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ABSTRACT

The commitment of India towards net-zero emissions, as announced at COP26, has led to 
remarkable transformations in its power sector. Despite being rich in diverse energy resources, 
India holds substantial potential for solar power generation, which is believed to play a crucial 
role in its journey toward net-zero emissions. Even though some states of India have achieved 
great milestones in the solar energy generation, still the progress seems insufficient and there 
exist regional imbalances. This shortage and imbalance may be attributed to various factors 
including fiscal, geographical and political elements. From the panel data analysis to identify the 
most influencing factors of solar power generation across 15 states, the cost of solar modules and 
the land availability were found to be the major drivers. The practical barriers associated with 
these factors are highlighted, and relevant potential solutions are proposed. The study insists on 
promoting rooftop solar as a viable alternative for small-scale initiatives and suggests altering the 
existing scheme, Pradhan Mantri Surya Ghar Muft Bijli Yojana, to ensure real monetary benefits 
for individuals through rooftop solar systems; progressive subsidy rates; regional subsidy 
ceilings; and zero-tax for solar PV modules; To facilitate large-scale solar projects, the concept 
of district-level green land banks has been proposed in the study. 

1. Introduction

India, one of the largest and fastest-growing economies, 
is becoming a pioneer in the global renewable energy 
transition. The reason behind its focus on renewable 
energy can be highlighted by the fact that its GHG 
(Greenhouse Gas) emissions have tripled in the last 
three decades [1]. The commitment of the nation for 
achieving net-zero emissions by 2070, as announced at 
COP26 (26th Conference of the Parties), underscores 
the pivotal role of renewable energy, particularly solar 
power in transforming its power sector [2]. The unique 
geographical advantage of receiving around 5,000,000 
TWh of solar energy (i.e., approximately 3.5 GWh per 
capita) annually positions the country as a leader in solar 
energy potential [3]. 

However, despite the abundant solar resource, the 
growth of solar energy generation remains uneven 

across states due to several fiscal, financial, geographi-
cal, and political factors. The solar capacity growth of 
the country has been significant in recent years, driven 
by supportive policies and ambitious targets [4]. Certain 
states, such as Rajasthan and Gujarat, have emerged as 
solar power leaders due to their favorable geography and 
policy support, while other states lag behind due to var-
ious constraints [5]. These disparities highlight the need 
for effective policies to expand solar energy generation 
across India. 

As depicted in Figure 1, the power and industrial sectors 
together contribute a major share toward the Carbon emis-
sions in India [1]. Considering this, recent initiative like the 
PMSGMBY (Pradhan Mantri Surya Ghar Muft Bijli 
Yojana) to promote rooftop solar systems among house-
holds, is a significant move. But the scheme lacks clarity 
and contains a few shortfalls that could be enhanced 
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solely based on the solar PV (Photovoltaic) plants set up 
across the states. The solar thermal power plants that use 
reflector technology to capture solar energy are not con-
sidered in this study. With analytical evidence, this paper 
aims to suggest policy changes to address the shortages 
and imbalances by focusing on rooftop solar systems 
and large-scale alternatives, thereby accelerating solar 
capacity growth and contributing to the net-zero emis-
sions goal.

2. Challenges and Opportunities in Solar Energy 
Adoption

Although India possesses immense potential for har-
nessing solar energy, it continues to encounter multifac-
eted barriers that hinder its adoption as a major power 
source. These challenges can be examined from various 
perspectives, as outlined in the following subsections.

2.1. Solar Power Generation Disparity
The distribution of solar power generation across 
Indian states highlights inadequacies and significant 
regional disparities as represented in Figure 2 [13, 14]. 
The states with higher generation capacities are 
depicted in dark circles and the light-coloured circles 
represent lower capacities. It is often perceived that 
states with limited fiscal resources are less likely to 
invest in renewable energy initiatives, impacting over-
all progress toward national renewable energy targets. 
Fiscal space, defined as the difference between total 

through a more tailored approach. Additionally, the stabil-
ity of the government might be an influencing factor for the 
complete implementation of such schemes [6].

Studies suggest that the cost of solar technology 
remains a key barrier to broader adoption across the 
country [7]. This has made solar investments less attrac-
tive in certain regions, particularly where financial 
incentives are limited [8]. In this regard, India has made 
import duty exemption for solar modules to bring down 
the cost of solar panel installations [9]. Moreover, the 
IREDA (Indian Renewable Energy Development 
Agency) report has advocated for enhanced financial 
incentives, including increased subsidies and tax rebates 
to reduce the burden on consumers and promote solar 
adoption [3]. 

While several studies have examined the barriers to 
solar PV adoption and their contributions to renewable 
energy targets, research specifically addressing these 
challenges in the Indian context remains limited [10, 
11]. One study has suggested optimal investment strate-
gies, particularly for multi-story buildings, for enhanc-
ing residential rooftop solar systems in India, highlighting 
the need for targeted financial policies to encourage 
widespread adoption [12]. Given this context, this paper 
aims to explore the key factors influencing solar power 
generation across India, focusing on local challenges 
such as inadequate fiscal policy, financial constraints, 
land availability, and political stability. 

Since the study focuses on rooftop solar systems, the 
data and the factors for the study have been chosen 
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Figure 1: Sector-wise Carbon Emissions in India. Based on data from [1].
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revenue receipts and expenditure of a state, determines 
its capacity to invest in new sustainable initiatives. 

This study further explores the impact of fiscal strength 
of the states on solar energy development in subsequent 
sections. While fiscal capacity is an important determi-
nant of solar power generation, studies suggest that solar 
irradiance, though manually uncontrollable, also plays a 
crucial role in determining solar power output [15]. Solar 
irradiance, which refers to the quantity of solar energy 

reaching a given surface area, is a key factor in determin-
ing the viability of solar photovoltaic (PV) systems. 

Despite the favourable location of the country, receiv-
ing about 300 sunny days annually, the intensity and 
distribution of solar irradiance vary significantly across 
states, affecting the efficiency and cost-effectiveness of 
solar power projects [16]. On an average, the solar irra-
diance levels in India range between 4 to 7 kWh/m²/day 
[17]. States like Rajasthan, Gujarat, Andhra Pradesh, 

Figure 2: State-wise Regional Disparity in Solar Power Generation Capacity in 2024. Based on data from [14].
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and Tamil Nadu experience higher solar irradiance 
levels (5 to 6 kWh/m²/day), making them ideal for large-
scale solar projects [5, 18]. 

In contrast, states such as Arunachal Pradesh, 
Himachal Pradesh, and Mizoram receive significantly 
lower solar irradiance levels (4 to 4.5 kWh/m²/day) [5]. 
These regions face reduced energy yields due to lower 
sunlight availability, making large-scale solar projects 
less economically viable. Regions with higher irradiance 
are naturally more favourable for efficient energy gener-
ation, attracting greater investment. However, the exist-
ing subsidy structure in the PMSGMBY appears to be 
more generalised and misaligned with the actual need. 
Hence, the subsidy structure of the scheme needs further 
alterations as discussed in the subsequent sections.

2.2. Barriers to Solar Photovoltaic (PV) Adoption in 
India

Despite the vast solar potential of the nation, the adop-
tion of Solar Photovoltaic (PV) technology continues to 
face numerous challenges, including financial con-
straints, regulatory hurdles, and technological limita-
tions. Despite the falling prices of PV modules in recent 
years, the high installation costs remain as a significant 
challenge for the solar power plants [7]. Recent policies 
aimed at reducing import duties and providing produc-
tion-linked incentives (PLIs) to boost domestic produc-
tion of solar panels and equipment are commendable but 
seem insufficient [19]. 

The current tax rate of 12% on solar modules signifi-
cantly contributes to the upfront cost burden for businesses 
[20]. While indirect benefits, such as accelerated deprecia-
tion, offer long-term financial advantages, they do not 
address the immediate capital constraints faced by Indian 
firms [21]. The insufficient research and development 
funding, lack of awareness, limited market network, com-
plex tariffs and inconsistent regulations across states act as 
major obstacles to solar PV adoption in India [22,23]. 
Financial constraints, particularly limited access to credit, 
act as significant barrier to renewable energy adoption [16]. 

Policies that offer financial schemes and fiscal incen-
tives to small investors can mitigate these challenges 
and encourage the adoption of latest PV technologies. 
Delays in the release of subsidies and lack of proper 
communication about the distribution of subsidies have 
brought down solar PV adoption, creating uncertainty 
for potential consumers [24]. Timely disbursement of 
subsidies and effective communication strategies are 
essential to develop confidence among solar PV 

investors, especially among smaller consumers and 
businesses. 

As a move towards enhancing the affordability and 
accessibility of the solar PV technology among house-
holds, the Indian government has introduced the 
PMSGMBY. The scheme aims to benefit 10 million 
households with rooftop solar panel subsidies under two 
criteria: 60% for 1kW-2kW and 40% for 3kW rooftop 
solar systems [25]. In addition, it has also been proposed 
that the subscribers of this scheme can generate income 
by selling the surplus energy produced from their roof-
top to the DISCOMs (Distribution Companies) [25]. 

Here, the major shortfall of the scheme begins with 
the fact that, the capacity for the rooftop system pro-
vided under the scheme will be granted only based on 
the recorded monthly average consumption of each 
household [25]. This means that, if a household con-
sumes 200 units on average, it will be granted with a 
rooftop capacity that is sufficient to cover the equivalent 
level of consumption. Hence, there are hardly any possi-
bilities for them to generate surplus energy.

Notably, although the electricity market is well regu-
lated by the government, in case households produce 
excess energy beyond their consumption, the per-unit 
selling price of this excess energy is fixed much lower 
than the existing market rate at which the DISCOMs sell 
their electricity to consumers [26]. As a result of these 
hurdles, any surplus energy generated through these 
rooftop systems might be sufficient only to offset their 
electricity bills, but with an additional monthly payment 
of a service charge ranging from 5 to 6 USD [27]. 

Hence, in reality, the scheme could mostly favor only 
the rich and upper-middle-class sections who pay a 
monthly lumpsums on electricity bills. In addition, as 
these rooftop solar systems cease to generate energy 
during power outages, many will be reluctant to opt for 
this program, as the scheme fails to cover the rooftop 
systems with battery backup [27]. Hence, these are the 
major challenges that need to be addressed to boost the 
growth of solar PV adoption in India. 

2.3. The Role of State Fiscal Policy 
The role of fiscal policy has been pivotal in shaping the 
trajectory of renewable energy development in India. 
The electricity reform story of the nation has largely 
revolved around state-level policy measures. Despite 
central government initiatives, certain states have also 
followed divergent paths in their clean energy develop-
ment, regardless of political alignment. For instance, 
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some states like Madhya Pradesh, opted to reject central 
subsidies in favor of aligning policies with international 
agencies, while states like Maharashtra were slow to 
emphasize utility-scale solar energy [28]. 

This highlights that fostering clean energy in India 
extends beyond mere central government support; state-
level barriers and opportunities must also be considered 
for long-term renewable energy success. State-level 
solar policies have been a key factor in the growth of the 
solar energy sector. For instance, Gujarat witnessed sig-
nificant solar development after implementing its first 
state solar policy in 2010, which attracted investors due 
to low land leasing costs and high solar irradiance [5]. 
However, after 2014, growth stagnated in states like 
Gujarat, Rajasthan, and Madhya Pradesh as a result of 
lack of new initiatives [5]. 

Meanwhile, states like Tamil Nadu, Andhra Pradesh, 
and Telangana experienced rapid solar sector growth 
due to more favorable state policies [5]. This highlights 
the role of states in providing subsidies and tax exemp-
tions to boost renewable energy adoption. Apart from 
mere provision of subsidies, there are many other factors 
that determines the actual development. The willingness 
of financiers to invest in renewable energy projects 
depends on the perceived risk in the sector. Durable and 
attractive fiscal policies are essential to mitigate these 
risks and consistent development. 

Lack of policy clarity and transparency can severely 
hinder long-term planning and growth in renewable 
energy development [29]. However, inconsistent regula-
tory frameworks across states, such as differing renew-
able purchase obligations (RPOs), pose risks for 
investment in the sector [30]. This stresses the need for 
national-level fiscal incentives and a unified regulatory 
structure to encourage private and foreign investments 
in renewable sector. 

For instance, mature government measures, such as 
auction policies have played a crucial role in attracting 
local and foreign investors to the renewable energy 
sector [8]. However, the sector has faced institutional 
challenges, such as poor inter-departmental collabora-
tion and improper communication [31]. Studies have 
suggested that national-level renewable purchase obliga-
tions (RPOs) need to be enforced more rigorously to 
drive demand for solar energy [32]. 

2.4. The Role of Political Stability
In general, political stability plays a crucial role in deter-
mining the ability to achieve long-term goals of a nation. 

In the Political Stability Index, which ranges from -2.5 
to 2.5, India has scored -0.64, indicating that the country 
faces moderate challenges to its political stability [33]. 
In India, government involvement in national trade, 
along with ministerial transitions, has been a significant 
barrier to the acquisition of renewable energy technolo-
gies [16]. The lack of consistent policy frameworks 
further worsens this challenge. 

While policies have been developed as needed to 
address specific technological advancements such as 
solar PV, a cohesive long-term strategy remains absent 
[16]. For instance, the Energy Conservation Act initiated 
the Bureau of Energy Efficiency (BEE) to promote 
energy conservation and efficiency across the economy. 
However, despite its mandate to enforce energy effi-
ciency standards, the BEE has yet to fully exercise this 
authority, revealing gaps in governance and regulatory 
enforcement [16]. 

Similarly, the development of offshore wind energy 
faces significant delays due to the absence of dedicated 
policies, emphasizing the need for greater political com-
mitment [16]. Hence, political alignment with the cen-
tral government also plays a role; states aligned with the 
center often have larger advantage, enabling them to 
secure more resources for development, including 
renewable energy projects. Political stability of any gov-
ernment is essential for maintaining consistent revenue 
flows and discretionary spending, which can be effec-
tively channeled into infrastructure and renewable 
energy projects. 

For instance, the complete implementation of 
PMSGMBY has been proposed over a three-year period, 
ending in 2027 [25]. In such cases, the long-term stabil-
ity of the government might be a deciding factor for 
successful implementation of such schemes. In demo-
cratic systems, like India, governments must continually 
generate sufficient revenue to fund initiatives that sup-
port their electoral prospects.  While renewable energy 
accounted for 38% of the total installed energy capacity 
in 2020, making India the third-largest renewable energy 
producer globally, issues related to infrastructure and 
political inconsistencies continue to pose challenges [6]. 

Political instability can aggravate these challenges by 
promoting short-term, opportunistic policies, such as 
expanding power subsidies to gain electoral support 
from farmers, which hinders long-term infrastructure 
development and sustainable growth. Overall, stable 
governance not only ensures the formulation of consis-
tent policies but also facilitates the effective allocation 
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of fiscal resources, which are vital for achieving the 
ambitious renewable energy targets.

This paper provides a comprehensive analysis of the 
practical challenges faced by solar power plants in India. 
Unlike previous studies that primarily focus on numerical 
data, this study stands out by offering practical solutions 
to promote balanced solar power acceleration across the 
country. A factor-based analysis is conducted in the sub-
sequent sections to identify the most influential factors 
affecting solar power generation. Based on the findings, 
the study emphasizes rooftop solar systems as an effective 
solution to power India. Furthermore, the practicality of 
existing solar scheme, the fiscal status of government and 
other related barriers are thoroughly discussed.

3. Analytical Evidence for the Major Factors

The study examines the key determinants influencing 
renewable energy generation, with a particular focus on 
solar energy production in India. The primary factors 
analyzed include the Price Index, Net State Domestic 
Product (NSDP), barren land availability, and political 
stability.
•	 Price Index: The price index of solar modules is 

directly linked to installation costs. As a general 
economic principle, higher costs typically reduce 
demand, making the price index a crucial factor 
in determining solar adoption.

•	 NSDP: The NSDP reflects economic capacity of 
a state to support large-scale projects, including 
prioritizing renewable energy initiatives over 
other welfare schemes.

•	 Barren Land Availability: The availability of 
barren land plays a significant role in the 
feasibility and scalability of solar projects. States 
with abundant barren land, such as Gujarat and 
Rajasthan, are better positioned for large-scale 
solar farms [34].

•	 Political Stability: Political stability is another 
critical factor, as consistent long-term policies 
and strong investor confidence are essential for 
attracting investments in solar energy projects.

These four factors were selected based on their relevance 
to solar energy generation. Data for these variables were 
collected from Indiastat and the World Bank, covering a 
nine-year period from 2013 to 2021 [33,34-37]. The price 
index data represents the wholesale price index of solar 
PV modules in India, using 2011-12 as the base year. For 
the analysis, the price index, NSDP, and political stability 

data are expressed as percentage values, while the data for 
solar power generation and barren land availability are 
transformed into logarithmic values. 

The analysis includes a panel dataset representing 15 
Indian states, selected based on the criterion of achiev-
ing a minimum solar energy production of 100 MWh per 
year during the specified timeframe. The states consid-
ered in this study include, Andhra Pradesh, Chhattisgarh, 
Gujarat, Haryana, Karnataka, Kerala, Madhya Pradesh, 
Maharashtra, Odisha, Punjab, Rajasthan, Tamil Nadu, 
Telangana, Uttar Pradesh, Uttarakhand. The values of 
solar power generation of these states have been taken as 
the dependent variable and the exogeneous variables 
include Price index, Net State Domestic Product, Barren 
land and Political stability index. 
The regression equation model for the study is 
shown below in Eq. (1):

Yit = α + βXit + ui + ԑit        - (1)

where:
•	 Yit: Dependent variable
•	 Xit: Exogeneous variables
•	 α: Individual effect
•	 β: Unknown parameter
•	 ui: Individual residual (random unit observation)
•	 ԑit: Collective residual (combination of both time 

series as well as cross section)
The metrics of the descriptive statistics for these variables 
were examined, revealing minimal deviations, making it 
appropriate for the analysis. Also, from the correlation 
analysis results shown in Table 1, there are no significant 
traces of multicollinearity. Im-pesaran-shin unit-root test 
was used to check the stationarity of the variables. Once 
the variables were found appropriate for the analysis, the 
panel regression model was proceeded to study the influ-
ence. To choose the suitable model between fixed-effect 
and random-effect models, the Hausman test was used. 
The null hypothesis of the Hausman test states that the 
difference in coefficients between two models is not sys-
tematic. In that case, since the p-value is 0.571 (see Table 
2), the null hypothesis fails to be rejected. Hence, the 
random effect model was chosen for the study and the 
regression analysis was carried out.

4. Results and Discussion

As discussed earlier, the exogeneous variables include, 
price index, NSDP, barren land availability and political 
stability index. The regression output of the random 
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effect model is shown in Table 3. The value of R-squared 
(within) - 0.8003, indicates that the model explains 80% 
of the variation in solar energy generation within states. 
Similarly, the R-squared (between) - 0.6171, explains 
61.7% of the variation between states. And the overall fit 
is shown through the R-squared (Overall) - 0.7103, 
explaining 71% of the total variation in solar energy 
generation among the states. The Wald chi-squared test 
value of 482.28, with a p-value of 0.0000, indicates that 
the model is statistically significant. Overall, the model 
fits the data well, and the Wald test confirms its signifi-
cance. Hence, the further inferences are made in the 
subsequent sections.

 4.1. Price Index
The coefficient of price index is negative and significant 
at the 1% level (p-value: 0.000). This imply that there 
exists an inverse relationship between the price of solar 
modules and solar power generation. Hence, per-unit 
increase in the price index limits the solar energy gener-
ation by about 0.155 MWh, holding other factors con-
stant. Therefore, the cost of solar modules, reflected in 
the price index, plays a crucial role in influencing solar 
energy generation across Indian states. Considering such 
a relation between the two, the recent hike in the tax rate 
on solar modules from 5% to 12% significantly increases 
the upfront cost of solar plants [38]. 

Although this tax generates approximately 449 mil-
lion USD in revenue, it constitutes only 0.07% of the 
total government revenue [39]. While this revenue has 
minimal impact on the overall finances of the govern-
ment, the increased tax represents a significant financial 
burden for individuals and businesses. Consequently, 
placing solar modules under a tax-exempt category 
could possibly enhance the affordability and attractive-
ness of solar plant projects. 

Policies that promote favorable power purchase 
agreements (PPAs) and simplify tariff structures could 
incentivize both entrepreneurs and households to con-
tribute to rooftop solar power generation for commercial 
purposes by collaborating with firms [40]. Provided the 
fact that the cost of solar modules is a significant factor, 
initial cost of setting up huge solar plants could be a 
major reason for its unbalanced distribution across the 
states. Hence, encouraging subsidized rooftop solar sys-
tems could accelerate solar adoption across residential 
as well as commercial entities in a more uniformed 
manner. 

Table 1: Correlation Analysis of the Factors influencing Solar Energy Generation.

Price Index NSDP Barren Land Political Stability

Price Index 1 0.3969 0.0068 -0.0206
NSDP 0.3969 1 0.1050 -0.1391
Barren Land 0.0068 0.1050 1 0.0069
Political Stability -0.0206 -0.1391 0.0069 1

Table 2: Hausman Test to choose between Fixed Effect Model and 
Random Effect Model.

 Coef.
Chi-square test value 2.922
P-value .571

Table 3: Panel Regression Output of the Factors Influencing the Solar Energy Generation.

Solar_energy_
generated  Coef.  S.E  t-value  p-value  [95% Conf  Interval]

price_index -.155 .008 -20.18 0 -.17 -.14
nsdp .014 .016 0.88 .381 -.018 .046
barren_land .711 .19 3.75 0 .339 1.083
political_stability -.005 .004 -1.40 .163 -.012 .002
constant 4.906 2.51 1.95 .051 -.014 9.826
Overall r-squared 0.710 Number of observations  133
Chi-square  482.279 Prob > chi2 0.000
R-squared within 0.800 R-squared between 0.617
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4.1.1 Rooftop Solar Systems: A Practical Approach
For a balanced growth of solar power generation across 
the nation, having rooftop solar system in every house-
hold is an effective solution. Again, the financial burden 
involved in implementing such rooftop solar schemes is 
a notable factor. As highlighted in Figure 3, a significant 
portion of energy subsidies is allocated to the transmis-
sion and distribution sector, i.e., DISCOMs [39]. A sig-
nificant portion of these subsidies is allocated to 
providing low-cost electricity to households and free 
electricity for irrigation purposes [39]. However, such 
subsidies are often misused by large farmers and wealth-
ier sections of society. 

This considerable expenditure on electricity 
subsidies could be better utilized by redirecting it to 
support economically disadvantaged and middle-
class households through programs like the 
PMSGMBY and PMKUSUM (Pradhan Mantri 
Kisan Urja Suraksha evam Utthan Mahabhiyan 
Yojana). 

Unlike conventional electricity subsidies, which are 
short-sighted and offer only temporary relief without 
encouraging investments, subsidies directed toward 
rooftop solar schemes contribute to the nation’s gross 
fixed capital formation. These investments strengthen 
solar infrastructure and provide long-term benefits. 
While it may not be feasible to eliminate existing con-
ventional subsidies immediately, the government should 
gradually realign its financial priorities by effectively 

channeling these subsidies toward more sustainable ini-
tiatives in the coming years.

The PMSGMBY, aimed at promoting rooftop solar 
adoption among the public, is a powerful scheme with 
immense potential for the near future. The scheme is 
projected to add approximately 30 GW to the solar 
energy capacity of the nation, thereby reducing carbon 
emissions by 720 Mt over the lifespan of these solar 
panels [25]. Given that India has an estimated total of 
300 million households, the nation has the potential to 
add close to 900 GW to its renewable energy capacity, 
potentially reducing emissions by 21.6 Gt over the lifes-
pan of these panels [41]. 

Moreover, it is estimated that the scheme could save 
the government up to 8.5 billion USD annually by 
reducing the electricity subsidies currently borne by the 
government [25]. Although the PMSGMBY offers 
numerous benefits, it also faces several practical chal-
lenges, as discussed in section 2.2. Firstly, the recent 
increase in tax rates from 5% to 12%, along with peri-
odic service charges, poses significant barriers for the 
general public [38]. The scheme was initially intended to 
generate income for households through net metering, 
but the actual features of the scheme are contradicting 
with this goal [25]. 

To improve the efficiency of the PMSGMBY, remov-
ing the current 3 kW cap on rooftop solar capacities 
could substantially increase the energy generation poten-
tial for each household. Additionally, purchasing surplus 
energy generated by household rooftop systems at mar-
ket-equivalent rates, rather than the low rates currently 

Figure 3: Sector-wise Energy Subsidy by the Government of India. Based on data from [39].
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offered, could provide a stronger incentive for adoption 
among economically disadvantaged sections. This 
change would create genuine income-generating oppor-
tunities for common people, as well as stimulate signif-
icant employment in rooftop solar installations, 
ultimately boosting their economic standards.

Additionally, the implementation of progressive sub-
sidies, where subsidy rates increase as income levels 
decrease, would promote equitable development and 
prevent the government from allocating excessive subsi-
dies to wealthier groups. This approach would allow the 
government to more efficiently allocate funds to support 
the economically weaker sections. To encourage broader 
adoption of rooftop solar systems, the scheme should be 
marketed not just as a social initiative but as an 
income-generating opportunity. Slogans like “Earn with 
Solar” could effectively highlight the financial benefits 
of the program, attracting wider participation. 

With these proposed improvements, rooftop solar 
systems could not only empower individual households 
but also have the potential to power large commercial 
entities, provided that appropriate power purchase agree-
ments (PPAs) are designed to benefit the public.

4.2. Net State Domestic Product (NSDP)
The coefficient of NSDP is positive, but statistically 
insignificant (p-value: 0.381). This indicates that the 
variations in NSDP among the states do not significantly 
influence solar energy generation in the model. NSDP, 
that is, the economic performance of states does not 
have a notable impact on their solar power generation. 
This finding suggests that the financial strength of a 
state is not inherently linked to its solar power genera-
tion potential. Consequently, solar energy projects 
should not be restricted to economically advanced 
states. Underdeveloped states can also be prioritized for 
innovative solar initiatives, provided they have suitable 
land resources and adequate policy support. 

Considering the unequal development of solar power 
generation capacities, as depicted in Figure 2, the intro-
duction of region-specific subsidy ceilings is essential to 
achieve uniform capacity across states. As previously 
discussed, solar irradiance significantly impacts solar 
power potential across the nation. States with lower 
solar irradiance levels require higher subsidy ceilings 
compared to those with better irradiance. Given the 
diverse geographical features of the nation, granting 
state governments the autonomy to modify central 

schemes according to regional needs could enhance the 
efficiency of these initiatives. 

Introducing region-specific subsidy ceilings under the 
PMSGMBY could help reduce the existing regional dis-
parities in solar generation capacities. This approach 
would enable northern and northeastern states to con-
tribute more substantially to national solar power gener-
ation, as their current share remains disproportionately 
low [14]. Therefore, targeted interventions in these 
regions, including central government-supported proj-
ects, can significantly enhance their solar energy contri-
butions while fostering equitable development across 
states. 

While state-level measures significantly influence the 
success of renewable initiatives, a consistent central 
government fiscal policy and regulatory framework, as 
discussed in section 2.3, are equally important in boost-
ing investor confidence, mitigating financial constraints, 
and ensuring sustained growth in the renewable energy 
sector.

4.3. Barren Land Availability
The coefficient of barren land is positive and significant 
at the 1% level (p-value: 0.000). A one-unit increase in 
the barren land availability leads to an increase of about 
0.71 MWh in solar energy production. The results 
directly depict that, an increase in the availability of 
barren land gives more space for the installation of solar 
panels, and hence, acting as a crucial factor for solar 
power projects. States with more barren or unused land 
seem to generate more solar energy. Therefore, states 
with abundant barren land, like Gujarat and Rajasthan, 
should focus on utility-scale solar farms, while densely 
populated states, with limited land availability should 
prioritize rooftop solar and small-scale solar initiatives. 

The PMSGMBY serves as a viable solution to tackle 
the lack of sufficient barren land availability. But again, 
the usage of rooftop solar as an alternative is limited to 
small scale solar projects due to its technical inefficien-
cies. For large scale solar farms, the government should 
incentivize states to identify and facilitate the allocation 
of non-agricultural barren land to entrepreneurs. Framing 
policies to streamline the land acquisition process for 
renewable energy projects can help the states act effi-
ciently and increase their solar capacity. Also, the concept 
of “Green land banks” can be introduced to aggregate and 
utilize the unused barren land, facilitating solar power 
firms to easily access them for large-scale projects. 
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4.3.1 Green Land Banks: For Large Scale Generation
The concept of green land banks (GLB) offers a viable 
solution to utilize barren lands scattered across rural and 
urban India, that are unsuitable for agriculture or resi-
dential purposes. Currently, the lack of data about avail-
ability of such lands and unclear ownership records 
hinder their utilization for projects like solar plants [42]. 
The green land banks can serve as a bridge to address the 
gap by maintaining a centralized digital database of 
underutilized lands from each district across the country. 
This system allows individuals to register their proper-
ties for sale, enabling government and private entities to 
utilize these records for acquiring land to establish solar 
power plants nationwide. 

Not only does this initiative facilitate the efficient 
allocation of land for solar energy projects, but it also 
provides immediate financial assistance to poor and 
middle-class individuals, particularly those owning 
barren land. To ensure fairness, the green land banks will 
determine land prices, guaranteeing that landowners 
receive the market value for their properties. 
Consequently, it promotes inclusive growth and decen-
tralized solar energy development. In this way, these 
green land banks differentiate themselves from the exist-
ing model of land banks which primarily focus upon real 
estate and infrastructure.

4.4. Political Stability
The coefficient of political stability is negative and 

statistically insignificant (p-value: 0.163). Though the 
political stability does not have a significant impact on 
solar energy generation, uncertainties in the state politics 
could be a barrier over time. Consistent long-term poli-
cies across different political regimes and a good politi-
cal environment are essential to achieve the renewable 
energy targets [43]. Governments should aim for bipar-
tisan support of solar policies to ensure that investments 
in solar energy are not disrupted by political changes. 
Encouraging transparent regulatory frameworks and 
providing confidence to investors in terms of subsidies 
and tariffs can help offset any political risk and attract 
more private investments in solar energy. 

5. Conclusion

This study examines the critical factors influencing solar 
power generation across Indian states, revealing key 
insights into the challenges hindering solar energy 
development. The findings highlight that the cost of 

solar modules and the availability of barren land are 
major drivers of solar energy generation. To address 
these two barriers involved in solar power projects, the 
study puts forward the existing rooftop solar initiative as 
the viable solution, as it can combinedly solve the issue 
of huge upfront costs and lack of barren land 
availability. 

Though the rooftop solar scheme like PMSGMBY is 
already implemented in a wide range, the scheme needs 
further improvements as suggested in the study. Strategic 
interventions by altering the scheme in such a way to 
provide real monetary benefits for households; placing 
solar PV modules in tax-exempt category; implementing 
progressive subsidy rates and state-wise regional sub-
sidy ceilings; can significantly accelerate uniform solar 
power adoption across India. 

Additionally, it is suggested that the government can 
avoid providing one-time benefits like conventional 
electricity subsidies through DISCOMs, and instead, 
should allocate funds wisely to contribute to gross fixed 
capital formation, yielding long-term benefits. 
Furthermore, in a nation like India, where securing a 
basic livelihood remains a challenge for many, expecting 
widespread participation in emission reduction efforts 
without prior integration of equitable policy incentives 
may appear impractical. Therefore, this research advo-
cates for policies that reframe rooftop solar initiatives as 
income-generating opportunities for individuals rather 
than purely social contributions. 

As discussed earlier, the potential of these rooftop 
solar systems is limited to power only small-scale initia-
tives. Therefore, the study establishes the concept of 
district-level “Green Land Bank” that could facilitate the 
process of identifying unused barren land across the 
regions and saves time and effort involved. These green 
land banks enable landowners, particularly those who 
are financially struggling and in need of funds, to gener-
ate immediate income by selling their unused barren 
land for solar energy projects, thereby fostering inclu-
sive growth and widespread public engagement. 

By positioning solar energy as a viable source of 
income, these initiatives can encourage stronger public 
participation and reduce financial hesitations. Additionally, 
while economic indicators like NSDP and political stability 
exhibit limited influence, consistent and transparent poli-
cies along with state-specific measures are vital for build-
ing investor confidence and ensuring continuous progress. 
By effectively utilizing fiscal policy and implementing the 
above recommended measures, India can achieve balanced 
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solar power development, aligning its renewable energy 
goals with the broader ambition of net-zero emissions. 

To achieve uniform development and sustainable 
growth of solar energy across India, a blend of robust 
central government regulatory frameworks and flexible 
state government autonomy is required. Overall, the study 
provides actionable guidance for policymakers to over-
come existing challenges in solar power adoption and 
harness the full potential of solar energy across the nation. 

References

[1]	 Crippa M, Guizzardi D, Pagani F, Banja M, Muntean M, Schaaf 
E, Monforti-Ferrario F, Becker WE, Quadrelli R, Risquez MA, 
Taghavi MP, Köykkä J, Grassi G, Rossi S, Melo J, Oom D, 
Branco A, San-Miguel J, Manca G, Pisoni E, Vignati E, Pekar 
F. GHG emissions of all world countries. European Union: 
Emissions Database for Global Atmospheric Research; 2024 
https://doi/10.2760/4002897

[2]	 Ministry of New and Renewable Energy. Physical 
Achievements: Programme/Scheme wise Cumulative Physical 
Progress as on October, 2024. Government of India; 2024 
https://mnre.gov.in/en/physical-progress/

[3]	 CareEdge. Industry Research Report on Renewable Energy, Green 
Technologies and Power-focused NBFCs. Indian Renewable 
Energy Development Agency Limited; 2023 https://www.ireda.in

[4]	 International Energy Agency. India Case Study. Paris: IEA; 
2024 https://www.iea.org/reports/india-case-study

[5]	 Roy D, Rout UK, Jonalagadda S, Behera P, A brief analysis on 
solar status of India. International Conference on Innovative 
Mechanisms for Industry Applications (ICIMIA) (2017) p 451-
456. http://dx.doi.org/10.1109/ICIMIA.2017.7975655

[6]	 Khare V, Khare CJ, Nema S, Baredar P, Risks in energy 
security and the role of renewable energy in emerging 
economies. Cleaner Energy Systems 3 (2022) p 100020. https://
doi.org/10.1016/j.cles.2022.100020

[7]	 Thapar S, Sharma S, Verma A, Analysis of factors impacting 
wind and solar sectors—Challenges to sustainable development 
(Four Country Study). Sustainable Development 27(3) (2019) 
p 481–511. https://doi.org/10.1002/sd.1940

[8]	 Thapar S, Sharma S, Factors impacting wind and solar power 
sectors in India: A survey-based analysis. Sustainable 
Production and Consumption 21 (2020) p 204–215. https://doi.
org/10.1016/j.spc.2020.01.001

[9]	 Koundal A. Import duty exemption on solar goods to reduce 
project costs by up to 5 per cent. Economic Times; 2024 https://
energy.economictimes.indiatimes.com

[10]	 Ugulu AI, Barriers and motivations for solar photovoltaic (PV) 
adoption in urban Nigeria. International Journal of Sustainable 

Energy Planning and Management 21 (2019) p 19-34. https://
doi.org/10.5278/ijsepm.2019.21.3

[11]	 Gunawana J, Alifiaa T, Fraser K, Achieving renewable energy 
targets: The impact of residential solar PV prosumers in 
Indonesia. International Journal of Sustainable Energy Planning 
and Management 32 (2021) p 111-124. http://doi.org/10.5278/
ijsepm.6314

[12]	 Kumar AG, Sindhu MR, Mohan V, Viswanathan R, Sudhakaran 
AV, An adaptive staggered investment strategy for promotion of 
residential rooftop solar PV installations in India. International 
Journal of Sustainable Energy Planning and Management 37 
(2023) p 75-94. http://doi.org/10.54337/ijsepm.7477

[13]	 Yawale SK, Hanaoka T, Kapshe M, Pandey R, End-use energy 
projections: Future regional disparity and energy poverty at the 
household level in rural and urban areas of India. Energy Policy 
182 (2023) p 113772. https://doi.org/10.1016/j.enpol.2023.113772

[14]	 Ministry of New & Renewable Energy. State wise RE Installed 
Capacity as on 31.12.2024. Government of India; 2024 https://
mnre.gov.in/en/physical-progress/

[15]	 Singh A, Vats G, Khanduja D, Exploring tapping potential of 
solar energy: Prioritization of Indian states. Renewable and 
Sustainable Energy Reviews 58 (2016) p 397–406. https://doi.
org/10.1016/j.rser.2015.12.056

[16]	 Kolisetty D, Jose BB, Indian Progress in the Renewable 
Technologies: A Review on Present Status, Policies, and Barriers. 
International Journal of Renewable Energy Research 8(2) (2018) 
p 7347-7369. https://doi.org/10.20508/ijrer.v8i2.7347.g7369

[17]	 Mohanty S, Patra PK, Sahoo SS, Mohanty A, Forecasting of solar 
energy with application for a growing economy like India: Survey 
and implication. Renewable and Sustainable Energy Reviews, 78 
(2017) p 539-553. http://dx.doi.org/10.1016/j.rser.2017.04.107

[18]	 Kumar D, Satellite-based solar energy potential analysis for 
southern states of India. Energy Reports 6 (2020) p 1487-1500. 
https://doi.org/10.1016/j.egyr.2020.05.028

[19]	 Tripathy A, Dastrala SM, Make in India: So far and going 
ahead. IIM Bangalore Research Paper 674 (2023). https://doi.
org/10.2139/ssrn.4384039

[20]	 Groote DO, Gautier A, Verboven F, The political economy of 
financing climate policy — Evidence from the solar PV 
subsidy programs. Resource and Energy Economics 77 (2024) 
p 101436. https://doi.org/10.1016/j.reseneeco.2024.101436

[21]	 Gerarden TD, Demanding Innovation: The impact of consumer 
subsidies on solar panel production costs. Management Science 
69(12) (2023) p 7799–7820. https://doi.org/10.1287/
mnsc.2022.4662

[22]	 Bhatt B, Negi A, Analysis of rooftop solar photovoltaic system 
across the Indian States: Learnings for Sustainable 
Infrastructure. In Filho WL, Rogers J, Raniga U, editors. World 
sustainability series. Sustainable Development Research in the 

https://data.europa.eu/doi/10.2760/4002897
https://mnre.gov.in/en/physical-progress/
https://www.ireda.in/images/HTMLfiles/23.pdf
https://www.iea.org/reports/india-case-study
http://dx.doi.org/10.1109/ICIMIA.2017.7975655
https://doi.org/10.1016/j.cles.2022.100020
https://doi.org/10.1016/j.cles.2022.100020
https://doi.org/10.1002/sd.1940
https://doi.org/10.1016/j.spc.2020.01.001
https://doi.org/10.1016/j.spc.2020.01.001
https://energy.economictimes.indiatimes.com
https://energy.economictimes.indiatimes.com
https://doi.org/10.5278/ijsepm.2019.21.3
https://doi.org/10.5278/ijsepm.2019.21.3
http://doi.org/10.5278/ijsepm.6314
http://doi.org/10.5278/ijsepm.6314
http://doi.org/10.54337/ijsepm.7477
https://doi.org/10.1016/j.enpol.2023.113772
https://mnre.gov.in/en/physical-progress/
https://mnre.gov.in/en/physical-progress/
https://doi.org/10.1016/j.rser.2015.12.056
https://doi.org/10.1016/j.rser.2015.12.056
https://doi.org/10.20508/ijrer.v8i2.7347.g7369
http://dx.doi.org/10.1016/j.rser.2017.04.107
https://doi.org/10.1016/j.egyr.2020.05.028
https://doi.org/10.2139/ssrn.4384039
https://doi.org/10.2139/ssrn.4384039
https://doi.org/10.1016/j.reseneeco.2024.101436
https://doi.org/10.1287/mnsc.2022.4662
https://doi.org/10.1287/mnsc.2022.4662


58	 International Journal of Sustainable Energy Planning and Management Vol. 44 2025

 Accelerating Solar Power Generation to Achieve India’s Net-Zero Goals: A Factor-Based Study

Asia-Pacific Region; 2018. p. 393-419. https://doi.
org/10.1007/978-3-319-73293-0_23

[23]	 Manju S, Sagar N, Progressing towards the development of 
sustainable energy: A critical review on the current status, 
applications, developmental barriers and prospects of solar 
photovoltaic systems in India. Renewable and Sustainable 
Energy Reviews 70 (2017) p 298-313. https://doi.org/10.1016/j.
rser.2016.11.226

[24]	 Kapoor KK, Dwivedi YK, A take on solar power in India. 
Economic and Political Weekly 52(7) (2017) 21-24. https://
www.epw.in/journal

[25]	 Ministry of New and Renewable Energy. PM Surya Ghar: Muft 
Bijli Yojana. PIB; 2024 https://pib.gov.in/PressRelease

[26]	 Gaur M, Rajappan S, Srivastava A, Sharma DK, Sharma V. 
How well the PM Surya Ghar Yojana, a solar revolution, is 
faring across India. India Today; 2024 https://www.
indiatoday.in/

[27]	 Tripathi B. Modi govt’s new solar scheme has three big hurdles. 
Economic Times; 2024 https://economictimes.indiatimes.com/

[28]	 Busby JW, Shidore S, Solar federalism: What explains the 
variation in solar capacity additions by India’s states? Energy 
Research & Social Science 71 (2020) p 101815. https://doi.
org/10.1016/j.erss.2020.101815

[29]	 Sharma A, Shukla A, Kant K, Perspective of Solar Energy in 
India. In Sharma A, Shukla A, Aye L, editors. Low Carbon 
Energy Supply. (2018). P. 17-35. https://doi.org/10.1007/978-
981-10-7326-7_2

[30]	 Dey S, Sreenivasulu A, Veerendra G, Rao KV, Babu PA, 
Renewable energy present status and future potentials in 
India: An overview. Innovation and Green Development 
1(1) (2022) p 100006. https://doi.org/10.1016/j.
igd.2022.100006

[31]	 Irfan M, Zhao ZY, Ahmad M, Mukeshimana MC, Critical 
factors influencing wind power industry: A diamond model 
based study of India. Energy Reports 5 (2019) p 1222-1235. 
https://doi.org/10.1016/j.egyr.2019.08.068

[32]	 Irfan M, Zhao Z, Ikram M, Gilal NG, Li H, Rehman A, 
Assessment of India’s energy dynamics: Prospects of solar 
energy. Journal of Renewable and Sustainable Energy 12(5) 
(2020) p 053701. https://doi.org/10.1063/1.5140236

[33]	 World Bank. Political Stability and Absence of Violence/Terrorism: 
Estimate; 2023 https://databank.worldbank.org/metadataglossary/
worldwide-governance-indicators/series/PV.EST

[34]	 Lok Sabha Unstarred Question. State-wise Power Generated 
from Solar Plants in India. Indiastat; 2022 https://www.
indiastat.com/state-wise-power-generated-from-solar-plants/

[35]	 Ministry of Agriculture & Farmers Welfare. Land Use 
Classification in India – Part I. Indiastat; 2023 https://www.
indiastat.com/agriculture/land-use-classification-india/

[36]	 Ministry of Statistics and Programme Implementation. State-
wise Net State Domestic Product in India. Indiastat; 2024 
https://www.indiastat.com/economy/state-wise-net-state-
domestic-product-nsdp-india/

[37]	 Ministry of Commerce and Industry. Monthly Wholesale Price 
Index (WPI) of Solar Power System (Solar Panel Attachable 
Equipment) in India. Indiastat; 2024 https://www.indiastat.
com/priceindex/

[38]	 Central Board of Indirect Taxes and Customs. GST Rates. 
India: Ministry of Finance; 2023 https://cbic-gst.gov.in

[39]	 Raizada S, Sharma D, Laan T, Jain S. Mapping India’s Energy 
Policy 2023: A decade in action. International Institute for 
Sustainable Development; 2023 https://www.iisd.org/
publications/report/mapping-india-energy-policy-2023

[40]	 Kerby J, Tarekegne B. Dataset for: A guide to residential energy 
storage and rooftop solar: State net metering policies and utility 
rate tariff structures. U.S. Department of Energy; 2024 https://
doi.org/10.25584/2305541

[41]	 Ministry of Statistics and Programme Implementation. 
Estimated number of households, average household size and 
sex. Government of India; 2023 https://www.mospi.gov.in/

[42]	 Narayan U, Poojary V, Jain T, Kelkar U, Negotiating a just 
transition: the case of utility-scale solar in semi-arid southern 
India. In Arora-Jonsson S, Michael K, Kumar M, editors. Just 
Transitions; 2023. p. 171–191. https://doi.
org/10.4324/9781003048374-13

[43]	 Fatima N, Li Y, Ahmad M, Jabeen G, Li X, Factors influencing 
renewable energy generation development: a way to 
environmental sustainability. Environmental Science and 
Pollution Research 28(37) (2021) p 51714–51732. https://doi.
org/10.1007/s11356-021-14256-z

https://doi.org/10.1007/978-3-319-73293-0_23
https://doi.org/10.1007/978-3-319-73293-0_23
https://doi.org/10.1016/j.rser.2016.11.226
https://doi.org/10.1016/j.rser.2016.11.226
https://www.epw.in/journal/2017/7/commentary/take-solar-power-india.html
https://www.epw.in/journal/2017/7/commentary/take-solar-power-india.html
https://pib.gov.in/PressReleasePage.aspx?PRID=2081250
https://www.indiatoday.in/india/story/pm-surya-ghar-yojana-solar-revolution-sweeping-india-ground-report-2629924-2024-11-07
https://www.indiatoday.in/india/story/pm-surya-ghar-yojana-solar-revolution-sweeping-india-ground-report-2629924-2024-11-07
https://economictimes.indiatimes.com/industry/renewables/indias-solar-power-subsidies-for-homes-face-scepticism/articleshow/109994295.cms?from=mdr
https://doi.org/10.1016/j.erss.2020.101815
https://doi.org/10.1016/j.erss.2020.101815
https://doi.org/10.1007/978-981-10-7326-7_2
https://doi.org/10.1007/978-981-10-7326-7_2
https://doi.org/10.1016/j.igd.2022.100006
https://doi.org/10.1016/j.igd.2022.100006
https://doi.org/10.1016/j.egyr.2019.08.068
https://doi.org/10.1063/1.5140236
https://databank.worldbank.org/metadataglossary/worldwide-governance-indicators/series/PV.EST
https://databank.worldbank.org/metadataglossary/worldwide-governance-indicators/series/PV.EST
https://www.indiastat.com/table/power/state-wise-power-generated-from-solar-plants-in-in/912896
https://www.indiastat.com/table/power/state-wise-power-generated-from-solar-plants-in-in/912896
https://www.indiastat.com/table/agriculture/land-use-classification-india-1950-1951-2022-2023-/10532
https://www.indiastat.com/table/agriculture/land-use-classification-india-1950-1951-2022-2023-/10532
https://www.indiastat.com/table/economy/state-wise-net-state-domestic-product-nsdp-india%7B-/975847
https://www.indiastat.com/table/economy/state-wise-net-state-domestic-product-nsdp-india%7B-/975847
https://www.indiastat.com/table/economy/monthly%C2%A0wholesale%C2%A0price%C2%A0index%C2%A0-wpi%C2%A0of%C2%A0solar%C2%A0power%C2%A0/1118465
https://www.indiastat.com/table/economy/monthly%C2%A0wholesale%C2%A0price%C2%A0index%C2%A0-wpi%C2%A0of%C2%A0solar%C2%A0power%C2%A0/1118465
https://cbic-gst.gov.in/gst-goods-services-rates.html
https://www.iisd.org/publications/report/mapping-india-energy-policy-2023
https://www.iisd.org/publications/report/mapping-india-energy-policy-2023
https://doi.org/10.25584/2305541
https://doi.org/10.25584/2305541
https://www.mospi.gov.in/estimated-number-households-average-household-size-and-sex-ratio-no-female-1000-male-4
https://doi.org/10.4324/9781003048374-13
https://doi.org/10.4324/9781003048374-13
https://doi.org/10.1007/s11356-021-14256-z
https://doi.org/10.1007/s11356-021-14256-z

	_Hlk187963052
	_Hlk194936132
	_Hlk182935517
	_Hlk184847461

