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Meeting coastal power demand

Global average wind speeds at 90 m

Presently about 40% of

the world's population

lives within 100 kilometers of
the coast.

As population density and
economic activity in

the coastal zone increases,
pressures on coastal ecosystems
increase.

Wind NOAA Mod Res (m /< at 50m
ASL)

Concentrations in major coastal
cities.
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120 GW in 2030
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350 GW by 2040
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IEA chief predicts potential 350-GW market for offshore wind

Tue 25 Sep 2018 by David Foxwell reporting from Global Wing Summit, Hamburg
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IEA executive director Fatih Birol expects the offshore wind market to grow quickly, driven by ongoing
cost reduction By MAN Diese! and Turbo

The offshore wind industry could reach 200 GW by 2040, International Energy Agency executive director Fatih

Birol told the Global Wind Summit in Hamburg, Germany, but with support from governments it has even Alignment and Measurement
greater potential. Services
By Warnsia

Speaking in the opening session of the event, a ministerial session entitied '‘Breaking new ground: the wind
industry and the global energy transition,’ the IEA's executive director said the agency anticipated that by 2030

wind would be Europe’s leading source of power. 3 ; i
P 9 P Predicting Failure for Critical

Shipboard Assets
By SparkCogniton
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He said the |EA anticipates that global offshore wind capacity could reach 200 GW by 2040, with the EU as the
market's largest player. There is currently around 20 GW of installed offshore wind capacity.



521 by 2050

Cumulative installed capacity (GW) Global offshore wind- REmap Case
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Annual Market Report 2018 — 2023 forecast

Annual installed capacity (GW)

Source: BVG Associates
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“There will be huge demand for new
innovative offshore solutions and expertise
with a global reach as offshore wind is
expanding into new markets.”

Large developer

Norwegian



’) Norwegian
( Energy Partners

The European market
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Europe leads globally
- 19.2 GW total installed capacity in 2018, reaching 35.2 GW by 2023
- CAGR of 11%

Source: BVG Associates 11%
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Industry & supply chain challenges

- Margin pressure — supplier inclusion

- Standardisation

- Technology and development integration
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The Asian Markets

Annual installed capacity (GW)

6 : 30 Capex & Opex
Source: BVG Associates and 36% . .
Renewable Energy Solutions * Multicontracting preferred by
developers to gain experience,

developers tend to contract a greater
number of individual contracts

* Government involvement in projects
coupled with support from major local
conglomerates — changing support
environment

- 20

0 . . . . 0 * Large SOE’s dominate the industry —
19 '20 21 ‘22 '23

cN — P WI'Fh supply ch.aln loyalty
O — T\\/ * Chinese entry into Europe
BN Other Asia === Cumulative

Cumulative installed capacity (GW)

Industry & supply chain challenges

The balance of plant and logistics supply chains are generally less developed than in Europe
Strong local content requirements — independent of local competencies and resource
Various market specifics — typhons — subsea structure — H&S

Silo supply chain development

Need for capacity building and volume markets



The North American Market Capex & Opex

* @rsted and Equinor etc are likely to
multicontract with mature, global
suppliers, which may collaborate with
North American partners

* EPCI contracting is likely to be preferred
by less experienced US developers
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Cumulative installed capacity (GW)

Main Players

Annualinstalled capacity (GW)

0.25 0.6 * Orsted * Avangrid
. * Dominion Energy Renewables
0.00 - - - - 0 * Massachusetts * USWind
19 20 21 22 23 Clean Energy « CiP
Centre * GE
— US s Canada e Cumulative . Equinor

Industry & supply chain challenges

The balance of plant and logistics supply chains are generally less developed than in Europe
Strong local content expectations — independent of local competencies and resource

Jones Act

Ports

Individual state driven supply chain development

Need for capacity building and volume markets
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A € 160 bn market over the 5 years to 2023

50,000
Source: BVG Associates
—~ 40,000
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& 30,000 .
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g . — N = Up from €108 for .the period from 2018 to
T 20,000 = — 2022 as reported in the 2017 report
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@ 10,000
I I Annual average spend of €30 bn to reach
0 . ; ; . .
B Project development B Turbine
Foundation Array cable e Europe: €68 bn
¥ Transmission Turbine installation ° Asia : €72 bn
Foundation installation ¥ Array cable installation

e North America : €20 bn

® Transmission installation B OMS



With globalization three key cost reduction drivers are becoming
increasingly important:

Technology improvements and deployment

Competitive procurement and supplier inclusion

A large base of experienced, internationally active project developers — and
suppliers

Local supply chain development — capacity building
Project risk & financing cost
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A gale of innovations...

Mext generation turbines

_I Floating foundations

- Intergrated turbine and foundation installation

I N N +voc infrastructure
-. DC power takeoff and array cables
_- Site layout optimisation

I__ Reducing electrical infrastructure
_I Wind farm-level control strategies

Blade design and manufacture

-. Personnel access systems

_. Onshore turbine pre-commissioning
| selfinstalling foundations

Airbourne wind

rtance

ive impo

Relat

Increased turbine rating

Most relevant to:

I Ccvelopment

Turbines

' Support structure

- Electrical interconnection

B installation

I Operation, Maintenance and service

2015 2020 2025 2030 2035 2040
Expected period for commercialisation

2045

Source: IRENA Innovation Outlook; Offshore Wind ( Eorwegipa:
nergy Partners



Competitive procurement and supplier inclusion..

Strategic SRM

Unlock competitive advantage

Foundational SRM

Retain expected benefits by
complying with negotiated
agreements

e
“ 4 Potential lost benefits and
risk exposure
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Value realization

A J
Y Y
Strategic sourcing Supplier relationship
and implementation management (SRM)

Source: AT. Kearney analysis
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A large base of experienced, internationally active project developers
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..and their suppliers

@
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Geotechnical Offshore Contractor
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Local supply chain development — capacity building

@GRSTED AND CHANGHUA COUNTY GOVERNMENT TEAMS UP TO
ESTABLISH LOCAL OFFSHORE WIND POWER NETWORK

ﬁ(nowledge sharing \

Procurement — creating competitive and
sustainable supply chains

Quality assurance
H&S
Collaboration efforts — government — suppliers -

\developers /

STATES BUSINESS NETWORK OSW
Policy / market drivers / regulations

US BOEM / US BSEE ?\ :\
Leasing and approval of plans / regulators
PRIVATE DEVELOPERS / LEASEES ﬂ

Dong Energy, Statoil, Avangrid / Iberdola,
Copenhagen Offshore Partners, Deepwater Wind,

US Wind, Fishermen’s Energy

SUPPLY CHAIN STRONGER TOGETHER
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The importance of cost of finance
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Floating wind will boost offshore wind deployment
- adding complexity to the supply chain development




But just emerging.. more tech and business development needed!

Wind Farm Name Commissioning date
Hywind Scotland United Kingdom 30 2017 (in operation)
Windfloat Atlantic Portugal 25 2015

Flocan 5 Canary Spain 25 2020
Nautilus Spain 5 2020
SeaTwirl 52 Sweden 1 2020
Kincardine United Kingdom 49 2020
Forthwind Project United Kingdom 12 2020

EFGL France 24 2021
Groix-Belle-lle France 24 2021

PGL Wind Farm France 24 2021
EolMed France 25 2021
Katanes Floating Energy Park -Array United Kingdom 32 2022
Hywind Tampen Morway 88 2022

Wind Farm Name- Commissioning date
SeaTwirl 51 Sweden 0.03 2015 (in operation)
EOLINK France 0.1 2018 (in operation)
Floatgen France 2 2018 (in operation)
TetraSpar MNorway 3.6 2019
FLOWocean Demonstrator Morway 2019

DemoSATH Spain 2 2020
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= Jon Dugstad
 Director Wind & Solar

Thank you!
‘jon.dugstad@norwep.com
& - @jondugstad
— = A = WWW.Norwep.com
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