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Why ?

= Climate change and renewable energy g
= Energy market price increasing Z
= Energy independence 6‘b

But why offshore ?

= Limited onshore potential

= Higher capacity factor (40%)

= Costs %

w
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Status

Online
Partially online

Under construction
. Technology
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= Hornsea 2
* Comissionned in August 2022
World largest wind farm
1.32 GW installed
Powering 1.3 million home
165 turbines of SMW

= Dogger Bank
* 4.8 GW planned by 2026
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The UK's offshore wind farms

W Offshore wind farms,
operational and planned
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Offshore wind installed capacities (GW)
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Projected prices of offshore wind

energy

* Investment costs (CAPEX)

e Onshore: 13555/kw 3
e Offshore: 3185S/kw X

* Electricity prices
e Onshore: 0.0515/kwh 2
Offshore: 0.099S/kwh

*  Today (mixed): 0.255/kwh
*  40% decrease by 2050
forecasted

Higher foundation and
maintenance costs for
offshore energy

Costs continue to fall for
solar and wind power technologies

2019 USD/kWh

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Completion year for committed projects per technology

PV CSP @ Onshore Wind @ Offshore Wind

RENEWABLE POWER & IRENA

GENERATION COSTS IN 2019 Infernational Renewable Energy Agency
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= The connection to the grid

Wind Turbine Offshore Sub-Station
Generators (WTG) W (0SS)
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G Onshore Sub-Station

0 Grid Connection

v

A

s

e Foundations

o Inter Array Cables (IAC)
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Offshore wind technology

» Fixed Foundations vs Floating foundations

NEW: FLOATING TECHNOLOGY

Monopile Jacket I Tension Leg  Semi-submersible Spar
Platform

‘\ ~ <« Blades

«~— Nacelle

Turhine Support

T

<« Transition—§_ i «— Platform
| Piece '

R "?—"ﬁim&atinn» . - = R b T X - S N S N

Shallow Water

Transitional
Water

Deeper Water

©
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= Monopiles Waork Platform

Intermediate
Platform

75% of fixed installed wind turbines
Water depth <35m
Cost effective External J tubes = Substructure

Requires strong soil properties

Marius de Mourgues— marius.demourgues@eiffage.com

Grouted

= Design evolution

A nd o Ny TOAIAG TS A

Mini TP Scour Protectio

Foundation

Date of delivery: 2013 Date of delivery: 2015 Date of delivery: 2020
Project: Q10-Luchterduinen (NL) Project: Kentish Flats (UK) Project: Triton Knoll (UK)
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Fixed foundation technology

= Jacket

15% of fixed installed wind turbines
Water depth <50m

Based on oil and gas industry
Installation can be more complicated

= Design evolution

Thornton Bank (BL) | | Moray East (UK) Demain

Date of delivery: 2008 Date of delivery: 2020
Number of units: 48 Number of units: 103

Work Platform

Tower

Transition

Intermediate
g‘/‘Fﬂatform

Boat Landing

External J

tubes

[
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=PFL  |nstallation of fixed
foundations
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Depends on soil characteristics

Installation of monopiles using
the « hammer » technique

Marius de Mourgues— marius.demourgues@eiffage.com

Drilling technique

Costly operation

B ME 409 - Energy conversion and renewable energy
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Floating technology

= Semi-submersible floater
* Triangular design
* Maximum buoyancy concept
* Most versatile concept
Limited by weight

Restoring momentum comes from the
buoyancy of the external columns

= Current development
* Pilot farms in Europe (EFGL, PGL)
* Tender phase

Hydrostatic stiffness:
I
Ky = pVg(KB — KG +7>
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w
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=PFL  Floating technology
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D Spar technology
80m long cylinders to lower the COG

Particularly adapted for deep waters but
requires high water depth at quay

Restoring momentum comes from the
low COG
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= Tension-Leg-Platform

* Lower weight and size to reduce
manufacturing costs but technically
challenging to install

 Stability is provided by the buoyancy
force against the tension in the mooring
line

B ME 409 - Energy conversion and orenewable energy
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_f"F'- Procurement, Construction
“#™* " and Installation (PCI)

= Procurement of steel all over
Europe

» Pre-assemby construction in
several european facilities

Marius de Mourgues— marius.demourgues@eiffage.com

* Final assembly of sub elements
on yards
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=PFL  Procurement, Construction
and Installation (PCl)
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= Turbine integration on yards

Marius de Mourgues— marius.demourgues@eiffage.com

* Floaters next to the quay

* Large cranes lifting the mast, the
nacelle and finally the blades

* Supervised by turbine manufacturer

B ME 409 - Energy conversion and renewable energy
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Procurement, Construction
and Installation (PCl)

= |nstallation by regular boat transport

= Mooring connections pre-layed before the
installation with anchoring system
depending on seabed properties

* Flexible chains

e Synthetic fibres
 Steel cables

= Connection from the | tube to the Inter
array cable

= Less costly operation
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Limitations

Weight: A floating unit is 4000t

Technical manufacturing of large steel
structures

Marius de Mourgues— marius.demourgues@eiffage.com

Industrialization of the supply chain interacts
with evergrowing design evolution

Yard size
Public opposition

COSTS

B ME 409 - Energy conversion and renewable energy
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% Questions?
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=PFL  Interesting links
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* Videos to watch
* https://www.youtube.com/watch?v=wr7QZ364jPY&t=632s
e https://www.youtube.com/watch?v=xbdUIfYCRwc&t=9s

Marius de Mourgues— marius.demourgues@eiffage.com

*  Websites
* https://globalwindatlas.info/fr
* https://www.iea.org/reports/offshore-wind-outlook-2019
* https://gwec.net/gwecs-global-offshore-wind-report/

B ME 409 - Energy conversion and renewable energy
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Global Wind Report 2022 - Global Wind Energy
Council

Lagging growth in this decade leades to wind energy shortfalls by 2030

400

w
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o

Or we reach only 4% of the wind power required by
2030 to stay on-track for a netzero/1.5C pathway

Installations need to grow 4x

Marius de Mourgues— marius.demourgues@eiffage.com

New global installations (GW)
(MO) suoypj|pjsut [oqo|B sAyPWND

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

@ New Wind Capacity @ Projected New Wind Capacity Based on Current Growth Rates
® Annual Capacity Gap to Meet Net Zero by 2050 Scenarios
® Cumulated Wind Capacity to Meet Zero by 2050 Scenarios
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