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Abstract

This study, titled "A Study on the Role and Challenges of Emerging Technologies in the Solar
Power Industry," examines the obstacles and issues facing the solar power sector and the reasons
individuals hesitate to invest in solar energy to meet their energy needs. The researcher conducted
qualitative research analysis using an ethnographic methodology. A total of 30 organizations within
the solar power industry were selected for this investigation. Following qualitative methods, an
ethnographic approach was employed. As a participant observer, the researcher studied the impacts
of technology on the solar power sector through observations and interviews. Major factors
affecting the performance of the solar power industry in India include poor management and
governance, intense competition, depreciated assets, outdated laws and policies, ineffective
financial and accounting practices, a lack of clear, unified government policy and support,
procurement policies in a free market, low incentives, unskilled human capital, a scarcity of
financial resources, and the current economic climate. Conversely, stabilizing the political and
economic environment, updating management and governance practices, renovating or replacing
depreciated assets, revising laws and financial practices, establishing clear, unified government
policy and support, implementing flexible procurement policies and a mixed market economy,
enhancing competitive incentives and capacity building, and injecting capital represent significant
opportunities and growth potential to improve the performance of solar power plants. Given India's
abundant solar energy resources, legislative support and technological advancements, solar energy
technologies for electricity generation are well-positioned to meet the increasing energy demand
in the coming years. Officials should also aim for a grid composed entirely of renewable energy
sources soon. Key scientific areas requiring further research include solar energy, bioenergy, wind
energy, and the design of energy-efficient buildings. Rooftop generation offers a solution to the
aforementioned land issues, boosts solar thermal production in the country, and enables users to
achieve self-sufficiency independent of financial incentives.

Keywords: Emerging Technologies, Renewable Energy, Smart Energy Management, Solar PV
System, Solar Power Industry
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Introduction

The solar power industry has experienced rapid growth and technological advancements in recent
years as countries worldwide strive to transition to renewable energy sources and reduce their
carbon footprints. Emerging technologies such as blockchain, artificial intelligence, and the
Internet of Things (IoT) have the potential to enhance the efficiency, reliability, and affordability
of solar power systems even further. This research aims to conduct a comprehensive study on the
impact of emerging technologies on the solar power industry.

The researcher investigated the solar power industry's major challenges, constraints, opportunities,
growth potential, and the effects of emerging technologies. Furthermore, the research highlighted
the importance of financing mechanisms in achieving greater deployment of solar power
technology in India.

This research aims to study the impact of emerging technologies on the solar power industry,
examining challenges, constraints, opportunities, and growth potential. It highlights the
importance of financing mechanisms for greater deployment of solar technology in India and
analyzes the costs and benefits of advanced technologies in the sector. The study emphasizes
business models with financing components, particularly for rural areas with limited commercial
financing access. It also explores how recent socio-economic and political changes impact the
industry, aiming to contribute to the broader discourse on renewable energy and sustainability by
identifying ways for the solar power industry to grow in a rapidly evolving technological
landscape.

Research Objectives

1. Identify the significant factors influencing the feasibility of Small, Medium, and Large-Scale
Solar Power Generation Projects

2. Analyses the Impact of Emerging Technologies on the Cost of Production of Solar Power

3. Access the different prospects of the solar power Industry in the Indian Market.

4. Determine the Impact of Emerging Technologies on Future Business Prospects of the Solar
Power Industry

Research Questions

1. What are the major challenges and constraints of the Solar Power Industry in India?

2. What are the different opportunities and growth potential of the Solar Power Industry?

3. How do emerging technologies impact the Solar Power Industry?

Significance of Study

. The researcher investigated major challenges, constraints, opportunities, and growth potential of
the Solar Power Industry and the impact of Emerging Technologies.

. Further, the research also highlighted the importance of financing mechanisms in achieving
a greater deployment of Solar Power technology in India.

. This study will contribute to the broader discourse on renewable energy and sustainability,
as solar power is crucial to the global shift towards clean energy.

. This study will help identify ways the solar power industry can continue to grow and thrive

in a rapidly changing technological landscape.
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Literature Review

Focusing particularly on India's solar power sector, the literature review comprehensively analyzes
solar energy's development, challenges, and future opportunities. With the support of government
initiatives like the National Solar Mission and programs such as KUSUM and AJAY, India has
made significant strides in adopting solar energy. While Hairat and Ghosh (2017) critically assess
India's bold goal of achieving 100 GW of solar power capacity by 2022, research by Shahsavari
and Akbari (2018) emphasizes solar energy's potential to reduce emissions in developing
countries. The status of the Indian solar manufacturing sector is also addressed, which still heavily
relies on imports despite some growth. Various solar technologies—including photovoltaic cells,
concentrated solar power, and passive solar design—are examined alongside their development
(MNRE, 2015).

Additionally, the paper explores empirical studies highlighting the essential policy frameworks
needed for scaling solar energy and advancing technological innovations. Researchers like
Mohanka (2021) and Gautam and Purkayastha (2021) emphasize the role of local manufacturing,
smart energy management systems, and digital tools such as artificial intelligence and the Internet
of Things (IoT) in enhancing solar energy deployment. However, challenges persist, including
high upfront costs, limited technology, inconsistent energy supply, and environmental impacts
from manufacturing processes (Sharma et al., 2018; Dobrotkova et al., 2018). Social and economic
barriers, such as a lack of awareness and inadequate funding mechanisms, further hinder the
widespread adoption of solar energy. Future prospects highlight the need for policy support,
innovative technologies like battery storage, and robust infrastructure to harness India's immense
solar potential (Sharma et al., 2018; IEA, 2021).

Among the research gaps identified are more comprehensive studies on integrating advanced
digital technologies into India's solar sector, sustainable solar panel waste management solutions,
and strategies to enhance local manufacturing capabilities. Empirical research on financial models,
rural electrification through solar energy, and policy changes to alleviate socioeconomic
challenges is also lacking. Addressing these gaps will accelerate India's transition to a sustainable
solar energy future.

Research Methodology

The research approach for this study utilized a mixed-method framework, integrating both
qualitative and quantitative analyses to achieve the study’s objectives. Qualitative analysis was
primarily employed, with quantitative analysis applied to the third research objective. The research
design included in-depth interviews with 30 senior professionals from various large and mid-sized
solar power organizations selected through senior industry consultants. Data collection involved
virtual audio/video interviews, each lasting approximately 60 minutes, conducted with
professionals holding positions such as Director or Senior Member in the solar energy sector.

The study also outlines a qualitative research methodology with a geographical focus on India,
targeting 30 organizations in the solar power manufacturing industry. Data sources comprise in-
depth interviews with 30 senior management professionals from these organizations, conducted
virtually for about 60 minutes each. Content analysis has been employed for qualitative research,
emphasizing the triangulation of data sets to validate the three research questions.
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The study addresses trustworthiness and ethical concerns, ensuring the integrity and reliability of
the research process.

Data Analysis and Interpretation

This chapter presents the study's findings, including the interview data results. As mentioned in
the research objective, the main purpose of this research was to answer the three research
questions. To find the ideal answer and achieve the research objective, separate related interview
questions have been designed for each research question.

Analyzing of Research Question One (RQ1): What are the major challenges and
constraints of the Solar Power Industry in India?

Major causes of the solar power industry's declining performance include fragile political and
economic conditions, poor management and governance, tough competition, depreciated assets,
outdated laws and financial practices, lack of unified government policy, procurement policy
issues, low incentives and unskilled human capital, and insufficient financial resources.
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Fig 1: Major Causes of Declined Performance of the Solar Power Industry

VOLUME 12, ISSUE 3, 2025 PAGE NO: 61



International Journal of Pure Science Research ISSN NO : 1844-8135

Analyzing Research Question Two (RQ2): What are the different opportunities and growth
potential of the Solar Power Industry?

Ways to improve the solar power industry's performance include stabilizing the economic situation,
modernizing management and governance, releasing government lands for solar projects,
renovating or replacing depreciated assets, updating laws and financial practices, introducing clear
government policies, implementing flexible procurement policies, building competitive incentives
and capacity, and injecting more capital into the sector.
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Fig 02: Ways to Improve the Performance of the Solar Power Industry

Enhancing the performance of the solar power industry calls for a comprehensive approach that
involves stabilizing the economic situation, modernizing management and governance structures,
and facilitating the use of government lands for solar projects. In addition, renovating or replacing
outdated assets, updating legal frameworks and financial practices, and introducing clear and
consistent government policies are crucial. Implementing flexible procurement policies, creating
competitive incentives, boosting capacity, and injecting more capital into the sector will further
promote growth, efficiency, and sustainability in the solar power industry.

RQ 3. How do emerging technologies impact the Solar Power Industry?

Table 1: Tests of Normality
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Kolmogorov-Smirnov? Shapiro-Wilk

Statistic Df Sig. Statistic df Sig.
TA 134 189 .060 .950 189 .260
Perform

137 189 .000 961 189 440
ance

The normality test for Kolmogorov-Smirmov and Shapiro-Wilk should be great than .05, the
Kolmogorov-Smirmov value is less than the value, but the Shapiro-Wilk result for HRP is .260,
for JA is .440, and for EP is .320 which are all greater than .05 we consider Shapiro-Wilk for the
normality test for the data. The normality

Table 2 Cronbach’s alpha-Technology Advancement: Reliability

Statistics Human Resource Planning

Cronbach's Alpha

Based on
Cronbach's Alpha Standardized Items N of Items
.887 .887 6

Reading the above table shows that the value of Cronbach's alpha is greater than 0.7 (>0.7), which
means that there is internal consistency with the respondents' responses. If it’s less than 0.7, it’s
questionable, but here, it’s more than 0.7, which is really good.
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Table 3: Cronbach’s alpha- Performance

Reliability Statistics Solar Power Performance

Cronbach's Cronbach's Alpha Based on
Alpha Standardized Items N of Items
.880 .884 8

ISSN NO : 1844-8135

Reading the above table shows that the value of Cronbach's alpha is greater than 0.7 (>0.7), which
means that there is internal consistency with the respondents' responses. If it's less than 0.7, it’s
questionable, but here, it’s more than 0.7, which is really good.

Table 4: Model Summary

Model Summary

Adjusted R Std. Error of the
Model R R Square | Square Estimate
1 .689° 474 469 46598

a. Predictors: (Constant), Technology Advancement

b. Dependent Variable: Solar Power Performance

The model summary indicates that technology advancement explains 47.4% of the variance in
solar power performance (R? = 0.474), with an adjusted R? of 0.469, suggesting a strong positive
relationship. The standard error of the estimate is 0.46598, indicating the average deviation of
observed values from the predicted values.
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Table 5: ANOVA

ISSN NO : 1844-8135

ANOVA?
Model Sum of Df | Mean F Sig.
Squares Square

1 Regression | 36.453 2 18.226 83.939 | .000°
Residual 40.387 186 | .217
Total 76.840 188

a. Dependent Variable: Solar Power Performance

b. Predictors: (Constant), Technology Advancement

The significance value in this study is (.000°), which shows a significant relationship among
variables. The ANOVA table shows that the regression model is statistically significant (F(2,186)
= 83.939, p = .000), indicating that technology advancement significantly predicts solar power

performance.

Table 6 Correlation (Technology Advancement and Solar Power Performance)

TA SPP
Spearman's | Technology Correlation
1.000 512
rho Advancement Coefficient
Sig. (2-tailed) .000
N 189 189
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Solar Power Correlation
512 1.000
Performance Coefficient
Sig. (2-tailed) .000
N 189 189

There is a significant relationship between Technology Advancement and Solar power industry
Performance, r (187)=.51, P=.000.

DISCUSSION

e The performance of the solar power industry in India is influenced by several critical
factors, including poor management and governance, tough competition, depreciated
assets, outdated laws, policies, and financial practices, and the absence of a clear, unified
government policy and support.

e Challenges such as procurement policies in a free market, low incentives coupled with
unskilled human capital, lack of financial resources, and an unstable economic situation
further impact the industry's growth and sustainability.

e The solar power industry in India also presents significant opportunities for growth and
improvement. Key factors include stabilizing the political and economic situation,
modernizing management and governance, renovating or replacing depreciated assets,
updating laws, policies, and financial practices, introducing clear, unified government
policy and support, implementing flexible procurement policies, building competitive
incentives and capacity, and injecting more capital into the sector.

e The solutions highlighted by respondents to improve the performance of the solar power
industry include standardizing management and governance, releasing lands for solar
projects from government control, renovating or replacing depreciated assets, updating
laws, policies, and financial practices, introducing clear, unified government policy and
support, implementing flexible procurement policies within a mixed market economy, and
fostering competitive incentives and capacity building.

Recommendations

1. Given the abundance of solar energy in India, solar energy technologies for electricity
generation are well-suited to meet the rising energy demand in the coming years, supported
by regulatory backing and technological advancements.

2. To meet these high demands, Indian policymakers at both the national and state levels must
mobilize cost-effective investments through effective intergovernmental collaboration. In
the coming years, policymakers should also strive to achieve a 100 percent renewable
energy grid.

3. With a larger rural population than an urban population, India has devised policies for
electrifying rural areas and providing enough resources to rural villages.
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4. Floating PV can and should be used to boost the country's installed capacity of PV. Floating
PV not only helps to overcome the lack of available land but also gives a simple solution
to the temperature rise problem in PV, with the movement of water acting as natural
cooling, resulting in greater energy production.

5. The application of safeguard levies on imports of components and materials for PV plants
is another issue that hinders solar development in the country. Although the purpose of
these import duties is to safeguard the local developer, the current incapacity of the
domestic manufacturing sector makes these import duties an addition to the already high
cost of capital. This has discouraged developers from entering the solar energy market.

6. Solar energy, bioenergy, wind energy, and energy-efficient building design are significant
research fields that still need to be explored.

7. Rooftop generation solves the land difficulties discussed in the preceding section, increases
solar thermal generation in the country, and allows consumers to become self-sufficient,
regardless of the financial rewards.

Limitations and Delimitations

e Good number of resources were spent interacting with the prospective participants to
convince them to participate in this study and then finalized the first list of participants.
After finalizing the first list, many of the agreed participants dropped out of the study.

e Considering the above challenges lot of time was spent preparing the questionnaire which
doesn’t conflict with the participant’s work, pilot testing of the questionnaire, delivering
the questionnaire and receiving the questionnaire.

e Researcher was able to study and evaluate broadly the usefulness of the energy sector but
due to a lack of resources and frequent changes in this area, the researcher could not do an
in-depth study.

e Hence there is a lot of scope for further research to conduct an in-depth study of the growth
potential of the Solar Power Sector as well as the influence of Emerging Technologies.

e Also benefits of solar power in Various functions of other industries can be studied
considering future trends. There is further scope to study the challenges in implementing
the digitalization process in each and every function of an energy Company and also
centralized digital strategy and development of digital strategy framework for the Energy
industry.

Recommendations for Future Research:

1. Storage Technologies: One of the primary challenges facing solar power in India is the
lack of efficient and affordable energy storage solutions. Further research should focus on
developing new storage options that are scalable, reliable, and cost-effective.

2. Efficiency Improvements: Solar cell efficiency is a vital factor in determining the overall
performance of a solar power plant. Further research should center on developing new
materials and manufacturing processes to enhance solar cell efficiency.

3. Grid Integration: The integration of solar power into the grid presents several technical and
regulatory challenges. Additional research should aim at developing new technologies and
standards to improve grid integration and ensure grid stability.
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4. Policy and Regulatory Framework: Government policies and regulations play a crucial role
in the growth and development of the solar power industry in India. Further research should
concentrate on identifying the most effective policy and regulatory frameworks to promote
the expansion of the solar power sector.

5. Environmental Impacts: Solar power is often viewed as a more environmentally friendly
alternative to traditional fossil fuels. However, there are still environmental impacts linked
to solar power production, such as the use of land and water resources. Further research
should focus on identifying and mitigating these environmental consequences.

6. Economic Analysis: The solar power industry in India is still in its early stages,
necessitating further economic analysis to determine the most cost-effective solutions for
solar power production and distribution. Research efforts should analyze the costs and
benefits of various solar power technologies and deployment strategies.

Implications and Conclusion

Traditional power generation based on solar energy is generally considered unsustainable in the
long term due to the inability of the system and low power efficiency. As a result, more innovations
are introducing all over the world. Electricity generation at night is the most critical innovative
option. Based on current technology, solar technologies provide adequate energy to rising energy
needs compared to nonrenewable technologies. So, innovations are essential in the solar energy
sector to develop it with maximum efficiency. So, this paper presents innovative ideas and future
views of solar energy technology. Innovation is a panacea for solar energy technology for fulfilling
the future rising energy demand effectively.

Solar radiation data is available from several sources including satellite simulations. The data
collection and simulation is a complex procedure and can have inaccuracies varying from 3 to
20%. The most reliable data is ground measured with accurate instruments. The performance
depends on several factors, including solar radiation, temperature, air velocity apart from the
module type and quality, angle of tilt(or tracking), design parameters to avoid cable losses, and
efficiencies of inverters and transformers. There are some inherent losses that can be reduced
through proper design but not completely avoided. Thin film modules will perform better than the
crystalline modules in high-temperature zones. The estimated capacity factor varies from 16 to
20% in various parts of the country. This will require an additional investment of Rs.40 to 45 Lakhs
per MW. The modules show degradation in power output through years of operation. It is observed
that quality modules is very important in determining the extent of degradation.

The improvements in technology and quality assurance have reduced this degradation
considerably. Several manufacturers are proposing extended warranties although with a safety of
margins. Based on the results of past studies and trends, one can fairly assume a degradation of a
maximum of 0.5% per year from 3rd year of deployment. This can also be compensated by the
addition of 5 KW of modules per year from the 4th year to the 24th year of operation, requiring an
expenditure of Rs.4 to 4.5 lakhs per year at current market rates.

Monitoring the solar plant installations and building a database for future work would be desirable.
It is also recommended to carry out a detailed study for several locations with the database actively
involved.
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