IJSART - NSSRMGW 2026

ISSN [ONLINE]: 2395-1052

Environmental Impacts Of Solar Energy Adoption: A
Comprehensive Analysis

Shweta Kedari!, Omkar Raut?, Dipak Kale?
Preksha Raut?, Diksha Budhnavar®
'Dept of Information technology
2:3Dept of computer engineering

“Dept of economics
Dept of chemical engineering
1.2,3 Sinhgad institute of technology, Lonavala, India
“Modern College of Arts, science and commerce, Pune, India
SAISSMS College of engineering, Pune, India

Abstract- As the world moves towards renewable sources of
energy, solar photovoltaic (PV) energy systems have been
identified as one of the main options for reducing greenhouse
gas emissions and sustainable development. Although they
generate clean energy during operation, there are certain
environmental aspects relating to these solar energy systems
throughout their lifetimes. Life Cycle Assessment (LCA)
method has been employed to undertake an elaborate analysis
of these environmental considerations.

Environmental factors such as energy payback time,
carbon emission, resource usage, land use, and post-use
disposal of the PV system, among others,
considered in the study. Environmental impacts associated
with the use of this solar energy source such as habitat

have been

destruction, extraction of raw materials, and generation of
waste due to decommissioning of old panels have also been
looked into. By contrasting the environmental impacts of
renewable energy sources and non-renewable sources of
energy, the benefits of solar energy are identified.

Further, the impacts of emerging technologies like
loT-based monitoring systems and energy storage systems
have also been investigated by the study. Various mitigation
methods including sustainable site selection, better recycling
procedures, and regulatory support, especially in developing
nations like India, have been reviewed. Finally, it has been
found out that despite being a sustainable energy option, the
overall efficiency of the energy source lies in appropriate
policy support and technology developments.

Keywords: Use of Solar Energy,Systems for Photovoltaics
(PV), Impact on the Environment,Life Cycle Evaluation
(LCA), Development that is Sustainable, Emissions of
Greenhouse Gases,Sustainable Solar and Renewable Energy.
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I. INTRODUCTION

The development of humans has been highly
dependent on the source of energy; however, increasing
energy demands in today's world have led to dependence on
non-renewable sources such as fossil fuels. The conventional
methods of cooking in countries like India make use of fuels
like coal, firewood, and liquefied petroleum gas (LPG);
however, these methods lead to higher costs for fuel,
contribute to environmental pollution, and deforestation.
Moreover, the limited availability and irregular supply of the
above fuels emphasize the need for renewable sources of
energy [1], [2]. As solar energy is abundant, eco-friendly, and
easily accessible, it can provide us with an effective way of
fulfilling our daily needs, including cooking needs [1], [2].

A solar cooker does not require any traditional form
of fuel and cooks food using the radiation of sun. Box-type
solar cooker is preferred due to its simplicity of construction,
low cost of manufacture, and simple operation [1], [2]. This
consists of reflectors focusing sunlight on the absorber,
insulating box, and glass cover. The greenhouse effect is
responsible for trapping heat inside, leading to increased
temperature [1]. Low heat absorption, energy concentration
and factors such as wind velocity, ambient temperature, and
solar intensity are responsible for lowering the efficiency of
the cooker.

Previous work in the field has aimed at improving the
performance of the solar cooker by optimizing absorbers,
reflectors and configuration of solar cooker. Research shows
that by making use of high reflection materials, energy
concentration increases and thus temperature inside the cooker
increases [3]. Studies show that black-coated absorbers lead to
much better heat absorption when compared with uncoated
ones, and therefore temperature increases [4].
existing work has largely focused on improvements in design
or performance comparisons of different types of solar

However,

www.ijsart.com



IJSART - NSSRMGW 2026

cookers; few studies consider variations of parameters in box-
type cooker experimentally.

Therefore, an experimental approach needs to be
adopted in order to have a clear understanding of how certain
parameters influence the thermal efficiency of a box-type solar
cooker. The objective of this experiment is to evaluate how
solar radiation concentration and heat gain are influenced by
some certain parameters, including reflector angle,
characteristics of absorber surface, and heat gain methods.
This experiment will provide valuable information regarding
the conditions that must prevail to optimize cooker efficiency
through conducting experiments and monitoring the changes
in temperatures. The findings from this experiment will play a
key role in developing affordable and efficient solar cookers.

II. LITERATURE REVIEW

The growing number of scholarly works dedicated to
examining the utilization of solar energy also brings attention
not only to the high potential this renewable resource holds as
an alternative form of power but also to the need for careful
environmental evaluation. A particular approach based on
conducting a Life Cycle Assessment has become a common
tool for analyzing the sustainability of solar photovoltaics.
According to Aldulli [1] and Singh et al. [3], even though the
use of solar photovoltaic systems reduces greenhouse gas
emissions significantly, the environmental consequences
related to manufacturing, transportation, and disposal stages
cannot be overlooked. In the same way, Khan et al. [2] and
Tsoutsos et al. [5] point out that although solar energy
technologies do not cause pollution, they bring about
environmental challenges associated with the material toxicity,
water usage, and land usage changes.Speaking more generally,
Zhang et al. [6] argue that the wide utilization of solar energy
is likely to lead to biodiversity losses, habitat destruction, and
problems with waste management connected to PV modules,
thus posing the question about whether solar energy can be
considered as completely "green." In addition to that, Kakkar
and Nirban [7] pay particular attention to the importance of
implementing mitigating measures and policies in the Indian
setting, specifically considering such aspects as land
acquisition, ecological imbalance in arid areas, and waste
recycling.

Comparative analyses are helpful in identifying
advantages of solar energy over conventional energy systems
apart from assessing their ecological impact. According to
Hussain et al. [10], despite being more expensive, renewable
sources, particularly solar, have the advantage of emitting less
CO2 and yielding significant economic gains compared to
fossil fuels. To this end, Hosenuzzaman et al. [11] provide a
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global perspective on the development of solar PV
technologies, including innovations, cost reduction strategies,
and policies encouraging governments to adopt solar PV.
Besides, Ren et al.'s research on the dynamics of large-scale
solar PV diffusion [12] reveals the interconnectedness of
technology, economics, and environmental factors influencing
the sustainability of solar energy production. Nevertheless, the
findings also suggest that fast adoption and unregulated
development processes result in greater environmental impacts
in environmentally sensitive regions.

Moreover, the use of innovative technologies to
enhance sustainability and efficiency of solar energy systems
has received attention in recent studies. Ajibola and
Ogbolumani [8] and Kumaravel and Ilankumaran [9]
demonstrate the application of IoT-based solar energy systems
in solid waste management with regard to
efficiency, monitoring, and optimization of energy utilization.
While the deployment of such smart systems reduces carbon
emissions and resource wastage, they introduce new
challenges related to battery storage and life cycle impacts
besides system reliability issues. Similarly, site selection
through geospatial modeling studies conducted by Rehman

increased

and Ahmad [14] and decision-making frameworks, such as the
neutrosophic approach  proposed by
Abouhawwash and Jameel [13], underline the significance of
availability of resources, planning approaches, and appropriate
sites selection for solar energy projects. Finally, Schelly [15]
has investigated the social aspect of solar adoption, indicating
motivation factors, financial incentives, and environmental
critical determinants of solar energy
uptake.Table 1 presents a comparative overview of the
evaluated literature, highlighting the major studies emphasis

multi-criteria

awareness  as

areas, techniques, key findings, and research gaps.

Main Focus | Key Limitation

uthor Observation

Aldulli LCA of solar | reduces recycling is

[1] PV emissions but | not fully
there are | addressed
lifecycle
implications

Khan et | Environment | Both less emphasis

al. [2] al impact favorable and | was placed on
unfavorable technology
effects were
noted

Singh et | LCA inIndia | Manufacturin | there is little

al. [3] g has a major | real-world data
impact

Zhang et | PV issues Biodiversity Needs
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al. [6] loss and waste | mitigation
issues solutions
Kakkar & | India-based Land and | Policy gaps
Nirban study ecological
[7] issues
highlighted
Hussain Comparison | Solar lowers | High initial
etal. [10] | study CcO2 and | cost
long-term
costs
Ajibola et | IToT solar | Smart systems | Storage
al. [8] system increase dependency
efficiency
Ren et al. | Widespread | interrelated Complexity of
[12] adoption sustainability | implementatio
factors n

Table 1: Comparative Analysis of Previous Studies
on Environmental Impacts of Solar Energy

Overall, from various research studies carried out, it
has been discovered that solar energy can be regarded as a
viable and sustainable energy alternative, although it does
come with certain impacts. Most research carried out either
focus on the impacts that solar energy has on the environment
or improvement in technology or even life cycle evaluation
independently. An integration of all of these aspects in one
study, such as life cycle evaluation, application, technology, as
well as regional challenges, has yet to be done.

OBJECTIVES OF THE STUDY -

With regard to the necessity of assessing the
sustainability of solar energy in India, the following objectives
are put forward:

(a) To study the function of solar energy as an alternate source
of energy to fossil fuel sources in India for satisfying rising
energy requirements.

(b) To study the environmental benefits of solar energy use,
mainly in terms of lower pollution levels and sustainable
development.

(c) To study the environmental hazards of large-scale solar
energy plants, which include destruction of habitats, loss of
biodiversity, and soil degradation in places like Gujarat and
Rajasthan.

(d) To study the problems regarding the disposal of solar
energy panels and their recycling in India.

(e) To study the issue of water consumption for cleaning the
solar panels in desert areas.

(f) To provide a balanced account of solar energy benefits and
problems with regard to sustainability.
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(g) To recommend measures needed for sustainable

development of solar energy projects.
III. METHODOLOGY

To ensure an extensive discussion of environmental
impact of adopting solar energy technology, the hybrid
research approach involving systematic literature review and
case study analysis will be applied in the study. Such an
approach will make the study reliable because both theoretical
understanding and empirical confirmation will be provided.

First of all, literature on solar energy systems is
analyzed in terms of systematic literature review approach.
Scientific journals, conference papers and review articles
focusing on the environmental impacts of solar energy, LCA
of solar energy systems, sustainability and innovations in solar
energy are considered to identify the relevant
literature. Among selected articles, Aldulli [1], Khan et al. [2],
Singh et al. [3], Zhang et al. [6], Hussain et al. [10], and
Hosenuzzaman et al. [11] can be mentioned. The major
themes include greenhouse gases emission, energy payback
time, resource consumption, land usage, and management of
solar energy systems at end of their life cycle. In addition,
studies considering application of IoT for solar energy [8][9]
are taken into account to discuss the most recent innovations.
To identify gaps and contradictions in the field, relevant
literature is analyzed critically.

Second, a case study method is employed to provide
insightful information regarding the impacts on the
environment caused by the adoption of solar energy
technology in the Indian context. Such a case study consists of
evaluations of significant solar projects and initiatives that
have been implemented in the country, such as rooftop solar
plants and solar parks, with findings from scholarly studies
[71[3], government documents, and publicly available
statistics. Based on the experiences of locations, such as
Rajasthan and Gujarat, that feature major solar installations,
topics related to issues, such as disputes over land use,
destruction of biodiversity, consumption of water to keep
panels clean, and disposal of photovoltaics are examined.
With the goal of including modern concerns, such as solar
panel e-waste and the lack of recycling facilities in India, news
articles are also considered.

Through the combination of systematic review and
case study methodologies, a well-rounded analysis is ensured
through a mix of theories and empirical evidence. While the
systematic review offers a solid theoretical foundation to the
research, the case study contributes to its validity by bringing
a practical perspective to the discussion.
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IV. LIFE CYCLE ASSESSMENT (LCA) OF SOLAR
ENERGY SYSTEMS

Through the analysis of impacts throughout all stages
of existence, the life cycle assessment (LCA) technique
becomes an important tool in evaluating the environmental
performance of the solar energy systems. LCA provides a
more complete picture through the consideration of the whole
cycle of the generation process, namely the extraction and
processing of materials, the production of components,
distribution and installation, use and operation, and final
disposal. Since the idea of sustainability lies in the successful
completion of each cycle stage, the approach becomes
particularly important for the evaluation of solar systems,
which are often perceived as clean sources but have their own
sustainability issues.

The processing of raw materials needed for the
production of the solar PV panels, including silicon, glass,
aluminum, and rare metals, becomes one of the first steps
taken within the lifecycle of the equipment and involves high
energy consumption and additional environmental impact, in
terms of emissions and resource depletion. After this, the
production of the equipment itself follows, which requires
large amounts of energy and chemical products, leading to
carbon emissions and environmental contamination. In
particular, since purification and fabrication of silicon are
highly energy-intensive processes, researches claim that
considerable contribution to the total environmental impact of
the solar energy systems is made precisely within this stage

(1131

The next stage of the solar energy equipment
lifecycle relates to transportation and installation of the
equipment in the necessary place of its application. Although
transportation and installation involve lower environmental
impact than production, the use of transport and land
conversion, particularly in case of solar farms, lead to certain
emissions. Indeed, considerable areas required for solar parks
become the reason for land conversion, causing ecological
imbalances in places such as India [7].

Perhaps, the best stage of operation for solar PV
systems is operation. Compared to the production of energy
from conventional energy resources, solar panels are cleaner at
this point since they produce energy without generating any
green-house gases. Environmental gains achieved at this stage
often compensate for adverse impacts created in earlier stages.
Hence, the concept of energy payback time has emerged
which refers to the duration within which the system produces
the same amount of energy as was used to generate it. Recent
research indicates that modern-day solar PV systems have
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relatively high efficiencies during their lifespan due to lower
energy payback times [1].

However, the process does not end at operation. End-
of-life handling has become increasingly important. Improper
disposal of decommissioned panels
environmental impacts as there has been a growing number of
solar panels installations across the globe. E-waste build-up
and potential release of toxic substances can be observed.
Sustainable development has also been questioned since many
countries like India do not have sufficient solar panel

will cause severe

recycling capacities [6][7].

In conclusion, LCA reveals that despite solar energy
having several benefits while being operated, it cannot be said
to be fully environment-friendly throughout its lifetime. While
the operational stage provides a number of environmental
advantages, the stages of manufacturing and disposal create
the most environmental impacts. Thus, to increase the
environmental efficiency of solar energy production, it is
necessary to establish sustainable legislations, encourage
recycling  technology adoption, and improve the
manufacturing process. Understanding the entire lifecycle
makes it easier to make decisions regarding the usage and
adoption of solar energy both locally and internationally.

V. ENVIRONMENTAL IMPACTS OF SOLAR ENERGY
ADOPTION

While there is consensus that solar energy represents
an environmentally sustainable alternative to conventional
sources of energy, it is necessary to consider the positive and
negative impacts that this resource can have on the
environment. An assessment of the environmental benefits and
disadvantages of solar photovoltaic (PV) technologies entails

comprehending their duality.

From the positive side, the reduction in greenhouse
gases is arguably the most valuable environmental impact of
solar energy. Solar PV produces electricity without emitting
carbon dioxide and other hazardous substances, thus
contributing to the mitigation of global warming and air
pollution [1][2]. This point contrasts fossil fuel-powered
electricity generation processes. The advantage of rooftop
solar PV systems is highlighted above, as they do not require
additional land but utilize already developed infrastructure.
Moreover, solar energy ensures sustainable development and
energy security due to a reduced dependency on fossil fuels
such as coal and oil. Another important environmental
advantage of solar energy is related to its low consumption of
water during the operation process compared to conventional
thermal power stations [11].
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However, there is still no denying that solar energy
systems do not have a zero ecological effect even with all
these advantages. One of the biggest challenges relates to land
use and ecosystem disturbance, especially as far as huge solar
farms requiring much land and causing an ecological
imbalance and destruction of biodiversity are concerned [7].
Solar panel manufacturing, which involves many chemicals,
adds to the pollution of the environment and increased
emission levels [3][6]. In addition to this, solar panel cleaning
is often conducted using considerable amounts of water, which
becomes especially problematic in arid and dusty regions.

E-waste is yet another challenge related to the
utilization of solar energy that has emerged only recently. Due
to the hazardous content, improper disposal of such panels
might result in the pollution of the environment, which
becomes even more significant in the context of increased
usage of solar power, especially in developing countries that
lack proper recycling technology [6][7]. Also, the inconsistent
nature of solar power results in its utilization together with
battery-powered devices and similar energy storage facilities

[8].

The following table provides a clear comparison for
your better understanding:

Impact Type | Positive Negative
Environmental Environmental
Impacts Impacts

Air Quality lowers emissions of | Emissions from the
CcO2 production process

Land use able to use rooftops | Solar parks require

and barren land a lot of land.

Water is needed to
clean panels.

Water usage Minimal water use

Waste No waste of fuel Problems with solar
panel disposal
Energy Sustainable and | Intermittent
Source renewable production of energy

Table 2: Environmental Impacts of Solar Energy Adoption

In conclusion, it can be stated that solar energy has a
great potential regarding environmental concerns because of
its ability to reduce emissions and encourage clean energy
production. However, it should not be forgotten about harmful
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impacts on the environment which mainly occur during the
production of equipment, consumption of natural resources,
and waste disposal. In other words, in order to ensure that the
process of producing electricity from sun rays remains
sustainable in the long run, it is essential to adopt a strategic
approach.

VI. CRITICAL DISCUSSION
Sustainability of Solar Energy

Despite solar energy being one of the greenest forms
of energy in existence, an examination reveals that
sustainability of solar energy is relative and not outright.
While solar photovoltaic systems operate without emitting any
greenhouse gases during their use, this aspect of solar energy
not only fails to acknowledge the impacts throughout the
energy source's entire life cycle, but also shows that solar
energy may not be as sustainable as it appears at first glance.

One of the key problems associated with solar energy
is the production process involved in creating solar panels.
The energy-intensive processes of silicon purification and the
utilization of a variety of chemicals in the manufacturing of
solar energy systems lead to increased pollution levels and
greenhouse gas emissions. However, these emissions remain
far less than those produced by conventional sources of
energy.

Land utilization is yet another crucial aspect that
needs to be considered when discussing solar power. Massive
solar farms require vast tracts of land to function properly,
leading to possible environmental imbalance, habitat
degradation, and reduction in agricultural land area. The case
studies conducted in India demonstrate the concerns caused by
rapid development of solar parks in the country, with
particular mention of Gujarat and Rajasthan being mentioned.
This means that careful consideration of location is essential
for solar energy to remain environmentally friendly. On the
contrary, rooftop solar installations can be viewed as a more
sustainable approach since they
infrastructure while avoiding any harm to local flora and
fauna.

utilize pre-existing

In the context of sustainability debate, the problem of
end-of-life disposal remains relevant. At the end of their
lifecycle, usually after 20-25 years of operation, solar panels
become an additional burden for e-waste. Since PV panels
may include hazardous chemicals, inefficient recycling
procedures lead to significant environmental risks, especially
within less developed countries. In all likelihood, such issues
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will only intensify along with the growth of solar energy
production.

In addition, other environmental challenges emerge
as a consequence of the increased use of smart technologies
and energy storage systems, like IoT-based solar power.
Although they help to increase efficiency, monitoring, and
energy optimization, they still depend on batteries and
electronics, which, in turn, have their own life cycle impacts,
involving problems related to mining and waste management.
The lesson here is that, no matter how many benefits there are,
technological advancements should always be managed
responsibly to ensure that the environmental impact does not
change over time.

On the whole, it may be said that the concept of
sustainability associated with solar energy is relative and not
absolute, that is, it cannot be regarded as '"perfectly
sustainable". While using solar energy is very beneficial from
an environmental perspective because of the opportunity to
reduce the emission of greenhouse gases, its positive impact
has to be assessed together with the potential negative impact
of manufacturing, land use, and disposal. Therefore, it can be
said that sustainable development of solar energy will be
possible only with a complex approach involving all these
factors.

VII. MITIGATION STRATEGIES

There are numerous strategies that can be applied for
improving the environmental sustainability of solar energy
systems. One of the main mitigation techniques includes the
creation of effective ways for recycling solar panels, helping
recover rare materials such as silicon, glass, and metals to help
prevent e-waste generation and pollution. This is closely
connected with the application of the circular economy model,
where the components of solar systems are not discarded but
reused, refurbished, and recycled at the end of their lives.

The other important mitigation strategy involves the
use of safer materials while manufacturing solar panels. This
will have positive results for minimizing resource extraction
and reducing the level of pollution in the environment.
Regarding land consumption, the promotion of roof-based
solar panels will help avoid habitat loss. It will also be helpful
to reduce water consumption through implementing effective
methods of washing panels, including dry washing
technology.

In conclusion, all of these strategies will help

minimize adverse impacts of solar energy on the

environment..
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Solar vs Coal CO2 Emissions Comparison
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Figure 1: Comparison of CO: Emissions from Solar and Coal
Energy Sources

From the graph shown above, it is clear that there are
significant differences between the two sources of energy in
relation to the emission of carbon. Coal releases carbon
dioxide ranging from 800g to 1000g per kilowatt hour. On the
other hand, the carbon dioxide release in solar energy
production ranges from 40g to 50g per kilowatt hour. This
clearly shows how solar energy protects the environment
through reducing the level of carbon emissions thus reducing
climate change.

VIII. COMPARATIVE ANALYSIS OF SOLAR
ENERGY WITH OTHER ENERGY SOURCES

The performance and sustainability of solar energy
can be better understood by contrasting it with the
performance of fossil fuels and other forms of renewable
energy. The contrast between solar energy and fossil fuels and
that between solar energy and wind energy are the two most
pertinent cases to illustrate the strength and weaknesses of
solar energy.

Firstly, solar energy performs much better in terms of
sustainability than coal-powered energy. One of the major
causes of emissions of greenhouse gases is the production
process of coal-based power plants, as during their operations
these power plants emit enormous amounts of particulates,
sulfur dioxide, and carbon dioxide. In contrast, photovoltaic
systems used to harness solar energy are much more
environmentally friendly when they operate, as they generate
energy without producing emissions. Moreover, in comparison
to production and transportation of coal, solar energy does
much less harm to the environment after construction because
of land destruction and water pollution. As for economics,
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solar energy is cheaper in the long run, as it does not require
the use of fuel, although coal-based power plants might be
cheaper at first, they will be more expensive due to fuel cost,
such as intermittency and reliance on sunshine.

Like wind energy, solar energy is renewable,
environmentally friendly, and contributes to the reduction of
carbon emissions. Nonetheless, both types of energy differ
considerably in terms of their environmental impacts and
operational principles. Since wind energy uses significantly
fewer resources during its production, the environmental
impact that it causes is marginally lower than solar energy. In
turn, solar energy plants are more applicable for use in cities
due to easy installation and are suitable for individual usage as
well. Whereas solar energy works better in a wide range of
locations, wind energy needs specific climatic conditions,
namely high wind speed and available space. Solar energy
plants might disturb habitats of some animals while occupying
large territories, while wind plants can affect the population of
certain species, especially birds and bats, as well as the
landscape.

It should be noted that both types of energy are
unstable concerning reliability due to their specific features.
Wind energy is affected by wind patterns, which can be
unpredictable, while solar energy depends on sunlight
availability and is limited to daytime. Consequently, hybrid
systems are becoming more common as they utilize both types
of energy and ensure higher energy output.

In conclusion, the comparison proves that solar
power is balanced in economic feasibility, ecological benefits,
and versatility. However, it is not perfect due to its drawbacks
of intermittent operation, large land area requirements, and
high impact throughout the product life cycle, although it is
much better in terms of environmental friendliness than coal
and in adaptation than wind power generation. Therefore, a
more stable source of energy can be gained through a
combination of solar power and other energy types.

IX. FUTURE SCOPE

In this case, the future of solar energy will rely on
how new technologies and innovative techniques can make
this energy more reliable, efficient, and eco-friendly. One of
the most remarkable developments in this area is related to the
application of artificial intelligence (AI) for solar energy
optimization, which implies energy production forecasting,
optimizing panels' positioning, spotting problems, and
increasing efficiency.
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One more groundbreaking development concerns the
creation of smart grids, i.e., grids where various technologies
are applied to optimize electricity production. In general, the
use of such technologies makes it possible to achieve more
stable solar energy systems with lower electricity loss rates
and a better balance between supply and demand, especially if
we talk about decentralized electricity production.

Additionally, innovations, which could be especially
interesting for countries such as India, include floating solar
farms. Solar energy produced by such plants, installed on
reservoirs, can help conserve land resources, reduce water
evaporation, and increase solar panel efficiency.

The use of hybrid systems, especially those based on solar and
wind power, offers a reliable solution to tackle the problem of
intermittency. The use of solar and wind energy together
ensures greater reliability as they have different generation
patterns. Hybrid systems are beneficial for large scale and
remote renewable energy production projects. Additionally,
the future of solar energy technology is heavily dependent on
advancements in energy storage. More efficient, durable, and
eco-friendly batteries allow increasing the capacity of energy
storage and providing stable electricity even during dark
hours. Moreover, in order to reduce the impact of the storage
technology on the environment, the current research focuses
on making batteries recyclable.

In conclusion, the above mentioned new trends show
that the future of solar energy is promising in terms of
becoming even more reliable, efficient, and eco-friendly. The
combination of advanced technological approaches will help
overcome existing limitations and shape the future of energy
systems.

X. RESEARCH GAP

Even though solar energy has been an extensively
studied topic, many of these studies have focused on aspects
such as life cycle assessment (LCA), environment impact, and
technology improvement individually. What is missing in this
context is an integrated approach to studying solar energy by
incorporating LCA and its impact on the environment with
practical examples and developing innovative technologies
such as IoT and Al. Another important aspect that has not
been considered sufficiently is regional issues, particularly
those related to emerging countries like India, which include
aspects like enforcement of policies, recycling facilities, and
disputes over land use.
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XI. CONCLUSION

In the shift from high carbon to sustainable energy,
solar energy is a significant aspect. As highlighted in this
paper, solar PV technology has substantial contributions to the
environment in reducing greenhouse gases, air pollution, and
fossil fuel dependence. Despite the fact that solar energy
requires energy and materials in production, it is worth noting
that the environmental impacts during the working period of
solar energy exceed those of production based on the lifecycle
assessment (LCA) methodology.

It should be understood that while solar energy is
sustainable, its environmental impacts cannot be ignored. This
paper argues that one cannot ignore environmental problems
related to highly energy-intensive processes, land and
biodiversity  conservation, consumption  during
maintenance, and increasing waste from solar panels at the

water

end of their life cycle. Without proper planning for widespread
solar energy deployment, ecological imbalances and resource
shortages may occur, as shown in empirical studies,
specifically in the Indian scenario.

Efficient mitigation and management strategies are
critical in achieving the sustainability of solar energy.
Addressing the problem of e-waste and establishing a circular
economy requires the creation of innovative solar panels'
recycling technology. Moreover, it needs legal and regulatory
support in order to encourage sustainable deployment, ethical
land use practices, and the establishment of recycling
facilities. It is possible to increase performance levels while
decreasing its adverse impact by incorporating smart
technologies and efficient system designs, including Internet
of Things (IoT)-based monitoring, Al-optimization, and
hybrid power systems.

In summary, the future of solar energy is dependent
on not only its adoption but also implementation and
management. For the realization of its benefits while
mitigating its negative effects, an effective combination of
technological advancement, environmental consideration, and
legal actions is necessary. The study's results show that solar
energy continues to play a significant role in sustainable
development; however, maximizing its benefits requires the
adoption of a holistic perspective that considers its strengths
and weaknesses.

The study not only considers the environmental

consequences of solar energy but also addresses its transition
from theory to practice.
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