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Abstract:

The global transition to sustainable energy is at a critical juncture, spurred by increasing energy needs from expanding
population and industrialization. In contrast, traditional energy resources have previously powered economic growth;
their degradation of the environment and limited nature point towards switching to cleaner energy options. Renewable
energy, solar, wind, and hydroelectric, in particular, provide a promising alternative, although these come with
drawbacks like intermittency, cost of infrastructure, and technological constraints. Governments are increasingly
making renewable energy more cost-competitive and economically viable by using targeted policy tools such as
carbon pricing schemes, subsidies, and tax incentives. This report looks at the larger picture of renewable energy
uptake. It presents in-depth case studies of two pioneering solar projects in India: the REWA Solar Park in Madhya
Pradesh and the GED- COL Solar PV Project in Odisha. REWA, India's largest 750 MW solar park, exemplifies
effective public-private partnership, creative financing, and mass-scale economic and environmental benefits, such as
a sizeable reduction in CO emissions and energy expenses. GEDCOL, a 10 MW solar power plant, prioritizes
rural electrification, sustainable development, and community-centric planning in Odisha. Both examples illustrate how
strategic planning, strong policy frameworks, and stakeholder consultations can be used to catalyze meaningful renewable
energy deployment. These case studies provide replicable models for developing countries balancing economic growth with
ecological sustainability.
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INTRODUCTION

The world is at a pivotal point in its search for sustainable energy, with mounting population pressures and
rapid industrialization that require increasingly higher energy use. The global economies have traditionally
been fueled by finite resources such as coal, oil, and natural gas. Their finite supply and serious ecological
costs—specifically greenhouse gas emissions—make them unsustainable in the long run (Ai et al., 2025;
Bilgen, 2014). Conversely, using renewable sources like solar, wind, and hydropower provides cleaner
options that are responsible for much less climate change and pollution. Regardless of the environmental
benefits, renewable sources have disadvantages. Problems of intermittency, expensive infrastructure, and
technological limitations create barriers to their scalability (Jafarizadeh et al., 2024). Conversely, the
management of non-renewables today involves optimizing efficiency and reducing environmental damage,
requiring more environmentally friendly extraction and using methods that are gaining momentum
gradually. Across the world, governments are encouraging the uptake of renewables through policy levers
such as tax credits, subsidies, Renewable Portfolio Standards (RPS), and Feed-in Tariff (FIT) programs
(Behrens et al., 2007; Yi et al., 2019). These mechanisms facilitate the cost of clean energy investments.
Significantly, renewable energy economics has changed; indicators such as the Levelized Cost of Energy
(LCOE) show that renewables are becoming cheaper than fossil fuels, particularly when carbon prices and the
costs of damage to the environment are included (Veronese et al., 2021). In addition, investment in renewable
energy promotes the creation of jobs, diversification of the economy, and energy security through lower
reliance on imported fossil fuels (Al Balushi & Matriano, 2024). The economic mechanisms of carbon taxes
and cap-and-trade make fossil fuels even less desirable. Each renewable energy source's viability depends on
geographic and socio-economic considerations; for instance, solar energy is best suited for sunny locations, while
wind energy is best for coastal or high-altitude regions (Eikeland et al., 2020). The title combines the two most
important renewable energy technologies. Renewable Currents assesses new hydropower plants' performance,
sustainability, and innovations that produce electricity from water currents. Light Power conversion through
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Photonic Harvesting systems surveys solar energy technologies that convert light into electricity with the help of
advanced photonic systems, which focus on a move toward clean, efficient, and sustainable energy alternatives,
which has been schematically represented in Fig 1, 2 & 3.
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Fig: 1 Light to Power Conversion via Photonic Harvesting Systems Fig: 2 Evaluating Modern Hydropower
Plants

Unleashing this potential depends on integrating strong policy support, economic analysis, and technological
innovation, enabling a secure and sustainable future for global energy (Adetomi Adewnmi et al., 2023).
Impacts of REWA and GEDCOL Solar Parks in India:

India's REWA Solar Park in Madhya Pradesh is an exemplary model for mass deployment of renewable
energy. India's Ultra Mega Solar Park, REWA, in Madhya Pradesh, is a perfect example of the country's
strategic development of renewable energy (Ullah, 2021). Having an installed capacity of 750 MW across
1,500 hectares, REWA ranks among the world's largest solar parks. Organized through a public-private
partnership with the Indian government, the Madhya Pradesh State Government, the Solar Energy
Corporation of India (SECI), and multilateral banks, it has been a good example of coordination in
mega infrastructure projects (Mohanty, 2024). Commissioned in 2020, the project parallels India's renewable
energy target—175 GW by 2022 and 500 GW by 2030—and will produce 1,500 million units of electricity
annually, lighting up more than 1.5 million homes. The project aims to lower carbon emissions, improve
energy security, and drive economic growth has been stated in Table 1. It attained one of India's lowest
tariffs (2.97/kWh) via a competitive reverse auction. The project site at Manamunda was strategically
selected based on high solar irradiance and minimal environmental effect, and it was procured through
compensation mechanisms and community outreach to realize equitable land use (Heynen, 2017).
Regardless of such drawbacks as land acquisition, maintenance needs, and initial high investment, the
project overcame these through strong planning, policy backing, and planned maintenance (Standal,
2018). It provided various socio-economic advantages, such as generating jobs during construction and
enhancing the population's access to electricity (Okkonen & Lehtonen, 2016), stimulating agricultural and
industrial production. A comparative analysis of the REWA and GEDCOL Solar Project has been
presented in Fig 3.
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Fig: 3 Comparative analysis of REWA and GEDCOL Solar Project

The GEDCOL Solar PV Project is a good example of how renewable energy can help solve environmental and
energy issues (Boateng, 2016). Its effective implementation provides a template for like initiatives throughout
India. It demonstrates the success of policy-supported, community-friendly, and technically superior

solar development in spurring clean energy transformation and rural growth.

Table: 1 REWA Ultra Mega Solar Project Impact (Madhya Pradesh)
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Table 2:GEDCOL Solar PV Project Summery (Manamunda, Odisha) Water Management Challenges

and Innovations in India:
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Water Management Challenges and Innovations in India: a Comparative Insights from

Ganges Basin and Sundarbans Ecosystem:

India's holiest and one of its most important rivers, the Ganges River, runs more than 2,500 kilometers and is
a source of water for millions. However, serious challenges are beset due to pollution, over-extraction,
sedimentation, and climate change. The river is very much part of India's ecological, cultural, and
economic life, so managing it is an imperative national priority(Adel, 2002; Basu Roy, 2017; Khan et al,,
2014; M. Kumar, 2019; Sinha & Kannan, 2014). Pollution is the most serious concern, as nearly 80Equally,
Sundarbans, the largest continuous global mangrove forest and a World Heritage Site identified by
UNESCO, covers approximately 10,000 square kilometers of India and Bangladesh (Ghosh et al., 2015). It
sustains about 4.6 million people and hosts a diverse variety of biodiversity, ranging from the Royal Bengal
Tiger, listed as endangered. Despite its ecological and economic significance, the region suffers from severe
water management issues because of its fragile coastal topography and periodic natural calamities like
cyclones, storm surges, and sea-level rise. Water problems in the Sundarbans are intricate in the resources,
and their significance is discussed in Table 4. Salinity intrusion is a big issue, as being near the Bay of
Bengal causes seawater to contaminate freshwater aquifers (P. Kumar et al., 2020). These sacrifices drinking
water, irrigation, and fisheries, lowering agricultural output and food security. The scarcity of freshwater
intensifies during the dry season (November to March), with poor rainwater harvesting infrastructure
making communities reliant on unsafe sources of water. Pressure on the population, with densely
populated small plots of land, raises freshwater demand and overwhelms the ecosystem. In addition,
deforestation and land conversion cause environmental degradation, changing the flow of water,
sedimentation, and water quality (Saengsupavanich et al., 2024). A number of adaptations have been
employed to address these issues. Pond re-excavation and rainwater harvesting are inexpensive yet efficient
ways of raising the availability of freshwater. These ponds, when restored, are found to be used in irrigation,
fish farming, and aquifer recharge. Pond designs are used to control sediment and enhance water quality.
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Integrated farming systems, which integrate aquaculture, livestock, and salt-tolerant crops, enhance food
security, improve climate stress resilience, and have improved farm incomes by as much as 60. These
initiatives have been very successful: water security has improved, income is higher, biodiversity is preserved,
and community capacity is improved. Nevertheless, challenges persist in the form of fragmented
governance, inadequate funds, socio-economic disparities, and rising climate risks. Solving these problems
requires strong policies, institution building, and people-oriented, innovative approaches. Finally, the
Sundarbans water regime demonstrates the potential of adaptive, locally led solutions in balancing people's
development and nature protection. Sustained interventions will always need to adapt to local demands and
climate pressures so that both the people and the distinctive environment they rely on these, leading to

remain resilient in the long-term sustenance.

Table 3: Water Resource Management in the Ganges River Basin
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Table: 4 Climate Resilient Water Management Strategies in the Sundarbans Region
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Economics, Policy, and Environmental Impact of Energy Resources

The geo-improvement section broadly compares renewable and non-renewable fossil energy, focusing on
their economic implications. It highlights key areas such as policy analysis, technological assessments,
environmental benefits, data collection, cost analysis, and economic impact evaluations. These components are
essential for making informed, rational decisions about the feasibility and superiority of renewable energy
sources. By examining these factors, the section emphasizes the practicality of adopting renewables over
fossil fuels, showcasing how advancements in policy and technology contribute to sustainable development
while supporting economic growth and environmental protection. Data collection involves systematically
gathering information to analyze and evaluate the performance, impact, and feasibility of energy sources as
both renewable and non-renewable. However, the total cost over time to maintain a system, facility, or
equipment, assisting in determining long-term operating efficiency, budgeting, and cost-effectiveness for project
planning and its investment for industries in renewable energy, is represented in (Fig 4 & 5).

Cumulative Maintenance Costs Over Time

Industry Investmentin Renewable Energy by
Sector

Investment {in billion USD)

[ ] I o |-

Cumulative Cost (Thousand USD per

olar Wind Hydro Geothermal
Years Renewable Energy Sectors
e 23 s 501 (Thousand USD per MW) m Energy Companies(Bilion USD)  m Industry Associations (Bilion USD)
Wind (Thousand USD per MW) Fossi Fuel (Thousand USD per MW) Consultancy Frms (Billion USD)
Fig 4: Cumulative maintenance cost Fig 5: Industry investment in renewable energy

In the context of geo-improvement, it includes monitoring energy production, consumption patterns,
environmental emissions, resource availability, and economic costs. Reliable data supports evidence-based
decision-making, policy formulation, and technological innovation. Data collection may track solar radiation,

2153



International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 16s,2025
https://theaspd.com/index.php

wind speeds, and hydrological flows for renewables, while fossil energy data includes fuel extraction rates and
emission levels. Accurate and consistent data is essential to compare energy systems, assess long-term
sustainability, and guide investments toward more efficient and environmentally friendly energy solutions. This
analysis emphasizes validity and precision through consideration of reputable sources of data, including
academic Journals and reports published by well-recognized institutions such as the IEA, World Bank,
and National Energy Department serve as reliable estimates of energy output, consumption and energy policy
impact. Annual reports published by some of the major institutions, such as the UN, World Bank, or
IEA, consolidating finances, progress, and strategies, are listed in Fig 6.
ANNUAL REPORTS PUBLISHED BY Initial Setup Costs of Energy Systems
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Fig 6: Annual reports published by major organization  Fig 7: Initial setup cost for renewable energy
system
Similarly, reports from energy companies, industry associations, and consultancy firms provide
organizational details and practical examples related to renewable energy installations. The
Quantitative data is collected from organizations like IRENA, focusing on energy costs, production, and
market trends. Initial Investment Renewable systems (solar, wind, hydro, geothermal) have high setup
costs, but these are compared to fossil fuel infrastructure costs Fig 7. Operating Costs of solar energy
facilities incurs minimal operational costs since sunlight is free, reducing long-term expenses significantly
(Renewable Power Generation Costs in 2022, 2022; World Energy Outlook 2023, 2023; World Bank, 2022)
mentioned in Fig 8 whereas the fuel costs. Renewables save heavily by eliminating fuel purchase
expenses, enhancing return on investment, and producing renewable energy from 2015 to 2023 has
been reviewed and mentioned in Fig 9.

Solar Energy Operating Costs Breakdown Renewable Energy Production (2015-2023)
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Renewable energy maintenance costs are necessary to maintain solar panels, wind turbines, and hydro
power plants in working order efficiently by inspecting, repairing, cleaning, and replacing parts.
Economic impact analysis:

The economic impact analysis on the adoption of a renewable energy system goes beyond the realm of economy
and includes the following aspects: Job creation in renewable energy adoption stimulates employment across
multiple sectors, from manufacturing components to installation, maintenance, and operation (Bali Swain
et al., 2022). Compared to fossil fuels, renewables support a broader range of skill-based and labor-intensive
opportunities. GDP Growth: Investment in renewable energy infrastructure boosts economic activity
by driving construction, innovation, and technology advancement, thereby contributing significantly to
national GDP (Yu et al., 2023). Energy Security: Utilizing domestic renewable resources reduces dependence
on imported fossil fuels. This enhances national energy security by minimizing exposure to geopolitical

2154



International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 16s,2025
https://theaspd.com/index.php

risks and supply chain disruptions.

Environmental impact assessment:

As with economic impact, renewable resources have various environmental impacts. Greenhouse gas
emissions from fossil fuels emit significant greenhouse gases (GHGs), contributing to climate change,
which is clearly mentioned in Fig 10. Renewable sources, in contrast, produce minimal or no GHGs.
Studies show that replacing fossil fuels with renewables significantly reduces emissions, aiding climate
mitigation efforts (Li et al., 2024). The quality of air during the combustion of fossil fuels releases harmful
pollutants such as sulfur dioxide and nitrogen oxides, which cause smog and health issues, as mentioned
in Fig 11.

CO2 Emissions Comparision by Energy Source a5 Improvement in Air Quality with Increased Renewable Energy Use
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Fig 10: CO2 Emissions Comparison Fig 11: Improvement Of Air Quality

Renewable energy adoption reduces these emissions, resulting in cleaner air and improved public health,
and is naturally replenishing and sustainable. Their long-term use supports environmental protection and
promotes steady economic growth without depleting finite resources (Garba & Abdulrahman, 2024).

India's Strategic Policy Framework for Solar and Hydro Energy Growth:

India has implemented several policies to promote renewable energy, particularly in the solar and hydro
sectors. Here is an overview of key policies, each supported by research paper references:

Solar Energy Policies in India:

Jawaharlal Nehru National Solar Mission (JNNSM) - 2010 Launched as part of the National Action
Plan on Climate Change (NAPCC). Aimed to install 100 GW of solar capacity by 2022. Supported through
capital subsidies, feed-in tariffs, and Renewable Energy Certificates (RECs). Focused on large-scale solar
parks and rooftop solar projects (Chaudhary et al., 2015; KhareSaxena et al., 2024).

Solar Park Scheme - 2014- Encourages states to develop large-scale solar parks. Provides financial
assistance of up to 20 lakh per MW for infrastructure development. Implemented in multiple states such as
Gujarat, Rajasthan, and Madhya Pradesh (Kar et al., 2016).

Rooftop Solar Programme Phase II - 2019 Provides up to 40% subsidies for residential rooftop solar
installations. Targets 40 GW of rooftop solar by 2022. Implemented through distribution companies
(DISCOMs) (A. Kumar et al., 2023).

Production-Linked Incentive (PLI) It's a scheme for Solar PV Manufacturing - 202 1- Aims to promote
domestic manufacturing of solar photovoltaic (PV) modules. 4,500 crore allocated to support high-
efficiency solar modules. Reduces dependency on imports, particularly from China (Wandhe, 2024).
Hydropower Policies in India:

National Hydroelectric Power Policy - 2008- Provides financial support for hydro projects, especially
small hydropower (SHP). Encourages private sector participation and fast-tracks project approvals
(Mishra et al., 2015).

Hydro Power Policy - 2018- Declared hydropower (25 MW) as a renewable energy source. Introduced
Hydropower Purchase Obligations (HPOs) to increase hydro energy adoption. Provided budgetary
support for flood moderation and enabling infrastructure.

Small Hydro Power (SHP) Programme-Targets hydro projects below 25 MW capacity. Provides financial
assistance for micro, mini, and small hydro projects. Supports rural electrification in remote and hilly
regions.

National Adaptation Fund for Climate Change (NAFCC)- Offers financial assistance for climate-
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resilient hydro projects. Focuses on sustainable water management and dam safety improvements.
Overcoming Challenges in Renewable Energy Integration for a Sustainable Future

Efficient management of renewable and non-renewable energy resources requires a coordinated, multi-sectoral
approach involving government, industry, and communities. Renewable energy offers a sustainable solution
but faces challenges like intermittency and infrastructure demands (Amin, n.d.; Rountree & Baldwin,
2018). Despite ongoing reliance on fossil fuels, these non-renewable sources pose significant environmental
and economic risks that could hinder long-term global development. India's solar parks and renewable
water management projects demonstrate how renewables can succeed in both developed and developing
economies, highlighting the importance of policy support, international cooperation, and technological
innovation. The economics of renewable energy focuses on comparing the costs and benefits of various
energy technologies (ESMAP, 2024). Although renewables have high initial investment costs, they
benefit from low fuel expenses and reduced environmental harm over time. They also generate
employment and boost local economies. Government incentives and falling technology prices are helping
renewables compete despite challenges like grid integration. Assessing renewables' viability involves considering
resource availability, technology readiness, and social acceptance. Energy grids must adapt to handle
variable renewable inputs through resilient strategies. Long-term data from multiple countries show that
renewable adoption offers greater benefits than costs. Overall, transitioning to renewable energy is both an
economic and environmental imperative that, with proper management and investment, can build sustainable,
resilient energy systems while minimizing the drawbacks of fossil fuel dependence.

DISCUSSION:

The REWA Ultra Mega Solar Project in Madhya Pradesh is far more impactful than the GEDCOL
Solar PV Project in Odisha. With a capacity of 750 MW, REWA is among Asia's largest solar plants,
supplying power to major consumers like Delhi Metro and significantly reducing CO emissions by over
1.5 million tons annually. It sets a benchmark in cost efficiency and supports India's national
renewable targets. In contrast, the 50 MW GEDCOL project has a limited local impact. While
beneficial for Odisha's energy goals, it lacks REWA's national significance. Thus, REWA contributes
approximately 85% of the overall impact compared to GEDCOL's 15%. Like solar, the Ganga and
Sundarbans water Management Systems address different but vital objectives in water resources. The
Ganga system targets pollution control and water-quality improvement for agriculture, drinking, and
industry. Programs like Namami Gange, sewage-treatment plants, and industrial effluent monitoring work
to rejuvenate the river, yet challenges persistent contamination, encroachment, and seasonal shortages hinder
full restoration (Sarkar et al., 2007; Trivedi, 2010). Conversely, the Sundarbans system is designed to
protect the world's largest mangrove forest from climate-change impacts, including sea-level rise, salinity
intrusion, and cyclones. Measures such as embankment construction, tidal-river management, and large-scale
afforestation bolster climate resilience and conserve biodiversity. While embankment breaches and
freshwater scarcity remain concerns, this system excels in disaster risk reduction and habitat preservation.
Ultimately, the preferable system depends on priorities: for ecological protection and climate adaptation, the
Sundarbans approach is superior; for broad-scale human water needs and pollution mitigation, the Ganga
framework is essential. Both are indispensable components of India's integrated renewable energy
management strategy. However, in conclusion, the REWA Solar Project and Sundarbans Water
Management System demonstrate national leadership in renewable energy and climate resilience.
While GEDCOL and Ganga systems serve regional needs, REWA and Sundarbans offer broader
environmental and socio-economic benefits. All four represent complementary pillars in India’s sustainable
energy and water resource management strategy.
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