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Abstract

A supply chain analysis is an essential tool in increasing thefficiency and speed of
product and service delivery. An upto-date analysis of the offshore wind supply chain is
vital to the success of the Baltic InteGrid project, an interdisciplinary and transnational
research initiative to optimize offshore wind devdopment in the Baltic Sea Region. The
following report provides project stakeholders with an overview of the current supply
chain for key components of the offshore wind transmission system, including subsea
cables, converters, transformers, substation fawdations, and protective equipment for
offshore wind service and maintenance activities. The report forecasts supply capacities
for 2020, 2025, and 2030 to identify possible bottlenecks and market potentials for
component supply, maintenance, and servicesyith a particular focus on small and
medium-sized enterprises.

The information in this report was collected from interviews with current EU market

I AAAAOOR AO xAl1l AOG EOIiI DOAI EAI U AOAEI
market segments. Thedata reveal that, in the EU and Baltic Sea offshore wind market,
equipment production takes place under significant cost pressure and highly competitive
conditions. Companies seeking to enter the offshore wind market face significant entry
barriers, which are especially formidable for SMEs. This environment creates openings for
larger companies (e.g., suppliers from Asia) to enter the European market.
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Introduction

A supply chain analysis is an essential tool in increasing the efficiency and speed of
product and service delivery. An analysis of the offshore wind supply chain is vital to the
success of the Baltic InteGrid project, an interdisciplinary and transnatiomaresearch
initiative designed to optimize offshore wind development in the Baltic Sea Region (BSR).
The following report provides project stakeholders with an overview of the current supply
chain for key components of the offshore wind transmission systemincluding subsea
cables, converters, transformers, substation foundations, and protective equipment for
service and maintenance of offshore wind energy (OWE) infrastructure.

This deliverable provides stakeholders with upto-date information on relevantconditions
for the development of a regional meshed grid by providing insight into the fields of policy
and regulation, market and supply chain, technology and grid design, environment and
society, and spatial planning. The analysis also assesses relatedts and benefits.

Information in this report was collected from interviews with current EU market leaders,

as well as from publicly available profiles (including business and production site
locations, key economic figures, OWE experience, competitiaglvantages, and current

i AOEAO OEAOAQ AT A DI OOA&AITET O OEAO EAAT OEAU
Relevant components, materials, and services are identified, as are groups of suppliers and
maintenance and service providers.

The first section of this report outlines the specific components necessary for the

construction of OWE transmission systems. It also provides an overview of the
construction timeline and related requirements, including those for basic studies, grid

connection, and transmissbn components. Relevant tasks for development and

implementation are specified, as well as the components, materials, and services required
in these stages.

The second section provides information on component suppliers and on maintenance
and service providers. In addition, it forecasts their projected capacities for 2020, 2025,
and 2030 to identify possible bottlenecks and market potentials for component supply,
maintenance, and services, with a particular focus on small and mediusized enterprises
(SMEs). The data indicate that companies especially SMEs intending to enter the OWE
market for export cables face significant barriers, primarily because the production of
offshore export cables is a cosintensive process that requires highly specialized
manufacturing facilities. New market entrants face extremely high costs (e.g., to build a
manufacturing plant, hire skilled workers, purchase specialized cabllaying vessels, and
develop subsea cable expertise). As is the case in the subsea cable marketyeridng run,
these conditions create openings for larger companies (e.g., suppliers from Asia) to enter
the European market. Longterm experience and multinational working structures are



required to ensure sufficient quality.

Technology for offshore subsation foundations, also addressed in section 2, is less
complex. New market entrants require large production facilities for manufacturing large
and heavy components, as well as direct water access for product transport. SMEs are
unlikely to enter this market because of the cosintensity of the production process.
Larger companies may consider entering the market by creating subsidiaries and drawing
on preexisting expertise in the field.

The third section addresses maintenance and repair services relatad offshore wind
energy transmission systems. These include all technical and administrative measures
(including management approaches) that can be implemented during the lifetime of a unit
to maintain safe and adequate functioning. Because machines andugmment must be
operational under extremely challenging environmental conditions, quality requirements
are high. Most manufacturing companies offer maintenance and servicing solutions and, in
some cases, full lifecycle management; however, subcontractorare often hired to carry
out some of these tasks.

The report concludes by projecting future market development. In the coming years,
maintenance and repair services are forecast to be the most promising fields for new
entrants, including SMEs.
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Offshore Wind Energy Transmission Systems: General
Information and Construction Timeline

This supply chain analysis addresses offshore wind energy (OWE) transmission systems. It
therefore covers export cables, offshore converters, foundations and protection
equipment, offshore transformers, and maintenance and services.

The overall duration of the offshore transmission system installation process greatly
depends on the converters and transformer installation. When certain components (e.g.,
converters) are not installed on time, the start of the installation process for the onshore
converter and export cable is postponed until installation of the offshore transformer
begins. The process can be delayed significantly as a result.

Figure 1 shows an example of a grid connection timeline for an 80 km export cable. The

duration of the different tasks includes the design, production, transportation, and
installation.

2018 guH 2019 2020 2021 2022 2023 2024 2024

1.1.2018-6.11.2021

Figurel: Overview of the construction timeline for an offshore transmission system.

1.1 BasicSudies

Basic studies are mandatory prior to the construction of any offshore wind grid and are
typically based on environmental surveys. Ornithological and mammal surveys evaluate
the impact of the offshore wind farm (OWF) on marine birds and species using survey
vessels and aircraft. Soil conditions are examined by special geophysical survey vessels.

1.2 Grid connection

The grid connection allows the offshore wind infrastructure to transfer electricity to the
onshore grid of the target country. The process thus tpires onshore subgrade and
onshore converters, as well as offshore subgrade and offshore converters. The
transmission system operator (TSO) is responsible for the grid connection, while the OWF
operator bears responsibility for the substation.

1 Source: own figure



1.3 Grid Connetion Components

1.3.1 Export cables

In OWFs, the connections (export cables) from the transformer stations to the converter
stations or to the onshore grid are served by higivoltage cables transmitting alternating
current (AC) or direct current (DC). AC calels have been the preferred export cable
because the technology is mature and thus cesfficient. DC, however, is becoming more
popular as OWFs are built farther from shore because energy transmission loss is much
lower than that of AC cables.

The market for subsea cables is dominated by a few multinational corporations.
Manufacturing subsea cables requires highly specialized facilities. For example, export
cables must be very long to minimize the number of required joints. The production of
such long cales requires special production technology, such as vertical continuous
vulcanization (VCV) and catenary continuous vulcanization (CCV) lines. These permit a
continuous vulcanization process that helps to properly insulate the core of the subsea
cables3

Figure2: A cablelaying vessef

There are two methods of laying cables: poday burial (PLB) or simultaneous lay and

burial (SLB). In the PLB method, the cable is laid on the ground and a remotely operated
vehicle (ROV) is sed to bury it using water jets. In the SLB method, a jet sledge pulls the
export cable over the seabed. The ground is trenched by a device at the front of the unit
while the cable is placed in the ditch from the back of the unit. In both variations, vedse
must include a large spindle with a cable wound around the shaft (see fig. 2). The average
speed for cable laying is 200 m/s.

2Cl aus Gorgs, fDeutschlands sMahager Magazin2d éulyZ®17ehttgk//dvessneardagef i n Ger man] ,
magazin.de/unternehmen/energie/genelattricjagtsiemensbetroffshoewindkraft-a-11585233.html.

3SSee fAMedi a 8.82017atp://néw.ablBcBm/media

‘l mage sourdaura®l ympaa Aalst Group B.V., accessed 7 June 2018, ht

SAngel G. GonzaleRodr i guez, fReview of Of f s lEwergefor BlistainableDeveloppm@® st Component s,
(April 2017): 16 ,http://dx.doi.org/10.1 016/j.esd.2016.12.001
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1.3.2 Foundations

Various foundations can be used for OWFs. The most common types are monopiles,
jackets, and tripods. The choiceof foundation design for offshore wind substations
depends on the water depth and the load carried. Jacket foundations are generally favored
because transformers and converters carry extremely heavy loads (see fig. 3).

Figure3: A jack-up barge installing jackefs.

Vessels are needed to transport substructure components from the harbor to the OWF
location. There, a crane is used to lift the foundation into the correct position and push it
into the ground. Depending on the fixdbn method, a drilling rig may also be required.

1.3.3 Offshore and onshore converter

The converter station converts the electricity generated by OWFs from AC to higbltage
direct current (HVDC). The electricity is then transmitted to a landased converter
station, where it is converted back to AC and fed into the grid. Seven converter stations
have been built to date and two are under construction.

Figure4: A floating crane lifting a convertér.

I mage source: Katharina Garus, fFoundations for Offshore
published 26 March 2014, http://www.offshorewindindustry.com/node/22999.

Wi nd



The offshore converter needs dransportation vessel to transport it to its destination. An
additional floating crane is necessary to lift it up to the previously installed foundation
(see fig. 4). The duration of the installation process is roughly 30 months for offshore and
22 monthsfor onshore converterss

1.3.4 Transformer

At the transformer station, the power from the individual wind farms is collected and
upscaled for further transmission (see fig. 5).

Figure5. A floating crane lifting a transformér.

The installation process for the transformer is the same as that for the offshore converter.
Offshore transformers are installed within 24 months, although the process takes 18
months for onshore transformers.

2. Main Component Suppliers

The main components of an OWF are the wind turbines (to generate the electricity), the
transformer (to upscale the voltage), the converter (to convert AC to DC), and the subsea
cables connecting the various components.

7imageO7 OOAAd $AO0I A£LZPAB AT Ai ARDET O00AGD / AEFEOERIMIZDEB] A )1 AOOGOOUR DPOAI EO
http://www.offshorewindindustry.com/news/europes -powerhouse.

8See, among ot herudKosteBserskenspotentialé bgiH@®ifssoreNet zanbi ndungeno [in German],
Fichtner Grop, June 2016, 13, https://www.offshestiftung.de/sites/offshorelink.deffiles/documents/Studie_Beschleunigungs
%20und%20Kostensenkungspotenziale%20bei%20HG%C &b ore Netzanbindungsprojekten_Kurzfassung_0.pdf.

l mage source: ARWPIl aAns$woaim, ® NeNEWSe Od4t Jul yinsalsdoddseeostt t p: / / renews. b
platform/.
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2.1 Cables

The following cable compaies produced all of the interarray and export cables for the
European offshore wind market in 2016

2.1.1 Prysmian Group

Key economic figures: Revenue: 07.6 billion (2016)
Employees: 21,000 (2016)
Headquarters: Milan, Italy
Founded: 2011
Website:www.prysmiangroup.cof

Product portfolio: 1 Medium voltage intearray cables
1 High-voltage alternating current (HVAC) export cables up
400kV
1 High-voltage direct current (HVDC) export cables up to 606kV
Previous relevant OSW activities: il BorWin2 (125km HVDC 300kV + 75km HVAC 155|(V)
1 HelWinl (85km HVDC 250kV + 45km HVAC 155kV)
1 HelWin2 (85km HVDC 320kV + 45km HVAC 155kV
1 Sylwinl (159km + 45km HVDC 320kV)
1  West of Adlergrund (HVAC 220k V¥
Date of entry into the OSW industry: N/A
Market share specificsfor the OSW Interarray: 9% (European market, 2016)
industry: Export cables: 52.2% (European market, 26M16)

Key strengths/competitive advantages Prysmian is the world leader in submarine connections for offs
the company within the OSW industi wind farms. It has installed over 800km of interay cables and ove
500km of interarray cables to daté.
Location of the production centers for tt 1 Arco Felice Plant, Italy
products delivered to the OSW market ¢ 0 MV, HVAC up to 400KV and HVDC D 60_OkV
for choosing th | o 0 2 CCV (catenary continuous vulcanization) lines
reasons for choosing these locations: o 2 lapping lines
0 Located directly at the Mediterranean Sea
1 Pikkala plant, Finland
o MV, HVAC up to 400kV and HVDC up to 525kV
0 1 CCV (catenary continuous vulcanization) lines
0 2 VCV (vertical continuous vulcanization) lines
0 Located at the Baltic Sea
1 Drammen Plant, Norway
o0 Array cables up to 66kV
0 Located directly on the Baltic S€a

10 The European Offshore Wind Industry: Key Trends and Statistics @0aé,Europe, 2016, 14, https://windeurope.org/wp
content/uploads/files/abowtind/statistic/WindEuropeAnnualOffshore Statistics2016.pdf.

“iAbout Us, 0 Prysmian Group, | ast updated-u$8 May 2018, https:/
2iProducts and Solutions, o Prysmian Group, | ast /prodoaisanted 30 Nove
solutions.

Baoffshore Wind Farms, 0 Prysmian Group, accessad 7 June 2018,

solutions/powegrids/offshorewind-farms.

14 Wind EuropeKey Trends and Statistics 2016t

BA | narrayiCableSy st ems, 06 Prysmian Group, accessed 7 Juand 2018, https:
solutions/powegrids/offhsorewind-farm/interarray-cablesystems.

11



Current and projected production capaci The or der book st eeod201®,twithiaZposiiig

for the products delivered to the OS' outlook for 2017, both for interconnections and for offshore wind f.

market és 0f2020, 2025, 2030): connections. The group reached full production capaicityevery
factory in the first half of 2016’

¥AProduction Facilities, o Prysmian Grouplen/modctasised 7 June 2018, ht
solutions/powegrids/productiorfacilities.

172016 Yearly OverviewPrysmian Group, 2017, 14, 49,
https://lwww.prysmiangroup.com/sites/default/files/atoms/files/20170505Prysmian_Report_singole_lowFINAL.pdf.

12
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2.1.2 Norddeutsche Seekabelwerke GmbH (NSW)

Key economic figures: Part of General Cable Corporation
Revenue: 03.9 billion (2016)
Employees: 11,700 (General Cable); 500 (NSW only)
Headquarters: Nordenha@ermany
Founded: 1899
Website: www.nsw.cof
Medium-voltage interarray cables
HVAC export cables up to 150kV
HVDC export cables up to 250R¥/
Offshore wind farm Ragdsand Il (80km intarray)
Offshore wind farm Alpha Ventus (16km intarray)
Borkum Riffgrund 1 (2x13km 155kV AC export caliie)
Date of entry into the OSW industry: 2008*
Market share specifics for the OS Interarray cables: 43.6% (European market, 2016)
industry: Exportcables: 17.4% (European market, 2616)

Product portfolio:

Previous relevant OSW activities:

E R I ]

Key strengths/competitive advantages General Cable NSW benefits from a global reach and world
the company within the OSW industi expertise. NSW was one of the forerunners in the subsea cable in
laying their first subsea communications cable with a length of «

7,000km in 19043

Location of the production centers for tt 1 ~Nordenham, Germany
products delivered to the OSW market 0 NSW headquarters. The facility Iscated next to the Wese

. o River. A deepwater pier ensures access for cable vessels.
reasons for choosing these locations: cables can be directly transferred from storage to the vesse
1 Aberdeen, UK

o NSW technolog¥

Current and projected production capaci N/A
for the products delivered toh¢ OSW
market &s 0f2020, 2025, 2030):

2.1.3 NKT Group GmbH

Key economic figures Revenue: @a7)0 bill i on
Employees: 3,400
Headquarters: Cologne, Germany
Founded: 1891

BiFacts and FichaSeaekabelvierkeNGmbH, dceesseds7 June a3/ www.nsw.de/en/abouts/corporate
profile; General CableAnnual Report 2016ccessed 19 June 20388,
http://investor.generalcable.comf@nix.zhtml?c=81254&p=ireleportsannual.

¥AProduct s aarddeuBehe Seékabelserké GmbH (on 27.6.2018 available at
http://nsw.de/Portals/0/Blobs/1221/NSW_PovBeoschu%CC%88re_11_2017_Screen.pdf?ver=201t23-122105890).
i Ref er e n deatsche®eekbbetwdrke GmbH, accessed 7 June 2018, http://www.nsw.de/en/References/Cable#.
2L |bid.

2 Wind EuropeKey Trends and Statistics 2Q16t.

BiCompany Pr of i Seskalelwtie GalHdan £.6.2018 availabletmt://www.nsw.de/de/%C3%9Cber
uns/Unternehmensprofil

%A Locat brddeuschd Sebkabelwerke GmbH (on 27.6.2018 providatt@tiwww.nsw.de/de/%C3%9Cher
uns/Unternehmensprofil
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Product portfolio:

Previous relevant OSW activitie:

Date of entry into the OSW industr

Market share specific to the OS
industry:

Key strengths/competitive advantac

of the company within the OS'
industry:

Location of the production centers fi
the products deliered to the OSV

market and reasons for choosing the
locations:

Website: www.nkt.cor?
Medium voltage intearray cables
HVAC export cables
HVDC export cables (added to the portfolio through the ABB
merger§®
2010 Walney | offshore wind farm (33kV intarray)
2011 Baltic 1 offshore wind farm: first commercial offshore wini
farm in theBaltic Sea (150kV export cable and 33kV ing&ray)
2011 Cork Harbour Il interconnector (220kV cable)
2012 Anholt Offshore wind farm (245kV export cable)
2012 Gwynt y Mér Offshore wind farm (132kV export cable)
2012 Riffgat offshore wind farm (150kV exparable)
2013 Baltic 2 offshore wind farm (150kV export cable)
2013 West of Duddon Sands offshore wind farm (150kV export
cable)
2014 Amrumbank West offshore wind farm (33kV insgray)
2014 Q10 offshore wind farm (33kV intarray)
2014 Solent Crossingsle of Wight (132kV cable)
2015 Gemini offshore wind farm (220kV export cable)
N/A
Export cables: 13% (NKT) 17.4% (ABB cables purchased by NKT
2016); combined total &0.4% (European market, 20%%)
A pioneer in the cable industry. NKT has great expertise in the fiel(
of energy transportation and ceficient manufacturing. The
acquisitiond ABBO6s cabl e business pi
extensive experience and expertise, particularly in the DG\ogage
market. NKT installed more than 3,000km of cable in offshore
projects?®
1 Cologne, Germany
o Product range: Medium voltage cables, higitage cables,
high-voltage accessories, fibeptic products, superconductin
cables, submarine cables, and VALCAP® grid mamiigp
systems
0 Including CCV (catenary continuous vulcanization) lines an
VCV (vertical continuous vulcanization) lines
0 Access to the Rhine River
1 Karlskrona, Sweden
o Production, installation, and service of higbltage cables in
both AC and DC for submarirend underground applications
o0 Production lines for papénsulated and XLPE (crodmked
polyethylene) cables exist
0 1 CCV (catenary continuous vulcanization) line and 1 VCV
(vertical continuous vulcanization) lines
o Cables can be loaded onto ships direfttiyn the factory
0 Access to the Baltic S&a

=a —a —8

= —a _—a_a_a_2 =a —a

E I

“fProfile and Key Fig
®fFProducts, 0 NKT, acc
AWir Verbinden Erneu

ur es, 0 NK Tom/abautus/mdiilekeydiguies.himi.ne 201 8, htt
essed 7 June 2018, http://www.nkt.com
erbare Energie: Onshore, Offshore und

http://www.nkt.de/fileadmin/user_uploaditn com/Catalogs_brochures/Onshore_Offshore.pdf.
2 Wind EuropeKey Trends and Statistics 2Q16t.

PAAbout UsNKT,Hdcsssed 14yune2018, http://www.nkt.de/uebsrgeschichte.html.
YA About Us : NKIaoessed Bl dune 2018p://www.nkt.com/aboutis/locations.html.
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Current and projected productio Or der s on hand for 2017: 0189
capacity for the products delivered = (on and offshore higholtage orders}
the OSW markesaé 0f2020, 2025, The acqui si ti on of ABBO&6s cabl ¢
2030): production capacity and new expertise, particularly in DC
technology??

31 Annual Repor2016 NKT, 2017, 16, http://www.nkt.dk/media/99429/NKD16-AnnuatReport.pdf.
ZANKT Cabl esd Acqui sition of puBlighBdl Mavch ZDa7hHttg/swwwindtogmiakeeushevs 0 NK T,
events/news/neweport/news/nktablesacquisitionof-abb-hv-cablescompleted.html.
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2.1.4 Nexans S.A.

Key economic figures Revenue: 0U5.8 billion
Employees: 26,000
Headquarters: Paris, France
Founded: 1897
Website: www.nexans.coth
Product portfolio: 1 Mediumvoltage intefarray cables
HVAC export cables of 60kV500kV
HVDC export cables up to 525R¥/
West of Duddon Sands (123km of 34kV intaray cables)
Westermost Rough (53km of 34kV intarray)
Hywind (12km of 24kV XLPE HVAC export cables)
Belwind (165MW, 52km of 152kV XLPE HVAC export cables)
Northwind (57km of 229kV XLPE HVAC export cables)
Gode Wind 1 and 2 (134km of 34kV intarray cables)
Anholt (160kmof 34kV inter-arraycable$
Borkum Riffgrund land2 (81km + 105kmof 34kV interarray
cable3
1 Riffgat (24km of 33kV XLPE HVAC export cables)

Date of entry into the OSW industr 2010 (Walney)
Market share specific to the OS Inter-array: 30.2% (European market, 20°£6)
industry:
Key strengths/competitive advantag Nexans provides cable solutions for approximately 50% of Euro
of the company within the OS' wind farms and plays a leading role in the development of wind f
industry: technology. It also oversees the full installation of wind farms anc
communications infrastructuré.
Location of the production centers f( 1 Halden, Norway

the products delivered to the 0OS ~ © High-volt_age laboratory .
Two vertical layup machines

. 0
market and for ChOOS'”Q thes 5 Continuous cables of up to 145km can be manufactured
locations: transferred
o 100 m high vertical production line for XLPE cables (VCV)
0 Located directly at the Baltic S&a
1 Hanover, Germany

0 Low-, medium, and hidp-voltage cables

o Design of cable systems

0 Located at the Mittelland Carfl

Current and projected productio Backl og orders of 01.%% Dbillior
capacity for the products delivered

Previous relevant OSW activitie:

=4 =4 =8 -8 _-8_8_9_°2_°_-°

¥fioverview, 0 Nexans, accessed 14 June -e@/falighte 208174/Qverviswhtmiww. nexans . con
¥Alntegrated Cabl e Soédwdaliommerftoro iQf,dxsdarng.,e 20 hal, D6

https://lwww.nexans.com/eservice/...en/.../Broch_Offshore_Windfarms_2®15.pd

% |bid.

% wind EuropeKey Trends and Statistics 2016t.

7 iNexans at Offshore Wind Energy 20dRexansaccessed 15 June 20b&ps://www.nerns.com/eservice/Corporate
en/navigatepub_1424885800/Nexans_at_Offshore_Wind_Energy_2017.html

%A Ne x an s : Cdroptets Supsea Cable Systeén@ffshore Technologyaccessed 15 June 20b8p://www.offshore
technology.com/contractors/cables/nexans/.

®AKabel fg¢r Offshore Windparkso [in German], Nexans, August 2003,
http://www.nexans.de/Germany/2008/nexans_Kabel_fuer_windparks_0805.pdf.

402016 FultYear ResultsNexans, 9 February 2017, 3, https://www.nexans.com/Corporate/2017/1702_PR_FY_2016_GB.pdf.
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the OSW marketé of 20202025,
2030):
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2.1.5 JDR Cabl&ystems Ltd.

Key economic figures Revenue: ~0100 million (2013)
Employees: more than 500
Headquarters: Littleport, UK
Founded: 1990
Website: www.jdrcables.caoth
Product portfolio: 1  1kVi 72kV mediumvoltage intefarray cable®
Previous relevant OS\cttivities: 1 Dudgeon wind farm, UK (95km intearray cables)
1 Nordsee One (70km interrray cables)
1 Sandbank (105km intearray cables)
1 Great Gabbard (200km intarray cable)
1 London Array (200km intearray cable}
Date of entry into the OSW industr N/A
Market share specific to the OS Inter-array: 17.2% (European market, 20*6)
industry:
Key strengths/competitive advantac JDR offers key services at each stage of a project and verify outcc
of the company within the OS' with extensive testing techniqudshe company was acquired by
industry: Polish cable company TFKable in August 2017.
Location of the production centers fc 1 Hartlepool, UK
the products delivered to the OS 0 Quayside manufacturing site strategically located alongside

. North Sea port
market and reasons for choosn?g the o0 Highly flexible production setup with capability in ultfang

locations: cables and umbilicals

0 The factory can deliver caldef up to 400@ons
9 Littleport, UK

Engineering
Design
Project management
Research and developmént

O O 0o

Current and projected productio N/A
capacity for the products delivered "
the OSW markdgas 0f2020, 2025,
2030):

“AWor king at JDR, 0 JDR Cht/iwewsdrcalsles.com/saseersiworkidy J une 2018,
jdr/#sthash.fGLIshbl.VWsOvHIC.dpbdDR Cablesii Hi st ory, 06 accessed 14 June 2018,
http://www.jdrcables.com/about/history/#sthash.1lvEXsOWN.A5yTbyZm.dpbs.

“?AfSubsea Power Cables, 0 JDR Cabl es, acgagsisepdvedl 4 June 2018, http://
cables/#sthash.pcYyEf9O.dpbs.

“HiExampéet PExperience: Renewables Projects, o JDR Cables, accessed
http://www.jdrcables.com/renewables/examptejectexperience/#sthash.ErLFIRGO.Zy3Ljlag.dpbs.

44 Key Trends and Statistics 2QMind Europe, 14.

“fHOur Capabil it cessedl1d JudeR®S, Gtp:bvwwe.grcablescom/aboutapabilities/

“f Gl obal Manufacturing and Service, 0 JDR Cables-, accessed 14 June
manufacturing/#sthash.NgHTMIrR.9dKSbHEE.dpbs.
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2.1.6 TELEFONIKA Kable (TFKable)

Key economic figures: Revenue: N/A
Employees: 4,000
Headquarters: Mylenice, Poland
Founded: 1992
Website: https://www.tfkable.coth

Product portfolio: 1 Mediumvoltage interarray cables
1 High-voltage cables up to 240K¥/

Previous relevant OSW activities: N/A

Date of entry into the OSW industry: N/A

Market share specific to the OSW indust No cable deliveries to offshore wind energy projects in Europe in
2016°

Key strengths/competitive advantages Reliable cablgrovider and market leader in Poland. In August 201
the company within the OSW indus! was announced that TFKable would acquire the British cable
manufacturer JDF Cable and thus strengthen their expertise, prod
portfolio, and competenciés.
Location of the production centers forett 1 Wielicka plant (Krakow, Poland)
products delivered to the OSW market & 0 Medium voltage with XLPE insulation

reasons for choosing these locations: EVEIREZEE Bl (Pelne)
9 ' o Medium and highvoltage up to 500k%

Current and projected production capaci Will increase production capacity through the acquisition of JDR
for the products delivered to the OS Cables Lt
market &s 0f2020, 20252030):

““iGr oup | nf or fRAGNIKAKable accdssed B June 2018, hitps://www.tfkable.com/en_pltabtgroup
information.html.

“fA New Beginning in Oil ,0®fisHore@abiesTELDFANKA Kable accssedl 18 Jurie 2018 e
retrieved fromhttps://www.tfkable.comfe_pl/catalogsandbrochures/brochures.html?limit=8&page=2.

49 Key Trends and Statistics 20Mjnd Europe, 14.

/A Group | OTEE-FOAIKA Kable,

APl ant Locati o-Wsel Fa & tFONMKAKEe@Bkcoessed 14 June 2018,
https://lwww.tfkable.com/en_pl/abous/groupinformation.html.

2Pl ant Locations: F-&ONIKaAKableBgcesseo s Iuna201B, hfipE/Iwiaw.tfkable eonpl/about
us/groupinformation.html.

Pl amena Tisheva, fATFKable Receives Regulatory Approval for JD
https://renewablesnow.com/news/tfkabdeievesregulatoryapprovaifor-jdr-buy-581291/.
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2.2 Converters

The following three companies build offshore converters.

2.2.1 ABB Ltd.

Key economifigures: Revenue: 0U33.4 billion
Employees: 132,000
Headquarters: Zurich, Switzerland
Founded: 1988
Website: www.abb.coff
Product portfolioi Converters: 1 ~Complete AC and DC converter stations
9 DC transmission link solution
1 Voltage source converter system HVDC Light®
1 HVDC transmission
9 Offshore and onshore DC stations, including buildings, platfol
and grid code compliang®
Previous relevant OSW activitie: T BorWin 1
o Converter type: VSC HVDC Light®
o Power: 400MW
o Voltage:DC voltage level 150kV; AC voltage level 156kV
T DolWin1
o Converter type: VSC (HVDC Light)
o Power: 800MW
o Voltage: DC voltage level 320kV; AC voltage level 155kV
1 DolWin 2
o Converter type: VSC (HVDC Light)
o Power: 916 MW
o Voltage: DC voltage level 320kV; AC voltadgevel 155k\?°

Date of entry into the OSW industr The BorWin 1 converter was commissioned in 2002
The offshore wind farm Walney was commissioned in 2012. ABB t
previously been active in the subsea cable business but sold that
business segment NKT in 20167
Market share specifics for the OS Converters
industry: The company installed three of seven active converters (in the I
and Baltic seas¥f

Key strengths/competitive advantac ABB i s t lamgestywowerltrdnéfermer manufacturer, deliveri
of the company within the OS' 1,000+ units annually from 13 factories worldwite.
industry:

“AiFact gguared ,Mi ABB, accessed 14 June 2018 ;profilefactsfigures./ new. abb. com/ i nv
®AHVDC, 0 ABB, accessed 14 June 2018, http://new.abb.com/systems/ hv
iBor Win 1,0 ABB, ahtpd/ees.abd.dom/bystemb/vactrefe2edcesBborwinlABB, @A Dol Win 1, 0 accesse
June 2018http://new.abb.com/systems/hvdc/references/dolwinlA B B,  fi Daocks¥éd b4 Jine 2018,
http://new.abb.com/systems/hvdc/references/dolwin2.

iOrgani sations Working on Walney Phase 1,0 4C Offshore, accessed
http://www.4coffshore.com/windfarms/contracis-walneyphasel-uk31.html.

BAHI ghl i gABBANNRRemIt 2D1ABB, accessed 14 June 2018,

http://annualreport2016.e.abb.com/introduction/highligti6.htmiplus calculationsdsed on

https://en.wikipedia.org/wiki/List_of HVDC_projects#Eurofavailable on 27.6.2018)

“APower Transformers, o ABB, access e dsodree/ewadat/builtperdifbility-and t p: / / new. abb.
efficiencyfe8e4be2c1f463c09537ff0000433538.pdf?sfvrsn=2.
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https://en.wikipedia.org/wiki/List_of_HVDC_projects#Europe

Supply Chain Analysis of the Offshore Wind Energy Transmission Industry

Location of the production centers fc 1
the products delivered to the OS
market and reasons for choosing the
locations:

Current and projected productio N/A

capacity for the products delivered"
the OSW markehs 0f2020, 2025,
2030):

Hanau, Germany

o Productiorsite highvoltage products

0 Main River access

Vaasa, Finland

o Motors and generators

0 Baltic Sea access

Ludvika, Sweden

o0 High-voltage products

Drammen, Sweden

o Transformers/higivoltage products

0 Located at the Drammensfjord, which leads into the Baltic
Sed®

% Ibid.
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2.2.2 Siemens AG

Key economic figures: Revenue: 079.6 billion
Employees: 351,000 (total); 52,000 (Energy Division)
Headquarters: Berliand Munich, Germany
Founded: 1847
Website: www.siemens.cdn
Product portfolio- Converters: ' Compact HVDC Solutions
0 Power rating: up to 1,200 MW @ 320kV DC
o0 Converter technology: voltageurce converters (VSC) ¢
diode rectifiers
0 Optional featuresaccommodation; direct 66kV connecti
with wind turbine generator (WT®&)

Previous relevant OSW activities: Converter
1 BorWin 23
o Converter type: VSC HVDC Plus (moduli
multilevel converter, MMC)
o Power: 800MW
0 Voltage: DC voltage level 300kV; AC voltagéevel

155/300kV
1 BorWin 3 (under construction)
1 HelwWin 1%

o Converter type: VSC HVDC Plus (MMC)
o Power: 576 MW
o0 Voltage: DC voltage level 250kV; AC voltage lev
155/250kV
1 HelWin 2
o Converter type: VSC HVDC Plus (MMC)
o Power: 690MW
0 Voltage: DC voltage level 320kV;AC voltage level
155/300/380kV
1 SylWin 156
o Converter type: VSC (HVDC Plus)
o Power: 864MW
o0 Voltage: DC voltage level 320kV; AC voltage lev
155/300/380kV

Date of entry into the OSW industr One of the first companies within the offshore industry, pattef
first offshore project in 1991
Market share specifics for the OS Converters
industry: The company installed four of seven active converters (in the N
and Baltic seas}

i Si emens at a Glance, 0 Siemens, accessed 14 June 2018, https:// ww
2iGrid Access Sol ut,itconSi eBudnst, oanc cEexspseed elndceJune 2018,
https://lwww.siemens.com/global/en/home/products/energyfnitfage/gridaccesssolutions.html.

BAiBor Wi n 2 Conyv &4QGéfshoreatcessed t4rume 2018 //www.4coffshore.com/windfarms/hvaonverter
borwin2-convertercid3.html

64 fiHelwin 1 Converter: Information 4C Cifshore, accessed 14 June 201i8p://www.4coffshore.com/windfarms/hvamnverter
helwinl-convertercid5.html

8 fiHelWin 2 Converter: Informatiod 4C Offshoreaccessed 14 June 20b&p://www.4coffshore.com/windfarms/hvetmnverter
helwin2convertercid8.html

% fSylwin 1 Converter: Informatign 4C Offshoreaccessed 14 June 20h&p://www.4coffshore.com/windfarms/hvamnverter
sylwinl-convertercid12.html

A Wi nd ,Sewansaccessed 14 June 20b8ps://www.siemens.com/global/en/home/company/about/businesses/wind
power.html.
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Key strengths/competitive advantages Siemens is one of the most experienced companies in the offsha
the company within the OSW indysti business. It was a pioneer in the industry, developing the first wir
park in 1991%°
Location of the production centers fc 1 Berlin, Germany
the products delivered to the OS 0 Switchgear and components
market and reasons for choogi these Ul NRTEITISEE) CEiEny
) 8 o Converters, transformers and componénts
locations:
Current and projected productio Currentlyconstructing BorWin 3; recently won a contract for
capacity for the products delivered to tl DolWin 67
OSW marketgs 0f2020, 20252030)

®fEval uati on of a c httpsW/enwikipedia.cegiii/Lést of HVDIC speojdcts#Buropas available on

27.6.2018)

A Wi nd & oSvieegaroessed 15 June 20b8ps://www.siemens.com/global/en/home/company/about/businesses/wind

power.html.

“iSi emens Erh2lt GMNeCaahtbi aguhgr DO Ws m&r # on TenneTo [in Ger man
https://lwww.siemens.com/press/de/pressemitteilungen/?press=/de/pressemitteilungen/2017/energymanagement/pr2017070370emde.
htmé&content[]=EM.

" bid.
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2.2.3 General Electric Company

Key economic figures: Revenue: 0123.7 billion
Employees: 295,000
Headquarters: Boston, U.S.A. (GE Headquarters)
Founded: 1892
Website: www.gegridsolutions.cdi

Product portfolioi Converters: 1 HVDC systems
1 Flexible AC transmission systems

9 Industrial DC substatiori$

Previous relevant OSW activities: Converters
1 DolWin 3 converter (under constructidf)
o Converter type: VSC HVDC Plus (MMC)

Power: 900MW
Voltage: DCvoltage level 320kV; AC voltage level 155kV
Date of entry into the OSW industry:  The planned commission date for the DolWin3 converter is 2017
Horns Rev 2 was commissioned in 2009.
Key strengths/competitive advantages GE Grid Solutions is a joint venture of Alstom and General Electr
the company within the OSMHustry: Both companies have extensive experience in the power industry
The joint venture equips more than 90% of power utilities
worldwide.®
GE has developed a standardized procesthéodevelopment and
production of converters which will ultimately lead to great
reductions in cost
Location of the production centers fc The converters and transfoens are produced in Mdnchengladbacl
the products delivered to the OS Germany. The factory is one of the most modern in the world, an
market and reasons for choosing the the company is constantly investing in modernization solutions tc
locations: keep the factory up to date.
Current and projected productio N/A
capacity for the produstdelivered to the
OSW markefas 0f2020, 20252030):

2 Forward Looking Statement&E,2016, 18, 28, 35ttp://www.ge.com/ar2016/assets/pdf/GE_2016_Form_10K.pdf.

BiSystems and Services: HVPDGE, aGygssed #4ndsne 2018GE Gri d Sol utions
https://www.gegridsolutions.com/PowerD/catalog/hvdc.htm.

" fiDolWin3 Converter Information 4C Offshore,accessed 14 June 20h8p://www.4coffshore.com/windfarms/hvamnverter

dolwin3-convertercid14.html

“AGE Digital Energy and Alstom Grid Combine tooFGEmMGGE@s Grid Sol u
Solutions GE, 9 November 2015ttps://www.gegridsolutions.com/press/gepress/GridSolutionsPressRelease_Website.pdf.

Cl aus Gorgs, fDeutschlands schwi mmende Steckdoseo -[in German], Ma
magazin.de/urernehmen/energie/geneslectricjagt-siemensbeioffshoewindkraft-a-11585233.html.

“Jan Schnettler, AAlstom Grid in M°nchengl adbach:

Transformatoren zu Land, zu Wasser und zur Schieneo [in German], F

online.dehrw/staedte/moenchengladbach/transformatareland-zu-wasseiund-zur-schieneaid-1.3859870.
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2.3 Transformers

The following five companies manufacture transformers.

2.3.1 ABB Ltd.

Generator stepp transformers

System intertie transformers

0 Ratings up td,300 megavolamperes (MVA)
o Primary voltage of 765kV and higher

0 Secondary voltage 230kV

1 HVDC converter transformef®

Product portfolioi Transformers:

=a —a

Previous relevant OSW activities: Transformers provided for the following wind farms:
1 Walney Phase 1 and®2
Date of entry into the OSWdustry: The offshore wind farm Walney was commissioned in 2012.

ABB had previously been active in the subsea cable business bu
that business segment to NKT in 26%6.
Market share specifics for the OS Transformers

industry: The company suppliedne of 21 active wind farms with a transforme

Location of the production centers for tt 1 Hanau, Germany
products delivered to the OSW market & o Production site higivoltage products

reasons for choosing these locations: o L N B R o
9 )  VaasaFinland

0 Motors and generators
o0 Baltic Sea access
T Ludvika, Sweden
0 High-voltage products
1 Drammen, Sweden
o Transformers/higivoltage products
0 Located at the Drammensfjord, which leads into the Bz
Sed!
Current and projected production capaci N/A
for the products delivered to the OS'

marke (as of 20202025,2030):

8fi A Solutions forOffshoreWind Connection® ABB, accessed 14 June 20h&p://new.abb.com/systems/offshamnd-
connections/asolutions.

A Or gationsWorking on Walney Phased4C Offshore,accessed 14 June 2018,
http://www.4coffshore.com/windfarms/contracis-walneyphasel-uk31.html.

80veronica Ek, Corinne Gretler and Sheenagh Matthew® B t o Sel | Cables Business to Danish

Bloomberg 21 September 2016itps://www.bloomberg.com/news/articles/200%21/abbto-sellcablebusinesgo-nkt-cables

for-934-million.
8ABB,iPower Tr.ansformers
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2.3.2 Siemens AG

Product portfolio- Transformers:

Previous relevant OSW activities:

Date of entry in the OSW industry:

Market share specifics for the OS
industry:

1 HVAC solutions, singld@ransformer platform
o Singletransformer platform: offshore transformer modi
(OTM®)
o Power rating: up to ~400 MW
0 Voltages: 13R230kV
0 Versions: Stanéilone or integrated with turbine
1 HVAC solutions, multitransformer platforms
0 Multi-transformer platforms
o Power rating: over 400MW
o Voltages: 13P230k\5?
Transformers provided for tHellowing wind farms:
Anholt
BARD Offshore 1
Greater Gabbard
Gwynt y Mor
Lincs
London Array
Nordsee Ost
Rodsand 2
Thanet®

One of the pioneer companies within the offshore industry; pa
the first offshore project ingB1

Transformers

21 active wind farms were taken into account, of which the com|
supplied nine with transformers

= -4 _-a_-8_-48_-42_-4a_-4-29

Location of the production centers fc 1 Berlin, Germany

the products delivered to the OS
market and reasons for choosing the

locations:
Current and projected produonh
capacity for the products delivered to tl
OSW market (time frame 202
2025,2030):

0 Switchgear and components
I Nuremberg, Germany
o Converters, transformers and compon&nts

N/A

8 A S h a p iFotge ofTramsformersd S i eatcesses! 14 June 2018,
https://www.siemes.com/global/en/home/products/energy/higiitage/transformers.html.

8 Ref e 08iemensacessed 14 June 20b8ps://www.energy.siemens.com/nl/en/powransmission/facts/staticar-
compensatoplus/references.htnii Of f shor e Su b,64C®ffshoefaccesddd 4 dunea2618,
http://www.4coffshore.com/windfarms/substations.aspx

8Si emens, @ SGrea@awsf tErrahg.l &
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2.3.3 General Electric Company

Product portfolioi Transformers: 1 Power transformers
o Large power transformers up to 1200kV AC and po

ratings up to 1000MVA
o Small and medium power transformers up to 245kV ¢
120MVA
1 Conventional power transformers
1 Special transmission
1 HVDC converter transformets

Previous relevant OSW activities: Transformers provided for the following wind farms:
Borkum Riffgrund 1

EnBW Baltic 2

Global Tech 1

Horns Rev 2

Meerwind South/Ost

Sheringham Sho#l

Date of entry into the OSW industry: Horns Rev 2 was commissioned in 2009.

= =4 =4 =4 a4

Market share specifics for the OS Transformers
industry: The company supplied transformers for six of 21 actiired farms.

Location of the production centers for t1 1 ~Germany
products delivered to the OSW market ¢ The converters and transformers are produced in Monchenglac

reasons for choosing these locations: The factory is one of the most modern in therleh and the compan
is constantly investing in modernization solutions to keep the fac
up to date®’

Current and projected production capaci N/A
for the products delivered to the OS
market (as of 202@®025,2030):

%iPower Transformers, o GE Grid Solutions, GE, accessed 14 June
https://www.gegridsolutions.com/HVMV_Equipment/poweansformers.htm.

%A Of fshor e Sub,s4CO®tfshoeacesded 4 dunea281dp://www.4coffshore.com/widfarms/substations.aspx.

8%Jan Schnettler, fAAlstom Grid in M°nchengladbach. o
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2.3.4 CGPower Systems

Keyeconomic figures: Part of the Avantha Group
Revenue: N/A
Employees: ~15,000 (total)
Headquarters: Mumbai, India (parent company: Crompton Greav
Mechelen, Belgium
Founded: 1937
Website: www.cgglobal.com/58/
Product portfolio: 1 Power transformers
0 25kVAI 1500MVA
9 Distribution transformers
1 Special transforme?$

Previous relevant OSW activities: Transformers provided for the following wind farms:
1 Amrumbank West
1 Butendiek
1 Humber Gateway
1  Northwind
1 West of Duddon Sanéfs
Date of entry into the OSWdustry: Northwind and West of Duddon Sands have been active since 2(
Market share specifics for the OS Transformers
industry: The company supplied transformers to 5 of 21 active wind farms.

Key strengths/competitive advantages CG is one of very few companies worldwide that designs and
the company withi the OSW industry manufactures a wide and diverse range of power and distributior
transformers, as well as reactors from 160k8B0MVA %!
Location of the production centers fc1  Mechelen, Belgium

the products delered to the OSW 2 Hea_dquarters .
. o Design, testingandproduction of transformers
market and reasons for choosing the

) 1 Tapioszele, Hungary

locations: 0 One and three phases, minesdtimmersed transformers
for outdoor or indoor operation

o Power range up to 600MVA and voltage range up to
750kV 22

Current and projected productio N/A
capacity for the products delivered to tl
OSWmarket (as 02020, 20252030):

8 Strengthening the Core: ?3nnual Report 20132016 CGGlobal,2016, 231 http://www.cgglobal.com/pdfs/annuegport/arls
16/AR1516.pdf

% |bid.

“ACor por atte CSG & acctssadrl4 June 2008p://www.cgglobal.com/others/joiventures/C@HoldingsBelgium-
NV.html.

"iStrategi c ,0BGGIdbalacsessedAl# Rire2018,
http://www.cgglobal.com/frontend/Crompton.aspx?cnl2=LX5/16gdGRw-=.

92 fiindugrial System® C G G laccésset! 14 June 20b8tp://www.cgglobal.com/frontend/Crompton.aspx?cnl2=k0PkOx/pup4=
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2.3.5 Schneider Electric

Key economic figures Revenue: 024.7 billion
Employees: 144,000
Headquarters: RueMalmaison, France
Founded: 1836
Website: http://www.schneidalectric.com/ww/eri?
Product portfolio: 1~ Power transformers
1 Special transformers
9 Distribution transformef
Previous relevant OSW activitie: SchneideElectric provides the full electrical package for Arkona
wind farm?®
Date of entry in the OSW industr N/A
Key strengths/competitive advantages of Schneider Electric has transformer manufacturing plants worldwi
company within the OSW industr which provides the company with a high level of local and global
expertise in that field®

Location of the production centers for tt 1 Metz, France

products delivered to the OSW markete ~ ©  Oil-and drytypetransformers
Dry type up to 15MVA, 36kV

reasons for choosing these locatior 8 Liquid filled up to 60MVA, 110kV

1 Warsaw, Poland
o Oil-immersed and casesin transformers
0 Dry-type up to 4AMVA, 36kV
o Liquid-filled up to 2.5MVA, 36kV

1 Kocaeli, Turkey
o Oil distribution transformers, medium power transfers,

castresin transformers, and special transformers

0 Dry-type up to 25MVA, 52kV
o Liquid-filled up to 8OMVA, 170k\¥’

Current and projected production capaci AREVAOs pr e fr ®rtransfarmess amd gitcuit breakés.
for the products delivered to the OS
market (as of 202@®025,2030):

SR Companyd PIcohfnieiedaecessad tL5eJane 20b8p://www.schneideelectric.com/en/abouis/company

profile.jsp.

%A A Productsd S odbr Electric, http://www.schneid@lectric.com/en/alproducts.

®Schnei de rContpang refileioc , i

% fiLocal Operationgd Schneider Electricaccessed 15 June 20b8ps://www.schneider
electric.co.in/india/en/support/operations/leogkrations/loal-operations.page?

“A0Organi sat i ArkanadWodr &k i Onfagicesste 15 dune 20b8tp://www.4coffshore.com/windfarms/contracts-
arkonade46.html

%f pevaandSc hnei der Electric Join Forces tAREVD d¥Maicho20140f f shore Wi nd
http://lwww.sa.areva.com/EN/nevt9160/arevandschneidelectricjoin-forcesto-developoffshorewind-powerin-france.html
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2.4 Protection Equipment

The following companies produce protection equipment components for offshore wind
farms.

2.4.1 ABB Ltd.

Air-insulated switchgear

Hybrid switchgear

Gasinsulatedswitchgear

Generator circuit breakers

Disconnectors

Surge arrester

Monitoring and controlled switching
Substation automation protection and control
Fault current limiting
o Fault current limiters up to 40.5kV, 5000A and a switching

capability of 210kArms braking capacity®

Product portfolio:

= —4a_8_8_4a_4a_4a_-2a_-2

2.4.2 Siemens AG

High-voltage switchgear and devices
Circuit breakers
o Circuit breakers for air(AlS) and gasnsulated (GIS) switchgea
for rated voltages from 72.5kV to 800kV
Disconnectors and earthing switches
o High-voltage disconnectors and earthing switches
applications from 72.5kV to 800kV
Surge arresters
0 High-voltage and mediumoltage surge arresters with syste
voltages from 3kV to 1,200kV
I Gasinsulated switchgear
0 Gasinsulated switchgear for ratedbltages from 72.5kV tc
550kV
Medium-voltage switchgear
Air-insulated switchgear
Gasinsulated switchgear
Grid power conversion systeti$

Product portfolio:

= = —a

=

= —a —a -2

% fiLow VoltageProducts forwind Power,0 ABB, accessed 15 June 20b8p://new.abb.com/lowoltage/industries/wingower,
A F a @QuirentLimiting, ABB, accessed 15 June 20h8tp://new.abb.com/mediwvoltage/apparatus/fastturrentlimiting.
10/Energy Biemensaccessed 15 June 20b8ps://www.siemens.com/global/en/home/products/energy.html
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2.4.3 General Electric Company

Product portfolio:

9 Circuit breakers

OO0 O0OO0OO0OO0OOO0OO0OOo

Circuit breaker enclosures

DC highrspeed circuibreakers

Insulated case circuit breakers

Low-voltage power circuit breakers
Mediumvoltage power circuit breakers

Mini circuit breakers and supplementary protectors
Molded case circuit breakers

Previousgeneration circuit breakers

Remote racking devices

Residential circuit breakers

1 Switchgear

O O 0O

Load interrupter switches
Low-voltage switchgear
Mediumvoltage switchgear
Previousgeneration switchge&#

2.4.4 CG Power Systems

Product portfolio:

1 Switchgear products

O O0OO0OO0OO0OO0OO0OOo

Vacuum circuit breakers
Vacuum interrupters
Vacuumcontactors

Gas circuit breakers
Ring main units
Disconnectors

Surge arresters
Gasinsulated switchgear

1 Protection, control, and automation

O O O0OO0O0OOo

Total substation automation solutions
Protection relays and IED

Products for automation and controls
Services fomautomation and controls
Distribution automation

Protection and control panél$

101 fElectrical Distribution GE,accessed 15 June 20b8tp://www.geindustrial.com/products/electrighbtribution
26 Swi t ®loduestv/HV/EHV/UHV, 0 CG Global, accessed 15 June 2018,
http://www.cgglobal.com/frontend/Category.aspx?cnl2=u5n21IFsVxc=
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2.4.5 SchneiderElectric

Product portfolio:

Previous relevant OSW activities:

Key strengths/competitive advantages
the company within the OSW industi

SAAA=_=AAA=A g OO O0OO0O="200=

Low-voltage products and systems

Busway and cable management

Circuit breakers and switches

Medium-voltage distribution and gridutomation
Medium-voltage switchgear

Mediumvoltage transformers
Medium-voltage/lowvoltage

Switchgear componerit$

rovided products for the following projects:

Veja Mate
Rédsand

Baltic 2

Alpha Ventus
Riffgat
GlobalTech
Thornton Banks
Gunfleet Sands
Walney 1 and 24

Schneider Electric offers a large variety of protection equipmen
wind farm applications. It also supplies wind fasmibstation contro
systems, wind farm weather and power management, and wind
management systems.

103 5chneider Electrié, A Products 0

MiMedi um Vol tage S wiSthrehlay Electriactessed 18Juhe2018, r e
https://de.scribd.com/document/16514820ffshoreSwitchgear.
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2.4.6 Hyosung Corporation

Key economic figures Revenue: $17 billion (~$14 billion)
Employees: 25,000
Headquarters: Seoul
Founded: 1966

Website:http://www.hyosung.com/en/index.#8
Power transformers
Oil-immersed transformers
Castresin transformers

Product portfolio: 1
1
1
1 High-voltage switchgears
1
1
1
1

Control and protection panels
Intelligent electronic devices
Preventive diagnostic system
Engineerirg and solution'$®

Previous relevant OSW activitee Hy osung devel op e dyp&wind audoidesandfai r
2MW wind turbine systent’
Date of entry into the OSW industr The company has been developing wind turbines since the mid
1990% s .
Keystrengths/competitive advantages of © Hyosung provides total energy solutions. It markets their product
company within the OSW industr worldwide and offers a complete spectrum of energy solutions.
Location of the production centers for tt Changwon plant, Soutkorea
products @livered to the OSW market ar Sejong plant, SoutKorea®®
reasons for choosing these locatior
Current and projected production capaci N/A
for the products delivered to the OS
market (as of 20202025,2030):

WiHyosung Corporation | s Ne WireDisseidd; Messe DlssetdgridGmbdccessedddvdenek e , 0
2018, https://www.wiretradefair.com/cgi
bin/md_wiretube/lib/publ/tt.cgi/Hyosung_Corporation_is_new_owner_of_Lloyd_Dynamowerke.htm|?0id=2361978&lang=2&ticket

=g _u e s.t

%HiPower Systems PU, 0 Hyosung, accessed 14 June 2018,
http://www.hyosung.com/en/biz/power_industrial_systems/power_systems.do.

107 pid.

R Wi nd Tur tsi,HyesunGagcedsesl ¥ June 2018,
http://www.hyosungpni.com/eng/product/GreenEnergy/Wind Turbirte8ygsp.
{3 Gl obal Network, 06 Hyosung, accessed 14 June 2018, http:// www.
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https://www.wire-tradefair.com/cgi-bin/md_wiretube/lib/pub/tt.cgi/Hyosung_Corporation_is_new_owner_of_Lloyd_Dynamowerke.html?oid=2361978&lang=2&ticket=g_u_e_s_t
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2.5 Offshore Substation Foundations

The following five companies supply offshore substation foundations.
2.5.1 Sif Group B.V.

Key economic figures Revenue: 0U400.3 million
Employees: 620
Headquarters: Roermond, The Netherlands
Founded: 1948
Website:https://sifgroup.com/ert°

Monopiles

XL monopiles

Piles for jackets

Tubulars for gravitybased structures

Product portfolio: 1
1
1
1
T Suctionbased foundations
1
1
1
1

Jackup legs

Anchor/mooring piles

Cladded structures

Jacket tubulars: jacket legs, launch legs, comesings, pile
sleeves, pin piles, internal ring stiffengts

Amrum Bank (80 monopiles and 80 transition piles)
Meerwind (30 monopiles)

Previous relevant OSW activitie:
1
1 Sheringham Shoal (90 monopiles and 88 transition pieces)
1
1

Gunfleet Sands 1 (3@onopiles and 30 transition pieces)
Gunfleet Sands 2 (18 monopiles and 18 transition pi€ées)

Date of entry into the OSW industr N/A
Market share specifics for the OS 32.5% in substructures (European market, 2816)
industry:
Key strengths/competivadvantages o Sif is the leading supplier of offshore foundations for wind project
the company within the OSW industi Its experience in building oil and gas platforms and its existing
production lines make it an important market player within the
offshore platform market.
Location of the production centers fc The Sif headquarters and main production site is situated along t
the products delivered to the OS river Maas, near the city of Roermoimdthe Netherlands. This
market and reasons for choosingthe al | ows f or Sifé6s transport of
locations: using its own river barges, to a site in the Port of Rotterdam at
Maasvlakte 2.
The Sif assembly and coating hall is locatteere, including 42 ha
storage area d@ma stateof-the-art terminal with a 400neterdeep
guay section owsite1
Current and projected productio The order book is largely filled for 2017. 2018 and 2019 may be

10 Annual Report 201,65if, 2017, http://sif-group-annualreport.com/

MAFoundart iins afnod Ga acceRdechldunen201d,shttps:/sgBdud.com/en/oibas/foundations.
2iProjects, 0 Sif, acc-greupmm/enbifas/rojetts#lise 018, https:/ /[ sif

13Key Trends and Statistics 20Mind Europe, 1B14..

114 eading h Offshore Foundations: Offshore Foundations: Offshore Foundations for Wind Turbines and Oil and Gas Platforms
Company Profile SjfSif, June 2016, https://s@froup.com/en/abouts/mediakit/375-documentation.
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capacity for the products delivered to tl slower due to low gas and oil prices. In 2017, production exceedt
OSWmarket (as of 2020, 2025, 203C 200,000 tons for the first timeé®

115 Annual Report 201,685if Holding N.V.
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2.5.2 EEW Group

Key economic figures Revenue: ~0480 million (2014)
Employees: 2,100
Headquarters: Erndtebriick, Germany
Founded: 1936
Website:http://www.eewgroup.com'®
Product portfolio: 1 Monopiles

1 XL monopiles

i Transition pieces

1 Jack components

9 Pin piles/suction piles

1 Cones

1 Jackup legs

1 Jacket components

1 Topsides/decks

1 Tension legs”’

I Sandbank (72 monopiles)

1 Gwynty M6ér (160 monopiles)

I Beatrice (84 jackets)

1 Walney 15 (189 monopiles)

1 Veja Mate (67 monopiles)

9 Baltic | and Il (83 monopiles and jackets}

Date of entry into the OSW industr N/A
Market share specifics for the OS 28.2% insubstructures (European market, 2016)
industry:

Key strengths/competitive advantages Very experienced company, ready to install pipe components. Tt
the company within the OSW indus' specialized construction plants for offshore wind components.
Location ofthe production centers fo 1 ~ Erndtebriick, Germany

the products delivered to the 05 T Rostock, Germany

. o Direct access to the Baltic Sea
market and reasons for choosing the .
Siegen, Germany

locations: 1 Billingham, UK2
Current and projected productio Rostock: 200,000 MTA production capacity
capacity for the products delivered to tl Erndtebriick: 108,000 MTA production capacity
OSWmarket (as of 2020, 2025, 203C Siegen: 40,000 MTA production capacity + 30,000 MTA
Billi ngham: 35,000 MTA production capacy

Previous relevant OSW activitie:

16/ EEGroup [ i n  OGeutsahlands] Tefamilienunternehmemccessed 15 June 20b8p://www.top
familienunternehmen.de/companies/Oo7z4FZ/erndtebr%C3%Beaanwerkgmbh%26-co -kg/umsatz/mitarbeiterzahl.
17 fOffshore Oil and GagEEW, accessed 15 Ju2@18,http://www.eewgroup.com/industries/offshowl-gas/.
BAaportfolio, 0 as atpalietwgrboup.eom/maex.ghrid-658P=-0%22#c313

19Key Trends and Statistics 28Wind Europe, 1814.

1208 L o c adt | BbEMNessed 15 June 20b8tp://www.eewgroup.com/locations/

121 pid.
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2.5.3 Steelwind Nordenham

Key economic figures Part of the Dillinger Group
Revenue: N/A
Employees: ~300
Headquarters: Nordenham, Germany
Founded: 1685 (Dillinger), 2014 (Steelwind)
Website:http://www.steelwind
nordenham.de/steelwind/index.shtmt&n

Product portfolio: 1 XL monopiles
1 Transition pieces

1 Conical
1 Tubular pile$?

Previous relevant OSW activitie: Race Bank offshore wind farm (91 XL monopife$)

Date of entry into the OSW industr 201425
Market share specifics for the OS 14.8% in substructures (European market, 26%6)
industry:
Key strengths/competitive advantagesof Part of Dil |l i nger Group. Di |l
company within the OSW industr heavyplate!?”
Location of the production centers for tt 1~ Nordenham (Blexen), Germany
products delivered to the OSW market & o Direct North Sea access
reasons for choosing these locatior
Current and projected production capaci DONG Energy contracted Steelwind to supply monopiles for
for the products delivered to the OS Borkum Riffgrund 2. Steelwind plans to produce 11020 monopiles
market (as of 202@®025,2030): per year-?®

2 About Us, 0 Steelwind Nordenham, accessed 14 June 2018, httop:

nordenham.de/steelwind/unternehmen/wersindwir/index.shtml.en.
2sSeel wind Nordenham, fAProducts, 0 a-oocdenhasnale/stegiindfproduldée. 2018, http: /

A 0Organi sations Working on Race Bank, 0 4C Offshore, accessed 1
onrracebankuk18.html.
%St eel wind Nordenham, #fAAbout Us. 0

126\Wind EuropeKey Trends and Statistics 2016 14.
2IDillinger, fARollout P¢nktlich zur BMorodild nmtWelgeit G®Rtame | wi nd Nor den

Durchmessero [in Ger man],.dillihger.ds/d/qetaktusibshews/lddudnktlichear-ergeSnung / www
steelwindnordenhanproduziertmegamonopilemit-weltweit-groessterdurchmesse68279.shtml.
128 |bid.
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2.5.4 AmbauGmbH

Key economic figures: Revenueunavailable
Employees: 750
Headquarters: Am Mellensee, Germany
Founded: 1993

Website: http://ambau.cofd? +3°

Monopiles

Transition pieces

Largediameter pipe components

Components

Jacket pile®s?

Windpark Nordergrinde (monopiles und transition pieces)
Nordsee Onémonopiles und transition pieces)

Wehlens (offshore tower for Siemens Wind Power GmbH)
SeaAngel (offshore tower for Mitsubishi Heavy Industries)
MeerwindSouth and East (monopile and transition pieces)
Global Tech 1 (offshore tower (for Adwen GmbH)
Thornton Bank 1.3 (offshore tower for Senvion GmbH)
BARD Offshore 1 (offshore tower (or BARD Holding)
Alpha Ventus (offshore towe?

Date of entry into the OSWdustry: Alpha Ventus, the first project, was started in 2&%59.
Market share specifics for the OS 12.5% in substructures (European market, 2816)
industry:
Key strengths/competitive advantages Ambau is arexperienced company in the offshore industry and h¢
the company within the OSW industi worked on many offshore projecéts.
Location of the production centers fc1 Am Mellensee, Germany
the products delivered to the Os © Headquarters

market and reasons for choosing the Il e, GEmmEy;
9 0 River Sea shipping access (Binnenhafen Aken/Elbe)

locations: f Cuxhaven, Germany
o Direct North Sea access (deep water terminal)
1 DessatRol3lau, Germany
o River Sea shipping access (Binnenhafen De$%au)

Current and projected productio N/A
capacity for the products delivered to tl
OSWmarket (as 02020, 20252030):

Product portfolio:

Previous relevant OSW activities:

=4 =488 -8_8_8_8_4_9_9_°_-°

129 Ambau Gmi, 7 H i,09rt 23.6.2088 available http://ambau.com/home/

St atista, AAMBAU GmbH: Umsatz und Mitarbeiter 20160 [in German],
https://de.statista.com/unternehmen/118100/argvaioh.

BlAmbau GmbH, AGr¢ndungsstruktureno [in German], ad&«tarenssed 15 June
132 |Information on individual projects [in German] retrieved on 15 June 20184&omb a u Gmb H, AdResdec 118 dunez e n O

2018, http://ambau.com/referenzen/nordergruénde

BBAmMb au GOflshdreTestfeldAl p h a VireGetman, accessed 15 &R018 http://ambau.com/referenzen/alpha
ventus/.

134Wind EuropeKey Trends and Statistics 2016 14.

BAmbau GmbH, fGr @actessedib Juhe 2@h8yEe/angosiu.com/en/home/.

138 AmbauGmbH fiStandorté [ i n ,&ceassedld June 20h8p://ambau.com/unternehmen/standorte/
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2.5.5 Bladt Industries

Key economic figures: Revenue: DKK 3,484 million (4
Employees: ~826
Headquarters: Alborg, Denmark
Founded:1965

Website: https://www.bladt.d"

Monopiles

Transition pieces

Jackets

Offshore wind substations

Infrastructure and oil and gas platforits

Veja Mate (67 transition pieces)

Burbo BankExtension (31 transition pieces)

Wikinger (41 jacket foundations)

Sandbank (72 transition pieces)

Gode Wind 1 and 2 (totad7 transition pieces + 97 monopiles)
Butendiek (80 transition pieces)

Baltic 2 (41 jacket foundations + 39 transition pieces)
Westermost Rough (35 transition pieces + 35 monopiles)
Borkum Riffgrund 1 (77 transition pieces + 77 monopiles)
Meerwind (24 transition pieces)

Horns Rev 2 (91 transition pieces + 91 monopiles)

Hornsea Project One (fabrication of three offshore substation
Bligh Bank (fabrication of offshore substation)

Nordsee One (fabrication of offshore substation and jacket
structure, including piles)

Sandbank (fabrication of offshore substation and jacket struc
including piles)

Walney 1 and 2 (fabrication of offere substation and jacket
structure)

1 Gunfleet Sands (fabrication of offshore substatitsn)

Date of entry into the OSW industry:  First foundation delivered 2002 (Samsg, Dennié4k)
Market share specifics for the OS 7% in substructures (Europeararket, 2016
industry:
Key strengths/competitive advantages Bladt Industries was the first company ever to produce a substati
the company within the OSW industi It has extensive experience, with 40 years of offshore kmmy.
Location of the productionenters for 1 Aalborg, Denmark
the products delivered to the os © Productionand development

. Lindg, Denmark
mark_et and reasons for choosing the o Workshops
locations:

Manufacturing large steel structures.
Movable roof and back

1,000ton gantry crane

Painting and blasting facilities

Product portfolio:

Previous relevant OSW activities:

Aa—a_—a_a_a_a8_92_95_92_92_92_92_92_2_-9_-49_-29_-29_-29

=) =

O O OO

137 Bladt IndustriesAnnual Report 201,&017,6-7, 89, http://www.epaper.dk/bladtas/annualreport2016/annualreport2016_low/.

138 |bid.

139 |pid.

Bl adt Industries, fAList of Rehemre,nkeklundoumld&d,ti ons and Substa
https://iwww.epaper.dk/bladtas/referencebrochures/2018_06_offshorewind_ref_final/.

141wind EuropeKey Trends and Statistics 20163 14.
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I Teesside, UK
0 Steel manufacturing facilities
o Blasting and painting facilitié&
Current and projected productio Currently working on:
capacity for the products delivered to tl 1 HornseaProject 143

OSW marketas of 20202025,2030): 0 56 transition pieces for this project will be manufactured

Teesside

0 40 transition pieces will be manufactured in Aalborg
1 Beatricé*

o0 30 jacket foundations will be manufactured in Lindg
1 Arkonal®

0 60 monopiles (subcontracted to EEW)
1 Walney Extensin'4®

o Production of 47 transition piecés

2Bl adt | ndu s 0httpse/sww.blddEda/edsdidiaks(1).@spx [l got an error message for this page. But | found a new
source w/ the info: reNEWS Ltd. , A Bhttm/dehews.bizEZo95608ladewsetp Shop
up-shopin-uk/.

1434C Offshore,fiHornseaProject One Offshore Wind Farérlast updated 3 June 2018,
http://www.4coffshore.com/windfarms/hornspeojectoneunitedkingdomuk81.html

144 4C Offshore,Beatrice Offshore Wind Farlast updated 8 June 2018tp://www.4coffshore.com/windfarms/beatsianited
kingdomuk53.html

1454C Offshore,i Or gani s at i cArkena O¥fshiork Windgrarm n

146 4C Offshore,Organisatios Working on Walney Extensiod, accessed 14 June 2018,
http://www.4coffshore.com/windfarms/contracts-walneyextensioruk63.html

Bl adt Industries, reNEWS Ltd., #fABladt, EEW Set Up-eShop
setup-shopin-uk/)
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2.5.6 St3 Offshore

Key economic figures: Revenue: N/A
Employees: <1,000
Headquarters: Szczecin, Poland
Founded: 2013
Website: https://st®ffshore.con®
Transition pieces
Jacket foundations
Monopiles*?
Race Bank (91 transition piec&S)
Borkum Riffgrund 2 (20 bucket jacket foundatiott$)

Date of entry into the OSW industry: 2015 (first contract: Race BaritR)
Factory building started in 20173

Product portfolio:

Previous relevant OSW activities:

=4 —a —a _a_2

Keystrengths/competitive advantages St3 Offshore has a statd-theart facility with the highest gantr
the company within the OSW industi crane in Europe: 120m high, with 1,400 tons of lifting capaéity.

Location of the production centers fc 1  Szczecin, Poland _
the prodicts delivered to the OS\ o Engineering and design department

market and reasons for choosing the 8 g:?gsséglzztgfegzr;i;g;urope
locations:

Current and projected productio Transition pieces capacity: 150 pcs/y&ar
capacity for the products delivered to tl

OSW marketas of 20202025,2030):

148 fAbout Us,0 ST3 Offshoreaccessed 15 June 20b8ps://st3offshore.com/aboutis/.

M fProduct®d S T 3 orédcdessdd 15 June 20h&ps://st3offshore.com/production/products/

150 AOrganisationgVorking onRace Banlkd 4C Offshore.

151 ROrganisationdVorking on Borkum Riffgrund » 4C Offshore,accessed 15 June 2018,
http://www.4coffshore.com/windfarms/contraats-borkumriffgrund-2-de30.html

152 f0rganisation$Vorking onRace Bank 4C Offshore.

153 fFactory in Szczecin ST3 Offshoreaccessed 15 June 20b8tps://st3offshore.com/production/factoip-szczecin/
1% iAboutUs,0 ST3 Offshore.

155 fFactory in Szczecin ST3 Offshore.

6fProducts © ST3 Of fshore.
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2.5.7 GSG Towers

Key economic figures Revenue: N/A
Employees: N/A
Headquarters: Gda@Gsk, Poland
Founded: 2010
Website: http://www.gdanskshipyard.pleh
Product portfolio: 1 Offshore structures (including foundations)
1  Wind towerd®8

Previous relevant OSW activitie: T  Birkum Riffgrund (transformer foundation; subcontracted by
Bladt Industriesy®
1 Hornsedthree parts of the transformer Foundation;
subcontracted by Bladt Industrié®)

Date of entry into the OSW industr The wind power production line was opened in November 2¢10.
Key strengths/competitive advantagesof GSG Tower s, part of Stocznia
company within the OSW industr facility with significant expertise in steel structures. It is strategice
located at the Baltic S&&
Location of the production centers fortt1 Gda E&s k, Pol and

products delivered to the OSW market¢ ~ ©  TWo outfitting berths =~~~
. . 0 Modern cleaning and painting line
reasons for choosing these locatior o Specialized cranes
0 Sevenacre production hall
o Direct Baltic Sea acce¥s

Current and projected production capaci Production capacity of 150 thousand tons per year and
for the products delivered to the OS 28 wind towers per montl*
market (as of 202@®025,2030):

7/ Ab o uGroupols e o c z n i accasskd MEJung 20b8p://www.gdanskshipyard.pl/en/abeus/abouthe-group

158 Aldona Dybuk,fiShips, Towers, and Construmtn s ©: Made by @vamiacuring dour@Givebsks) last updated
15 June 201&ttp://www.manufacturingournal.net/companprofileshome/56construction/1925hipstowersandconstructions
madeby-stoczniagdask

[ GS G T o BubdasugeToansformerStationdSt oc z ni d2 ABgust 346 ,
http://www.gdanskshipyard.pl/en/contanediatenders/news/gsgpwersto-build-a-hugetransformerstation

160 fAutomated Prefabricatiod, St o ¢ z n acaess€ddla JEsekQb8p://www.gdanskslpyard.pl/en/automated
prefabrication/ouoffer-prefabrication

11 Manufacturing JournaiShi ps, Towers, and Constructions. o

162 |pid.

163 |bid.

BAPr od AssétdDtnoc zni a Gda Es k, lte/ovens.gdanskshipy@ard.pl/enfabeus produdion
assets/windowerline.
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Supply Chain Analysis of the Offshore Wind Energy Transmission Industry

2.6 Barriers to Entry into the EU and Baltic Sea Offshore WirMarket

Companies seeking to enter the offshore wind market face significant entry barriers,
which are particularly formidable for SMEs. Each of the main components of the supply
chain discussed above is associated with specific entry barriers.

2.6.1 Cables

The production of offshore cables is very cosnhtensive and requires highly specialized
manufacturing facilities. All companies that produced intefarray and export cables for the
European market in 2016 had been in business for many years, and most weagege and
well-established multinational corporations.

For new market players, the extremely high costs of market entry include investments to
build a manufacturing plant, hire skilled workers, buy specialized cabiaying vessels, and
develop expertise h subsea cabling. The cables must be extremely durable to withstand
underwater conditions. Subsea cables are made to cover extremely large distances, thus
minimizing the number of joints required; as a result, the subsea cable production process
differs greatly from that for onshore cables. Only specialized manufacturing plants can
perform the necessary production steps. The production of HVDC cables is associated with
greater risks than is that of HYAC cables. HVDC technology is less established, andulladvo
be more difficult for SMEs to absorb potential setbacks and associated financial losses.

Entry into the European offshore wind market is very challengindor small and medium
sized cable manufacturers. Larger, more established cable manufacturers (bu@as
suppliers from Asia), with greater financial resources and expertise, are more likely to
enter the European marketiés

185Submarine Telecoms: Industry Rep®riTeraBit Consulting, 2014 (on 27.6.2018 availablettt//www.sata
sec.net/downloads/bsn/20%dbmarinecablemarketindustryreport.pdf ; Mat t hew Hi rsch, AHVDC on
IndustryNavigate New Opportunities with Higvoltage Direct Current TransmissiofPRI Journal (websitepublished 18

January 201&ttp://eprijournal.com/hvdon-the-risel.
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http://www.sata-sec.net/downloads/bsn/2014-submarine-cable-market-industry-report.pdf
http://www.sata-sec.net/downloads/bsn/2014-submarine-cable-market-industry-report.pdf

2.6.2 Converters, transformers, and protection equipment

Competitive pressure and production costs for converters, transformers, and prettion
equipment are very high for existing players and would be even higher for new market
entrants, due to their relative lack of experience.

The research and development of converters, transformers, and protection equipment is
extremely costintensive and must include additional elements, such as employee training
and education. Like the subsea cable market, component development and manufacturing
requires specialized facilities, a wide international network of experts, and relevant know
how.

The market for converters is very new; only seven substations have been built to date. The
costs associated with the technology are high. In general, only large corporations can absorb
the associated risks6

Offshore challenges like extremely deep water, hostileather conditions, and lack of shore
side infrastructure pose additional entry barriers. The components must survive for many
years in an aggressive marine environment. Not only must market players deal with
considerable cost pressures; they must also pduce extremely durable and higkguality
products.167

Small and mediumsized manufacturers are unlikely to enter the market. As with subsea
cables, larger companies (e.g., suppliers from Asia) would be far better equipped to enter the
European market. Estalished corporations are expected to dominate the market in the long
run.1es

2.6.3 Offshore substationfoundations

The barriers for new market entrants offshore substation foundations are different from
those for the products described above. The technology féoundations is less complex than
is that for cables, converters, and transformers. There are some similarities, however; for
example, new market entrants must have facilities suitable for manufacturing large and
heavy products. They also need direct wateaccess to transport products in order to avoid
the higher costs of road transport.s®

Cl aus Gorgs, fADeutschlands schwi mmende St étpkwvewmanager i n Ger man] , M:
magazin.de/unternehmen/energie/genelattricjagtsiemensbetroffshoewindkraft-a-11585233.html.

"0l e Jacob Wang Nielsen, AReducing Weather Downtime in Offshore W
published 13 June 2016ttps://highwind.editionmanager.com/2016/06/13/redueimrgtherdowntimein-offshorewind-turbine

installation/.

%Cl aus Gorgs, fADeutschlands schwi mmende Steckdoseod -[in German], M
magazin.de/unternehmengegie/generatlectricjagtsiemenseioffshoewindkraft-a-11585233.html.

Norbert Hartfil , -AinNsoireddel nuhnagm:v eStseeetlzwi nBdl exer i n Hochsti mmungo [in

September 2011, https://mobil.nwzonline.de/wesermarsch/wirtsabrafiétmharnssteelwindansiedlungversetziblexerin-
hochstimmung_a_1,0,583171070.html.
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Supply Chain Analysis of the Offshore Wind Energy Transmission Industry

Here, too, high capital intensity poses a significant obstacle for SMEs seeking to enter the
market. Larger companies may consider entering the market by creating subsidies and
drawing on preexisting expertise in the field. One example is Steelwind Nordenham, which
is part of the Dillinger Group, an established steel producér?

3. Maintenance and Service

Maintenance and repair service refers to the combination of all tecical and
administrative measures (including management approaches) performed over the lifetime
of a unit to maintain safe and proper functioning. Especially in offshore wind projects, the
machines and equipment are exposed to potentially hostile environnmtal conditions. It is

ET OEA | AT OEZAAOOOAOOGGE ET OAOAOO OiF EAOGA Oi
possible? particularly in the early years of the project because the unigue challenges of
the offshore environment make activities more expensie and therefore have a greater

impact on overall profitability.

Many companies provide asset and condition monitoring, a system in which components
are constantly monitored to detect wear or corrosion in a timely manner. It extends
service life and helpsavoid costly productivity losses. Companies may also include esud-
service-life support, a service in which the manufacturer provides solutions for or takes
over the decommissioning process and product teardowi!

Most of the manufacturing companies offemaintenance and servicing solutions. Often the
large companies hire subcontractors for some of the maintenance and service tasks.

First, an overview about the services offered by the component manufacturers will be
given. Additionally, other companiesfrom the maintenance and service industry will be
described.

3.1 Cables

All the component manufacturers offer maintenance services. Additionally, some offer full
life cycle management.

170 Steelwind Nordenhanfi A b dJsi to
MaCondi ti on Mo n {inGemanhwgnd-Briiree icaen@ieJane 2015ttps://wind
turbine.com/magazin/ratgeber/betriebsfuehrd@fi®6/conditiormonitoringsysteme.html
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3.1.1 Prysmian Group

Company offers: The Prysmian Grouprovidesmonitoring and maintenancas well

as complete assets management

1 Diagnostisfor predictive maintenance

Maintenance decisiosupport
Sparepartsmanagement
Fast intervention in case of fault
Corrective maintenance
Global presence
The Prysmian Groupsset Monitoring System offers-tepth,
accurate, redime information on thatatusof the project.
Prysmiandés t ec hn o-CAWancMultipurpdse t
Monitoring Systemhaveservice capabilities for components
including cables, terminationand jointst

= =4 —a —a -

3.1.2 NorddeutscheSeekabelwerkeGmbH (NSW)

Company offers: SW offers repair and maintenance service.

Onssite analyses

Selection of the cable route/protective measures
Development of cables and technology

Product selection

Projectmanagement (documentation, training, perpets.)
Proactive repair and maintenance stratégy

E R

3.1.3 NKT Group GmbH

Company offers: NKT Asset Management Servicegre

established to manage existing cable syst&masinclude:
1 Experiencedhighly-skilled field engineers that are ready t
be deployed quickly
91 A selection of partner service providers, enabling NKT to
offer a comprehensive set of services
1 Asingle point of contact for all services
1 24/7/365 asset management

Additional companygpecifics: NKT has a recycling progranthe NKT plant recycles 97% percel
of the cable scrathatit processes. The cables are broken down
their componentg(plastic, insulationand metals) which are then

A Sar t Moni t or i ngPrgsmianGrvig acoessedls Juce@Qbdps://www.prysmiangup.com/en/products
andsolutions/powegrids/smarmonitoringandmaintenancei Par t i al Di schar geCAMeRnsmiangGmepnt wi th PRY
accessed 15 June 20b8ps://www.prysmiangroup.com/en/produatsd-solutions/services/partialischargemeasurementwith-

pry-cam

PR Ser vNSweascessed 15 June 20h8p://www.nsw.de/en/Cable/Services
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sorted, processedand rebuilt into new products for the cablil
industryi™

A Asset MahkTgaeaessadtl5 June 200&p://www.nktcom/services/assetanagemenservices.html
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3.1.4 Nexans S.A.

Company offers: Nexansprovidesa variety of different services and solutions for its
customers including:
1 24-hour hotline for higkvoltage troubleshooting
1 Recycling for cabl@rums
1 Cable management

Additional company specifics: Nexans offers a recycling solution for production wastdend-of-
life cablest’®

3.1.5 JDR Cabl&ystemsLtd.

Company offers: JDR services offer full lifeeycle supportincluding repair and
maintenance.

Installation, repair (including emergency response)

Equipmentandproduct maintenance (onshaedoffshore)

Asset healthcarandassurance

Equipment and product upgrades

Cable installation support and consultancy

Assidance during laying operations

Offshore pultins and temporary haraffs

Cable terminations

Electrical and fibeoptic testing

Full repair service, including field splice repaifs

=4 =4 =8 -8 -8-a_8_8_8_-°

3.2 Converters, Transformers, and Protection Equipment

All manufacturers offer maintenance services. Some also provide full IHeycle
management.

3.2.1 ABB Ltd.

Company offers: ABB provides services throughout thiée cycle of thetransformer
and the converters, from commissioning to recycling.

Advanced services(g., monitoring)

Maintenanceand epairs

Installation and commissioning

Spares and consumables

Engineering and consulting

Trainingt””

E I E ]

5f N e x ReayslingSolutions: Your Cable Waste Has Never Been More Valuaheixans, accessed 15 June 2018,
http://www.nexans.com/eservice/Corporatgnavigate_245577/Recycling.html

ARenewabl|l ed Pmotdalcltatainon Ser vi ces, Ohttpl/Rv.jdcatides.com/prodaenet essed 19 June
installationservices4/renewabledield-services/#sthash.vgLOYqGE.mwa47nCr.dpbs

177 ABB, fiTransformer Service accessed 15 June 2018p://new.abb.com/prattts/transformers/service
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