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Abstract: As the scarcity of conventional energy sources like coal, petroleum, natural gases are
increasing and causing the environmental and climatic changes, use of natural resources is growing in the
recent years. Solar energy is playing a key role in compensating the electrical energy short fall. India is
running one of the largest and most ambitious solar renewable capacity expansion programs. Solar energy
is one of the key elements of socio-economic development and also responsible for sustainable jobs
creation in the society. This paper aims to present significant achievements, prospects, generation of
electricity as well as challenges and investment and employment opportunities due to the development of
solar renewable energy in India. In this review, we have identified the various obstacles faced by the
renewable sector. The recommendations based on the review outcomes will provide useful information for
policymakers, entrepreneurs, solar industries, associated stakeholders, researchers, and scientists.
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L. INTRODUCTION

Conventional energy sources are finite and under depletion also has environmental impact. Electricity generation is
the main cause of industrial air pollution as electricity comes from coal, nuclear, and other non-renewable power plants.
Conventional energy sources contribute to polluting air, land, and water. The oil crisis in the 1970s pushed the
Government to focus from coal to renewables. This coupled with the early 1990s financial crisis and engagement of the
private sector in industrial development, brought about by the liberalization and industrialization of the Indian economy
in 1991 triggered a growth of the renewable energy sector [2]. Renewable energy is generated from the natural process
and It’s available continuously for usage. Use of renewable energy helps the environment also contribute in socio
economic development of the country.

Sun is one of the renewable resource, solar energy used the energy comes from sun. Solar Panels made up of solar
cells are one of the key components to convert the sunlight into electricity. The basic components of the solar power plant
are Solar Panel, Inverter, AC, DC protection devices, cables and earthing, lighting protection.

The study of the sustainable source of energy is important due to several reasons, Firstly the conventional energy
sources are diminishing as the demand rises. So, moving towards the alternative source is future need, it is important to
focus on the challenges facing by customer as well as installer so can be addressed and perspective towards going green
of the society can be changed. the survey shows that there are more than 600 solar companies in Maharashtra itself which
increases the competition in the solar market. So, to stand in the market organizations need to concentrate on the various
business strategies for bright future of the company. In this paper will focus on current status of the solar renewable
energy in India, the limiting factor of solar energy, steps to overcome the limiting factors and employment opportunities
in the solar field.

As of September 2021, India had 101.53 GW of renewable energy capacity and represents ~38% of the overall installed
power capacity. The country is targeting about 450 Gigawatt (GW) of installed renewable energy capacity by 2030 —
about 280 GW (over 60%) is expected from solar [3].
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II. LITERATURE SURVEY
More than 50 Published paper, government websites, reports and renewable field expert opinion are considered for the
literature review some of them as listed below
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Summary

India has low conventional energy resources compared to its required energy needs driven by a huge population
and a rapidly increasing economy. However, India can harness the huge potential of solar energy as it receives
sunshine for most of the year.

The Solar renewable energy has the great future ahead and contribute in social and economic growth of the country.

Employment in the industry has increased from last few years.
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e  Still there is less awareness in society about the renewable sources, Low and moderate-income households are less
likely to adopt solar photovoltaics than higher income households.
e  Solar renewable industry facing challenges like social, technological, regulatory and financing challenges
e  Still there is lack of customer centric model where he can understand the basic of technology is required for them,
economic viability of different product available in market and what will be rate of returns on investment.
e  Most of the organizations are not able to focus the sales and marketing strategies due to cost implications and
capital budgeting.
e Most of the time subsidies develop are not able to reach to end user about the policy so government/ service
provider should make aware about it, should be hassle-free and in line with time.
In primary data collection method Questionaries on solar renewable field focusing on customer, government policy,
financial aspects and installer are prepared. Feedback from various solar installer for sustainable business in market
contribute to research.

Primary Data

Selected group of renewable o B Sl
companies asked about view on
current sceniorio and bussiness
strategies of Renewable energy

A. Electrical Contractor

B.Solar System Installer

Fig. 1. Primary Data Collection Methods
Secondary data considered as published data on government websites, reports, related research studies in various journals
and opinion of renewable field expert.

Secondary Data
e Record ]
Pub ed Data 0 R one ble 2 &
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Fig. 2. Secondary Data Collection methods
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HI. IMPLEMENTATION
We concentrate on solar renewable energy try to find out the current status of solar renewable energy, barrier in adoption of

the solar energy, steps to overcome the barrier and sustainable business practices in the solar energy market. The Fig.3.
shows the steps follows in the research process.

Understand the current status, barrier, steps to overcome barrier and sustainable business practices in

Solar Energy Market

L2

Research Proposal-Plan of Research, Literature review to research decision

4

Research Framework and Research Design to evaluate the collected data to get the conclusion

v

Used Primary and secondary data collection methods

Data Refining and preparation -Recheck of the data, data editing

R

Data analysis and Interpretation to justify the research question

v

Final synopsis with result collected

T

Research conclusion

Fig.3. Flowchart of the research process
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Current status of the solar renewable energy in India

Solar power in India is a fast developing industry as part of the renewable energy in India.[33] The country's solar installed
capacity was 53.997 GW as of 31 March 2022

The Fig. 4 graph shows the solar capacity installed and solar power generations through the installed power plant, we can
year by year solar installation and solar power generation are increasing Solar electricity generation from April 2020 to
March 2021 increased to 60.4 terawatt-hour (TWh) from 50.1 TWh in the same period a year ago. Solar has the great future
ahead.

Year Cumulative Capacity (in MW)

2010 181
2011 41 2013-14 336

2012 1205 201415 460
013 2319

2014 263 201516 745

20150 3744 "
ety 2016-17  12.09

2017 12289 201718 2587
- — 201819 3927

2019 28,181

20 3467 2019-20 5013
2021 4008 2020-21 6040

2022 50777

Year  Solar power generation (TWh)

Fig. 4. Solar installed cumulative capacity and solar power generations
During 2010-19, the foreign capital invested in India on Solar power projects was nearly 20.7 billion US$[34].
The International Solar Alliance (ISA), proposed by India as a founder member, is headquartered in India. India has also
put forward the concept of "One Sun One World One Grid" and "World Solar Bank" to harness abundant solar power on
global scale[35][36].
In January 2016, Prime Minister Narendra Modi and French President Frangois Hollande laid the foundation stone for the
headquarters of the International Solar Alliance (ISA) in Gwal Pahari, Gurugram. The ISA will focus on promoting and
developing solar energy and solar products for countries lying wholly or partially between the Tropic of Cancer and
the Tropic of Capricorn. The alliance of over 120 countries was announced at the Paris COP21 climate summit [37].

Future Opportunities in solar renewable field

In December 2020, Prime Minister Mr. Narendra Modi unveiled a plan to create at least one ‘green’ city in each state that
will be powered by renewable energy sources, primarily solar energy [41]. India was ranked fourth in wind power, fifth in
solar power and fourth in renewable power installed capacity, as of 2020. In October 2021, India retained its third rank on
the EY Renewable Energy Country Attractive Index [41].
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Fig. 5. Solar installed capacity breakup (GW)-January 22[41]
If we look the Fig.5 solar renewable energy itself contributing half of the total renewable energy installations, its shows that
solar energy has bright future ahead.
Investments in the renewable energy sector stood at Rs. 45,000 crore (US$ 5.99 billion) in FY21 and Rs. 46,000 crore (US$
6.13 billion) in FY22 (until July 2021). In 2022, India's renewable energy sector is expected to boom with a likely investment
of US$ 15 billion this year, as the government focuses on electric vehicles, green hydrogen, and manufacturing of solar
equipment. In April 2021, the Ministry of Power (MoP) released a draft of the National Electricity Policy (NEP) 2021 and
has invited suggestions from all stakeholders such as Central Public Sector Undertakings, Solar Energy Corporation of
India, power transmission companies, financial institutions such as the Reserve Bank of India, Indian Renewable Energy
Development Agency, HDFC Bank, ICICI Bank, industrial, solar and wind associations and state governments [41].
Merger and acquisition are taking place to increase the renewable installation capacity October 2021, Reliance New Energy
Solar Ltd. (RNESL) announced two acquisitions to build more capabilities. In October 2021, Adani Green Energy Ltd.
(AGEL) acquired SB Energy India for USS$ 3.5 billion to strengthen its position in the renewable energy sector in India. In
August 2021, Renew Power merged with Nasdag-listed special purpose acquisition company (SPAC) RMG Acquisition
Corp. IT (RMG 1II), which pegged the enterprise value of the new enterprise at US$ 8 billion [41].
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Fig. 6. a) Renewable Energy Potential in India [41] b) RES as percentage of total installed capacity [41]

According to the latest report in IBEF (India Brand Equity Foundations) India is estimated to have renewable energy
potential of 900 GW from commercially exploitable sources - Solar energy itself contributing to: 750 GW; Wind powerl:
102 GW; Bio-energy: 25 GW; and Small Hydro: 20 GW as seen in the Fig.6 a.

Over the last few years there has been an increase in percentage contribution of renewable energy to total installed capacity.
In 2013-14, the contribution was 12.92%, which increased to 38.56% as of January 2022. As seen in the Fig.6 according to
the analytics firm British Business Energy, India ranked 3 globally in terms of its renewable energy investments and plans
in 2020. In June 2021, IKEA announced to launch programmes to help suppliers in India transit to 100% renewable power.
The company has ~50suppliers in the country.

Challenges faced by the Solar Renewable Industry
The response on questionnaires from 50 peoples as follows:
Questions 1 Are you aware about the use of the solar energy for electricity generation at home?

® Yes
® No

Questions 2. Do you believe solar energy is reliable source of energy?

® Yes
® No

Questions 3. Are you aware about the current government solar policy for residential sector?

@ Yes
® No

Questions 4. Are you aware about the current government solar subsidy for residential sector?
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® ves
® No

Questions 5. Are you aware about the financial scheme offer by various bank for solar installations?

@ Yes
® No

Questions 6. What is the main factor do you feel affect the solar power plant installations?

@ Initial Cost

@ Traditional Approach
@ Fear of working

@ Above All

@ Not Known

Question 7 If set-up costs/maintenance were not a factor, would you consider using renewable energy or all of your energy
needs?

® Yes

@® No

@ Not Sure

Based on the analysis of selected publications and primary data collections we have analysed the various major challenges
face by the solar industry as shown in the Fig.7.
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Fig. 7. Challenges faced by Solar renewable energy
Although PV technology has advanced tremendously, many of the selected publications show that there are still several
barriers to adoption.

Social Barrier

The people are aware and feel solar is reliable source of energy in the above question 1 and 2 shows the lots of people are
aware and feel solar is reliable source of energy still having fear in mind going green, the perspective towards; what is solar
energy, how its work, what are benefits, which model is suitable is not yet clear. General information and awareness in
relation to new technologies and understanding the practical problems in implementing and maintaining solar projects are
limited [22]. The main concerns with respect to public understanding are: insufficient information regarding ecological and
financial benefits, inadequate awareness of renewable energy technologies and uncertainties about the financial feasibility
of RE installation projects [23]. The perception of adopters has a large impact on their decision whether to adopt a new
technology or not. This is because the way that adopters perceive the complexity of technology can impact their decision
on adoption [24]. There is always the fear of emanating from of yields due to environment changes and non-working of the
system [26].

Financial Process

As seen in question 4 and 5 more than 50% of the people are not aware about the government subsidies and loan facility
from various bank. The market for in India can be classified into four segments: Government market: where the government
buys the output of the projects as a consumer, often providing budgetary support second is Government driven market:
where the government pursues the use of RE in establishments outside its control for social reasons, often providing
budgetary support or fiscal incentives for the same. For example, the government promotes the use of solar applications in
schools, malls and hospitals Third is Loan market: where people take loans to finance RE based applications since self-
financing is limited and forth is Cash market: where High Net worth Individuals can buy RE based applications for meeting
personal energy needs India is currently at an initial stage of the first two segments. The Government of India is not focusing
on promoting the third and fourth categories of RE, which may offer high potential for renewable energy-based applications
[22].
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Regulatory Barrier

Question 3 shows that more than 55% of the people are not aware about the solar policies. Over the years, the Government
of India through the Ministry of New and Renewable Energy (MNRE) and Ministry of Finance (MoF), and the State
Governments have used a number of policy instruments towards promotion of RE. Regulatory measures have mainly taken
two forms: Renewable Purchase Obligation (RPO) and Feed-in Tariffs [22]. the policies are applicable for just 5 years, and
the generated risk for investments in this sector is apparent. Policies instituted by the government have not supported the
profitable exploitation of renewable energy resources for any intending investors. High supports in the form of subsidies are
given to encourage energy generation from conventional energy sources leading to a fall in their prices and thereby creating
an unfair competitive environment for solar energy exploitation; this has led to a slow in the growth demand for solar energy
devices [25].

Management Barrier

Question 6 shows that people feel the initial cost of the system is too high, Question 7 shows if the installations and
maintenance cost if reduce more peoples are willing to go solar.

Insufficient and inappropriate management is one of the main barriers in the diffusion of new technology. When a PV system
is utilized to supply electricity access in rural areas in low-income economies, different business strategies should be
implemented compared with the high-income economies where it is often used as an alternative power supply. In addition,
implementing similar business models as for urban usage is not applicable in rural settings because of several conditions
that differentiate this market from the higher income adopters [24].

Steps to overcome the barrier to solar energy development

Creating awareness

The large-scale implementation is possible only when society is aware about the advantage of going green and this can be
achieved with continuous awareness. Tools can be used such as radio, seminars, advertisement and personal meetings with
builders and associates [27],[29].

Consumer friendly government policies

Favourable policies are fundamental to long-term sustainability of solar energy development [29]. The MNRE should
provide a comprehensive action plan or policy for the promotion of the renewable sector in its regulatory framework for
renewables energy. The action plan can be prepared in consultation with SERCs of the country within a fixed timeframe
and execution of the policy/action plan [30].

Providing various financial options of payment

The government should provide enough budget for the clean energy sector. The government should concentrate on R&D.
Banks should allow an interest rebate on housing loans if the owner is installing renewable applications such as solar lights,
solar water heaters, and PV panels in his house. Banks should provide the loans at lower rate of interest [30].

Innovative approach to target the consumer

Companies should use the strategies and business model to attract the customers as well make them aware about the
renewable energy, this can be achieved with giving discounts, providing the free solar related product after installing the
system or provide some percentage on the reference and taking feedback of the install system on regular basis. While
targeting the urban, rural area and the low, middle and high-level economies different strategies and business models are
required to be used [28].

Employment opportunities in solar renewable energy in India

The jobs in renewables are categorized into technological development, installation/de-installation, operation, and
maintenance. The majority of employment in the renewable sector is contract based, and that employees do not benefit from
permanent jobs or security, most poor citizens encounter obstacles to entry-level training and the employment market due
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to lack of awareness about the jobs and the requirements. Few renewable programs incorporate developing ownership
opportunities for the citizens and the incorporation of women in the sector.

The increasing investments in the renewable energy sector have the potential to provide more jobs than any other fossil fuel
industry. A range of skilled and unskilled jobs are included in all renewable energy technologies, even though most of the
positions in the renewable energy industry demand a skilled workforce. The renewable sector employs semi-skilled and
unskilled labor in the construction, operations, and maintenance after proper training. Unskilled labor is employed as truck
drivers, guards, cleaning, and maintenance. Semi-skilled labor is used to take regular readings from displays. A lack of
consistent data on the potential employment impact of renewables expansion makes it particularly hard to assess the quantity
of skilled, semi-skilled, and unskilled personnel that might be needed [39].

According to the independent study ‘India’s Expanding Clean Energy Workforce’ released by the Council on Energy,
Environment and Water (CEEW), Natural Resources Defense Council (NRDC) and Skill Council for Green Jobs (SCGJ),
most of the new jobs would be generated by small-scale renewable energy projects such as rooftop solar and mini and micro-
grid systems, compared to utility or large-scale projects like solar parks [38].If we overlook the global solar renewable
energy employment from 2012 to 2017 jobs has increased exponentially as shown in the Table 1.

Sources (Million Jobs) 2012 2013 2014 2015 2016 2017
Solar photovoltaic 136 227 25 2.77 3.09 337
Bioenergy (biofuel, solid biomass, biogas) 24 25 2.99 2.88 274 | 3.06
Wind energy 075 083 1.03 1.08 1.16 1.15
Solar heating/Cooling 0.89 05 0.76 0.94 083  0.81

Others (Geothermal, SHP, CSP, heat pumps, WTE, Ocean) 0.33 038 04 04 0.45 045
Total (Million) 573 648 768 807 827 864

Table. 1. Global renewable energy employment for the corresponding technologies in 2012-2017[39]
As in past years, China maintained the most notable number of people employed (3880 million jobs) estimating for 43% of
the globe’s total which is shown in Fig. 8. In India, new solar installations touched a record of 9.6 GW in 2017, efficiently
increasing the total installed capacity. The employment in solar PV improved by 36% and reached 164,400 jobs, of which
92,400 represented on-grid use. IRENA determines that the building and installation covered 46% of these jobs, with
operations and maintenance (O&M) representing 35% and 19%, individually. India does not produce solar PV because it
could be imported from China, which is inexpensive. If India starts the manufacturing base, more citizens will get jobs in
the manufacturing field. India had the world’s fifth most significant additions of 4.1 GW to wind capacity in 2017 and the
fourth largest cumulative capacity in 2018. IRENA predicts that jobs in the wind sector stood at 60,500[39].
Rest of Africa 16

North Africa | 16
South Africa 1 44
Japan HEEN 283
Germany HEEE 332
India MEEEEN 432
USA NN 786
Brazil IS 893
EU I 1268
China N —— 3 880
Number of jobs (Million)

Fig.8. Renewable energy employment in selected countries [39]
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According to a new and updated NRDC, CEEW and SCGIJ report, “India’s Expanding Clean Energy Workforce:
Opportunities in The Solar and Wind Energy Sectors,” expanding clean energy has huge employment and economic
potential: reaching its goal of 500 GW of non-fossil fuel energy sources by 2030, India can create 3.4 million new clean
energy jobs providing employment to over a million people. A large chunk of these jobs will likely be generated through
distributed renewable energy that creates local employment opportunities and brings transition closer to communities [40].

Volume 2, Issue 6, May 2022

V. CONCLUSION AND DISCUSSION
Solar renewable energy has the bright future in India and solar renewable energy is becoming widely used alternative source
for conventional energy and help in social and economic development of the country. Still there are several challenges in
adoption of the solar energy but we can try to minimize these challenges so perspective of society towards going green will
change, the information technology will play the important role in this.
The study shows that as economic point of view the cost of the system is still generally perceived as high. Apart from this
there are several barriers in adopting the solar energy in the society like government policies, financing process, weak
management, fear towards adopting new technology and high initial investment cost. There is a delay in the authorization
of private sector projects because of a lack of clear policies. We can try to minimize this limiting factors. Spreading the
awareness and healthy consumer perspective government policies and different financial models helps to minimize barrier.
The government should allow more funds to support research and innovation activities in solar renewable sector. The
renewable energy market requires explicit policies and legal procedures to enhance the attention of investors.
India has the huge future employment potential India can create about 3.4 million jobs short and long term. Developing and
offering training programs for citizens with minimal education and training, who do not fit current programs, will helps to
create the employment. Poverty impact assessments might be embedded in program design to know how programs motivate
poverty reduction, whether and how they influence the community. Providing people ownership in renewable projects is
also important because this could contribute to the growth of the sector.
Various reports show that from last few years the solar installation has increased which states that the solar energy has the
vast potential as compared to the other renewable sources available in India. Solar energy not only contributes towards the
environmental impacts but also helps in social and economic development of the country.
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