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Le solaire flottant
Une croissance “exponentielle”
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“Where there
IS water,

there is
potential for
FPV”
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How FPV works?

PHOTOVOLTAIC (PV)
MODULES

» Panels are slightly tilted

3-5 degrees to serve a self-
cleaning function. Rainwater will
flow down the panels and wash
off any dirt that accumulates.
They are also tilted to maximise
energy generation,

» Coated with anti-reflective
materials to maximise light
absorption and minimise glare.
* Double-glass solar panels
instead of the single-glass ones
used on rooftops to enhance
durability in a wet and humid
environment

e FLOATS/PONTOONS

« Made with certified food-grade
high-density polyethylene (HDPE)
to minimise impact on water quality.
« The pontoons are designed to
support the weight of the PV
modules, each weighing 30kg.
* UV-resistant to withstand intense
sunlight.

‘ .’ 4 PERFORMANCE
h - MONITORING

» Output of the system is remotely

monitored in real time.

more robust and reliable,

Direct current (DC) Alternating current (AC)

Workers piecing the

panels and floats CABLES

together like a huge * Encased in

jigsaw puzzle, before waterproof insulation
they are towed out to with cross-linked
their designated polyethylene for
positions. durability.

» Features safety cameras, live video
monitoring, dashboards and alerts that
help to track environmental factors.

* Engineers and technicians can monitor
operations remotely using mobile app

* Enables swift and timely maintenance
and troubleshooting - making operations

l

POWER GRID

» Electricity generated from
the PV system feeds into
the power grid, contributing
more renewable power into
Singapore’s total electricity
mix

* May be able to store
energy generated in battery
systems in the future.

Sembcorp
control
building

COMBINER BOX

central inverter.

* Able to monitor voltage and current of each PV
string, and feed data to remote monitoring centre,

» Combines electrical current from strings of PV
modules into larger DC cable that feeds into the

POWER
CONDITIONING
SYSTEM

* Houses the
central inverter,
which converts
electricity in the
form of DC from the
solar PV panels into
commonly used AC

ANCHORING

« Tether floating
arrays to reservoir
bed using concrete
sinkers to prevent
movement in strong
winds and ensure
worker safety
during inspections.

Courtesy of Sembcorp
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Technology review : 3 concepts

Sungrow/Ciel & Terre

Modular
raft

SCOTRA/Zimmerman

According to DNV
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Exponential market growth
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India
2%

650 projects
in operation
End of 2021

Number o
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Floating Solar vs Ground mounted
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Where Sun Meets Water

BENEFITS AND CHALLENGES OF FLOATING SOLAR

Reduction in Ease of deployment No land v
evaporation No leveling or laging of requirement
losses foundation needed J

| v

Possible reduction

in algae growth
gaeg v

Increased energy
yield from cooling
effect of water

Mooring and

N

Possible soiling
by birds )

-~

X

Possible 5
environmental

* \yxy‘-\-\

Electrical safety and

b
-

longevity of equipment

BENEFITS

No land requirement

Synergy with electric
infrastructure
In particular when combined with

Cooling effect

Reduce evaporation

Easy to deploy

Net Zero Carbon
* Autonomy
CHALLENGES

* Mooring/electrical

Intermittence

Maintenance
May require boats and divers

Oper. & Maintenance

S e * Environment
e Other users (Tourism,
Fishermen...)
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Operating in complex environmentally & socially
sensitive areas
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Market segmentation

HYDRODAM NEARSHORE
Lagoon, inte

Salty water Salty water |°
- Huaneng Power International - EGAT ch . -
. . . - Chenya Energy - Equinor — Moss Maritime
Shandong (China) Sirindhorn Dam (Thailand) Changbin (Taiwan) To(tlest a pilot of IMW
:(ZJ(Z)I:IW :g;/:llw 181MW Offshore Norway in 2022
2020 - Solar Duck
. BOC project
-Akuo EDF - Qair Cooperation with RWE
Quarry Piolenc (France) Lazer(France) Mahé(Seychelles) - SPIC — Ocean Sun 0.5MW
25MW 20MW SMW combined withOWF
2019-2022 2022 2023
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Projects & Prospects booming across
the globe

CHINA

* Shandong 320MW 2022

* Huainan Anhui 150MW 2018

e Xinji Huainan 102MW 2017

* Yuanjiang Yiyang 100MW 2019

‘ , ; ) o :.’. . - . : *h \.‘-\’ {:‘: ? . g : . 2 G .
i % e TS v 7 = ‘2. A _"i"' INDIA
}é - ¢~ 1+ Kayamkulam Kerala 102MW 2022

Vg » i | . Ramagundam 100MW 2022
f ‘ !  Madhya Pradesh 0,6GW 2024?

TAIWAN

N

SOUTH KOREA
* Saemangeum 2,1GW 2024?

A

PROJECTS

s/ *  Changbin 188MW 2020

VIETNAM

“1+ TriAn1,56W 2024/25?

THAILAND
* Sirindhorn 45MW 2021

PROSPECTS

INDONESIA-SINGAPORE
* (Cirata 145MW 2022

Duriangkang 2,2GW 2024?
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Supply Chain : a fragmented market

Engineering

Ecospheére
Artelia
Safege
INNOSEA
Principia

ISL Ingénierie
Egis...
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Developers

Akuo

CNR
Corexsolar
Qair

Neoen

Shell
TotalEnergies
Boralex
Statkraft
Sembcorp

BayWar.e. ....

EPC Contractors

* Ocean Sun

* Swinsol

* Omexom

* Ciel & Terre
* Tata Power..

A€ Centrale-Energies
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Suppliers

Solar pannels
* Trina Solar
* Jinko Solar
* Longi...

Floating structures
* NRG Energia

* Sungrow
* Sunseap

Inverters

* Sungrow
* GE....
Moorings

* Seaflex

* Hazelett..

Ciel & Terre
Isi Floating...

Operations &
Maintenance

e SunPower

e BayWar.e.

e EDF Renouvelables
e Akuo
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LCOE (Levelized Cost Of Energy) o LMt

t
LCOE = (1+7)

n E¢
=171 + )t

Offshore FPV : highly dependent on project’s specifics :

Onshore PV : the cheapest energy

Par MWh, sefon ls source de pr

CAPEX, OPEX, irradiation...

160€

141 €

CAPEX IMW=1M€

1
99¢

Larger projects

Smaller projects
Small waves Large Waves (limit 1.5m*)

Low salinity Saline/corrosive environment

‘ 37 ¢€
o s Less windy Prone to extreme weather events
yun
Ze .. .4 * Lower variation in water level High variation in water level
Eoien Centraie o entra * Anchoring available on banks * Underwater anchoring required
erreaire ac 13 n Nucicaire (thermeque )

s : OuwWorldinData.org / Lazard levelized Cost of Energy Analysis - V13.0

* Can utilize nearby infrastructure
* Favorable logistics

(Deeper = $S9)
* Must construct own Substation/

ReR rterfé

WOtiden de féccioge

transmission infrastructure

Image credit: World Bank Group, ESMAP and SERIS

LCOE (Levelized Cost Of Energy) for Floating PV est. at 40 to 60€/MWh

"..' - T e *qw
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Cumulative installed FPV ???GW in 2030

Units:GW

3,5GW 2021
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Figure 3 - Historic growth and growth forecast based on DNV owned
calculations and studies [5-7, own study]

Jmhdumay@gmail.com

Exponential growth

Limitless potential of floating solar photovoltaic
e Growth opportunities for countries with significant
hydropower
* Nearshore FPV development in island with protected area

such lagoon, bay.....
e Offshore remains the domain of research & prototype test

Asia is set to dominate this growth with India & China leading

Vision for Floating PV in 2030 ?

Limitless potential for innovation
» Digitalization/standardization/recycling
* Remote monitoring & control
e Step change in technology (Modules, Floaters, solar

tracking...)
 Combined activity : aguaculture, offshore wind...
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