
 
International Journal of Economics, Business, Accounting, Agriculture and Management towards Paradigm Shift in 

Research (IJEBAMPSR), ISSN: 3065-9140 
 

 

International Journal of Economics, Business, Accounting, Agriculture and Management towards Paradigm Shift in 

Research (IJEBAMPSR), ISSN: 3065-9140,Volume-1 Issue-II | Dec-2024 | Website: https://ebamr.com 
26 

 

    OPEN ACCESS 

 

Manuscript ID: 

IJEBAMPSR-2024-

010206 

 

Volume: 1 

 

Issue: 2 

 

Month: December  

 

Year: 2024 

 

E-ISSN: 3065-9140   

 

Submitted: 28-Oct-2024    

Revised:   10-Nov-2024 

Accepted: 06-Dec-2024    

Published: 31-Dec-2024 

 

 
 

DOI: 

10.5281/zenodo.15005088 

 
 

 
This work is licensed 

under a Creative 

Commons Attribution 4.0 

International 

 

Address for 

correspondence: Dr. 

Charu Bisaria, Assistant 

Professor, Amity Business 

School, Amity University 

Uttar Pradesh, Lucknow 

Campus, Lucknow 

Email: 

charubisaria1@gmail.com 
 

Empirical Analysis of Renewable Energy 
Adoption in India: Trends, Challenges, 
and Opportunities 
 
Dr. Charu Bisaria 

Assistant Professor, Amity Business School, 
Amity University Uttar Pradesh, Lucknow Campus, Lucknow 
 

 Abstract  
Renewable energy adoption in India plays a pivotal role in achieving 

sustainable development, ensuring energy security, and mitigating climate change. 

This study presents a comprehensive empirical analysis of renewable energy trends, 

delves into key challenges, and explores growth opportunities using a combination of 

national reports, surveys, and stakeholder interviews. Advanced statistical methods, 

including regression analysis, factor analysis, ANOVA, and cluster analysis, provide 

deeper insights into the renewable energy landscape in India. 

The findings reveal significant progress in solar and wind energy adoption, 

highlighting states like Gujarat and Rajasthan as leaders in solar energy, while 

Tamil Nadu excels in wind energy deployment. However, persistent challenges 

impede growth, including policy inconsistency, infrastructural shortcomings, land 

acquisition issues, and high initial investment costs. Additionally, the study identifies 

a lack of public awareness, particularly in rural areas, as a barrier to widespread 

adoption. 

The analysis underscores the importance of stable policy frameworks, 

strategic technological investments, and enhanced public-private partnerships to 

overcome these obstacles. Key recommendations include strengthening financial 

incentives, developing advanced energy storage systems, improving grid 

infrastructure, and fostering international collaborations such as the International 

Solar Alliance. Public awareness campaigns tailored to regional contexts are critical 

to bridging knowledge gaps and driving adoption at grassroots levels. 

The study also highlights renewable energy’s socio-economic benefits, 

including potential green job creation and localized manufacturing, which can 

contribute to economic growth. Future research directions should focus on 

developing localized solutions, exploring the socio-economic impacts of renewable 

energy adoption, and assessing the long-term effects of policy interventions on 

energy transitions. By addressing these challenges and opportunities, India can 

solidify its leadership in the global renewable energy movement, paving the way for 

a sustainable and energy-secure future. 

Keywords: Renewable energy in India, solar energy, wind energy, policy challenges, 

energy transition, ANOVA, cluster analysis 

Introduction  
India, as one of the fastest-growing economies, faces a dual challenge of 

meeting rising energy demand and addressing environmental concerns. The reliance 

on fossil fuels has led to significant carbon emissions, necessitating a shift towards 

renewable energy sources. As the world’s third-largest energy consumer, India’s 

energy policies play a pivotal role in global efforts to combat climate change. 

Recognizing this, the Indian government has introduced ambitious initiatives such as 

the National Solar Mission, targeting 175 GW of renewable energy capacity by 2023 

and 500 GW by 2030 (Ministry of New and Renewable Energy, 2023). 

Despite these commitments, the transition to renewable energy in India is 

fraught with challenges. High initial costs, regulatory complexities, and limited 

public awareness hinder large-scale adoption.  
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Furthermore, grid integration and land 

acquisition issues exacerbate these challenges, 

particularly in states with high renewable energy 

potential. Scholars such as Sharma and Gupta 

(2022) and Singh et al. (2023) emphasize the 

importance of a stable policy framework and 

financial incentives to overcome these barriers. 

This study seeks to fill the research gap by 

empirically analyzing trends, identifying key 

challenges, and exploring opportunities in India’s 

renewable energy landscape. 

Objectives: 

1. To analyze renewable energy adoption trends 

across regions in India. 

2. To identify key socio-economic, policy, and 

technological challenges. 

3. To explore opportunities to enhance renewable 

energy adoption through innovative strategies. 

Literature Review  
India’s renewable energy sector has 

experienced significant growth due to declining 

technology costs and supportive government 

policies. The International Energy Agency (IEA, 

2023) notes that India is a global leader in solar 

energy adoption, with projects like the Rewa Ultra 

Mega Solar Power Plant setting benchmarks for 

efficiency and cost-effectiveness. State-specific 

initiatives further illustrate this progress; Rajasthan 

and Gujarat lead in solar installations, while Tamil 

Nadu dominates the wind energy sector (Sharma & 

Gupta, 2022). 

However, significant barriers remain. 

Kumar and Verma (2021) identify inadequate grid 

infrastructure and challenges in land acquisition as 

critical obstacles. Das and Roy (2020) highlight the 

lack of public awareness and affordability issues, 

particularly in rural areas. Furthermore, Singh et al. 

(2023) critique the inconsistency of renewable 

energy policies, which often lack long-term vision 

and scalability. 

Emerging research also focuses on 

financial models and international collaborations. 

Gupta (2021) explores innovative financing 

mechanisms for solar energy projects, while 

Banerjee et al. (2022) discuss the role of 

international partnerships like the International 

Solar Alliance in addressing technological and 

financial challenges. This study builds on existing 

literature by integrating these findings into a 

comprehensive analysis of India’s renewable 

energy landscape. 

Research Methodology  
Research Design: The study employs a 

quantitative approach with supportive qualitative 

insights. Surveys and interviews with key 

stakeholders form the primary data sources. 

Data Sources: 

1. Secondary Data: Reports from the Ministry of 

New and Renewable Energy (MNRE), 

IRENA, and state government publications. 

2. Primary Data: Surveys of 1,500 respondents, 

including policymakers, industry experts, and 

consumers, stratified across rural and urban 

regions. 

Statistical Tools: 

1. Regression Analysis: Evaluates the 

relationship between renewable energy 

adoption and influencing factors like cost, 

policy support, and awareness. 

2. Factor Analysis: Identifies underlying 

challenges and opportunities. 

3. ANOVA and Cluster Analysis: Analyzes 

variations and groups states by adoption 

trends. 

4. Descriptive Statistics: Summarizes adoption 

trends across Indian states. 

Key Survey Questions: 

1. What renewable energy sources are most 

accessible in your region? 

2. What are the primary challenges to adopting 

renewable energy in your household or 

business? 

3. How do you perceive government policies 

promoting renewable energy? 

Results and Analysis 

Renewable Energy Adoption by Source and Region 

Table 1: Renewable Energy Adoption Rates by Source and Region 

State Solar (%) Wind (%) Biomass (%) Hydro (%) 

Rajasthan 45 10 15 5 

Gujarat 50 15 10 10 

Tamil Nadu 20 50 10 5 

Maharashtra 25 15 30 10 

Himachal Pradesh 5 5 10 80 
 

Interpretation: Gujarat and Rajasthan lead in solar 

energy adoption due to favorable policies and 

climatic conditions. Tamil Nadu dominates in wind 

energy adoption, leveraging its coastal wind 

potential, while Himachal Pradesh demonstrates 

significant hydroelectric capacity. 
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ANOVA: Variation in Adoption Rates across States 

Table 2: ANOVA Results for State-wise Renewable Energy Adoption 

Source F-Statistic p-value 

Solar 12.34 0.002 

Wind 15.67 0.001 

Biomass 9.21 0.008 

Hydro 18.45 0.000 

Interpretation: The p-values (< 0.05) indicate significant differences in renewable energy adoption rates across 

states for all sources. 

Regression Analysis: Factors Influencing Adoption 

Table 3: Regression Analysis of Drivers of Renewable Energy Adoption 

Variable Coefficient Significance (p-value) 

State-level incentives 0.85 <0.01 

Public awareness 0.76 <0.05 

International funding 0.69 <0.01 

Interpretation: Financial incentives and policy consistency have the strongest positive influence on adoption 

rates. 

Additional Cluster Analysis: Grouping by Adoption Rates 

Table 4: Cluster Analysis for Renewable Energy Adoption Patterns 

Cluster Type States Included Characteristics 

High Adoption Gujarat, Rajasthan, Tamil Nadu High policy support and strong public awareness. 

Moderate Adoption Maharashtra, Karnataka Partial grid integration and moderate adoption. 

Low Adoption Bihar, Uttar Pradesh Limited awareness and infrastructural barriers. 

Interpretation: Tailored policy and financial measures are needed for states in the low adoption cluster. 

Descriptive Statistics: State-Wise Resource Utilization 

Table 5: Descriptive Statistics for Resource Utilization 

Resource Type Mean (%) Median (%) Std. Dev. (%) Min (%) Max (%) 

Solar 29 25 18.2 5 50 

Wind 19 15 16.5 5 50 

Biomass 15 10 8.3 10 30 

Hydro 22 10 30.8 5 80 

Interpretation: Solar energy demonstrates consistent adoption, while hydroelectric adoption shows significant 

regional variability. 

Discussion 

The empirical analysis underscores India's 

immense renewable energy potential, highlighting 

the steady growth in solar and wind capacities, yet 

identifies significant barriers impeding large-scale 

adoption. The regional analysis illustrates the 

disparities in renewable energy adoption across 

states, driven by local resources, policy 

frameworks, and public awareness. The correlation 

between state-level incentives and adoption rates, 

revealed by the regression analysis (Table 3), 

reaffirms the necessity for robust financial and 

policy support. 

India’s renewable energy policy, while ambitious, 

often suffers from fragmentation and lack of long-

term vision. For instance, the inconsistency in 

subsidy disbursements and bureaucratic hurdles 

delay project implementations, as emphasized by 

Das and Roy (2020). Moreover, technological 

challenges, such as inadequate grid infrastructure 

and energy storage, limit the ability to fully harness 

renewable sources (Kumar & Verma, 2021). Factor 

analysis (Table 2) further highlights economic and 

policy barriers as key impediments, necessitating 

targeted interventions. 

The role of international partnerships, 

such as the International Solar Alliance, emerges as 

https://ebamr.com/
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a critical driver for addressing technological and 

financial gaps. Collaborative research and 

development initiatives can accelerate 

advancements in energy storage solutions and 

smart grids. Additionally, global funding 

mechanisms, including green bonds and climate 

funds, can alleviate financial constraints for 

renewable energy projects in India (Banerjee et al., 

2022). 

Public awareness campaigns must be 

intensified to bridge the knowledge gap, 

particularly in rural areas where affordability and 

accessibility remain critical issues. Survey results 

reveal that over 40% of respondents in rural areas 

cite lack of awareness as a primary barrier. Thus, 

community-based awareness programs, coupled 

with financial incentives like subsidized 

installations, can play a pivotal role in enhancing 

adoption rates. 

From a socio-economic perspective, 

renewable energy adoption also presents significant 

opportunities for green job creation and rural 

development. For example, localized 

manufacturing of solar panels and wind turbines 

can generate employment while reducing the 

overall cost of renewable energy systems (Gupta, 

2021). Future efforts must prioritize inclusive 

strategies that address these socio-economic 

dimensions alongside technological and policy 

advancements. 

Conclusion 

India's renewable energy sector is poised 

for transformative growth, supported by its vast 

natural resources, technological advancements, and 

ambitious policy goals. However, the findings of 

this study highlight critical barriers that must be 

addressed to realize this potential fully. 

A multi-pronged approach is essential to 

overcome these challenges. Policymakers must 

ensure consistency and alignment across national 

and state-level strategies, with a focus on long-term 

vision and scalability. Investment in technological 

advancements, particularly in grid infrastructure 

and energy storage, is critical to bridging current 

gaps. 

Economic barriers can be alleviated 

through innovative financial mechanisms, such as 

green bonds and public-private partnerships. 

International collaborations should be leveraged to 

access advanced technologies and funding. Public 

awareness campaigns, tailored to regional contexts, 

are equally important to enhance grassroots support 

for renewable energy initiatives. 

The study also emphasizes the need for 

regional strategies that capitalize on local strengths. 

States like Gujarat and Rajasthan should prioritize 

solar energy expansion, while Tamil Nadu can 

further enhance its wind energy infrastructure. 

Himachal Pradesh, with its hydroelectric potential, 

should focus on sustainable hydro projects. 

Future research should delve into 

localized solutions and explore the socio-economic 

impacts of renewable energy adoption, particularly 

in addressing energy poverty and creating green 

jobs. By addressing these dimensions, India can 

solidify its position as a global leader in the 

transition to sustainable energy. 
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