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Background	&	introduction
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The	expert panel	here today
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PhD objective is for the research to be useful to industry: 
PhD research project Reference Group



Introduction – Thomas	Poulsen
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Aalborg	University - logistics
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Funding	partner:	DDMF

6

Shipowners
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Agents Banks

Operators

Insurance

Organisa-
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Conclusion: 
“Definition should be 
rather broad for this 
project and not just 
include for example 

the shipping 
companies/DSA 

members”  
D E P A R T M E N T  O F  M E C H A N I C A L A N D  
M A N U F A C T U R I N G E N G I N E E R I N G
- S H I P P I N G  &  L O G I S T I C S

Source: First Reference Group meeting
Global wind energy shipping and 
logistics research project

The 
”Blue 

Denmark”



Involved	parties...
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PhD structure
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The	mechanics of	a	PhD
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• Teaching

• Supervision

• Learning



Wind	energy supply chains
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Wind	farm	E2E	life-cycle
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Shipping &   
logistics 

Two 
different 
flows: 

Onshore
and 

Offshore



Scope:	DONG	Energy	Wind	Power
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Source: DONG Energy Wind Power, 2013

Different countries in the EU have different ways of calculating and scoping



9	unique logistics chains
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Source: Poulsen, 2017 forthcoming

Possible to plan
- and optimize!!!



I&C	example
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1 4Source: Renewable Energy Solutions, AAU, 
INNOlog

Physical
flow



O&M:	Logistics sub-chains

D E P A R T M E N T  O F  M E C H A N I C A L  A N D  
M A N U F A C T U R I N G  E N G I N E E R I N G
- S H I P P I N G  &  L O G I S T I C S

1 5

Operations	&	maintenance
Preventive Unscheduled Contingency

Land-based	O&M Sea-based	O&M

Topside Subsea
-WTG

-Offshore	sub-station
-Export	cables
-Array	cables

-WTG	foundations
-Offshore	sub-station	foundations

4 8
12 12 4
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Source: Poulsen, 2017 forthcoming



Money	matters
- hard to	fully comprehend
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Year Study

2015 Megavind 2015 LCoE calculator

2015 Douglas-Westwood offshore wind global forecast 2025

2014 BVG Associates UK Supply Chain Assessment

2013 Prognos and Fichtner Group Germany cost reduction

2013 GL Garrad Hassan offshore wind O&M spend guide for Scottish Enterprise and The Crown Estate

2012 The Crown Estate UK cost reduction pathways study including sub-studies in work streams

2011 Deloitte study on offshore wind competitiveness for Denmark

2010 BVG Associates UK Renewables Advisory Board offshore wind sector value break-down report

2009 European Wind Energy Association report on the economics of wind energy

2009 Vattenfall VindKraft third annual technical report for Kentish Flats OWF

2007 Offshore Design Engineering OW cost study for UK Department of Trade and Investment
Source: Poulsen, Hasager, and Jensen, 2017

LCoE: Detailed analysis performed – 11 studies issued over 10 years



The	money:	
- logistics is	18%	of	LCoE
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O&M had 
largest
spread in 
answers
provided

• Logistics
as a 
percentage
of…

• OpEx!!!

• …O&M?

Source: Poulsen & Hasager, 2016



End-to-end	(E2E)	logistics
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Logistics defined by	industry
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The leading industry practitioner definition:
• The US has the largest independent network of industry

pract i t ioners in Counci l of Supply Chain Management
Pract i t ioners (CSCMP)

• CSCMP defines logist ics as:

“That part of supply chain management that plans, 
implements, and controls the eff icient,  effective 
forward and reverse flow and storage of goods, 

services and related information between the point 
of origin and the point of consumption in order to 

meet customers' requirements”

Source: CSCMP



Wind:	Onshore	vs.	offshore
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• Rapid technological development
• Support industries must follow suit
• Significant shipping / logistics impact

Technology	R&D
- logistics must	accommodate
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Weight	&	
Dimensions	

Full	Nacelle	
Weight	(t)	

Nacelle	
dimensions	(m)	

Hub	
Weight	(t)	

Total	Hub	
Mass	(t)	

Hub	Height	
(m)	

Blade	
Length	(m)	

Blade	
Weight	(t)	

Tower	
Weight	(t)	

Siemens	2.3	MW	 82	 	 	 142	 80	 45	 	 162	
Siemens	3.6	MW	 140	 	 	 	 80	 58.5	 18	 	
Repower	6.15	MW	 325	 	 	 	 	 61	 	 	
Siemens	6	(7)	(8)		MW	 364	 	 96	 360	 135	 75	 27	 	
Samsung	7.5	MW	 	 	 	 	 	 83	 	 	
Vestas	8	(8.3)	MW	 390	 20	x	8	x	8	 	 	 105-140	 80	 35	 	
NREL/DTU	10	MW	 446	 	 106-180	 700	 	 86-100	 42-57	 628	
NREL/SWP	15	MW	 	 	 303	 1000	 	 125	 100	 1000	
DTU	20	MW	 1061	 	 299	 	 	 125	 118	 1985	

	 Source: Poulsen, 2017 forthcoming



Research	and	development	(R+D)
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First  WTG serial 
production 1979

1 MW

2 MW

3-4 MW

5-6 MW

7-8 MW

10 MW

15 MW

20 MW

20+ MW

Onshore
NOW

Offshore
NOW

R+D
5-10

OEMs

R+D
GE

SWP

R+D
university
+ industry

Wind 
industry 

technology 
R+D leaps

Transport 
industry 

always caught 
back-footed –
need to get in 

front of 
industry R+D 

trends…
New standard

NOW



Installation	&	commissioning
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Source: AAU research, DHL Global Forwarding,
Renewable Energy Solutions



Offshore	Wind
- E2E	shipping	/	logistics	challenges
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Source: DONG Energy, 2013



Dimensions:	Logistics Challenges

Source: Danish Shipowners’ Association,
courtesy Siemens Wind Power
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Bottlenecks	for	the	offshore	wind	
industry
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Source: DONG Energy, 2013



Onshore	and	offshore	- logistics
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Offshore

Onshore

BOP

Rail
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Source: AAU research
Photo: Courtesy J Poulsen Shipping



Parts, modules, components, people, 
consumables, and tools are responsibly
stored and moved safely, weather 
permitt ing, onshore, as well as offshore
by air/ocean/land using var ious 
transportation assets and transport 
equipment wi th  a focus on an ind iv idual  wind 
turb ine generator,  an offshore wind farm asset  
pro ject ,  or  across a por t fo l io  o f  pro jects  by means 
of  d i f ferent  in-house and outsourced
logis t ics  ski l ls/capabil i t ies/IT systems
used across multiple supply chains spanning 
different starting and ending points

Offshore	wind logistics:
Our definition	from	the	research
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What?

HSSEQ

Weather

On-/Offshore

Transport mode

Assets/TEQ

Focus

Staff

Competencies

Multiple SCs

Source: Poulsen & Hasager, 2016



Conclusion
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Denmark	is…
- strategically	well	positioned
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Innovation

E2E 
Supply 
Chain

Utilities 
centred in 

DK
Access to 
finance

Logistic 
hub

• Denmark was the first country in the world to install and utilize offshore
wind farms with Vindeby in 1991

• Large test facilities in both Østerild (testing of large wind turbines) and
Lindø (Europe’s largest test bench for wind machine booths)

• DONG Energy is a Danish based
utility and a leading utility provider
in Northern Europe, operating 21
offshore wind farms from their
offshore base at Port of Esbjerg

• Vattenfall has its surveillance centre
for offshore wind farms at Port of
Esbjerg

• Offshore wind value 
chain with leading 
wind turbine 
manufacturers and 
heavy industry players 
is present in Denmark

• First-mover track 
record with largest 
global OEMs, Vestas
and Siemens

• Key hubs like Port of 
Esbjerg being the 
leading offshore wind 
hub in Denmark with 
75% of all Danish wind 
turbine export shipped 
from the port

• Flexible logistical 
access to the sea from 
Danish Production 
facilities

• Danish institutional and private
investors are active within offshore
wind

• DONG Energy and Vattenfall have
co-financed offshore wind projects
with different institutional investors

Source: Port of Esbjerg



Key take-aways from	today
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GLOBAL WIND ENERGY 
SHIPPING AND LOGISTICS
AALBORG UNIVERSITY

DDMF grant 
2012-097

• A wind farm life-span lasts 30-40 years

• Offshore wind logistics is more complex than onshore

• At least 9 different logistics chains exist

• Logistics sub-chains exist with unique requirements

• For offshore wind, logistics costs amount to at least 18% 

of LCoE



Questions &	answers?
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CONTACT INFO
Thomas Poulsen
Aalborg University
A. C. Meyers Vænge 15
DK-2450 Copenhagen SV
Denmark

Past employers

DelCon

Select consulting clients

GLOBAL WIND ENERGY 
SHIPPING AND LOGISTICS
AALBORG UNIVERSITY

DDMF grant 
2012-097

tp@m-tech.aau.dk
thomas@poulsenlink.dk

www.en.m-tech.aau.dk
www.windscm.com

@WindSCMPhD
thomaspoulsenskype
+45-23831621


