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ABriefintroduction

AThe market, the supply chain, and how it all began
AOnshore
A Offshore
A Localcontent requirements (LCRS)

AOffshorewind industrydrivers
AProduct andndustrylife-cycles
Almpacton logistics

ALogisticanarketdrivers
AExample®f marketmakingand supplychaindevelopment
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Global wind powerbEnd 2017 cumulative

A539 123MW installed at
end of 2017

U 3.5% offshore wind
AOnshore wind
C truly global;
on all continents
AOffshore wind
C regional;
mostly North Europe

Source: GWEC (2018)
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ASerialproductionof modernwind turbine generators\WTG$ around
1979

ADenmark and the USA

ALater on, other markets established a local supply chain
ASpain and Germany

AMarket globalizedduring1980s, 1990s, 2000s

Interesting industry?!
- Stronggrowth
- Industry driven by nationghrough subsidies not the market (((
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AOver time,supplychainsemerged

AThewind turbine generatortechnology _
isorganized- a | € y z2tibddl f € I VR
supplychainsystem WIS 80P, tvasion s e

V Supplychainleadfirms I AT
V Suppliers m {
V Subsuppliers | )

AThe offshorewind supplychainincludes —
a morecomplexbalance of plant setip:
V Cables
V Foundations
V Onshore and offshore suktations

es - Array/export cables
- Substation foundations/topside

rrrrrrrr

lllustration sourceRenewableEnergy Solutions
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AProhibited according World Trade Organization rules
ABut various market embraced LGRmplicitly or explicitly

AKey drivers for LCR include:
o Political support
o Establishing a local supply chain and possibly cease export opportunities

AOnshore wind examples include China, Brazil and Canada
0 At end of 2017, ranked global first, eighth and ninth, respectivelyaive instatied capacity)
o LCRs contributed to the emergence of local supply chains

A China- market size and lower production costs wooed global wind Players while
regulation requiring local majority ownership in partnerships (jei@btures) ensuring
knowledge transfer and transformation of the country into a major WTG developer and
component exporter

A Brazil- develc_)rpment bank BDNES cheap financing tied to localization enticed global
WTG and WTG component OEMs to set up local manufacturing facilities

ALCRs may not necessarily mean competitive production costs



Onshore| Installed
Capacity (MW)

2000 2005 2010 2015

China
Europe
USA
Globally

China share in % of

globally installed

346 1260 | 44,781 145,513
12,887 40,898/ 86,619 147,099
2578/ 9149 | 40,298 74,744
17,400 59,091 198,065 436,308

20% 21% 226% @ 33.4%

Growth Factor (2015 CAGR
over 2000) (2003 2015)

420 60.8%

10 13.7%

28 23.4%

24 22.1%

China onshoré. CRs

2003 2004 2009

50% 70%  N/A

Market share 2006 2018 2014
- Vestas 23.6% | 3.2%

- Gamesa 15.9% | 1.6%

- GE 12.7% 1.1

- Numberof ChineseNTGOEMSs 71 (28b

Aalborg, November 12, 2018
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Global offshore wind End of 2017 cumulative

A Offshore wind on verge of
becomingglobal

AOnly six markets had
cumulative capacit
exceedingbOOMW at end o
2017(green)

A Five of these markets are
European

A11 other markets had
cumulative capacity below
500MW at end of 2017
(yellow)

o Majority of projects are
demonstratlonprOJects

A Six of these are in Europe,
four in AsiaPacific,and one
In the Americas

Note": Thesixmarkets>500MWinstalledcapacityby end of 201arethe UK, Germany, Denmark, HollaBelgium and China (‘/
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Industry maturity: Scaleachieved2008/2009

Installed
capacity
in MW

peryear

11

Annualinstalled offshore wind capacityglobally

1.8 GW

500 MW

MW

Numberof
grid connected
: offshorewind

L) farms peryear

______ )
5

- T T T _01!fshore
wind
farms
per

year

Aalborg, November 12, 2018

«

Source: Poulsen, 2015 AALBORG UNIVERSITET



Df 20l f 2F7FaK2z2NEB

gAY R 9yhRaledn mT

Fig. 1- Country cumulative installed capacity: end of 2008 & 2017
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Fig. 2- Regional cumulative installed capacity: end of 2008 & 2017
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Source: Renewable Energy Solutions analysis
based on GWEC, IEA Wind and WindEurope data
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Turbine output is the driver fotogisticsinnovation

Offshore wind energy product technology development
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Source: Renewable Energy Solutions analysis
13 Aalborg, November 12, 2018 AALBORG UNIVERSITET



t NP RdzO (I fwikdri8Bbin®ias@llatavessels

4th gen.c Seajackscylla (2016)

«

Photos:CourtesyDEME A2Sea, Fred Olsen,
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A2022 pipeline with 5th generatiow TGsn severaimarkets
AEurope
ATaiwan
AUSA

AlLeadtimeto designconstruct and test avessel

AGrowth in balance of plant components:
AMulti-purposevesseldor both WTGsandwind turbine foundation®
ASeparatevessels
ANew innovative solutions to sawest?

Source: Renewable Energy Solutions analysis
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Global offshorewind Wind farm life-cycle

ot key phases
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Wind farm
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A Anoffshorewind farm life-cyclehasfour key phasespouisenz015;
1. Development& consent
2. Installation& commissioningl&C)

o WTGandWTGcomponents 24%
o Balanceof plant: 19%
o Installation& commissioning 12%

3. Operations& maintenancg O&M).
4. Decommissioning

16 Aalborg, November 12, 2018

Offshorewind (Poulsen & Lema, 2017)

A Critical logistics elements in
all four lifecycle phases

A The costs shift away from
WTG (a crucial distinguishing
factor between onshore wind

and offshore wind)

3%
55%

38%
4%

«
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AOffshorewind currently concentratedin Europe(84%at end of 2017)
but spreading

o EU legislation, among other factors, helped diffusion of offshore wind
without emphasion LCR

0 Synergies between offshore wind with existing local industries
(e.g., aerospaceautomotive,O&G)respectiveto the OWHIifecyclephase

A Europearexamplesncludethe Netherlands GermanyandBelgium

ALCRof WTGassemblyis mostly political as well as symbolicsince
valuecreationmostlyin installationand O&M phaseof OWHlifecycle

o Taiwancg only countrywith explicitLCR$or offshorewind

A Taiwan model takes on more gradual LCRsreflecting the offshore wind industry
maturationprocess

o Individualstateswithin the USAhavesomewhatd S E LILOR® With strong
emphasigon localjob creation ((‘

Source: Renewable Energy Solutions analysis
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LCR: Implicit

Offshore wind support scheme CfD
Cummulative end of 2017: 6836 MW
Cummulative end of 2030 (est): 22.5GW
OWEF Phase: Development & Consent Local & other

h2C tKIFaSy [/ 2y aiNdxzOi A 2Yes; offshore WTG OEMs SGRE, MHI Vestas
h2C tKIFIaSyYy / 2y aiNdzOU A 2Local & other European
h2C tKIFIaSyYy / 2y aiNdzOU A 2Local & other European
OWEF Phase: O&M Local & other European

OWF Phase: Decommissioning

OWE developers: Local, European, Japanese & Korean ((‘

Source: Renewable Energy Solutions analysis
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2014governmentstudy

- BVGAssociatedor the UK Department for Business Innovation aBills..,

No offshore wind supply chain in the URdustries with useful characteristics:
A Aerospace

A Automotive

A Composites

A Nuclear

A Oil and gas

A Rall

Source: Poulsen & Lema, 2017
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LCR: Explicit

Offshore wind support scheme FIT, auctions

Cummulative end of 2017: SMW

Cummulative end of 2030 (est): 10GW

OWF Phase: Development & Consent Partnerships with mostly European firms

h2C tKIaSy /[ 2y aiNdzO i AEmerging; including MHI Vestas, SGRE, Hitachi

Emerging; Local partnerships with European and some
h2C tKIFaSy /[ 2y aiNHzO( AAsian firms

Emerging; Local partnerships with European and some
h2C t KFaSy [/ 2y aidNdzO( AAsian firms

Emerging; Local partnerships with European and some
OWF Phase: O&M Asian firms

OWEF Phase: Decommissioning
Local European CanadianAustralian Japanes&

OWE developers: Singaporean ((‘

Source: Renewable Energy Solutions analysis
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Global offshorewind ¢ | A gdcAtextfor participation

A BetweenQ3 2017and Q2 2018 Taiwan
o raised its 2025 offshore wind target to
Financial Capabilities: 55GW
- with locals* o approved 10.5 GW planned offshore wind
Technical Capabilities: proJeCtS

Construction o awarded5.5 GW capacityto 10 developers
for grid connectionby 2025

A In January2018 a h 9 ! BQr&auof Energy
released the Directions for Allocatin
Installed Capacity of Offshore Win
Potential Zones

A Directions stipulated the Selection
Procedureandthe Auction Procedure

A To take part in the SelectionProcedure,
Fechnical Capabiliice. and the subsequentAuction Procedure
Engineering Design the OWF developer had to have the
capabilitiesasshownin the pie chart

Technical Capabilities:

O&M planning ((‘

Source: Renewable Energy Solutions analysis
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2021-2022

2023

20242025

Towers

Onshore electrical equipment
- transformers

- switches

- switchboards

Foundations

Vessels

- geological investigation

- logistics support

- crew transfer vessels

- subsea cable installation

Towers

Onshore electrical equipment
- transformers

- switches

- switchboards

Foundations

Vessels

- geological investigation

- logistics support

- crew transfer vessels

- subsea cable installation

- turbine & foundation installation
- transport

Subsea cables

Turbine components

- transformers

- switchboards

- power supplies

Towers

Onshore electrical equipment
- transformers

- switches

- switchboards
Foundations

Vessels

- geological investigation
- logistics support

- crew transfer vessels

- subsea cable installation
- turbine & foundation installation
- transport

Subsea cables

Turbine components

- transformers

- switchboards

- power supplies
Gearbox

Generator

Power converters

Blade

Nacelle

22 Source: Renewable Energy Solutions analysis
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A Taiwan has no local offshore
wind supplychain

A Governmentplans to
Talwan as a regional
offshorewind

A LCR#$aveunleasheda flurry of
partnershlpsg oint ventures?_at
all |c|)hasesof e OWFfarm life
cycle

A Foreign offshore wind players,
redominantly European, are
ookingto internationalize

A Developersface challengesin
the short term to  find
technically and financially (i.e.,
ability to investin new facilities
or facility upgrades) local

suitors ((‘
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Global offshorewind ' {Offshore wind development

4000

A Market volume and geograph
facilitated development of loca
onshorewind s%pply chain without
emphasioon LC

A Neither a national official offshore

3500

3000

2500 wind target nor national LCRfor
offshorewind
2 2000 A Individual states  announced
offshore wind targets (renewable
1500 energy)
o0 2013¢ 1 state
1000 0 2016¢ 1 state
- 0 2017¢ 2 states
II I o 2018¢ 3 states
MW __W___WH W C.!t = A Statelevel key drivers for offshore
Date: 04/2013 Date: 0812016 Date: 01/2017 Date: 032017 Date: 02/2018 Date: 0212018 Date: 1012018 wind development include Job
Target Year: Target Year: Target Year: Target Year: Target Year: Target Year: n/a Target Year: creation
2022 2027 2030 2020 2030 2028
State ANearQ/ 2GW capacity has been
awarde

m Target (MW) m Awarded (MW)

din four stateswith non-US
developerdakingthe lead (((
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Global offshorewind | K MafHet overview & LCR

LCR: Implicit

Offshore wind support scheme FIT, but to transition to auctions

Cummulative end of 2017: 2788MW

Cummulative end of 2030 (est): 40GW

OWF Phase: Development & Consent Mostly local, increasingly courting Europeans

h2C t KFaSyYy [/ 2y aidNdzOa A 2 yYes; 10 local OEM WTGs
h2C tKIFIaSy [/ 2yaiNdzOi A 2 yLocal
h2C tKFasSy /2yaidNdzOdA 2 yLocal
OWF Phase: O&M Local

OWEF Phase: Decommissioning

OWF developers: Local

Source: Renewable Energy Solutions analysis

24 Aalborg, November 12, 2018 AALBORG UNIVERSITET



