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10 largest onshore wind markets
- up until 2013
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Ranking | Country| Cumulative | 2013 new | | cymulative percentage distribution
1/China 91460 16053
2[usA 61292 1084 = China
3|Germany 344689 2724+ = UsA
4|Span 22637 179> = Germany
5(India 20589 1987 = Spain
6|UK 10946 1028 india
7|italy 8448 450) B
8|France 8128 535 -
9| Canadla 7813 1599 v
10|Portugd 4557 194
Rest-of-the-world 51221 1029¢
Grand total 321559 36134

Source: BTM Consult part of Navigant (2013) »
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Number of offshore annual MW and wind farms
Installed up to and including 2013

Wind farms

MW ]p;:",-m: ; MW Num.ber
- . Year . of wind
. installed
farms
1.600 : 1991 5 1
12 - 1992 - 0
1.400 1993 _ 0
1994 2 1
o 1995 5 1
1200 1996 17 1
1997 3 1
1998 - 0
1000 8 1999 B 0
2000 55 3
800 : 2001 10 1
6 - 2002 183 2
- 2003 251 3
600 . 2004 60 1
4 : 2005 90 1
wn - 2006 198 2
2007 200 2
) 2008 344 4
200 2009 666 8
2010 1.428 9
x. /25 11 s\ 2011 470 10
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 200100 2011 20012 2013 ’ 20 1 2 1.131 9
2013 1.720 13
((‘ Source: BTM Consult a part of Navigant (2014a
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Onshore and offshore distribution

Cumulative distribution ultimo 2013 Installed distribution in 2013
(MW) (MW)

6.832 1.721

B Onshore
Offshore

B Onshore
Offshore

((‘ Source: BTM Consult a part of Navigant (2014a
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Endto-end lifecycle focus

Parts &
components

Shipping &

suppliers
Tier 1
suppliers

logistics

Parts &
components

| Monopiles/transition piece

Tower Foundations/Jackets
Nacelle Cables E @)
Hub Sub-stations . 5- — —I— d . .I:f fl .
Blades Accommeodation platform o ;‘h WO I e r e nt 0 WS .
Wind = h
turbine | Balance S © Onshore and Offshore
of plant -
generator | ~<<
{ modules
modules
Development Installation & Operations & De-
and consent commissioning . commissioning
maintenance phase
phase phase phase
2-4 years | 3-5 years | 25 years | 1-3 years >

—— Time
o s
((‘ Source: LogMS conference paper, 2013,

Singapore 2013, Poulsen et.al.
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Offshore

Rail

BOP

Onshore
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Key differences offshore/onshore

ABigger WTG output
ABigger size
AHeavier weight

AQuality (corrosion, wind,
water)

ABalance of plant modules
(foundation, cables,
substation, etc.)

Offshore
wind IS
more
costly
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Number of companies

Time spent
Extent of case study scope
Depth
Width

Offshore, simple and easy cases

Offshore, one case

Onhore, rail focus

Americas
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A Operator: DONG Energy

A Ownership: DONG Energy, PKA,
and PensionDanmark in JV

A Construction cost: DKK 11.5B

A Number of positio

A WTG type: 3.6 MW geared
Siemens Wind Power

A Foundation type: MP/TP

A Total windfarm output: 400 MW

A Area covered: 88 km2

A Distance from installation /
service port (Grend): 15 km

A Water depth 15.57 18 meters

(‘ Source: DONG Energy, MTH, AAU
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Main supply chain constituencies

Phase Contract party Product/service Country
Development & consent  |Geo Geotechnical and geophysical investigatiofi3enmark
Installation & commissioningSiemens Wind Power Nacelles/hubs Denmark
Installation & commissioningSiemens Wind Power Towers Denmark
Installation & commissioningSiemens Wind Power Blades Denmark
Installation & commissioningSiemens Substation control systems Denmark
Installation & commissioningSiemens Offshore substation electrical equipment |Denmark
Installation & commissioningNexus Array cables Germany
Installation & commissioningMTH/Bladt Industries MP and TP Denmark
Installation & commissioningMTH/Ballast Nedam MP installation - HLV "Svanen" Holland

Installation & commissioningMTH/Jumbo Shipping TP installation - HLV "Jumbo Javelin® Holland

Installation & commissioning\isser & Smit Marine Array cable installation Holland

Installation & commissioningA2SEA Wind turbine installation Denmark
Operations & maintenance [Hvide Sande Skibs- & Baadebygg&ervice vessels Denmark
Operations & maintenance [Port of Grenaa and misc. compani@s-50 jobs over coming 25 years Denmark

DEPARTMENT OF MECHANICAL AND

«

MANUFACTURING ENGINEERING

- SHIPPING & LOGISTICS

AALBORG UNIVERSITY

DENMAR

Source: DONG Energy, MTH, AAU

research (meetings
visits), EAWE confe

2013 (Poulsen et.al
K

and site
rence paper,

1)




2008 2010 2013
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Initial phases A closer look...

Tender phase:

- April 2009:
- April 2010:
- July 2, 2010:

Release of tender specifications
Tender submission
DONG Energy concession confirmed

2008' 2010 2013

2038 2040

D D&C = development & consent

D 1&C = installation & commissioning
D O&M = operations & maintenance
[] Decomm = decommissioning

Development & consent phase:

F b'.lu 2 Jdy

Ten-
der

pha-
se

T~ July 2010:

Geological surveys commenced

Installation & commissioning phase:

comm | - Autumn 2011: Shore landing cables (export cables) commenced
- January 2012: Offshore construction commenced
X [-oFF"
2012 2013
i i i i i i
(time)
Jan Mar Jun Sep Oct July
Foundations ~ Transformer  Array cable TG erection start ~ First electricity Fully
platform laying start operational
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((( Source: Own construction using Chambers et al (2010) framework
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