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NREL at a Glance
3,702 workforce, including:

• 2,721 regular/limited term
• 503 contingent workers
• 205 postdoctoral researchers
• 179 graduate student interns
• 94 undergraduate student interns

―as of 8/21/2023

World-class research expertise in: 
• Renewable Energy
• Sustainable Transportation & Fuels
• Buildings and Industry
• Energy Systems Integration

Partnerships with:
• Industry
• Academia
• Government

4 campuses operate as living laboratories

Photo by Werner Slocum, NREL 71582

More Than 1,000 Active Partnerships in FY 2022

Agreements by Business Type Funding by Business Type
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Energy-Water-Food Nexus for Solar PV

Energy

FoodWater

FPV AgriPV

Aquaculture

AquaPV

Competing land use for food and 
energy production.
Food production requires energy.

Food production could impact water quality and availability.
Water shortages and contamination could limit food production.

Water shortages could limit energy 
production.

Water infrastructure (transport, 
treatment, etc.) requires energy.

Source: Joshi (2023)
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Overview of FPV Systems

Figure. Schematic of Typical FPV System

Figure: Alfred Hicks, NREL 65944

❖ Modules: Same PV technology as ground-mount or rooftop PV, 
with the emerging potential for tracking and/or bifacial panels.

❖ Site: Typically sited on artificial waterbodies (e.g., reservoirs, 
retention ponds, etc.), with emerging applications on natural 
waterbodies, both inland and offshore.

❖ Structure: Platforms consist primarily of high-density 
polyethylene (HDPE) floats, with potentially different 
considerations for offshore sites. Anchors and mooring lines 
minimize lateral movement of the system. Racking material is 
similar to land-based PV (e.g., stainless steel).

❖ Electrical Components: Similar equipment as a land-based PV 
installation, with some different considerations for freshwater 
or marine environments (e.g., electrical cables connecting the 
modules to each other, and connecting the modules to the 
central inverter).  

Source: Ramasamy and Margolis (2021)
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FPV Market Growth

Source: Chopra and Sagardoy (2022)

Figure. FPV Annual 
Installations Forecast by 

Region (2021-2031)
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FPV Cost Comparison
Figure. U.S. Installed Costs of 10-MWDC Base-Scenario FPV System 

and Ground-Mount PV SystemModeled FPV system has a higher 
installed cost, $0.26/WDC (25%) 
greater than the cost per WDC of 
ground-mounted PV. 
• Higher cost is largely due to higher 

structural costs related to the floats and 
anchoring/mooring system.

Levelized cost of electricity (LCOE) 
estimated to be 20% higher for FPV 
system compared to ground-mount 
PV.
• Accounts for higher installed cost, higher 

energy production, and lower operating 
and maintenance costs for FPV (but does 
not account for other FPV co-benefits). Source: Ramasamy and Margolis (2021)



Research Activities
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Potential Co-Benefits of FPV Systems

Social and water-related co-benefits remain understudied.

Figure. Summary of FPV Co-Benefits (S = stand-alone, H = hybrid system with hydropower)Source: Gadzanku et al. (2021a)
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FPV Research Areas

Activities completed or underway at NREL

Source: Gadzanku (2022)
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FPV Policy Barriers and Best Practices (1/2)

Considerations Covered

Cultural

Environmental

Economic

Regulatory

Technical

Hybrid Systems
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FPV Policy Barriers and Best Practices (2/2)

Uncertainty about water rights may 
delay FPV project development and 
increase costs. 

Lack of interagency cooperation and 
coordination may stall FPV 
deployment. 

Lengthy, expensive, and unclear 
environmental approval processes for 
FPV systems can make projects less 
financially appealing.

Clear policies around water rights for FPV 
projects could reduce uncertainty during 
the project development process. 

Develop interagency processes for installing 
solar PV on waterbodies, along with clear 
environmental approval processes.

Barriers Best Practices to Consider

Source: Gadzanku et al. (2021b)
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FPV Hybrid Operational Modeling (1/2)
Research Question: What are the operational benefits of hybridizing FPV with hydropower?

Figure. Example System Configurations for the Hydro-Only (left), FPV Stand-Alone (middle), 
and Hybrid FPV-Hydropower (right) Systems

Source: Gadzanku et al. 
(2022)
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FPV Hybrid Operational Modeling (2/2)

Figure. Annual 
Hydropower (Top) and 
FPV Generation 
(Bottom) in Different 
Scenarios

Key Findings:
Compared to a Stand-Alone FPV 
system, hybridizing FPV with 
hydropower helps:
• Conserve water by shifting 

hydropower generation to other 
periods of the year (top graph).

• Lower PV curtailment when 
transmission constraints cause 
curtailment (bottom graph).

• Reduce dependence on other types of 
generation, such as gas-fired 
generation, by reducing PV 
curtailment.

Source: Gadzanku et al. 
(2022)
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Select FPV Technical 
Potential Assessments

Spencer et al. 2019

Campos Lopes et al. 
2022

Gonzalez Sanchez 
et al. 2021

Kakoulaki et al. 
2023

Joshi et al. 2023a

Differences in: Waterbodies assessed, 
scenarios, assumptions, data sources etc.

Global Assessments:
 Lee et al. 2020
 Jin et al. 2023

Subnational Assessment
Colorado (Liber et al. 2020)

Site specific assessment also conducted 
considering evaporation, algae, 
wildlife, water quality, and land-use 
trade-offs.
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Southeast Asia FPV Study: 
Data Collection

Figure. High-Resolution Solar Resource Data 
Available for Southeast Asia

Solar Energy ResourceInfrastructureWaterbodies

Reservoirs (hydropower 
and non-hydropower)

Natural Waterbodies (e.g., 
inland lakes, ponds, etc.)

Global Reservoir and Dam Database 
(GRanD)

HydroLAKES Database

Transmission lines, major 
roads, and protected areas

RE Data Explorer

Stimson Mekong Infrastructure 
Tracker

Source: Joshi et al. (2023b)

https://www.globaldamwatch.org/grand
https://www.globaldamwatch.org/grand
https://www.hydrosheds.org/products/hydrolakes
https://www.re-explorer.org/re-data-explorer
https://www.stimson.org/project/mekong-infrastructure/
https://www.stimson.org/project/mekong-infrastructure/
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Southeast Asia FPV Study: 
Analysis Scenarios

Waterbody Type FPV Technology

Reservoir: hydropower 
and non-hydropower

Natural: inland

Natural: offshore

Fixed Tilt: monofacial

Fixed Tilt: bifacial

1-axis Tracking: 
monofacial

1-axis Tracking: bifacial

Included Excluded

Source: Joshi et al. (2023b)
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Southeast Asia FPV Study: 
Technical Potential Calculation

Exclusions*

Waterbodies in protected 
areas are excluded.

Waterbodies further than 
50km from the nearest major 

road are excluded.

Sensitivities

Minimum distances from shore:
0 m, 50 m, and 100 m 

Maximum distances from shore:
500 m, 1000 m, and 2000 m 

FPV Technical Potential: 
Suitable Area (km2)

Solar Resource Data

Technology Assumptions

FPV Technical Potential: 
Capacity (GW)

FPV Technical Potential: 
Generation (TWh/yr)

PVWatts
System 
Advisor 
Model

*A distance-from-transmission exclusion was included for certain results, but 
not the default results, because this data was only available for certain 
countries (Cambodia, Laos, Myanmar, the Philippines, Thailand, and Vietnam). 

Source: Joshi et al. (2023b)

https://pvwatts.nrel.gov/
https://sam.nrel.gov/solar-water-heating.html
https://sam.nrel.gov/solar-water-heating.html
https://sam.nrel.gov/solar-water-heating.html
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Southeast Asia FPV Study: 
Results – Reservoirs 

Figure. FPV Generation and Capacity Technical Potential for Reservoirs in Southeast Asia
Note: These results assume fixed-tilt monofacial FPV panels, with a 50 m minimum distance-from-shore and 1000 m maximum distance-

from-shore buffer. The dataset excludes waterbodies that are more than 50 km from major roads and waterbodies that are within 
protected areas. These results do not reflect a filter for distance-from-transmission. 

Southeast Asia Regional Results:

Waterbodies: 88

Area: ~1,343 – 2,784 km2

Capacity: ~134 – 278 GW

Generation: ~187 – 389 TWh/yr
Ranges in results are due to different distance-
from-shore assumptions.

Source: Joshi et al. (2023b)
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Southeast Asia FPV Study: 
Results – Natural Waterbodies 

Figure. FPV Generation and Capacity Technical Potential for Natural Waterbodies in Southeast Asia
Note: These results assume fixed-tilt monofacial FPV panels, with a 50 m minimum distance-from-shore and 1000 m maximum distance-

from-shore buffer. The dataset excludes waterbodies that are more than 50 km from major roads and waterbodies that are within 
protected areas. These results do not reflect a filter for distance-from-transmission. 

Southeast Asia Regional Results:

Waterbodies: 7,213

Area: ~3,427 – 7,676 km2

Capacity: ~343 – 768 GW

Generation: ~476 – 1,062 TWh/yr
Ranges in results are due to different distance-
from-shore assumptions.

Source: Joshi et al. (2023b)
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Southeast Asia FPV Study: 
Open Access Data https://www.re-explorer.org/home 

Technical Potential Tool Inputs Results

https://www.re-explorer.org/home


www.nrel.gov

NREL/PR-5R00-87698

Thank You!

This work was authored by the National Renewable Energy Laboratory, operated by Alliance for Sustainable Energy, 
LLC, for the U.S. Department of Energy (DOE) under Contract No. DE-AC36-08GO28308. Funding provided by the 
U.S. Department of Energy. The views expressed in the article do not necessarily represent the views of the DOE or 
the U.S. Government. The U.S. Government retains and the publisher, by accepting the article for publication, 
acknowledges that the U.S. Government retains a nonexclusive, paid-up, irrevocable, worldwide license to publish 
or reproduce the published form of this work, or allow others to do so, for U.S. Government purposes.
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Disclaimer

This document was prepared as an account of work sponsored by an agency of the 
United States government. Neither the United States government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process disclosed, or 
represents that its use would not infringe privately owned rights. Reference herein 
to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its 
endorsement, recommendation, or favoring by the United States government or any 
agency thereof. The views and opinions of authors expressed herein do not 
necessarily state or reflect those of the United States government or any agency 
thereof. 
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