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Abstract

This research paper evaluates the influence of solar energy access on household income and employment opportunities in the
rural regions of Khandwa district, Madhya Pradesh. Conducted under the collaborative framework of the Indian Council
of Social Science Research (ICSSR) and Dr. C.V. Raman University, Khandwa (M.P.), this study explores how
decentralized solar energy systems contribute to rural economic resilience and sustainable livelihoods. A mixed-method design,
incorporating household surveys, focus group discussions, and key informant interviews, was employed to assess socio-economic
transformations among 300 rural households. Results indicate a significant rise in income, employment diversification, and
entrepreneurship following solar energy adoption. Despite positive outcomes, challenges remain in maintenance, financing, and
awareness. The paper concludes with recommendations for strengthening policy support and local solar entrepreneurship
programs to ensure sustainable energy access for all.
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INTRODUCTION

Energy access is a critical driver of socio-economic development, especially in rural India, where energy poverty
remains a major barrier to progress. Solar energy provides a clean, sustainable, and decentralized alternative to
fossil fuel-based electricity, enabling economic empowerment and improved quality of life.

Khandwa district in Madhya Pradesh is characterized by its high solar potential and predominantly agrarian
economy. The Government of India’s KUSUM Yojana and Saubhagya Scheme have catalyzed the spread of solar
energy in rural regions, but localized assessments of its economic effects are limited.

This paper, developed in collaboration with the Indian Council of Social Science Research (ICSSR), seeks to
evaluate the influence of solar energy access on household income and employment opportunities across 20 rural
villages in Khandwa district
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Objectives of the Study

1. To evaluate the effect of solar energy access on household income in rural Khandwa.

2. To assess the role of solar energy in generating employment and entrepreneurship opportunities.
3. To identify key challenges and propose recommendations for sustainable solar energy adoption.

REVIEW OF LITERATURE
A growing body of literature recognizes renewable energy as a transformative driver of socio-economic progress,
especially in rural and underdeveloped regions. Access to clean, affordable, and reliable energy sources not only
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enhances productivity but also stimulates income growth, employment creation, and social equity. Several
empirical and theoretical studies have explored these linkages in the context of rural electrification and solar
energy initiatives.

Bhattacharya and Jana (2021) demonstrated that rural electrification through solar microgrids plays a critical role
in stabilizing income and improving the standard of living in energy-deprived villages of Eastern India. Their
findings reveal that decentralized solar systems reduce dependency on traditional fuels, enabling small-scale
industries, improved study hours for students, and higher agricultural productivity through reliable irrigation.
Kumar and Gupta (2021) explored the role of decentralized solar installations in fostering entrepreneurship and
self-employment opportunities in remote areas. Their study indicated that access to off-grid solar systems has
enabled the growth of small businesses such as flour mills, tailoring units, and mobile charging centers, which
not only generate income but also reduce rural-to-urban migration.

Pandey (2019) focused on women’s empowerment through solar-based livelihood initiatives, concluding that
renewable energy access enhances female participation in income-generating activities and reduces drudgery.
Women, particularly in tribal and semi-tribal communities, benefited from the availability of solar lighting, which
extended productive hours and improved personal safety.

International agencies such as the United Nations Development Programme (UNDP, 2022) and the World Bank
(2022) have also highlighted the macroeconomic benefits of renewable energy access. Their reports collectively
underline that renewable energy adoption is directly correlated with higher employment rates, improved
educational attainment, and reduced poverty levels in developing nations. The studies further suggest that local
ownership models and participatory governance mechanisms amplify the developmental benefits of renewable
energy projects.

In the Indian context, Tiwari and Chauhan (2021) analyzed the link between solar energy and rural income
diversification, finding that solar adoption encourages multiple sources of livelihood, including agriculture,
handicrafts, and smallscale processing units. Similarly, Jha and Bansal (2022) emphasized that solar
electrification in central India has contributed to increased agricultural productivity and rural enterprise
development.

However, despite these valuable contributions, region-specific studies focusing on the district-level income and
employment impacts of solar energy in Madhya Pradesh remain limited. There is a scarcity of empirical data
evaluating how solar energy affects household income, rural entrepreneurship, and local employment patterns at
the micro (village) level. The present study, undertaken under the collaborative guidance of the Indian Council
of Social Science Research (ICSSR), addresses this research gap by providing field-based evidence from 20 villages
of Khandwa district. It seeks to bridge the knowledge gap by analyzing both quantitative economic indicators and
qualitative dimensions of social transformation brought by solar energy adoption.

RESEARCH METHODOLOGY

Study Area: 20 villages in Khandwa district, Madhya Pradesh (Punasa,Harsud,Khandwa, Chhegaon Makhan,
Baldi and Khalwa blocks).

Research Design: The present study adopts a descriptive and analytical research design, which allows for both
the systematic description of existing conditions and the in-depth analysis of relationships among socio-economic
variables affected by solar energy adoption.

The descriptive component focuses on portraying the current status of solar energy utilization across twenty
selected villages in Khandwa district, Madhya Pradesh. It seeks to document the demographic, social, and
economic characteristics of rural households, the extent of solar energy adoption, and the patterns of energy
consumption. Descriptive statistics such as frequency distributions, percentages, and mean values are employed
to summarize and present the collected data in an organized manner.

The analytical component aims to explore the causal and correlative relationships between solar energy adoption
and various socio-economic indicators such as income levels, employment opportunities, educational outcomes,
and women’s empowerment. This involves examining how access to solar energy influences livelihood
diversification, productivity enhancement, and household expenditure patterns. Analytical tools—including
correlation analysis, cross-tabulation, and comparative mean analysis—are applied to interpret data meaningfully
and to identify significant trends and impacts.

Sample Size: 300 rural households selected through stratified random sampling.

Data Collection Tools: Structured questionnaires, focus group discussions, and interviews with key stakeholders.

8599



International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 23s, 2025
https://www.theaspd.com/ijes.php

Lty 1 HE27
Livmede % A0

Beoacoe 18510 W
Azauy LTAN
Tewe 15073018 1008
e vt

Data Analysis

e The data collected for this ICSSR-supported study were analyzed through both quantitative and qualitative
approaches to ensure a comprehensive understanding of the socio-economic impact of solar energy adoption in
rural Khandwa. The integration of statistical and thematic analyses allowed for triangulation of results, thereby
increasing the validity and reliability of the findings.

Quantitative Analysis

Quantitative data obtained from household surveys were coded and systematically entered into the (SPSS)
software for processing and analysis. Basic descriptive statistics such as mean, percentage, and frequency
distribution were used to summarize demographic variables, energy usage patterns, and household income
characteristics.

The use of SPSS ensured statistical accuracy, objectivity, and efficient management of large datasets collected
from 300 households across twenty villages. The results of this analysis were later interpreted in the context of
local socio-economic conditions to draw meaningful policy implications.

Qualitative Analysis

In addition to quantitative data, the study incorporated qualitative insights collected through Key Informant
Interviews (KIIs) and Focus Group Discussions (FGDs). These qualitative datasets were subjected to thematic
analysis, a systematic technique for identifying, organizing, and interpreting patterns of meaning within textual
data.

The analysis involved several stages:
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This combined approach enabled the researcher to quantitatively measure the magnitude of impact and
qualitatively understand the lived experiences of beneficiaries. Such methodological integration is consistent with
ICSSR’s emphasis on mixed-method social science research that captures both numerical and human
dimensions of development.

RESULTS AND DISCUSSION

Household Income Impact

Approximately 72% of respondents reported an increase in monthly income after adopting solar-based systems.
e Average household income rose from %5,000 to 10,000 post-adoption.

e  Savings from reduced diesel and kerosene expenses contributed significantly to disposable income.

e Solar-powered irrigation increased cropping intensity and yields by 30%.

Employment Generation

Solar mini-grids and micro-enterprises generated direct and indirect employment.

e 38% of households established small businesses such as photocopy shops, flour mills, and tailoring centers.
e Solar-powered irrigation created seasonal labor opportunities, enhancing rural employment.
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Challenges

Despite the promising potential of solar electrification in transforming rural livelihoods, several challenges
continue to hinder its widespread adoption and sustained operation in the semi-arid regions of Madhya Pradesh.
One of the foremost issues is the high initial cost of solar systems, which remains unaffordable for many rural
households and small farmers, even after accounting for available subsidies. Although government schemes aim
to promote renewable energy, the upfront investment required for solar panels, batteries, and inverters often
discourages adoption among low-income groups. Another major challenge is the lack of trained technicians and
skilled manpower in rural areas, leading to delays in installation, poor system maintenance, and frequent
operational breakdowns. This skill gap underscores the urgent need for capacity-building initiatives and local-
level technical training programs.

Furthermore, seasonal variations—particularly during monsoon and winter months—adversely affect the
consistency of solar energy output, creating uncertainty in power availability for irrigation, lighting, and
household needs. This intermittency limits the reliability of solar systems as the sole source of energy.
Additionally, there exists inconsistent awareness and understanding of government subsidy programs among rural
beneficiaries. Many potential users either remain unaware of these incentives or find the application procedures
complex and bureaucratic, resulting in low participation rates. Lastly, limited local maintenance and repair
infrastructure further compounds these issues, as most rural areas lack service centers or spare parts supply chains,
leading to long downtimes when systems malfunction.

Together, these challenges highlight the pressing need for an integrated policy approach that combines financial
innovation, community-based training, and decentralized service support to make solar energy a sustainable and
inclusive solution for rural development.

Policy Recommendations

To establish solar energy as a sustainable tool for rural development, several strategic policy measures are essential.
Firstly, it is recommended to form village-level solar cooperatives that can take decentralized responsibility for
maintenance, repair, and management of solar systems. This approach would not only create local employment
opportunities but also foster a sense of ownership among community members, thereby ensuring the long-term
sustainability of solar projects.
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Secondly, microfinance-based solar loan schemes should be introduced for low-income households, enabling
them to adopt solar technologies without heavy upfront investment. Such financial innovations can be effectively
implemented through rural banks, Self-Help Groups (SHGs), and cooperative societies, making solar energy
financially accessible to marginalized communities.

Thirdly, skill development programs in solar technology should be initiated through Industrial Training
Institutes (ITIs) and Rural Skill Centers. These programs should train youth in areas such as solar panel
installation, maintenance, energy auditing, and troubleshooting, thereby creating a pool of locally available skilled
technicians capable of supporting decentralized solar infrastructure.

Fourth, solar-based livelihoods should be integrated into existing government schemes such as MGNREGA
(Mahatma Gandhi National Rural Employment Guarantee Act) and PM-KUSUM (Pradhan Mantri Kisan Urja
Suraksha evamUtthaanMahabhiyan). This integration would help farmers access solar irrigation pumps, solar
dryers, and rural energy hubs—creating new income and employment avenues across villages.

Finally, it is imperative to conduct community awareness drives in collaboration with universities and non-
governmental organizations (NGOs) to educate rural populations about the social, economic, and
environmental benefits of solar energy. These initiatives should adopt participatory learning models so that local
communities themselves become advocates of renewable energy.

Implementing these policy recommendations would not only enhance the reach and reliability of solar energy
but also pave the way for building a self-reliant, environmentally responsible, and economically empowered
rural society in Madhya Pradesh.

CONCLUSION

This ICSSR-collaborative research demonstrates that access to solar energy substantially enhances household
income, promotes employment, and fosters entrepreneurship in rural Khandwa. The shift to renewable energy
not only strengthens local economies but also contributes to gender empowerment and environmental
preservation. However, capacity building, financial inclusion, and localized maintenance models are essential for
long-term success. Collaborative frameworks like that of ICSSR and Dr. C.V. Raman University Khandwa (M.P.)
play a crucial role in promoting applied social science research that benefits marginalized rural populations.
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