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Abstract

Floating Solar Photovoltaic (FSPV) systems are rapidly emerging as a scalable solution to the global
energy challenge, particularly for nations constrained by land scarcity, like India. This article details the
technological architecture, comparative advantages, and critical ecological integration of FSPV
technology. By leveraging vast underutilised water bodies, reservoirs and lakes; FSPV strategically
addresses land-use conflicts and offers superior energy efficiency through natural cooling. We examine
early global demonstrations and present a comprehensive analysis of India's vast immediate potential.
Critical evaluation of environmental impacts, alongside a framework for corrosion mitigation and aquatic
monitoring, is presented to guide sustainable large-scale deployment. The findings confirm FSPV as a
transformative, viable energy solution ready for accelerated implementation.

1. Introduction: A Crucial Nexus in the Energy Transition

Today, the global energy sector is at a turning point, driven by the need to satisfy escalating electricity
demand while aggressively curbing carbon emissions. For India, a rapidly developing nation, this
transition is particularly challenging, where conventional ground-mounted solar development
increasingly encounters land-use conflicts in densely populated regions.

Floating Solar Photovoltaic (FSPV) systems offer an innovative alternative by utilising vast water
resources: reservoirs, lakes, and backwaters, for power generation. This approach provides two distinct
advantages: land preservation and enhanced energy efficiency. The water beneath the installation acts as
a natural heat sink, providing a cooling effect that improves PV panel efficiency and mitigates
overheating losses. This technology is perfectly aligned with India’s ambitious renewable energy goals.
However, as the technology scales up, concerns regarding the potential impact on aquatic ecosystems, as
well as the long-term durability of systems in high-humidity conditions, require comprehensive
evaluation and immediate solutions.

2. Technological Architecture and Comparative Performance
2.1 The FSPV System: Key Components

A floating solar power plant is an integrated system engineered for aquatic stability and resilience. The
primary components include:

e Photovoltaic (PV) Panels: Standard PV modules secured onto buoyant platforms.

o Buoyant Structures (Floats/Pontoons): Typically constructed from durable materials like High-
Density Polyethylene (HDPE) to ensure floatation and stability.
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e Anchoring and Mooring System: Designed to maintain stability against currents, wind, and
waves.

e Electrical System: Features waterproof cables, inverters, and transformers built to withstand
humid and wet conditions.

2.2 Performance and Resource Utilisation Superiority

FSPV systems demonstrate a measurable performance advantage. Studies have shown efficiency gains
of up to 10-15% in floating systems compared to traditional systems, attributed directly to the constant
cooling provided by the underlying water surface.

Feature On-Ground Solar Plant| Floating Solar Plant

Land Requirement Extensive None

Cooling Efficiency Limited Enhanced by water

Water Conservation No Yes (reduced evaporation)

Maintenance  |[Regular cleaning required|Reduced dust accumulation

3. Environmental and Engineering Challenges

The successful transition to large-scale FSPV deployment requires dedicated mitigation strategies for
specific environmental and technological risks.

3.1 Impact on Aquatic Ecosystems and Water Quality
The partial surface coverage by the array raises two main ecological concerns:
e Photosynthesis Disruption: Surface shading may inhibit the growth of aquatic plants.

e Reduced Oxygen Levels: Limited sunlight penetration could potentially affect primary production
and aquatic organisms.

Furthermore, restricted water circulation beneath the array can pose a stagnation risk, degrading overall
water quality. The solution requires careful panel spacing to ensure sufficient airflow and maintain
appropriate clearance for natural water movement.

3.2 Component Durability and Corrosion

Constant exposure to moisture and high humidity accelerates corrosion in PV panels and the electrical
components necessary for the system. This is a critical engineering challenge in humid climates like
India. The primary solution involves the use of specialised anti-corrosion coatings, fully waterproof
electrical systems, and the implementation of rigorous, regular inspection schedules.

4. Potential for Floating Solar Power in India
4.1 Key Deployment Targets

India's numerous reservoirs, dams, and backwaters present an immediate and significant opportunity for
FSPV. Key water bodies for immediate consideration include:
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o Narmada River Basin Reservoirs: Characterised by ample sunlight and stable water levels.

o Kerala Backwaters: Significant potential for deploying solar farms to cater to localised power
demands.

e Rajasthan's Dams and Lakes: Ideal for reducing water loss due to evaporation while supporting
crucial regional energy needs.

4.2 Potential Capacity and Examinations

Conservative research indicates India's floating solar potential is vast, with estimates suggesting the
country could potentially install over 280 GW by utilising just 10-15% of its available water bodies.

To accelerate adoption and ensure technical competency in this emerging field, specialised certifications
and examinations are becoming necessary:

e National Examinations:

o NISE (National Institute of Solar Energy) Certification: Focusing on advanced FSPV
system design, installation, and maintenance.

o MNRE (Ministry of New and Renewable Energy) Accreditation: Required for engineers
and developers specialising in reservoir-based renewable projects.

e International Examinations:

o IEA (International Energy Agency) Certification/Workshops: Focusing on best practices
in FSPV deployment and environmental risk mitigation.

o World Bank Group Practitioner Handbook Modules (Expected): Future certifications for
practitioners based on global case studies and safety standards.

4.3 Overcoming the Higher Initial Investment Hurdle

While the superior performance metrics (up to 15% higher yield) of FSPV translate to a more favourable
Levelized Cost of Electricity (LCOE) over the plant's lifetime, the primary barrier to mass adoption
remains the significantly higher Initial Capital Expenditure (CAPEX) compared to conventional ground-
mounted PV.

The CAPEX Premium:

Industry experience in the mid-2010s indicated that FSPV projects incurred a CAPEX premium of
approximately Rs 7 to 25 per watt-peak (Wp) over ground-mounted PV, primarily due to specialised
components.

CAPEX Component | Ground-Mounted PV Floating Solar PV

Modules & Inverters Similar Similar

Mounting/Support ||Steel/Aluminium Racking HDPE Floats/Pontoons
(Significant Cost Increase)

BoP (Balance of Plant) Standard Wiring Waterproof/Marine-Grade Cables
(Cost Increase)

Site Stabilization Foundation/Piling

Anchoring & Mooring System
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CAPEX Component | Ground-Mounted PV Floating Solar PV

H H (Significant Cost Increase) |

The floats and the bespoke anchoring/mooring systems, which are essential for maintaining stability
against water level changes and hydro-forces, account for a substantial portion (approximately 30-37%)
of the total floating solar plant cost. This higher upfront requirement presents a challenge to securing
financing, as FSPV, being a nascent technology, is perceived as having a higher technical risk by risk-
averse commercial lenders.

4.4 Strategic Financial Mechanisms for De-Risking FSPV

To mobilise the necessary capital for large-scale FSPV projects in India, a set of targeted financial and
regulatory interventions are immediately required, leveraging existing models successful in other
renewable energy segments:

1.

Viability Gap Funding (VGF): The Government of India’s established VGF scheme can be
specifically extended to FSPV projects. By providing a one-time grant to cover a portion of the
project's higher capital costs (the viability gap), VGF can lower the effective CAPEX for the
private developer, increasing the project's Internal Rate of Return (IRR) and enhancing its
bankability.

Public-Private Partnership (PPP) Models: Utilising established PPP frameworks allows for the
optimal risk allocation:

o Public Sector (e.g., Dam/Reservoir Owner): Provides the water surface, manages
environmental clearances, and offers a sovereign guarantee on the Power Purchase
Agreement (PPA), thus guaranteeing revenue and lowering the offtake risk.

o Private Sector (Developer/EPC): Provides the specialised technology, bears the
construction risk, and ensures efficient operation and maintenance (O&M).

Innovative Debt Financing Instruments:

o Green Bonds: The increasing global market for climate-focused investment can be tapped
through Green Bonds, which typically offer a competitive interest rate for projects with
clear environmental benefits (like FSPV's dual benefit of power generation and
evaporation reduction).

o Credit Guarantee Schemes: Government-backed credit guarantee agencies can ensure a
portion of the debt (e.g., 70-90% of the loan amount), making commercial banks more
comfortable lending to FSPV projects and lowering the effective interest rate for the
developer.

Equity Participation by Suppliers/EPC Contractors: Encouraging technology suppliers (e.g., float
manufacturers) and Engineering, Procurement, and Construction (EPC) contractors to take an
equity stake in the project, rather than just receiving upfront payment, links their financial return
directly to the long-term performance and quality of the system. This mitigates the lender's
concern over technology and construction risk.

By implementing these mechanisms, the financial sector can be incentivised to transition from a
conservative outlook to an optimistic one for FSPV, recognising that the long-term operational benefits,
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especially the higher yield and the avoidance of expensive land acquisition, effectively offset the initial
capital premium.

5. Conclusion

Floating solar power is not merely an alternative technology; it is a sustainable imperative for land-
constrained, energy-hungry nations. By strategically leveraging its vast water resources, India can unlock
gigawatts of clean energy, significantly advancing its renewable energy targets while concurrently
preserving valuable land for agriculture and critical development. The future of solar power lies not just
on land, but on the untapped, expansive surfaces of the world's reservoirs and lakes, secured by innovative
design, environmental vigilance, and specialised technological investment.
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