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 The study titled "Investigating the performance of solar system using 

simulation in Nigeria" envisions an innovative urban development 

model that integrates renewable energy solutions and smart 

infrastructure to create a thriving and eco-friendly urban environment. 

In response to the pressing global challenges of climate change and 

urbanization, this study explores the feasibility and benefits of a small-

scale solar-powered system. This visionary undertaking seeks to 

address multiple facets of urban sustainability, starting with energy 

generation. The system will be primarily powered by solar energy, 

leveraging advanced photovoltaic technologies and energy storage 

systems to reduce reliance on non-renewable energy sources. The study 

encompasses three key components: site selection, energy demand 

analysis, and technology selection, based on data analysis. The 

methodology employed involves site analysis using energy irradiance 

data, energy needs calculation through PVsyst (Photovoltaic 

Software), data assessment, and analysis of PVsyst data to determine 

the most suitable system. Additionally, a circuit model is developed and 

simulated using MATLAB SIMULINK software, guided by the insights 

gained from PVsyst data. The results using analysis using energy 

irradiance data, energy needs calculation through PVsyst 

(Photovoltaic Software) noted that Jos has a global irradiation energy 

level of 2151.5kwh/m2 while Kaduna and Maiduguri have a solar 

irradiation of 2131.6kwh/m2 and 2113.5kwh/m2 and results simulated 

using MATLAB SIMULINK software, guided by the insights gained 

from PVsyst data show a power factor to be 1. 
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1.0. Introduction 

The study presents an innovative urban development approach. It integrates renewable energy 

sources and advanced infrastructure to create a sustainable and prosperous urban environment. This 

initiative is a response to urgent global challenges such as climate change and rapid urban growth. 

It explores the practicality and benefits of a compact urban community powered by solar energy [1]. 

The primary focus of this study is on ensuring sustainability in urban areas, especially in how energy 

is generated. The main idea is to rely heavily on solar power by using cutting-edge photovoltaic 

technologies and advanced energy storage systems. This approach is aimed at reducing our 

dependence on traditional, non-renewable energy sources. 

As the urgency to combat the effects of climate change and maintain clean air becomes increasingly 

vital, it is imperative to take immediate action to curb carbon emissions and prevent further 

deterioration [2]. For a country like Nigeria, solar power is what she must turn to, as it is the key to 

a clean, reliable and sustainable energy future. Science has shown that if the world population 

continuously uses oil and gas, they will run out in the next 50 years [3]. Besides, coal, oil and gas 

are polluting the planet earth and destroying its ozone layer, hence worsening the climate change 

crisis [4]. 
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At the heart of "Solar System" lies the goal of building a city that is more environmentally friendly 

and better equipped to handle future challenges [5]. In this introductory context, embarking on a 

journey to understand the various steps involved, including site selection, estimating energy needs, 

and choosing the right technology to create a modern and sustainable urban community powered by 

solar energy. 

In the 21st century, nations are faced with a complex triad of challenges - social and economic 

development, environmental sustainability, and energy management. Among these, energy 

management and independence are vital for any nation to achieve socioeconomic development. 

However, the primary means of achieving energy independence is through the burning of fossil 

fuels, which has led to the emergence of new problems that require continuous improvement. 

According to [6], energy production and consumption are the primary human-caused sources of air 

pollution, resulting in the premature deaths of 6.5 million people annually. But that's not all; the 

ongoing climate crisis adds urgency to the need for action. To mitigate the damage and prevent 

further harm, it is imperative to reduce carbon emissions as soon as possible. And this is where 

renewable energy comes in as a solution. 

The concept of a solar city is a relatively novel idea, but it has gained traction as the need for 

sustainable and renewable energy sources becomes increasingly urgent. A solar city is a community 

that is entirely powered by solar energy and is designed to be self-sufficient and sustainable [5]. 

This study aims to investigate the performance of a solar system using simulations in Nigeria, with 

a prototype designed for implementation in suburban or rural areas. 

The objective of a solar city is to establish a community that is entirely reliant on solar energy. This 

is achieved by utilizing solar panels to generate electricity, which is then used to power homes, 

businesses, and public buildings. In addition to electricity generation, solar cities also employ solar 

thermal technology to heat water and provide space heating. 

The advantages of a solar city are manifold. Firstly, it is a sustainable and renewable energy source, 

which does not deplete natural resources or contribute to climate change. Additionally, a solar city 

can be self-sufficient, eliminating the need for external sources of energy. This can be particularly 

beneficial in remote or rural areas, where access to electricity and other services may be limited [7]. 

As cities are responsible for a large share of the global energy consumption and they will continue 

growing, the urban fabric must be integrated with solar power and other renewable energy sources 

to meet the ever-growing energy demand in a sustainable manner [8]. 

The implementation of a small solar city presents a viable solution to the pressing issue of 

sustainable energy in the community. This solution involves designing, planning and executing a 

sustainable energy system that harnesses the power of the sun. The solar city will comprise of a 

network of solar panels that are strategically placed to optimize the capture of solar energy. 

Additionally, energy storage systems will be incorporated to store the energy generated during the 

day, allowing for its usage during the night or periods of low sunlight. Furthermore, a smart grid 

will be implemented to manage the flow of energy and ensure its efficient distribution throughout 

the community. This solution aims to provide a reliable and sustainable source of energy that helps 

to reduce the community's dependence on fossil fuels and decrease its carbon footprint. 

Furthermore, by providing a sustainable and affordable source of energy, the solar city study can 

enhance the quality of life for residents in the community and promote the development of a green 

economy. 

 

1.1. Literature Review 

The importance of beginning a solar power development study with a clear concept is emphasized 

in the book "Project Development in the Solar Industry" by [9]. The authors examine the typical 



 

 Omorogiuwa, O. S et al. / NIPES - Journal of Science and Technology Research 

6(4) 2024 pp. 97-110 

99 

 

difficulties encountered during the development process and provide advice on how to resolve them. 

They advise starting with site selection, where variables like topography, solar irradiance, land size, 

location, project size, interconnection distance, proximity to substation, and project size must be 

considered. 

Before beginning the design of the solar farm, the authors stress the value of assessing the essential 

supporting infrastructure, such as the power transmission and distribution lines. The selection of the 

photovoltaic inverter, photovoltaic module, project requirements, and module mounting structure 

should all be considered during the design phase [10]. 

When designing an effective utility scale photovoltaic (PV) project, the authors stress the 

importance of understanding the project requirements, limitations, and interconnection 

characteristics. The nominal power of the photovoltaic module determines a PV plant's direct 

current (DC) capacity, while the inverter's nominal alternating current (AC) power determines the 

plant's AC capacity. The authors advise the design team to maximize the system's tilt and orientation 

while keeping cost-effectiveness in mind to maximize energy output [11]. 

The inverter, which transforms DC power into usable AC power in a photovoltaic system, is another 

important component highlighted in the book. The conversion efficiency should be taken into 

account by the design team, as it depends on the inverter's design, input voltage, and operating 

temperature. Modern inverters can perform tasks like data acquisition, telemetry, and control thanks 

to their sophisticated electronics [11]. 

The crucial steps needed in a solar power study have been examined by [12], the author of the article 

"Solar Power in Building Design." The site evaluation, feasibility study, site shading analysis, 

photovoltaic mapping or configuration analysis, DC-AC power conversion calculations, PV module 

and inverter system selection, and total solar power array electric power calculations are among the 

key steps he evaluated in the engineering design of solar power systems. 

The importance of having a fundamental understanding of insolation concepts, shading analysis, 

and various design parameters that impact the overall output performance and efficiency of the solar 

power system is emphasized by [12]. The amount of energy that the earth's surface receives from 

the sun is known as insolation. It is also referred to as isolation or irradiation. The author claims that 

the sun's energy output, which is 1366 w/m2, is reduced to 1000 W/m2 on the surface of the earth 

due to scattering. 

The author of [12] advises that the PV array be tilted to the ideal tilt angle and exposed directly to 

the sun's rays for maximum energy output. The author emphasizes the significance of checking for 

obstacles like high-voltage alternating current (HVAC) units, trees, and buildings that may cast 

shadows, as well as evaluating the structural integrity of the roof, during the site evaluation and 

shading analysis stages of the design process. The designer of a grounded mounted system must 

consider floods, earthquake fault lines, and soil erosion. 

The designer must select the best PV product and build the topology configuration of the array for 

maximum energy harvest after evaluating the site and analyzing shading. The various losses that 

may occur as a result of design features and environmental factors must be taken into account when 

calculating the net energy output production in the solar power system [12]. 



 

 Omorogiuwa, O. S et al. / NIPES - Journal of Science and Technology Research 

6(4) 2024 pp. 97-110 

100 

 

The steps necessary for designing a fruitful solar project are stressed by [8]." He categorizes these 

steps into seven categories, which are: defining the project's scope; determining the project's energy 

requirements; determining the amount of solar energy that is available; surveying the site; sizing the 

solar electric system; choosing the appropriate components; and determining the project's total costs. 

The author of [8] emphasizes the significance of project scoping by identifying the rationale for the 

solar design and extending the scope to precisely define the objectives of the design. In order to 

properly size the photovoltaic (PV) array, he also stresses the significance of conducting a power 

analysis to determine the project's energy consumption. 

It's crucial to gather the site's solar irradiation data because the amount of solar energy that can be 

harvested from the location depends on the number of hours of midday solar irradiation that are 

available. In order to avoid inefficiencies, the author suggests using Maximum Power Point 

Tracking (MPPT) to adjust the voltage from the solar array. Shade is mentioned as having the 

biggest detrimental effect on solar energy production. By surveying the site to find potential sources 

of shading, the output voltage fluctuation of the arrays caused by shade can be decreased [13]. The 

authors of [13] stress the significance of beginning a solar power project with a distinct concept and 

provide advice on how to overcome typical difficulties encountered throughout the development 

process. They advise starting with site selection, where variables like topography, solar irradiance, 

land size, location, project size, interconnection distance, proximity to substation, and project size 

must be taken into account. Before beginning the design of the solar farm, the authors of [7] stress 

the significance of assessing the essential supporting infrastructure, such as power transmission and 

distribution lines. 

[13] Advice taking into account a number of variables when designing a solar project, including 

solar resources, photovoltaic module choice, project requirements, photovoltaic inverter choice, and 

module mounting structure choice. The inverter's role in converting DC power into usable AC power 

is also highlighted. The design team is advised to take this into account, as conversion efficiency 

depends on a number of variables, including the inverter's design, input voltage, and operating 

temperature. 

The author of [12] emphasizes the crucial phases of designing solar power systems, such as site 

evaluation, feasibility study, site shading analysis, photovoltaic mapping or configuration analysis, 

calculations of DC-AC power conversion, and total electric power generated by solar power arrays. 

The author stresses how crucial it is to have a fundamental understanding of insolation concepts, 

shading analysis, and various design parameters that impact the overall output performance and 

efficiency of the solar power system. 

The steps involved in designing a successful solar project are broken down into seven categories by 

the author of [8]: scoping the project, determining the project's energy needs, determining the 

amount of solar energy available, surveying the site, sizing the solar electric system, choosing the 

right components, and determining the project's total costs. Also stresses the significance of defining 

the project's scope, figuring out the rationale for the solar design, and gathering information on the 

site's solar irradiation. The author claims that shade has the biggest detrimental effect on the 

production of solar energy, and suggests using Maximum Power Point Tracking (MPPT) to regulate 

the voltage from the solar array in order to avoid inefficiencies. 
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2.0. Methodology 

In this study, an effective plan for designing a sustainable solar-powered city using modern 

technology was introduced. The aim is to showcase the potential of sustainable solar-powered cities 

and their significance in our future. PVsyst simulation software and MATLAB Simulink software 

were used for all simulations involved in this study. 

 

2.1 Proposed design for solar power city 

The study design was based on the model, while also ensuring that the analysis and design of the 

solar city are thoroughly accomplished. The energy requirement of the solar city should first be 

determined to determine the size of the solar farm to be designed for the system. 

 

2.2 Energy consumption of a modern home 

The energy consumption for a typical modern home is as shown in Figure 1 which is an average of 

home checked. From Figure 1, it shows that the energy requirement for a home is about 15kwh/day, 

so the need to design a solar plant that can meet this daily energy requirement. 

 

 

Figure 1: Energy consumption of a typical modern home 

For economic efficiency of the solar farm, the solar city should be located in a region of high solar 

irradiation energy; this reduces the number of panels needed to operate the farm. 

 

2.3 Site Location 

The location of a solar city is a critical factor in determining its success. The ideal location for a 

solar city is chosen based on solar irradiance data and charts. Figure 2 is an example of a solar 

irradiance chart of Nigeria. 
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Figure 2: Solar irradiation data for Nigeria 

According to the solar irradiance chart, the optimal location for a sustainable solar city in Nigeria is 

in the northern region, where the solar irradiation energy is abundant. The chart identifies several 

potential cities, including Kaduna, Jos, Bauchi, Gombe, Maiduguri, Yobe, and Jalingo. This study 

runs simulations using the solar irradiation data of each site to determine the best site location for 

the solar city. 

 

2.4 Smart Solar plant (grid) technology 

The solar plant includes the solar panel, inverter system, MPPT system, battery bank system and 

other accessories required for efficiency and sustainability of a solar city. The solar city was 

modelled in PVsyst simulation software. The model shows the design of a 15kW solar plant, 

examining the behavior of the plant with different parameters and operating conditions. Figure 3 

shows the simplified schematics of the simulation model. 

 

 

Figure 3: PVsyst  Simulation model 

2.5 PV technology 

The types of PV technology used determine the efficiency of the system. The two most common 

photovoltaic technologies are Monocrystalline silicon (mono-si) and Polycrystalline silicon (poly-

si). Solar plants usually involve arrays of solar panel to harvest a large amount of energy from the 
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sun. However, each PV module is inefficient i.e. there are some losses associated with them. These 

losses can be in form of ohmic wire loss, module mismatch loss, module quality loss etc. The 

simulation presented compares 2 different PV technology manufactured by Felicity. The simulation 

using 320Wp 31V si-mono PV modules while the simulation using 320Wp 31V si poly PV module. 

Data obtained from this simulation is presented in Table 4 and Table 5. 

 

2.6 Controller Technology 

Controller technology plays an important role in solar power plants as it helps optimize the 

performance, efficiency and reliability of the solar plant. A few common controller technologies are 

MPPT (maximum power point Tracking) and PWM dc-dc converter. The simulation of the solar 

system using both technologies, result is shown in Table 6 and Table 7.  

 

2.7 Storage Technology 

The most common technology for storage used in solar plants is batteries. They are used to store 

excess energy during the day for use at night. Batteries come in two forms of technology, lead acid 

and lithium ion was investigated to choose a suitable one is efficient for this study; data obtained 

from the simulation is presented in Table 8 and Table 9.  

 

2.8 Simscape Model 

From the simulations carried out using PVsyst and the analysis of result in section 3.2 of the study, 

a simscape model of the solar system has been built in MATLAB Simulink. The solar technologies 

used in the model are monocrystalline silicon PV, lithium-ion batteries, MPPT charge controller 

and boost converter. The solar panel used in the model is rated 450W. The solar panels are arranged 

so as to supply a voltage of 82.50V and 45kW power. The numbers of PV strings are calculated as 

shown in equation (1). 

 

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑡𝑟𝑖𝑛𝑔𝑠 =
𝑠𝑢𝑝𝑝𝑙𝑦 𝑣𝑜𝑙𝑡𝑎𝑔𝑒

𝑜𝑝𝑒𝑛 𝑐𝑖𝑟𝑐𝑢𝑖𝑡 𝑣𝑜𝑙𝑡𝑎𝑔𝑒
       (1) 

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑡𝑟𝑖𝑛𝑔𝑠  =  
82.50

41.25
 =2 

 

The number of PV panels in parallel is calculated as shown in equation (2) 

 

𝑃𝑉 𝑝𝑎𝑛𝑒𝑙 𝑖𝑛 𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙 =
𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑝𝑜𝑤𝑒𝑟

𝑝𝑜𝑤𝑒𝑟 𝑟𝑎𝑡𝑖𝑛𝑔∗𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑡𝑟𝑖𝑛𝑔𝑠
     (2) 

 

 =   
45000

450 ∗ 2
= 50                           

 

The batteries used in the model are rated 48V 200Ah, these batteries should be able to supply 45kW 

for 4 days when fully charged. The number of batteries in parallel needed to achieve this is 

calculated as shown in equation (3). 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠 𝑖𝑛 𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙 =
𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑝𝑜𝑤𝑒𝑟

𝑝𝑜𝑤𝑒𝑟 𝑜𝑓 𝑎 𝑠𝑖𝑛𝑔𝑙𝑒 𝑏𝑎𝑡𝑡𝑒𝑟𝑦
    (3) 

 

=
45000∗4∗24

48∗200
 = 450 

 

The MPPT charge controllers use in the model are rated 120A 48V 6800W. The number of MPPT 

controller to be connected in parallel for this system to function correctly is calculated as shown in 

equation (4). 
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𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑀𝑃𝑃𝑇 𝑖𝑛 𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙 =
𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑝𝑜𝑤𝑒𝑟

𝑃𝑜𝑤𝑒𝑟 𝑜𝑓 𝑀𝑃𝑃𝑇
      (4) 

 

=
45000

6800
 =7 

 

i.e for every 50 PV array in parallel there is an MPPT controller. 

The boost converts steps up the voltage form the battery 48Vdc to 220Vdc, this voltage is then fed 

into a 3-phase full bridge inverter to obtain an alternating voltage. The duty cycle of the boost 

converts control voltage transformation in the converter circuit. The relationship between input 

voltage, output voltage and duty cycle of a boost converter is shown in equation (5). 

 

𝑂𝑢𝑡𝑝𝑢𝑡 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 =
𝐼𝑛𝑝𝑢𝑡 𝑣𝑜𝑙𝑡𝑎𝑔𝑒

1−𝑑𝑢𝑡𝑦 𝑐𝑦𝑐𝑙𝑒
        (5) 

 

Hence, making duty cycle subject of the equation gives, 

                 𝐷𝑢𝑡𝑦 𝑐𝑦𝑐𝑙𝑒 = 1 −
𝐼𝑛𝑝𝑢𝑡 𝑣𝑜𝑙𝑡𝑎𝑔𝑒

𝑂𝑢𝑡𝑝𝑢𝑡 𝑣𝑜𝑙𝑡𝑎𝑔𝑒
 

= 1 −
48

220
 = 0.78 

 

The simulation model is shown in Figure 4. The calculation in equation (5) result the parameters are 

input to the various subsystems in the model. 

 

 

Figure 4: Simscape Model of a solar City 

The model in Figure 4 is used for the simulation of the efficiency, power factor and response of the 

system to various loads, data obtained from these simulations for the efficiency and power factor, 

analysis of the result is also discussed. 

 

3. Results and Discussion 

3.1 Results of PVsyst simulation comparing some technology 

Result show in Table 1, Table 2 and Table 3 are the data obtained from the simulation of solar 

energy available in Kaduna, Jos and Maduguri, Nigeria.  
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Table 1: Solar irradiation Energy in Kaduna, Nigeria 

 

Table 2: Solar irradiation energy in Jos, Nigeria 

 

Table 3: Solar irradiation energy in Maiduguri, Nigeria 

Table 4 and Table 5 show the module losses and efficiency of mono-si and poly-si solar system 

technology. These data are results obtained from the simulation in section 2.5. 
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Table 4: Energy losses and Efficiency of si-mono PV module 

 

Table 5: Energy losses and Efficiency of si-poly PV module 

 

Table 6: Efficiency of MPPT controller 



 

 Omorogiuwa, O. S et al. / NIPES - Journal of Science and Technology Research 

6(4) 2024 pp. 97-110 

107 

 

 

Table 7: Efficiency of a DC-DC PWM controller 

 

The results presented in Table 6 and Table 7 shows the performance of the solar city when MPPT 

or DC/DC PWM controller technology is used. These results are obtained from the simulation in 

section 2.6. The results presented in Table 8 and Table 9 shows the performance of the solar city 

when Lithium ion or lead acid battery is used as the energy storage technology in a solar system. 

These results are obtained from the simulation in section 2.7. 

 

Table 8: Efficiency of Lithuim ion battery 
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Table 9: Efficiency of Lead acid battery 

3.2   Discussion of the Analysis of PVsyst simulation result 

From the results in Table 1, Table 2 and Table 3, it can be seen that Jos has higher solar irradiation 

energy among the three states compared. This is shown in the Global horizontal efficiency (GlobEff) 

column of the Table 2, where it was noted that Jos has a global irradiation energy level of 

2151.5kwh/m2 while Kaduna and Maiduguri have a solar irradiation of 2131.6kwh/m2 and 

2113.5kwh/m2. Therefore, Jos is a suitable site location for a solar system. 

Table 4 and Table 5 shows the efficiency and energy losses of the two most common PV technology. 

From Tables 4 - 5, it can be seen that si-mono PV technology has a better efficiency than si-poly 

PV technology due to the low losses (Ohm loss, MisLoss and ModQual loss). Si-mono is a preferred 

choice for any solar city, but the cost for poly is also cheaper than mono PV technology. 

The essence of a controller is to ensure that most of the PV array current is available to the solar 

Plant. From Table 6 and Table 7, it can be seen that MPPT controller makes available most of the 

PV array current (Iarray) to the system (IBatCh) with very little energy loss in the MPPT module. 

However, the PWM module consumes internally a large amount of the array current compared to 

the MPPT charge controller. From this simulation result, it is preferable to use a MPPT charge 

controller for an efficient solar plant. 

The type of battery technology used in a solar plant also affects its efficiency and sustainability. 

From the simulation results of Table 8 and Table 9, it can be seen that lithium-ion batteries have a 

better efficiency and a longer life than lead acid batteries, but the total cost of ownership per usable 

kWh is about 2.8 times cheaper for a lithium-based solution than for a lead acid solution. Note that 

despite the higher facial cost of Lithium technology, the cost per stored and supplied kWh remains 

much lower than for Lead-Acid technology. The reason is related to the intrinsic qualities of lithium-

ion batteries but also linked to lower transportation costs. 

The results from the PVsyst simulation are used in the design of a simscape model of the solar 

system.  

Upon comparison and analysis of the results derived from these simulations, from the results it had 

been successfully identified the optimal site location, determined the energy requirements, and 

selected the most effective system. This comprehensive analysis forms the basis for developing an 

efficient and sustainable solar-powered system using modern technology, addressing the challenges 

of urbanization and climate change. 
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3.3    Results of Simscape simulation 

Using the simulation results obtained from pvsyst, a simulation model was developed in MATLAB 

Simscape. Details of the process were presented in section 2.8 of the study. Figure 5, shows the 

efficiency of the design of solar plant of the solar system at various loads, while figure 6 shows the 

power factor to be 1. 

 

Figure 15: Efficiency of the design 

 

Figure 16: Power factor of model design 

4. Conclusion 

This study highlights the crucial steps and considerations necessary for designing and deploying an 

effective utility-scale solar power project. The main takeaway is the utmost importance of site 

selection, thorough planning, and understanding key parameters to maximize energy output and 

system efficiency. From the results shown in the table’s sun radiation is better than others. 

Selecting the right site for the project is emphasized, considering factors like topography, solar 

irradiance, land size, location, and proximity to substations. By optimizing the system's tilt and 

orientation, the design team can capture the most solar energy while maintaining cost-effectiveness. 

Understanding insolation concepts and shading analysis helps minimize the negative impact of 

shading on energy production. Using Maximum Power Point Tracking (MPPT) technology to adjust 

the voltage from the solar array further improves efficiency. 

The inverter, responsible for converting DC power to usable AC power, is vital for conversion 

efficiency, which depends on its design, input voltage, and operating temperature. Modern inverters 

with advanced capabilities, such as data acquisition and control, contribute to system optimization. 
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Lastly, gathering site-specific solar irradiation data is crucial for efficient solar energy harvesting. 

Employing MPPT and mitigating shading effects contribute to avoiding inefficiencies. 

To ensure success in the small solar system project, thorough planning and site evaluation are 

essential, collecting solar irradiation data to assess available solar energy for achieving sustainable 

and eco-friendly energy solutions. 

For economic efficiency, the solar city should be located in a region with high solar irradiation 

energy. The PV array should be tilted in the most optimal way in order to maximize energy output 

and consider using MPPT charge controllers and si-mono PV technology for better system 

efficiency and reduced losses. These measures ensure a productive and financially viable solar farm. 

It is recommended that this study should be compared with real life scenario. 
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