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RESEARCH INTERESTS
Global wind energy shipping and logistics

BACKGROUND

« 25+ years of global shipping, logistics, and SCM
experience

« Academic, practical, strategic, managerial, and
consulting level experience

« Lived and worked in 8 different countries
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PhD Fellow with industry support

PhD objective is for the research to be useful to industry:
PhD research project Reference Group
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August 25, December 2, October 8,
2014 2014 2015
: Test
Kick-off Brainstorm Cost Reduction ~ Forum First review _
40% cost reduction Kick-off area 2 case.

compared to 2012 Anholt

Offshore wind

Area 1l

White book of
the Danish

tendering contracts during redesign and transport for

process
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Area 2 Area 3 Area 4

Efficient
sub-sea
maintenance

Alignment of Logistics Efficient
incentives in process offshore

installation concept maintenance
development

Now: INNOlog
Kick-off on November 6, 2015
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Average logistics costs with min/max values
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IDEALTYPICAL VALUE CHAIN FOR THE OFFSHORE ENERGY SECTOR

TENDER &
CONCESSION
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« Shipyard
background

» Offshore
energy focus
(oil & gas)

» Tiered
structure also
applicable for
wind shipping
and logistics

Source: Offshore supply industry
dynamics, Thomas Roslyng Olesen,
2015



Prior work framework: Wind

* Dimensions for consideration:
vInbound vs. outbound

v Activities in the

supply chain

v'Tiers of supply chain constituencies

v'"Material (physical) flow vs. cost /
documentation / information flows

v Buying terms, f
degree of stanc

 Framework provic
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Logistics cost reductions

Installation &
Commissioning

1-- Blades

2 woe

3'- Nacelle

4'- Tower .
5'- Transition Piece PhyS|Ca|

6. wrc Foundation

Array Cable
0SS Topside
0SS Foundation

flow

Export Cable

Onshore sub-station

Cost flow...

Information and communication flow. ..

Documentation and contract flow.. ..
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BVG Associates, 2014

Engagement with parallel sectors, in which
discussions were held with industry analysts
from the following sectors:

» Aerospace
* Automotive
« Composites —

* Nuclear
« Oiland gas
 Rall

I

AAU Reference, 2015

Wind energy does not compare easily to
other more traditional supply chains; a
wind farm is a hybrid megaproject:

« Aerospace

« Shipyards

« Fiber optic cables
« Composites

« Automotive

* Truck assembly

« Oil &gas
* Nuclear
 Rall
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Blades

Nacelle

Tower
Transition piece
WTG foundation
Array cable
Export cable
0O355% topside
033* foundation

Onzhore sub-
station & related

; ; ; . ;
Hypothesis: Hypothesis:
Logistics cost Logistics cost

savings savings

potential potential
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The team behind the review

« WP 2 efforts performed by a team led
by Lone R Thomsen, TINV

« Team members from EASV led by
Lisbeth Brgde Jepsen, EASV

 Review of prior efforts based on
relevant reports, books, news
clippings, and academic journal
articles
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Major projects reviewed

LEANWIND (www.leanwind.eu)
ECOWINDS (www.ecowinds.eu)

Offshore wind servicing (OWS)

)
(

Assembly/ Operation/
installation maintenance

Harbour
storage,

transportation pre-assembly

- Turbine - Turbine - Turbine - Turbine - Turbine

- Substructure - Substructure - Substructure - Substructure - Substructure

- Transformer statior@ - Transformer stationfll - Transformer station|ll - Transformer stationfill - Transformer station
- Array cables - Array cables - Array cables - Array cables - Array cables

- Grid connection - Grid connection - Grid connection - Grid connection - Grid cannection

Supporting supply chain;
Specialised vessels, IT solutions, CMS, transfer systems, etc.

GADOW (www.gadow-offshore.net/en/) Logistics focus = O&M

GLOBAL WIND ENERGY SHIPPING AND LOGISTICS
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Major cost reduction studies

 Denmark study 2011 (Deloitte)
« UK study 2012 (The Crown Estate)

« Germany study 2013 (Prognos &
Fichtner Group) =
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High level process

« Partial review completed:

Entries provided originally by Thomas Poulsen June 3: 77
Total number of entries deemed relevant after search: 121
Review completed: 58

Deemed not relevant: 10

Net entries included in this review so far: 48

« Search conducted using the SDU
database/library

* July 12 input to WP 3 interview
structure based on findings thus far
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July meeting on interviews

« Categories serving as input to WP 3:
v'Crane/lifting equipment
v'Sea fastening
v Transportation frame |
v'Standardization
v Cables
vCommunication/cooperation

DEPARTMENT OF MECHANICAL AND ((‘ Source: EASV (2016), INNOlog
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Search process

 Goal:

v The identification of existing research
and information about cost
reduction in offshore wind
logistics flow of components

» Specific keywords used (examples):
v’ Array cable
v'"Nacelle
vTower
 "References of references” technique
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Cost reduction potential

e From academic literature:

Topic Findings Sub-topics Sources Source count
Sea transport and installation
(Crown Estate, 2012; Hoeksema, 2014; Estaban et al., 2015; Vis et al., 2016; Roddier, 2010; Lawson, 2012; Marsh, 2010; Blanco, 2009)

Sea transport and installation (Deloitte, 2011; Crown Estate, 2012; Prognos & Ficthner Group, 2013; Barlow et al., 2015; Junginger et al., 2004; Sun et al., 2012; Estaban et 8
al., 2015; Vis et al., 2016)

Sea transport and installation - Nacelles (Crown Estate, 2012; Prognos & Ficthner Group, 2013; Junginger et al., 2004; Sun et al., 2012; Vis et al., 2016) 5

Sea transport and installation - Array cables (Crown Estate, 2012; Junginger et al., 2004; Barlow et al., 2015; Bauer et al., 2015) 4

Sea transport and installation - Blades (Prognos & Ficthner Group, 2013; Barlow et al., 2015; Junginger et al., 2004; Vis et al., 2016), 4

Sea transport and installation - Towers (Prognos & Ficthner Group, 2013; Junginger et al., 2004; Barlow et al., 2015; Vis et al., 2016) 4

Sea transport and installation (Prognos & Ficthner Group, 2013; Hoeksema, 2014; Vis et al., 2016) 3

Sea transport and installation (Junginger et al., 2004; Barlow et al., 2015) 2

Sea transport and installation (Prognos & Ficthner Group, 2013; Vis et al., 2016). 2

Largest cost factor: Vessels (Dalgic et al, 2015b). 1

Installation logistics costs 1
(Crown Estate, 2012).

Vessels and process innovation 1
(Crown Estate, 2012)

The sea transportation of specific components is identified as sources for cost reductions such as

Sea transport (Prognos & Ficthner Group, 2013; Hoeksema, 2014; Estaban et al., 2015; Vis et al., 2016; Roddier, 2010; Lawson, 2012; Marsh, 2010) 7

Sea transport 3
(Vis et al., 2016; Lawson, 2012; Marsh, 2010)

Sea transport (Hoeksema, 2014; Vis et al., 2016). 2

Sea fastening (Crown, 2012) 1

Sea fastening 1
(Crown, 2012)

Sea fastening (Hoeksema 2014) 1

Sea transport innovation 1
(Siemens, 2015)

Port contracts Crown Estate study (2012) 1

Contracts 1
(Crown Estate, 2012).

Weather downtime 1
(Crown Estate, 2012).

Economies of scale (Blanco, 2009, Green et al., 2011; BVG, 2015; Esteban et al., 2015; Sun et al, 2012; Poulsen et al, 2016 and Junginger et al., 2012) 7

Standardization (Esteban et al., 2015) 1

Maturity Learning effects and curves (Wiistemeyer et al 2015; Sun et al, 2012, Deloitte, 2011 and Blanco 2009) 4

Collaboration (MEGAVind, 2012). 1

Trust (BVG, 2015). 1

FEED, procurement (Crown Estate, 2012). 1

DEPARTMENT OF MECHANICAL AND
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O entries identified; major gap in prior efforts!
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Of 48 in total

35

30

Least prior work on logistics cost reduction within these areas

20
15
10
0
WTG Tower Nacelle Blades Array cable  Export UB Offshore  Transition 0Sss Onshore

foundation cable substation piece foundation sub-station

(jacket) topside and related

construction
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Of 48 in total

10

Not much prior work on
8 logistics cost reduction
opportunities here

~

(o2}

(63}

N

w
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0 -

Installation Sea Transport Port Operations Land Transport Commissioning
OFFSHORE WIND SHIPPING AND LOGISTICS risone varvensiry Source: Data provided by EASV

AALBORG UNIVERSITY DENMARK (2016), own analysis



Outbound entries - ranking

* For the 48 entries, a maximum score
of 3 can be obtained (144)

e Score based on levels of focus on
cost reduction:

3 - Extensive focus.
2 - Moderate focus.
1 - Benign focus.

= BT H .
No mark = No focus. 1
S B f
DEPARTMENT OF MECHANICAL AND (((
MANUFACTURING ENGINEERING . ;
- SHIPPING & LOGISTICS  AALBORG UNIVERSITY Source: Data provided by EASV

DDDDDDD (2016), own analysis



Outbound logistics value chain results

6 15

® Land transport
®m Port operations
m Sea transport
® Installation

= Commissioning

Sea transport and
installation are most

( extensively covered
DEPARTMENT OF MECHANICAL AND (‘

MANUFACTURING ENGINEERING . 28
Source: Data provided by EASV
_ AALBORG UNIVERSITY
SHIPPING & LOGISTICS DENMARK (2016), own analysis



31 of 288 max
106 of 432 max

Shore-side
logistics
has least
prior
efforts
rendered

106

m Shore-side (land transport and port operations)
m Ocean (sea transport, installation, and commissioning)
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MANUFACTURING ENGINEERING . 29
Source: Data provided by EASV
_ AALBORG UNIVERSITY
SHIPPING & LOGISTICS DENMARK (2016), own analysis



Focus areas with
little prior focus
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turblnes The list is not complete and can be exp-

.Is a list of references to literature related to Offsh'“\e

A B

a_

A.01 |Council of Supply Chain Management Professionals. CSCMP’s Annual State o .wves the Economy in 2014 ; National Press
Club: Washington, DC, USA, 2015. \

A.02 |FTl Intelligence. Global wind supply chain update 2015. FTI CL Ene

httn:/ fanana swea nro Mfilaadmin Milsz flikrare/nohlica ~an-Nfchara-Statictire-2N15 ndf- 2016 [arrescad NR N7 1R1

A.03 |European Wind Energy Association. The European offshore * 3 4 statistics 2015.

assigned
Column R reference to the given literature
Colurv* erard Is used internal by the project

ow” w .trol the process
«

Column A contai” 6 g\) amber which each entry has been

AALBORG UNIVERSITY Source: EASV (2016), INNOlog

DENMARK



Second tab - Categorization

...Is a matrix. The matrix was used during the literature review to categorize the

content of each source.

A B C D E GHI ] KL MNOPQR S T UV WX Y 7 AAA A
1 WTG foundation (jacket) 055 foundation Array cable Export cable Onshore s
D Source
] W @ @ ;]
A EIAHH BB R R R I R R B
wl|als 6| C|le|lg o|c|lwe|a|lg 6| c|e| s 6| c || 2|t
w| @ = % R TR ® % =0 v | R % = =] w w| R % = =] w w | &
c|Es|s|lelB|la|s|S|5|c|B|la|c|5|5|c|E|G|c|C|s|c|B|@|c|8):
Gl BT 2| |l F|l2|C | la|lf|F|2|T||alBf|F|=|%|x&]|c¢
e|C|o|E|g|E|lelE|o|=s|¢g|E|le|Z|o|s|8|E|le|C|o|5|8|E|e|F|c
AHMHHHEEHHHHEEHH R R
2132 g|8|3(a|" gl 3| 3|2|" o|3|3|a|" o334
2
3 A0 Delpitte, 2011 1 1 1 1
All Crown Estate, 2012 1 |1 1 1 1 1 1 1 1 1
4
AL Prognos & Ficthner Group, 2013 |1 111 1 1 1 1
« Column Ais ID of source
« Column B is short source name — the full reference to the source can be

found in the “Reference list” (tab 1)

«

AALBORG UNIVERSITY

DENMARK
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...iIs a summary of the research and gives in general a summary of the literature

Crane/lifting equipment

Communication & Cooperation

(2012)

offshore wind developers can drive operating costs up. This study from 2012

idantifiac manu divarca wawc in whirh affchara wind fact Fan ha Arivan Ao

process of being added to this tab as a filter function
« The filter function can be used to find related literature and
summaries that handle a specific topic

«

AALBORG UNIVERSITY
DENMARK

w
£
m
i
c
g 2 | |
t = = ]
a k= = o
b o ; -
8 il = - E
- 5|8 |3
(%] - 1Ea = & 7| =
A10 Deloitte (2011} In their report for the Danish Ministry of Climate and Energy, Deloitte (2011) |One of the may
breaks down key cost drivers of OWFs. The report points out that a key cost  |with the lease
driver for capital expenditure is installation vessels, and the Germanischer turbine erectiol
Lloyd Garrad cost underlying wind turbine installation vessel (WTIV) database
is used to document the role of the WTIVs. The report argue that both water
depth and distance from shore result increasing costs for all major project
elements: wind turbines, foundations, electrical plant and installation.
Al The Crown Estate  [Supply chain bottlenecks and the maturity of the supply chains serving According to th

increased conti
vaare will radin

Scoring scale from 0 to 3 for the 6 July focus areas in the

Source: EASV (2016), INNOlog
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N N |

Outbound Entry | Score
count

Activities Commissioning

Land transport
Port operations
Components Onshore substation & related construction

C <L <L

OSS foundation and topside
Transition piece

Hub

Cables (export and array)
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CONTACT INFO

Thomas Poulsen

Aalborg University

A. C. Meyers Veenge 15
DK-2450 Copenhagen SV
Denmark

_ tp@m-tech.aau.dk

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

W @WindSCMPhD
&) WindSCMPhD
+45-23831621
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