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Keyoffshore wind industry findings:

A Theimportance of the Offshoravind energywill continue to increase in the near
future.

A Offshorewind industryis andwill remain a very Eurocentric industry where stable
regulatory frameworks will be key for future technology development.

A Offshorewind future deployment will depend on its ability to drive costs down,
mainly by economies of scale, technology innovation and supply otetimration,
and higher capacity turbines (> 6MW)

The most capital intensive areas of offshore wind industry are the turbines,
foundations and installation.

Over the years, offshore wind industry has moved further from shore, into deep
waters, and with increased average turbine capacity.

Offshore foundation technologg evolving in order to address deeper water
challenges.
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Reducind-COE and technology risks in the coming years remain the biggest
challenge obffshore wind industry.
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Foundation technology is evolving in order to address A
transitional and deeper water challenges Bee L amme sfthe Eropen Union

DEMOGRAVI3 GrantNo 691717

A Monopile foundations are nearing a technical/practical limit, especially beyond 35m water depth and >6 |
A Steel jackets do not always provide a cost effective solution.
A GBF can be a low risk and cost effective alternative.

[
Jacket/Tripod GBF Floating Structures

A 0-30m A 2550m A 35-60m A >60m
A 3-6MW A 3-10MW A 3-10MW A 5-10MW
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EDP Renewables is developing a portfolio of solutions for )\
offshore wind in intermediate and deeper waters Bee L amme sfthe Eropen Union
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DemoGravi3 innovation project is full aligned with EDPR organizational goals, meaning creating future options
and pave the way to achieve competitiveness in future commercial projects in intermediate water depths
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Jacket/Tripod GBF Floating Structures

A 0-30m A 2550m A 3560m A >60m
A 3-6MW A 3-10MW A 3-10MW A 5-10MW

< Improvecompetitiveness in short/medium term> < Explorenew markets in medium term >




Technology innovations in foundations and installation are a big )\

opportunity and challenge to reduce the cost and risks of offshore o go-fded by the H2020 Framework
rogramme of the European Union
wind energy DEMOGRAVIZ  GrantNo6o17l?
DemoGravi3 Project [ 2 X3  Consortium
Demonstrateand validateaninnovativehybrid concretesteel, sel g
buoyant bottom standing Gravitgased Foundation (GBiey % renewables Gcaona @Aﬂlmmm& RAAPY T

offshore wind power plants located in water depths between 35 and

60m, being the complete unit (turbine and foundation) built and fully s J)

assembled onshorgransported to the site, installed and r\a\' W:\,'EC ‘ ‘‘‘‘‘‘‘‘ Z Fraunhofer GDG
decommissioned without the need of using hedtyvessels. o

\\

Highlights:
A European consortium led by EDP Renewables

A Overall Budget: 26,8 Me (EU Grant of 19,2 &)

A Demonstration site: Consented and grid connected in
Agucadoura, northern Portuguese coast

(~6km from shore, 450m deep)

A Duration: 48 months [nstallation inSummer2017 and
Decommissioning iBummer2019)

Main Objectives:

< LCOE
< Technology Risk

A Technicavalidation and moving from TRL 5 to TRL
A Demonstratean affordable LCOE in the meditemm
A Fosterthe competitiveness of the offshore wind energy sector
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Commercial Adoption -
Technology Maturity >



DemoGravi3 Consortium Members - Highly complementary and fit-

for-purpose mix of commercial companies and non-profit entities
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A Coordinate DG3 Project
A Lead Deployment strategy and business
case

A Gravi3 Technology Developer

A Overalltechnical guidance

A Design GBF structure as well as
transportation, installation and
decommissioning processes

A Lead Fabrication, Assembly and
Operations

A Manufacture the caissons

A Lead Transportation and Installation of
fully assembled Gravi3

A Key role in Fabrication and Assembly

A Manufacture the steel tripod

A Support engineering/operational
processes

A Advise on maritime operations
A Assist project management on risk
assessment and mitigation
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A Support Project Management

A Coordinate demonstration and
performance validation

A Overall operational support

A Lead project dissemination and
exploitation

A Support demonstration and validation
work

A Lead Environmental analysis

A Develop sinking system, recovery and
decommissioning of gravity based
foundations

A Perform necessary tank tests

A Lead resource assessment and analysis

Fraunhofer A Support engineering activities

GDG
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A Assess existing geotechnical data and
advice on new geotechnical and
geophysical tests

A Derive ground model



Project plan will be developed through 7 Work Packages *
during 48 months mEE e stthe urapen Union
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' WP1 — Project Management and Coordination

Core objective: Core objective:
Demonstrate the Technology, move from TRL5-6 to TRL6-7 Prepare the future and define the
way for market readiness

WPS5 -
Future
technology
development

. Fabrication, Demonstration
Design and

Engineering

assembly and and performance
operations analysis WP6 —

Large-scale
Deployment
Strategy and
Business Case

A :
WP7 — Dissemination and exploitation

Kickoff Decommissioning on
January 2016 Summer 2019

Summer 2017 December 2019
Demogravi3 installed ﬁ renovdveis End of Project



GRAVI3 is an innovative / competitive GBF concept. )\
Differentiation: built inshore and water ballasted BB e st tho European Unon
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The Gravi3 concept mafaatures:

Complete construction and assemlioighore in a controllecenvironment.
An hybrid foundation built with 8oncrete caissonanda steel structure.
Scalabldor intermediate water depths and turbine sizes.
Transportatiorthrough selffloating to installation site.

Useof regular towing tugs for transportation andstallation,preventing the use of heavy
lift vessels and reducing the complexity and risk of offshore operations

Suitable for a ongiece installation.

Installationusing an innovative and robusbntrol methodology.
Installationfully reversible (allows decommissioning orfleating).
Able to withstand large overturning moments, just water ballasted.

Lowerbearing pressures result in lower demand on soil stiffness to comply with
displacementequirements.

Suitablefor a wider range of sodonditions.

o o To To Po Po Do Do Do To I»

% renewables



GRAVI3 technology is a self-buoyant gravity based A
foundation e mmettihe Eutopeanumon
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Fabrication/Storage Transport

Installation

@ renovdveis
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Innovative GBF foundation challenging the offshore wind A
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Project DEMOGRAVI3 objectives

wDemonstrate the Gravi3 technology in a real environmauiit;scale
‘ wReduce 1415% LCOE fduture offshore wind commercial projecis transitional waters |

Foundation Design, Manufacturing and Assembly | Transport, Installation and Decommissioning
Reduce the costs by 15-20%
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Reduce the costs up to 10%

w Cdzf f & insko@SYof SR
wCombination of a steel tripod on concrete caissons
w {Hdrmirglsystemsised
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GRAVI3 has undergone the typical technology ,L

development process and is presently at TRL5 Bee L amme sfthe Eropen Union
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Previous work has included installation of the innovative GBF solution as a self buoyant met mast in
Scotland during 4Q 2014, and lab scale model tests in 1Q2015

OMM Projects

4/2014 L
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B 4/2013 7/2013 10/2013 1/2014 4/2014 7/2014 10/2014

772012 8/2012 2/2013 1/2015 3/2015  4/2015

TRL3 Patent granted in Spain TRLS
TRL1 TRL2 National phase started for EU, US & CN TRLA
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10/201 1/2013 4/2013 7/2013 10/2013 1/2014 4/2014 7/2014 10/2014 1/2015 4/201!

10/2012

Gravi3 patem process started 1/2013 5/2015
P
\ reliminary Design & LCE3 - H2020
Feasibility

Physical model tests & numerical
validation in relevant environment
Agucadoura (PT)

GRAVI3 Development

Since basic functionalities are proven, a real full scale demonstration project is the natural step forward.

@ renovdveis
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Final Remarks A
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EU funded R&D+I projects represent an important opportunity to the wind energy indust

DemoGravi3ds an example of collaborative and close to the maR&D+involving industry
and nonprofit entities with aligned objectives and commercially focused.

Key priority for offshore wind industry is to continue to follow a cost decrease path, achig
a sustainable and as fast as possible LCOE reduction.

Innovationin foundations and installatioare keydrivers for LCOE reduction and increased
competitiveness

Offshore wind market isvolving to transitional waters solutions (in the short to medium
term) as well as deep waters solutions (in the medium to long ferm

EDP Renewablesdsveloping a portfolio of solutions, namely creating technolognyvative
options for intermediateand deep water markets.

Knowledge acquired iemoGraviindWindFloat placeEDPRenewables aa front runner
in the offshore windusiness, and these technology options \ikitlybe materialized in

2ving

future commercial projects.

Thank you for your
% renewables attentlon'



