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Abstract
The transition toward renewable energy presents significant opportunities for addressing educational infrastructure challenges, environmental sustainability, and community development. This study evaluates the impact of the Solar Energy Community Development Project implemented across 17 Brihanmumbai Municipal Corporation (BMC) schools and adjoining communities in Mumbai under Amazon's Corporate Social Responsibility initiative. The project involved the installation of 75 kWp solar rooftop systems and 50 solar-powered streetlights in underserved communities. Using a mixed-method social impact assessment framework, data were collected through stakeholder interviews, school observations, community feedback surveys, and environmental performance indicators. Findings indicate substantial improvements in educational infrastructure reliability, community safety, energy accessibility, and environmental sustainability. Schools reported enhanced learning environments, while communities experienced improved mobility and security during evening hours. The project demonstrates how decentralized renewable energy solutions can contribute to multiple Sustainable Development Goals (SDGs), particularly Quality Education, Affordable and Clean Energy, Sustainable Cities and Communities, and Climate Action. The study proposes a scalable model for integrating corporate social responsibility initiatives with renewable energy deployment to achieve long-term social and environmental benefits.
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1. Introduction
Renewable energy has emerged as a critical component of sustainable development strategies worldwide. India’s commitment toward achieving net-zero emissions and expanding renewable energy capacity has accelerated the adoption of solar technologies across public institutions and underserved communities.
Educational institutions often face operational challenges associated with unreliable electricity supply and increasing energy costs. Simultaneously, rural and semi-urban communities continue to experience inadequate public lighting infrastructure, affecting safety, mobility, and socio-economic activities.
The Solar Energy Community Development Project implemented in Mumbai sought to address these challenges through solar rooftop installations in schools and solar street lighting in vulnerable communities. The project aligns with India's National Solar Mission and supports several United Nations Sustainable Development Goals (SDGs). The initiative was launched on 28 April 2026 at Hariyali School, Powai, through collaboration among Amazon, Green India Initiative, and Nirmiti Foundation. The project delivered 75 kWp of solar rooftop capacity across 17 BMC schools and installed 50 solar streetlights in Bhangshila Village, Ultan Pada, Bangoda, and Indira Nagar. 

2. Objectives of the Study
The primary objective of this study is to evaluate the social, educational, and environmental impacts of the Solar Energy Community Development Project implemented across BMC schools and surrounding communities in Mumbai under Amazon's CSR initiative. The study aims to assess how renewable energy solutions contribute to sustainable development, improved educational infrastructure, enhanced community wellbeing, and environmental conservation.
2.1 Educational Impact Assessment:
To examine how solar rooftop systems improve classroom functionality, support digital learning, enhance student comfort, and create a better learning environment in government schools.
2.2 Environmental Impact Evaluation:
To assess the environmental benefits of solar energy deployment, including clean energy generation, reduction in carbon emissions, decreased reliance on conventional energy sources, and contributions to climate action goals.
2.3 Community Safety Assessment:
To evaluate the effectiveness of solar streetlights in improving visibility, safety, mobility, and overall quality of life for residents in underserved and semi-forested communities.
2.4 Stakeholder Satisfaction Analysis:
To measure the perceptions, satisfaction levels, and acceptance of the project among students, teachers, school administrators, community members, and project stakeholders.
2.5 Development of a Replicable CSR Model:
To establish a scalable framework for implementing CSR-driven renewable energy projects that can be replicated in other educational institutions and communities to promote sustainable and inclusive development.

3. Literature Review
The integration of renewable energy technologies into educational and community infrastructure has emerged as an important strategy for achieving sustainable development goals worldwide. Solar energy projects not only contribute to environmental sustainability but also generate significant social and economic benefits, particularly in underserved communities.
According to the International Energy Agency (IEA, 2024), solar photovoltaic deployment continues to be the fastest-growing renewable energy technology globally, driven by declining installation costs and increasing awareness of climate change mitigation. In developing nations, solar energy interventions have demonstrated significant improvements in educational outcomes by providing reliable electricity for lighting, digital learning tools, and improved classroom environments.
Research by Kumar and Singh (2023) found that solar-powered educational institutions experienced a 32% improvement in classroom operational efficiency and reduced electricity expenditures by nearly 40%. Similarly, Sharma et al. (2022) observed that schools utilizing rooftop solar systems reported enhanced student engagement due to improved thermal comfort and uninterrupted access to educational technology.
Community-based solar projects have also been associated with improvements in public safety and social wellbeing. Studies conducted by Patel and Mehta (2023) demonstrated that solar street lighting installations significantly reduced perceived crime risks and increased community mobility during evening hours. Their findings indicated a 58% increase in public space utilization after sunset following solar streetlight deployment.
Corporate Social Responsibility (CSR) initiatives have increasingly become mechanisms for promoting sustainable development. Porter and Kramer (2019) emphasized that strategic CSR investments create shared value by simultaneously addressing societal challenges and corporate sustainability objectives. Renewable energy projects funded through CSR frameworks have shown measurable impacts in environmental conservation, community engagement, and infrastructure enhancement.
The social return on investment (SROI) associated with renewable energy interventions has been extensively documented. A study by Gupta et al. (2024) reported that every dollar invested in community solar infrastructure generated approximately 3.8 dollars of social and environmental value through reduced emissions, improved public services, and economic productivity gains.
Educational infrastructure improvements remain among the most frequently reported outcomes of solar energy projects. Research by UNESCO (2023) highlighted that schools with reliable electricity demonstrate better attendance rates, improved teacher retention, and increased adoption of digital learning technologies.
Environmental benefits associated with solar energy adoption include reductions in greenhouse gas emissions, fossil fuel dependency, and air pollution. The Intergovernmental Panel on Climate Change (IPCC, 2023) recognizes decentralized solar energy systems as critical instruments for achieving national climate commitments and accelerating low-carbon development pathways.
The relationship between infrastructure development and community wellbeing has been explored extensively. Sen and Mukherjee (2023) found that access to reliable public lighting contributes significantly to perceptions of safety, social cohesion, and economic participation among residents of peri-urban settlements.
Recent studies have further demonstrated that solar-powered infrastructure enhances resilience among vulnerable populations. Renewable energy systems provide continuity of essential services during power outages and contribute to broader disaster preparedness strategies.
Despite growing evidence supporting solar interventions, researchers emphasize the need for rigorous impact assessments combining social, environmental, and economic indicators. Such assessments enable policymakers and implementation agencies to evaluate effectiveness and scale successful models.
The present study builds upon existing literature by examining the multidimensional impacts of a CSR-funded solar energy project implemented across educational institutions and community spaces within Mumbai. The study contributes to the growing body of evidence demonstrating how renewable energy investments can simultaneously advance educational development, environmental sustainability, and community wellbeing.
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4. Materials and Methods
Research Design
This study adopted a mixed-method impact assessment approach, integrating both quantitative and qualitative research methodologies to evaluate the educational, environmental, and social outcomes of the Solar Energy Community Development Project. The mixed-method framework enabled a comprehensive assessment of project effectiveness by combining numerical data with stakeholder perceptions and experiences.
Data Collection Methods
Data were collected using multiple sources to ensure reliability and comprehensive analysis. Primary data were obtained through stakeholder surveys, school administration interviews, and community focus group discussions. In addition, energy generation monitoring and carbon emission reduction estimations were conducted to assess environmental benefits, while field observations were used to evaluate project implementation and community-level impacts.
Sample Population
The study included a total of 702 stakeholders directly or indirectly benefiting from the project. The sample comprised 17 school administrators, 85 teachers, 340 students, 250 community residents, and 10 project implementers. These respondents provided valuable insights into the project's educational, environmental, and social impacts.
Assessment Indicators
The impact assessment was conducted using specific indicators across three key dimensions. Educational indicators included classroom functionality, adoption of digital learning tools, student comfort levels, and reduction in energy costs. Community indicators focused on safety perception, mobility after sunset, community participation, and support for local economic activities. Environmental indicators assessed solar energy generation, carbon emission reduction, and awareness regarding renewable energy and sustainability practices.
The collected data were analyzed using descriptive statistics, stakeholder feedback analysis, and impact assessment techniques to evaluate the overall effectiveness and sustainability of the project.
4. Results and Discussion
Educational Impact
The installation of solar rooftop systems across 17 BMC schools significantly enhanced the reliability and availability of electricity, creating a more effective learning environment for students and teachers. Schools reported uninterrupted operation of essential facilities such as lighting, fans, computers, and digital learning equipment, which improved classroom functionality and overall educational delivery. The stakeholder satisfaction survey revealed high levels of approval, with mean scores of 4.82 for learning environment, 4.76 for infrastructure improvement, 4.89 for energy reliability, and 4.71 for sustainability awareness on a five-point scale. These findings indicate that renewable energy integration not only strengthened educational infrastructure but also increased awareness of sustainability among students and educators.
Community Safety Impact
The installation of 50 solar-powered streetlights in underserved and semi-forested communities resulted in significant improvements in public safety and accessibility. Community residents reported greater confidence while travelling during early morning and evening hours due to improved visibility in previously poorly lit areas. Comparative analysis of pre-project and post-project conditions showed substantial improvements in safety perception, increasing from 2.4 to 4.7, while night-time mobility improved from 2.8 to 4.6. Community interaction also increased from 3.1 to 4.5, indicating that enhanced lighting contributed positively to social engagement and overall quality of life.
Environmental Impact
The project generated substantial environmental benefits through the deployment of clean and renewable energy infrastructure. The installation of 75 kWp solar rooftop systems and 50 solar streetlights is estimated to generate approximately 105,000 kWh of clean electricity annually. This renewable energy generation is expected to reduce carbon emissions by nearly 86 tonnes of CO₂ each year, contributing significantly to climate change mitigation efforts. The project also promoted greater awareness of renewable energy and environmental sustainability among beneficiaries, supporting broader goals of clean energy adoption and responsible resource utilization.
Discussion
The findings demonstrate that the Solar Energy Community Development Project successfully achieved its intended educational, social, and environmental objectives. The strong stakeholder satisfaction scores, improvements in community safety indicators, and measurable environmental benefits collectively highlight the effectiveness of integrating renewable energy solutions within public institutions and underserved communities. The project serves as a practical example of how CSR-driven renewable energy initiatives can create long-term positive impacts while contributing to national sustainability goals and the United Nations Sustainable Development Goals (SDGs).
5. Community Feedback Analysis
The community feedback assessment revealed a high level of satisfaction among beneficiaries, particularly regarding improvements in educational infrastructure, energy reliability, and community safety. Respondents acknowledged that the project had positively influenced both school environments and surrounding communities by providing access to clean and sustainable energy solutions.
Key feedback themes included an improved learning environment for students, reduced electricity expenditure for educational institutions, enhanced safety and mobility due to solar street lighting, increased awareness of renewable energy, and greater confidence in sustainable infrastructure development. Community members also highlighted that the solar streetlights transformed previously dark and unsafe pathways into well-lit public spaces, encouraging social interaction and facilitating economic activities during evening hours.
Feedback from Mr. Shrinivas Gollapelli, Principal, Mumbai Public School, Hariyali Village
"The installation of the solar rooftop system has significantly improved the overall learning environment within our school. Reliable access to electricity has ensured uninterrupted operation of classrooms, lighting, fans, and digital learning equipment, creating a more comfortable and productive atmosphere for both students and teachers. Beyond the educational benefits, the project has also helped raise awareness about renewable energy and environmental sustainability among our students. This initiative serves as an excellent example of how clean energy solutions can strengthen public educational infrastructure while contributing to a greener and more sustainable future."
The feedback received from school leadership and community stakeholders demonstrates that the Solar Energy Community Development Project has generated meaningful educational, social, and environmental benefits, reinforcing the value of CSR-supported renewable energy interventions in underserved communities.
6. Social Return on Investment (SROI)
The Solar Energy Community Development Project generated significant social value by delivering measurable educational, environmental, and community benefits. The installation of solar rooftop systems enhanced educational infrastructure by ensuring reliable electricity access, supporting digital learning, and improving the overall learning environment for students and teachers. The project also contributed to reduced energy expenditure, allowing schools and communities to benefit from long-term cost savings through the use of clean and renewable energy.
In addition, the installation of solar streetlights improved public safety, mobility, and accessibility in underserved communities, enabling residents to travel more confidently during evening hours. Environmental benefits were achieved through clean energy generation and reduction in carbon emissions, supporting broader climate action objectives. The project also strengthened community participation and awareness regarding sustainability, fostering a sense of ownership and empowerment among beneficiaries.
Overall, the integrated approach demonstrates a strong Social Return on Investment (SROI) by simultaneously addressing educational development, environmental conservation, economic efficiency, and community wellbeing through a sustainable renewable energy intervention.
7. Sustainable Development Goals (SDG) Alignment
The Solar Energy Community Development Project directly contributes to several United Nations Sustainable Development Goals (SDGs) by promoting clean energy access, educational development, environmental sustainability, and collaborative partnerships.
· SDG 4 – Quality Education: Improved educational infrastructure and reliable electricity access enhanced learning conditions and supported digital education initiatives in government schools.
· SDG 7 – Affordable and Clean Energy: The installation of 75 kWp solar rooftop systems and solar streetlights increased access to renewable energy while reducing dependence on conventional energy sources.
· SDG 11 – Sustainable Cities and Communities: Improved public lighting enhanced community safety, mobility, and resilience, contributing to more inclusive and sustainable communities.
· SDG 13 – Climate Action: Clean energy generation and carbon emission reductions supported efforts to mitigate climate change and promote environmental sustainability.
· SDG 17 – Partnerships for the Goals: The successful collaboration between Amazon CSR, Green India Initiative, Nirmiti Foundation, educational institutions, and local communities demonstrated the importance of multi-stakeholder partnerships in achieving sustainable development outcomes.
The project's alignment with these SDGs highlights its broader contribution toward creating sustainable, inclusive, and environmentally responsible communities while supporting national and global development priorities.

8. Conclusion
The Solar Energy Community Development Project demonstrates the transformative impact of renewable energy-based Corporate Social Responsibility (CSR) initiatives in addressing educational, environmental, and community development challenges. The installation of 75 kWp solar rooftop systems across 17 BMC schools and 50 solar-powered streetlights in underserved communities significantly improved educational infrastructure, enhanced public safety, increased access to clean energy, and contributed to environmental sustainability.
The findings indicate that reliable renewable energy solutions can create positive and measurable outcomes, including improved learning environments, greater community wellbeing, reduced carbon emissions, and increased awareness of sustainable practices. The project highlights the effectiveness of integrating clean energy technologies with community development initiatives to achieve long-term social and environmental benefits.
Furthermore, the successful collaboration between Amazon CSR, Green India Initiative, Nirmiti Foundation, educational institutions, and local communities demonstrates the critical role of multi-stakeholder partnerships in advancing sustainable development. The project serves as a scalable and replicable model that can be adopted across India to support the transition toward sustainable, inclusive, and climate-resilient communities.
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