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1 Introduction

The POWERED projectOffshore Wind Energy: Research, Experimentation, Development”
is aimed to define common strategies and methods for the offshore wind egge
development in all countes bordering the Adriatic Sea.

This reportis part of WP3- "Technological, Environmental policies and regulations of
Energetic state of the art" and concerns the Task-3Tlechnological state of the art". The
aim is to defne the best existing technologies in orderrealize offshore wind farms in the
Adriatic sea, underlining energy production capabilities, main dimensions, materials and
reliability.

Paragraph 2 illustratethe offshore wind energy overviewanalyzinghe offshore wind in
terms of turbines size, distance from shore, water depth and wind farmsasizeell as
future trends It examines how the wind power capacity installed is evolved in EU and in the
rest of the world, with a particular reference to the siffore wind energy.The most
important under construction and active offshore wind farms are analyzed, including the
costs and the offshore wind energy scenarios for 2020 and 2030.

Paragraph 3 illustrates th©ff-shore wind energy technological and physichnits. In
particular,it analyze the Adriatic Sea environmental conditions, as the general climatology
and the bathymetric mapsThen, the different types of foundations and suppsttuctures

and the requirements to design an offshore wind project diestrated Furthemore, the

main manufacturers of offshore wind turbines and the turbine models are reported, as well
as the wind conditions and Wind Turbine Classes. The paragraph examines the offshore grid
connection requirements and technologies, uihg the power control and the electricity
storage systemskinally, the wind energy LCA (Life cycle assessment) studiesged out
within the ECLIPSE project, are reported.

Paragraph 4 describes thechnologies and materialdo realize offshore wind urbines
components. Some of the analyzed components are the blades, nacelle cover, spinner,
towers and cables.

Paragraph 5 illustrates the state of the art from tachnological, industrial and

infrastructural point of view. The techniques adopted for the eteorological, geological and
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marine data measuremensuchas wind speed anis directions, water depths, waves, tides
and currentsare reported Moreover the section analyses the wind turbine transport and
installation procedures, including submarinebtiag requirements along with the installation
procedures and the laying operatioRinally, the concept of reliability and the different steps

to perform a reliability analysis is illustrated. In particular the different maintenance
strategies are descrégl.

The analysis was conducted focusing on the most important methods used to identify the
causes and the consequences of a failure event, how failures can be prevented and how to
improve the availability of a system.

Paragraph 6 illustrates thdisused dfshore platforms requirementsto house a weather
station: the required area of the platform to place the tower, the mast geometric
characteristis and the design loaddn appendixB the disused offshore platforms and their
characteristics, as general datdimensions and sites informati@me reported.

Figurel shows a schematic representatioaf the topicsinvestigated and describeith this

report.
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2 Offshore wind energy overview

2.1 Offshore Wind Energy Development

The first documented offshore wind turbine concept was developed by Hermann Honnef in

Germany in the thirties of the twentieth centuriigure2) ([1.]).

Instead the first detailed study of a wind farm was built in the seventies by William

HeronemudJniversity of MassachusettEigure3).
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Figure2 Offshore multirotor designed by Hermann  Figure3 The wind farm planned by Heronemus in 197

Honnef in 1932.

Heronemus had the great merit of conceiving laspale enegy production just before the
rebirth of the modern wind turbine.

In his study Heronemus imagined hundreds of floating wind turbines off the east coast of the
United States, but actually only in the early nineties, after the success of onshore wind
turbines, the scientific community was back to deal with offshore wWjiad).

LY MdphnE My &@SIENB FFGSNI I SNRYySYdzaQ ARSI I
220 kW) was installed at Nogersund in Swed6 m from shore in 7 m deep water.

In 1991 Denmark began to produce energy through the first offshore wind farm in the world.

Figure4 The first wind farm in Denmark, Vindeby.
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This is a wind farm consisting of 11 wind turbineach with a nominal power of 450 kW,
hence with a total size of 4.95 MW. The wind farm is placed 3 km from the coast, near the
municipality of Vindeby, in shallow-&m) and protectedvater.
Subsequently offshore turbines were installed in the NethetgrUnited Kingdom, Sweden,
Ireland, Germany, China and Jagg)).
Over the years, research and development of offshore wind technology has enabled the
following improvementg[4.]):

1 increasing size of wind turbineBigureb);

1 increasing distance from shore and deeper water of wind fafigufe6, Figure7);

1 wind farms increasingly large and compl&ig(re8).

6 Installed wind turbines size[MW]
5 L 2
o
4
= *o0900
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Figure5 Offshore wind turbines rated power over time.
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Figure7 Offshore wind farms water depth over time.
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Figure8 Offshore wind farms installed capacity over time.

2.1.1 The status of wind energin recent years (2012014)

Atend 2010,k Y R Sy SNHeé YSSia pooe: 2F (KSinstallea St SO
capacity of 84.3 GWFigure 10); 383 GW of wind power capacity was installed globally,

reaching a total of 197 GW by the eonfithe year Figure9). The global annual market for

wind turbines decreased by 1.3% in 2010, following growth of 46% in 2009, 37% in 2008 and

31% in 2007RigurelO) ([5.]).
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Figure9 Global cumulative wind power capacity (19962010)
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Figurel0 Global annual wind power capacity (19962010)

POWEREBDeliverableg WP 3¢ Task 3.k May 2012

Pag24



E i

* *
—4- 5 X
]

*****
POWERED

green energy in Adriatic sea Programme co-funded by the
EUROPEAN UNION

In Europe,Germany (27.2 GW) dnSpain (20.7 GW) continue to be undisputed leaders in

terms of total installed wind energy capacifigurel1) @ p 132 2F GKS 9! Qa Ayal
located in the two countries. By er&D10, fve countriesg Gemany, Spain, Italy (5.8 GW),

France (5.7 GW) and the UK (5.2 @Wad passed 5 GW of total capadifygurell) ([5.]).

Greece 1,208 1% _

Ireland 1,428 2% _ Poland 1,107
Sweden 2,163 3% .\ ' Austria 1,011
Netherlands 2,245 3% Belgium 911
Romania 462

D k 3,798 4% .
e = ' Bulgaria 375

Portugal 3,898 5% 2??335?2% Hungary 295
Czech Republic 215

Finland 197

UK 5,204 6% Lithuania 154

Estonia 149

Cyprus 82

. Luxembourg 42

5,797 7% . Latvia 31
Spain

20,676 24% Slovakia 3

Malta 0

Slovenia 0]

Figurell Member gate wind power capacity W) and share (%) of totdtUcapacity at end 2010

During 20109332 MW of wind power was installeth the European Union countries. This

representsa decrease in the annual wind power installatiaisl0% compared to 2009. Of

the 9332 MW installedin the EU,883 MW were installed offshore. In 2010, the annual

onshore marketcontracted by 15% compared to the previous yeahilst the offshore

market grew by 51% compared tbe previous yeaf[5.]).

Ly@gSauaySyd Ay 9! gAYR FIFENXYa AY HAamMn 6+ & €mH(
FGGNI OGSR emnodm O0AffA2Y RdAZNAY3I wnmnI gKAfad

I NBdzyR eHdc OAffA2Yy D

In terms of annual installations, Spain was the latgearke in 2010, installing 316 MW,

compared to Germary 493WW. France was the only otheountry to install over 1 GW
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(1086 MW), followed by the UK (962 MW) and Italy (948 MW). Sweden (604 MW), Romania
(448 MW), Poland (382 MW), Portugal (363 MW) and Behg{850 MW)seeFigurel?).

Bulgaria 198
Greece 123
Belgium 350 4% =En? 118
Germany
Portugal 363 4% 1,49316% Hungary 94
. Cyprus 82
Denmark 364 4%
Lithuania 63
Poland 382 4% Finland o2
. MNetherlands 32
. Spain
Romania 1,516 16% Czech Republic 23
448 5%
Austria 16
Sweden
504 6% Luxembourg 7
Estonia 7
Italy i
948 10% Latvia 2
Malta 0
Slovenia 0
Slovakia 0

Figurel2 Member state market shares for new capacity in 2010 (total 9,332 MW)

Most EU Member States are now investing in wind power, partly as a resuheofEt)
wSySgloftS 9f SOGNROAGE 5ANBOGAGS LI aaSR Ay
Directive passed in 204fb.]).

Annual wind power installations in the EU have increased steadily over th& yasirs from

9.3 GW in 2010 td1,159GW in 2013Figurel3). Of the 11,159 MW installed in the EU,
9,592 MWwere onshore and 1,567 MW offshore. In 2013, the onshore market decreased in
the EU by 12%, whilst offsh® installations grew by 34%-igure 14). Overall, the wind
energy market decreased by 8% compared to 2012 installa{j@dd).
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Figurel3 Annual wind power installations in EU (GVW)EWEA 2014

13,000
1,166
1567

11,000

S5 883 g74 MEH

9,000 318 o

8,632
93 8,109

7,007

9,030 8,920 szl

7,000 90

170 o 90 6,454

5,743 5,749
5,000 51 : 5186 :
4,377

3,000

1,000

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
B Offshore HOnshore

Figurel4 Annual onshore and offshore installations (MV¢)EWEA 2014

In terms of annual installations, Germany was the largest market in 2013, installing 3,238
MW of new capaity, 240 MW of which (7%) offshor€igurel5). The UK came in second
with 1,883 MW, 733 MW of which (39%) offshore, followed by Poland with 894 MW,
Sweden (724 MW), Romania (695 MW), Denmark (657 MW), Franc&&3and Italy (444
MW).
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Figurel5 EU member state market shares for new capacity installed during 2013 in & BWEA 2014

The emerging markets of central and eastern Europe, including Croatia, installed 1,755 MW,
16% of totalinstallations, 2% less than the previous yelftoreover, 46% of all new EU
installations in 2013 were in just two countries (Germany and the Uk), a significant
concentration compared to the trend of previous years when installations were increasingly
sprea across Europe. A number of previously large markets such as Spain, Italy and France
have seen their rate of wind energy installations decrease significantly in 2013, by 84%, 65%,
24% respectivelf74.]).

Offshore accounted for almost 14% of total EU wind power installations in 2013, four
percentage points more than in 2012, further confirming the high level of concentration in
annual installations during 2013.

At end 2013, aotal of 117 GW is installed in tHeuropean Union with a growth of 10% on

the previous year and lower to the growth recorded in 2012 (+12% compared to 2011).
Figurel16 shows the cumulative wind power installations in the Elead 2013.Germany

(34.3 GW) and Spain (23 GW) have the largest cumulative installed wind energy capacity in
Europe and together they represent 49% of total EU capakEigufel7). The UK, Italy and
France fdbw with, respectively, 16 GW 8.6 GWand 8.3 GWAmongst the newer Member
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States, Poland, with 3.4 GW of cumulative capacity, is now in the top 10, in front of the

Netherlandswith 2.7 GW and Romanigith 2.6 GW

120

100 945
85
80 753

65
60 56.7

48
40 40.8

20 17.3

SEEBEEEEEEERRE

Figurel6é Cumulative wind power instdations in the EU (GW) EWEA 2014
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Figurel7 EU member state market shares for total installed capacity (GVEWEA 2014
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2.1.2 The growth of offshore wind powem recent yearg20102014)

With 2.9 GW installed at end 2010, offshomend accounted for 3.5% of installed EU wind

energy capacity (up from 2.7% in 2009) and 9.5% of new annual capacty10,883 MW

2T 2FTFAK2NB GAYR 6SNB AyadalfftSRI (FyBdlghAy3d (KS
Historically, the fronrunner in offshore wind was Denmark. But by the end of 2010, with

458 MW of new offshore inatlations, the UK became thedt country to total more than 1

GW of offshore capacity. In Europe, there are now eight EU MerStstes, and Norway,

with installed offshore capacitfFigurel9) ([5.]).
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Source: EWEA 2011

Figurel8 Annual and cumulative installed EU offshore capacity 198010 (MW)
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Installed in Total at end
2010 2010
United Kingdom 458 1,341
Denmark 207 854
Netherlands 0 247
Belgium 165 195
Sweden 0 164
Germany 50 92
Finland 2 26
Ireland 0 25
Total EU 883 2,944
Norway 0 2.3
China 102 102
Total World 985 3,048

Figurel9 Offshore wind power (MW) in 2010

At end of 2011, a total of 1371 offshore turbines are installed and grid connected in
European waters totalling 3812.6 MW spread across 53 wind farms in 10 countries.

The UK is by far the largest market with 2094 MW installed, representing over half of all
installed offshore wind capacity in Europe. Denmark follows with 857 MW (23%), then the
Netherlands (247 MW, 6%), Germany (200 MW, 5%), Belgium (195, 5%), Swedefdd)164, 4
Finland (26 MW in neashore projects) and Ireland 25 MW. Norway and Portugal both have

a fulkscale floating turbine of 2.3 MW and 2 MW respectivéligre20) ([6.]).

Finally, appendix A details the table of commissioned or financed and/or under construction

offshore wind farmg23.].
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Sweden Finland Ireland
163.7 MW N 268.3 MW 25.2 MW
A% AY 1% 1%
Belgium -\"\.\. Norway
195 MW 23 MW
5%
N Portugal
Germany — 2 hfw
200.3 MW | : 0%
5% ‘

Netherlands |

248.8 MW
6%

UK.
2,093.7 MW
55%

Denmark

857.3 MW
23%

Figure20 Installed capacity: cumulative share by country end 2011 (MW)

At the end of 2012 there were 1,662 turbines totalling 5 GW of installed offshore wind
capacity spread across 55 wind farms in 10 European counkigaré21). The produced
energy is ofLl8 TWHh erough electricity to power almodive million householdg75.]).

In thelast two yearsthe total installed capacity is increased of ab66£6

POWEREBDeliverableg WP 3¢ Task 3.k May 2012 Pag32



2
EE— *** ***
POWERED *

green energy in Adriatic sea Programme co-funded by the
EUROPEAN UNION

1200

L 5000
1100 1
1000 |
900 | 4000
Z 800 | =
- D
3 700 £
E 1 3000 =
< =
600 | 3
500 |
| 2000
400 i
300 |
200 | 1000
100 . i
L W rrrrrrnN,
1993 | 1994 ( 1995 | 1996 | 1997 | 1998 | 1999 ( 2000 | 2001 (2002 | 2003 | 2004 | 2005 | 2006 | 2007 (2008 (2009| 2010 (2011 | 2012
H Annual 0 2 B 17 1] 3 0 4 B1 | 170 | 276 | S0 a0 93 | 318 | 373 | 577 | 883 | 874 | 1,166
Cumulative B 7 12 29 29 32 32 36 86 | 256 | 532 | 622 | T12 | 804 |1123(1,496( 2,073 2956|3,829| 4,995
Source: EWEA

Figure21 Annual and cumulative instifations of offshore wind in Europe at end 2012 (MW)

Most of the offshore projects (3.2 GW or 65% of total capacity) are located in the North Sea.
16% of total capacity is located in the Baltic Sea and 19% in the Atlantic. There are currently
no offshore vind farms in the Mediterranean, because the water is deep, and current
commercial substructures are limited to 40m to 50m maximum depths. This restricts the
potential to exploit offshore wind development in the Mediterrane@rs.]).

In Europe the grid connected offshore wind turbines rely on fixed foundatiBigai(e22).

The vast majority of those on monibg foundations, followed by gravity based substructures
and spae frame structures (tripod, jacket and 4pile). Four experimental floating
substructures in Europe are in a test phase: SeaTwirl, SWAY, Blue H and Poseidon.

The European offshore wind industry is increasingly developing offshore projects for water
depthsof over 50m to unlock the promising offshore market in the Atlantic, Mediterranean
and deep North Sea watertn many parts of Europe, off the coasts of Ireland, Portugal,
Spain, Norway, UK, France and Itdhere are significantly larger offshore windsources
available in water deeper thabOm. Figure23 shows the share of offshore wind resources in
European countries, whereas thifégure24 shows the map of available eas for floating

platforms in Europe.
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Figure22 Share of substructurgypes for online wind farms, end 2012
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Figure23 Share of offshore wind resources in European countries

EWEA has identified 40 deevater offshore projects either grid connected systems or under
developement. More than 60% are located in Europe in 9 countries, 10% are in the US and
23% in Japan (sdegure25).
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Figure24 Available area for floating platformsin Europe
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El Denmark
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Netherlands

2
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3%
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9
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8%
United Kingdom
3

United States
4

8% 10%
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5

13%
Norway France
4 5
10% 13%
Source: EWEA

Figure25 Location of deep water wind energy projetcs

The Table1 outlines the deep offshore wind designs and projects dgwetbin Europe,
Japan and the UE75.]).
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Tablel State of the art for deep offshore wind designs

oemorpo T —
Project name Type of floater Provisional
o Turbine size (MW) d':ztz:;e“t '{rh‘,""t":}"e R
deployment

Grid connected systems
1 Hywind Statoil Spar buoy 23 MW 20092012 | 3-7T MW 2016 Norway
2 WindFloat Principle Power Semi - submersible 2 MW 2011 5ETMW 2017 Portugal
3 DeepCWind Consortium made up Design of one or Scale 2011 Scale model (20kW) in | 2013 6 MW 2017 us
Floating wind of University of Maine, more full scale models near shore waters
Advanced Structures fioating wind turbine | tested in
and Composites Center platforms tank

(AEWC), Seawall, Maine
Maritime Academy, Tech-
nip, National Renewable
Energy Laboratory (NREL),
MARIN, etc

4 Kabashima Ministry of Environment, Spar 100 kW 2012 2 MW 2013 Japan
Island, Kyushu | Kyoto University, Fuji
Heavy Industries, Toda
Construction, National
Maritime research Insti-
tute of Japan (turbine con-
structed by Japan Steel
Works and Hitachi)

5 Hakata Bay Kyushu University Floater 2x3 kW 2011 Japan
Wind Lens,
Kyushu
Designs/Projects under development
1 Advanced Float- | Nautica Windpower Buoyant tower and 2012 5 MW 2014 us
ing Turbine downwind turbine
2 Aerc-generator | Wind Power Ltd, Arup 10 MW 2013 UK
X
3 Azimut Consortium of Spanish Generating the 15 MW Spain
wind energy industry know-how reguired to
headed by Gamesa develop a large scale
marine wind turbine
4 Blue HTLP Blue H Submerged deepwa- 57 MW 2015 57 MW 2016 Nether-
ter platform lands
5 Deepwind EU project Floating and rotating 1 kW 2012 5 MW Europe

foundation plus verti-
cal wind turbine

6 Deepwater In- Pole Mer Semi - submersible France
novative Wind floater
Energy Technol
ogy (DIWET)
Semisub
7 Eolia Renc- Acciona Energy SPAR, Tension leg Tanks test- | 2011 5 MW Spain
vables de platform (TLP) and ing on 1:40
Inversiones semisubmersible scale three
(EOLIA) floating
wind turbine
models
8 PelastarWave- The Glosten Associates Floating platform 6 MW 2016 UK
Hub system demonstra-
tor
9 IDEOL IDEOL Concrete floater Tank test 2012 | 56 MW 2013 50 MW pre - | 2015 France
series wind
farm
10 | FLOTTEK Consortium led by Game- | Tension leg turbine 2 MW Spain
sa, including |berdrola platform
11 | GICON TLP GICON et al Modular tension leg 1:25 2013 |2 MW 2014 2014 Germany
platform Tank test
12 | Foating Hali- Alstom Tension leg buoy & MW France
ade (TLB) for water
depths between
50m to 80m and
TLP for water depths
between 80m to
300m
13 | FLOATGEN Gamesa, IDEOL, Stutt- Ring shaped surface 2 MW and 3 MW 2015 Spain
gart University, Acconia floating platform
Windpower, Navantia, Olav | Semi-submersible
Olsen, RSK Environment
Ltd, Greenovate! Europe,
Acciona Energy
14 | Hexicon plat- Hexicon Floater 54 MW wind | 2014-2015 | Sweden
form and 15 MW
wave
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Demo/pio Propocucton/serl | |

Provisional
Project name Com) of floater
d = Type Year | Turbine size (MW) d'l‘l’;e = ot (Tm“e S8 | te of Origin
ayme! deployment
15 | HiPRwind EU project 2016 Europe
16 | Marina plat- EU project Deepwater platforms 2014 Europe
form that integrate (in a
single infrastructure)
arange of energy
such as wind, wave,
or Sea cuments
17 | Karmay SWAY Spar buoy 1:6 down- 2011 | 23 MW 2.55 MW Norway
scaled
model
18 | Ocean Breeze | Xanthus Energy Taut tethered buoy- Tank Test 2011 UK
ant
19 | Pelagic Power | W2power Hybrid wind and 2x3.6 MW | 2015 Norway
walie energy conver-
sion plant
20 | Poseidon Float- | Floating Power Semi - submersible & MW 2014 Denmark
ing power
21 | Sea Twirl Sea Twirl Floating spar and 1:50 mode! Sweden
vertical wind turbine
22 | Trifloater Semi- | Gusto Semi - submersible 5 MW Nether-
sub lands
23 | Titan 200 (Offshore wind power sys- | Self-installing float- us
Deep offshore | tems of Texas ing platform
platform
24 | Vertiwind Technip/Nenuphar/EDF Semi - submersible 2 MW 2013 2 MW 2016 France
EN
25 | University of University of Maine, Semi-submersible 20kW 2013 us
Maine Renewegy trifloater
26 | WindSea Force Technology, NLI In- Semi-submersible Tank test 3kl MW 3x3.6 MW Norway
floater novation vessel with 3 corner
columns
27 | WINFLO Nass & Wind/DCNS Semi - submersible 1MW 2013 2.5 MW 2016 France
28 | ZEFIR test Catalonia institute for En- | The development of 20 MW bottom fixed 2013 bot- Test wind Spain
station ergy Research, Gamesa, a new, highly com- and 50 MW (e.g 6-8) tom fixed, farm, not
Alstom, Acciona plex technology for floating wind turbines 20152016 commercial
deep water offshore floating
wind turbines
29 | Fukushima Fukushima Offshore Wind | Semi-submersible 2MW 2013 Japan
Offshore Wind | Consortium
(Mitsubishi, Hitachi,
Marubeni Corporation,
Tokyo University, Japan
30 Marine United, Mitsui Advanced spar TMW 2014-2015 Japan
Engineering & Shipbuild-
ing, Nippon Steel, Shimizu
Corporation )
3 Semi-submersible ™MW 2014-2015 Japan
32 | Shimizu Corpo- | Shimizu Corporation, Semi - submersible 2017 Japan
ration University of Tokyo, Tokyo
Electric Power Company,
Penta Ocean Construction
33 | Mitsui Zosen Tension Leg Platform Japan
34 | National Mari- Spar Japan
time Research
Institute of
Japan
35 | Hitachi Zosen Hitachi Zosen, Toshiba Semi- submersible 7.5 MW 2016 Japan

Source: Task Force EWEA

During 2013 in Europe 1,567 MW of new offshore wind power capacity were connexted t
the electricity grid, 34% more capacity than the previous year. 47% of all new capacity was
installed in the UK (733 MW), less than in 2012 (73%). The second largest amount of
installations were in Denmark (350 MW or 22%), followed by Germany (240 V), drtd
Belgium (192 MW, 12%), as showedrigure26.
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Figure26 Share of annual offshore wind capacity installations per country during 2013 (MVEWEA 2014

Total installed capacity dhe end of 2013 reached 6,562 M{Vigure27), producing 24 TWh

AY I Yy2NXIFE 6AYR @SIENE Sy2daAkK G2 02 0Bl n o102
6,562 MW of offshore wind capacity are mainlgtadled inthe North Sea (4,363 MY%6%),

in the Baltic Sea (1,143 MW, 17%) and in the Atlantic Ocean (1,056 MW, 16%).

A total of 2,080 wind turbines are now installed and connected to the electricity grid in 69
offshore wind farms in 11 countries across Europ&yre 28). The UK has the largest
amount of installed offshore wind capacity in Europe (3,681 MW, 56% of all installations).
Denmark follows with 1,271 MW (19%). With 571 MW (8.7% of total European installations),
Belgium is third, fdbwed by Germany (520 MW: 8%), the Netherlands (247 MW: 3.8%),
Sweden (212 MW: 3.22%), Finland (26 MW: 0.4%), Ireland (25 MW), Norway (2.3 MW),
Spain (5 MW) and Portugal (2 MW).
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Figure27 Cumulative and annal offshore wind installations (MW}, EWEA 2014
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Figure28 Cumulativeshare by countryinstalled capacity in MW (a) and installed wind turbines (QEWEA
2014
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Siemens is the lead offshore wind turbine supplier in Euroé @0% of total installed
capacity(Figure29). Vestas (23%) is the second biggest turbine supplier, followed by Senvion
(REpower) (8%), BARD (6%), WinWind and GE with respectively 0.8% and 0.5%. Other
suppliers bgether make up just over 1% of the markgt6.]).

WinWind Other
0.8% 1.3%

BARD
6%

GE
0.5%

Senvion
(REpower)
8%

Siemens
60%

Figure29 Wind turbine manufacturers share at the end of 2013 (MWEWEA 2014

At the end of 2013here were 2,474 substructuresliyinstalled at Eurpean offshore wind
farms. The most common substructures used arenopiles (1,866- 76% of all installed
foundations). Gravity based foundations are the second most common with 303 units
installed (12%), followed by jacket foundatiofi80 units: 5%), tripods (116 units: 5%) and
tripiles (55 units: 2%). There are two experimental and two full scale floating substructures
(Figure30, [76.)).

With regard to the market outlook for 2015, with the completion of the wind farms that are
currently under construction, some 3 GW of new capaaiill come online; therefore the
annual installations will remain stable in 2015. Moreover, EWEA has identified\22fG
consented offshore wind farms in Europe and future plans for offshore wind farms totalling
more than 133 GWHigure31).
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Figure30 Share of substructure types for wind turbinesBWEA 2014
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Figure31 Offshore market: projects online, under construction and consented (MV{\BWEA 2014

In the medium term, an analysis of consented wind farms confirms that the North Sea will
remain the main region for offshordeployment (68% of total consented capacity) with

significant developments are also feeen in the Baltic Sea (16% of consented capacity). The

Total MW

Consented Under Online

construction
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Mediterranean could begin exploiting its offshore potential (6% of consented capacity), as

showed in Figure32).

Atlantic Ocean — Mediterranean Sea
10% 6%

Baltic Sea

16%

North Sea
68%

Figure32 Share of consented offshore wind farms by sea basEWEA 2014

2.2 Offshore wind energy cost analysis

The offshore environment is certainly much more complex than the classtwore site. First

the staff has to travel by sea and this produces an increase in cost and time of construction.
Moreover the higher risk of working at sea raises also the insurance cost.

Also the weather can have a heavy impact on the timing and auisisstallation and
maintenance, e.g. concerning with rough sea or storms. From the technological point of
view, the sea is a very corrosive environment that requires more sophisticated and therefore
more expensive applications. Foundations and supporsitigctures are a key aspect in
offshore installations, where they require a greater amount of steel compared to onshore.
The Figure below shows a typical distribution of the investment costs of an offshore wind

farm. The main items are turbine, foundatioand the electrical transmission system

([7.118.119.D.
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M Turbine

® Foundation

m SCADA

M Substation

® Foundation Installation

m Cable Installation

® Turbine Installation

®m Testind and Commissioning
W Project Management

m Cable

m Consenting

m Other costs

Department of Trade and Industry, DTIL Study of the costs of offshore wind generation.
Areportto the Renewables Advisory Board (RAB) & DTI. URN Number 07/779; 2007b.

Figure33Distribution of investment osts of an offshore wind farm among its various componei(f8.])

Costs of offshore wind farms are rather variable, depending on the plant characteristics:

- total capacity Figure34);

- size of the windurbines Figure35);

- distance to shoréFigure36);

- water depth(Figure37)

- year of constructin (Figure38).
Obviously, increasing total capacity of the wind farm increases the investment(smest
Figure34), however some costs are unlikely to scale linearly Withinstalled capacity, e.g.
those costs concerning with installation, connection to the network or the same turbines

that can be discounted compared to list price.
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Figure34 Total cost as a function of installed capacity for tiénd farm. (Data of 36 wind farms)

With respect to the turbines size the scenary is more complex. The trend to use very large
turbines produce two opposite effects: on one hand, for a given total power, less wind
turbines mean also less support structurdgence a remarkable foundation saving; on the
other hand such heavy structures need much larger ships to be installed, and so there is a
very impressive increase in cosBgure35 shows as the cost of specifianxs varies with

the size of offshore turbines.
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Figure35 Cost of specific parks to vary the size of offshore turbines. (Data of 36 wind farms)

The distance to shore and the port facility influences both the construction phadeall
phases of maintenance, indeed travels contribute significantly to the operational(sest
Figure36). Obviously also costs of the necessary transmission cables depend on the distance

to shore.
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Figure36 Specific costs of offshore wind farms as a function of distance to shore. (Data of 36 wind farms)

The water depth is another primary cost element. As in oil and gas facilities construction
costs increase with deptfsee Figure37). At water depth greater than 280 m it is no
longer feasible neither the gravity nor the monopile support structures that are the least
expensive. Likewise, the laying of cables in deep water can be corimpfagt in some cases

you can not use traditional boats but it can be necessary to make use of expensive remotely

operated vehicles (ROV) and divers.
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Figure37 Specific costs of offshore wind farms as a function of average walepth. (Data of 36 wind farms)

Finally, the development technology is lowering its costs as it did previously for onshore
applications, then the year of construction must be taken into account in any analysis of

costs in order to compare the various wifarms(seeFigure38) ([4.][7.][9.]).
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Figure38 Joecific cost of offshore wind farms over time (date# 36 wind farms).

With regard to the lbating substructure the costs mainly consist of the platform and the
anchoring system. These costs are similar to those for 4datbm solutions installed in

deep waters. The major difference between the two solutions is in the design and
installation costs where floating offshore designs are expected to be cheaper.

Overall, floating offshore designs are also expected to produce more energy, as they can
accommodée bigger turbines that lower the final cost per MWh.

The EWEA Offshore Wind Industry Working Group (OWIG) has evaluated deep offshore
concept cost. It has taken account that most of the designs are still at an early stage of
development and that some degisthat include othertypes of power generation such as
wave energy.

To evaluate the economics of floating designs, EWW&#ormed a comparison with jacket

foundations,whose technical characteristics allow for installationnater depths of up to
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45-50m. The findings show thédtoating offshore wind designs are competitive in terofs
levelised cost of energfL. COEwith existing jacket foundations from arourtlDm water
depths. For a 100 MW wind farm, equipped with 5 MW turbinasd installed in water
depths of 100m, thecapital expenditure CAPE)Xor floating designs is similar to the CAPEX
of farms usingjackets or tripod foundations at 50m water depthSimilarly the cost of
energy produced by the floatingesigns would be competitive with the fixdmbttom
foundations solution.

A study from GL Garrad Hasssimowed that theLCOEof a 500 MW wind farm in water
depths of 50m would be MHY K {2 KZ f26SNJ 0KIy (ds$Sof ixddNNBy i |

bottom foundation wind farms in shallowevaters([79.]).

2.3 Wind Energy Production and Constructive Trends

2.3.1 Annual installation, wind energy produan and investments (201-2020)

Between 2011 and 2020, EWEA (European Wind Energy Association) expects the annual
offshore market for wind turbines to grow steadily from 1.5 GW in 2011 to reach 6.9 GW in
2020([10.]). The total installed offshore wind capacity in 2020 will be 40 GWRgpge39).
Including onshore, wind capacity in 2020 will be 230 GW.
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Figure39 Offshore wind energy annualrad cumulative installations 2012020 (MW)

Figure40 shows the national breakdown of the increase in wind power capacity according to

9291 Qa AO0SYINR2® Ly G201tz oA yRGEBYBNERD, O LI OA
from 84.3 GW in 2010 to reach 230 GW in 2020. Germany will continue to be in the lead

over the next 10 years, increasing its installed capawfit§1.8 GW. Spain, with a 19.3 GW

increase would be overtaken by UK (adding 20.8 GW) and the Frandd wome in fourth

adding 17.3 GW. They are followed by Italy (9.7 GW), Poland (9.4 GW) and the Netherlands

(7.3 GWJ[5.)).
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Others

Increase in wind % of EU-27 Increase

power capacity In wind power capacity
2011-2020 (MW) 2011-2020

Portugal 3,602 2.5%
Belgium 2,986 2.1%
Others 23,377 16% Bulgari 2,625 1.8%
Gemiany 21,786 15% U2
Irefand Romania 2,638 1.7%
4,572 3% ~
Austria 2,489 1.7%
Greece
5,292 4% Denmark 2,202 1.5%
UK 20,796 14% Finland 1,703 1.2%
Sweden 6,837 5% Czech
Republic 1.385 1%
Netherlands i i
7.255 5% Lithuania 846 0.6%
Slovakia 797 0.5%
Poland Spain 19,324 13%
9.393 6% Hungary 605 0.4%
Slovenia 500 0.3%
Italy :
9,703 7% Estonia 351 0.2%
RETED 3fekD b3 Luxembourg 258 0.2%
Cyprus 218 0.1%
Latvia 169 0.1%
Malta 100 0.1%

Figure40 Top 10 EU countries for increased wind powepeaity in GW (2012020)

The 40 GW of offshore installed capacity in 2020 would produce 148 TWh of electricity in

2020, equal to between 3.6% and 4.3% of EU electricity consumption, depending on the
development in electricity demand. Approximately a quitie 2 ¥ 9 dzNR LJISQ& GAY R S\
be produced offshore in 202(9.]). Including onshore, wind energy would produce 582

TWh, enough to meet between 14.3% and 16.9% of total EU electricity demand by 2020 (see
Figure4l) ([5.]).
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Figure41l Wind energy production in the EU (20@02020)

Annual investments in offshore wind power are expected to increadeYir
€y ®y m Figurk 42% h 2011, dffghore windnpower will avoid the
emission of 10 Mt of CQa figure that will rise to 85 Mt in the year 20800.]).
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Figure42 Annual and cumulative investments in offshore wind power 20411 H n
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given as amrage progct costs can vary significantly depending on size and location of the

wind farms([76.]). InFigure43 are presented the annual investments in offshore wind farms

in Euope since 2000, taking into account average installation costs per MW. 73% of the
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annual online capacity was financed by power producers. Developers have been active in
financing (15% of the annual online capacity), followed by financial investors whose

investments represent 12% of total capaciggure44).

—

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Figure43 Annual investments in offshore wind farm at end 20tEWEA 2014

Developers
15%

Power producers

Figure44 Investment in ofshore wind farms by investor type at end 203EWEA 2014
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2.3.2 Annual installation, wind energy production and investments (202030)

By 2030, EWEA expects 400 GW of wind energy capacity to be operating ingl25&GW

on land and 150 GW offshore.

Between2021 and 2030, the annual offshore market for wind turbines will grow steadily
from 7.7 GW in 2021 to reach 13.6 GW in 20Bi@re45). Given its larger potential, it can
be expected that total offshore wind capacwill exceed onshore capacity at some point
beyond 203([10.]).

16,000

M Annual (righthand axis)
14,000

Cumulative (left-hand axis)
12,000
10,000
8,000
6,000
4,000
2,000

0 (VW)
2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Figure45 Offshore wind energy annual and cumulative installations 262030 (MW)

By 2030, wind power in the EU kroduce 1,154 TWg591.3 TWh onshore and 562.4 TWh

offshore Figure460 = YSSUGAY3I Hydp: 2F 9! St SOGNAOAGER
O t Odzf F A2y &ad ! LIWINRPEAYIF GSfeé& KIt T dafisho@dzNR LIS Q&
2030. Due to the higher capacity factor of offshore turbines, the 150 GW offshore wind
capacity will produce almost as much power as the 250 GW of onshore capacity in 2030.

Figure46 show as the onsive development forms a classiecBrve of early exponential

growth being replaced by saturation towards 2088]).
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Figure46 Electricity production from onshore and offshore wind the EU (200€2030)
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2.3.3 Offshorefuture trends

As technology develops and experience is gained, the offshore wind industry will move into
deeper water and further from the shore. Looking at the wind farms proposed by project
developers, the wind industry will gradually move beyond thealbed 20:20 svelope (20m
water depth, 20 km from shore]10.]). The following scatter graph shows the probable

future development trends of the offshore industry in the 2025 timeframe (approximately).

Distance to shore (km)

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360

Water depth (m)
<0km<20m [ <60km<som seokm<com [N <60 im>som [N >60 km:>60m
Figure48Wind farms proposedn terms of water depth (m) and distance to shore (km)

Identified trends:

1 <20 km:<20m
At the moment operating wind farms tend to be built not further than 20km from the shore
in water depths of not more than 20m.

1 <60 km<60m
The current 20:20 envelope will be extended by the majority of offshore farms to not more
than 60 km from shore in water depths of not more than 60m.

1 >60 km:<60m
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Far offshore developmentcharacterizedby farms far from shore (more than 60 km)
conneding in ideal situations to offshoreuper nodeswith a water depth generally between
20m and 60m.

1 <60 km:>60m
Deep offshoreg based on project proposals highlighted to EWEA from project developers
using floating platform technologies during the coursele next decade, not further than
60 km from shore.

1 >60 km:>60m

Deep far offshoreq this scatter graph highlights the future long term potential of

combining an offshore grid (far offshore) with floating concepts (deep offshore).

At the end of 2013, thaverage water depth of online wind farms was 16 m and the average
distance to shore 29 kn{[76.]). Looking at prgects under construction, consented or

planned, average water depths and distances to shordilelly increaseRigure49).

With regard to the serage size of offshore wind farnrm 2012 the average size of offshore
wind was 286 MW while in 2013 it was 482 MW, 68% more than the previous Fjigareg
50, [76.]).
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Figure49 Average water depth and distance to shore of online, under construction and consented wind

farms¢ EWEA 2014
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Figure50 Average size of offshore wind farm projectsEWEA 2014
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2.3.4 Turbine size evolution
A wind power system is a sophisticated combination of components andgysibms that
have to be designed in an interdisciplinary and integrated mannexddiition, the size and

complexity of wind turbines is increasing rapidly over time (Sigeire51) ([3.]).

dodm Altbus A380
wing span — 80m

126m

112m

Rotor diameter (m)

15m

‘85 ‘87 ‘89 ‘91 ‘93 ‘95 ‘97 ‘99 ‘01 ‘03 ‘05 ? 1% year of operation
0.05 0.3 05 1.3 1.6 2 4.5 5 8/10MW installed power

Figure51 Size evolution of windurbines over time

Horizontalaxis wind turbines (HAWT), designed for offshore power systems, are
substantially assimilated to onshore wind turbines. In offshore installations the turbines
have on average larger size, in order to have a lesser incidehteeocost of marine
foundation and a greater annual energy production. The operating wind farm with the
biggest turbines is the BARD1 wind farm where there are installed 80 turbines each with a
rated capacity of 5 MW and a rotor diameter of 122 m. Aftérira offshore installations
there are not problems of impact on the environment, so large sizes are possible.

The main difference between offshore and onshore is the support structure, with respect to
the technological specificity of the marine foundatiorhis is fundamental for a preliminary
evaluation of the seabed. Another different element, compared to onshore sites, is the wind
velocity that is higher and more constant (so more predictable) and is associated with a
lower turbulence. Thigavorablewind condition allows offshore wind turbines to produce

more electrical energy than onshore ones with the same rated power (the Capacity Factor is
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higher offshore). However a more intense state of stress is created on the turbines. In fact
off-shore there ae extreme environmental conditions, because of waves, strong storms and
brackish water (illustrated ifrigure52), which force wind turbines constructors to raise the
necessary structural requirements, in partiauleoncerning with the innovative floating

turbines designed for large water dept(j8.][11.]).

| wake
turbulence

J [ J/ -
'}

gravity tidal & storm surge
depth variation xtreme

WD » g
»
¥

Y

lightning

turbulent
wind

‘ marine

buoyancy growth

currents
& tides

soll mechanics

Figure52 Representation of the extreme mvironmental conditions for a offshore wind turbine (in this case a
floating turbine)

In addition the difficulty to get to turbines, strongly influenced by the climatic conditions,

forces wind turbines to have a higher level of realiability in order tdaarthe maintenance

costs. In offshore turbines another aspect to take into account is that the noise is not so

strict requirement as in onshore turbines. This element allows to improve the control system

of the turbines towards a higher efficiency, inrpeular raising the turbine rotational

velocity.Figure53 shows the power curves for different noise emissions of a Vestas offshore

turbine ([12.]).
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Curva di potenza della turbina V80-2z,0 MW
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Figure53 Power curves of a Vestas V80 for different noise emissiag.])

At the end of 2013 Alstom installed thea62 | | f Al RS wmpn 2FFaK2NBE gA
waters near Ostend Harbour at tHgelwind Wind Farnin Belgium(Figure54). This is the

largest offshore wind turbine ever installed in sea waters. Thanks to itsniEife rotor

(with blades stretching 73.5@netre), the turbine is more efficient since its yield is 15%

better than existing offshore turbines, enabling it to supply power to the equivalent of about

5,000 householdd§3.]).

The 6Xmetre jacket has bee set on top of pillars which have been sunk to a depth

exceeding 60 metres. Then the 3 elements of then¥&8re tower were gradually assembled

on the jacket. In all, the nacelle towers at a height of over 100 metres above sea level. The

overall weight othe turbine and its structure totals 1,500 tonnes.
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This newgeneration wind turbine operates without a gearbox (using direct drive). Thanks to

a permanentmagnet generator, there are less mechanical parts inside the device, making it

more reliable and thukelping to reduce operating and maintenance costs.

[FadGgfter GKS [ FftAFRS wmpn FSFddz2NBa !fadz2yQa t
generator by diverting unwanted mechanical stress towards the tower, thereby optimizing

performance.

Figure54! £ aG2YQa 1+t AFRS mMpnY ca?2 GgAYR 2FFaK2NB (dzZNb A

In the Azimuteleven companies and 22 research centres specialising in offshore wind energy
technologies hve joined forcedor the purpose of generating the knelow required to

develop a largescale marine wind turbine using 100% Spanish technd[6dyj).

The project, which Gamesa coordinates, involve lead partners Alstom Wind, Acciona
Windpower, Iberdrola Renovablesid Acciona Energia.

The initiative is designed to establish the technological groundwork for the subsequent
development, in around 2020, of a largeOF € S 2FFaK2NBE HAYR (dzNDAY !
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initial objectives call for developing a turbine with unipea&ity of 15 MW that is capable of
overcoming the technical and financial hurdles currently limiting the rollout of offshore wind
energy. The most pressing of these obstacles are availability, turbine foundations and energy
delivery to land, and the chalfle3 S O2yaAraida Ay yYINNRBgAYy3I (KS
cost and required investment and those of onshore wind energy sites.

At the end of 2013 the Azimut project has reached the objective of generating knowledge as
well as key technologies that wilhable the development of a turbine with unit capacity of

15 MW.

This project has allowed Spanish industry to reach technology leadership positions in wind
energy generation in marine environments, and helping European countries to comply with
the target ®t by the European Commission of 27% of energy consumption from renewable
sources by 2030.

The different companies have obtained important results in key areas mainly developing

new technologies, testing process amidelsand creating a new web applicatio

2.4 Advantage and drawbacks of offshore wind farm

Offshore locations have several advantages over -laaskd locations for the wind farms
siting. (13.],[14.], [15.)).

Offshore wind energy projects have one big advantage over the wind energy projects on
land, namely more frequent and more powerful win@fshore areas provide strong winds,
with less turbdence and more gdictability; onshore wind is disrupted by hills or buildings,
making it more turbulent and less predictabl8ome recent studies have showed that
offshore winds blow 40 percent more often offshore than on land which means that
offshore wind farms can ratively easy outpace wind projects on land in terms of installed
capacity.

The main disadvantage of offshore wind energy farms are high construction costs. Offshore
wind energy projects need to be powerfully built in order to heitand rough weather
conditions. Offshore wind turbines must be fixed on the seabed, which demand a more solid

supporting structure. Submarine cables are needadifansmission of electricitgnd special

POWEREBDeliverableg WP 3¢ Task 3.k May 2012 Pag63

Al



* X %
* *
‘ * *
E— o

****
POWERED

green energy in Adriatic sea Programme co-funded by the
EUROPEAN UNION

vessels and equipments are required for building and maintenance wadwk. cboss of
installing an offshore wind turbine were around $5 million per megawatt of capacity in 2010,
while installing turbine on land has installation costs betweer2& million per megawatt

of capacity. Because of this offshore wind farms need to be lomlta large scale or
otherwise they are not economically viable.

Offshore wind energy market is constantly growing despite the high construction costs of
new offshore wind energy projects. Some recent studies have calculated that return on
investments foroffshore developments can be as high as 18 percent which gives some
certainty to investors, especially in combination with incentives and other tax benefits. In
fact, at global level, investments in offshore wind energy sector grew by 30% in 2010
comparedto the 2009.

Offshore wind technologies are still in the early phase of the development, and further
technological advances should make future offshore wind energy projects much more
commercially viable compared to the current offshore wind farms.

Offshoe wind farms have significantly smaller negative impact on aesthetics of the
landscape compared to wind farms on land because most offshore wind farms are not visible
(or barely visible) from shore. From the environmental point of view, when constructing
offshore wind farms constructors have to make surentinimize anydisturbancy to the
nearby marine ecosystems. The constructors also must be careful not to build offshore wind
farms in areas where they would interfere with shipping lanes, or in fishiregare

Another advantage that offshore wind energy projects have over wind energy projects on
land is transport. The transport of big wind turbine components such as tower sections,
nacelles, and blades is significantly easier with ships as they can hargleclrgo more
easily than trucks or trains, and there is no traffic jam on sea like there is on land.

Offshore wind energy is clean, renewable energy source that can reduce the need for fossil

fuels, and by doing so help tackle climate change and autjmil
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3 Off-shore wind energy technological and physical limits

3.1 Adriatic Sea Environmental Conditions

Climatological studies indicate that the three most prominent weather situations over the
Adriatic are characterized by the airflow from northwest, sa#hkt and northeastvhose
specific names are respectively etesians, sirocco and. ddra etesian winds are associated
with large scale pressure gradient between the Azorean high and the Karachi depression in
the warm part of the year and blow over the emtiMediterranean area. Over the Adriatic,

its are primarily manifested as weak to moderate winds blowing from the northwest during
the summer periodOther circulations at relatively smaller scales may frequently be super
imposed, thus modifying or stretigening the background etesian flow.

The Adriatic sirocco is related to sotghastward pressure gradient which is due to either low
pressure field situated northwest or a high pressure field situated southeast of the Adriatic.
It may occasionally be infnced by mesoscale cyclones in the afjéé.][18.]).

Unlike the other two winds, bora has been significantly better covered in the existing
literature. It is a genal practice to distinguish three bora types according to the synoptic
setup: cyclonic, anticyclonic and frontal bora. Each of the three types is related to the supply
of cold air from the northeast, while the direction and magnitude of pressure gradiegt ma
vary among the types.

There is an apparent symmetry between the etesian and sirocco regimes. Namely, if the
etesian pressure field perturbations (deviations from the mean) would change sign, the
resulting regime would closely resemble regimes with sioocThus, although there would

be obvous differences in magnitudesir@cco is stronger along the norastern coast,
while etesian winds are stronger along the sowmtbstern coast, which is due to the
influence of the major mountain ridges, the Dina#itps for sirocco and the Apennines for
etesiang[16.][18.]).

The mean of the bowgsirocco regime is clearly characterized by bora in the northern
Adriatic and siroae in the southern However, it should be mentioned that particular
episodes of bora sirocco type can be quite different due to the extent of bora towards

southeast and sirocco towards northwest. The most interesting feature of this regime is the
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natural gpearance of the convergence zone where bora and sirocco meet. This
convergence zone will have majofluence on convective processes.

The structure of the bora regime is quite expected, provided the large amount of literature
present on that topicThisregime is stronger along the Italian coastrthwest of Gargano,
where the airflow approaching the Apennines and it is deflected towards the southeast
([16.][18.]).

Apart from the Gargano area, there are no enhanced cloudiness and precipitation regions
over the Adriatic for the etesian winds, which is partly due to the dry conditions associated
with this regime. Also, due to airflow from the north, cloudiness and ipretion zones are
found on the eastern edges of the Dinaric Ai5.][18.]).

The bora regime is characterized by two regions of enhanced cloudiness, but only one
precipitation maximum. Specifically, the zone of maximum precipitation as well as enhanced
cloudiness is located upstream of the Apennines, and is induced by the impinging bora flow
from the northeast. In that sense, the Apennines are the perpendiculanmtein obstacle in

the bora regime. The zone of enhanced cloudiness without significant precipitation is located
upstream of the Dinaric Alps and is induced by the upstream flow from the northeast
responsible for the bora generation. It is frequently relaty dry and shallow flow and
hence does not produce strong precipitatift7.][18.]).

The situation in the bormgsirocco regime is more complex. In the northern iAtic region,

the bora induces two zones with enhanced cloudiness. However, the siflovedrom the
southeast now irminges on the colder and shallower bora flow and instead of reaching the
Alps it creates a convergence zone at the front between the badasirocco. Consequently,
there is, on average, an additional zone of enhanced cloudiness above the central and
northern Adriatic. The precipitation pattern is, however, influenced by the-stationary

nature of this regime, i.e. individual episodes writlthe regime are quite distingf17.][18.]).

POWEREBDeliverableg WP 3¢ Task 3.k May 2012 Pagb66



POWERED

green energy in Adriatic sea Programme co-funded by the
EUROPEAN UNION

1018

1016

Latitude [deg)

1014

1078

1016

1014

1012

Latitude [deg)

1010

1021
1019
o7
1015

1013

Latitude [deg)

o1

1028
1026
1024
1022
1020
1018
1016
1014
1012

Latitude [deg]

12 14 w18 20
Longtude [deg]

Figure55Mean sea level air pressure (shaded) and mean wind (vector:
calculated by LAMILimited Area Model Italy) over all etesian (EE), sirocc
(SS), borgsirocco (BS) and bora (BB) episod#8.]
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Figure56 Mean cloudiness (left) and mean precipitation accumulated ovBree hour intervals (right),
averaged over etesian (EE), sirocco (SS), &giracco (BS) and bora (BB) episodes (shaded). Correspond

mean winds are superimposed (vector§)8.].
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3.2 Adriatic Sea Bathymetritdaps.

The Adriatic SeaF{gure57) is a semenclosed basin about 750 km long and 250 km wide
with a connection to the Mediterranean Sea at the Strait of Otranto (72 km wide, 780 m
deep)[19.]. The knowledge of the bathymetric configuration allows to split the Adriatic area
in three subareas. The Northern Adriatic is very shallow (the sea depth is lower than 100 m),
the Middle Adriatic is occupied by a depression (thed Midriatic Pit, that reaches its

maximum depth of 270 m) and the South Adriatic is characterized by the deepest pit of

Adriatic basin (the South Adriatic ifLl200m).

DART 2006

© DART moorings
g8 Gsi

2 A20
Ancona

A Ortona

Latitude (%)
4
w

Depth (m)

Longitude (°)

Figure57 Bathymetry map of the Adriatic Sea
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3.3 Support struture and design requirements

3.3.1 Support structuretypes

Offshore wind turbines are typically mounted on tubular towers that range from 60 to 105
YSGSNB +02@0S GKS &SI &adaNFIFOSe® [FGdAOSnHGeL)sS G2
the foundation, oftenemploying a transition piece as an interface between the tower and
foundation. These towers allow for the turbine to capture winds at heights far above the
g GSNRa adaNFIF OSZ s6KSNBE (GKS gAYyR NBaz2dzZNOS A

ax
L

Foundationtechnology is designed according to site conditions. Maximum wind speed,

water depth, wave heights, currents, and soil properties are parameters that affect the
foundation type and design. While the industry has historically relied primarily on monopile

anR AN gAGemolaSR F2dzyRFGA2yas GKS AyONBIl aiy3
has motivated research and pilot installations for more complex designs with broader bases

and larger footprints, such as jackets, tripods, and tripiles, to accommodater depths

exceeding 20 to 30 mete(f23.]).

In Figue 58 is showedan overview of the types of structures and foundatidos Offshore

Wind Turbines (OWT)

—[ Barge floater ]{Jﬂdcﬂtﬂﬂtli:eshmh.re][&avitp—baﬁedfuunchﬁ

-[ Tension leg platform ] -[ Monopile structure ]lsurt.ufbu:ketfnundatlon

—E Spar foater ' {&mmmdmm.m][ Piled foundation

-[ Tripile structure ]

-|Trhndsm.n:ture'

Figue 58 The different types of foundations and support structures for Offshore Wind Turbines (O[2T].
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Support structure concepts are basically divided into two grougisatingor Grounded
(Figue 58, [22.]).

Floating conceptamply that the support structure transfers loads and forces to the water,

not the soil. Connection to the soil only ensureattthe support structure stays in place.

Grounded conceptemply that the support structure transfers all loads and forces to the

seabed.
The two concepts have strong differences, which make them applicable for various
environments.
The pros and cons ofdating concepts are:

1 Pro: Large water depthstheoretically no limit

1 Pro: Floating structures allow full fabrication at shipyard and transport to site in one

piece.

1 Con: Very expensive construction
Similarly, he pros and cons of grounded concepts are:

1 Pro: Less expensive

1 Pro: Large potential with water depths up to 50 meters or even deeper.

1 Con: Expensive transportation and installation

1 Con:Most types have only been installed in water < 25 meters.
In Table 2 the most common structures to support wind turbinese illustrated ([10.]).
Monopiles have been chosen for most of the installed offshore wind farms to
date. Concrete gravity base structures have also been usedeveral projects.As wind
turbines get larger, and are located in deeper water, jacket structures are expected to

become more attractive.
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Type of Brief Physical = L
e water Advantages Limitations
substructure description
depths
Easy to manufacture, . . .
. One ) : . Piling noise, and competitiveneg
Monopile steel . 10¢ 30m experience gained on previou )
supporting ) depending on seabed
projects
Monopile Combination of proven
f:oncrete, One sypportlng 10¢ 40m methods, Cost effgctlvg, less Heavy to transport
installed by pillar environmental (noise) impact.
drilling Industrialisation possible
Transportation can be
_ Concrete Up to 40m N o _ probler_natlc for heavy_ turbines. |
Gravity base No piling noise, inexpensive requires a preparation of the
structure and more .
seabed. Need heavy equipmen|
to remove it
cylinder with
Suction bucket sealeq top na. No piling, relatively easy to Very sensm_v_e teeabed
pressed into the install, easy to remove conditions
ocean floor
. 3/4-legged Up to 30m | High strength. Adequate for Complex to manufacture,
Tripod .
structure and more | heavy largescale turbines heavy to transport
Expensive so far. Subject to wa:
. loading and fatigue
Jacket Lattice structure > 40m LEES [ Adequa_te 4 failure. Large offshore
heavy largescale turlines . ; .
instalation periodtherefore
sensitive for weather impact
. Not in contact Sunaple for deep waters, Weight and cost, stability, low
Floating . >50m allowing large energy -
with seabed . track record for offshore wind
potentials to beharnessed

3.3.2 Grounded concepts

3.3.2.1 Monopile Foundation

The monopile has historically been the most commonly selected foundation type due to its
lower cost, simplicity, and appropriateness foabw water (less than 20 m). The design is

a long hollow steel pole that extends from below the seabed to the base of the turbine. The
monopile generally does not require any preparation of the seabed and is installed by
drilling or driving the structurénto the ocean floor to depths of up to 40 metgiseeFigure

59). The vertical loads can easily be transferred to the soil through wall friction and tip
resistance. The lateral loads, in comparison much larger,canveyed to the foundation

through bending. The loads are subsequently transferred laterally to the soil. To provide
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enough stiffness the diameter of the monopile foundation has to be large enough. This
attracts relatively high hydrodynamic loafj20.][22.]).

The monopile is relatively simple to manufacture, keeping its cost down despite reaching
weights of over 500 tons and diameters of up to 5.1 m, which can laeidethan some

more complex foundation designs.

Work Platform

Intermediate

Platform B
£ Boat Landing
External J tubes ;| Substructure
b Transition
Grouted —
N4

R A

Scour Protectio
onopile Foundation

Figure59 Monopile Foundationstructure

While the monopile is an appropriate foundation choice for many projects, it can be
unsuitable in some applications. These foundations rase well suited for soil strata with
large boulders. Additionally the required size of an acceptable monopile increases
disproportionately as turbine size increases and site conditions become more challenging.
Therefore, sites with deeper water, harsh wavand currents, and larger turbines may
require the implementation of more complex and sturdier designs, such as the jacket, the
tripod, or the tripile([20.][22.]).
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3.3.2.2 Gravity Base Foundation

An alternative to the monopile foundation is the gravity base foundation. Historically
deployed in shallow waters (usually less than 15 meters), the gravity foundation is now
installed at depths up to 29 meters. This technologyesebn a wide footprint and massive
weight to counter the forces exerted on the turbine from the wind and waves. The gravity
foundation differs from the monopile in that it is not driven into the seabed, but rather rests
on top of the ocean floor. Dependinupon site geologic conditions, this foundation may
require significant site preparation including dredging, filling, leveling, and scour protection.
It can be equipped with vertical walls that protrude from below the actual base, called skirts,
which peretrate into the soil below the base. These skifsge Figure60 and Figure61)
increase resistance to base shear and help to avoid scour below the base. Liquefaction of th
soil beneath the base due to cyclic loading is an issue that must be addressed when
assessing the stability of the foundatig20.][22.]).

These structures are cetructed almost entirely on shore of welded steel and concrete. It is

a relatively economical construction process, but necessitates very robust transports to
deploy onsite. Once complete, the structures are floated out to the site, sunk, and filled
with ballast to increase their resistance to the environmental loads. While these structures
can weigh over 7,000 tons, they can be removed completely during decommissioning phase
of the project.

The gravity base structure can be extended to the platform lethelreby reducing the
number of offshore installation activities, as no separate transition piece needs to be

installed.
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Figure61 Gravity Base Foundation
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3.3.2.3 Jacket Foundation

The jacket foundation is an application of designs commonly employed by the oil and gas
industry for offshore structures. The jacket structure is made up of four legs connected by
slender braces, making it a highly transparent structuoads are transferred through the
members mainly in axial direction. The legs of the jacket are set on the seabed and a pile is
driven in at each of the four feet to secure the structyseeFigure62 and Figure63). This
F2dzyRFGA2Y KIFI& | 6ARSNI ONRPaanmaSoOlAz2y GKFy GKS
loads from the wind and waves.

Because of its geometry, the jacket foundation is able to be relatively lightweight for the
strength that it offers, weighingmproximately 600 tons. However, each of the joints has to

be specially fabricated, requiring many mlaours of welding. Furthermore, transportation

will be an issue, particularly when installing a large number of turbines. A demonstrator
project has been ndertaken near the Beatrice oil field off the coast of Scotland, where two

5 MW turbines are installed on jackets in 45 m water deg(fi2i0.][22.]).

Although its desig is more complex than that of a monopile, the manufacturing process is
generally well understood from theffshore oil and gas industr{Pnce manufacturing and
deployment practices can be scaled up to economically meet the needs of large projects,

these bundations will likely become the predominant deeper water foundation type.
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Figure62 Jacket Foundatiorstructure

Figure63 Jacket Foundation
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3.3.24 Tripod Foundation

For deep water installations, the prod foundation adapts the monopile design by expanding

its footprint. The three legs of the structure are seated on the seabed, and support a central
OBt AYRNAROIf aSoOtAazy GKIFIG O2yySoOta G2 GKS gAYR
the three ket to secure the structure to the beeeFigure64 and Figure65). The main
difference between the tripod and the monopile concepts is the way the loads are
transferredto the seabed. From the main joint downwards the transfer of loads relies mainly
on axial loading of the members. The piles are also mainly loaded axially. This allows the
tripod foundation to be shallower and lighter than the monopile foundation. Furtreem

the tripod has a larger base, which gives it a larger resistance against overturning. The base
is also stiffer, leading to an overall stiffer structure. However, the main joint is a complex
element that is susceptible to fatigue and requires much réflo designing and engineering.
From an installation point of view, the tripod poses challenges as it cannot be transported as

easily as a monopile foundatidf20.][22.]).

Work Platform : Tower
Intermediate 0 ‘
Platform "
Central Column i
& 1 J tub i Boat Landing
nternal J tubes :
|- P LAT
\ 4
Substructure
|
Emerging Internal J tubes
|
[ Diagonal Braces
: Pile Sleeves
! T [
Sea Bed ! ' I udmats
1] |
£, S : y
R+ e T ————— s H\
3 :
Piles or Suction Foundation
Caissons v

Figure64 Tripod Foundation structure
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Figure65 Tripod Foundation

3.3.2.5 Tripile Foundation

The tripile foundation is also a relatively new adaption of the traditional monopile
foundation. Insteadof a single beam, three piles are driven into the seabed, and are
connected just aboveél KS g G SNDa adz2NFI OS (2 | GdEeyarAdAazy
Figure66). This transition piece is connected to the thrly S (12 g SNDa o6l aSaeo ¢K
strength and wider footprint created by the three piles is expected to allow for turbine
installation in water up to 50 meters in depth. The tripile design is easily adaptable to a

variety of conditions, as each or all oktlpiles can be manufactured appropriately to match

site-specific conditions while still being connected to the standard transition piece
([20.][122.]).
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Figure66 Tripile Foundation

3.3.2.6 Suction bucket foundations

The suction bucket concept is a monotower with a suction bucket at its base. A suction
bucket is a large diameter cylinder with a closed top. It is installed by placing it on the
seabedand subsequently activating a pump that removes water from within the suction
bucket (Figure67). This creates a pressure difference with respect to the ambient pressure,
which results in a downward force. Thisusas the suction bucket to be pressed down into
the soil. Once the pump is deactivated skin friction and end bearing will keep the foundation
in place and provide the required bearing capacity. Because it is reliant on the pressure
difference for installabn, this concept is not suitable for very shallow water. It may be
practical to integrate the suction bucket with the transition piece to reduce the number of
offshore installation activitie§20.][22.]).

Depending on soil conditions encountered at a site, the suction bucket alternative may be

preferable to deep slender piles for economic reasons and for ease of installation.
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Figure67 The prototype for Horns Rev 2 site (North Sea, Denmark). It weighs 165 tons, the skirts are 12

meters in diameter and 6 meters in height.

3.3.3 Floating concepts

The rapid growth of offshore wind in Europe has led to the realization that it is necessary to
captue the better wind resources existing further from shore in deeper waters and with
larger turbines. It is also necessary for industry to cut the cost of delivered wind power

below current levels. Reaching both of these goals will make the net cost ofemied)y
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competitive with landbased wind power, and set the stage for reaching fossil fuel energy
prices in the notoo-distant future.

The current fixeebottom jacket structures increase in cost with and complexity with
increased water depth. At about 65aters of water depth, the floating foundations become
cost competitive with fixeebottom structures.

Currently, pars,Semisubmersible and Tension Late the three primary categoriegsed in

the offshore wind farmsadapted from the offshore oil and gasdustry.

3.3.3.1 Semisubmersible platforms

A floating structure relies on buoyancy to keep the turbine above the water. Different
configurations, again derived from the oil and gas industry, can be envisaged. For instance; a
turbine could be placed on a bargedhattached to the seabed with anchor lines. The anchor
line configuration can be either catenary or taut. The mooring can be completed using drag
anchors, driven piles or suction anchors. The offshore wind turbine can be assembled on the
barge floater at a onshore location. The assembly can be towed out to the required
location. This concept may be suitable for large scale production as it can easily be adapted
to different water depths. However, it may require at least a certain depth before the
mooring ®ncept can be applied. Furthermore, a barge type floater may have serious motion
issues. Its large cross section at the water line makes it semdd hydrodynamic loads,

which in turns makes it susceptible to heave, pitch, roll and gj2ay]).

3.3.3.2 Tension Leg PlatforsTLP)

Another option for a floating structure is a mini Tension Leg Platform (TLP), which is tethered
to the seabed by means of ptensioned cables. The ptension greatly reduces heave
motion and to a certain extent horizontal motion. The cables can be fixed to a template on
the seabed or to individual piles or suction buckets. The TLP has a small cross section at the
water line, keeping the hydrodynamic loads relatively small. The TLP esquwell
engineered connections of the cables to the floater. The tension legs will not be very suitable

for shallow water([20.]).
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3.3.3.3 Spar Hoater (ballast stabilized system)

A spar type floating structure obtasrits buoyancy from a cylinder that protrudes below the
water line. This cylindrical body is generally long and slender in order to minimize the cross
section at the water line. This greatly reduces the wave induced motion. It can be anchored
to the seabedwith chains in a catenary shape. A spar typically has a small surface cross
section, reducing heave motion. The draft of a spar is usually relatively large to ensure
sufficient buoyancy. This may pose problems in small water depths. Because of thisuthe sp

may not be very cost effective for shallow watg0.]).

Semi-Sub

Floating Structures Floating Structures
>50m, 5-10 MW >120m, 5-10 MW

Figure68 Floating foundation design concepts

3.3.34 Demonstrators

Numerous floating foundation design concepts are emerging bheing presented to the
industry:
1 the Blue HTechnologies of the NetherlandBigure69) consists of auoyant body

held semisubmerged in the water by chains connecting the buoyant body to a
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counterweight that les on the seabedlhe concept was demonstrated through full
installation and testing in 200in a water depth of over 100 m, approximately 17 km
offshore from Puglia, Italyit generated 80 kW and after a year of testing and data
collection it was decommssoned.

Blue H Engineering is now executing the design, engineering works and related
applied research for the development of a generic 5 MW model, based on proven
Tension Leg Platform technology. This will offer a more stable floating foundation for
commercially available ¥ MW wind turbines. The manufacturing demonstrator is

planned for 2015 and the commercial model is planned for 2016.

Figure69 Blue H technology

1 the Hywind concept from Statoil Hydr&igure70), consists of apar floaterfilled
with ballast. This floating element extends 100 metres beneath the surface and is
fastened to the seabed by three anchor piles. The turbine itself is buiBidyens.
The total weight is 300 tonnes.The 2.3 MW Hywind demo was installed in Norway
iN2009-6 KS $2NX RQaA FANRG Fdzff aolFtS Ft2F0Ay3
FG F ¢l 0SNJ RSLIWIK 2F wnannYX wmnlyY 2FF b2NB!l &
inspected after the first andecond years in service, and no signs of deterioration,

damage, or wear connected to being on a floater have been reported. The floater
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design has been optimised and-gpaled for deployment with mud W turbines in
the 3 MW to 7 MW range. The next stegll be to test the design in a pilot farm with

four to five units.

Figure70 The Hywind concept (on the left) and prototype installed at 10 kilometres southst of Karmay
(Norway)

1 the Sway concepfFigure71l) is developed in partnership with Statkraft and Shefe
Sway system is a floating foundation capable of supporting a 5 MW wind turbine in
water depths ranging from 80 m to more than 300m. In the Sway system, the tower
is skbilised by elongation of the floating tower to approximately 100m under the
water surface and by around 2000 tons of ballast in the bottom. A wire bar gives
sufficient strength to avoid tower fatigue. Anchoring is secured with a single tension
leg between the tower and the anchoin March 2011, Sway deployed the floating
wind turbine prototype in 1:6 scale near Bergen (Norwaye SWAY prototype has a
13-meter (m) downwind rotor on a 2&n tower, with a large portion of the tower
beneath the ocean surte. In June 2012, the National Renewable Energy Laborator

(NREL) sent staff members to Norway to install scientific equipment on the seabed
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and on the prototype above the water line to collect data that will help validate a

computer model of the SWAY desigrhe instruments on the seabed will collect

information such as wave heighhd direction, tidal variationand sea temperatures.

Instrumentation installed on the turbine prototype above the water will collect

atmospheric data such as wind speed and ctimn and operational data such as

platform motions, loads, and performancBWAY hopes these data will validate its

design for a 1dnegawatt floating offshore wind turbin¢66.]).

900te for SMW

staysetc

Down-wind

spreader beams for [ turbine

attaching the

tension cable Upperand lower

tension cable

Floating
. tower
Yaw Mechanism

(Toturn the

tower) Tensionleg from

2 Universal [ 20to 300 mlong
Joints .
Mooring
Connectorand
Anchor

Tower weightapprox

+250te anchor system/wire

Figure71 The Sway technology (on the left) and prototype in 1:6 scale (on the right)

1 WindFloat is a floating support structure for offshore wind turbines with a simple,

economic and patented design. The innovative features of the WindFloat dampen

wave and turbine induced motion, enabling wind turbines to be sited in previously

inaccessible locations where water depth exceeds 50m and wind resources are

superior. Further, economic efficiency is maximized by reducing the need for

offshore heavylift operabns during final assembly deployment and commissioning

([65.]). The WindFloat concept consists of a sembmersible floater fitted with

water entrapment (heave) plates at the base of each column that imprine t

motion performance of the system due to damping and entrained water effects. In

 RRAGAZ2YS 2AYRCE2F3GQa
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forces. This secondary system ensures optimal energy conversion efficiency following
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changesin wind velocity and directionsThe design of the WindFloat enables the
structure to be fully assembled onshore and towed to its final location. All fabrication
and qualification is completed at quayside in a controlled environment. Deployment
cost savigs are significant when compared with monopile/jacket support structures
which require offshore heavylift operations.

The mooring system employs conventional components such as chain and polyester
lines to minimise cost and complexity. Through the usereflaid drag embedded
anchors, site preparation and impact is minimisedOctober, 2011, Principle Power
deployed a fullscale prototype WindFloatkm off the coast of Agucadoura, Portugal
(Figure 72). Equipped vith a 2 MW Vestas wind turbine, the installation started
producing energy in 201Zlo date the system has produced in excess of 9 GWh of
elctricity delviered by sulsea cable to the local gridhe next step will be to build a

27 MW array off Portugal. Atloer 30 MW demonstration project is also planned off

Oregon in the Pacific Ocean.

Agucadoura WindFloat Prototype M PRINCIPLE
October 2011 - 4KM Offshore of Agugadoura, Portugal ) e smiryyekrerss

Figure72 WindFloat prototype
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1 PelaStar is a tensieieg platform (TLP) integratingroven TLP technologyyidely
used in the offshore oil and gandustry, and is being adapted for the offshore wind
industry. The PelaStar floating offshore wind turbine technology represents the new
generation of deepwater wind turbine foundations. PelaStar is a unique combination
of existing technologies and inmative engineering solutions that provides low cost
access to the high quality wind energy resources found in water depths greater than
65 meters. The PelaStar system has the best technical performance and the lowest
cost of energy when compared to altetinge designs. The PelaStar solution has a
projected cost of energy well below the 65 meter jacket structures, and even lower
than the bestin-class monojte bottom-fixed turbines in Europg67.]). The PelaStar
system was conceived in 2006, by Naval Architects at The Glosten Associates. Various
platform types were considered, and the TLP emerged as the clear leader due to its
potential for a low structural weight, an 4marbor system assembly method and
superiordynamic responses to sea conditigifsgure73-a). The low motion response
of the TLP maximizes turbine performance on a floating structMiedel testing at
1:50 scale was completed in 20{Higure73-b). Key outcomes included verification
of the system dynamic behavior in ocean conditions with an operating turbine,
O2YFANNI GA2Y GKFG tStF{dFINDa -fecwlay 3 G§SyR
intermediate and full scaleral extensive collaboration with wind power experts,
offshore industry specialists, and woileading researcherdn 2012, Glosten was
selected by the Energy Technologies Instit¢EeTl)to design an offshore wind
floating platform system demonstrator. Thypal of the project was to accelerate the
market introduction of floating foundations for deep water offshore wind farms and
to break down technical barriers for deployment. Glosten completed a front end
engineering design of the PelaStar tension legfptat to support an Alstom 6 MW
Haliade 150 turbine. The Glostéistom team worked closely to model the vessel
motion interactions with the turbine and design a capable foundation. Teams ef top
tier subcontractors were contracted to develop hull constrantianchor installation,

tendon manufacture, site installation and operations, and maintenance plans. A full
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cost of energy study was also prepared that applied the detailed demonstrator
project cost data to predict the future cost of energy of floatingnaviarms over a

wide range of UK offshore sites. The final design was delivered in February of 2014,
and results show that UK offshore wind energy costs could fall to below £85/MWh by
the mid2020s, with further reductions possible as this technology nedurThe
PelaStar 6 MW demonstrator has been designed for installation in the Celtic Sea off
Cornwall. The designed structure reaches 180 m from blade tip to waterline and will
operate continuously in the harsh conditions of the North Atlantic. Rock anchor
systems, tendons and connectors, hull fabrication and transport, assembly,
installation and operations have all been designed, planned, and costs estimated for

the construction phas€68.]).

[ | i ol
PELASTAR

TENSION LEG BN

PLATFORM q
| -~ TENDON

( P

p/ ANCHOR

Figure73 The PelaStar Offshore Floating Wind Turbif@ and the 1:56scale modelb)

1 Winflo is & innovative semsubmersible floaterwith a lightweight wind turbine
specially designed for the floating offshore systamd a specificanchoing system
with few constraints suitable to all types of seab@egure74). The Winflo (Wind
turbine with INnovative design for Floating Lightweight Offshore) programme is led
by DCNS together with Nass&Wind, ajonaactor in the windturbine sector which
has recognised experience in the development of sites and the financing,

construction and operation of wind farms. The aim of programme is to develop the
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first generation of floating wind turbines in Franddhe MW demonstrator has been
designed to adapt to the specific conditions of the SIEEV site, which has a depth

of 35 metres with significant waves and a constrained anchoring radiss.
achievement constitutes a first step towards largeale industrial dgloyment.
Commercial operation will start after the test phase of a pilot farm comprising four to
six units. This farm will be installed in 2017 off the coast of the lle de Groix (Morbihan
county in Brittany). The final goal is to develop the first comnag¢ritoating wind
turbine farm by 202@[69.]).

Figure74 Winflo concept

1 IDEOL platform is a rirghape surface floater with a shallow draught and very
compact dimensionsThanks to lhe exceptional dynamic behaviour of the Damping
Pool® system, developed and patented by IDEOL, the floating foundation is
compatible with any commercial offshore wind turbines without modification. Based
on a construction in concrete, the IDEOL solution saale to mass production for
very large wind farms, with egite construction, high local content and versatile
construction methods, depending on site conditions and local procurement options.

Thanks to its reduced cost, the IDEOL floating foundatioongpetitive with bottom
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fixed ones starting from 35 meters water depth. It has been designed following the
highest safety standards and rely exclusively on offshore oil & gas proven and
qualified components. IDEOL has completed the design phase of @tndjo
foundation. A full test campaign has been conducted to validate the floater, mooring
and turbine behavior under the most stringent conditions in controlled
environments. The company is tightly working with classification societies in order to
validat the design, has completed technical review and validation with key partners
and suppliers. Thousands of hours of simulation have also been conducted to test
and validate each components under operating conditions using proven oil&gas and
wind turbine sofware simulation tools.IDEOL has secured the partnerships and
financing required for the industrialisation phase. In particular the company is
working with key partners and market leaders on the installation of a 2MW
demonstrator in 2015 and a pilot farnm 2017#18. The 2 MW demonstrator is
NEFfAT SR Ay LI NIYSNARKALI gAGK D!ag9{! I YyR

European Commissiofrinally, he company is working with key suppliers to qualify

new components and further reduce its floating foundati@sts in the context of its
2020 technical roadmaf}70.]).

Figure75 IDEOL floating foundation (a) arntie scale model (b)
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1 The Hexicon Energy Design is based @eraisubmersble platform on which are
installed several wind turbine~igure76-a). It is configured to pickip a minimum
amount of energy from the waves in order to be as stable as pos3ibéebasic idea
at Hexicon was tattach the mooring in a central turret and turn the whole platform,
so that the wind always comes from one direction. Hexicon is based in Stockholm and
designs, engineers and optimizes the concept of floating wind energy péihles.
Hexicon floating platdrm design uses competence andcomponents that already
exist and are well proven in harsh sea environmefwwever the combination of
these components is nem¢t KSNBX | NB Ylye FR@IydlF3sSa gAll
compared to traditional bottom mounted wind tbines, e.g. large scale deployment
far offshore and less amount of individual site engineering in a park. Also main
components will be installed in shipyards or quayside, there is less offshore
installation and operation compared to traditional parks, taltbines benefit from
free wind and the mooring system is well provéfigure76-b). Further, only one
power cable per platform reduces the amount of array cabling, platfdepth is
between 40 m to 1000m, sea bed conditions are not critical, the environmental

footprint is small, the platform can be relocated and can be renovated in(pit)).

Figure76 Hexicon semsubmersible platform design (a) anghooring systemgb)

Hexicon is currently developing a number of reference projects to be in production

within the next five years. The Swedish reference project is a floating platform with
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3x6 MW tobe located in the southern Baltic sea, in the concession owned by
Blekinge Offshore. This project is planned for construction in 2@ and Hexicon

has been allocated an area in the concession where the water depth is about 45 m.
The Scottish referenceroject with 3x6 MW is based in northern Scotland. The
Scottish Government has a special incentive program for floating wind energy
demonstrators. Hexicon is preparing applications for this program. The platform will
be designed and sized for the harsh eomment of the North Sea. Another project is
being planned at the Canary Islands by the island of Gran Canaria, where the water
depth is around 250m. A wind energy platform combined with a desalination plant in
the Black Sea has been offered to supply titg of Istanbul with fresh water. This
solution could be attractive for islands and nations with water shortage. Producing
fresh water with wind energy also solves the problem of storing energy, since
freshwater can be stored more easily. Several otherkats in Asia, Europe and USA
are being pursued, but the lead time to build floating wind energy parks with

| SEAO2y Q& LI I GF2N¥ya Yire 68 t2y3ISN®

In the following figure showed thelexiconplatforms that have reached conceptual

design statusH3W-18MW, H3-18MW and H4-24MW ([72.]).
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Figure77 Hexicon platforms conceptdd3W-18MW (a), H3-18MW (b) andH4-24MW (c)
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In the HiPRwind R&D projeét KS 9 dzZNRLISIYy [/ 2YYAaarzy | gl NRSR
consortium of 19 partnersHigure78) coordinated by Fraunhofer IWES, in orderdi&velop

new structural, component, monitoring and control engineering solutitred will enable

very large wind power installations in deeper waters than possible tobtaprder to gain

real sea experience and data, a fully functional floating isti&le wind turbine will be

deployed at a European ocean test sitéigure 79). This MW-scale testinstallation is
approximately 1:10 scale of the future commercial systemsthis way, the project will

overcome the current gap in technology development between small scale tank testing and

full scak offshore deployment. The HIPRWind project will make use of existing test locations

which offer a favourable permitting situation and infrastructure such as grid connection and

monitoring facilities already in place.

e

R&D SMEs

. . ) Micromega (Belgi
A @lm\’?wEr;e;gla (Sp;'" )_ Olav Oles:gn ((Nir?.:\ur;))

cciona Wind | ower (Spain) Walfel berat. Ing. (Germany) Fraunhofer IWES and IZFP

ABB (Switzerand) )

. 1-Tech (Belgium) Narec (UK)
Bureau Veritas (France) =
IDESA (Spain) SINTEF (Norway)
Mammoet (Netherlands) Tecnalia-Robotiker (Spain)
- The Welding Institute (UK)
'Techrllp (France) ' NTNU (Norway)
\ Vicinay Cadenas (Spain) ) | }iversity Siegen (Germany)) \_ y

Figure78 HiPRWind project: consortium of partners

The installation of thes 2 N RWa T A fdating wint NiBite faikdidédiBated to
shared accesesearch and testingwill allow to address critical issues of deep offshore wind
technology such as imwative floater designs, efficient installation methods, advanced
control engineering solutions and grid integration aspects of floating wind turbines. At the
same time this researchaddresgs the need for extreme reliability oftomponents
Innovative engieering methods will be applied to selected development challenges such as

rotor blade designs, structural health monitoring systems, reliable power electronics and
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control systems. Buiiin active control features will reduce the dynamic loads on thetéioa

in order to save weight and cost compared to existing designs.

HiIPRWiInd will significantly reduce the risks and costs of commercializing deep water wind
technology.The HiPRWingdroject is funded within the ¥ Framework Programme of the EC.

It startedin November 2010 and wilbatinue through the end of 201673.]).

Figure79 HiPRWind floating wind turbine concept

3.3.4 Design requirements

The design of an offshore wind projectbssed on the environmental conditions to be
SELISOGSR 4 F LINRPLR2AaSR aArtsS 20SNI 6KS LINR2SO0
environmental conditions are primarily defined by the wind, wave, current, water depth and

soil and seabed characteriss$i([23.]).

Different project components are more sensitive to some of these characteristics than
20KSNE® C2NJ SEFYLX ST | 6AYR GdzZNDAYSQa NRBG2NI |
and other atmosphericonditions while the support structure (tower and foundation) design

is more dependent on hydrodynamic and seabed conditions.
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Wind turbine models tend to be designed for applicability for a specified range of wind

conditions whereas turbine support struses are usually engineered for onsite conditions.

3.3.4.1 Standards and Certifications

Several design guidelines and standards have been developed nationally and internationally
that apply to wind turbines, wind turbine foundations and offshore structures. Garscher

Lloyd (GL), Det Norske Veritas (DNV), and TUV Nord are among the bodies that offer
certification and guidelines for offshore wind turbines andelated components and
processes. Additionally, the IEC 6148Mnternational Standard Design Requirertseifror
Offshore Wind Turbines (2008) provides criteria for offshore site conditions assessment, and
establishes five critical design requirements for offshore wind turbine structfir@swinds,
waves, currents, on site data collection, seabed charadiersnd water depth) These
guidelines were developed to ensure that typertified wind turbines, support structures

and related processes mette requirements ttated by the site conditions.

3.3.4.2 Winds

Wind conditions are important in defining not only the2  Ra A YL aSR 2y | ff ;
structural componentsput also in predicting the amount of future energy production at
RAFTFSNBYG GAYS ao0lftSad ¢KS YSIadz2NBR 2ymairisS ¢
turbines within a defined area as a function of the prevailing wind direction(s). Desired wind
data parameters include the following:

f Windspeed; yydzt £ 2 Y2y iUiKfeéx K2dz2N¥ 83X |yR &dzonK2dz
Speed frequency distributiognumber of hours per year within each speed interval
Wind shear rate of change of wind speed with height
Windveer ¢ changeof wind direction with height

1
1
1
f Turbulence intensitg i KS &GF yRFENR RS@GAIFIGAZ2Y 2F 6AYyR al
period as a function of the mean speed

1 Wind direction distribution
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1 Extreme wind gusts and return periods (50 and $6ar).
Air temperature, sea surface temperature and other meteorological statistics (icing,

lightning, humidity, etc.) are also desired when evaluating a proposed site.

3.3.4.3 Waves

LY FTRRAGAZ2Y (2 GKS t2FRAy3 F2NDOSa AYLRaSR
determine the accessibility of offshore projects by vessels during construction and
operations. Desired wave data parameté@fsgure80) include the following:

1 Significant wave height

1 Extreme wave height

1 Maximum obseved wave height

1 Wave frequency and direction spectra

1 Correlation with wind speeds and direction
Waves tend to be irregular in shape and height and may approach a wind turbine from more
than one direction simultaneously. The probability and characteristidgeaking waves are
also important. The correlation of wind and waves is a critical design criterion for an offshore
wind turbine. This correlation is normally expressed as a joint probability of wind speeds and
wave heights, and may include wave freqagras well. In addition to defining extreme
aerodynamic and hydrodynamic loads, it is important to assess the dynamic vibrations
induced upon the entire turbine structure. The effects of resonant motion from certain wind

and wave loads may be a primary dgsdriver.
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Statistical Wave Distribution
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Figure80 Statistical Wave Distribution and Data Parameters

3.3.4.4 Currents

[ dZNNByda INB ISYySNrftteée OKFNFOGSNAT SR SAGKSNI |
adzZNASas YR GY24aLIKSNAO LINBaadz2NE GFNAFGA2Yy Az
wind. Currents can drive sediment transport (e.g. sand waves) and faondsatouring. They

can also affect sea bottom characteristics and vessel motion during construction or service

visits.

3.3.4.5 Onsite Data Collection

As accurate estimations of energy production potential are requirements by the financial
community for offshore wid projects, precise definition of all of these atmospheric and

aguatic parameters is critical.

These parameters can be derived from various sources depending on the stage of project
development. Early stage conceptual planning relies mostly on existmgtological data

YR Y2RSf NBadzZ G6a 6adzOK +Fa GAYR YILAOD | RO
campaigns lasting 4 3 years.

Meteorological, wave and current data are monitored using a variety of instrumentation.
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Atmospheric data is measured byltateteorological masts installed on offshore platforms

G2 laasSaa GKS aArAiGSQa 6AYyR NBaz2dzZNOS F2N) 020K
purposes. These measurements can be complemented by remote sensing devices (such as

lidar and sodar), weather buoys, @megional weather observations to assess atmospheric
conditions throughout and surrounding the project area.

Wave and current data are collected by instrumented buoys and acoustic Doppler current
profilers (ADCPs). Additional information acquired fromcsgezed radar and satellite data,

as well as regional and historic surface data sources, can further characterize the offshore
environment.

Additional information on dataneaurements techniques areportedin par5.1

3.3.4.6 Seabed Characteristics and Water Depth

The geologic and bathymetric characteristics of a project site are significant design
parameters foroffshore wind turbines. The sitbathymetry (water depth) will primarily
drive the size of theinderwater $ructure and itsexposure to hydrodynamic forces, whereas
the seabed soil properties and profiles will influence the suitable founddyipes. From a
system perspective, the geologic and bathymetric characteristics help determine the axial
and lateral p§ NBalLlRyasSazr 2FRnOFNNEAYy3I OFLIoAfAGA
strength, fatigue strength, and acceptable deformation of the offshore support structure.
A geologic survey of the site often begins with a desktop review of available data to
understand conditions likely found ossite. Detailed design and engineering work involves a
multi-step onsite investigation process, including seismic reflection methods combined with
soil sampling and penetration tests. These techniques obtain information adeditment
characteristics and stratification to depths of at least 60 meters (200 feet) below the sea
floor. Sediment and subsurface descriptors include the following:

1 Soil classifications

9 Vertical and horizontal strength parameters
1 Deformation properties
1

Permeability
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1 Stiffness and damping parametegsfor prediction of the dynamic behavior of the

wind turbinestructure.

3.4 Offshore Wind Turbine Technological and Energetic features

3.4.1 The main turbine models

The two most important manufacturers of offshore witutbines are Siemens and Vestas,
which together produce 86% of the globafifshore capacity Siemens, which bought the
Danish company Bonus, is the leader of offshore wind turbines industry with 715 machines
installed in 20 different wind farms, correspaing to 49% of the total operating turbines.
Vestas follows with 545 turbines in 17 wind farms and a share of 37%. Also BARD plays a
considerable role, with 80 turbinemnd 400 MW of offshore windcapacity,that is with a

share of 6%.

Table3 showsthe most offshore wind turbine manufactures, whereasHigure81 is shown

the national breakdown of active offshore wind turbines for different manufactugérs).
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Table3 Main offshore wind turbine manufactures

Number of Number of

Manufactures | Nationality _ _ Turbine models
wind farms turbines
2.3-82; 2.393; 2.3101; 3.6
Siemens Germany 20 715 107; 3.6120; Bnus 450
kw
V39500; V47660; V662.0;
Vestas Denmark 17 545
Vv802.0; V963.0
REpower Germany 3 14 5M
Nordex Germany 2 2 N90-2300
NEG Micon Denmark 2 33 NM72/2000
WinWind Finland 2 20 WWD3
BARD Germany 2 81 5.0
GE Wind us 2 14 GE 3.6 Offshore
Gddwind China 1 1 GWw70/1500
Sinovel China 1 34 SL3000/90
Subaru Japan 1 7 80/2.0
Enercon Germany 1 1 E112
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Figure81 Breakdown of active offshore wind turbines for different manufacturers.

Siemens is present offshore withrbine models:

- 2.382

- 2.393

- 2.3101

- 3.6-107

- 3.6120

- Bonus 450 kW

Of these the most representative of the dominant technology are Siemen83®&#hd 3.6
107, respectively, with a rated power of 2.3 MW and 3.6 MW. Today these are atmeng
most popular models: there are 250 293 units and 343 3407 units operational.

Vestas is preserdffshorewith these 5 models:

- V39500

- V47660

- V662.0

- Vv802.0

- V903.0
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Of these turbines the 2 MW V&0 MW and the 3 MW V98.0 are @minant, respectively

with 216 and 319 operating units.

Considering the trend of the market in recent years to bigger investments and higher power
levels, the following higipower turbines gain in importance:

- REpower 5M from 5 MW

- BARD 5.0 from 5 MW

- GE Wind 3.6 Offshore 3.6 MW

- Enercon E12 4.5MW

The tables below highlight the main technical features of the mentioned offshore turbines

(data from[4.]).
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SIEMENS

Siemens 2.383

Rated Power pr. Turbine 2.3 MW

Number of Turbines 91 A

IEC Wind Turbine Class IEC IA

Operational

Cutin Wind Speed 4 mls

Rated Wind Speed 13.5m/s

Cutout Wind Speed 25 m/s

Rotor & Hub

Rotor Diameter 93 m

Rotor Area 6793 m2

Rotor Speed (rated) 16 rpm

RotorWeight (incl. hub) 60 t

Hub Height (above sea level) | 68 m |-
Blade Tip Speed (rated) 77.9m/s [
Blade Tip Height (above sea | 114.5m m,
level) L
Pitch System Hydraulical

Nacelle

Drive Train Type High Speed

Gearbox Ratio 1:91

Gearbox Stages 3 Planetay, 1 Helical

Gearbox Manufacturer Winergy

Generator Type Asynchronous

Power Converter Type Full Scale

Yaw GearsNumber 8

Nacelle Weight

(without rotor and hub) 82t

Tower

Structure Type Tubular

Structure Material Steel
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SIEMENS

Siemeans 3.6107

Rated Power pr. Turbine 3.6 MW
Number of Turbines 140
Design Life 25 years
Operational

Cutin Wind Speed 4 mls
Rated Wind Speed 13.5m/s
Cutout Wind Speed 25 m/s
Rotor & Hub

Rotor Diameter 107 m
Rotor Area 8992 m2
RotorSpeed (rated) 13 rpm
Rotor Weight (incl. hub) 95t

Hub Height (above sea levg 77.5 m
Blade Tip Speed (rated) 72.8 m/s
Blade Tip Height (above se{ 131 m
level)

Pitch System Hydraulical
Nacelle

Drive Train Type High Speed
Gearbox Ratio 1:119

Gearbox Stages

3 Planetary, 1 Helical

Generator Type

Asynchronousvith
squirrelcage rotor

Generator Poles 4 poles
Power Converter Type Full Scale
Yaw GearsNumber 6
Dimensions of Nacelle

Length 20m
Width 10 m
Height 10m
Nacele Weight

(without rotor and hub) 125t
Tower

Structure Type Tubular
Structure Material Steel
Height 57 m
Weight 250t
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Vestas V9€eB.0

Rated Power pr. Turbine 3 MW
Number of Turbines 100
IEC Wind Turbine Class IEC IA
Design Life 20 years
Operational
Cutin Wind Speed 3.5m/s
Rated Wind Speed 15 m/s
Cutout Wind Speed 25 m/s
Rotor & Hub
Rotor Diameter 90 m
Rotor Area 6362 m2
Rotor Speed (rated) 16.1 rpm
Rotor Speed (max) 18.4 rpm
Hub Height (above sea level) 70m
Blade Tip Speed (rated) 75.9 m/s
Blade Tip Speed (max) 86.7 m/s
Blade Tip Height (above sea| 115 m
level)
Pitch System Hydraulical
Nacelle
Drive Train Type High Speed
Gearbox Ratio 1:104
Gearbox Stages 2 Planetary, 1
Helical
GeneratorType DFIG
Generator Poles 4 poles
Power Converter Type DFIG
Turbine Voltage Level 1000/400 V
Yaw GearsNumber 6
Dimensions of Nacelle
Length 9.65m
Width 3.85m
Height 4m
Tower
Structure Type Tubular
Structure Material Steel
Weight 153t
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Vestas V8.0

Rated Power pr. Turbine 2 MW
Number of Turbines 80
IEC Wind Turbine Class IEC IA
Operational
Cutin Wind Speed 4 mls
Rated Wind Speed 16 m/s
Cutout Wind Speed 25 m/s
Rotor & Hub
Rotor Diameter 80m
Rotor Area 5027 m2
Rotor Speed (rated) 16.7 rpm
Rotor Speed (max) 19.1 rpm
Hub Height (above sea level)| 70 m
Blade Tip Speed (rated) 70.0 m/s
Blade Tip Speed (max) 80.0 m/s
Blade Tip Height (above sea | 110 m
level)
Weight pr. Blade 6.5t
Pitch System Hydraulical
Nacelle
Drive Train Type High Speed
Gearbox Ratio 1:100.5
Gearbox Stages 2 Planetary, 1
Helical
Generator Type DFIG
Generator Poles 4 poles
Turbine Voltage Level 690/480 V
Yaw GearsNumber 6
Dimensions of Nacelle
Length 10.4m
Width 3.4m
Height 54m
Nacelle Weight
(without rotor and hub) 79t
Tower
Structure Type Tubular
Structure Material Steel
Weight 160t
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Systems
REpower 5SM
Rated Power pr. Turbine 5 MW
Number of Turbines 2
Design Life 20 years
Operational
Cutin Wind Speed 3.5 m/s
Rated Wind Speed 14 m/s
Cutout Wind Speed 30 m/s
Rotor & Hub
Rotor Diameter 126 m
Rotor Area 12469 m2
Rotor Speed (rated) 12.1 rpm
Rotor Speed (max) 13.9 rpm
Rotor Weight (incl. hub) 1251
Hub Height (above sea level) 87 m
Blade Tip Speed (rated) 79.8 m/s
Blade Tip Speed (max) 91.8 m/s
Blade Tip Height (above sea leve| 148 m
Weight pr. Blade 175t
Pitch System Electrical
Nacelle
Drive Train Type High Speed
Gearbox Btio 1:97

Gearbox Stages

2 Planetary, 1 Spur

Generator Type

DFIG

Generator Poles 6 poles
Power Converter Type DFIG
Turbine Voltage Level 950/660 V
Yaw Brake Type Hydraulical
Tower

Structure Type Tubular
Structure Material Steel
Height 59 m
Weight 2251
Foundational Structures

Structure Type Jackets
Support Structure Material Steel

Support Structure Supplier

Burnt Island Fabrication
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Rated Power pr. Turbine 5 MW
Number of Turbines 80

Design Life 20 years
Operational

Cutin Wind Speed 3m/s
Rated Wind Speed 12.5m/s
Cutout Wind Speed 25 m/s
Rotor & Hub

Rotor Diameter 122 m
Rotor Area 11690 m2
Rotor Speed (rated) 12.5 rpm
Rotor Weight (incl. hub) 1555t
Hub Height (above sea level) 90 m

Hub Weight 70t
Blade Tip Speed (rated) 79.8 m/s
Blade Tip Height (above sea leve| 152 m
Weight pr. Blade 28.5t1
Nacelle

Drive Train Type High Speed
Gearbox Ratio 1:96.965

Gearbox Stages

2 Planetary, 1 Helical

Generator Type

DFIG

Power Converter Type DFIG
Dimensions of Nacelle

Length 14 m
Width 8.5m
Height 8m
Nacelle Weight

(without rotor and hub) 280t
Tower

Structure Type Tubular
Structure Material Steel
Height 63 m
Weight 450 t

Structure Description

Diameter is 6.5 m
(bottom) og 5.5 (top)
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GE Energy

GE Wind 3.6 MW

Rated Power pr. Turbine| 3.6 MW
Number of Turbines 7

IEC Wind Turbine Class | IEC IB
Operational

Cutin Wind Speed 3.5 m/s
Rated Wind Speed 14 m/s
Cutout Wind Speed 27 m/s
Rotor & Hib

Rotor Diameter 104 m
Rotor Area 8495 m2
Rotor Speed (max) 15.3 rpm
Hub Height (above sea | 73.5m
level)

Blade Tip Height (above | 124 m
sea level)

Pitch System Electrical
Nacelle

Drive Train Type High Speed

Gearbox Stages

3 Planetaryl Spur

Generator Type

DFIG

Power Converter Type | DFIG

Tower

Structure Type Tubular
Structure Material Steel

Height 70.5m

Weight 160t

Supplier Bladt Industries

Structure Description

Diameter is 5 m
(bottom) and 3 m

(top)
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vd ENERCON

¥ EMNERGIE FUR DIE WELT

Enercan E112

Rated Power pr. Turbine 4.5 MW

Number of Turbines 1

Operational

Cutin Wind Speed 2.5m/s

Rated Wind Speed 13 m/s

Cutout Wind Speed 28 m/s

Rotor & Hub

Rotor Diameter 112 m

Rotor Area 9852 m2

Rotor Speed (max) 13 rpm

Hub Height (above sea level) 108 m

Blade Tip Speed (max) 77.6 m/s

Nacelle

Drive Train Type Direct Drive

Generator Type Synchronous

Generator Manufacturer Enercon

Power Converter Type Full Scale

Turbine Voltage Level 400V

Yaw GearsNumber 8

Tower

Structure Type Tubular

Structure Material Concrete

Height 100 m

Weight 2500t

Structure Description Diameter is 4
m (top) and 12 m
(bottom)
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3.4.2 Wind Conditions and Wind Turbine Classes
The design of a wind turbine shell ensure the appropriate level of reliability for its correct
operation and specified durability, in every load condition. The sources of loading on a wind
turbine can be divided into the following:

1 Aerodynamic loads

1 Gravitational loads

1 Inertia loads (due to the blades rotation)

1 Operational loads (depending on the electricahdiions, the control operations,

e.g. braking, yawing, emergency procedures)

They depend on the turbine characteristics and on the external conditions that are mainly
the electrical power network conditions and the wind conditions.
The international stadard for safety requirements of wind turbine generatof24(]25.])
divides the external conditions into normal and extre categoriesThe normal external
conditions generally concern recurrent structural loading conditions, while the extreme
external conditions represent rare external design conditiG@shaving a -year or 50year
recurrence perio§l The design load cases shall consist of potentially critical catibns of
these external conditions with wind turbine operational modes and other design situations.
Wind conditions are the primary external conditions affecting structural integrity. Other
environmental conditions also affect design features such @stral system function,

durability, corrosion, etc.

3.4.2.1 Small Wind turbine (SWTasse (25.])

The external conditions to be considered for design are dependent on the intended site or
site type for a SWTinstallaion. SWTclasses are defined in terms of wind speadd
turbulence parameters. The intention of the classes is to cover most applicationsallies
of wind speed and turbulence parameters are intended to represent many different sites
and do not give g@recise representation of any specific site. The wind turlmlaesification
offers a range of robustness clearly defined in terms of the wind speedtabdlence

parameters.Table4 specifies the basic parametenshich define theSWTclassesA further
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SWrTclass, class S, is defined for use when special wind or other extamditions ora
special safety clasge required by the designer and/or the customer.

The design values for th8WTclass S shall be chaséy the designer and specified time
design documentation. For such special designs, the values chosen for the casigfions
shall reflect an environment at least as severe as is anticipated for the use $¥\fie

The particular external conditis defined for classes I, ll) and IVare neither intended to
cover offshore conditions nor wind conditions experienced in tropical storms such as

hurricanesgcyclones and typhoons. Such conditions may require wind turbine class S design.

Table4 Basic parameters foBWTclasses

SWT class I [l [l v S
Viet(M/S) 50 42,5 37,5 30 values
Vave (M/S) 10 8,5 7,5 6 specified by thq
s 0.18 designer

In Table4, the parameter vales apply at hub height and

Vet IS thereference wind speed averaged over 10 min

Vaveis the annual average wind speed,

l15 is the dimensionless characteristic value of the turbulence intensity at 15. e
turbulence intensityis the ratio of the windspeed standard deviation to the mean wind
speed, determined from the same set of measured data samples of wind speed, and taken

over a specified period of tim§25.]).

3.5 Transmission and electric grid connecticystems

The outstanding growth of the offshore wind farms size (up to the 630 MW LoAd@y
Phase 1), along with their distance to shore, has giverth® design of the electric
transmission system a crucial importance in terms of offshore economical feasibility. Longer
transmission lines lead to higher investment costs as well as hagtegy losses. However

in some cases offshore wind energy can be an opportunity to bring the electric production

closer to large urban centers of energy consumption. An interesting challenge in this regard
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would be to coordinate offshore wind projects Wwitthe expansion strategies carried by
electricity network operators.

Onshore and offshore wind turbines have at most a generator voltage level of 690 V, a
transformer in the nacelle, or at the basement, which is used to increase the generator
voltageto the medium voltage of the wind farm network. The current standardofifshore

wind power plants is 33+36 kV. However their increasing size and distances will require AC
networks with a bigger voltage in the next future, that will result in larger and more
expensive transformers. A possible solutionctantain the transfornmer size may consist of

high voltage electric generators (e.g. 400Q[¥%.]).

In cases of offshore wind parks at large distance from the coast (> 10 km) it is adopted the
solution of the voltage transformer ation at sea. These stations enable high voltage
transmission and therefore greater efficiency. Two examples of this type are:

- Horns Rev (Denmark): 160 MW installed capacity, park voltage at 36 kV, offshore
transformer platform (the first in history) thatises to 150 kV for a 15 km AC
transmission line.

- Nysted (Denmark): 165.6 MW installed capacity, park voltage at 33 kV, offshore
transformer platform that rises to 132 kV for a 10 km AC transmission line to the
coast.

The design of the layout of offsh® wind farms is influenced by the prevailing wind
direction, the seabed morphology, but also by the electrical transmission design. For
instance it should be considered the option of redundancy in the power connection to the

coast, in order to achieve theansmission reliability.
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To shore To shore To shore
i A
OSSH Q8583 0882 OSSH 08Ss2
Alternative A Alternative B

Figure 82 A) Solution with one offshore transformer station (OSS3) and B) solution with 2 transformer

stations and 2 lines to the coagf26.]).

3.5.1 Transmissio Systems: HVAC, HVRCC, HVDESC
Main technologies of transmission to the coast g&6.]):

- HVAC (High Voltage Alternating Current): transmission through-violgdge AC
current.

- HVDG LCC (High Voltagaréct Current, Line Commutated Converter): transmission
through highvoltage DC current, with power conversion using line commutated
thyristors.

- HVDC- VSC (High Voltage Direct Current, Voltage Source Converter): transmission
through highvoltage DC curmg, with power conversion using a pulse width

modulation with IGBT.

3.5.1.1 HVAC Systems

The scheme of HVAC transmission systems is composed of:
- an AC based collector system within the wind farm
- an offshore transformer station, possibly accompanied by a reacpoaver

compensation system. With increasing distances compensation is necessary
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- three-phase transmission line. At a voltage level of 150 kV teme polyethylene
insulation cables are used (XLPE). At very high voltage levels (400 kV) three separate
cables are used instead

- onshore transformer station that transforms the voltage at the local network levels.

This includes a compensation unit.

Figure83 Basic scheme of a connection between an HVAC offshore wind farm and the madatrigity grid

([26.)).

The transmission capacity of cables, at <150 kV, reaches 200 MW every thrpbase
connection, while the maximum length is 200 km, using reactive power compensation on
both sides of tle line. The 400 kV technology, which is under development, promises instead
a cable capacity of 1200 MVA, over a maximum distance of 1qQ[Rkn}).

Almost all current operating offshore parks adopt alternattwgrent transmission because

the distances from the coast and the power of the plants are still quite limited. The main
advantage of this technology is the low cost of voltage transformation and its compact
converter stations. On the other hand they habe disadvantage that with longer distances
energy losses become much larger, in particular because of the capacitive phenomena

concerning submarine cables.
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