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Abstract: This thesis aims to explore the feasibility and potential benefits of implementing a solar roof plant in Gwalior, Madhya
Pradesh. The escalating demand for energy, coupled with the urgent need to reduce greenhouse gas emissions, calls for
innovative and sustainable solutions. Solar energy has emerged as a viable alternative to conventional power sources, offering
significant environmental and economic advantages.

This research focuses on Gwalior, a city with abundant sunlight and ample roof space, making it an ideal candidate for solar
energy harnessing. The study begins with a comprehensive assessment of the current energy scenario in Gwalior, analyzing the
energy consumption patterns and the existing power infrastructure. This analysis establishes a baseline for evaluating the
impact and potential of a solar roof plant in the region.

Key areas of investigation include the technical feasibility of installing solar panels on rooftops, the economic viability of the
project, and the environmental benefits it would bring. The thesis also addresses the regulatory framework and policy support
necessary to encourage solar power adoption in Gwalior. Key stakeholders, such as government bodies, utility companies, and
local communities, will be involved in the research process to ensure a holistic approach.

By utilizing advanced simulation tools and data analysis techniques, this thesis will quantify the energy generation potential of a
solar roof plant in Gwalior. Factors such as solar irradiance, panel efficiency, and rooftop suitability will be considered to
determine the optimal configuration and capacity of the plant. Furthermore, financial models will be developed to assess the
return on investment and the long-term cost-effectiveness of the project. The findings of this study are expected to demonstrate
the significant advantages of a solar roof plant in Gwalior. These advantages include reduced reliance on fossil fuels, decreased
carbon emissions, and improved energy security. The research outcomes will contribute to the body of knowledge on solar energy
implementation and serve as a valuable reference for policymakers, urban planners, and renewable energy enthusiasts.
Keywords: Technical feasibility, Economic viability, Environmental benefits, Regulatory framework, Solar irradiance, Panel
efficiency, Rooftop suitability, Return on investment, Carbon emissions.

L. INTRODUCTION

Background The increasing demand for energy, coupled with the urgent need to mitigate climate change, has led to a growing

interest in renewable energy sources. Solar energy, in particular, has emerged as a promising alternative to conventional power

generation methods. Gwalior, a city located in Madhya Pradesh, India, presents a favorable environment for solar energy harnessing
due to its abundant sunlight and available roof space. This thesis aims to explore the implementation of a solar roof plant in Gwalior,
focusing on its technical feasibility, economic viability, and environmental benefits.

1) Significance of the Study: Gwalior, like many other cities in India, faces challenges related to energy security, air pollution, and
greenhouse gas emissions. By exploring the potential of a solar roof plant in Gwalior, this research contributes to sustainable
development efforts by providing a clean and renewable energy solution. The findings of this study can serve as a valuable
reference for policymakers, urban planners, and renewable energy enthusiasts interested in promoting solar power adoption and
sustainable energy generation.

2) Objectives: The primary objective of this thesis is to evaluate the feasibility and benefits of implementing a solar roof plant in
Gwalior. The specific objectives include:

a) Assessing the current energy scenario in Gwalior, including energy consumption patterns and the existing power infrastructure.

b) Investigating the technical feasibility of installing solar panels on rooftops in Gwalior, considering factors such as solar
irradiance, rooftop suitability, and panel efficiency.

c) Analyzing the economic viability of the solar roof plant project, including financial models, return on investment, and cost-
effectiveness.
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d) Evaluating the environmental benefits of the solar roof plant, particularly in terms of reduced carbon emissions and
environmental sustainability.

e) Examining the regulatory framework and policy support required to promote solar power adoption in Gwalior.

f) Engaging key stakeholders, such as government bodies, utility companies, and local communities, to ensure a comprehensive
and collaborative approach to solar energy implementation.

1. METHODOLOGY
To achieve the research objectives, a mixed-methods approach will be adopted. The study will begin with a comprehensive literature
review to establish a theoretical foundation and gain insights from previous research on solar energy implementation and renewable
energy policies. Primary data collection will involve surveys, interviews, and site visits to gather information on energy
consumption patterns, solar irradiance levels, rooftop suitability, and stakeholder perspectives.
Simulation tools and data analysis techniques will be employed to quantify the energy generation potential of a solar roof plant in
Gwalior. Factors such as solar irradiance, panel efficiency, and rooftop suitability will be considered to determine the optimal
configuration and capacity of the plant. Financial models will be developed to assess the return on investment and cost-effectiveness
of the project, considering factors such as capital investment, operational expenses, and potential revenue streams.
The environmental benefits of the solar roof plant will be evaluated by estimating the reduction in carbon emissions compared to
conventional power generation methods. Additionally, the regulatory framework and policy support necessary to promote solar
power adoption in Gwalior will be analyzed, including an assessment of existing policies, incentives, and barriers to
implementation.

1. TYPES OF RENEWABLE ENERGY
Any energy that is directly replenished from the sun, such as thermal energy, photovoltaic energy, and photochemical energy, as well
as any energy that is indirectly replenished from the sun, such as wind energy, hydropower, or other movement, eventually returns to
nature and its resources [1]. Fossil fuels, wastes with a fossil origin, and wastes with an inorganic origin are not considered forms of
renewable energy.
Typical sources of renewable energy include:
1) Wind energy
2) Hydropower
3) Biomass
4) Solar power
5) Geothermal power
6) Biofuel
We will purposefully concentrate on the wind and solar parts as they make up a big portion of this hybrid project.

A. Solar Energy

Solar energy, or solar radiation, is what we receive from the sunbeam. The two main components of solar power generation are
photovoltaics and heat engines. Other solar uses include lighting, hot water, cooling using solar-powered structures, etc. Solar
cooking and high-temperature techniques are used in industry. Direct solar or indirect solar are terms frequently used to describe
solar technology [3]. It depends on how they capture and transport solar energy in compressed form. Photovoltaic modules and solar
collectors are used in direct solar systems. eat up energy. Using materials with excellent thermal quality dispersing capabilities,
constructing rooms with natural air circulation, and aligning buildings with the sunbeam are all examples of indirect solar
technology [4].

B. Solar Energy Systems

Solar panels utilize solar energy by converting it into a structure known as direct solar energy. Solar panels immediately convert
solar energy into electrical energy after receiving it from the sun's beams [11]. Basically, solar or PV cells are arranged in a grid-like
pattern on the top surface of the solar panel. The solar panel collects the sun's energy and stores it in batteries, which further
transforms it into electrical energy. Crystalline silicon, which can be used in more demanding Ga as well as industries like the
production of microprocessors, is the typical material used in PV panels. manufacturing arsenic compounds specifically for
photovoltaic (solar) cells.
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1) Working Principles of Solar System

Solar energy is directly converted into electrical energy by solar panels. The solar panel is made up of several separate solar cells.
These solar cells employ huge-area p-n junction diodes and operate like big semiconductors. P-n diodes convert solar energy into
useful electrical energy when exposed to sunlight [4]. Electrons are pulled out of their orbits by the electric field of the solar cell as a
result of the energy created when photons strike the solar panel's surface. This energy is then released. Electricity can be produced
by the free electrons in the directed current flowing through the metal contacts of the solar cell. If a solar panel has more or larger
PV cells, the solar cells' attributes are greater and they produce more power. PV panel must produce. The photoelectric effect is the
conversion of solar energy into usable electrical energy [9]. The p-n diode's properties, rather than the solar panel's lack of moving
components, are what generate the photoelectric effect.

Load
hitp://www.electricaltechnology.org
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Figure 1: Operating principle of solar panel.

2) Different Kinds of Solar Panel

a) Monocrystalline Panel

Crystalline silicon is used to construct monocrystalline plates. This silicon originates from a big sheet that has been sliced to various
sizes to form a single cell. The entire cell is covered with metal strips, which act as a conductor and trap electrons. Although mono
panels are not more costly than polyethylene panels, they are somewhat more efficient and smaller [11].

D D A

Figure 2: Monocrystalline Solar Panel

b) Polycrystalline Panel

Polycrystalline plates made up of several tiny cells rather than a single large cell. Despite being relatively comparable, poly panels
are reported to be less efficient than mono ones and cheaper for the producer. A polycrystalline silicon cell can be created in a
number of methods [11].
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Figure 3: Polycrystalline Solar Panel
c) Cast Poly-silicon
In this method, silicon is formed into a substantial block that, after cooled, may be divided into thin layers for use in solar cells.

These cells are arranged in a plate, covered with conductive metal strips, and linked such that an ongoing electrical current flow
through the plate [11].

(AVA EXPEREMENTAL PROCESSES

A. Required Components

This section includes a detailed estimation of each project component. To successfully complete this project, we first intended to
create a hardware module with a software component. We have created a circuit module where a microcontroller chip is utilised
with a variety of devices. The following are the components we utilised to put up the hybrid renewable energy system project.

1) Research Design

The research design for this thesis will adopt a mixed-methods approach, combining quantitative and qualitative methods to gather
comprehensive data and insights regarding the implementation of a solar roof plant in Gwalior. The research will be conducted in
multiple stages, involving data collection, analysis, and stakeholder engagement. The following sections outline the specific
methodologies to be employed in each stage:

B. Data Collection

1) Solar Resource Assessment: Solar radiation data will be collected from meteorological stations in Gwalior to assess the solar
energy potential in the region. This will involve collecting historical solar radiation data and measuring solar irradiance levels
using instruments such as pyranometers.

2) Site Selection and Survey: A comprehensive survey will be conducted to identify potential sites for solar roof plant
implementation in Gwalior. The survey will consider factors such as rooftop suitability, shading analysis, structural integrity,
and electrical infrastructure availability.
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3) Technical Analysis: Simulation software, such as PVsyst or SAM, will be used to perform technical analysis and assess the
energy generation potential of the solar roof plant. The software will consider parameters such as solar panel tilt, azimuth angle,
system losses, and grid integration requirements.

4) Economic Analysis: The economic analysis will involve collecting data on capital costs, operation and maintenance expenses,
and potential revenue streams. Financial models, such as net present value (NPV) and levelized cost of electricity (LCOE), will
be used to evaluate the financial feasibility of the solar roof plant.

5) Environmental Impact Assessment: The environmental impact assessment will involve analyzing data on carbon emissions, air
pollution reduction, and resource conservation. Life cycle assessment (LCA) methodologies will be employed to quantify the
environmental benefits and compare them with conventional power generation sources.

C. Data Analysis:

1) Quantitative Analysis: The collected data, including solar radiation data, survey results, and economic indicators, will be
analyzed quantitatively. Statistical analysis, regression analysis, and financial modeling techniques will be employed to
evaluate the technical and economic feasibility of the solar roof plant.

2) Qualitative Analysis: Qualitative data, such as stakeholder interviews, focus group discussions, and policy documents, will be
analyzed thematically. This analysis will provide insights into the perceptions, attitudes, and barriers related to solar energy
adoption in Gwalior. Content analysis techniques will be used to derive meaningful themes and patterns from the qualitative
data.

D. Stakeholder Engagement

1) Interviews: Key stakeholders, including government officials, utility companies, local communities, and relevant organizations,
will be interviewed to gather their perspectives on solar energy adoption and the implementation of a solar roof plant in
Gwalior. These interviews will provide qualitative insights into the policy and regulatory landscape, financing options, and
community acceptance.

2) Focus Group Discussions: Focus group discussions will be conducted with representatives from different stakeholder groups to
facilitate dialogue and gather diverse opinions on the potential benefits, challenges, and opportunities associated with solar roof
plant implementation. The discussions will help identify areas of consensus and areas that require further attention.

3) Workshops and Seminars: Workshops and seminars will be organized to disseminate research findings, engage stakeholders,
and solicit feedback. These interactive sessions will foster collaboration and provide a platform for knowledge exchange among
researchers, policymakers, and practitioners.

E. Ethical Considerations

Ethical considerations will be given due importance throughout the research process. Informed consent will be obtained from
participants involved in interviews, focus group discussions, and surveys. Data confidentiality and privacy will be ensured, and
research protocols will adhere to ethical guidelines and regulations.

F. Limitations

Certain limitations may be encountered during the research process. These may include limited availability of historical solar
radiation data, variations in site conditions, and challenges in obtaining accurate financial data. However, efforts will be made to
minimize these limitations through rigorous data collection, sensitivity analysis, and validation techniques. The methodology
outlined above aims to provide a comprehensive understanding of the solar roof plant implementation for sustainable energy
generation in Gwalior, Madhya Pradesh. It combines quantitative and qualitative data to assess the technical feasibility, economic
viability, and stakeholder perspectives, ultimately contributing to the knowledge base on renewable energy adoption in the region.

G. Solar rooftop photovoltaic system (RTPV I)

Solar rooftop photovoltaic system with 16 solar plates in CP Colony, Morar, Gwalior, Madhya Pradesh

1) Energy Generation Performance: The 16 solar plates installed in CP Colony, Morar, Gwalior are assumed to have a total
capacity of 5 kWp (kilowatt peak). This capacity represents the maximum power output of the solar PV system under standard
test conditions. The actual energy generation of the system depends on various factors such as solar radiation, system
efficiency, shading, and maintenance.
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Solar Resource Utilization: The geographical location of CP Colony, Morar, Gwalior is approximately 26°N latitude and 78°E
longitude. The solar resource potential can be estimated based on the average solar radiation data available for this region. The
solar radiation intensity is typically measured in kilowatt-hours per square meter per day (kwh/m?/day). Higher solar radiation
values indicate better solar resource availability for electricity generation.

Economic Performance: The economic performance of the solar PV system can be evaluated based on various factors,
including the installation cost, payback period, return on investment (ROI), and savings on electricity bills. The installation cost
includes the expenses associated with procuring and installing the 16 solar plates, electrical connections, inverters, and
mounting structures. The payback period represents the time required for the system's savings to cover the initial investment
cost. The ROI calculates the profitability of the investment over its lifetime.

Environmental Impact: The environmental impact of the solar rooftop photovoltaic system in CP Colony, Morar, Gwalior can
be assessed by estimating the reduction in greenhouse gas emissions. By generating electricity from solar energy, the system
helps reduce the reliance on fossil fuel-based power generation, resulting in lower carbon dioxide (CO2) emissions. This
reduction contributes to mitigating climate change and improving air quality in the local environment.

Performance Variability: The performance of the solar PV system may vary based on factors such as shading from nearby
buildings or trees, dust accumulation on the solar panels, system aging, and maintenance practices. Regular maintenance,
including cleaning the panels and ensuring optimal performance of inverters and other components, is crucial to maximize the
system's energy generation and overall performance.

Benefits and Challenges: The installation of a solar rooftop photovoltaic system in CP Colony, Morar, Gwalior offers several
benefits, including reduced electricity bills, potential financial savings over the system's lifetime, and positive environmental
contributions. However, challenges such as initial investment costs, system maintenance, and intermittency of solar energy (due
to weather conditions) need to be considered. Addressing these challenges through favorable policies, incentives, and proper

Solar rooftop photovoltaic system (RTPV I)

Solar rooftop photovoltaic system with 16 solar plates in CP Colony, Morar, Gwalior, Madhya Pradesh

1)

2)

3)

4)
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Energy Generation Performance: The 16 solar plates installed in CP Colony, Morar, Gwalior are assumed to have a total
capacity of 5 kWp (kilowatt peak). This capacity represents the maximum power output of the solar PV system under standard
test conditions. The actual energy generation of the system depends on various factors such as solar radiation, system
efficiency, shading, and maintenance.

Solar Resource Utilization: The geographical location of CP Colony, Morar, Gwalior is approximately 26°N latitude and 78°E
longitude. The solar resource potential can be estimated based on the average solar radiation data available for this region. The
solar radiation intensity is typically measured in kilowatt-hours per square meter per day (kwh/m?/day). Higher solar radiation
values indicate better solar resource availability for electricity generation.

Economic Performance: The economic performance of the solar PV system can be evaluated based on various factors,
including the installation cost, payback period, return on investment (ROI), and savings on electricity bills. The installation cost
includes the expenses associated with procuring and installing the 16 solar plates, electrical connections, inverters, and
mounting structures. The payback period represents the time required for the system's savings to cover the initial investment
cost. The ROI calculates the profitability of the investment over its lifetime.

Environmental Impact: The environmental impact of the solar rooftop photovoltaic system in CP Colony, Morar, Gwalior can
be assessed by estimating the reduction in greenhouse gas emissions. By generating electricity from solar energy, the system
helps reduce the reliance on fossil fuel-based power generation, resulting in lower carbon dioxide (CO2) emissions. This
reduction contributes to mitigating climate change and improving air quality in the local environment.

Performance Variability: The performance of the solar PV system may vary based on factors such as shading from nearby
buildings or trees, dust accumulation on the solar panels, system aging, and maintenance practices. Regular maintenance,
including cleaning the panels and ensuring optimal performance of inverters and other components, is crucial to maximize the
system's energy generation and overall performance.

Benefits and Challenges: The installation of a solar rooftop photovoltaic system in CP Colony, Morar, Gwalior offers several
benefits, including reduced electricity bills, potential financial savings over the system's lifetime, and positive environmental
contributions. However, challenges such as initial investment costs, system maintenance, and intermittency of solar energy (due
to weather conditions) need to be considered. Addressing these challenges through favorable policies, incentives, and proper
maintenance practices can further enhance the benefits and performance of the solar PV system.
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7) Lessons Learned and Recommendations: Based on the results and analysis, several lessons can be learned. These include the
importance of selecting an optimal system capacity, proper system design, regular maintenance, and financial incentives to
promote solar energy adoption. It is recommended to raise awareness among residents and businesses about the benefits of solar
energy and to establish supportive policies and regulations to encourage the widespread implementation of solar rooftop
photovoltaic systems.

Please note that the specific numerical values and detailed analysis would depend on the actual data collected and analyzed for the

solar rooftop photovoltaic system in CP Colony, Morar, Gwalior. The information provided here is a general framework for

discussing the results and implications of such a system.

it

Figure 5. Solar Rooftop Photovoltaic System (RTPV 1)

V. RESULT AND DISCUSSION
A. Introduction of Work place
The survey began in earnest fashion on 16 April 2023 with the primary aim of measuring the available roof area and also to ascertain
any causes of roof area occupation like structures and the associated shading on the roof. Dimensions were measured using standard
meter tapes. The time line for the survey of all the relevant buildings on campus is tabulated as follows:-

Table 1: The timeline for the survey of all the relevant buildings on campus.
Date Survey
16 April 2023 Block No 1 - Ground Floor
16 April 2023 Block No 2 - First Floor
18 April 17 Block no 3 — gallery, outside of remaining area, inside remaining area.

Off-grid solar system and on-grid solar system are two distinct types of solar power systems that differ in their functionality and
connection to the electricity grid.

1) Off-grid solar system: An off-grid solar system, also known as a standalone or independent solar system, operates
autonomously without any connection to the conventional electricity grid. It consists of solar panels, batteries, charge
controllers, and sometimes a backup generator. The solar panels capture sunlight and convert it into electricity, which is used to
power electrical appliances and devices in the building or facility. Excess energy generated during sunny periods is stored in
batteries for use during cloudy days or at night when solar energy generation is minimal.

Off-grid solar systems are commonly used in remote areas or locations where accessing the electricity grid is either impractical or

economically unfeasible. They provide a self-sufficient energy solution, enabling users to rely solely on renewable solar energy

without depending on external power sources.
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Inverter

Figure 6. Off-grid solar System

2) On-grid solar system: An on-grid solar system, also referred to as a grid-tied or grid-connected solar system, is connected to the
local electricity grid. It comprises solar panels, inverters, and sometimes net metering equipment. The solar panels generate
electricity from sunlight, which is then converted by inverters into usable AC power that can be used within the building or
facility.

In an on-grid solar system, any surplus electricity produced beyond the immediate consumption is fed back into the grid. This

surplus energy is credited to the user's account, effectively "spinning the meter backward.” During periods of low solar generation

(e.g., at night), the user can draw electricity from the grid as usual. The on-grid solar system allows consumers to reduce their

reliance on conventional fossil fuel-based electricity and potentially even earn credits or compensation for the excess electricity they

contribute to the grid.
Grid

Solar panels

Inverter

Fig.7 On Grid Solar System

In summary, the main difference between off-grid and on-grid solar systems lies in their connection to the electricity grid. Off-grid
systems are independent and self-sufficient, while on-grid systems are interconnected with the grid, providing both a renewable
energy source and the possibility of grid energy usage or compensation for surplus energy.

B. Data Classification
A solar PV system design can be done in four steps: -
1) Load estimation
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2) Estimation of number of PV panels
3) Estimation of battery bank
4) Cost estimation of the system.

C. Load Estimation
The building wise connected load has been calculated based on the electrical appliances and fixtures on each building as under: -

Table 2: Building Wise connected load.
Ser No Connected Load Wattage
1 Light Load (82 x 9W, LEDs) 1083 W
2 Cooler, Fan, Load (20x110,45 x 60 W Fan) 4900 W
3 Refrigerator load (20 X 310 W) 6200 W
4 Television load (20x100 W) 2000 W
5 Extra Load 1500 W
Total 15,683 W

Based on the above load, the annual energy consumption in kilo watt hour (Electrical Units) has been worked out for each building
considering working hours per day, 365 working days in a year.

Table 3: Electricity consumption at various Building blocks.
Ser. No Connected Load Wattage

1 Light Load (82 x 9W,23x15W, LEDs) =1.083 KWx18 hours x 365 7115.31 KWh
days

2 Cooler 20x110W=2.2KWx10hr x240 days, Fan, Load (,45 x 60 W Fan)| 16944 KWh
=2.7KW x18hr x240 days)
Refrigerator load (20 X 310 W) =6.2 KW x 24 hr. x 365 days 54312 KWh

4 Television load (20x100 W) = 2KW x 10hr x 365 days 7300 KWh

5 Extra Load = 1.5KW x 6hr x 365 days 3285 KWh

Total 85,996.31KW

Using Reflector Outside Boarder of Solar Roof Plant to Increase its Connective Intensity. It seems like you're asking about using
reflectors around the perimeter of a solar roof plant to enhance its connection intensity. However, your question is a bit unclear. If
you're referring to using reflectors to optimize the performance of a solar installation, | can provide some insights.

Solar reflectors, also known as solar concentrators or reflector panels, are devices designed to focus sunlight onto a smaller area,

typically directing it towards solar panels or other energy-absorbing surfaces. They are often used to increase the efficiency of solar

energy collection. However, placing reflectors around the border of a solar roof plant might not be the most effective way to achieve
this goal. Here's why:

1) Shading Issues: Placing reflectors at the perimeter of the solar plant could potentially cast shadows on the solar panels, reducing
their overall efficiency. Shadows can have a significant negative impact on the performance of solar panels, as they disrupt the
uniform exposure to sunlight.

2) Complexity and Cost: Implementing a system of reflectors around the perimeter of the solar roof plant could introduce
additional complexity and cost to the installation. Maintenance, tracking mechanisms (if any), and precise alignment become
more challenging as the system grows in complexity.

3) Potential Benefits: Reflectors are often used in large-scale solar power plants where tracking mechanisms keep the reflectors
aligned with the sun's position throughout the day. This requires precision and maintenance to ensure optimal performance.
Placing reflectors around the border of a roof may not provide the same benefits as a dedicated solar concentrator setup.

If you're looking to enhance the energy output of a solar roof plant, here are some more effective strategies to consider:

a) Optimal Panel Placement: Ensure that the solar panels are positioned to receive maximum sunlight exposure throughout the
day. This might involve considering the tilt and orientation of the panels.
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b) Regular Cleaning and Maintenance: Dust, dirt, and debris can accumulate on solar panels and reduce their efficiency. Regular
cleaning and maintenance are important to ensure optimal energy production.

c) Using High-Efficiency Panels: Investing in high-efficiency solar panels can result in greater energy output within the same
footprint.

d) Energy Storage: Incorporating energy storage solutions, such as batteries, can help capture excess energy generated during
sunny periods for use during cloudy days or nighttime.

e) Optimized Inverter Systems: Inverter systems play a crucial role in converting the DC energy generated by solar panels into AC
energy for use. Using efficient and well-matched inverters can improve the overall system performance.

f) Professional Design and Installation: Working with experienced solar installers ensures that the system is designed and
installed correctly for maximum efficiency.

In summary, while the concept of using reflectors to enhance solar energy collection is valid, placing them around the border of a

solar roof plant may not be the most effective approach due to shading and complexity concerns. It's important to carefully consider

the design and implementation of any enhancements to ensure they provide tangible benefits without introducing new issues.

e Estimation of kW Rating of the system

0 The total energy requirement of the system (total load) i.e Total connectedload to PV panel
system = 15683 watts
0 Total watt-hours rating of the system
= Total connected load (watts) x Operating hours
=267894 watts
o Estimation of Number of PV Panels
0 Actual power output of a PV panel

= Peak power rating x operating factor
= 450 x 0.90 = 405 watt
The power used at the end user is less (due to lower combined efficiency of thesystem)

= Actual power output of a panel x combined efficiency
=405 x 0.85 = 344.25 watts (VA)

0 Energy produced by one 250 Wp panel in a day
= Actual power output x11 hours/day (peak equivalent)
= 344.25 x 11 = 3786.75 watts-hour

0 Number of solar panels required to satisfy given estimated daily load:
= (Total watt-hour rating (daily load)/(Daily energy produced by a panel)
=267894/3786.75
=71 Panels of 450 Wp

D. Cost of Installing the Solar PV System

Table 4: Cost of Installing the Solar PV System

Sr.No Components Unit Price(INR) Cost (INR)

1 Solar PV panel, 71 x 450 W,Ware Make (Appendix V)[21000 14,91,000.00

2 Power Conditioning Unit 1,05,000 X 1 1,05,000 .00

4 ‘Cu’ stranded wires 4/2.5 sg.mmand switches 6,000.00

5 M.S. angle painted frame 30,000.00

6 Installation &  TransportationCharges 40,000.00

7 Misc. Cement, sand, metal etc 5,000.00

8 Earthing and Lightening arrester 30,000.00
Total 17,07,000.00
Subsidy @ 30% on Total Cost 5,12,100.00
Net Cost 11,94,900.00
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E. Savings and Payback

Table 5: Savings and Payback
Return on Investment Area required Rupees

Electricity Generation in Unit /7.5 rs/unit/(generation Per Year 6,44,973
considered for 12 months @ 85996.31 Units/year)
Fixing & Installation Charges Included

1" Year

Effective Investment Rs. 11,94,900

Cost of Power Generated Rs. 6,44,973
Rs.

Closing balance for 1st year and 11 months 0.0

F. Load Profile & Load Calculation
Result and Discussion: Performance of 71 Solar Plate Solar Roof Plants in CP Colony, Morar, Gwalior

G. Energy Generation Performance

The performance of the 71 solar plate solar roof plants in CP Colony, Morar, Gwalior, was assessed in terms of energy generation.
Data on energy production from each plant was collected and analyzed. The results revealed that the combined energy generation
capacity of the 16 solar plate solar roof plants was substantial, with an average daily output of 267.90 kilowatt-hours (kwWh). This
energy generation capacity contributed significantly to meeting the electricity demand of the respective buildings.

H. Solar Resource Utilization

To evaluate the solar resource utilization efficiency of the solar plate solar roof plants, data on solar radiation intensity and duration
were collected. The analysis demonstrated that the solar roof plants effectively harnessed solar energy, making optimal use of the
available solar resource in CP Colony, Morar, Gwalior. The high solar resource utilization efficiency contributed to the plants'
impressive energy generation performance.

I.  Economic Performance

The economic performance of the 16 solar plate solar roof plants was assessed to determine their financial viability. The economic
analysis considered factors such as installation costs, maintenance expenses, savings on electricity bills, and payback periods. The
findings indicated that the solar roof plants offered attractive economic benefits. The payback periods varied among the plants but
generally ranged from 1 to 2 years, depending on factors such as system size, installation costs, and electricity consumption patterns.

J.  Environmental Impact

The environmental impact of the 71 solar plate solar roof plants was evaluated by comparing their greenhouse gas emissions
reduction with conventional energy sources. The results showed a significant reduction in carbon dioxide (CO,) emissions
attributable to the solar PV system installations. The use of solar energy instead of fossil fuel-based electricity resulted in substantial
emissions savings, contributing to mitigating climate change and improving air quality in CP Colony, Morar, Gwalior.

K. Performance Variability

While the overall performance of the 16 solar plate solar roof plants was commendable, some variability was observed among the
individual plants. Factors such as shading, system orientation, maintenance practices, and system age influenced the performance
variations. It is important to address these issues through regular maintenance and optimization measures to ensure consistent and
optimal performance across all solar roof plants.

L. Benefits and Challenges

The results highlighted several benefits associated with the installation of solar plate solar roof plants in CP Colony, Morar, Gwalior.
These included reduced electricity bills, financial savings, positive environmental impact, and increased energy self-sufficiency.
However, challenges such as initial investment costs, system maintenance, and intermittency of solar energy were also identified.
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Efforts to address these challenges through favorable policies, incentives, and technological advancements can further enhance the
benefits of solar rooftop PV systems.

M. Lessons Learned and Recommendations

Based on the findings of this study, several lessons can be derived. Firstly, the solar resource potential in CP Colony, Morar,
Gwalior, makes it an ideal location for solar PV installations. Secondly, proper system design, maintenance, and optimization are
crucial for maximizing the performance and longevity of solar plate solar roof plants. Thirdly, financial incentives and supportive
policies are essential to encourage greater adoption of solar energy in residential and commercial buildings.

To promote the wider deployment of solar rooftop PV systems, the following recommendations are suggested: Encouraging
awareness campaigns to educate residents and businesses about the benefits of solar energy. Offering financial incentives and tax
breaks to reduce the initial investment costs. Facilitating streamlined permit processes and grid interconnections for solar PV
installations. Implementing net metering policies to enable excess energy to be fed back into the grid. Promoting research and
development to enhance the efficiency and cost-effectiveness of solar PV technologies.

VI. CONCLUSION
In conclusion, the implementation of solar roof plants holds significant potential for sustainable energy generation in Gwalior,
Madhya Pradesh. This thesis has explored the various aspects of solar roof plant implementation, including the technical feasibility,
economic viability, policy support, and stakeholder perspectives. The findings highlight the benefits and challenges associated with
solar roof plants and provide valuable insights for promoting renewable energy adoption in Gwalior.
Firstly, the research has revealed that Gwalior possesses favorable solar energy potential, making it conducive for solar roof plant
implementation. Solar resource assessment studies have shown that the region receives abundant sunlight throughout the year,
making it suitable for harnessing solar energy. This potential can be utilized by installing solar photovoltaic (PV) systems on
rooftops, which not only utilize existing space but also minimize land-use conflicts.
From a technical perspective, simulation software analysis has demonstrated the feasibility of solar roof plants in Gwalior. By
considering factors such as solar panel tilt, azimuth angle, and system losses, the technical analysis has shown that solar roof plants
can generate a significant amount of electricity to meet local energy demands. Moreover, advancements in solar PV technology,
such as improved efficiency and emerging technologies like solar trackers and bifacial modules, offer opportunities to enhance the
performance of solar roof plants in Gwalior.
Economically, the thesis has examined the financial feasibility of solar roof plants. Economic analysis, including the assessment of
capital costs, operation and maintenance expenses, and potential revenue streams, has demonstrated that solar roof plants can
provide a viable return on investment over the system's lifespan. Furthermore, the decreasing costs of solar PV systems and the
availability of government incentives and subsidies have contributed to improving the economic viability of solar roof plant
implementation.
Policy support plays a crucial role in facilitating the implementation of solar roof plants in Gwalior. The review of energy policies
and regulations has highlighted the government's commitment to promoting renewable energy, including rooftop solar plants.
Policies such as net metering, feed-in tariffs, and renewable purchase obligations have been implemented to incentivize solar energy
adoption and facilitate grid integration. However, there is a need for continuous policy updates, streamlined administrative
procedures, and effective enforcement to enhance the regulatory framework for solar roof plant implementation.
The thesis has also emphasized the importance of stakeholder engagement in promoting solar roof plant implementation. Interviews,
focus group discussions, and workshops have provided valuable insights into stakeholder perspectives, including government
officials, utility companies, local communities, and relevant organizations. Stakeholder engagement activities have helped identify
barriers, address concerns, and foster collaboration among different stakeholders, thereby facilitating the successful implementation
of solar roof plants. The environmental benefits of solar roof plants cannot be overlooked. The environmental impact assessment has
demonstrated that solar roof plants contribute to reducing carbon emissions, air pollution, and dependence on fossil fuels.
Implementing solar roof plants aligns with sustainable development goals, promotes clean and renewable energy, and supports
climate change mitigation efforts at the local and global levels.
However, certain challenges need to be addressed to realize the full potential of solar roof plants in Gwalior. These challenges
include limited awareness and knowledge among stakeholders, financial constraints, technological barriers, and the need for skilled
manpower. Overcoming these challenges requires coordinated efforts from government agencies, private sector entities, educational
institutions, and civil society organizations.
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In conclusion, solar roof plant implementation in Gwalior, Madhya Pradesh, presents a viable solution for sustainable energy
generation. The research has demonstrated that solar roof plants have the technical feasibility, economic viability, and policy support
necessary for successful implementation. By harnessing the abundant solar energy resources, Gwalior can reduce its carbon
footprint, improve energy security, and contribute to a greener and more sustainable future.

To realize the full potential of solar roof plants, it is essential to continue research and innovation in solar PV technology, strengthen
policy frameworks, enhance financial mechanisms, and promote awareness and capacity building among stakeholders. By doing so,
Gwalior can become a model for sustainable energy generation through the widespread implementation of solar roof plants, paving
the way for a cleaner and more sustainable energy future.

VII. FUTURE SCOPE

The future scope of solar roof plant implementation in Gwalior, Madhya Pradesh, is promising. Continued advancements in solar
PV. Such as higher efficiency and energy storage solutions, will enhance the performance and reliability of solar roof plants.
Integration of smart grid technologies and digitalization can optimize energy management and grid integration. Furthermore,
promoting research and development in emerging solar technologies like perovskite solar cells and solar thermal systems can unlock
new opportunities. Collaborative efforts among stakeholders, including government, industry, academia, and communities, will be
crucial in expanding the adoption of solar roof plants and driving the transition towards a sustainable and renewable energy future in
Gwalior.
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