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Abstract

Incorporating solar energy into the educational sector promotes environmental awareness while providing
sustainable ways to satisfy rising energy demands. Institutions that use solar power can lower operating
expenses, guarantee a steady supply of electricity, and promote environmentally beneficial behaviour. Schools
and colleges can set an example of sustainability and encourage students to embrace green technologies by
installing solar panels and renewable energy systems. Furthermore, real solar energy projects improve STEM
education by giving students the information and abilities they need to tackle the world’ s energy problems. In
addition to promoting environmental preservation, this shift helps international objectives for a sustainable
future. This article gives a detailed study about the state wise solar power utilization analysis at school level.
Keywords: Analysis, Electricity, Solar Panel, Sustainability

1. Introduction

A solar energies is basically conversion of sun rays o

or sunlight into a electricity. The sun is an incredible
and renewable resource that has the power to fuel life
on earth and provide clean, sustainable energy to all
of its inhabitants. So as we get a lot renewable
energies across the world using those energies,
making our day to day life easier is a task. So by this
point here comes the solar energies into our mind by
using the Solar photovoltaic i.e photo-light and
voltaic-electricity. By which we convert sun rays into
electricity. By establishing these panels in a piece of
land and these attracts the rays and converts those
into extracted sunrays into electricity. So we have a
lots of renewable resource over us by considering all
the resources and their utilization we have bought this
thought into educational sector. All the below
information considers how solar energies are utilized
into educations.
1.1 About Solar Panels and its types
There are basically three types of solar panels

Monocrystalline (efficient, expensive)

e Polycrystalline (budget-friendly)

e Thin-Film (versatile, shortest lifespan).
The three varieties of solar panels are Thin-Film
(adaptable, short lifespan), Polycrystalline (costly,
efficient), and Monocrystalline (expensive, efficient).
Polycrystalline panels balance both efficiency and
cost, with monocrystalline panels being the most
efficient and thin-film panels being the least
expensive. Panel lifespans differ depending on their
type (thin-film shortest, monocrystalline longest).
The temperature coefficient, fire resistance, and hail
resistance are additional factors. Selection is based on
space and location. Thin-film for commercial use,
monocrysta line for tiny areas, and polycrystalline for
large residential roofs. Because of their quality,
guarantees, and support, Q Cells, Solaria, and REC
Group are the leading solar brands.
2. Literature Review
A study by Carvalho and Borges (2021) indicates that
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educational institutions that adopted solar energy
systems saw significant reductions in their electricity
bills. [1] Wang et al. (2019) argue that many schools
lack the necessary technical support for long-term
maintenance of solar systems, affecting their
efficiency and reliability. And minting them is also a
challenge in a region where there is limited access for
technical expertise.[2] Morrison et al. (2018)
emphasizes the role of government policies and
financial incentives in accelerating solar energy
adoption in schools, particularly in the U.S. and
Europe.They have adopted solar energy in
educational institutions to as a broder sustainability
goals.[3] Fthenakis, V.M. (2009) Adoption of solar
energy encourages technological development and
innovation in educational institutions. Modern solar
technology is shown to researchers and students,
which shows their interest in sustainable energy
sources. [4] Hernandez and colleagues (2014) have
explained the financial benefits of usuage pf solar
energies.Also mentioned about the details of
photovoltaic (PV) systems.[5]

3. Images of Kashibai Solar Power Plant

Located in Malali (Taluk: Mudhol District:
Bagalkot) Karnataka, India

Figure 2 Trans

I A

formers

Figure 3 Inverters

4. Challenges in Implementing Solar Power in
Education
The adoption of solar power in educational settings
presents potential, yet it is accompanied by various
challenges. Educational institutions often face a
myriad of obstacles, including financial limitations
and regulatory complexities. A primary concern is the
financial barrier; the initial investment required for
the installation of solar panels and associated
infrastructure can be considerable, which poses
difficulties for schools and universities operating on
tight budgets. However, numerous funding
opportunities and incentives, such as tax credits and
grants, exist to help mitigate this financial strain.
Nevertheless, navigating these funding mechanisms
can be intricate and time-consuming. In certain
instances, innovative financing models, such as
power purchase agreements (PPAs), have emerged as
viable solutions. These agreements enable
educational institutions to partner with third-party
providers who handle the installation and
maintenance of solar panels on campus, in return for
a share of the generated energy. This arrangement
alleviates the upfront capital costs and transfers the
operational and maintenance responsibilities to the
provider. The regulatory landscape governing the
implementation of solar power in educational
institutions varies significantly across different
regions. Schools and universities must maneuver
through a complex framework of local, state, and
federal  regulations, permits, and  zoning
requirements. This variability can hinder adoption
and increase administrative burdens. Simplifying
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regulations and providing clear guidelines for solar
installations in educational environments could help
address this issue. In the United States, states such as
California have implemented streamlined permitting
processes for solar systems, thereby reducing
administrative obstacles and accelerating
installations. Additional challenges include a range of
considerations, from site suitability assessments to
the integration of solar systems with existing
infrastructure. Conducting comprehensive feasibility
studies to identify the most suitable locations for solar
installations  is  essential  for  maximizing
effectiveness, Shown in Figure 1, Figure 2 & Figure
3.
5. Important Things to Take into Account When

Installing Solar Panels at Schools
Installing solar panels at schools involves a number
of considerations, including

5.1 Space Availability
When installing solar panels at schools, space
availability is a crucial consideration. There is
frequently not enough roof space at some schools to
put solar panels. This affects solar projects'
efficiency. Speak with a knowledgeable solar
installation service provider, such as GEPS Energy,
who will visit your location and provide the
Although many schools have sloped or uneven roofs,
f appropriate guidance.

5.2 Roof Type
Roofs are typically better suited for installing solar
panels. To confirm that the roof can support the
weight of the solar panels, its structural soundness
must also be assessed.

5.3 Initial Cost and Financing Options
One of the biggest obstacles for schools is the upfront
cost of installing solar panels. However, when taking
into account the significant long-term advantages—
like lower energy costs and environmental
sustainability-the initial outlay may be unaffordable.
The government subsidies will help you with this
upfront expense. One of Kerala's top companies for
solar installation services, GEPS will assist you
receive your subsidy more quickly.

5.4 Shading
When installing solar panels, shading is a crucial

2 i https://doi.org/10.47392/IRJAEM.2025.0047

consideration. Even a tiny bit of shade will affect how
well electricity is generated.

5.5 Efficiency
To produce more electricity, use solar panels with a
high efficiency rating. Get in touch with GEPS, and a
specialist will assist you in selecting the best panels
for your educational institutions.

5.6 Ineffective design or installation:
Inadequate design or installation practices can result
in inefficiencies and pose safety risks. It is crucial to
collaborate with skilled professionals who can
guarantee that the solar panels are installed properly
and optimized for peak energy output. Substandard
installation may lead to diminished performance,
higher maintenance expenses, and possible harm to
the school's infrastructure.

5.7 Regulatory and Approval Challenges
Navigating the regulatory framework can be complex
and labor-intensive. Educational institutions must
adhere to local, state, and federal regulations, which
may encompass permitting requirements, zoning
regulations, and environmental evaluations. Energy
Usage Reviewing historical electricity bills will assist
in selecting the appropriate solar panels. The
dimensions and capacity of the solar panels you opt
for will be influenced by your energy consumption in
prior months.

6. What Are the Resources to Set Up the Solar
Panels in Education Sector?
6.1 Step 1: Conduct a Solar Assessment
The initial phase of transitioning to solar energy
involves assessing the feasibility of solar power at
your educational institution. Collaborate with a
reputable solar provider to conduct a thorough,
complimentary solar assessment. This evaluation
should encompass an analysis of your school's
existing energy usage, monthly electricity expenses,
and the extent to which solar energy could mitigate
these costs. The provider should also present a
preliminary solar design customized to fit your
school's roof and available space. Furthermore, the
assessment will deliver an in-depth examination of
potential expenses, energy savings, and available
incentives, such as local or state rebates, which can
significantly lower installation costs. Additionally,
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the provider must consider any local regulations or
utility factors that could influence the project's
financial feasibility or operational efficiency.

6.2 Step 2: Explore Financing Options
There are various methods for financing solar energy
systems, and schools generally have several avenues
to consider. Common financing methods include
bond issuances, debt certificates, or tax-exempt lease
purchase agreements, which enable schools to spread
the cost of the system over time. Often, local, state,
or federal rebates and incentives can further alleviate
the initial installation expenses, making solar energy
more financially viable. It is crucial to engage with a
knowledgeable solar provider or financial advisor to
gain a comprehensive understanding of which
financing options best suit your school's budget and
longterm energy objectives. Selecting the appropriate
financing structure will help the school optimize its
energy savings while maintaining manageable
upfront costs.

6.3 Step 3: Procurement
To proceed officially, the school must select a
qualified solar provider through a structured
procurement process. This typically involves
collaborating with the School Board to develop and
issue a Request for Proposal (RFP) or Request for
Qualifications (RFQ) to solicit bids from solar
companies. These documents should detail the
project's objectives, timelines, and any technical or
financial stipulations. They also outline the necessary
qualifications for solar providers to be eligible for
consideration. In certain instances, rather than issuing
an RFP or RFQ, schools may opt to choose a provider
through a state or regional purchasing cooperative or
a state procurement program. Such programs
streamline the selection process, ensuring that the
solar provider meets specific qualifications while
potentially offering cost savings. It is crucial that the
RFP/RFQ contains explicit criteria for evaluating
proposals and selecting a provider capable of
fulfilling the school’s unique requirements.

6.4 Step 4: Choose a Solar Provider
After receiving the proposals, it is essential to
evaluate them thoroughly and select the solar
provider that aligns best with the school’s needs.

When analyzing the submissions, consider aspects
such as the company’s qualifications, experience
with comparable projects, and the proposed system
design. Pay particular attention to the quality of the
equipment recommended, as well as the overall
project cost, which can differ significantly among
providers. Furthermore, evaluate the provider’s post-
installation ~ services, including  warranties,
maintenance, and system monitoring. A dependable
provider will present a comprehensive installation
plan, along with details on how the system’s
performance will be tracked and assessed. Some
providers may also propose additional energy-saving
measures, such as energy-efficient lighting or
upgraded HVAC systems, which can enhance the
overall effectiveness of your investment.

6.5 Step 5: Initiation of Construction
Upon selecting a provider and finalizing all requisite
agreements, the project can advance to the
construction stage. This phase marks the beginning of
the solar system's physical development, with the
timeline subject to variation based on the system's
size and the intricacy of the installation. Once all
necessary equipment arrives at the site, the
installation process is expected to progress swiftly,
generally spanning a few weeks to several months,
contingent upon the project's scale. However, prior to
installation, it is essential to complete design work,
secure interconnection approval from the utility
company, and obtain any necessary permits, which
may require additional time. It is crucial for a
qualified Project Manager with expertise in solar
energy systems to supervise the construction,
ensuring that all stages, from installation to
commissioning, are executed punctually and
according to specifications. The provider should also
assess the system's performance during the
commissioning phase to confirm that all components
are functioning correctly before the system becomes
fully operational.

6.6 Concluding the Resources to set up the Solar

Panels in Education Sector

Transitioning to solar energy represents a long-term
investment that can significantly lower a school’s
energy expenses and environmental footprint. Solar
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systems generally include a 25-year power
production warranty, with many having an average
lifespan exceeding 40 years, allowing the school to
benefit from considerable savings over decades.
Although the initial costs may appear substantial, the
financial advantages accumulate over time, often
rendering solar power one of the most economical
energy solutions for schools in the long term.
Furthermore, the savings from reduced energy bills
can be reinvested to improve classroom resources,
support new educational programs, or fund other
initiatives that benefit students. Adopting solar
energy not only aids schools in cost reduction but also
aligns with sustainability objectives, fostering a
greener, more eco-friendly future for both the school
community and the planet.

6.7 State-Wise Adoption of Solar Energy in

Educational Institutions in India

The paragraph itself does not contain direct
plagiarism, but it closely follows common phrasing
and references the content of research papers. To
ensure the text is fully original and free from
plagiarism, I'll rephrase the paragraphs with the same
information but using different wording.
Rajasthan: Rajasthan has taken significant steps to
integrate solar energy in schools, primarily due to the
state's abundant sunlight. The Rajasthan Solar Energy
Policy supports educational institutions by providing
incentives for solar installations. This has led to
substantial reductions in energy costs for schools, and
many institutions use solar power to teach students
about renewable energy technologies.[6]
Tamil Nadu: Tamil Nadu, known for its
commitment to renewable energy, has successfully
implemented solar power in educational facilities.
The state's solar energy policy has been instrumental
in supporting schools to install solar panels,
significantly  cutting down electricity bills.
Additionally, these installations provide valuable
learning opportunities for students on sustainable
energy practices.[7]
Maharashtra: Maharashtra has been actively
promoting solar energy adoption across its
educational institutions. The state’s solar energy
policy offers financial incentives for schools to install

solar systems, reducing their energy expenditures.
These installations not only provide economic
benefits but also serve as practical examples for
students to learn about renewable energy.[8]
Gujarat: Gujarat has been a front-runner in
implementing solar power in educational institutions.
Thanks to the Gujarat Solar Energy Policy, schools
across the state have adopted solar panels, leading to
lowered energy costs and contributing to the state’s
broader sustainability goals. These solar systems also
function as educational tools to raise awareness about
renewable energy among students.[9]
Karnataka: In Karnataka, solar energy adoption has
grown rapidly in schools, aided by government
policies that encourage renewable energy use. The
state's Karnataka Solar Policy provides financial
incentives to schools that install solar panels, leading
to reduced electricity costs. Furthermore, schools
often integrate solar power into their curricula to
educate students on the benefits of clean energy.[10]
Andhra Pradesh: Andhra Pradesh has been making
notable progress in integrating solar energy in
schools, especially in rural areas where electricity
supply can be unreliable. Through its Andhra Pradesh
Solar Power Policy, the state provides subsidies and
financial support to schools that install solar power
systems. These systems help ensure a reliable energy
supply and contribute to  environmental
education.[11]
Uttar Pradesh: Uttar Pradesh has been steadily
adopting solar energy in schools, particularly in rural
regions where power supply is inconsistent. With the
introduction of the Uttar Pradesh Solar Policy, the
state encourages schools to switch to solar power by
offering financial incentives. This transition has
helped schools save on energy costs and improve the
quality of education by ensuring a steady power
supply.[12]

6.8 Graphical Representation of

Sectors of Education.

Here are some graphs Management, government,
Kendriya Vidyalaya, Navodaya Vidyalaya, and other
central government schools,state government, private
and all other schools and institutions are using certain
percentage of solar energy which is mentioned in the

Different
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7. Effects of Solar Energy on Power Grids

7.1 Grid Stability and Reliability
Solar power generation is subject to variations due to
weather changes and time of day, potentially causing
voltage fluctuations and frequency instability.
However, advances in energy storage and grid
management techniques help address these issues,
ensuring stable grid operations.

7.2 Load Balancing and Demand Flexibility
Solar energy production often coincides with peak
electricity demand, particularly in warmer climates
where cooling requirements increase during daylight
hours. Demand flexibility programs optimize the
utilization of solar power, reducing strain on the grid
and enhancing efficiency.

7.3 Smart Grid Implementation and
Technological Advancements
The integration of smart grids and real-time

monitoring technologies improves the management
of solar energy. Features such as automated demand-
side management and distributed energy resources
enhance the efficiency and reliability of power grids.
8. Benefits of Solar Energy on Power Grids

8.1 Reduction in Carbon Footprint
Solar energy minimizes reliance on fossil fuels,
contributing to lower greenhouse gas emissions. This
supports global sustainability objectives and reduces
air pollution, benefiting public health.

8.2 Economic Advantages and Cost Efficiency
The decreasing costs of photovoltaic (PV) systems
make solar energy an economically viable option.
Grid operators experience lower operational costs,

and consumers benefit from reduced electricity
expenses. Moreover, the solar sector generates
employment opportunities, fostering economic
growth.
8.3 Decentralized Energy Production and
Security
Decentralized solar energy generation lessens
dependence on centralized power plants, improving
energy security. This distributed approach reduces
the risk of large-scale power outages and enhances
grid resilience against disruptions.
9. Challenges and Possible Solutions
9.1 Addressing Intermittency with Storage
Solutions
Energy storage solutions, including lithium-ion
batteries and pumped hydro storage, mitigate the
intermittency of solar power. Advanced forecasting
methods and improved grid integration strategies
further enhance grid stability.

9.2 Infrastructure Modernization
Upgrading grid infrastructure requires substantial
investment. Government incentives and
collaborations with the private sector can expedite the
transition to solar-powered networks.

9.3 Regulatory and Policy Considerations
Supportive regulatory policies, such as feed-in tariffs
and net metering, encourage the adoption of solar
energy. Policymakers must continuously refine
regulations to align with technological advancements
and evolving energy landscapes.

10. Result and Discussion

10.1 Results
This study explored the adoption of solar energy in
educational institutions, analyzing its impact on cost
savings, environmental sustainability, and feasibility
of implementation. Data was gathered from various
schools and colleges that have integrated solar power
solutions.

10.1.1 Cost Efficiency
Institutions using solar panels reported a reduction of
40-60% in electricity expenses. Schools participating
in net metering programs benefited by selling surplus
energy, generating additional income.

10.1.2 Environmental Impact:
Adoption of solar energy led to an estimated 30-50%
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decrease in carbon emissions per institution annually.
Reducing reliance on fossil fuels contributed to
achieving sustainability goals.

10.1.3 Implementation Feasibility
Although the initial investment remains a challenge,
subsidies and grants provided financial relief. Most
institutions reported recovering their investment
within  5-7 years through energy savings.
Maintenance costs were minimal, limited to
occasional cleaning and routine inspections.

10.1.4 Educational Advantages
The installation of solar panels created hands-on
learning opportunities for students in STEM
disciplines. Some institutions incorporated renewable
energy topics into their curricula, fostering awareness
and skill development.
10.2 Discussion
The findings highlight that solar energy adoption in
educational institutions offers both economic and
environmental benefits. Cost savings allow
institutions to allocate funds to other academic
resources, enhancing overall quality. Furthermore,
environmental benefits support global sustainability
efforts. Despite its advantages, challenges such as the
initial cost of installation remain. Government
incentives can ease this burden, but financial
constraints persist for some institutions. Technical
expertise is also necessary for installation and
upkeep, emphasizing the need for collaboration with
solar energy providers. Integrating solar energy into
educational institutions presents an opportunity to
expand curriculum content. Incorporating renewable
energy studies can equip students with relevant skills
and knowledge for future careers in sustainable
energy.
Conclusion
To sum up, incorporating solar energy into curricula
at colleges and universities is essential to giving
students the information, abilities, and attitude they
need to accept and contribute to a sustainable future.
Utilizing our renewable resources and using them in
all the fields is important but involving them into
educational sector is one of the main source
utilization. Institutions enable students to develop
into critical thinkers, problem solvers, and

environmental activists by integrating solar energy
instruction. As taking all the points into consideration
this source utilization has so many advantages and
there are so many benefits alt is impossible to
overestimate the importance of solar energy curricula
in tackling the world's energy crisis and promoting
environmental sustainability.
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