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Introduction — Thomas Poulsen

Aalborg University, Copenhagen Campus
Department of Mechanical and Manufacturing Engineering

RESEARCH PROJECT
Global wind energy shipping and logistics

RESEARCH INTERESTS
Strategy, business models, and M&A

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

PhD EXCHANGE
DTU Wind Energy, Ris@
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— Offshore
Port GPS and satellite oil & gas

construction surveillance of vessels
—

Composite
materials for
vessels

Carbon fiber
vessels

Wave
energy

Revenue

Maritime
cleantech

management

«
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Data collection input

Research ‘

purpose...
Wind Energy

Analysis Work Packages:

3 research Market Sizing & Outlook

Supply Chain Configurations
Logistics costs

Overview of constituencies

Winning strategies & business models

questions...

*

Research analysis input
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Academic
output

Academic
publications
& final thesis

Presentation
material,
meetings, &
news

Industry
output



Time spent

Number of companies
Extent of case study scope
Width
Depth

Offshore, a number of cases

Onhore, rail focus

Americas
DEPARTMENT OF MECHANICAL AND ((‘
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€2012/MWh

) 5O 100 150 200 250 300 350 400

Hard coal 1
Natural gas - . Measure used to
. lo" A—— compare is
uclear .
Biomass dedicated —L levelized costs
Solar PV - rooftop (small scale) - 2012 =
Solar PV - ground (utility) - 2012 1 3 - What does it
Solar PV - rooftop (small scale) - 2008 o actual |y
Solar PV - ground (utility) - 2008 - mean?
Wind onshore E 3 L.
Wind offshore - - Howisit
Wind offshore - including transmission E = calculated?
Hydropower - Dam —-ﬂ - What is the
Hydropower - Run-of-river I o)
Geothermal # target '

Blue bars: Levelised costs at realised full load hours
Grey bars: Levelised costs at technically feasible full load hours
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Definition and ambition (2012)

What do we mean by the Levelised
o 0 nNerc OE)?
In simple terms, LCOE can be seen as the lifetime cost of the project,

per unit of energy generated.

It is defined as the sum of discounted lifetime generation costs (£) divided
by the sum of discounted lifetime electricity output (MWh). Generation
costs include all capital, operating, and decommissioning costs incurred
by the generator/developer over the lifetime of the project, including
transmission costs. It does not necessarily correspond to the level of

revenue (or ‘strike price’) that

—it is an expression of cost rat| RedUCing the COSt Of OﬁShore
et e el WINM to £100/MWh by 2020

as determined by the capital s

calculated on a post-tax basis iS aCh ievable
DEPARTMENT OF MECHANICAL AND ((( Source: The Crown Estate, 2012
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The levelised cost of energy (LCOE) is the finance mathematical
average cost over the lifetime of the generation plant. It is calcu-

lated as follows:

A
10 + Z?=1 (1 _|_ti)t
LCOE = i

n el

=L@+t
LCOE Levelised cost of energy in Euroyg2/MWh
lo Capital expenditure in Euro
A Annual operating costs in Euro in year t
Mg Produced electricity in the corresponding year in MWh
i Weighted average cost of capital in %
n Operating lifetime (20 years)
t Individual year of lifetime (1, 2, ...n)

DEPARTMENT OF MECHANICAL AND ((( Source: Prognos & Fichtner Group, 2013

MANUFACTURING ENGINEERING

- SHIPPING & LOGISTICS AALBORG UNIVERSITY
DENMARK



Model input

Simple version High Level

MEGA

VIND

General

. Base price input
. Base price out

. FID Year

- WACC

- Inflation

Nominal
Real 2014
2012

8%

2%

. Cost input method

Cost and earning

Manual simple

. Earnings input method % of investment
. Park earnings method 250 %

Park Design

Park Capacity (MW)
Turbine model

Turbine number
Turbine capacity (MW)
Turbine Rotor meter (m)

4 MW offshore

| Total Prod | 2009 | 2010 | 2011

Corporate tax rate
Tax depreciation method
Tax depreciation rate

Declining balance

| 2012 |

| Totaicost | 2000 | 2010 | 2011

DEVEX | €M
cAPEX |em |
OPEX |em |
ABEX |em |

20 6.7
1520 |
1028 |
127 |

| 2012 |

304 532

2014 | 2015.
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SIEMENS
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MHI VESTAS OFFSHORE WINDe

DONG
energy )
eon

Source: Megavind, 2015
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Industry: DONG Energy 2013

o Offshore wind is not competitive with other energy technologies

Lifetime unit cost per MWh
» Offshore wind is more expensive than
other commercial power generating
technologies

» The cost of energy need to be reduced in
order for offshore wind to become
competitive and long-term sustainable

PV Solar Offshore Biomass Onshore CCGT  Coal 2020

DONG Energy targets to reach a Cost-of-Energy below 100 €/MWh for investment decisions in 2020

€MWh*
Cost-of-energy target is:

160 « expected to be below 100 €MWh for offshore wind projects with investment
decision in 2020

* a present value measure of the average cost per MWh for the asset investment and
the operations (see more on slide 4)

« based on a UK-round3 type-site including substations and offshore power cables
(see more on slide 3)

« an ambitious, but realistic target which requires significant technical and supply
chain development driven by both developers and governments

. « requires continuous flow in asset investments towards 2020 to enable the reduction
Offtake price  Cost of energy initiatives by having a transparent and efficient consenting process
today (UK) target 2020

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

HVDC staion

Transmission grid Onshore substation

Target
considered
for country

scope

100 €MWh for DONG Energy scope in The United Kingdom

Different countries in the EU have different ways of calculating

Source: DONG Energy Wind Power, 2013

GLOBAL WIND ENERGY SHIPPING AND LOGISTICS 15
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Borssele | and Il, NL

- EUR 72.7 per MW/h was winning bid
» 2020 target achieved!

DONG

e N energy

Ve - Borssele | =95 WTG

/ positions, 350 MW

» Borssele I =95 WT

e S positions, 350 MW
b ’ + Approx. 30 km from

e : 5 S shore
e Hsunanpuiitios Rishel \ i + 14-38m depth
ety - \4 « MP/TP
\_‘ x * Operational 4 (+1)
- years after award

. Offsh(ij're sub-station and export cables
excluded; handled by TenneT TSO B.V.
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Parts &

Shipping &

SUpL compohents
logistics
Two
compohents .
- ¥ __ different
Tower I Foundation 1 .
:att‘;elle I(:abk-:s ) i o 1 fl OWS .
Global Bll:-:des i‘éﬁ;s.f?..'iﬁﬁaﬁo =1 S b European
‘ | — | Onshore
supply — Wind | Bal ~ |1 [ supply
chain turbine |4 S22¢® I = =l | chain and
ofplant || = |,
generator | | modules ||
| |_modules |/ L Offshore
Development || Installation & . De-
N Operations & ..
and consent commissioning . commissioning
maintenance phase
phase phase phase
2-8 years 2-5years 25 years 1-3 years

! 8 e
Project
approval
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Offshore Wind Adaption Lead

 Operator / Developer

@ BiLFINGER >>

o | e
e oo

d Contractor

DEPARTMENT OF MECHANICAL AND (((
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Offshore wind
logistics
maturity model

Logistics level of
Mature Industry Comparison

I CountryLevel | RegionalLevel 1 Global Level |

DEPARTMENT OF MECHANICAL AND (((
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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

Oil and gas

Il

DEPARTMENT OF MECHANICAL AND
MANUFACTURING ENGINEERING

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

«

Source: Poulsen & Hasager, 2016 21
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Engineer, build, and/or buy

Inbound Factory Outbound
Logistics Logistics Logistics

1-- Blades

2-- Hub

3-- Nacelle

4.- T .
N— Physical

6. wrc Foundation
7-- Array Cable

0SS Topside
0SS Foundation

flow

Export Cable

I
I
I
I
I
I
I
I
I
I
I
I
I
Transition Piece 1
I
I
I
I
I
I
I
I
I
I
I
1
Onshore sub-stationi

[

Cost flow...

Information and communication flow. ..

Documentation and contract flow.. ..

DEPARTMENT OF MECHANICAL AND ((‘
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SWP ' Van Oord

Turbines |

Foundations

Inﬁgﬂ!g wggble Export Cable

Gemini OWF 600 Mw
SWP responsible for WTG installation scope, Van Oord responsible for the rest of the installation scope

60% ownership (((
L P
AALBORG UNIVERSITY
DENMARK
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O&M logistics strategy

Sea-based
Maintenance

Offshore wind shipping and

---L----

(patiorms logistics complexity model
and/or SOV) Prad
PR
-
o’ 7 .
- 2" TopSide g
,’ WTG ,’
Land-based PR 0SS R
g p
: »7 Sub Sea s
(max 90 mins P ’
CTV radi P Cables ,/
radius) 1’ WTG/OSS Foundations
e I
Planned Maintenance Unplanned Maintenance
Unit-level ' Farm-wide ! Unit-level ' Farm-wide
Prevention Prevention Break-down Break-down
DEPARTMENT OF MECHANICAL AND (((
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: | | | | | | | | | | | | )»
July, 2014 | |
Kick-off
— February 11, 2015 20 September 7, 2015
- Reference Group kick-off June, 2015 Reference Group presentation
PFOJECt I Student exam #2
planning

January, 2014
Student exam #1 Follow-up Analysis
surveys

End June End July

April, 2015 May, 2015 Start Complete
Exploratory Pilot survey Main survey
interviews
October, 2014  February, 2015 N~
Interview start  Interview end 1 Planning )
)
2 Exploratory interviews ©
Phase 1 X
3 Surveys o

P h ase 2 4 Interview transcription
Phase 3 5 Student exam analysis
P h ase 4 6 Project analysis

7 Strategy hand-over to company
Phase 5
Phase 6

DEPARTMENT OF MECHANICAL AND ((( DDNG
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Top management

Site layer
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Innovation to reduce costs

Innovation description

[y

LCoE

Establish preventive maintenance process for BOP components, incl.
Ifoundations/cables/OSS

Market analysis of future offshore accommodation options as OWFs

move further away from shore into deeper waters LCoE

Improve present and future crew transfer process to / from any

offshore structure to reduce risk of accidents HSSEQ

cater for heavier and larger WTG and BOP components LCoE
Determine if pressent and future vessels can be used for multiple

purposes (e.g. WTIVs for foundations, WTG's, cables, and OSS; LCoE
CTVs for surveys)

DEPARTMENT OF MECHANICAL AND (((
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| ]
August 25,
2014

Kick-off

December 2, October 8,
2014 2015
. . . _ Test
Brainstorm Cost Reduction Forum First review _
Kick-off area 2 case.

40% compared to 2012

: Anholt
Offshore wind

Area 1l

White book of
the Danish
tendering

process

Area 2

Alignment of
incentives in
contracts during
installation

DEPARTMENT OF MECHANICAL AND
MANUFACTURING ENGINEERING
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Area 3 Area 4
Efficient
offshore

transport for

maintenance

Efficient sub-
sea
maintenance

Logistics
process
redesign and
concept
development

«
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| | | | | | | | | | | | | | )»
| | | | | | |
Pre #1 #2 #3 #4 #5 #6
Exploratory Brainstorm Ranking 2 groups 2 groups Review Present to CRF
Idea development Implementation

Business

case #1
o uSINEeSS

case #2

idea

18 interviews 2 additional ideas Concept

- 14 F2F
-4 phone 3 ideas selected Business
case

elements

Phone

interview
= 36 ideas

Calculations

8 additional ideas

Grouping:
Standard rules

Implementation
planning
Optimize utilization of vessels
Stand alone projects

”Maybe”

”No go” ((( Likeliness
DEPARTMENT OF MECHANICAL AND

MANUFACTURING ENGINEERING
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Initiative name Cost-out initiative description Idea agreed

Lean in O&M logistics Eliminate waste from quay side to offshore site First series of meetings

Working 24/7 Adding a night shift to present day operations First series of meetings

. The sharing of vessels and helicopters between Second series of
Asset sharin g different offshore wind projects meetings
Parts, tools, and Optimization of advance packing of parts and tools Second series of
consumables pre-p lannin g including location of tools meetings
C g . Vision for the future of O&M logistics in both near Second series of
O&M IOgIStICS vision 2025 shore and far shore context meetings
DEPARTMENT OF MECHANICAL AND (((
MANUFACTURING ENGINEERING Source: Poulsen, Hasager, and Jensen, forthcoming 31
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STAKEHOLDER
Goal: 40% cost reduction.
Vision: Increase coorporation in the supply chain.
Move from products to systems.

Increase coolaborationamong supply chain entities.

INDUSTRIALIZATION

Value Stream Mapping

SRM
(Supply Relationship Management)

ESI

- Contracting

- Relations health (RH) and
Supplier perception audit (SPA)

Cost Modelling (Reducing cost

of Energy)

Knowledge sharing &
Management

- Absorptive Capacity

Relationship Management

Buyer-Supplier

New Business Model
Relationship Management

Buyer-Supplier

Collaboration
Relationship Management

1
- Global sourcing i
- Component supplier !
- Commodity supplier 1
|
1

- System supplier
- Partner / Alliances

DEPARTMENT OF MECHANICAL AND
MANUFACTURING ENGINEERING
- SHIPPING & LOGISTICS

PARTNERING

Legend for academic terms

ReCoE: Reducing cost of energy
SDI SRM: Supply Relationship Management
(Supplier Development initiative)
' Training [Mostly SME) : VSM: Value Stream Management
i - Financial strenght :
| - Bestpractice transfer | SDI: Supplier Development Initiative
ESI: Early Supplier Involvement
SN Architecture
(Supplier Network Architecture) RH: Relations Health
SPA: Supplier Perception Audit
E2E VC Integration . . . .
(End-to-End Value Chain Integration) SME: Small to Medium sized Enterpnse
SNA: Supplier Network Architecture
SC Process Optimization E2EVCI: End-to-End Value Chain Integration
(Supply Chain Optimization)
SCPO: Supply Chain Process Optimization
SC Analytics SCA: Supply Chain Analytics

(Supply Chain Analytics)

«

AALBORG UNIVERSITY
DENMARK

Source: Stentoft, Narasimhan, and Poulsen, 2016 3?2



Input: Specific EU funding calls

EU Commission H2020 WP Energy 2016-

2017 lobbying status:

* Logistics, shipping, and port related texts
successfully inserted

« 2 separate low carbon energy calls about

wind energy

v LCE 13 — 2016: Solutions for reduced
maintenance, increased reliability and extended
life-time of wind turbines/farms (grant size
EUR 7-10 million)

v LCE 14 — 2017: Demonstration of large >10MW
wind turbine (grant size EUR 20-25 million)

Huge success!
DEPARTMENT OF MECHANICAL AND (((
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Next Generation
Technologies
Consolidating the
scientific base for wind
research and enabling
pioneering research to
lead to breakthroughs
scale and faster
delivery pace

Grids Systems, Integration and Infrastructure
Developing wind energy capabilities to fit in a grid with

important shares of renewable energy

Offshore Balance of Plant

Operation & Maintenance
More sensors, and enhanced
sensors enabling to reach more
reliable and efficient operation
& maintenance of the turbine,
improving their yields and

optimising their lifetime

Industrialisation
Developing the value chain
and facilitating the interaction
between stakeholders notably
through standardization will
allow to achieve economies of
scale and faster delivery pace

Exploring new areas for offshore wind and making it
competitive with conventional generation through the

improvement of substructures & foundations, site access,
offshore grid infrastructure, assembly & installation

DEPARTMENT OF MECHANICAL AND
MANUFACTURING ENGINEERING
- SHIPPING & LOGISTICS

«

AALBORG UNIVERSITY
DENMARK

1.Grid systems,
Integration, and
Infrastructure
2.0perations &
maintenance
3.Industrialization
4. Offshore
balance of plant
5.Next generation
technologies

Source: European Technology and Innovation Platform
on Wind Energy Strategic Research and
Innovation Agenda, forthcoming September 27,
2016
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Key take-aways from today

« Wind is not competitive with other energy forms

« Especially for offshore wind, LCoE has to be reduced

* LCoE is calculated in different ways for offshore wind

* A 40% cost reduction for offshore wind was targeted for
2020 based on 2012 prices

« Cost savings either as direct cost-out or innovations

« Takes time and requires cultural savvy to implement

DEN DANSKE ] DDME arant ((‘ GLOBAL WIND ENERGY
MARITIME FOND g SHIPPING AND LOGISTICS
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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
| thomas@poulsenlink.dk

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

¥ @WindSCMPhD
) thomaspoulsenskype
+45-23831621

MARITIME FOND s DDMF grant
2012-097
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