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ABSTRACT

This Master’s Thesis work is part of the Energy Smart Innovation in the Built Environment
program at Halmstad University, Sweden. It investigates the solar energy potential, current
scenarios and barriers in adoption in Kerala, India. It also investigates efficient solar panel
technology for this region with the help of simulation setup and interview with experts. Solar
photovoltaic (PV) systems are now a key component in the adoption of renewable energy due
to an increasing demand for sustainable energy solutions globally. Using the simulation tool
Polysun software, this thesis concentrates on a thorough investigation and analysis of solar
panel systems. The research aims to evaluate the performance, efficiency, and economic
feasibility of solar PV systems across various climatic and operational conditions.

The background study contains an in-depth investigation of photovoltaic technology, solar
energy principles, and how these are integrated into energy systems. Real-world knowledge
regarding installation procedures, energy yields, and user experiences is collected through
interviews. Detailed Polysun simulations add to these insights by enabling scenario-based
evaluations that take into consideration variables like load profiles, weather conditions and
irradiance.

The results were analyzed, and it was concluded that solar technology is very effective in
Kerala, India. The technological applications of panels are developed and have reached the
latest applications, such as Bifacial technology with PERC and Top Con Panels. The study was
done with different methods. Theoretical analysis, interviews conducted with regional
installers and simulation using the software. The overall results from all these studies reinforce
the comparison and practical experiences of different installers. Solar energy has great
preconditions and has a big part in Indian development, towards higher living standards and
reduced use of fossil fuels.

Keywords: Solar energy, Monocrystalline panels, Polycrystalline panels, Bifacial panels,
Renewable energy, Polysun
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CHAPTER 1

INTRODUCTION

1.1 Overview

Solar energy has emerged as an important component in the global transition toward renewable
energy, with the aim of reducing carbon emissions and enhancing energy security. India's
energy strategy heavily relies on solar energy because the government has set goals and
strategies for renewable energy.

Kerala, a southern Indian state with strong solar irradiation and unique weather patterns, has a
lot of potential for solar photovoltaic (PV) adoption. However, despite good circumstances,
Kerala has taken on solar energy slowly because of a number of obstacles that prevent its broad
use (Masini & Menichetti, 2012).

The technology side, the economic side, the awareness of the people, and Kerala's unique
climatic conditions, heavy rainfall, high humidity, and monsoon variability are also the reason
for growth graph retardation. Due to aspects such as dust, temperature fluctuations, and
moisture buildup, the tropical climate may damage the lifespan and efficiency of solar panels,
which lowers the overall performance of solar PV systems (Barido et al., 2020; Susanto et al.,
2022).

This study paper aims to investigate the obstacles to the adoption of solar PV in Kerala,
emphasizing comprehending the technical and socioeconomic difficulties that installers and
customers must overcome. Furthermore, to determine which solar panel technology is most
suited for broad use, the study will assess how well each performs in Kerala's tropical
environment. This research addresses both the adoption hurdles and the technological factors
for panel selection.



1.2 problem identified

Even though solar energy has a lot of assurance, there are still many obstacles that prohibit
solar panel systems from being widely utilised. The background study found that such barriers
include procedural inefficiencies, lack of expertise, financial limitations, and technology
restrictions. A key issue of solar energy adoption in Kerala is the lack of awareness regarding
government policies and incentives. Many potential users are unaware of available subsidies,
tax exemptions, and the benefits of net metering that can significantly reduce the financial
burden of adopting solar systems (KhareSaxena et al., 2020).

Securing the necessary funds for the installation of solar panels poses a substantial challenge
for many users. Although financial assistance in the form of grants and subsidies is provided
by the government, large number of the population remains uninformed about these
opportunities, further discouraging adoption. Additionally, the lack of standardization and
proper knowledge about advanced solar technologies further undermines consumer confidence
in adopting these systems.

The performance of solar panels is negatively affected by the tropical climate, which is marked
by high humidity and frequent rain falls. In coastal and high-rainfall areas, regular rainfall,
humidity, and dust deposition in summer all contribute to efficiency losses (Hasan et al., 2022).
Optimised system development and execution methods are necessary due to variations in
operating and climatic conditions. The efficiency and dependability of solar systems in the area
are restricted by the absence of customised solutions that handle particular geographic concerns
like shading, load profiles, and irradiance variability.

Another important challenge is the availability of skilled professionals for solar panel
installation and maintenance, especially in rural and remote areas. A shortage of skilled
workers usually causes unsatisfactory system performance and installs, which prevents broader
adoption. While advancements in solar technologies, such as Mono PERC Half-Cut
technology, Bifacial design panels, TOPCon panels offer improved efficiency, their adoption
is hindered by the lack of standardization and proper knowledge among users and installers.

Addressing these challenges requires a comprehensive approach involving targeted consumer
awareness campaigns, streamlined administrative processes, technological advancements, and
the development of skilled human resources to ensure effective implementation and
maintenance of solar energy systems.



1.3 Research Questions

e What are the challenges and opportunities in scaling up solar panel installations in
Kerala state, India? Consider both technological advancements and policy frameworks.

e Which type of solar panel is best for Kerala? What criteria were used in the selection
process?

1.4 Need of Study

Kerala has vast potential for receiving solar power due to high solar intensity coupled with
many other factors such as energy requirement, maximise the use of renewable energy. Still, it
is important to acknowledge that solar panel systems installation on buildings is not as
widespread as it could be; there are government incentives on one hand and technology on the
other. This study is important for identifying the challenges that make the implementation of
solar energy difficult in Kerala and to subsequently provide measures that could be employed
to facilitate increased implementation of solar energy in the region.

Economic and Environmental Benefits of solar energy in this region are the main reason why
this study has been instituted. Solar energy provides an environmentally friendly way to
overcome high electricity prices and reduce the dependency of fossil fuel for energy
production, and decrease CO2 emissions. Knowing of how feasible solar power
implementations are, especially taking into consideration, ROl and the detrimental effects of
governmental handouts, is crucial for motivating more building owners go solar.

It is indeed necessary to conduct this study to see the mounting technical and environmental
issues pertaining to the tropical climatic conditions of the state like effect of excess rainfall and
humidity on the photovoltaic panels. To be able to achieve these, proper mitigation of such
issues will contribute greatly to enhancing the possibility of developing solar technology that
is best suited to fit local specific environments in other to enhance its performance as well as
its ability to stand the harsh vices of the natural environment.

Further, there is increasing interest in the evaluation of efficiency of government’s policies or
incentives on the usage of solar energy. Thus, analysing how these policies are received and
executed within the network, this study will have further implications on refining policy
strategies and minimising bureaucratic hurdles.

Therefore, the present research is crucial to assess the viability for solar energy implementation,
strengths, weaknesses, threats, and development possibilities in Kerala. The findings shall also
assist in devising measures of raising consciousness as regards the usage of solar technologies
and the advancement of sustainable energy in the region.



CHAPTER 2

LITERATURE REVIEW AND BACKGROUND STUDY

This section provides an in-depth review of the existing literature and background of solar
energy adoption in India. Here, we analyze the policy measures, people's attitudes and
awareness, different solar panel technologies, different types of panels, and climatic influence.
Through a systematic review of past studies and data, this section aims to identify the current
status, potential opportunities, and critical barriers in harnessing solar energy in India or in
similar climatic conditions regions. The background study seeks to set the stage for the thesis
exploration of strategies, policy and technology. The findings will help to the broader discourse
on solar energy transitions, offering insights that may inform sustainable energy planning in
similar regional contexts.

2.1 Advantages of Installing Solar Panels

The production of solar energy or energy from renewable sources which lowers the cost of
energy, is one of the financial benefits of installing solar panels. Homeowners, companies, and
industrial sectors may drastically lessen their reliance on the traditional power system by
producing their own electricity. Depending on the system's size and use habits, clients can save
30% to 50% on their electricity expenditures (Shukla et al., 2016). Net metering rules allow for
the sale of excess power back to the grid, which further reduces costs (CERC, 2019). Even if
initial implementation expenses are a little more than anticipated, long-term financial benefits
turn out to be quite profitable. Moreover, owners of houses with solar panels can add more
value for this element since the problem of energy-efficient elements becomes significant for
potential purchasers.

By putting up solar panels, Kerala, India become less reliant on imported energy, especially
fossil fuels like coal and oil. Solar energy offers a more reliable and secure energy source in
light of the volatile global energy market and supply chain interruptions. Kerala, India can
improve its energy security and get closer to energy self-sufficiency by developing its solar
infrastructure.

Solar panels only require low-cost maintenance and it has an efficient life span of 15-20 years.
After installation, basic cleaning and sporadic inspections are all that's needed to maintain solar
systems at peak efficiency. Long-term financial appeal of solar energy is increased by its
durability.

Solar energy remains one of the best Climate change mitigation strategies for reducing Carbon
emissions. While fossil energy resources, including coal, oil, gas, and produce sizable amounts
of greenhouse gases and other pollutants. Table 1 shows the amount of life cycle emissions
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from different energy sources in minimum median and maximum values. The solar electricity
is produced by the conversion of solar energy to electricity with no direct emission to the
environment.

Table 1: Emissions from different energy sources (gCO2eq/kWh)

Source: ipcc_wg3_ar5_annex-iii.pdf

D Inf'raslrrJ(lur_E stupply Biogenic CO, emissions R — I:ifecycle emissions
Options chain emissions and albedo effect (incl albedo effect)

Min/Median/Max Typical values Min/Median/Max
Currently Commercially Available Technologies
Coal—PC 670/760/870 9.6 [ 47 740/820/910
Gas—~Combined Cycle 350/370/490 1.6 o 91 410/490/650
Biomass—cofiring na’ - - - 620/740/890°
Biomass—dedicated n.a. 210 27 a 130/230/420¢
Geothermal 0 45 4] 4] 6.0/38/79
Hydropower ] 19 4] 88 1.0/24/2200
Nuclear 0 18 [ o 3.7112/110
Concentrated Solar Power 0 29 0 0 8.8/27/63
Solar PV—rooftop 0 42 [ 0 26/41/60
Solar PV—utility 0 66 0 a 18/48/180
Wind onshore 0 15 4] 4] 7.0/11/56
Wind offshore 0 17 0 a 8.0/12/35
Pre-commercial Technologies
CC5—Coal—O0xyfuel 14/76/110 17 0 67 100/160/200
CC5—~Coal—PC 95/120/140 28 0 68 190/220/250
(CC5—~Coal—IGCC 100/120/150 9.9 0 62 170/200/230
(C5—Gas—~Combined Cycle 30/57/98 8.9 0 110 94/170/340
Ocean 0 17 0 0 5.6/17/28

To reduce carbon emission in the state of Kerala where the demand for energy has grown with
development of economy and increase in population, the shift towards solar energy will go a
long way in climate change mitigation. when cleaner solar power substitutes electricity
produced from fossil resources in Kerala great strides can be made towards lowering carbon
footprint. Solar energy shifts the state away from its reliance on conventional power stations
which are otherwise key emitters of CO2 and other pollutants.

Thus speaking, the implications of the project on the congestion of greenhouse gas emissions
are not limited to the regional extents. These efforts help Kerala to successfully implement
national and international climate standards of lowering down the CO2 and other pollutants.
The integration of solar energy aligns with India's Intended Nationally Determined
Contributions (INDC) under the Paris Agreement, emphasizing the need for coordinated
national policies to promote renewable technologies (Shukla et al., 2016). Solar energy
contributes towards achievement of these targets within the country by substituting fossil fuel-
based energy which causes climate change.

The environmental advantages of utilizing solar energy are enhanced by changes to the quality
of air. Conventional power generation industries specifically coal fired power stations emit
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S02, NOx and particulate matters into atmosphere polluting the air and posing health risks to
the populace (Ebhota & Jen, 2020).

Other advantages of using solar energy in the long run are conservation of the natural
environment such as biomass. Extraction and burning of fossil fuels have several negative
effects on the environment such as destruction of habitats, pollution of land and water resources
among others. Solar plants on the other hand have favourable influence on the environment as
compared to the all-round effects of conventional energy resources.

2.2 Initial Investment

The upfront cost of solar panels is considered one of the main inhibitors to people to embrace
the technology, especially in the emerging markets, regarding the first criterion. (Kumar et al.,
2023) also acknowledge that the main and most observable capital costs include the price of
photovoltaic (PV) modules, labour cost, and PV system components including the inverters
and mounting structures. These costs have hitherto been high, but data presented by (Lai &
McCulloch, 2017) suggests that the price of PV modules has been declining with technologies
upgrades and scales economies.

Many regions in India struggling on high up-front costs on solar systems that are still
prohibitive to average household income earnings. But they have insisted that these initial costs
can easily be recovered in the long run by the considerable savings that are sparked, most
especially in regions with high levels of solar intensity. Nonetheless, Kerala’s high potential
for solar energy generation makes the Initial cost easier to bear given the long lifespan of solar
PV systems ranging from 20 to 25 years as established by (Chaudhary & Pareek, 2020).

2.3 Government Incentives

A major area of research interest has been the part played by incentives offered by the various
governments in encouraging the use of solar energy. The Indian government has special
department called Ministry of New and Renewable Energy(MNRE). Its primary objective is to
increase the share of renewable energy in India’s total energy and ensure energy security while
addressing climate change concerns. The department formulates the strategies and policies for
the energy developments. It supports and facilitates renewable energy projects through
subsidies and financial assistance, research and developments, conducting awareness
programs.

The tax credits and rebates have been indicated as some of the policies that have the advantage
of easing initial costs on consumers as highlighted by (Rathore & Panwar, 2022) especially in
the developing world. In India, the state of Kerala is best compared to other states, for extending
the financial resource in solar installations through the Jawaharlal Nehru National Solar
Mission (JNNSM) which seeks to boost on the country’s solar capacity through incentive
measures at centralized and decentralized levels (Chaudhary, Krishna & Sagar, 2015). Mainly
the following incentives have been important in encouraging the development of solar energy,
especially for home and commercial buildings use. The government subsidies help to reduce
the total costs of installation of the solar systems hence making them affordable to a large base



of the population. They also mentioned that policy stability is another major factor which is
required to sustain the continued use of solar energy.

Kerala state government has been more involved in extending financial incentives for installing
solar panels on buildings. Which is in line with India’s vision towards the renewable energy
targets set under the Paris Agreement. The KSEB (Kerala State Electricity Board) has come up
with several programs to encourage use of rooftop solar PV systems; these include net metering
programmes that enable consumers to sell excess electricity back to the utility (Poullikkas et
al.,2013). Above policies have lowered the cost to consumers thus increasing uptake of solar
installations. Besides financial motives, (Chaudhary & Pareek, 2020) and (Raina & Sinha,
2019) state that policy stability and long-term perspective should not be neglected. Some of
them contend that lack of clear policy or coherence in policies and or implementation of
policies could lead to the discouragement of potential investors in the adoption of solar energy.
Hence, political will and clear legislations that support the sector have been provided by the
Kerala government hence promoting the development of solar energy.

2.4 Financing Options

Accessibility of financing instruments in connection with utilization of the solar power can be
also considered as the vital issue since the overall expenditures with focus on one-time
investments can act as a barrier for individuals and businesses with moderate budgets. But
people can now access loans, lease and Power Purchase Agreement (PPA) where the cost of
putting in place of solar products can be incurred over time. The above financing mechanisms
are essential in areas such as Kerala since the initial costs of construction are beyond the reach
of most families. As noted by (Raina & Sinha, 2019) and (Rathore & Panwar, 2022) leasing
arrangements have scaled through the place offering an alternate to ownership configurations.
In this configuration, consumers are able to put solar panels with little or no initial cost, but
monthly fee is charged. The work also points out that power purchase agreements where
consumers commit to buy electricity from a solar supplier for a predetermined price over time
are slowly becoming popular in managing risks associated with solar investments. This has
been especially beneficial in places such as Kerala wherein electricity charges for power
generated by the utility companies are relatively high, and the costs to harness solar energy are
more reasonable or affordable.

2.5 Maintenance and Operation Costs

In terms of costs, these are most often lower than the costs of installation of the solar panels
themselves. (Jordan & Kurtz, 2013) noted that the modern solar panels are made in such a way
that they can hardly be interfered with or require maintenance throughout their working cycle.
Their study shows that cleaning is usually done on a more frequent basis, while inspections can
be done occasionally based on customer needs so as to maintain efficient performance of solar
systems. (Adinoyi & Said, 2013) also mentioning the cleaning process helps to minimizing
repair or replacement frequency. For instance, Bhandari et al. (2015) note that because of high
humidity and rainfall in the rainy season, more sunlight and dry conditions in the summer
season in Kerala, the panels need to be cleaned more often since dust accumulation reduces the



efficiency of solar panels. However, the total cost over the years is minimized because of
maintenance, making the business of solar energy in the region economically viable.

2.6 Environmentally friendly and Carbon Reduction

While evaluating the benefits of solar panel installations, the most important that comes first is
the capability of minimizing greenhouse gas (GHG) emissions. Solar energy is one of the most
reliable sources of energy since it generates power through the use of solar Panels with almost
zero trace of CO2 or other pollutants (Bazilian et al., 2011). Shift from conventional energy
sources to solar energy can be useful in the fight against climate change with the resultant
polluted air.

In the study (Elavarasan et al., 2020) mention that the Kerala state could achieve much lower
usage of coal and other fossil fuels if it harnesses the energy from the source of solar energy.
This change is in concord with the Indian renewable energy plan and its signed membership to
United Nations Framework Convention on Climate Change (UNFCCC).

2.7 The Potential for Solar Energy on Rooftop Space

The use of rooftop space for solar energy generation has garnered significant interest in recent
times owing to its potential to optimise the production of renewable energy in urban
environments. Photovoltaic (PV) panels provide a substantial opportunity to harvest solar
energy from large rooftop areas like commercial buildings, educational institutions. The
importance of solar energy systems is maximising energy output and reducing carbon
emissions (Sharma et al., 2018). Furthermore, the study emphasizes the importance of rooftops
for promoting decentralized energy production and enhancing energy resilience, particularly in
densely populated regions like India.

2.8 Types of Solar Panels

Solar Panels are the most important components of the solar energy system. These solar panels
collect solar energy from the sun which is converted into electricity. A solar panel is made up
of solar cells. Each of the solar cells is made up of silicon, boron, and phosphorous layers. A
positive charge is provided by the boron layer, a negative charge is provided by the
phosphorous layer and the role of semiconductor is played by silicon. When photons from the
sun strike the surface of the solar panel electrons are cracked from the silicon layers. This
produces current that is harnessed for commercial applications (Cherukat et al., 2019). This
complete phenomenon is termed the photovoltaic effect and hence the solar panels are named
photovoltaic panels. Several types of solar panels are available India, each with distinct
characteristics that influence their suitability for different applications.

Monocrystalline panels: Monocrystalline panels are the most effective panel types. They are
manufactured using silicon in a highly purified and structured form, with the silicon ingots cut
into wafers from a single continuous crystal. This results in a more uniform structure,
contributing to their superior efficiency and performance. The efficiency ranging from 18% to
24% under optimal conditions (Green et al., 2024). The efficiency of these panels is due to the
high purity of silicon used in their manufacturing, then it has better electron movement and
thus higher electricity production per unit area. This is the reason monocrystalline panels are
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ideal for limited space locations, such as rooftops or smaller installation sites, as they produce
more electricity per square meter compared to polycrystalline panels. Monocrystalline panels
tend to have longer operational lifespans compared to other types of panels. They often come
with warranties of up to 25 years or more, and their degradation rate is relatively slow, losing
only about 0.5% of efficiency annually (Jordan & Kurtz, 2013). This ensures sustained energy
production over a long period, making them a cost-effective investment over time. The higher
upfront cost is the main problem with monocrystalline panels. The manufacturing process,
which involves growing a single silicon crystal, is more energy intensive and expensive than
the process used to create polycrystalline or thin-film panels (Chaudhary & Pareek, 2020). Both
the production cost and initial investment cost are high here.

Fig 1: Monocrystalline Solar Panels

Source: https://powersolarphoenix.com/pros-cons-monocrystalline-solar-panels/

Polycrystalline Solar Panels: Polycrystalline solar panels are simpler compared to
monocrystalline panels; here, silicon crystals are melted and fused together to form solar cells.
This makes the manufacturing process simpler and less expensive, which is why polycrystalline
panels are often more affordable than monocrystalline ones. The efficiency of polycrystalline
panels typically ranges between 15% and 17%. This is lower compared to monocrystalline
panels (Green et al., 2024). Simpler manufacturing process help to reduce the price of panels.
This cost-effectiveness makes polycrystalline panels a popular choice in countries like India,
where the affordability of solar energy systems is a major factor in widespread adoption (Bajpai
& Dash, 2012). There are restrictions associated with polycrystalline panels. More panels are
required to meet the specific energy requirement compared to the monocrystalline panels,
which means more space is required. This might be a drawback in installations where space is
restricted. Furthermore, high temperatures tend to reduce the effectiveness of polycrystalline
panels (V. Sharma & Chandel, 2013). It can maintain a balance between cost and efficiency of
9
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solar energy production thus making it a viable option for people willing to make such an
investment without much of a compromise in performance.

Fig 2: Polycrystalline Solar Panels

Source: https://www.linquip.com/blog/polycrystalline-solar-panel/

Thin-Film Solar Panels: In thin film solar panel technology, layers of photovoltaic material
are deposited onto a substrate like glass, plastic, or metal. This process results in a product that
is thinner and more flexible than traditional crystalline solar panels. It has lower efficiency
compared to monocrystalline and polycrystalline, typically ranging from 10% to 12% (Green
et al., 2024). As a result, thin-film panels generally require more surface area to produce the
same amount of energy as crystalline panels. Due to their unique properties, thin-film solar
panels are particularly useful in situations where flexibility, weight, or performance in low-
light conditions is more important than maximum efficiency. For example, they are often used
in commercial buildings, where weight restrictions may prevent the use of heavier crystalline
panels, or in portable solar devices like solar backpacks or mobile charge units, where
flexibility and portability are key requirements.
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Fig 3: Thin-Film Solar Panels

Sources: https://www.qglobalsources.com/product/solar-roof-tile 1192667900f.htm

Mono-PERC Half-Cut solar panel: This is a type of monocrystalline solar panel that
incorporate two specific technologies: PERC (Passivated Emitter and Rear Cell) and half-cut
cell technology. While they are fundamentally monocrystalline panels, these additional
technologies enhance their performance and efficiency.

PERC technology is an enhancement to the standard monocrystalline cell. A traditional solar
cell captures sunlight on the front side of the cell, but some light passes through without being
absorbed. In PERC cells, an additional layer is added to the rear side of the cell, allowing it to
capture more sunlight that would otherwise be wasted. This increases the overall efficiency of
the cell by improving light absorption and reducing electron recombination losses (Chen et al.,
2023). Half-cut cell technology involves cutting standard solar cells in half to reduce electrical
resistance and improve overall performance. Instead of one large cell, the panel contains two
smaller cells connected in series or parallel, which results in lower resistive losses and higher
output. Half-cut cells also enhance shading tolerance, meaning that if one part of the panel is
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shaded, the overall performance loss is minimized (Zhang et al., 2022). The combination of
monocrystalline silicon with PERC and half-cut technologies, Mono PERC Half-Cut panels,
achieved high-efficiency ratings available in the market. These panels can reach efficiencies of
over 22-23%, which is higher than standard monocrystalline panels without these
enhancements. These modified types of panels are suitable for space-limited areas such as
rooftops and other limited areas.

Fig 4: Mono-PERC Half-Cut solar panel

Sources: https://sovasolar.com/service/construction-engineering/

Bifacial Solar Panels: Bifacial solar panel technology that allows for electricity generation
from both the front and the back of the panel. Unlike traditional mono-facial panels, which
only capture sunlight on the front side, bifacial panels are designed to harness sunlight that is
reflected off surfaces, such as the ground or nearby structures. Typical efficiency rates for
bifacial panels are around 20% or higher, depending on the conditions (Garrod & Ghosh, 2023).
Sunlight capture ability of each side allows bifacial panels to potentially generate up to 30%
more energy than traditional mono-facial panels in optimal conditions (Eidiani et al., 2022).
This makes them particularly effective in areas with highly reflective surfaces, such as deserts

and reflected rooftops.

Bifacial panels offer higher energy density in large-scale commercial installations, which
allows for the production of more energy from a smaller installation footprint. This is
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particularly helpful for solar farms or other projects where focused on more efficiency (Garrod
& Ghosh, 2023). Bifacial panels are typically constructed using high quality materials like
tempered glass on both sides, which increases their durability and resistance to environmental
conditions such as wind, snow, and hail. The lifespan of the panels also increases compared to
traditional panels (Garrod & Ghosh, 2023).

The bifacial panels require certain mounting methods to let light through to the rear of the
panels, their installation is typically more expensive than that of Monofacial panels.
Furthermore, elevated mounting is sometimes necessary for the best installation in order to
permit sunlight reflection also receive the back side of the panel, which might raise labour and
material expenses (Garrod & Ghosh, 2023). While their installation costs are higher and setup
more complex, the long-term benefits in terms of increased energy generation make them an
attractive option for large-scale installations. As India continues to invest in renewable energy,
bifacial panels are likely to play a growing role in the country’s solar energy strategy.

‘ Soltec

Fig 5: Bifacial Solar Panels

Sources: https://www.solarpowerworldonline.com/2018/04/what-are-bifacial-solar-modules/

TOPCon solar panels: Tunnel Oxide Passivated Contact (TOPCon) solar panels represent an
advanced photovoltaic (PV) technology designed to enhance efficiency and performance.
Introduced as a successor to traditional Passivated Emitter and Rear Cell (PERC) technology,
TOPCon solar panels utilize a thin oxide layer and doped polysilicon to reduce surface
recombination losses, thus achieving higher conversion efficiency (Rahman et al., 2024).

TOPCon solar cells are constructed with a symmetrical structure that includes a tunneling oxide
layer sandwiched between the silicon wafer and doped polysilicon. This configuration
minimizes electron recombination, reduces resistive losses, and improves carrier selectivity.
These advancements enable TOPCon panels to achieve efficiency levels exceeding 25%,
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making them a competitive choice in both residential and commercial solar installations.
Compared to traditional PERC technology, TOPCon offers enhanced stability, superior
performance in high-temperature environments, and better degradation resistance (Rahman et
al., 2024). Studies have also shown that TOPCon panels have a longer operational lifespan,
further improving their cost-effectiveness over time.

Fig 6 : TOPCon solar panels

Source: https://www.pv-magazine-india.com/2023/12/06/sharp-unveils-575-w-topcon-solar-

panel-with-22-26-efficiency/

2.9 Factors Affecting the Efficiency of Panels
The following factors affect a solar panel's efficiency, which quantifies how well it makes the

energy.

Material Quality: Using high quality materials, such as the one used in monocrystalline
panels lead to better results in terms of efficiency. Those panels that have a better
material quality are also in a position to capture more sunlight and convert the same to
usable energy.

Temperature Coefficient: Different solar panels have different coefficients related to
temperature and that plays an impact on the performance of the panels depending on
the climate. As such, low temperature coefficient panels are desirable in such regions
to prevent the reduction of efficiency due to high temperatures in the region.
Installation Factors: For any solar panel to operate optimally, the angle and the
orientation of the Solar panel have to be adjusted correctly. The efficiency of PV panels
is geared by installation processes, so that panels may deliver maximum energy vyield.
Maintenance: This means cleaning and checking on solar panels from time over time
as a way of ensuring that everything is in order. Maintained panels also do the job in
the superior way and again the time of usage is also more.
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2.10 Weather Considerations

Kerala state located in the south-west part of India, experiences a tropical climate with
significant rainfall called monsoon season. Humid air, warm temperatures, and varying cloud
cover affect solar radiation levels and results the low production of energy. The humid air
causes the scattering of sunlight also make moulds on the panels and inner bords. It seriously
affects the panels production and life span. Studies indicate that solar energy generation is
markedly higher on clear days compared to cloudy ones, with solar radiation levels dropping
significantly under overcast conditions. During the summertime the dust deposition on the
panels are also a main problem. When selecting a panel for this region, we should consider
these challenges. Reduction in irradiance during the monsoon can decrease solar panel
efficiency by 40-60% (Gopi et al., 2021). This makes energy production from panels lower
during these months compared to other months.

2.11 Associated Components; Inverters and Battery

When it comes to solar energy systems, inverters and battery storage systems are crucial
components. These components make it possible to convert direct current (DC) power
produced by solar panels into alternating current (AC) electricity that can be used in buildings.
When it comes to optimising the efficiency of energy conversion and controlling grid
connection, inverters play a crucial role. Battery storage systems, on the other hand, provide
backup power and make it possible to store energy for use during time of low sunshine or
power outages. The research (Meskani & Haddi, 2019) investigates the technical specifications
and performance characteristics of inverters and battery storage systems. The researchers
highlight the significance of these components in assuring the dependable and effective
operation of solar energy systems.

2.12 Polysun Software

Polysun by Vela Solaris AG is a popular solar PV system design software that offers
comprehensive information on solar photovoltaic (PV) system planning simulation
performance, including energy production, shading impacts, and system losses.

Researchers and business experts are widely using Polysun because of the software's accuracy
and versatility in simulating renewable energy systems. It provides sophisticated simulation
features for hybrid systems, PV systems, and solar thermal installations. Performance analysis
and system improvement, integration of weather data, advanced algorithms, and simple user
interfaces are the features of Polysun (Milosavljevi¢ et al., 2022)
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CHAPTER 3

METHODOLOGY

This study uses a qualitative and quantitative methodology to examine the practicality and
advantages of combining solar energy systems with buildings in Kerala. The process entails
using a blend of comprehensive interviews, background studies, and software simulation
analysis.

3.1 Chosen Methodology

Background study: The study starts with a comprehensive examination of current literature to
acquire information, theories, and practices about the integration of solar energy, solar
installation technologies, panels, and government support in Kerala India. This statement is
crucial for comprehending the present condition of research and pinpointing areas that need
more inquiry.

Interview method: Qualitative analysis entails the use of case studies, semi-structured
interviews, and theme analysis to acquire a comprehensive understanding of the difficulties,
advantages, and optimal approaches related to the incorporation of solar energy in different
systems. Conduct interviews with stakeholders, including policymakers, educators, architects,
installers and engineers, to explore their perspectives, experiences and challenges related to the
adoption of sustainable energy solutions. Focus group talks will provide a platform for
installers to engage in dialogue, exchange ideas, disseminate best practices, and collaboratively
generate solutions to shared obstacles. These qualitative methodologies provide a thorough
investigation of the difficulties, advantages, systems, technologies, government schemes, and
optimal approaches linked to the incorporation of solar energy systems installation in Kerala.
This result shows statistical analysis, current advanced panels with most commonly using
technology based on the data collection, and practical applications, to investigate the
correlations among different variables such as installed capacity, panel specifications, and
energy output. This qualitative methodology enhances comprehensive and examination of
installers viewpoints within their contexts.

Polysun Software Analysis: Quantitative analysis is conducted using Polysun software, which
provides a comprehensive platform for evaluating and comparing the performance of different
solar panels. This analysis shows different types of energy metrics, including energy
generation, self-consumption rates, and interactions with grid.

Furthermore, the functionality of the solar panels is measured to check how useful they are in
relation to particular working conditions. Polysun software also allows visual representation of
comparative results, which makes it possible to analyze the system performance in an easy and
detailed manner.
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Fig 7: Block diagram of methodology
The work is carried out with the help of a mixed method, background studies and literature
review of the topic, interviews with experts and the analysis results of software. This approach
can reveal the current position of Kerala in solar energy harnessing. This study will apply
economic, environmental, and technical analysis to resolve the adoption of solar energy in the

region incorporating both sources of data.
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3.2 Preparation of Data Collection

1. Identified and reviewed relevant papers and case studies for the thesis.

2. The researcher identified solar panel installers or company owners in Kerala as
interview participants.

3. Semi structured interview instrument with a preset questionnaire topics was created to
gather quantitative data from the selected participants. Installed capacity, panel specs,
energy output, cost savings, and other relevant topics are all covered in the interview.
Participants in Kerala are invited to complete online questionnaires as part of the chosen
data collection strategy. This approach makes it possible to collect data efficiently while
successfully reaching a large number of participants in different locations. Online
interviews generate higher response rates because Participants can complete response
to interview questions as they can do so at their convenience.

4. Preparation for data collection using Polysun software includes setting up the software
environment, defining project parameters, and ensuring the proper integration of
relevant data sources. This process includes Configuring system specifications,
identifying suitable simulation models, and identifying significant variables for data
analysis. After everything is set up, the software can be utilised to simulate output,
energy performance, and other important study variables.

3.3 Background Study

The background study provide a neat update on the current standing of solar energy platforms
in Kerala, with attention to current technological developments, legal frameworks, and
applicability. This section sets the stage and justifies the research being performed. The
literature review commences with an explanation of solar energy, followed by an analysis of
associated costs, investments, policies, types of systems, and advancements in technology.

The background study focuses on the potential for solar energy use, the economic feasibility
of solar investments, relevant legal frameworks, technological advancements, and challenges
associated with the implementation of solar energy systems. All of these provide a broad basis
for the analysis carried out in this paper.

The selection of background study was guided by the following criterias:

e Connection to Solar Energy, and RE Policy in India with specific reference to Kerala.

e Relevant Articles, journals, and trade journals.

e Atrticles from the last 10 years help to avoid outdated information as much as possible
in Kerala.

e Peer-reviewed journal articles, government reports, and industry publications.

In the Literature review search, the authors used databases such as Google Scholar,

ScienceDirect, and reports on MNRE. It facilitated the provision of a critical analysis of the
possibility of solar panel installations on the buildings.
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3.4 Interview Method

An interview was conducted to collect primary data from installation companies engaged in
the solar energy sector in Kerala. The interview questions were designed to gather insights and
perspectives from various stakeholders, including building owners, members of the Kerala
Renewable Energy Entrepreneurs Association (KREEPA), business owners in the solar
industry, and policymakers involved in solar panel installations. This method guaranteed that
all important participants in the field have their opinions and experiences captured. Informative
synthesis of data came through structured interviews that captured all qualitative and
quantitative research information.

Information was gathered on key parameters, including installation expenses, return on
investment (ROI), energy efficiency, and perspectives on government policies. To gather
qualitative information, the survey included questions on the kinds of solar panels used,
manufacturing technology improvements, challenges faced, reasons for using solar energy
systems, and expectations for solar panel installations and methods. The questionnaire was
structured into several sections to address specific research questions, ensuring a
comprehensive understanding of the subject matter: The interview gathered all important
details about the respondents, including their age, gender, occupation, and geographical
location. These factors were considered to analyze the demographic trends associated with
solar energy adoption.

Questions in the interview aimed to assess the respondents’ awareness of solar energy. Specific
focus was given to their understanding of the benefits of solar energy, its associated costs, and
the availability of government subsidies or incentives. Targeted at participants who had already
installed solar panels in Kerala, the interview bypassed general questions and instead explored
specific scenarios related to installation processes of the solar panels, relative costs, energy
benefits, the potential return on investment, and investigated the perceived barriers to the
adoption of solar energy. It included all questions addressing financial and technical
challenges, as well as the influence of existing policies on solar energy deployment.

Finally, the interview sought to understand respondents’ perceptions of the future of solar
energy in Kerala. It also explored potential areas for improvement in policy frameworks by the
government or technological advancements to further encourage the adoption of solar
energy. To ensure a high response rate, the interviews were conducted using a combination
of online call and video face-to-face methods. The online interviews were administered through
pre-set questions. Interviews were conducted with a select group of professionals, installers
and government officials to gain deeper insights and expert opinions. This mixed-method
approach was employed to enable the overall diversity and reliability of the data collected.

3.5 Panel Simulation and Analysis Using Polysun Software

This study mainly focuses on the software simulation and analysis of solar panel performance
by using Polysun software, a comprehensive tool for renewable energy system modeling. The
main objective is to analyse and compare various types of solar panels under identical
operational conditions, including geographic location, climatic data, and load profiles.
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Polysun software was applied to simulate and compare the overall energy performance of
different types of solar panel technologies in detail. The simulations used comprehensive input
parameters, such as solar radiation data, specifications of the panel, and system configurations.
The software's features are allowed for the analysis of key performance metrics, including
Energy metrics, Efficiency and Environmental impact.

e Energy Metrics: Total energy generation, self-consumption rates, and grid interactions.
e Efficiency: The efficiency of panels under varying conditions.
e Environmental Impact: CO: emissions savings and energy independence ratios

The use of Polysun software for solar panel simulation and analysis proved to be an effective
approach for evaluating renewable energy technologies and compare. By offering
comprehensive insights into system performance, this technique facilitates the selection and
optimization of solar panels for particular uses, leading to more sustainable and effective
energy solutions.

The Polysun software was used to analyse and compare different systems, evaluate the
performance and efficiency of photovoltaic (PV) systems, particularly focusing on the
parameters of self-consumption, energy exchange with the external grid, total electricity
consumption, influence of weather conditions, and CO2 emission. The project utilizes system
diagrams and data outputs from Polysun.

The study focuses on Kerala, India. The region is characterized by its tropical climate and high
solar potential, so the output is influenced by weather conditions. In the Polysun we selected
the same location for all the PV simulations. This ensured that simulations accounted for local
solar irradiation, temperature, and other environmental parameters influencing PV
performance.

Electric Grid -j Electric consumers 1 EZ Photovoltaics @ Weather data
I |.

Name Symbol Unit Year Jan Feb Mar
Average outdoor temperature Tamb *C 27.7 26.4 27.8 29.7
Minimum value C 9.5 19.5 218 24
Maximum value C 37 33.2 343 35.7
Normal direct irradiation Bn kWh/m?* 1,249 164 28 s
Minimum value (Power) w/m? o o o o
Maximum value (Power) w/m? 1,012 246 794 774
Diffuse irradiation, annual sum Dh kWh/m? 926 62 70.9 86
Minimum value (Power) w/m? o o o o
Maximum value (Power) w/m? 531 451 446 53
Global irradiation, annual sum Gh kWh/m? 1.764 %61 57 7
Minimum value (Power) w/m? o o o o
Maximum value (Power) w/m?2 1,048 934 915 Q82
Air humidity Hrel % 813 76.7 746 73.3
Minimum value % 446 46.2 46.5 446
Maximum value % 100 100 w0 100
Long wavelength irradiation Ln kWh/m? 3.618 294 270 307
Minimum value (Power) w/m? 354 354 375 383
Maximum value (Power) w/m? 474 434 440 a6
Outdoor temperature 24-h-mean Tamb24 “C 27.7 26 4 27.7 29.7
Minimum value “C 227 22.7 25.9 27.6
Maximum value C 324 283 294 311
Wind speed Vwnd m/s 1.2 1.2 14 1.5
Minimum value m/s o o 0 o
Maximum value m/s 0.9 6.8 10.1 9.9

Fig 8: Kerala weather data

Source : Polysun database
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PV selection: Based on the background study and interview, we select different types of PV
technologies that are available in the Indian market. Monocrystalline, Polycrystalline Mono
PERC panels, Bifacial panels, and TOPCon panels. There are many Indian manufacturers and
international manufacturers are there in Indian solar market. Adani Group, Vikram Solar, Tata,
Spectrum, etc. LG Electronics, Panasonic, Swiss solar are such international brands in the
market. For the simulation, we took some panel from commonly used brands in India. In Table
2 we shortlisted some of the brands and their specific models for the Polysun simulation
process.

Table 2: Commonly used Solar panel brands in India

PV technology/panel type Manufacturer Model
Monocrystalline panels Vikram Solar Somera vsm .60.285
Polycrystalline panels Vikram Solar Grand 200p-210
Mono PERC panel Adani Group ASM-7-PERC
Bifacial technology LG Electronics LG415N2T-L5BFi
TOPCon panels Swiss Solar IBEX132

3.5.1 Method of Calculation

The tilt angle for the panels in Kerala, India is 10 degrees. We interviewed the installers and
they all set up the panels with a 10-degree angle so here we fix the same for all the types of
panels.

Energy usage profile: Here the user is a commercial building that works 8-18 on Monday to
Friday

Tilt angle: 10

Operating hours per week: 10 hours/day

5 working days/week = 50 hours/week

Annual operating hours: 50 hours x 52 =2600 hours

Average power demand of the building (kW): This depends on the size of the building and the
equipment used. A small commercial building in Kerala uses 10-13kW. Here, we took an
average of 11.5 kW.

Average power demand:11.5 kW.

Annual energy usage = Average power demand -Annual operating hours

Annual energy usage: 11.5 kW x 2600 hours = 29900 kWh = 30000 kWh

Step 1: In the simulation, we fix 30000 kWh as the annual demand value. Based on this demand
we design the system.

Step 2: In this project, we compare the yield, degree of self-sufficiency, Energy export to the
grid, and Energy import from the grid.

Step 3: As a first case, the number of panels is constant in all conditions, so measuring the
sufficiency, export, and import to and from the grid is easy. Number of panels: 70 units.
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As a second case, we are assessing how many panels are required to meet the building's energy
requirement. Here, the number of panels will be different in each case because the high-
efficiency panels require fewer modules. This analysis method can help the cost comparison of
the system, and it will be easy to understand the economic side of solar energy production in
India.
Analysis methods:

e Evaluating correlations between weather variables and PV yield.

e ldentifying self-consumption and grid interaction over time.

e Compare different panes and the production.

e Cost comparison.
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CHAPTER 4

FINDINGS AND DISCUSSION

Based on the interviews, background studies, and software analysis, this chapter presents the
following findings. The results are organized into sections aligned with the research
objectives:

e The current scenario of solar energy systems in Kerala
o Types of solar panels and their comparisons
« Factors influencing decisions regarding the use of solar systems in buildings

« The role of government policies in influencing existing and potential solar systems in
Kerala

These findings are subsequently analysed to explore their implications for future photovoltaic
(PV) projects in the region.

4.1 Interview

In this thesis, primary data were gathered through semi-structured interviews to facilitate an
in-depth discussion of the research topic in relation to the research questions. The respondents
were selected from a range of solar panel installers and company owners in Kerala.

Given the models in the solar installation industry, different installers use various types of
panels, technologies, and methods. The study proves whether well-established companies have
the experience and solid background in solar installation.

Interviews were conducted with industry professionals, and information was collected on
various aspects, including maintenance costs, the installation process, customer inquiries,
project implementation, bottlenecks in installation, the current market situation, solar panel
information, and the latest technologies in use.

The details of the interview are shown in Table 3. In total four interviews were conducted,
which included both installers and company owners. The interviews were recorded, and
important key points were taken down during the interview., The questions were created as
clear open-ended questions that the respondent was prepared to answer and understand without
any difficulties. The interview questions are provided in Appendix (A).
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Table 3: Details of the interview

Responde| Name Designati (Company/organis [Tim |[Contact
nt on ation e
Responde Minu K.S Design  [Rim Projects Pvtj]l h [Designs@rimprojects.com
nt 1 Engineer [Ltd
Responde (G Fellow  [WRI 3h |gskrishnan@gmail.com
nt 2 Shivaramakrish|Energy, [India/freelancer
nan Board
member of
KREEPA
Responde [Mohammed  |[CEO andMoopens  Energy2h |mohammedfayazsalaml@gm
nt 3 Fayaz Salam  |Director [Solutions Pvt Ltd ail.com
Moopens
Energy
Solutions
Pvt Ltd
Responde [Venukumar N [Installatio |Alphazee systems [2h |azcochin@gmail.com
nt 4 n
Engineer,
Board
member of
INISE

The respondents who were interviewed are well familiar with solar installation platforms and
are briefly discussed below.

Respondent 1-Minu K.S works as a Design Engineer in Kerala, India She used to be involved
and responsible for different types of installation projects.

Respondent 2- G Shivaramkrishnan works as an energy fellow and board member of
the Kerala Renewable Energy Entrepreneurs Association (KREEPA) in Kerala, India. He used
to work as a freelancer for solar installation projects, visiting faculty of the training programs,
and responsible for different types of installation projects.
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Respondent 3- Mohammed Fayaz Salam, is the CEO of Moopens Energy. His company has
a record of successfully completing projects and number one company in the field of solar
panel installation.

Respondent 4- Venukumar works as an Installation engineer in Kerala, India. He is a board
member of the National Institute of Solar Energy.

4.1.1 Findings and Discussion on Solar Energy Potential

All respondents agreed that the weather conditions in Kerala, with its high solar insolation,
offer great potential for solar energy. Approximately 40-60% of the respondents believed that
solar installations could meet 40-60% of the electricity demand of a building on average, with
commercial and industrial buildings showing a higher percentage compared to residential
buildings. Based on the assessments, existing studies show high solar irradiation rates in the
state. Overall, participants agree that there is a high potential for solar energy, which provides
very high yields throughout the year.

From Table 4 the average temperature of Kerala ranges from 23°C to 27°C in winter and 27°C
to 33°C in summer, temperatures often reaching 37°C, except in the mountainous regions.
Mornings are typically cooler, but temperatures rise sharply after sunrise due to intense
sunlight.

The transition from traditional mud tile roofing to concrete structures has led to elevated indoor
temperatures in residences.

For example, the typical indoor temperature in a Kerala home might be between 39°C and 42°C
when the outside temperature reaches 33°C, which is far higher than the ideal comfort
temperature of 24°C. The reason for this is that roofing and concrete materials retain heat.

Global warming has also caused an increase in water temperatures, which raises humidity
levels and results in higher-than-average maximum temperatures throughout the summer
months.

The internal temperature will increase by 8 to 10 degrees under concrete roofs in such
situations. Installing an air conditioning system is one of the best solutions to regulate indoor
temperature. However, this may lead to high electricity costs and strain a family's budget.

Table 4: Average temperature during winter and summer
Average Temperature during winter in Kerala Maximum:27 °C

Minimum: 23 °C

Average Temperature during Summer in Kerala [Maximum: 30 °C

Minimum: 27 °C
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The outcomes support the prior work and support the hypothesis that Kerala has high solar
energy viability. From this study, it can be concluded that even solar energy can greatly meet
the energy demand.

4.1.2 Findings and Discussion on Cost, Subsidies, and Payback Period

The high cost of solar system installation was cited by all respondents as a significant
disadvantage. They also acknowledged substantial programs and subsidies that the
governments of Kerala and India have offered to encourage the use of solar energy.

One respondent specifically mentioned Prime Minister Surya Ghar Muft Bijli Yojana
(PMSGMBY) as a key scheme currently available. The respondents indicated that the average
payback period for solar systems is between 5 and 7 years. In terms of energy conservation,
respondents reported an average reduction of 30-50% in their monthly electricity bills,
depending on the size of the installation and patterns of energy use.

Additionally, all participants emphasized how net metering regulations improved their return
on investment (ROI) by enabling them to sell excess power back to the grid.

The respondents also agreed that grid-connected systems (on-grid systems) are the most
common, and they found government regulations and policies to be straightforward and
customer-friendly.

Discussion: The results of the study show that although solar panel installations are seen as
having significant upfront costs, they are really financially feasible due to government
incentives and returns. This aligns with Elavarasan et al. (2020), who discuss how more
government regulations and incentives might encourage the use of solar energy by consumers.

The Prime Minister Surya Ghar Muft Bijli Yojana (PMSGMBY), with an investment of over
750,000 crore INR, aims to electrify 10000000 households by providing up to 300 units of
electricity free of charge each month.

According to the interview participants, solar installations in Kerala are comparatively
profitable when compared to other countries, as seen by the reported payback period of five to
seven years.

4.1.3 Findings and Discussion on Barriers to Solar Energy Adoption

The study identified several critical barriers to the adoption of solar energy. The lack of
knowledge about the advantages of solar energy and the government incentives available to
encourage its adoption is one of the main obstacles. Concerns over the drop in system efficiency
during installation and commissioning, as well as challenges with maintenance needs were also
mentioned by respondents.

The lack of skilled installation services, especially in rural regions, is another major problem.
High initial investment, low awareness, maintenance and efficiency issues, and a lack of
qualified installers in remote locations are the main barriers identified in general.

These results highlight how important it is to remove these barriers through public awareness
efforts, financial rewards, training initiatives, and easier access to expert services in order to
promote the wide use of solar energy.
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Discussion: The problems that respondents mentioned are very similar to those that are
discussed in the literature. The unacceptably high initial costs of solar energy systems and the
lack of community awareness about solar energy continue to be two major problems.

These findings emphasize the need for the government to intensify education and awareness
campaigns while continuing efforts to reduce the cost of solar technology.

To create solar panel systems that are suited to these specific challenges, more investigation
and technical developments are required. The lack of skilled and experienced workers to assist
the rural workforce needed for the state's solar energy projects is another critical problem that
has to be addressed.

4.1.4 Findings and Discussion on the Role of Government Policies and Incentives in
Promoting Solar Energy

Decentralized renewable energy (DRE), particularly solar energy, emerged as the most popular
option among respondents. All participants indicated that government incentives played a
significant role in motivating them to engage in the solar installation business.

This trend is especially evident in the cases of Kerala where the Kerala State Electricity Board
(KSEB) implemented its net metering policy. Respondents highlighted that the ability to sell
excess electricity back to KSEB through the grid (on-grid systems) underscored the potential
of solar energy systems to generate income.

Moreover, the respondents believed that government tax reductions and subsidy packages
greatly reduced the cost of solar systems, which encouraged adoption even further.

Discussion: The study highlights the critical role of government policies and incentives in
promoting the adoption of solar energy in Kerala. These measures, particularly financial
motivators, have proven essential for encouraging the use of renewable energy sources.

The bureaucratic difficulties associated with the solar incentive application procedure and
approval process continue to be an issue, state Elavarasan et al. (2020). Simplifying these
procedures might significantly improve the effectiveness and accessibility of these initiatives.
The Prime Minister Surya Ghar Yojana and Prime Minister Surya Ghar Muft Bijli Yojana are
two government programs that have played a significant role in encouraging and supporting
the use of solar energy. Additionally, because net metering allows users to sell excess power
back to the grid, it has pushed customers to include solar technology into their daily lives.

Even with these achievements, a far greater adoption rate might result from more enhancements
to the use and accessibility of such incentives, opening up solar energy to a greater number of
people.

4.1.5 Findings and Discussion Environmental benefits of solar energy and Carbon Reduction

The respondents showed that they understood the beneficial effects of solar energy for the
environment and how it lowers carbon emissions. Every participant agreed that solar energy
help reduce environmental impact. The respondents showed that they understood the beneficial

27



effects of solar energy for the environment and how it lowers carbon emissions. Every
participant agreed that solar energy help reduce environmental impact.

The respondents indicated that, depending on the size of the solar system and the energy usage
of the building, installing solar panels could reduce carbon emissions by 30 to 50%. This
perspective is in line with international research, which continuously emphasises how
renewable energy sources benefit the environment, especially when it comes to lowering
greenhouse gas emissions. These findings underscore the importance of solar energy as a
sustainable solution to combat climate change and promote environmental conservation.

Discussion: The outcomes align with studies and expert opinions highlighting the advantages
of solar energy for the environment and the ability to decrease carbon emissions. Kerala is in
an excellent spot to decrease its reliance on fossil fuels as long as the government keeps
promoting solar technology, supporting national and international efforts to address climate
change.

Substantial carbon emission reductions must be achieved through broad use, especially in
bigger cities with higher energy usage. This highlights how crucial it is to have laws that
support broad solar energy use. Governments and organizations have to put regulations in
place that encourage the purchase of solar systems in substantial quantities for both residential
and commercial sectors.

Clean renewable energy sources like solar power are becoming more and more popular in
buildings as an alternative to fossil fuel-based electricity. In keeping with global climate change
initiatives, this adjustment lowers greenhouse gas emissions. Additionally, Keralites may
become energy independent, enhance air quality, and promote public health by using solar
technology to reduce emissions from traditional energy sources. These findings underscore the
importance of sustained efforts to advance solar energy adoption, ensuring environmental
sustainability and aligning with global goals to combat climate change.

4.1.6 Findings and Discussion on Selection of the Ideal Solar Panel for Buildings in Kerala

All the respondents agreed that the selection of solar panels is completely based on the
customer requirements and cost specifications. All types of solar panels are adaptable for
Kerala buildings and climate conditions, but in General crystalline technology especially PERC
and Top con panels are more popular, and all respondents prefer to use advanced technology
with high yield and low cost for the installation due to availability and cost.

Discussion: Monocrystalline solar panels and its advancements were found to be the best
choice after a study assessing many solar technologies for use in Kerala houses. Efficiency,
cost-effectiveness, environmental conditions, and performance in Kerala's climate were among
the many factors considered in the study.

This comprehensive evaluation highlights the reliability and adaptability of monoPERC panels
with bifacial technology and Top con with bifacial technology making them an optimal choice
for maximizing energy generation and sustainability in the region. Mono PERC bifacial panels
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are more cost-effective than Top con Technology even if they are advanced and offer high-
yield production.

4.1.7 Findings and Discussion on Efficiency and Performance

Respondents unanimously identified Mono PERC crystalline photovoltaic solar panels and Top
con as the most efficient option, with efficiency levels ranging between 22-23%. This high
efficiency is particularly advantageous in Kerala, where land and rooftop space can be limited.

Since the introduction of Bifacial technology, such panels are able to maximise power
generation in a state which receives high levels of solar irradiation by converting a higher
proportion of sunlight into energy. Additionally, their solid performance in low light
environments is very beneficial during Kerala's monsoon season, which is characterized by
frequent cloud cover and heavy rains.

Because of this, Mono PERC panels and Top Con panels are an extremely efficient way to deal
with Kerala's particular environmental and space limitations.

Discussion: Passivated Emitter and Rear Cell technology enhances standard monocrystalline
solar cells by adding a layer to the rear side. While traditional cells capture sunlight only on
the front, the rear layer in PERC cells captures light that would otherwise pass through,
increasing overall efficiency.

TOPCon (Tunnel Oxide Passivated Contact) panels, another advanced option, offer even
higher efficiency than PERC due to their innovative passive design. However, their
significantly higher cost makes them less accessible compared to PERC technology.

Bifacial Technology: Solar panels that have a capacity to produce energy from both the front
and back are referred to as bifacial technology. Bifacial solar panels collect sunlight from both
exposure to the sun on the front and reflected light from the ground or surrounding surfaces on
the back, unlike traditional monofacial panels that only capture sunlight on one side. The yield
of this method of production is high.These developments provide options tailored to
requirements and financial constraints, highlighting the trade-offs between cost and efficiency.

4.1.8 Findings and Discussion on Durability and safety of Solar panels in Kerala

The majority of solar panels used in Kerala are durable and made in compliance with industry
standards; they are mostly purchased from Indian manufacturers like TATA Solar and WRI
Energy. These producers guarantee the creation of strong, high-quality panels that meet local
requirements.

In terms of safety, four types of earthing were used during installation: body earthing, lightning
arrestor earthing, DC earthing, and AC earthing. By enhancing the durability and flexibility of
solar panel systems, these safety precautions guarantee reliable and safe installations.
Discussion: Kerala's monsoon climate, which is defined by substantial amounts of moisture
and humidity, can be challenging for solar panels, especially when it comes to corrosion, which
could reduce their overall efficiency. Monocrystalline panels, on the other hand, are made
especially resistant to these conditions. As long as they are properly maintained, these panels
will last at least 20 years.
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Due to their high-quality materials and robust construction, monocrystalline panels are less
susceptible to corrosion and decay, commonly observed in more humid climates. Long-term
energy generation capacity is guaranteed by this durability, which also minimizes the need for
regular maintenance or replacements.

4.1.9 Findings and Discussion on Environmental Benefits and Cost Considerations

Mono PERC panels are more affordable than Top Con panels in India and are readily available
from local Indian producers. All respondents agreed that Mono PERC panels are the most
efficient and cost-effective option for solar installations.

The adoption of monocrystalline solar panels aligns with Kerala’s green initiatives and
contributes to the protection of the natural environment, reinforcing the state's commitment to
sustainability.

Discussion: Monocrystalline solar panels generate more energy compared to other types, such
as polycrystalline panels. The ability to save on electricity bills and the high return on
investment (ROI), when comparing savings to costs, make them a worthwhile investment.

Top con panels are the most advanced technology and generate high output, but the cost is
comparatively high.

Kerala offers numerous government incentives and subsidies for these panels, making them
financially feasible for many homeowners. By reducing dependence on conventional energy
sources and utilizing solar power, individuals not only save money during the operation of the
system but also benefit from significant savings throughout the payback period.

4.2 Findings and Discussion on Polysun Software Analysis

The simulations conducted using Polysun software provide detailed insights into different
types of solar PV systems performance, efficiency, and environmental benefits in a commercial
building in Kerala, India. The findings from key performance indicators, such as CO2
emissions, energy Yields, self-consumption rates, grid dependence, and total electricity
consumption.

4.2.1 Reduction in CO2 Emissions

The implementation of solar PV systems resulted in a significant reduction in CO2 emissions.
Here in the simulations, we access the CO2 emission of Polycrystalline panels,
Monocrystalline panels, Mono PERC panels, Bifacial panels, and TOPCon panels. Table 5
shows the CO2 emissions of different panels. The result from the Polysun software simulation
in case 1 (70 panels).
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Table 5: CO2 emissions of different types of panels

Type of Panel CO2 emission (Kg)

Monocrystalline 6406
Polycrystalline 8052
MonoPERC 5114
Bifacial 4770
TOPCon 4090

The simulation result in the Table 5 demonstrated that utilizing TOPCon panels substantially
lowered the carbon footprint compared to other panels, but Bifacial and Mono PERC also
shows better results. This is attributed to the high efficiency of TOPCon panels, which
maximize energy production under locations climatic condition. The reduction aligns with
global goals for sustainable energy and highlights the potential of advanced solar technologies
in mitigating environmental impact. India's adopting such systems can contribute significantly
to the country's green energy objectives.

4.2.2 Grid Energy Dependency

The results indicated a notable decrease in energy drawn from the external grid after integrating
the solar PV system. The main portion of the building's energy requirements was met by the
PV system setup on the roof top, minimizing reliance on grid-supplied electricity. Every panel
type has different values. From the Table 6 The polycrystalline panels depend on the grid more
than other panels, but the panel is just doing the makeup, not the full dependency. The analysis
indicates that Mono PERC panels, Bi facial panels and the TOPCon panes are less dependent
of external grids

Table 6: Energy drawn from external grid

Type of Panel Energy from external grid(kwh)(70
panels)

Monocrystalline 11942

Polycrystalline 15010

MonoPERC 9533

Bifacial panels 8892

TOPCon 7625
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In Kerala, India, the weather is not the same every month. It fluctuates depending on the
seasons. June, July and August are monsoon seasons. In the month of November again a small
amount of rainfall occurs. March, April, and May are summer months. The energy production
and consumption from the grid depend on these months. Here we provide monthly energy
usage data.

From external grid

1,500

1,000

Apr May Jun Jul Aug Sep Oct Nov Dec

Year Jan Feb Mar

kwh

(1) Monocrystalline  (2) Polycrystalline m (3) PERC = (4) Bifacial m (5) TOPCon panel
Fig 10: Average monthly energy consumption

Reduced dependency on the grid not only ensures energy cost savings but also enhances energy
resilience, particularly in areas with inconsistent grid supply. This outcome underscores the
economic and operational viability of solar PV systems for commercial applications.

4.2.3 Annual Electricity Yield and Consumption

Case 1: The annual electricity yield from the solar PV system was evaluated using simulation
data from Polysun software. The yield is different for different panels. Here, we compare the
different panel technologies: Polycrystalline, Monocrystalline, Mono PERC, Bifacial, and
TOPCon panels. We chose 70 modules of each type and measure how much yield the panels
can produce. The Table 7 gives a clear idea of the annual yield in different panels.

Table 7: Annual yield in different panels

Type of Panel Energy yield(kwh)

(70 modules)
Monocrystalline panels 27888
Polycrystalline panels 19389
MonoPERC panels 34366
Bifacial panels 41293
TOPCon 48392

Based on the calculation done, the commercial building annual energy requirement is
30000kWh. Here, some of the panels cannot meet the energy requirements of the building. It
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means if we install these types of panels in the building, energy from the grid is necessary to
meet the total energy requirement of the building, and it results in an increase in the total cost.

Yield Photovoltaics AC

2,000
1,500
1,000
500
0 = = = = -
Jul Aug

Year Jan Feb Mar Apr May Jun Sep Oct Nov Dec

(1) Monocrystalline  (2) Polycrystalline @ (3) PERC m (4) Bifacial m (5) TOPCon panel

Fig 11: Monthly production
Figure 11 shows the monthly production. The production of energy depends on the weather,

location, and the type of panels. The polycrystalline panels cannot meet the building's annual
requirements, but they are almost near the border. However, in some months, especially June,
July, and August, the production is low for all the panels based on the rainy season in Kerala,
India. From table 7 it is clear that the Top Con panel makes more yield than any other panel.
The Top Con solar panels exhibited an impressive conversion efficiency, ensuring optimal
energy output despite Kerala's challenging climatic conditions. Advanced cell architecture and
materials in the Top Con panels, such as tunnel oxide passivated contacts, minimized energy
losses and improved energy capture during fluctuating sunlight hours. The Bifacial panel
technology and Mono PERC panels can also meet the building's energy requirements. The Top
Con panels cost more than the Bifacial panel and Mono PERC panels, if the customer needs to
reduce the price of the initial investment, then the Mono PERC and Bifacial technology with
Mono PERC panels are the good options.

Case 2: Here, we took the minimum number of panels to meet the building's annual energy
requirement. The number of panels is different here; based on the efficiency, the number of
panels varies in different types of panels. Table 8 shows the simulation results from the Polysun
software.

Table 8: Minimum number of panels to meet the annual requirement

Type of Panel/technology Minimum number of PV
modules
Monocrystalline 76
Polycrystalline 104
MonoPERC 60
Bifacial 50
TOPCon 42
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The Polysun simulation results show the differences in solar panel efficiency when meeting
the building’s energy needs which we calculated 30000kWh. TOP Con panels lead the pack,
requiring only 42 modules, making them the most efficient and space-saving option. If the
space requirement is less, this can be considered the best option. Bifacial panels stand closely
with 50 modules, leveraging their ability to generate power from both sides, making them ideal
for reflective surfaces. Mono PERC panels (60 modules) are in third place this panel setup
needs more space than the TOP Con and bifacial panels. The normal monocrystalline panels
and polycrystalline panels are 76 and 104, respectively which means the installation setup
required more space and other supporting equipment.

4.2.4 Energy Export to Grid

The simulations conducted using Polysun software revealed critical insights into the energy
export characteristics of the different solar PV systems. During periods of peak favorable
energy production conditions, the solar PV system generated more electricity than the
building's consumption requirements. This surplus energy will be exported back to the external
grid.

Self-energy production supports the grid's energy requirements and helps reduce the grid's
energy crisis. Produced green energy will result in the reduction of environmental impacts by
energy production. Export volumes varied based on seasonal factors, with higher export levels
observed during months with extended sunlight hours. The Table 9 shows the annual energy
contribution from different panels to the grid. From Table 9, we get a clear insight into the
contribution and efficiency of different panels, for case 1.

Table 9: Results of energy exports to the grid

Type of Panel/technology Energy export to grid(kwh)
Monocrystalline 9610

Polycrystalline 5601

MonoPERC 16506

Bifacial 20186

TOPCon 29650

The data indicates a clear correlation between the technological advancements of PV panels
and the energy they export to the grid. TOP Con and bifacial panels representing newer
technologies demonstrate the highest exports due to their ability to optimize energy generation
under different weather conditions. The Mono PERC panels also contribute significantly to the
grid. Bifacial panels’ ability to capture sunlight from the rear side significantly enhances their
energy output, especially in environments with high reflectivity. Similarly, TOP Con panels’
advanced passivation and reduced recombination losses provide a competitive edge. The values
are varied in different seasons based on the sun light availability. Figure 12, shows the monthly
contribution to the grid by different panels in our study.
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Fig 12: Monthly contribution to the grid by different panels

4.2.5 Solar PV Module Cost in the Indian Market

In India the price of the panels is different in different areas. Different state has different
costs depending on the central government and state governments' subsidies, Transportation
costs, and other charges. We collected the price data from installers and solar experts in the

selected region; here we listed in Table 10.

Table 10: Cost consideration

Type of Costin INR Total cost(INR)- Total cost(INR)-
Panel/technology Case 1 Case2
(70 Modules)
Monocrystalline 12000 840000 912000
Polycrystalline 9000 630000 936000
MonoPERC 18000 1260000 1080000
Bifacial 22000 1540000 1100000
TOPCon 31000 2170000 1302000

From the Table 8 showing the minimum number of panel required to meet the buildings annual
energy need 30000 kWh, from the Polysun simulation and analysis we got the number of
modules that required. From the the Table10 we have the price of different modules. Here we
can find out the total module cost.

Polycrystalline panels, priced at 9,000 per module, are the most affordable option due to their
simpler manufacturing process. However, their lower efficiency means that more panels are
required to generate the same amount of electricity as other technologies. Here in case 2 we
require 104 modules, so the total cost becomes 936000 INR. More number of panels require
more space and need more installation setup and accessories so installation cost also becomes
high for the polycrystalline panels.
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The standard Monocrystalline panels cost 212000 per module; There is no big price difference
with polycrystalline panels, but there is a significant difference in efficiency and utilization of
space. From Table 8 we will get the number of panels required in case 2. Here we need 76
monocrystalline modules, so the total cost of panels becomes ¥912000. Installation cost and
accessories costs are less than the polycrystalline panels due to less number of modules.

Mono PERC panels, priced at X18,000 per module, show a significant cost increase due to
improved passivation layers, which enhance energy yields beyond standard monocrystalline
panels. The added cost reflects technological advancements that boost performance and
efficiency. Better efficiency reflects a decrease in the number of panels in case 2. In this case
only 60 panels are used. The total cost of modules here in this case is 1080000 and here the
accessories cost is less because of less number of panels compared to standard Monocrystalline
panels.

Bifacial panels costs 222,000 per module, provide even greater energy generation potential by
capturing sunlight from both the front and rear surfaces, leading to increased energy
production. Their higher price is justified by their enhanced efficiency and ability to optimize
solar yield in suitable environments. Here in the case 2 only 50 units of modules required to
meet the buildings annual requirement, and it costs *1100000. The total module cost is higher
than the PERC technology panels but when we consider the installation material cost, and space
utilization here it is lower than the PERC panels installation due to lesser number of modules.

TOPCon panels are at the top of the price range, costing 331,000 per module, are the most
expensive but also the most advanced in terms of efficiency and durability. When we consider
the case 2 we use only 42 modules to meet the buildings annual energy requirement, so total
cost of modules becomes X1302000. The rate is comparatively higher than all other panels and
the number of modules is 8 units less than the Bifacial panels.
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CHAPTER 5

CONCLUSION

Here, the integrated study on solar panel technologies and installations in buildings in Kerala
has been carried out based on theoretical and empirical considerations. The study confirms that
there is a high opportunity that can be exploited for using solar energy due to governmental
policies, awareness, weather conditions and lack of technological advancements in Kerala,
India. If the country can overcome the problems by strategical approach, then India can make
a better fossil free growth in energy sector and whole country development. The findings from
the background study and interviews provide a general understanding of the current trends in
solar panel installations in Kerala.

On the other hand, the interviews with solar installers and company owners provided
information on the most updated applications of panels and technology in the Kerala solar
sector also what are the problems and barriers currently India facing. From the interview results
presented above, the respondents were in complete agreement regarding the key factors that
have spurred adoption, including government incentives and KSEB’s net metering policy.
They said that they were able to cut down significantly their electricity costs and low use of
fossil fuel through the utilization of solar technology. However, there are challenges, which
include the bureaucratic process to access subsidies and incentives.

The conclusion of the research reveals that in case of performance TOPCon solar panels with
bifacial technology are most efficient panels. The Bifacial panels with PERC technology are
also perform well in the region because of their superior performance. We conclude the result
using Polysun simulation and analysis. Based on the cost analysis, the results conclude that
monocrystalline panels are the most cost-efficient in terms of meeting energy demands. These
panels are comparatively cheaper than other types while still fulfilling energy requirements
effectively.

Customers consistently prefer low-cost, high-efficiency panels. According to the analysis,
currently Bifacial Mono PERC panels are the best choice for achieving high yield at a lower
cost. Bifacial technology is highly advanced and ensures maximum output. TOPCon panels are
technologically advanced and gives better efficiency than PERC-Bifacial technology but the
cost is the reason that they are not wide spreading. There are very few manufacturers making
TOPCon panes in India, but it is less efficient than imported TOPCon panels due to a lack of
the latest manufacturing machinery and technological advancement. Government must provide
more funding for solar panel research and development and financial support for the companies
to adopt the latest technology and machinery, it will help to achieve better efficiency and
quality for panels. According to the Indian solar policy, the government provides subsidies for
made-in-India products like solar panels and other supporting companies like inverters
installation setups. But the government policies are more complicated with the industry and
panels manufacturing, it need to grow. If the panels are locally produced the cost become
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affordable and all the components become cheaper. So the government must give a big support
to the local manufacturers, at the same time the government must standardize the quality levels
of panels also the product warranty and after sales support.

We conclude that currently PERC technology in Bifacial panels are the most suitable solar
panel option for implementation in Kerala India in the perspective of Economical and
performance. Since they are highly efficient, durable, and eco-friendly, they are highly suitable
for application to the regions conditions. When Kerala expands its inclination towards
renewable energy solutions, the use of Mono PERC with bifacial technology will help more.

However, in order to achieve its desired goal and to utilize fully the factors of production for
developing solar power in Kerala, certain more things need to be done, such as simplification
of the process of applying for subsidies, educating the public via raising awareness on the
utilization on solar energy and the availability of skilled manpower especially in the most rural
areas. If dealing with these challenges, Kerala would be in a better position to shift from fossil-
based resources, work towards climate change growing awareness, and achieve the goal of
a sustainable energy future for Kerala.
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Appendices
Survey Questions

Solar Energy Potential and Technical Considerations

e How do you assess the solar energy potential for buildings in Kerala, particularly given
the region's high solar irradiance and seasonal variability?
e What are the key differences in solar energy potential between residential, commercial,
and industrial buildings in Kerala?
e How do you manage the seasonal variability, especially during the monsoon months,
in terms of maintaining solar system efficiency?
From a technical perspective, which type of panels do you recommend for Kerala’s climatic

conditions?

e What measures do you take to ensure that the solar panels you install are durable and
suitable for Kerala’s tropical climate, particularly regarding humidity and temperature

fluctuations?
Economic side

e What is your experience with the payback period for solar installations in Kerala? Does
the 5-7 year period mentioned in the study align with what you observe?

e How do government subsidies and net metering policies influence the economic
feasibility of solar installations for your clients?

Barriers to Adoption:

e In your experience, what are the most common barriers that prevent people from
adopting solar energy in Kerala? How do high initial costs and lack of awareness affect
the market?

e What challenges do you face when installing solar panels in rural areas where there
may be a lack of skilled labour or infrastructure?

e How do environmental factors such as Kerala’s humid climate, dust accumulation, and

frequent rain affect the durability and performance of solar panels?
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Maintenance and Efficiency Over Time:

e What kind of maintenance is typically required to ensure solar panels remain efficient

over time, especially in Kerala’s high-humidity environment?

e How do you educate customers about the importance of regular maintenance, and what
kind of maintenance plans do you offer?

Questions regarding Government Policy

e How do you assess the current effectiveness of government policies in promoting solar
energy adoption in Kerala?

e What impact has Indian government and the Kerala State Electricity Board’s (KSEB)
net metering policy had on solar adoption rates, and how do you plan to further
incentivize solar installations?

e How do government subsidies and tax exemptions help mitigate the high initial cost of
solar installations? Are there plans to increase or improve these financial incentives?

e What steps are being taken to get government tax reductions ? is that process complex
and time-consuming?

e How is the government or companies addressing the lack of public awareness about
solar energy benefits and available incentives in Kerala?

e What initiatives are in place to improve the availability of skilled installers?

Future of Solar Energy in Kerala:

e What are the government’s long-term plans to promote large-scale solar installations in

both residential and commercial sectors?
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