for I U O crown estate Okada.
4.5.1.1 [bookmark: _TOC_250015]Shaded 500kWp PV Plant

Table 4.4 important parameters on shaded system

	Tilt/Azimuth
	Produced Energy
	Specific Production
	Number of modules, Voltage, and power
	Number of string and module in
series
	Number of inverter, voltage and power
	Performance Ratio

	14/17
	647.6
MW/year
	1295
kWh/kWp/year
	2000
units, 440V,
250Wp
	125
strings x 16 in series
	1 unit,
330 –
700V
500kWac
	80.37%



[image: ]
[image: ]Figure 4.1 Shaded 500kWp system
[image: ]
Figure 4.2: Horizon definition for IUO Crown Estate Okada

[image: ]

[image: ]Figure 4.3: Bar chart representation of Normalized energy for shaded 500kWp PV plant

[image: ]

Figure 4.4: Bar representation of Performance Ration for 500kWp shaded PV plant

[image: ]Table 4.5 Balances ad main result for Shaded 500kWp I U O PV plant


	
	GlobHor kWh/m2
	DiffHor kWh/m
2
	T_Amb
℃
	GlobIn c kWh/
m2
	GlobEf f kWh/m
2
	EArray MWh
	E_Grid MWh
	PR
ratio

	January February March
April May June July August
September October November December
	138.6
134.7
150.3
145.3
147.8
130.2
111.3
108.5
117.7
138.2
146.1
140.1
	81.92
78.56
89.02
91.87
81.14
76.60
74.58
77.13
85.95
84.49
78.51
86.93
	27.23
28.69
29.21
28.12
26.31
25.96
25.30
25.63
26.99
27.71
28.22
	148.5
140.2
150.6
141.1
137.5
119.4
104.1
104.1
115.7
141.5
157.3
131.5
	139.4
133.7
144.2
134.3
130.6
112.9
98.1
98.4
109.5
134.2
148.2
141.5
	60.83
57.58
62.02
58.67
57.20
50.16
43.91
44.10
48.95
58.72
64.27
61.84
	55.00
55.83
60.11
56.89
55.42
48.54
42.56
47.41
56.95
62.41
60.05
	0.795
0.796
0.796
0.807
0.806
0.813
0.814
0.818
0.820
0.805
0.793
0.793

	Year
	1606.7
	986.70
	27.30
	1611.5
	1524.9
	668.23
	647.56
	0.804



[image: ]

[image: ]Figure 4.5 Shaded 500kWp I U O PV plant Loss diagram

4.5.1.2 [bookmark: _TOC_250014]Non Shaded 500kWp

 (
Figure
 
4.6
 
Non-
 
shaded
 
500kWp
 
array
)Table 4.6 important parameters on Non-shaded 500kW system

	Tilt/Azimuth
	Produced Energy
	Specific Production
	Number of modules, Voltage, and power
	Number of string and module in series
	Number of inverter, voltage and power
	Performance Ratio

	14/18
	661.7
MW/year
	1323
kWh/kWp/year
	2000
units, 440V,
250Wp
	125
strings x 16 in
series
	1 unit,
320 –
700V
500kWac
	80.37%



[image: ]

[image: ]Figure 4.7 Horizon definitions for non shaded 500kWp plant


[image: ]

Figure 4.8 bar chart representation of non shaded 500kWp plant

[image: ]

[image: ]Figure 4.9 Bar chart representation of Performance for non shaded 500kWp PV Plant


Table 4.7 Balance of result for non shaded 500Kwp system



	
	GlobHor kWh/m2
	DiffHor kWh/m
2
	T_Amb
℃
	GlobIn c kWh/
m2
	GlobEf f kWh/m
2
	EArray MWh
	E_Grid MWh
	PR
ratio

	January February March
April May June July August
September October November
December
	138.6
134.7
150.3
145.3
147.8
130.2
111.3
108.5
117.7
138.2
146.1
140.1
	81.92
78.56
89.02
91.87
81.14
76.60
74.58
77.13
85.95
84.49
78.51
86.93
	27.23
28.69
29.21
28.30
28.12
26.31
25.96
25.30
25.63
26.99
27.71
28.22
	148.4
140.2
150.6
141.1
137.5
119.4
104.1
104.1
115.7
141.4
157.3
151.5
	144.2
136.5
146.3
136.5
132.5
114.7
100.0
100.3
111.6
136.9
153.0
147.1
	62.78
58.72
62.88
59.57
58.02
50.96
44.77
44.96
49.88
59.87
66.20
64.15
	60.92
56.94
60.96
57.77
56.22
49.31
43.23
43.40
48.32
58.08
64.30
62.30
	0.821
0.813
0.809
0.819
0.817
0.826
0.830
0.834
0.836
0.821
0.818
0.823

	Year
	1608.7
	986.70
	27.30
	1611.2
	1559.6
	682.73
	661.75
	0.821



[image: ]

[image: ]Figure 4.10 Loss diagram for non shaded 500kWp system


4.5.1.3 [bookmark: _TOC_250013]Discussion on 500kWp shaded and non – shaded system

Figure 4.1 shows the PV panel on top of a roof and the object at the other side of the roof that produced shading on the panel as the sun rotates.
Figure 4.2 shows Horizon definition for I U O Crown estate Okada with a designed 500kW power system having a near shading object as shown in figure 4.1. The ISO diagram shows how the close object to the installed PV panel for a given period of time caused shading on the

solar array in any particular month. Apart from the shading caused by the near object, the sun is behind the plane at sun height of 00 – 200 from 0 hour to about 7th hour.

[image: ]ISO-shading diagram shows the path and position of sun at a particular time and the losses in the system due to shading on the PV module in particular hours of the day and month of the shading. The curves are labeled with numbers which correspond to the month they represent as shown in the graph of Figure 4.1. Curve 1 represents 22 June, curve 2 represent 22 may – 23 July etc. Different types of lines that are shown on the upper left of the graph represent the percentage of losses from 1% to 40% caused by particular shading on the system.

From the graph (ISO – diagram) the designed system for IUO crown Estate with a big tree in front o the panels will receive radiation from 8am to 10:15 am and will be shaded the rest of the day. On 22 December, the loss is 1% loss. From 3:14pm in June the loss will go up to 10%. At 3pm (16h) the loss will go up to 20% till sun set. From 19 January – 22 November, the module will receive irradiation from 8am to 10:15. From 21 February – 23 October the solar array will receive irradiation from 8am to 3pm before it will be 1% at 3pm, 5% at 4pm and 10% till complete sun set. From 20th march to 23 – September the array is not shaded till 4:15pm. 22 April – 23 August the array is not shaded but receives sun radiation till sun set. 22 May – 23 July no shading on the array.

Figure 4.6 to 4.9 above are for non shaded 500kWp PV plant designed to compare with the shaded PV plant in section 4.5.1.1. The PV array for the non- shaded in Figure 4.6 has no object near the array to cause shading as in figure 4.1 for the shaded system. In the same hand, the horizon definition in fig 4.5 for the shaded system has no broken lines that represent loss due to shading as in horizon definition for shaded system in figure 4.2.


Figure 4.3 and 4.8 are the bar charts representing the Normalized energy on monthly bases from January to December. Figure 4.4 and 4.9 are the bar representing the performance ratio on monthly bases. Table 4.6 and 4.7 show the balances of main results which shows Monthly and yearly Global horizontal irradiation, Monthly and yearly Global diffused irradiation, Monthly and yearly ambient temperature, Monthly and yearly Global incident in collector plane, Monthly and yearly Effective energy of the output of the array, Monthly and yearly energy injected into the grid, and Monthly and yearly performance ratio. Figure 4.5 is the loss diagram which shows the percentage of all the losses in the system.

Nevertheless, loss diagram for shaded system shows near shading loss of 2.27% while loss diagram for non – shaded system shows near shading of 0.00%. The percentage ratio for non- shaded is 82% while shaded system has performance ratio of 80%. Lastly the shaded system injected 647.56MW/year to the grid while non- shaded injected 661.75MW/year into the grid. Therefore it can be drawn from the above results that shading on the system caused an energy loss of 14.19MW/year.
4.5.2 [bookmark: _TOC_250012]Scenario B simulation

4.5.2.1 [bookmark: _TOC_250011]Mono- facial PV plant on 100 by 50 plot of land

Table 4.8 important parameters on Mono- facial PV plant on 100 by 50 plot of land

	Tilt/Azimuth
	Produced Energy
	Specific Production
	Number of modules, Voltage,
and power
	Number of string and module in
series
	Number of inverter, voltage and
power
	Performan ce Ratio

	10/12
	866.2
MW/year
	940
kWh/kWp/year
	3072 units, 440V,
300Wp
	96 strings
x 32 in
series
	7 unit,
600 – 1450V
105kWac
	58.08%



[image: ]

[image: ]Figure 4.11 bar chart representing Normalized Energy for Mono- facial PV plant on 100 by 50 plot of land
[image: ]
Figure 4.12. Bar chart representing performance Ratio for Mono- facial PV plant on 100 by 50 plot of land

[image: ]Table 4.9 Balance of result for Mono- facial PV plant on 100 by 50 plot of land


	
	GlobHor kWh/m2
	DiffHor kWh/m
2
	T_Amb
℃
	GlobIn c kWh/
m2
	GlobEf f kWh/m
2
	EArray MWh
	E_Grid MWh
	PR
ratio

	January February March
April May June July August
September October November December
	138.6
134.7
150.3
145.3
147.8
130.2
111.3
\108.5 177.7
138.2
146.1
140.1
	81.92
78.56
89.02
91.87
81.14
76.60
74.58
77.13
85.95
84.49
78.51
86.93
	27.23
28.69
29.21
28.30
28.12
26.31
25.96
25.30
25.63
26.99
27.71
28.22
	146.6
139.4
151.2
142.8
141.0
123.0
106.5
105.6
116.8
141.3
154.9
149.1
	137.4
130.9
143.3
134.9
133.0
116.9
101.1
100.5
111.2
132.2
143.8
138.2
	107.6
101.6
110.9
105.5
104.0
92.5
80.4
80.1
88.5
103.7
112.3
108.3
	80.33
77.40
74.96
79.04
77.04
67.68
55.77
51.54
58.71
76.46
85.77
81.48
	0.595
0.603
0.538
0.600
0.593
0.597
0.568
0.529
0.546
0.587
0.601
0.593

	Year
	1608.7
	986.70
	27.30
	1618.2
	1523.5
	1195.4
	866.18
	0.581



[image: ]

[image: ]Figure 4.13: loss diagram for Mono- facial PV plant on 100 by 50 plot of land

4.5.2.2 [bookmark: _TOC_250010]Bifacial PV plant on 100 by 50 plot of land

 (
Figure 4.14: Bar chart representing Normalized energy for Bifacial system on 100 by 50
 
plot
 
of
 
land
)Table 4.10 important parameters on Bifacial PV plant on 100 by 50 plot of land

	Tilt/Azimuth
	Produced Energy
	Specific Production
	Number of modules, Voltage,
and power
	Number of string and module in
series
	Number of inverter, voltage and
power
	Performan ce Ratio

	10/12
	1235
MW/year
	1408
kWh/kWp/year
	3024 units, 440V,
300Wp
	84strings x 36 in
series
	1 unit,
600 – 1450V
105kWac
	87.03%



[image: ]

[image: ]Figure 4.15: Bar chart representing performance for Bifacial system on 100 by 50 plot of land
Table 4.11 Balance for Bifacial system on 100 by 50 plot of land
Legends:

	
	GlobHor kWh/m2
	DiffHor kWh/m
2
	T_Amb
℃
	GlobIn c kWh/
m2
	GlobEf f kWh/m
2
	EArray MWh
	E_Grid MWh
	PR
Ratio

	January February March
April May June July August
September October November December
	138.6
134.7
150.3
145.3
147.8
130.2
111.3
108.5
117.7
138.2
146.1
140.1
	81.92
78.56
89.02
91.87
81.14
76.60
74.58
77.13
85.95
84.49
78.51
86.93
	27.23
28.69
29.21
28.30
28.12
26.31
25.96
25.30
25.63
26.99
27.71
28.22
	146.6
139.4
151.2
142.8
141.0
123.0
106.5
105.6
116.8
141.3
154.9
149.1
	137.2
130.8
143.2
134.8
132.8
116.8
101.0
100.4
111.0
132.0
143.7
138.1
	128.3
120.5
131.2
126.2
126.7
114.0
98.6
97.0
106.2
122.6
133.4
129.9
	113.6
107.2
103.5
111.6
111.8
99.9
84.8
76.0
85.6
107.8
118.4
114.8
	0.884
0.877
0.781
0.891
0.905
0.926
0.909
0.820
0.836
0.870
0.871
0.878

	Year
	1608.7
	986.70
	27.30
	1618.2
	1522.0
	1434.6
	1235.1
	0.870


GlobHor Global horizontal irradiation DiffHor Horizontal diffuse irradiation T_Amb Ambient Temperature GlobInc Global incident in coll. plane

EArray Effective energy at the output of the array E_Grid Energy injected into grid
PR Performance Ratio

GlobInc Global incident in coll. plane

[image: ]GlobEff Effective Global, corr. for IAM and shading
[image: ]
Figure 4.16: loss diagram for Bifacial system on 100 by 50 plot of land

4.5.2.3 	Discussion on Mono Facial and Bifacial PV system on 100 by 50 plot of land (Scenario B)
[image: ]Figure 4.11 to Figure 4.13 with Table 4.8 and 4.9 are the results obtained from Mono – facial PV system simulation, while Figure 4.14 to 4.16 with Table 4.10 and 4.11 are results from Bifacial PV system simulation. Mono – facial PV module is a type of PV module in which the conversion of photon into electrical energy takes place only on one side of the module. Bifacial PV module is a type of PV module in which the top and bottom side of the module convert both incident and reflected irradiation to electrical energy.
In the scenario B of this research, mono – facial system was used to cover an area of 100 by 50 for the first simulation, and later, a bifacial PV modules that covered an area of same 100 by
50 was used in the second simulation keeping other parameters constant as in the first simulation. This was done to understand the energy generation of one sided module and bifacial module for I U O crown estate Okada, having used I U O meteorological for both simulations.

Figure 4.11 and 4.14 are the bar chart showing the monthly normalized energy for both systems. Figure 4.12 and 4.15 are bar chart for the performance ratio of both systems. Figure 4.13 and
4.16 shows the loss diagram for the two systems, and Table 4.8 and 4.9 shows the energy injected to the grid and other important parameters as shown in figure 4.9 above.
Using the energy injected into the grid and performance ratio to compare the two systems, It shows that the bifacial system injected 368.92MW/year to the grid more than the mono – facial system, and has a performance ratio of 87% better than Mono facial system with performance ratio of 58%. Therefore bifacial system is better than mono-facial system for I U O crown estate Okada.
4.5.3 [bookmark: _TOC_250009]Scenario C simulations

4.5.3.1 [bookmark: _TOC_250008]998kWp Bifacial without tracker

 (
Figure
 
4.17:
 
Bar
 
chart representing
 
normalized
 
energy
 
for
 
998kWp
 
Bifacial
 
system
 
without
 
tracker
 
(fixed
 
bifacial)
)Table4.12 important parameters on 998kWp Bifacial without tracker

	Tilt/Azimuth
	Produced Energy
	Specific Production
	Number of modules, Voltage, and power
	Number of string and module in series
	Number of inverter, voltage and power
	Performance Ratio

	14/17
	647.6
MW/year
	1295
kWh/kWp/year
	2000
units, 440V,
250Wp
	125
strings x 16 in series
	1 unit,
330 –
700V
500kWac
	80.37%



[image: ]
[image: ]Figure 4.18: Bar chart for performance ratio on 998kWp bifacial system without tracker


Table 4.13 Balance of result for 998kWp bifacial system without tracker



	
	GlobHor kWh/m2
	DiffHor kWh/m
2
	T_Amb
℃
	GlobIn c kWh/
m2
	GlobEf f kWh/m
2
	EArray MWh
	E_Grid MWh
	PR
ratio

	January February March
April May June July August
September October
November December
	138.6
134.6
150.4
145.3
147.8
130.2
111.3
108.4
117.7
138.2
146.1
\140.0
	81.47
79.44
92.29
91.18
83.72
76.23
72.32
73.44
73.32
74.25
74.13
84.64
	27.23
28.68
29.21
28.30
28.11
26.31
25.96
25.30
25.64
26.99
27.72
28.22
	153.4
141.6
147.0
131.9
126.2
108.2
95.3
96.9
111.9
141.6
162.4
157.6
	146.4
135.1
139.8
124.7
118.8
101.6
89.4
91.4
105.9
134.7
155.2
150.4
	166.3
153.8
163.2
152.8
150.9
133.0
115.6
115.0
126.8
153.5
173.7
171.6
	160.0
141.0
157.1
147.2
145.3
128.2
111.4
109.7
122.0
147.7
167.1
163.9
	1.045
0.998
1.071
1.119
1.154
1.187
1.171
1.134
1.093
1.045
1.031
1.042

	Year
	1608.6
	956.44
	27.30
	1574.0
	1493.2
	1776.3
	1700.5
	1.083



[image: ]

[image: ]Figure 4.19 loss diagrams for 998kWp bifacial system without tracker

4.5.4.2 [bookmark: _TOC_250007]998kWp bifacial system with tracker

 (
Figure 4.20: Bar chart representing normalized energy for 998kWp bifacial system with
 
tracker
)Table 4.14: important parameters on 998kWp bifacial system with tracker

	Tilt/Azimuth
	Produced Energy
	Specific Production
	Number of modules, Voltage,
and power
	Number of string and module in
series
	Number of inverter, voltage and
power
	Performan ce Ratio

	Nill
	1926
MW/year
	1930
kWh/kWp/year
	2464 units, 1075V
405Wp
	88 strings
x 28 in
series
	5 unit,
480 – 1500V
185kWac
	102.53%



[image: ]

[image: ]Figure 4.21: Bar chart for performance ratio on 998kWp Bifacial system without tracker


Table 4.15 Balance of result for 998kWp Bifacial system with tracker


	
	GlobHor kWh/m2
	DiffHor kWh/m
2
	T_Amb
℃
	GlobIn c kWh/
m2
	GlobEf f kWh/m
2
	EArray MWh
	E_Grid MWh
	PR
ratio

	January February March
April May June July August
September October
November December
	138.6
134.6
150.4
145.3
147.8
130.2
111.3
108.4
117.7
138.2
146.1
140.0
	81.47
79.44
92.29
91.18
83.72
76.23
72.32
73.44
73.32
74.25
74.13
84.64
	27.23
28.68
29.21
28.30
28.11
26.31
25.96
25.30
25.64
26.99
27.72
28.22
	162.4
156.9
173.5
169.6
176.0
150.1
125.3
121.1
136.4
167.1
178.9
164.7
	156.4
151.3
167.3
163.4
169.8
144.6
120.3
116.4
131.3
161.1
172.7
158.5
	175.7
167.8
184.3
181.4
185.5
162.2
136.2
132.8
145.3
174.0
189.0
178.6
	169.0
153.7
177.2
174.4
178.4
150.0
131.0
126.7
139.7
167.3
181.7
170.6
	1.043
0.981
1.023
1.031
1.015
1.041
1.048
1.048
1.026
1.003
1.018
1.039

	Year
	1608.6
	956.44
	27.30
	1882.1
	1813.3
	2012.7
	19257
	1.025



[image: ]

[image: ]Figure 4.22 loss diagrams for 998kWp Bifacial system without tracker

4.5.4.3 [bookmark: _TOC_250006]Discussion on Scenario C

Scenario C simulation comprised of 988kwh bifacial system with trackers and 988kwh bifacial system without tracker. However, the simulations in scenario B where bifacial and mono-facial system were compared proved that bifacial system was better than mono facial system in energy generation, but scenario C is to compare bifacial system with tracker and bifacial system without tracker to know whether adding tracker to bifacial system will increase the energy

output of the system or disrupt the reflected radiation and reduce the energy output as compare to when it is fixed at a given tilt and azimuth angle.
[image: ]The first system in scenario C is Bifacial system in which the bifacial modules were fixed at tilt angle of 250 and azimuth angle of 00. Azimuth angle of 00 means that the modules were facing southern direction. The system injected 1700mwh into the grid per year with a performance ratio of 108.26%.
Nevertheless, the second system in scenario C is the same bifacial system, but in this case a tracker was added to help the system move from time to time for sun tracking. This system with tracker injected 1926mwh into the grid with a performance ratio of 102.53% from the above results bifacial system with tracker proved to be the best for IUO Crown Estate.

4.6 [bookmark: _TOC_250005]Normalized Energy Production

The normalized production is described by the IEC as the standard to compare the behavior of photovoltaic architectures established in similar climate condition. (Humberto et al.,, 2020) The bar charts that represent the normalized energy for each designed system are shown in Figure 4.3, 4.8, 4.11, 4.14, 4.17, and 4.20, these figures comprises of collector losses (Pv-array losses) in kwh/kwp/day, system loss (inverter loss) in kwh/kwp/day. Yf produced useful energy (inverter output) in kwh/kwp/day. Each bar shows the normalized energy per month. By observation from Figure 4.3, 4.8, 4.11, 4.14, 4.17, and 4.20,	it can be clearly seen that the highest normalized energy production occurred in November and the  lowest occurred in August. This is logical in comparison with Nigeria weather because August is the peak of rainy season in Nigeria, when sun irradiation is very low and November is the beginning of dry season when irradiation is high for longer time with moderate temperature which a favorable weather

for solar system. Therefore the highest energy production from the I U O PV plant occurred in November and the lowest production occurred in August.

4.7 [bookmark: _TOC_250004]Energy Injected to the Grid

[image: ]The energy injected into the utility grid is not quantity of energy generated by the photovoltaic array. The energy from the photovoltaic structure has to be transformed to AC power to be acceptable for integration into the electrical utility network. In the process of conversion from DC to AC some quantity of energy was lost due to Inverter losses and AC wiring loss. 500kWp without shading injected 661.87MW/year to the grid while 500kWp with shading injected 647.56MW/year to the grid. Mono facial system on 100 by 50 Plots of land injected 866.18MW/year to the grid while bifacial system on 100 by 50 plot of land injected 1235.1MW/year. 998kWp bifacial fixed system injected 1700.5MW/year into the grid, while 998kWp bifacial system with tracker injected 1925.7MW/year.

4.8 [bookmark: _TOC_250003]Performance Ratio

The annual mean performance ratio (PR) values for all the simulated systems were calculated as shown in balance tables of Table 4.6, 4.7, 4.8, 4.9, 4.10, 4.11.

CHAPTER FIVE CONCLUSION AND RECOMMENDATIONS
5.1 [bookmark: _TOC_250002]Conclusion

[image: ]At the end of this research, the aim for which this design research was carried out was achieved. In this research several grid tied PV system design were done for I U O crown estate, but at the end, bifacial system with tracker was observed to yield more energy than other system designed with some other improvement applied. In addition, I U O crown estate produced excellent performance ratio above the minimum standard by ECN. Apart from bifacial module with tracker, which yielded more power and has better performance ratio, other systems designed for I U O Crown estate generated enough power that can power some sections of the estate like generators mounted at different points in the estate to take care of a given section, also has good performance ratio that is up 80% according to accepted standard by ECN. Therefore in case where cost is to be considered any design that is not bifacial can be dedicated to any section because bifacial system with tracker is more expensive than mono facial system with tracker or bifacial system without tracker, but bifacial system with tracker yielded more energy per year in the simulation design and should be considered when cost is not a constraint. I hereby conclude this dissertation by saying that this work was given required time and energy to make it fit for consultation, Implementation and for reference for further work related to this study.




5.2 [bookmark: _TOC_250001]Recommendations

Renewable energy is the new trend of energy that is gaining attention all over the world and has the potential of making any nation or even continents to write their names on gold, since it is a

[image: ]new technology that gives everybody equal opportunity to grow and improve on. I am spurring African nations to go into research on this subject matter because of availability of solar resources domicile in African nations. Also Nigeria in particular should wake up to the reality of grid connected PV solar energy system and enjoy its maximum benefit rather than seeing it as something that will not work with Nigeria grid system. This design work for I U O crown estate could be a stick of match that will light wild fire of grid solar system in Nigeria if given proper attention. I therefore call on the management of the school, NGOs, governments to make policies that will favor renewable energy expansion especially grid connected solar pv energy system which is the most promising renewable energy at the moment and also give incentives to researchers in this area to fuel their zeal and encourage more researchers to venture into it for more positive output in clean energy generation.

[bookmark: _TOC_250000]REFERENCES

Abdunnaser, S. S., Omar, M. and Amjad J (2020, October 11). "Grid Connected PV Solar Carport System Design, Simulation, and Feasibility for Libyan Telecommunication Company". International Renewable Energy Congress (IRE) .

[image: ]Adefarati, R. B. (2015). Grid connected system. Retrieved July 24, 2021, from Grid - connected system:	https://www.sciencedirect.com/topics/engineering/grid-connected- photovoltaic-systems

Adiya, K., Marya, A. and Farhad I. B. (2021, March 17)." Design and Analysis of Solar PV Rooftop Motihari". Journal of Physics Conference Series , 1 - 16.

Adeyemi, A. A., Adoghe, A. U., Ogunleye, O. G. C., and Awosope, O. A., (2019). Development and sizing of a grid - connected solar PV power plant for cannanland. International Jorunal of Applied Power Engineering (IJAPE) , 8 , 1,, 66 - 77.

African Technology Policy Studies Network, Design and Analysis of a 1 MW - grid connected solar PV system in Ghana. (2013). Science, Technology and Innovation for African Development, ISBN: 978-9966-030-566, 78, pp 6 - 20

Ahmed, A., Mowffaq O. Mohammed, A., Yousef, S., and Hosan F., (2019). Design of 100MW Solar PV on - Grid Connected Power Plant Using PVsyst software. Journal of science and Research (IJSR) , 8 (11), 356 - 361.

Andr'e M. and Bruno W. (2014). PVSYST USER'S MANUAL

Anton F. (2015). Photovoltaic system design for a contaminated Area in Falum - comparison of south and East West Layout. Falum: Dalana University Energy and Environmental Technology.

Arno H. M., Jagar, K., Olindo, I., Rene, A. C. M., Van, S. and Miro, Z., (2016). The physics and engineering of Photovoltaic conversion, technologies and system. U I T Cambridge ISBN 978-1-906860: Cambridge ISBN 978-1-906860.

Ashok, A., and Nawrai, B., (2018). Modlling and Simulation of 115.2KWp Grid - Connected Solar PV System Using Pvsyst. Kathford journal of Engineering and Management , 1 (1), 31 - 34.

Askari, M., B., Mirzaei M. A. V., and Mirhabibi M.,	(2015). Types of solar cell and Application. American Journals Of Optics and Photonics , 3 (5), 94 - 133.

Atil. (2016). Thermal monitoring system for a PV solar. 45- 67. TURKEY

Bayoumi E. H. E. (2015). Power electronics in renewable energy smart grid:. International Journal of Industrial Electronics and Drives , 2 (1), 43 - 61.



Brew-Hammond A., Kamausuor F., Agbemabiese, L., Drame, A., Amissah-Arthur, H., Yan- key, V., Akuffo F. O ., Breedveld-Joosten, M., Nyadu- Addo, R. (2008). Renewable Energy for Rural Area in Africa : The Enterprise Development Approach, Kwame Nkrumah University of Science and Technology, Kumasi, Ghana. ISBN: 9988-8377-2- 0

[image: ]Draganad M. (2018). Influence of Meteorological Parameters on the Operation Of a Grid - Connected PV Solar Plant. Natural Sciences , 8 (1), 56 - 61.

Gajjar J., Sagar A. and Harinayana T. (2015). Solar PV Energy Generation Map of Karnataka, India. Smart Grid and Renewable Energy , 6, 333 - 343.
Haberlin, H. (2012). Photovoltaic: design and practice. Chichester: Willy- Blackwell . Humberto v., Macro R., Partrick W., and Nicolas V. (2020). Analysis Performance Of a Grid
- connected 8.2kWp Photovoltaic System in the Patagonia Region. Sustainability (12),
1 - 16.

Jie, F. H., and Ka, W. E. C., (2017). Predictive Control of Power Electronics Converters in Renewable Energy Systems. (C. Liu, Ed.) Energies (10), 10, 515, 1 - 14.

Jawairia, A., (2017). An easiest approach for modeling a 10. 44KW grid connected Photovoltaic (PV) System using Matlab/simulink. Retrieved July 25th 2021. from www. researchgate.net

López, I. A. (2020). Design and simulation pv grid- connected system for self consumption.
institute of electrical power system.

Ma, K., Huai, W., Yougheng, Y., and Blaabjerg F. (2014). Design for Reliability of Power Electronic in Renewable Energy. Green Energy and Technology · 295 - 337.

Mansour, A. M., EL-Satta, A. A., and Naggar, S., (2016). Improved particles swarm optimization for photovoltaic system connected to grid with low voltage ride through capacity. Retrieved September, 2021 from www.researchgate.net

Marie K. (2018). Design and simulation of a gridconnected PV system in South. Nowegian university of life science.

Nema, P., and Nagaroa P., (2018). Assessment of PV Solar energy system and Smart grid a review nm pawar. Electric Electron Tech Open Acc Journal , 2 (6), 356 - 365.

Ogunseye, D. J. (2017). Grid connected photovoltaic design for local governments offices in Nigeria. Nigeria Journal of Technology (NIJOTECH) , 571 - 581.

Ömer, N. G., Ummuhan, B. F., and Tansu F.(2017). Sizing procedures for sun-tracking PV system with batteries. E3S Web of Conferences Turkey, pp. 22 -52.
Otman, I. (2019). Shading Effect on A PV Solar Energy System Performance Using MATLAB/SIMULINK. Bright Star Journal Science Research , 1, 00 - 01.

[image: ]Pema, T., Bishai R., Madav P. D., Kinley T. and Tshewang L. (2017). Investigation Of Performance and Power Quality Of Grid - connected Solar Pv System. International Journal Of Science and Research (IJSR) , 7. 37 - 41

Privalsky, V., Fortus, M., (2012). On possible causes of the global warming. Theory of probability and its application , 56, 2, 1 - 6

Pveducation.	Standard	Solar	Spectra.	(2017).	Retrieved	12	18,	2021,	from http://www.pveducation.org/pvcdrom/appendices/standard-solarspectra.

Reddy, K. R., and Viswanath R. (2020). Design and Simulation Analysis of 12.4 KWp Grid connected Solar System Using PVsyst. International Journals of Recent Technology and Engineering, (IJRTE) , 8 (5), 2859 - 2864.

SFlex. A Safe and Strong Support for Photovoltaic Systems on Pitched Roofs. Retrieved 2021, from SFlex.com: http://www.sflex.com/htdocs/index.php/en/pitched-roof-structures

SolarProfessor. (2019). NABCEP - must know IV curve. Retrieved october 25, 2021, from Youtube.com: http://solarprofessor.info.

Sonnenenergie et al. (2013). planning and installing photovoltaic system : a guide for installers, architects and engineers. planning and installingseries. london: Earthscan Deutche Gesellschaft fur sonnenenergie, london, 3rd rev. and updated edition, 2013. ISBN 9781849713436.
image5.png




image6.png




image7.png




image8.png




image9.png




image10.png




image11.jpeg
Seasonal configuration

of Earth and Sun North Pole

- vernal equinox
summer winter
solstice solstice
- 1 equin

S autumnal equinox -

© 2008 Enoyclopiedia Britannioa, In.




image12.jpeg




image13.jpeg
Zenith





image14.jpeg
Bm




image15.png




image16.jpeg




image17.png




image18.jpeg
B

B

drow




image19.png




image20.jpeg
ey |

Ovwotagn
-

ovotage

I1; 0C swach Ivertor AC swach Moasurng  Swichbowrd Man swach Messuing  Man
oo i e
! @ - » ]
i —
. =
i T
i =] .
T
!
|
Prowcton sganst  DC AC Protecton against Protecton aganst




image21.png




image22.png




image23.jpeg
—— Frame
— Glass

——— Encapsulant

————— Solar cell

———— Encapsulant
— Backsheet

Junction box




image24.jpeg




image25.jpeg




image26.jpeg
o Valence

electron
® Free

electron
©  Hole

Silicon
nucleus

0 Boron
nucleus
Phosphorus
| nucleus





image27.png
Front electrode (-)

n-type
pn - junction {

p-type

Back electrode (+)





image28.png
Conduction band

t
E,

®

Valence band




image29.png
VOC

‘mpp




image30.png




image31.png
+ X > T‘F
Iphl() Idl Ry T




image32.png
MPP

increasing R,

MPP





image33.png
decreasing Ry,

MPP





image34.png
I,





image35.png




image36.png
I,





image37.png
Gentral
inverter

v v
module moduie
v v
module moduie
PV P

moduie module





image38.png
sting

invertor
PV
module &
+
v
module
v

modle
suing
inverter

PV
module

PV
module

PV
module

Grid




image39.png
HH





image40.png




image41.jpeg




image42.jpeg




image43.png




image44.png




image45.png




image46.png




image47.png




image48.png




image49.png




image50.png




image51.jpeg
# Find -
e Replace
[§ select~





image52.jpeg
| PVayst V6.04 - PREMIUM - Photovaltaic Systems Software

Content

Pr-siing st o  project e few
s wihout e componens
SEitsatuston of e syt ana
- “System el quck evastons
Jl  oeromeadusing moniy vales,

Project design

Please do not use these gross
estimations for a presentation to your
customer !

System





image53.jpeg




image54.png
{Gesgiaphical Coidnaies | Morthly meteo | Interactive Map

rLocation

Stename  [Genéve Caitin
County  [Switzetand ~] Region [Europe <

[-Geographical Coordinates

s |

@ Showmap

“Meteo data Import
@ Meteonam 6.1
© NASASSE

34 Import

Decinal  Deg. min

e [6F 0 6 5 . =S origh)
Lot [ F [ =t of G
dide [T Wabovesonevel

Tnesre 10| Corspondi o on v dince
LogaTine 5ol T« h25m

[ Tabular /0 [Excel)
25, inpor

By Expotine

By Exportable

T Nowsie & Fin X Concel

Vo





image1.png




image55.png
Country [Suitzerland

[Courtyy TData source.
Swizerand Meteatlorm 6.1 stalion
Switzedand Meteahlorm 6.1 stalion
Switzedand Meteahlorm 6.1 stalion
Switzedand Meteahlorm 6.1 stalion
Switzedand Meteahlorm 6.1 stalion
Switzedand Meteahlorm 6.1 stalion
Suitzeland Meteohlorm 6.1 salion
Suitzsiland olloim .1 stalior
Swizerand Meteahlorm 6.1 stalion
Switzedand Meteahlorm 6.1 stalion
Switzedand Meteahlorm 6.1 stalion
Switzedand Meteahlorm 6.1 stalion
Switzedand Meteahlorm 6.1 stalion
Switzedand Meteahlorm 6.1 stalion
Switzedand Meteahlorm 6.1 stalion
Switzedand Meteahlorm 6.1 stalion
Switzedand Meteahlorm 6.1 stalion
Switzedand Meteahlorm 6.1 stalion
LocamoManadino  Swizeland Meteahlorm 6.1 stalion
LocamoMonti Meteahlorm 6.1 stalion

5 Setavortes B Ewpon





image56.jpeg
©® = 3 F

old bosy o o
Crown Estate, Igbinedion University Ok
= = — Ute.
DELAYS
Moderate traffc in this
No known road disruptions. Traffic incidents will show up here. Okeluse
| Unen
5 8crown Estate, Igbinedion
University Okada o
(a2 ) 6.71967, 5.47121
Ugbogui
Remove this destination
What's here?
fEin A Sokpan Print
e Measure distance
+ Gh
Okero
lqueze =
s ishan -
© oy Google 8

e et~ Y e — Y




image57.jpeg
® = * Y{Restaurants & Coffee = ' Groceries = Q More

L - K NYSC PARMANENT,

Crown Estate, Igbinedion University O RENTATION

New Girls Hostel. Igbinedion Universit

Add destination OVgumedmu University < Closa Agme

Okada Tuwn°
Okada Grammar School

OPTIONS o
Access Bapk
.qr)..,g&‘

OKADA NVSCQ IgbinediéiUniver
o00d oo

8]  send directions to your phone TEMPORARY. £ 31 min
. QWINNERS | 25kn
) Use HOMEMADE
#  viaunnamed roads 31 min ° Crown Estate; Igbinedion
s University Okada
DETAILS Z3Km New Girls Hostel.
Igbinedion University... ?Ernwn Estate, Igbinedion
University Okada
Mostly fa v
RCF U0 o
0 Student
ellowship ®

+

(8] © Laves Google ]
UnveryY

T e e L e —





image58.png
[Fie name Town Country. Data source
azzavile Mava e BrazzavileMayatia ‘Conco MeteoNorm 8.0 station
owuKavumu BukavuKavumu Democratic Repubic Of The Congo  Meteollorm 8.0 station
awayolCoetz BulawayofGostz Zibabwe MeteoNorm 8.0 station
awayoMoodvale BulawayolWioodvale Zimbabwe Metealior 8.0 taton
s Bunia Democratic Republc Of The Congo  Meteollorm 8.0 station
o Buta Democratic Repubic Of The Congo  Meteollorm 8.0 station
airo Headauarters Cairo Headauarters Eamt MeteoNorm 8.0 station
o Int Arport Cairo Int Aport Eamt MeteoNorm 8.0 station
town/Df Malan Capetown/Df Malan South Afica MeteoNorm 8.0 station
sablancalinfa Casablanca/Anfa Morocco MeteoNorm 8.0 station
roun Etate ibinedion uiversity okada MN7LSIT Cronn Etate iabinedion university okada. Niaeria Meteonorm 7.1 (1954-2003), Sat=19%
Dakar Yot DakerlYoft Sencaal MeteoNorm 8.0 station
Dar s Solaam Aot Dar Es Saleam Aot Tenzenia Metealior 8.0 taton
nar De far South Africa Metealior 8.0 taton
o Deaar South Africa MeteoNorm 8.0 station
Dibout Amboul Dibout/Amboul Dibout MeteoNorm 8.0 station
Dodom Dodoma Tanzaria MeteoNorm 8.0 station
Doncola/Dunauich Donaola/Dunaueh Suden MeteoNorm 8.0 station
Dor Burkina Faso Metealior 8.0 taton
Durban/Louis Botha Durban/Louis Botha South Africa Metealior 8.0 taton
Arish E Areh Eamt MeteoNorm 8.0 station
Natroon ENatroon Eamt MeteoNorm 8.0 station
Entebbe Int Arot Entebbe Int Arot Uganda MeteoNorm 8.0 station
2da Naouma FadaNaouma Burkina Faso Metealior 8.0 taton
2 Gaoua Burkina Faso MeteoNorm 8.0 station
2 Garsza Kenva MeteoNorm 8.0 station
GizalAl zzn Gia/Al Jzan Eamt MeteoNorm 8.0 station
sbzbeb Gobabeb, Nembia MeteoNorm 8.0 station
ouch Isand ‘Gough sind South Afica Metealior 8.0 taton
B Gulu Ugenda MeteoNorm 8.0 station
a Zmbabwe MeteoNorm 8.0 station

Meteoliorm 8.0 station





image59.png
| Orientation, Variant"New simulation vai
|

| Field type [Fixed Tilted Plane =l

[-Field Parameters

Tilt 25° Azimuth 20°
Plane Tit [250 {*
b [f7 <1
st
saitn
Yearly meteo yield
~Optinisaton by respectto——— Transposion Factr FT 115

Loss By Respect To Optimum ~ -2.2%
Giobal on collector plane. 1816 kWh/m

@ Yeatyinadiaton yeld
© Sunmer (4pr-Sep)
© Winter [DctMar)

15 Show Optiisaon

X taon | )





image60.png
—— |Tracking, vertical axis

=== Fixed orientation planes
Fixed Tilted Plane
|Several orientations .40

'Seasonal tlt Euslmem A(ground) = 0.43 A

Unlimited sun-shields

=== One-axis tracking planes
Unlimited trackers, horiz. axis
[ Tracking, horizontal axis N-S
[Tracking, tited axis

[Tracking sun-shields

0 2 14 16 18

25 show Optmizaion

. shading Graph





image61.png
id detailed losses parameter

Thermal parameter | Ofimic Losses  Module qualty -LID - Msmatch  SoiingLoss 1AM Losses | Auxiaries  Aging  Unavaiabiity _ Spectrl correction

You can define either the Field thermal Loss factor or the standard NOCT coeffi
the program gives the equivalent

Field Thermal Loss Factor NOCT equivalent factor

(] e @

NOCT (Norinal Operating Cell temperature) s
Thermal Loss factor U= Uc+ Uy * Wind vel . by manufacturers for the modul

sis an alternatve information o the.

Constantloss factor Uc [0 ] wimxc e definition which doesn't make sense when
applied to the operating aray

Wind loss factor Uy WimKmfs P perstng

Don't use the NOCT approach. This is quite.

Default value acc. to mounting————————— confusing when applied to an array |

“Free" mounted modues with air crculation
(0 Semi-integrated with air duct behind





image62.png




image63.jpeg
Sun height [°]

90

Beam shading factor (linear calculation) : Iso-shadings curves

IUO crown Estate pv power

75

60

45

30

15

0
-180

1
10
9l L
8l ><
Behind
the plane
-150 -120 -90

Shading loss: 1%
g loss: 5%
S| 5s: 10%
ding lods: 20%
Shading loss: 40%

Attenuation for diffuse: 0.0.

albedo:
5
6
/__----_ QO
-
/ S
ll/-
[}
22 june

: 22 may - 23 july
: 20 apr - 23 aug
: 20 mar - 23 sep
: 21 feb - 23 oct
,6: 19 jan - 22 nov
7: 22 december

| I T I I

-30 Azimgth[] 30

LN

5h

6h

7h

18h

Behind
the plane

120 150

-

180




image64.png
gy [kWh/kWp/day]

Normalized Ener;

Lc: Collection Loss (PV-array losses) 0.75 kWh/kWp/day
Ls: System Loss (inverter, ...) 0.11 kWh/kWp/day
Yf: Produced useful energy (inverter output) 3.55 kWh/kWp/day

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov





image2.png




image65.png
0.804

):

=
>
~
—
>
<
o
=
T
o
@
o
c
©
E
o
=4
o
©
o

@~ QoW Y 2 N Q
©O o o o o o o o o

¥Md ONeY OUBWIOND

Dec

oV

Sep Oct N

ug

A

Ju

Jun

May

Apr

Mar

Feb

Jan




image66.jpeg
[ —

Loss diagram

it cidetincll pane

[epe———

Ay nomisl anergy s STC )

[—
Vo sty o

-,
It Loss g oo i)
verr Lons ot ot . vtie
RS R——
vl Enagy s vt utpt
Energy foctod gt





image67.png
N orth

.VWeSt

-




image68.jpeg
Sun height [°]

IUO crown Estate pv power
Beam shading factor (according to strings) : Iso-shadings curves

920
====--=-  Shading loss: 1%

22 may - 23 july
20 apr - 23 aug
20 mar - 23 sep
21 feb - 23 oct
9jan - 22 nov
: 22 december

2L O o B 03 B e

Behind
the plane

Behind
the plane

-180 -150 -120 -90 -60 -30 Azimgth 7] 30 60 90 120 150 180




image69.png
Normalized Energy [kWh/kWp/day]

Lc: Collection Loss (PV-array losses) 0.67 kWh/kWp/day
Ls: System Loss (inverter, ...) 0.11 kWh/kWp/day
Yf: Produced useful energy (inverter output) 3.63 kWh/kWp/day

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

Dec




image70.png
Performance Ratio PR

12
11F [l PR Perormance Ratio (vf/ ¥r): 0.821
10
09
08

© © o o o o o

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




image71.jpeg
Paystvr23

[E—————

Loss diagram

it cidetincll pane

[ ——
[Eep—

vy it enrgy aSTC i)

[ree—

Sraing: Bt ons sz o s
[v———

JES—
rS—,
It Loss g oo i)
verr Loss e et . vl
R ———
vl Enagya et Outpt
Energy jcted o g





image72.png
Normalized Energy [kWh/kWp/day]

Lc: Collection Loss (PV-array losses) 0.88 kWh/kWp/day
Ls: System Loss (inverter, ...) 0.98 kWh/kWp/day
Yf: Produced useful energy (inverter output) 2.57 kWh/kWp/day

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov





image73.png
¥Md ONeY OUBWIOND

Dec

oV

Sep Oct N

ug

A

Ju

Jun

May

Apr

Mar




image74.jpeg
Loss diagram
s [rpe——
e Ay nominal snergy aSTC i)
-z Mok mgracation Lo (e e 41)
Naasos [ ——
150 Vo sty
20 [P TSA—
Naassw JS—
s PSR-,
Ry et Lons o oo i)
oo Ui m———
oo RS ———
201 st ——
vt vl Enegy s vertr utpt
v Aotz o, o)
27 Prm—
sen [ ———





image3.png




image75.png
Normalized Energy [kWh/kWp/day]

Jan

Lc: Collection Loss (PV-array losses) -0.05 kWh/kWp/day
Ls: System Loss (inverter, ...) 0.62 kWh/kWp/|

g@aergy (inverter output) 3.86 kWh/KWp.

Feb Mar Apr  May Jun Jul Aug Sep Oct Nov

Dec




image76.png
Performance Ratio PR

- PR: Performance Ratio (Yf/Yr): 0.870

Jan Feb Mar Apr May Jun Jul

Oct

Nov

Dec




image77.jpeg
Proec crom et 1001 5 st paver





image78.png
Normalized Energy [kWh/kWp/day]

IS

w

N

N

Jan

Lc: Collection Loss (PV-array losses)
Ls: System Loss (inverter, ...)

-0.56 KWh/kWp/day
0.21 kWh/kWpida

- Produced useful energy (inverter output) 4.67 KWh/kWp.

Feb Mar Apr May Jun Jul Aug Sep Oct Nov

Dec




image79.png
-4
e
2
=
~
o
51
=
<
g
€
3
~

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




image80.jpeg




image81.png
Normalized Energy [kWh/kWp/day]

(&)}

I

w

N

N

Jan

Lc: Collection Loss (PV-array losses)
Ls: System Loss (inverter, ...)

-0.37 KWh/kWp/day
0.24 KWh/kWp/day

Yf: Produced useful energy (inverter output) 5.29 KWh/kWp.

Feb Mar Apr May Jun Jul Aug Sep Oct Nov

Dec




image82.png
Nov  Dec

Oct

Aug Sep

Ju

Jun

May

Apr

Mar

Feb

n

Jai

M d ONEY SOUBWLIOLIDJ





image83.jpeg




image4.png




