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Executive Summary

In India’s clean energy transition, Solar Photovoltaic (SPV) technology stands as the front-
runner among the renewable energy (RE) sources. As of August 2023, solar energy contributed 
to 40.1 percent of the installed RE capacity . Also, it has a significant share of 65.5 percent1 in 
the pipeline RE capacity, thus reiterating the significance of this technology in India. Several 
State Governments have followed suit to support India’s Nationally Determined Contributions 
(NDCs), and have developed robust state-level solar policies. Uttar Pradesh, in its recently 
revised solar policy has set a target to achieve 22 GW of installed solar capacity. This policy 
tenet coupled with the limitations and challenges faced by ground-mounted solar projects 
related to land availability, raises the need to explore other solar typologies such as FPVs.

This report captures a detailed assessment of the FPV potential in Uttar Pradesh, and also 
provides a description of the technology of FPV projects, and major cost components of a 
typical system. A GIS-based mapping of the water bodies with pre-determined criteria that 
reflects suitability of sites for FPV installation was carried out. Various considerations such 
as proximity to a road network, and water body presence in protected areas were included 
to determine a realistic estimation of the FPV potential. Additionally, the amount of water 
prevented from evaporation due to FPV cover was determined to further the case for FPV 
projects and its allied benefits on the local population. An energy yield assessment was also 
conducted to analyse the merits of various FPV configurations. 

The assessment reveals that Uttar Pradesh boasts a total of 4,128 water bodies above 15000 
square metres, of which 2,192 are perennial. The cumulative surface area of these perennial 
water bodies amounts to 468.11 million square meters. By considering FPV coverage of the 
water bodies ranging from 20 percent to 30 percent, the potential capacity of FPV projects 
varies from 9.54 GW to 14.32 GW. If FPV projects are implemented on all identified water 
bodies, the annual energy generation could reach approximately 13 TWh at 20 percent water 
body coverage and around 20 TWh at 30 percent water body coverage. Furthermore, these 
FPV initiatives would contribute to conserving 205.09 million cubic metres of water annually 
at a 20 percent coverage rate and 307.63 million cubic metres at a 30 percent coverage 
rate. Importantly, this saved water would directly benefit approximately 500,000 people by 
providing a source of domestic water supply. Clearly, there exists substantial potential for 
FPV project deployment in Uttar Pradesh, necessitating a concerted effort to promote their 
widespread implementation.

1https://iced.niti.gov.in/

2192
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Water Bodies

9.54 GW to 14.32 GW
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Introduction

Mitigation of climate change is a shared goal that has united nations globally. Transitioning 
from fossil-fuel-based sources of energy to renewable sources of energy is therefore crucial. 
India has taken pioneering actions in addressing climate change and its commitment to 
climate action is emboldened in its Nationally Determined Contributions (NDCs). By 2030, 
India aims to achieve 50 percent2 of its cumulative installed power capacity from non-
fossil-fuel-based sources of energy. As of July 2023, fossil-fuel-based sources accounts for 
56.25 percent3  in the power mix. The share of non-fossil-based sources of energy stands 
at 43.75 percent2 (including Nuclear). With an overall share of 16.81 percent, solar energy 
stands as the major contributor to renewable-based power capacity in India, highlighting  
the significance of solar energy in India’s clean energy transition.

In alignment with India’s NDCs, State Governments have formulated solar energy policies to 
accelerate deployment within their respective states. Uttar Pradesh, in its recently revised 
solar policy has also detailed a robust strategy to increase solar capacity deployment in 
the state. While solar has multiple typologies, a key target mentioned as part of the policy 
is the promotion of floating/canal top/ reservoir top solar power projects. In support of 
this measure, this document aims to provide an assessment of Uttar Pradesh’s potential 
capacity for floating photovoltaic (FPV) systems.

Background and Rationale
The global demand for electricity is steadily increasing, driven by factors such as population 
growth, improved economic conditions, expanding infrastructure development, and more. 
India, in particular, has experienced a remarkable surge in electricity demand. In the fiscal 
year 2022-23, the peak electricity demand met was 215.888 GW, and by the following fiscal 
year, that is 2023-24, it rose to 236 GW4 .

What sets India apart is its commitment to meeting this growing demand for electricity in an 
economically and environmentally sustainable manner. Currently, India boasts approximately 
185.8 GW of non-fossil fuel power generation capacity, with an additional 139.57 GW of non-
fossil fuel capacity in the pipeline5. Furthermore, according to its updated NDCs, India aims 
to achieve a remarkable milestone of 500 GW of non-fossil fuel-based power capacity by the 
year 2030.

Solar photovoltaic (PV) technology emerges as the most promising and valued solution for 
generating renewable electricity. India has already made substantial progress in this regard, 
with approximately 71.61 GW of solar PV projects deployed till date6. The ambitious goal 
is to deploy a total of 298 GW of solar PV capacity by 20307. The emphasis on solar PV is 

1

2chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://unfccc.int/sites/default/files/NDC/2022-08/India%20Updated%20
First%20Nationally%20Determined%20Contrib.pdf

3https://iced.niti.gov.in/energy/electricity/generation
4ttps://iced.niti.gov.in/energy/electricity/distribution/national-level-consumption
5https://iced.niti.gov.in/energy/electricity/generation
6https://iced.niti.gov.in/energy/electricity/generation
7https://cea.nic.in/wp-content/uploads/irp/2023/05/Optimal_Mix_Report_2029_30_Version_2.0_upload.pdf
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attributed to its unique advantages, including decentralisation and modularity, which allow 
for diverse system configurations. Identifying the potential and suitability of each topology 
is crucial to facilitate smooth and expanded deployment.

Objective
The deployment of solar PV systems typically requires substantial area to capture sufficient 
solar radiation and convert it into renewable electricity. An FPV system is a significant solar 
topology that contributes to renewable electricity generation by placing the system directly 
over water bodies. The advantages of an FPV system will be detailed in subsequent sections 
of this study.

The primary objective of this research is to assess the potential for FPV implementation in 
Uttar Pradesh. Given the fact that Uttar Pradesh is one of the most densely populated states 
in the country, and has limited land available for ground-mounted solar PV systems, FPV 
may emerged as a viable alternative to augment the state's renewable electricity capacity 
and support its solar policy objective of realising 22 GW of solar PV projects in the state.

This study aims to accomplish several key goals:
1.	 Determine FPV Potential: The study will establish the maximum potential for FPV 

deployment in Uttar Pradesh.

2.	 Stakeholder Guidance: It will provide valuable insights to stakeholders, helping them 
identify suitable water bodies for FPV installation based on a set of predefined criteria. 
In essence, this study addresses the initial stages of an FPV project, encompassing 
site identification and pre-feasibility assessment.

3.	 District-Wise Assessment: The study will present district-wise assessment of 
FPV potential, simplifying the bidding process for demand aggregation initiatives. 

Scope and Limitations
The effectiveness of any analysis is inherently tied to the quality and comprehensiveness of 
the dataset used. This study acknowledges certain limitations:

1.	 Bathymetry and Soil Type Analysis: The study does not include detailed bathymetry 
analysis or soil type assessment for the identified sites. Such analyses would involve 
studying soil characteristics at various depths and examining sedimentation rates, 
which are particularly important for dam-related considerations.

2.	 Grid Infrastructure Proximity: Proximity to existing grid infrastructure is not evaluated 
in this report. Connecting to the grid or building new infrastructure can significantly 
impact project costs, however, this study does not factor this in due to lack of data 
availability.

Despite these limitations, the study aims to provide valuable insights into selecting suitable 
sites for FPV installations, focusing on the factors that can be reasonably assessed with the 
data available.
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Technology Description 
The design of FPV systems shares commonalities with ground-mounted solar PV systems; 
however, it necessitates a distinct configuration tailored for waterborne operation. The 
FPV Systems can be classified into three different categories- Above-water (using floats), 
On-water (Flexible membranes), and Submerged. This report primarily focuses on the first 
category, which is the above-water configuration using floats, since it is the most widely 
adopted and offers the highest yield.

In a conventional large-scale FPV setup, solar panels and inverters are affixed to floating 
platforms or pontoons. These installations are also equipped with protection from lightning 
and grounding systems. This configuration distinguishes it from smaller near-shore systems, 
where the inverter can be placed directly on the ground.

In both setups, the floating platforms are secured to the reservoir floor or the shoreline using 
mooring lines. Electrical cables are routed to a central junction box and from there to a 
floating central inverter, which in turn is connected to an onshore transformer. The electricity 
generated is then transmitted to the grid via a dedicated power line. Figure 1 illustrates the 
schematic of a large-scale FPV installation along with its key components.

2
Floating Solar Systems Overview 

Figure 1: Schematic of an FPV system8

8https://www.sciencedirect.com/science/article/abs/pii/S0960148120313252
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Key Components:

1.	 PV Modules:  Floating solar systems employ conventional photovoltaic (PV) solar 
modules. They must be highly humidity resistant, lead-free, and well protected from the 
harsh effects of the surrounding environment such as Potential-Induced Degradation 
(PID)9. In the context of the more challenging floating solar module applications, 
it is crucial to adhere to the specified standards both in their essence and intent. 
These standards include IEC 61215 for module design, IEC 61730 for module safety, 
IEC 61701 for salt-mist corrosion resistance, IEC 62802 for PID, and various others.  
 

Another aspect to take into account when designing FPV systems is that the use of 
bifacial modules does not result in a substantial increase in energy production due to 
the minimal albedo (reflectivity) of the water surface. Furthermore, bifacial modules 
tend to be heavier than their monofacial counterparts, which necessitates higher 
costs for the floating structures to accommodate the increased load.

2.	 Floating Structure: The floating platforms, constructed from materials like high-
density polyethylene (HDPE), ensure buoyancy and stability while supporting the 
solar panels. Additionally, these systems incorporate specific additives designed to 
enhance their resistance to prolonged exposure to ultraviolet radiation and various 
other stress factors. Furthermore, the floats are equipped with polystyrene foam 
filling to prevent any reduction in buoyancy caused by potential damage such as 
holes or perforations in the outer structure. Finally, the floats undergo a series of 
assessments and adhere to various environmental compliance standards, including 
but not limited to IEC 62321, wind tunnel testing, tensile strength evaluations, and more. 
 

The design of the floating structure depends on the size of project, suitability of 
the water body’s bed, cable routing, compatibility of the structure with preferred PV 
module, etc. Figure 2 depicts the design of a typical floating platform.

Figure 2:  Schematic of Floating Platform10

9PID (POTENTIAL INDUCED DEGRADATION) also known as a solar yield killer, is an undesirable performance deterioration induced 
by the negative potential to ground.  This potential difference creates a current leakage, leading to the migration of negative and 
positive ions and resulting in significant power losses.

10https://pv-float.com/english/
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3.	 Anchoring and Mooring System: To prevent displacement and maintain system 
stability, floating solar systems rely on anchoring systems that secure the platforms 
to the water body's bed or shore, as shown in Figure 3. Generally, concrete blocks 
are used to anchor the system to the water bed, while helical anchors are used for 
shore. Mooring lines, such as wire rope, galvanised steel, and elastic rubber hawsers, 
are employed to withstand sustained tension effectively. It's important to note that 
an increased tilt angle between the mooring line and the floating structure results 
in greater tension for a given wind load. Also, it's imperative for the anchoring 
and mooring system to incorporate redundancy measures to prevent a single line 
breakage from triggering a cascading failure.

Figure 3: Schematic of Anchoring and Mooring System11 

4.	 Electrical Components: Inverters, transformers, and electrical cabling are pivotal 
in connecting the solar panels to the electrical grid or local infrastructure. These 
components convert the direct current (DC) electricity generated by the panels into 
alternating current (AC) suitable for distribution.

5.	 Cabling: Cable management for FPV plants demands meticulous planning due to 
unique challenges. Unlike ground-based solar setups, FPV platforms’ movement on 
water, caused by wind and water level fluctuations, necessitates additional cable 
length to prevent snapping. UV-resistant cables are essential, and options include 
routing cables on the water's surface or through costlier submarine cables.

11https://www.tyt.com.tr/post/floating-solar-anchoring-and-mooring
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Benefits of FPVs
FPVs have an edge over ground-mounted solar projects (GPV). Solar modules placed on the 
water surface in the FPV plant eliminate the need for land which is a prerequisite for GPVs. 
Reduced cell temperature due to cooling water increases energy gain from the panels, which 
is an added benefit over GPV. Also, modules provide shade to the water body, minimising 
evaporation from the reservoir. A detailed account of the benefits of FPV is provided below- 

1.	 Land Use Optimization: FFPV systems offer the advantage of utilising water bodies, 
avoiding competition with land used for crucial purposes like agriculture and wildlife 
conservation. Remarkably, studies have indicated that covering only 1 percent of 
artificial water bodies with FPV systems could potentially meet up to 25 percent of 
the world's electricity demand12.

2.	 Enhanced Power Production: The cooling effect of water contributes to increased 
power generation from FPV systems, with performance gains ranging from 1.5 
percent to 22 percent. This cooling effect helps maintain the efficiency of solar panels 
even during hot weather. Additionally, FPV projects experience reduced dust and dirt 
accumulation, thanks to their location away from roads and human activities.

3.	 Synergy with Renewable Sources: Co-locating FPV systems with other renewable 
energy sources, such as wind and hydropower plants, enhances overall energy yield. 
It also improves the ability to meet peak demand, while simultaneously reducing the 
need for costly transmission infrastructure expansion, resulting in substantial cost 
savings.

4.	 Algal Growth Reduction: The installation of FPV systems has an additional 
environmental benefit of reducing algal growth in water bodies. This helps maintain 
water quality and ecosystem health.

5.	 Water Conservation:  Specific studies conducted in India indicate that FPV installations 
can prevent the evaporation of a significant amount of water. These installations 
have the potential to save approximately 37 to 496 million litres of water annually, 
addressing the issue of water scarcity.

6.	 Enhanced Energy Security: By diversifying the energy mix and harnessing multiple 
renewable sources, FPV systems contribute to a more resilient and secure energy 
supply.

7.	 Climate Mitigation: The increased adoption of FPV technology aids in reducing 
greenhouse gas emissions by generating clean, renewable electricity and replacing 
fossil fuels.

8.	 Economic Opportunities: The growth of the FPV sector creates jobs and opportunities 
for local economies, fostering sustainable development.

12https://www.sciencedirect.com/science/article/pii/S0959652622003912
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Major Cost Components
A typical FPV system has the following cost components –

1.	 Solar Panels: The number of solar panels required depends on the targeted power 
generation and the capacity of each solar panel. Typically, monocrystalline modules 
in India have a price range of approximately INR 24 to 26 per watt peak13.

2.	 Structural System: These systems are used to hold the solar panels on the surface 
of the water body. Typically, each structure constitutes three interconnected parts 
where each part can accommodate 11 solar panels. Thus, a single structure unit can 
accommodate 33 solar panels. The properties of a nominal structural system are 
provided in Table 1-

Table 1: Properties of a typical structure accommodating solar panels14 

Material Fibre-reinforced polymer

Length 12.6 (metres)

Width 11.5 (metres)

Total number of solar panels accommodated 33

Unit cost ~ INR 4,000

3.	 Floating System: On average, pontoon floats cost ~INR 10,000/sq.m15 . Depending 
on the size of the FPV and number of structures required to support the solar panels, 
the cost of the floating system is determined.

4.	 Mooring System: There are four major components that make up a mooring system 
– heavy chain, light chain, mooring buoy, and pyramid anchor. The design of the 
mooring system of a floating facility is highly dependent on the depth of water, in 
addition to other related factors such as the wind speed and fluctuation of the water 
level. Typically, the length of mooring line is set to be three times as long as the depth 
of water by equalising the length of light chain to the water depth.

13https://www.solarexpertsindia.com/solar-panels-price-100w-150w-160w-250w-260w-270w-325w-
335w/#:~:text=Monocrystalline%20solar%20panel%20price%20in%20India,is%2024%20to%2026%20rupees%20per%20watt.

14chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://iopscience.iop.org/article/10.1088/1757-899X/495/1/012064/pdf
15Vasudha analysis from primary sources
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Solar Profile of UP 

Current Scenario 
Uttar Pradesh, often referred to as the heart of India due to its strategic location in the 
northern region and its borders with Uttarakhand, Delhi, Rajasthan, and five other states and 
union territories, also holds the distinction of being the most populous state in the country. It 
boasts a population density that is double the national average and covers an extensive land 
area of 2,43,286 square kilometres. Positioned in the equatorial sunbelt region and enjoying 
an average solar irradiation of approximately 4 kWh/m2/day, the state presents immense 
potential for solar power generation. Moreover, recent land data indicates that Uttar Pradesh 
possesses 8,537.06 square kilometres of wasteland. Considering these factors, the Uttar 
Pradesh Government has unveiled its revised solar policy in 2022 with the ambitious goal 
of installing 22 GW of solar PV projects in the state by the fiscal year 2026-27. The specific 
targets for achieving this goal are illustrated in Figure 4: 

16https://invest.up.gov.in/solar-energy-policy-2022/#:~:text=UP%20Solar%20Energy%20Policy%202022,Projects%20up%20to%20
2026%2D27.

Figure 4: UP solar energy target16

As of August 31, 2023, the state's overall power generation capacity stood at 30,019.85 MW. 
Among this capacity, a significant portion of 71.4 percent is attributed to thermal power 
plants, encompassing coal, gas, and diesel sources. The remaining 16.3 percent is derived 
from RE  sources, with 11.4 percent originating from hydroelectric power, and 1 percent 
coming from nuclear power. To provide a detailed breakdown of the installed RE capacity 
which amounts to 4,889.09 MW, please refer to Table 2.

3
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Uttar Pradesh has a significant solar energy potential due to its geographical location and 
abundant sunlight. The state receives a substantial amount of solar radiation throughout 
the year. Uttar Pradesh has been actively working on expanding its solar energy capacity. 
As of August 2023, the state has successfully deployed 2620.43 MW of solar projects 
which includes 2149.5 MW ground mounted, 265.1 MW rooftop, and 205.83 MW off-grid 
installations. Impressively, the solar installed capacity has demonstrated a remarkable 
CAGR of 51 percent between FY 2015-16 to FY 2022-23. Figure 5 depicts an year on year 
installation of solar capacity in the state. 

As per the Central Electrical Authority’s (CEA) latest report, there are currently several under 
construction solar projects in Uttar Pradesh with a combined capacity of 2,439 MW19. 
Additionally, Uttar Pradesh possesses a notable pumped storage potential estimated to 
range from 186.96 GWh to 200.42 GWh.

Figure 5: Year on Year solar installed capacity in UP 18

17Ministry of New and Renewable Energy, 2023
18https://iced.niti.gov.in/energy/electricity/generation/capacity
19https://cea.nic.in/wp content/uploads/rpm_division/2023/05/Report_on_Under_Construction_Renewable_Energy_Projects_

March_2023-1.pdf 

Table 2: Uttar Pradesh installed capacity (in MW) of Renewable Power as on 31.08.2023.17
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Regarding FPV projects, the state has already installed 20 MW of capacity at Auraiya 
Dam, and 150 MW Grid connected floating solar PV plant is being constructed in a joint 
venture between the state-owned NTPC and the Uttar Pradesh New and Renewable Energy 
Development Agency (UPNEDA), situated on the Rihand Reservoir in Sonbhadra District. 
There are several other projects that are currently in the advanced stages of either detailed 
project report (DPR) development or early commissioning.

Potential FPV sites in UP
The Uttar Pradesh Irrigation and Water Resources Department, operating under the Ministry 
of Jal Shakti, has made available a comprehensive list of 132 dams and reservoirs on their 
official website. This list includes crucial information such as the reservoirs’ locations, 
depths, surface areas, the rivers they are associated with, their proximity to nearby cities, and 
other relevant details. These identified reservoirs are conveniently located near 23 different 
cities, facilitating easy access and transportation of materials.

Furthermore, the combined reservoir area for the 73 reservoirs for which detailed reservoir 
area information is provided is 25 square kilometres. For further information and access to 
the complete list, please visit the following link: https://idup.gov.in/en/page/dams-reservoir
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Policy and Regulatory provisions 
surrounding FPVs 

Aspects of UP Solar Policy focusing on FPV 
On November 16, 2022, the UP Government approved the Solar Energy Policy-2022 with 
an aim to promote solar energy adoption and development in the state. This policy will be 
in effect for five years and its primary goal is to achieve an impressive target of 22 GW of 
solar power capacity across various segments in the state. Additionally, a key aspect of this 
policy is to promote the development of FPV projects on reservoirs/canal top in the state for 
sale of power to DISCOMs or for captive use/third-party use.

Incentives and Subsidies for FPV projects
In order to promote and foster the development of solar projects within the state, the 
government is offering a range of incentives and facilities in addition to the various incentives 
provided by the Ministry of New and Renewable Energy, Govt. of India for the solar projects. 
According to the UP Solar Policy 2022, the incentives and facilities provided for setting up 
the solar projects in the state are captured in Table 3.

Incentives and Facilities

Stamp duty on lease of land 100% exemption

Electricity Duty 100% exemption for 10 years

Wheeling and transmission charges 100% on sale of power to UPPCL 

50% on captive use/third party

Cross subsidy surcharge 100% on Interstate transmission system

Energy banking 100% banking of energy in every financial year

Government land available on lease At INR 15000/per acre per annum for 30 years

Environmental clearance No EC required for solar projects

Consent to establish and operate projects from 
Pollution Control Board

No NoC required from UP Pollution Control Board

Infrastructure subsidy on transmission lines for 
projects in Bundelkhand and Purvanchal region

State government will bear the cost for construction 
for maximum transmission line length:

•	 For 5 to 10 MW capacity – 10 KM

•	 For >10 to 50 MW capacity – 15 KM

•	 For >50 MW capacity – 20 KM

Capital subsidy on battery storage systems on 
projects set up with storage systems

Subsidy of Rs 2.50 Crore per MW will be granted to 
utility-scale solar power projects with a capacity of 5 
MW or above, equipped with a 4-hour battery storage 
system and standalone battery storage for sale of 
power to DISCOMs/UPPCL.

4

Table 3: Incentives and facilities provided for solar projects in UP
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Permitting and Licensing Procedures 
It is important to understand all the requirements and procedure for permission and licensing 
to install an FPV system. Lack of clarity in permitting and licensing can present major barriers 
to setting up the floating solar projects. Figure 6 captures some of the requirements for 
permission/approval to set up an FPV project.

Figure 6: Approvals necessary to set up an FPV project
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Methodology 

Site Identification
Identifying the right site for installing an FPV system is of utmost importance for the 
successful development of such projects. An ideal site should meet several key criteria, and 
in this study, we have carefully considered the following factors:

	» Adequate Solar Irradiance: Solar irradiance availability is fundamental for any solar 
PV project. In this analysis, we evaluate the solar resource potential at all identified 
sites using the Indian Space Research Organization’s (ISRO’s) Vedas tool.

	» Weather Parameters: We take into account various weather parameters, including 
temperature range, wind speed, and precipitation. These factors can significantly 
impact system design and energy yield and require thorough examination.

	» Obstacle-Free Zones: It is crucial to ensure that there are no obstacles on the water 
body, such as bridges, pipelines, or cables, which might impede the availability of 
space for FPV deployment.

	» Water-Level Variability: We assess water-level changes across seasons and years 
to determine the suitable area for solar PV deployment. Sites that dry out completely 
during certain months are excluded from consideration.

	» Water Depth: Ideal sites have an average water depth of at least 2 metres and no more 
than 30 metres, as greater depths and water-level variations necessitate complex 
and costly anchoring and mooring solutions.

	» Accessibility: An ideal site allows for easy assembly of equipment outside the water, 
gradually lowering it into the water without the need for expensive lifting equipment.

	» Bio-Soiling Analysis: We examine the presence of water bodies within bird sanctuaries 
with the premise that these locations are likely to host a notably larger bird population. 
This is important because bird droppings can have a substantial impact on FPV 
systems, necessitating heightened efforts in their operation and maintenance.

	» Shading Considerations: Ensuring no horizontal shading on FPV panels from nearby 
areas, especially in mountainous regions, is essential for optimal energy generation.

	» Conservation and Protected Areas: Sites located within conservation and protected 
areas are flagged for special consideration.

	» Proximity to Roads: Sites within 5 km of accessible roads are preferred, as 
transportation costs for materials significantly affect overall FPV project costs.

	» Orientation: Sites with a wide opening towards the south are prioritised due to their 
suitability for FPV deployment.

	» Minimum Surface Area: We consider water bodies with a surface area greater than 
15,000 square metres for analysis, as smaller water bodies may only support very 
small FPV systems, making them economically unviable for developers.

5
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GIS Based Mapping of Sites
The identification of potential FPV sites was conducted using the Geographic Information 
Systems (GIS) platform ArcGIS version 10.5 and Google Earth Engine, by employing predefined 
search criteria and algorithms. Outlined below are the steps that detail the methodology: 

1.	 Extraction of Waterbodies: Firstly, the satellite images of Sentinel level-2A for pre 
and post monsoon months that is, March 2022 and November 2022 (with least 
cloud covers) were analysed. The primary objective was to extract and compare 
waterbodies using the Normalised Difference Water Index (NDWI) in order to assess 
the presence and changes in water availability.

2.	 Estimation of Depth of Waterbodies: Secondly, we employed satellite-derived 
elevation data obtained from General Bathymetric Chart of the Oceans’ (GEBCO) 
2023 gridded bathymetry dataset, and this information was processed using ArcGIS 
10.5 software to obtain surface elevations in meters above mean sea level. This 
analysis was conducted on a 15 arc-second interval grid. We then performed overlay 
analysis to extract the upper and lower surface elevations of water bodies and the 
corresponding surrounding areas.

3.	 Proximity analysis: Lastly, we utilised the road network layer sourced from the 
OpenStreetMap (OSM) digital dataset. This layer was then superimposed onto 
the waterbodies using ArcGIS 10.5, allowing us to establish two distinct distance 
categories within the ArcGIS environment. In this process, we categorised the 
waterbodies based on their proximity to the nearest roads, distinguishing between 
those within 2.5 kilometres and those situated at distances ranging from 2.5 to 5 
kilometres.
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Analysis 

Snapshot of Water Bodies Assessment
As described in the previous section, GIS-based mapping of the water bodies was conducted 
to ascertain the boundary of each water body, depth of water bodies, and their respective 
proximities to the road network. Figure 7 illustrates the GIS image representation of the 
analysis conducted to extract the boundary of the waterbodies in Lalitpur and Sonbhadra 
districts.

6

Figure 7: GIS image representations for water boundary extraction in Lalitpur and Sonbhadra districts
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Similarly, Figure 8 illustrates the GIS image representations for determining the depth of the 
water bodies in Lalitpur and Sonbhadra districts. The numbers are indicative of the height 
above mean sea level (in metres) at various points across the boundary of the corresponding 
water body.

Figure 8: GIS image representations for depth estimation in Lalitpur and Sonbhadra districts
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Assessment of FPV Potential
a.	 District-wise Distribution of Water Bodies
As mentioned above, we focused our analysis on water bodies with areas exceeding 15,000 
square metres. We identified a total of 4,128 water bodies, with 2,192 of them being perennial. 
The cumulative perennial surface area stands at 46,811.51 hectares. The distribution of 
these water bodies by district is provided in Figure 9. The southern region of the state stands 
out as the area with the highest number of water bodies suitable for the deployment of FPV 
systems, particularly in districts like Sonbhadra, Lalitpur, and Mahoba, each boasting over 
100 such suitable water bodies.

Figure 9: District-wise distribution of water bodies in UP

No.of Water Bodies
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b.	 Potential for FPV Capacity 
We conducted a comprehensive assessment of the potential for deploying FPV systems 
on these water bodies. As observed in Figure 10 the potential output ranges from 9.54 GW 
when 20 percent of the water body area is covered with FPV systems to 14.32 GW when 30 
percent of the water body area is utilised for FPV deployment. For additional information 
regarding specific water bodies and their respective potential, please refer to Annexure 1.

Figure 10: FPV potential varying by water body coverage

 
Figure 11 elucidates the division of potentials across the districts at different percentages 
of water body coverage, specifically at 20 percent, 25 percent, and 30 percent. In the course 
of conducting our potential assessment, it is noteworthy that in addition to the southern 
districts, the northern district of Pilibhit emerged as a significant district for analysis. This 
is due to the large sizes of the identified water bodies, which can contribute substantially to 
the overall potential.
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Figure 11: District-wise FPV deployment potential (in MW) by varying percentages of water body coverage (20%, 25% and 
30%, clockwise)
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Further, the water bodies located in the vicinity of thermal power plants (TPPs) act as 
another prime category for easy deployment of FPV projects. As per the analysis for the 
28 TPP sites, the FPV potential ranges from 50.72 MW to 76.08 MW, based on the varied 
percentage of water body coverage (20 - 30 percent). For more details of these sites, refer 
to Annexure 2.

c.	 Proximity of Water Bodies to Road Networks
Furthermore, we assessed the proximity of these water bodies to the nearest road network, 
a crucial factor for developers to ensure cost-effective equipment transportation to the 
sites. Figure 12 shows the GIS image representations of proximity analysis of the water 
bodies, done for Lalitpur and Sonbhadra districts

Figure 12: GIS image representations for proximity analysis to road networks in Lalitpur and Sonbhadra districts

Figure 13 illustrates that approximately 94 percent of the total identified water bodies in UP 
are situated within a distance of less than 2.5 km from the nearest road network making 
them suitable for FPV system deployment.

Figure 13: Number of water bodies connected to a road network (< 2.5 km distance)

Lalitpur
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d.	 Protected Areas
Additional consideration was given to the water bodies falling under the ambit of wildlife 
sanctuaries and other protected areas. Figure 14 showcases the water bodies present in 
reserved areas with surface area larger than 15,000 square metres.

As depicted in Figure 15, nearly 98 percent of the water bodies identified in this assessment 
are situated outside of wildlife protected areas and bird sanctuaries. Furthermore, the 
potential for implementing FPV systems in water bodies within these protected areas is 
also limited. While the environmental impact of FPV plants is minimal, it may be prudent to 
consider evaluating these sites during the last phase of deployment strategy.

Figure 14: GIS image representation of water bodies located in protected areas
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Figure 15: FPV potential of water bodies inside protected areas
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Amount of Water Prevented from Evaporating
Over the past two decades, India has experienced a continuous decline in per capita water 
availability (measured in cubic metre per capita per year). This decline can be attributed to 
several factors, including a rapid increase in the population and the conversion of water-flow 
and storage areas for urban construction projects. Consequently, India is facing a critical 
issue of water scarcity. 

According to the data from Public Information Bureau (PIB) in 2017, a significant portion 
of the water received through precipitation, totalling 4000 cubic km, is lost to evaporation, 
amounting to approximately 700 cubic km20. To mitigate this loss, the implementation 
of FPV systems on water bodies, as highlighted in this report, has the potential to save 
205.09*(10^5) m3/year when a 20 percent coverage of the water bodies is considered. 
Similarly, when 30 percent coverage of water body is considered amount of water saved 
equals 307.63*(10^5) m3/year. This calculation is based on the Penman-Monteith equation 
and has been validated through results obtained from PVsyst.

Furthermore, according to Central Public Health and Environmental Engineering Organisation 
(CPHEEO), the established standard for domestic water consumption in India stands at 
49.275 cubic meters per capita per year. Applying this benchmark, it becomes evident that 
the conserved water will have a notable impact on approximately 5 lac people.

Energy Yield Assessment
To evaluate the potential energy generation from the identified water bodies, we conducted 
PVsyst assessments at each of these locations. These assessments provided us with two 
key values: P50 and P90. P50 represents the energy generation level with a 50 percent 
probability of realisation, while P90 indicates the energy generation level with a 90 percent 
probability of realisation. Typically, P90 values are considered more dependable. However, 
in some cases, we have observed that FPV systems actually achieve energy outputs in line 
with P50 predictions.

Furthermore, we conducted these assessments for FPV systems with different tilt angles, 
specifically 10 degrees and 15 degrees Celsius. Figure 16 demonstrates that in both 20 
percent and 30 percent water coverage scenarios, the energy yields consistently remained 
high for the 15-degree tilt angle. It is important to emphasise that the ideal tilt angle for FPV 
systems varies significantly by location, and a comprehensive assessment by the developer 
is crucial for determining the most suitable configuration.

20https://www.pib.gov.in/PressReleasePage.aspx?PRID=1602634
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Figure 16: Annual expected energy generation of FPV systems by varying probability of realisation and water body coverage

 
On examining Figure 17, which depicts the monthly generation curves for the FPV systems, it 
becomes apparent that the energy generation outputs from both tilt scenarios exhibit a close 
correlation. One tilt angle occasionally results in slightly higher generation during certain 
months, while the alternative tilt angle yields increased generation in different months.

Figure 17: Monthly generation of FPV system varying by tilt angle and water body coverage
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Case Study: LCOE of FPV System21

A 10kWp FPV plant has been proposed to be set up at the Koyana dam, Maharashtra. A 
techno-economic analysis of the FPV plant was conducted which revealed that the FPV 
plant resulted in 4.08 percent more energy yield yearly when compared with a GPV plant of 
the same capacity and at the same location. This plant is expected to reduce 111.7 tons 
of CO2 emissions. Further, an analysis was done with varying specifications of the FPV 
plant. The single-axis tracking FPV system yielded 18.57 percent more energy compared to 
the fixed FPV system. The two-axis tracking FPV system resulted in a 27.3 percent higher 
yield compared to the fixed FPV system. According to economic analysis undertaken, the 
Levelised Cost of Electricity (LCOE) derived was 4.064 Rs/kWh with a payback period of 9.4 
years.

21https://ieeexplore.ieee.org/document/9726247
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Table 4: FPV potential of sites categorised for priority of deployment

Final Remarks 
7

Uttar Pradesh is poised to significantly enhance its renewable energy capacity to align 
with both its climate objectives and India's broader targets. The assessment of Floating 
Photovoltaic (FPV) potential reveals a substantial opportunity, ranging from 9.54 GW to 
14.32 GW depending on the coverage of water bodies with FPV systems. This potential 
stands as a vital resource for meeting the state's ambitious 22 GW solar PV target by 
2026-27. The thorough evaluation of various parameters to assess the suitability of water 
bodies for PV deployment, including water depth, proximity to road networks, and wildlife 
conservation areas, has led to the categorisation of these water bodies into three priority 
buckets (color coded to Annexure 1) as shown in Table 4. This categorisation underscores 
the vast potential for FPV implementation in Uttar Pradesh, and it is now imperative to shift 
focus towards the formulation and execution of strategies that will facilitate the widespread 
deployment of FPV plants across the state.

FPV Potential (in GW)

Priority Sites 20% coverage 25% coverage 30% coverage

Priority-1 9.36 11.70 14.04

Priority-2 0.07 0.09 0.11

Priority-3 0.11 0.13 0.17
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Annexures

Annexures 1
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Annexures 2

S.No. Distict Longitude Latitude
Depth 
(m)

Total Area 
(ha)

Perennial Surface 
Area (ha)

Road distance 
(Kms)

Thermal Power 
Station Name

Potential_20% 
Water Surface Area 
(MW)

Potential_25% 
Water Surface 
Area (MW)

Potential_30% 
Water Surface Area 
(MW)

1 Prayagaj 81.932 25.1374 6 56.90 37.13 ≤ 2.5 Meja STPP 7.43 9.28 11.14

2 Ambedkar Nagar 82.5903 26.5743 4 43.92 18.56 ≤ 2.5 Tanda TPS 3.71 4.64 5.57

3 Ambedkar Nagar 82.6016 26.5658 1 27.78 20.00 ≤ 2.5 Tanda TPS 4.00 5.00 6.00

4 Sonbhada 82.8299 24.0414 7 27.56 15.00 > 2.5 to 5 Rihand STPS 3.00 3.75 4.50

5 Prayagaj 81.9347 25.129 4 25.39 18.56 ≤ 2.5 Meja STPP 3.71 4.64 5.57

6 Lalitpur 78.6572 24.7991 4 24.85 18.50 ≤ 2.5 Lalitpur TPP 3.70 4.63 5.55

7 Lalitpur 78.6549 24.8029 5 18.73 5.00 ≤ 2.5 Lalitpur TPP 1.00 1.25 1.50

8 Sonbhada 82.8235 24.0434 2 14.42 7.20 ≤ 2.5 Rihand STPS 1.44 1.80 2.16

9 Prayagaj 81.662 25.2072 2 12.86 8.26 ≤ 2.5 Prayagraj (Bara) TPP 1.65 2.07 2.48

10 Ambedkar Nagar 82.5923 26.5672 1 10.27 10.27 ≤ 2.5 Tanda TPS 2.05 2.57 3.08

11 Sonbhada 82.8021 24.1981 1 9.72 9.72 ≤ 2.5 Anpara TPS 1.94 2.43 2.92

12 Ambedkar Nagar 82.6058 26.5965 1 9.64 9.64 ≤ 2.5 Tanda TPS 1.93 2.41 2.89

13 Shahjahanpur 79.9314 27.8122 1 8.69 8.69 ≤ 2.5 Rosa TPP 1.74 2.17 2.61

14 Sonbhada 83.0005 24.4476 1 6.62 6.62 ≤ 2.5 Obra TPS 1.32 1.66 1.99

15 Ambedkar Nagar 82.598 26.5711 1 6.50 6.50 ≤ 2.5 Tanda TPS 1.30 1.62 1.95

16 Prayagaj 81.9235 25.1288 1 6.25 6.25 ≤ 2.5 Meja STPP 1.25 1.56 1.87

17 Sonbhada 82.786 24.0343 1 5.30 4.00 ≤ 2.5 Rihand STPS 0.80 1.00 1.20

18 Aligarh 78.1386 28.0055 1 4.06 4.06 ≤ 2.5 Harduaganj TPS 0.81 1.01 1.22

19 Prayagaj 81.9291 25.1272 1 3.46 3.46 ≤ 2.5 Meja STPP 0.69 0.86 1.04

20 Sonbhada 82.7169 24.1025 1 3.12 3.12 ≤ 2.5 Singrauli STPS 0.62 0.78 0.94

21 Aligarh 78.1356 28.0123 1 2.81 2.81 ≤ 2.5 Harduaganj TPS 0.56 0.70 0.84

22 Shahjahanpur 79.9466 27.8161 1 2.77 2.77 ≤ 2.5 Rosa TPP 0.55 0.69 0.83

23 Ambedkar Nagar 82.5993 26.5689 1 2.53 2.53 ≤ 2.5 Tanda TPS 0.51 0.63 0.76

24 Gautam Budh Nagar 77.600158 28.606695 1 18.49 18.49 ≤ 2.5 Dadri TPP (NCTPP) 3.70 4.62 5.55

25 Balrampur 27.34967 82.321382 1 4.94 4.94 ≤ 2.5 Utraula TPS 0.99 1.24 1.48

26 Rae Bareli 25.9232 81.333923 2 0.72 0.72 ≤ 2.5
Unchahar or Feroz 

Gandhi Thermal 0.14 0.18 0.22

27 Pilibhit 28.473247 79.806967 1 0.34 0.34 ≤ 2.5 Barkhera TPS 0.07 0.09 0.10

28 Shahjahanpur 28.249046 79.99751 1 0.44 0.44 ≤ 2.5 Maqsoodpur TPS 0.09 0.11 0.13
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