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Offshore Floating PV (OFPV)

Benefits
. No land occupancy
. Heat sink effect of water

. Reduced water evaporation

Challenges
. Durability
. Increased costs

. Effect of waves

P H. Ziar, 10 breakthrough ideas in energy for the next 10 years, 30-43 (2021)
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Previous Work!!]

Compare performance of a PV
system on land and at sea

. Effect of sea waves, wind speed and
relative humidity

. Annual DC energy yield of OFPV was
13% higher than horizontal land-
based

Only one axis of rotation considered

Effect of waves on inverter efficiency
should be addressed
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[1] S. Z. Golroodbari & W. van Sark, Prog Photovolt 28:873—-886 (2020)



Objective

Study the waves effect on DC & AC yield
of an OFPV system considering two axes of rotation
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Methodology

Weather
conditions

'd decomposition

JONSWAP

- Spectralll

L 60 , : -
NE —20m/s

= —15m/s

%40_ 10 mis| n(x,t) Torque

5 ——5mls

(@)

©

B 20+

(O]

&

2 1
T 0 : X
< 0 0.5 1 1.5 2 y

Angular frequency [Hz]
[1] K. Hasselmann et al. Ergaenzungsheft zur Deutschen Hydrographischen Zeitschrift, Reihe A (1973)

2
TUDelft 6 [2] J. Mani, “Coastal hydrodynamics”, PHI Learning Pvt. Ltd. (2012)



Methodology

Weather
conditions

Pontoon
Characteristics

lWind speed decomposition
Sea Surface — Surfaf:e —> Wave Pressure —> Torque —> An.glgs
Spectrum Elevation Variation _‘
|, Incu?lent Module vV
Irradiance Temperature Curves

PV Module
Characteristics

‘_/ Inverter

Sunnyboy

Grid Electrical sensor

PVMD TOOLBOX!1]

Delft University of Technology
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Validation

10

= Modelled

» Measured
Pitch and roll measurements of 3T
OFPV system
Reasonable match = .5l
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Floating Body
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DC Yield

— Waves
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== Waves
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Sea State

DC Yield

1/3 of waves

Significant
wave height

Wave distribution

Wave height

1.25 m-

2.5 m-

Calm
Moderate

Rough

Negative yet negligible losses due to wave movement

Annually, floating system produces 0.1% less than
horizontal one and 14.6% less than optimal one



AC Yield Experiments
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Should the Floater be Squared?
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wind reduces angle fluctuations wind direction
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Conclusions

= Developed and validated a model including wave effects

=  0.5% higher production of floating system than horizontal one

=  Waves only affect inverter efficiency 0.5% on rough days

=  Wide floater aligned with main wind direction reduces fluctuations
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Assumptions

Waves model assumptions Mechanical assumptions
*=  Floating body much smaller than the =  Wauve field not affected by the floater
wavelength

= The floater is rigid

= Coriolis force is ignored
=  Movements on the plane parallel to the

= Viscosity is negligible sea surface are neglected.
=  Water is incompressible = Floating body is located at a height z=0

. with respect to the seawater level.
=  Deep water conditions
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Weather
conditions

Methodology

Pontoon
Characteristics

Sea Surface SurfaFe —> Wave Pressure —> Torque —> An.glgs
Spectrum Elevation Variation _‘
R Inc@ent Module v MPPT DC/A;
Irradiance Temperature Curves Conversion

PV Module
Characteristics
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Inverter
Characteristics



Location

Wind Speeds in m/s
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P [1] Google Maps, N53.00848 E3.84971 (accessed 15/06/2022)
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Module Temperature

OFS=- Waves
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DC Yield
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Sensitivity Analysis
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wind direction reduces
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