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This study has been commissioned by TKI Wind op Zee. The research for this report is
being conducted by PricewaterhouseCoopers Advisory N.V. (PwC) and DNV GL in
cooperation with Ecofys Netherlands B.V. (Ecofys)
TKI Wind op Zee (Top consortium for Knowledge and Innovation Offshore
Wind) is part of the Dutch Topsector Policy: a government policy that targets
the further development of successful industry sectors through research and
development in cooperation with universities and knowledge institutes.

The aim of TKI Wind op Zee is to reduce the cost of offshore wind projects by
40% in 2020, compared to 2010. Further, the organisation also aims to
strengthen offshore wind-related economic activities in the Netherlands and
to support the Dutch offshore wind sector so that it continues to
lead internationally.

TKI Wind op Zee wants to realise these through the following:

• R&D programmes in collaboration with industry;

• Strategic workflows with projects that serve both the private and public
interest; and

• Project Leeghwater: an offshore wind farm for test and demonstration of
innovations.

TKI Wind op Zee directs the research, innovation activities and
implementation of offshore wind technology for industry in the Netherlands.
Also, TKI Wind op Zee guarantees rapid dissemination and deployment of the
developed knowledge, techniques and working methods.

PwC is a professional services firm, providing Assurance, Tax, Human
Resources and Advisory services. The specialists in the PwC Renewable Energy
group have a broad range of energy sector knowledge at their disposal, which
is combined with financing and regulatory knowledge present in the firm.

PwC strives to facilitate the debate on renewable energy, by conducting high-
quality, fact-based studies and by stimulating the debate. Apart from
organising round-table discussions, the firm is also part of the impetus behind
the EnergiePoort convention at the Nieuwspoort press centre, where
stakeholders exchange ideas with the Dutch Members of Parliament and
other top officials, energy and gas companies, professional associations and
environmental organisations.

DNV GL provides independent expert advisory services along with
classification, technical assurance and software to the maritime, oil and gas
and energy industries. It also provides certification services to customers
across a wide range of industries. The DNV GL offshore wind team has
completed more than 200 commercial contracts and 150,000 engineering
hours, including 10 GW of O&M studies, 10,000 MW of energy yield studies,
9,000 MW of due diligence review and more than 1,000 MW of Front-End
Engineering Design Studies.

Ecofys was established in 1984 with the mission of achieving ‘sustainable
energy for everyone’. Ecofys has become the leading expert in renewable
energy, energy and carbon efficiency, energy systems and markets as well as
energy and climate policy. The unique synergy among these areas of
expertise is the key to its success. Ecofys creates smart, effective, practical
and sustainable solutions for and with public and corporate clients all over the
world. With offices in Belgium, the Netherlands, Germany, the United
Kingdom and the US, Ecofys employs over 200 experts dedicated to solving
energy and climate challenges.
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Our scope and process
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Our scope This study was performed by PwC and DNV GL for TKI Wind op Zee. The study focuses on identifying cost reduction
potential of cost reduction options for offshore wind in the Netherlands from FID 2010 to FID 2020. According to the Dutch
Energy Agreement a cost reduction of 40% has to be achieved over 2014-2024, representing the years for an operational
wind farm. Therefore, this cost reduction path coincides with our analysis of cost reduction at FID.

The study can be seen as a follow-up on previous British and German cost reduction studies. The options for cost reduction
could materialise due to technological changes, market and supply chain developments, changes in financing of the wind
farm and policy. PwC and DNV GL have created a longlist of all cost reduction items that have been identified and have
selected the ones with substantial impact (≥1% LCoE reduction). TKI WoZ will align its activities based on the main areas of 
cost reduction resulting from this study, to increase the likeliness of achieving the cost reduction potential in 2020.

PwC and DNV GL have analysed the cost reduction potential for one Dutch reference wind farm. Other locations have not
been analysed in depth (except for a mainly qualitative assessment of a farm located further from shore) and PwC as well
as DNV GL have not analysed different scenarios within the scope of this project. This would be interesting follow-up
research.

PwC and DNV GL have performed the research for the study. Ecofys performed the calculation of LCoE impact of various
cost reduction options in the TKI model. The fieldwork ended on 20 August 2015.

Limited Extensive

Access to information The available information gives a solid basis for this report. PwC and DNV GL have used publicly available information from
governmental bodies and general market reports in the Netherlands as well as neighbouring countries. Please refer to
Appendix 5 for an overview of the literature used in this study. Further, the analysis of the Dutch situation could not have
been done without close collaboration with market parties. Input was provided by market parties through a survey,
interviews and workshops. Please refer to Appendix 6 for a list of participating companies.

Limited Extensive

Clarity of information The collected information, along with the access to experts and the expertise of PwC and DNV GL, has allowed PwC and
DNV GL to gain insight into the potential cost reduction options for offshore wind in the Netherlands.

Applied assumptions for the calculation of the impact on the LCoE are presented in Appendix 1. In Appendix 2, the model
used for assessing the impact on the LCoE is explained.Poor Good

Guidelines for the use of this
report

This report is for general information purposes only and expert advice should be obtained before acting on the basis of any
part of the information provided in this report. Although the information has been reviewed for factual accuracy, TKI Wind
op Zee, PwC and DNV GL assume no responsibility for any errors or omissions contained in the report.
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Summary (1/3)
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Offshore wind costs need to decline by 40% if this technology is to be supported by
the Dutch government. Our analysis demonstrates that this target is within reach
given the potential of Technology, Market & Supply Chain and Finance

• This study presents the results of an assessment of the cost reduction
potential across Technology, Market & Supply Chain and Finance from
2010 to 2020 (at final investment decision). It focuses on factors in the
control of market participants and policymakers and excludes aspects
such as steel prices or changes in interest rates.

• The assessed cost reduction potential is 46% by 2020, exceeding the
target of 40%. This only takes into account the main cost reduction
items (>1% LCoE reduction per item).

• The cost reduction potential is possibly larger if smaller items are also
included; 1% LCoE reduction is equivalent to ~€10m.

~20%

~50%

~30%

Drive train concepts

Layout modelling

1.7%

1.9%

2.3%

Standard substation 2.4%

Efficient foundation design

1.5%66 kV cables

5.6%

1.1%

Monopile installation 1.1%

EU competition

Increased design life 3.2%

Operation period TenneT

XL monopiles

Horizontal co-op

Construction time

5.2%

2.1%

2.4%

Vert. collaboration

1.7%

Sweating assets 2.1%

1.6%

Contract form

Dec. cost of debt

5.0%

5.0%

1.1%

Learning by doing

Integrated design

Blade design & manufacturing

3.2%

7.0%Rated power

3.6%

Dec. cost of equity

2.7%

Controls 2.7%

3.0%Dec. WACC TenneT

Hammering on the flange

Technology2010 LCoE

100%

-27%
-46%*

40%
target

2020 LCoEFinance

54%

-14%

Market &
Supply Chain

-19%

1
Offshore wind cost could be reduced by more than 40% by
2020

Within the three main categories, there are a number of
components that can contribute to the cost reductions

2

Cost reduction potential 2020 by category

Cost Reduction Potential by Specific Component**

Policy
Policy indirectly
contributes to
cost reduction

through
innovation

support,
consistent and

long-term
policies, and
creation of a

conducive
investment

environment

**Cost reduction impact of several items cannot be added due to interaction effects

Market & Supply Chain

Technology

Finance

Total cost reduction
potential (individual
areas do not add up
to total due to
interaction effects)
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Continued effort of market participants and policymakers:

• In the Market & Supply Chain, significant steps still need to be taken.
First, it is uncertain if smaller players will have the opportunity to
increase market share and further drive competition. Second, it is
important that lessons learnt and the experience from realising the
first farms are shared in the market to ensure that cost savings,
innovation and experience can be widely deployed.

• In the areas of Technology and Policy, a large part of the potential has
materialised, but further steps need to be taken. For Technology,
especially turbine innovation plays a vital role. Continued asset
investment and R&D efforts have to be made to reduce cost and
increase reliability and profitability. For Policy, the government can
learn from the first tenders and fine-tune policies accordingly.

• Although Finance is expected to have almost reached its 2020
potential, isolated negative experiences could partially push risk
premiums back. Further, the need for proven technology might strain
technological innovation.

Development of external factors:

• It is uncertain if current beneficial market conditions (low steel and
interest rates) will remain in the future. A 1% increase in the swap
rate, for example, results in a ~3% LCoE increase. So, price increases of
external factors might offset part of the cost reduction potential.

… but whether the 2020 target will be reached depends on two
factors:

Part of the cost reduction potential in 2020 has already
materialised…

Summary (2/3)
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Although substantial cost reductions are locked in, meeting the 40% cost reduction
target requires continued efforts from market players and the government, and
favourable prices of main external inputs (like steel) and interest rates

3

PolicyMarket &
Supply Chain

100% 2020 full potential

Technology Finance

Indicative 2015 cost reduction and 2020 potential gap

Potential 2020

Current 2015

A

B

1

• Turbines have increased to 6 MW in the past five years and orders have
been placed for 8 MW turbines. Monopiles have continued to be used for
these increasingly large turbines, exceeding market expectations (switch
to jackets).

• Progress seems to be lagging, but in this category, progress is also
expected through the increased level of construction in the coming five
years, as the tenders start from 2015 onwards.

• Risk premium for debt and required equity return has decreased
significantly. This is considered to be a structural development as
competition and offshore experience are expected to continue to grow.

• Substantial steps have been taken, including assigning TenneT as offshore
grid operator, selection and development of zones that will be tendered.

1

2

3

4

2 3 4

Source: Cost reduction workshops, PwC and DNV GL analysis
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Coal Gas Offshore wind

We have identified a number of key steps for all market
participants going forward…

Summary (3/3)
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• The cost reduction potential after 2020 is expected to be
substantial, driven by technology and supply chain developments:

• Dominant turbine size is expected to be in the 8 MW class by
2020 and turbine size could increase further. Upscaling comes at
a price per unit and has to be balanced by the reduction in the
number of turbines, lowering support structure and O&M costs.

• Low-cost competition and learning effects due to increased
experience, scale and standardisation are expected to
materialise after 2020.

• Continuous cost reductions could make offshore wind competitive
compared to coal and gas-fired generation by 2030.

There are a number of critical next steps for all market participants that will allow
the target to be achieved and offshore wind to potentially become competitive by
2030

4 5
…which will help achieve the 2020 target, but will also
position offshore wind to potentially reach grid parity by 2030

Next steps to achieve cost reduction

LCoE of coal, gas and offshore wind (€/MWh)

0

50

100

150

200

250

20102020 203020302010 20102030

?

20202020

Source: Fraunhofer ISE (CO2 price of €35/tonne in 2030 used), PwC and DNV GL analysis

Increase in LCoE is driven by fewer full
load hours and increased CO2 prices.

Technology

• Demonstrate technological
innovations

• Share knowledge and cooperate
to innovate in a holistic manner

• Increase financial support for
innovations by connecting
investors, launching customer
and small innovative companies

Market & Supply Chain

• Stimulate vertical and horizontal
collaboration. Create platforms
(conferences, meetings and
studies) to actively share
increased experience

• Stimulate competition of new
entrants and players from
adjacent markets

Finance

• Increase knowledge sharing with
supply chain (technology) to
assess risks appropriately

• Increase the knowledge of
financial investors (such as
pension funds) to stimulate
investment

Policy

• Market outlook post 2020 to
trigger supply chain investment

• Ensure regulatory certainty

• Analyse and implement lessons
learned after Borssele tender

• Provide (clarity on) compensation
for grid delays

• Support innovation by knowledge
sharing and demonstration

Additional
efforts

40% to 46%
LCoE reduction

AppendicesPotential after 2020Scenario analysisCost reduction potentialApproachIntroduction



October 2015

Introduction 8

Approach 13

Cost reduction potential 18

1 Technology 20

2 Market & Supply Chain 27

3 Finance 33

4 Policy 39

Scenario analysis 46

Potential after 2020 54

Appendices 58

1 List of base case assumptions 59

2 Model specifications 60

3 From longlist to shortlist cost reduction options 62

4 Shortlist quantifications 69

5 Bibliography 74

6 List of participants 76

Contents

7

TKI Wind op Zee

AppendicesPotential after 2020Scenario analysisCost reduction potentialApproachIntroduction



October 2015

Introduction

TKI Wind op Zee

AppendicesPotential after 2020Scenario analysisCost reduction potentialApproachIntroduction



October 2015

38

63

75

45

78

119

135

...but the technology is relatively expensive

• Offshore wind is among the most costly sustainable technologies. Cost
curves of other technologies like solar are decreasing rapidly. Various
countries have started to explicitly force cost reduction by using cost
reduction targets or increasing the competitive nature of subsidy tenders.
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European countries aim high in offshore wind…

• Various (North-Western) European countries plan to realise additional
offshore wind capacity. The total EU targets add up to 20 GW being
planned by the countries below:

* It is estimated as the net present value (NPV) of total costs of the lifetime of a power plant divided
by NPV of electricity generation (under assumed utilisation rate) without taking into account social
costs and benefits

In many North-Western European countries, offshore wind capacity is planned to be
increased as it is an important option to reduce greenhouse gas emissions. The costs
of the technology are, however, relatively high and need to be lowered

United Kingdom
Installed capacity: 4.5 GW
Target 2020: +7 GW

France
Installed capacity: 0 MW
Target 2020: +2 GW

Denmark
Installed capacity: 0.9 GW
Target 2020: +2 GW

Germany
Installed capacity: 1 GW
Target 2020: +6 GW

Belgium
Installed capacity: 0.7 GW
Target 2020: +1 GW

The Netherlands
Installed capacity: 0.2 GW
Target 2020: +2 GW

194

53

107

PV 142

CCGT

Onshore wind

Brown Coal

Hard Coal 80

98

Biogas Power Plant 215

Offshore wind

Low estimate

High estimate

Levelised cost of energy (LCoE) of different technologies
in Germany in 2013* (€/MWh)

Source: Fraunhofer, PwC analysis
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Energy agreement

In the Netherlands, the growth of offshore wind must be accelerated, while the
levelised costs of energy (costs per MWh produced) must be lowered by 40% over
ten years
An additional 3.500 MW of offshore wind has to be developed by 2023…

• Current offshore wind experience is limited in the Netherlands (228 MW).

• Offshore wind is subsidised by the government as it allows for large jumps
in renewable energy production, which is much needed if the 16%
renewable energy target is to be met by 2023.

…and a 40% cost reduction target must be realised

• The cost of offshore wind in the Netherlands needs to be reduced by 40%
(as agreed upon in the Dutch energy agreement of 2013) for this
technology to remain relevant for the Dutch government. Offshore wind is
still relatively expensive, compared to other sustainable technologies.

10
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*Excluding the costs that will have to be made by TenneTSource: Kamerbrief 19 mei 2015, Kamerbrief 25-3-2015, TKI WoZ (SER meeting), PwC analysis

- 108 108
228 228 228 228 228

1,000

4,450

-

500

1.000

1.500

2.000

2.500

3.000

3.500

4.000

4.500

5.000

Tendered
in:

Wind
capacity:

Operational
by:

2015 700 MW 2019
2016 700 MW 2020
2017 700 MW 2021
2018 700 MW 2022
2019 700 MW 2023

Investment road map

Offshore wind cost reduction target (LCOE)*

2008 2010 2012 2014 2016 2018 2020 2022 2024 2026

€124 max.
tender amount

€100 max.
tender amount

2010 2023
target

20112006 Gap201220072005 20092008 Current
status

Opening
tender

FID Commis-
sioning

In
operation

Tender 1 2015 2016 2019 2020
Tender 5 2019 2020 2023 2024

Offshore wind - capacity development (MW)

€5 cost decrease per year from
2014 to 2024, representing the
years for an operational wind
farm. Therefore, this path
coincides with our analysis of
cost reduction at FID.
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… the government takes on part of the
development role…

• The government conducts development tasks
like site investigation and environmental
analysis (so-called ‘Milieueffect-rapportage’),
which will be shared publicly.

• The subsidy will be granted simultaneously with
the permit of building the offshore wind farm
(before 2015, companies needed to have the
permit to be able to apply for the SDE+
subsidy).

• A separate SDE budget applies for offshore
wind and tenders will not compete over
subsidies with other technologies.

Source: RVO, Ministry of Economic Affairs

For offshore wind, there have been three major policy changes recently. New zones
were designated for competitive tenders; the government performs site surveys and
TenneT has been appointed the role of offshore grid TSO
New zones have been designated…
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Tender
zone

Year of
tender

Distance
to coast

Water
depth

Wind
farms

Borssele 1 2015 30 18-38 2 x 350MW

Borssele 2 2016 38 18-38 2 x 350MW

ZH Kust 1 2017 26 18-22 2 x 350MW

ZH Kust 2 2018 26 18-22 2 x 350MW

NH Kust 2019 25 19-24 2 x 350MW

Test sites A small part per sites is reserved as test site

… and TenneT has been appointed as the offshore
transmission system operator (OTSO)

• TSO TenneT is now responsible for the
construction of the offshore substation, the
export cable to the shore and the transformer
station on the shore. TenneT will also design the
offshore grid (excluding the inter-array cables)
in close collaboration with market participants.

• The government and TenneT have consulted
technical interfaces and made relevant
corresponding choices on offshore grid in close
cooperation with the market. An example of
this is the choice affirmed by the government
for 66kV inter-array cables.

• Most legislation to support all changes
described on this page will be approved in the
course of 2015/2016.

Geotechnical site
investigations

Wind resource
assessment

Site
selection

Developing tasks government TenneT as OTSO2 x 300MW

108
MW

120 MW

New 700MW wind farm
Newly assigned area

Existing wind farm or under construction

129
MW

c. 22 km
from
coast

2016

2015

2017

2018

2019

1

2

3

Gemini wind farms
(Buitengaats and
Zee-Energie)

Q10
(Luchterduinen)

Prinses Amalia
Egmond
aan Zee

Existing and new wind farms

Legend

TenneT Offshore wind
developer
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Offshore wind costs must fall for this technology to remain relevant in the future.
This study aims at providing insights into the options for cost reduction moving
towards 2020 in the Netherlands
Internationally, there has been progress in reducing offshore wind costs

• In the Green deal offshore wind in 2011, the government and market
participants in the Netherlands agreed upon a 40% cost reduction target
by 2020. This 40% cost reduction target was agreed upon in the national
Energy agreement of 2013.

• The Netherlands is not the only country largely aiming at cost reduction in
offshore wind. Several studies have indicated that the target is feasible
and several options have been explored on how to achieve the target.

• The question remains as to how the target can be achieved in the
Netherlands. Do these conclusions also apply to the Dutch situation, given
that we are halfway through the time?

While several steps have been taken in the Netherlands, additional insight
is needed on how to achieve the cost reduction target

• TKI Wind op Zee is looking for ways to stimulate the development of
offshore wind in the Netherlands, and the cost reduction target is an
essential part of its strategy.

• The goal of this study is threefold:

1. To provide insight into the cost reduction potential from FID 2010 to
FID 2020 and feasibility of the target (potential)

2. To provide insight into the options for cost reduction (how)

3. Fuel the debate on the steps that can be taken to increase the
likeliness of actually achieving the cost reduction potential in 2020.

12
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Country Study Cost
reduction

United
Kingdom

‘Offshore Wind Cost Reduction’ 18-36%

Denmark
‘Denmark – Supplier of Competitive
Offshore Wind Solutions’

50%

Germany
‘Cost Reduction Potentials of
Offshore Wind Power in Germany’

32-39%

Potential cost reduction by studies Structure of the report

Approach

Results – individual
cost reduction items

Results – scenario
cost reduction

Potential after 2020

Appendices

In this chapter, we explain our approach, the
reference farm and research methods

In this chapter, we describe the LCoE reductions
that can stem from individual items

We have combined cost reductions into a best-
case scenario for 2020

We reflect on the feasibility of realising the
potential and discuss the outlook towards 2030

Covers, among others, the longlist of identified
items and our quantified shortlisted items

Source: NWEA
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Approach
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In this study, we assess the role of Technology, Market & Supply Chain, Finance and
Policy developments in cost reduction for offshore wind. Most policy measures do
not directly lead to cost reduction, but stimulate cost reductions in the related areas
There are four areas for cost reduction…

14
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… which lead to cost reduction for offshore wind farms

Technology Market & Supply Chain Finance Policy

• Technology covers technical
innovations that could lead to cost
reductions in the areas:

• Within Market & Supply Chain, four
cost reduction drivers are identified:

• Policy acts mainly as a driver of cost
reduction in Technology, Market &
Supply Chain and Finance through:

• Finance covers LCoE reduction
resulting from changes in the cost of
capital (for the grid as well as the
wind farm) and insurance costs:

Cost reduction options – offshore wind

Technology

Foundation
supply CAPEX

Electrical
supply CAPEX

Wind turbine
supply CAPEX

Installation
CAPEX

Cost of capital
Decommis-

sioning costs
DEVEX OPEX

Market
& Supply

Chain Finance

Cost of
capital

wind farm

Cost of
capital

offshore
grid Insurance

costs

Creating a market

Incentivise cost reduction
Preventing costs

Policy
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We have analysed the cost reduction potential for a reference wind farm based on
the upcoming tenders (Hollandse kust). We also conducted a high-level, mostly
qualitative, assessment of a zone located further from shore to be used after 2020
We have analysed a base case in detail based on the TKI model and reference farms

• We have assessed the LCoE impact of developments in the Technology, Market & Supply Chain and
Finance areas by using the TKI offshore wind model. Please refer to Appendix 2 for further
information on the model.

• The reference farms used in this model are built on the farms defined by TKI, which have been used
in the past five years in various cost studies of TKI.

• One farm represents the area in which some of the farms will be tendered towards 2020 (Hollandse
kust). This farm is used as the reference for the LCoE reductions.

15
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1

Hollandse kust - Base case (FID 2010)

Capacity 300 MW

Turbine capacity: 3 MW

Water depth: 25 m

Mean wind speed: 9.0 m/s

Distance to port: 25 km

Foundation: Monopile

O&M strategy: Workboats

58.6

19.7

25.5

Other CAPEX

Wind turbine supply

Foundation supply

9.2

1.3
Decommisioning

OPEX

Installation

Electrical supply

173.6

3.9

33.4

21.9

DEVEX

Overview of the characteristics of the reference farms Hollandse kust

LCoE of base case FID 2010 (€/MWh)

Source: TKI cost model
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Cost reductions

We have assessed the cost reduction potential from FID 2010 to FID 2020. From 2010
to 2015, some cost reductions have already materialised, which are partially driven
by factors that can be influenced as well as external factors

16
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… and some have materialised due to external factorsSome cost reductions have already materialised due
to innovations and developments…

This potential will be based on the expectations of various cost reduction
items. An estimation is made of the potential in 2020. The assumptions for
the cost reduction potential are based on the current view after five years of
cost reductions (2010-2015). The following drivers have already been
propelling cost reduction:

• Technological progress has been made with regard to increasing turbine
size and use of monopiles;

• Changes in financing of offshore wind farms (decreasing risk-free rate);
and

• A strong change of policy in favour of offshore wind. Current energy
agreement creates a stable pipeline.

Innovations and market developments (able to influence) External developments (unable to influence)

-

50

100

150

200

2010 2011 2012 2013 2014 2015

Iron ore price (USD/tonne)Statements by market participants

Technology:
• “6 MW and larger turbines have become commercially available earlier

than anticipated and we are still able to use monopiles”

Market & Supply Chain:
• “We are currently already sharing best practices regarding the

development of offshore wind farms”

Finance:
• “More experience with the offshore wind sector (maturity) and the

absence of large issues decreased the risk profile of offshore wind”

Cost reduction for offshore wind can stem from innovations and market
developments as well as from factors that can be less influenced by market
participants. These external factors can lower the costs of offshore wind as
purchasing prices go down. The most important price changes are as follows:

• Copper prices have decreased, leading to lower costs for cables;

• Steel prices have decreased, significantly reducing the prices of
steel-heavy assets like monopiles and turbines (please refer to the graph
below); and

• The swap rate, which is a strong indicator of the risk-free interest rate, has
decreased substantially, which reduces the debt rates required by debt
providers.

Source: Thomson Reuters
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We have assessed the main innovation areas (from longlist to shortlist) which reflect
the potential impact at FID 2020. We have actively involved market participants to
reflect the expectations of the market
We created a longlist of innovations and
developments…

17

TKI Wind op Zee

Gather cost reduction options Select and validate options Quantify and calculate impact

Longlist of options Shortlist of options Quantified LCoE reductions

Calculate LCoE impact in TKI model

Selection of shortlist options
• Impact must be significant (>1% LCoE)
• For technical innovations ,time (years) until

Technology Readiness Level (TRL) must be
nine.

• For Financial, Market & Supply Chain and
Policy developments, a medium or high
likelihood

Desk research
• Research of most important North-Western

European studies

Survey
• >300 parties active in offshore wind were

approached for their views on cost
reduction potential and innovations

Interviews
• In-depth interview with around fifteen

parties active in offshore wind

Validation in workshops
• Two workshops with around ten industry

experts each to validate the findings and add
missing items

Formulate quantitative input
• Determine the validated quantitative impact

of innovations and developments on the
individual cost aspects of a wind farm

Formulate scenarios
• Combine the individual innovations and

developments into quantitative scenarios

… of which, we selected the most important
areas (based on impact and likelihood)*

* Other smaller innovation areas can also contribute to cost reduction and could lead to additional potential

The impact of these innovation areas on LCoE was
calculated in the TKI model

European competition
Low-cost competition
Vertical collaboration
Horizontal co-operation
Volume procurement
Standardisation of processes
Learning by doing
Sweating assets
Contract form

European competition
Low-cost competition
Vertical collaboration
Horizontal co-operation
Volume procurement
Standardisation of processes
Learning by doing
Sweating assets
Contract form

Vertical collaboration

European competition

Sweating assets

Horizontal co-operation

Shorter construction time

Learning by doing

Contract form

Example of
Market &
Supply Chain
area
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Cost reduction
potential

TKI Wind op Zee
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We have identified the highest impact cost reduction options for offshore wind from
FID 2010 to FID 2020, which are further described per area in the following chapters

19
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Technology Market & Supply Chain Finance

Cost reduction options offshore wind

• For each of the categories (Technology, Market & Supply Chain and Finance), we have selected shortlisted items that can contribute to reducing the LCoE of
offshore wind. These items were selected based on their expected contribution (>1% LCoE reduction) and the likelihood that they would be applicable to
the reference case within the time horizon up to FID 2020. The shortlist is expected to cover about 85% of the total cost reduction potential towards 2020.

• For the LCoE reduction of the selected items, each has been individually calculated by only taking into account the cost changes relating to the item. For all
other variables, the base case variables have been used. This calculation results in the direct LCoE reduction of the single innovation or development.

1.1%Contract form

1.7%

Sweating assets

2.1%

Learning by doing

2.4%

2.1%

Construction time

EU competition

Vert. collaboration

5.6%

5.2%

Horizontal co-op Operation period TenneT 1.6%

Dec. cost of debt 5.0%

Dec. WACC TenneT 3.0%

Dec. cost of equity 5.0%

Standard substation 2.4%

2.3%

Hammering on the flange

1.1%Monopile installation

1.1%

66 kV cables

Drive train concepts 1.9%

1.5%

1.7%Integrated design

Efficient foundation design

Layout modelling

3.2%Increased design life

2.7%

2.7%Controls

XL monopiles

Blade design & manufacturing

Rated power

3.6%

7.0%

3.2%
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• Due to the limited contribution of installation
costs to the LCoE, the impact of innovations
on installation is limited. The largest impact is
expected from installing the monopile, while
incremental innovations are expected for
turbine and cable.

• Assigned responsibility of TenneT as
offshore TSO enables cost reductions by
standardising the offshore platforms and
application of 66 kV inter-array

cables.

• A decrease in operational costs is largely driven by innovation in other areas. From an
Operation & maintenance perspective, an increased design life for offshore wind farms
will have a high LCoE impact, while other incremental innovations also contribute.

Transport & Installation Electrical infrastructure

The increase in rated power of wind turbines, improvements in blade design and
manufacturing and the application of XL monopiles have the largest impact on cost
reduction
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• Large cost reduction potential stems from
turbine innovation, with the largest impact
due to upscaling of turbine size.

• Application of XL monopiles and
hammering on the flange offer the largest
cost reductions for support structures.Technology

Wind turbines and farm Support structures

Operation & Maintenance

Blade design &
manufacturing

7.0%

3.6%

Turbine size

2.7%Controls

Drive train concepts 1.9%

Layout modelling 2.3%

Integrated design 1.7%

Efficient foundation design 1.1%

XL monopiles 3.2%

Hammering on the flange 2.7%

Standard substation 2.4%

66 kV cables 1.5%

1.1%Monopile installation

Increased design life 3.2%
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Application of XL monopiles and hammering on the flange offer the largest cost
reductions for support structures

High impact innovations in support structures:
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XL monopiles for 6-8 MW wind turbines

In previous studies (Crown Estate and Fichtner), it was assumed that towards 2020, the 6-8 MW class
offshore wind turbines would be placed on jackets. However, the possible application of monopiles is
expanding, to waters deeper than 30 metres and for turbines larger than 4 MW. Up to 2015, monopiles
have been installed with diameters of up to 7.5 metres. Production facilities capable of fabricating
diameters of 10-11 metres have been announced. This makes it possible to place the 6-8 MW turbines
(regarded as leading turbine class for 2015-2020) on monopiles at most of the locations in the
announced wind farm zones as water depth ranges from 18 to 38 metres. For the 25 metre water depth
of the reference case, it is assumed that the 6-8 MW class turbines can be placed on these XL monopiles.

Taking out the transition piece: hammering on the flange

The grouted connection between the monopile and the transition piece has caused some concern over
the years. In the Luchterduinen project, the flange for the bolted connection of the wind turbine has
been directly placed on the monopile. The monopile is then installed by hammering directly on the
flange. The platform and other secondary steel are connected to the monopile after its installation. The
hammering on the flange requires some reinforcement steel, but overall this method saves steel as the
overlap of transition piece and monopile is eliminated, and the installation process is sped up because
the grouting process is avoided.

Integrated design turbine and foundation

By applying an integrated design of the tower and foundation, the total amount of steel used in the
support structure can be decreased. This can save an estimated 10% or more of your tower and
foundation supply cost.

Efficient design by improved modelling

In the design of monopiles, relatively large safety margins are assumed based on empirical methods . By
improving the knowledge on the interaction between the soil and the structure and the modelling
techniques, such safety margins can be decreased and less steel can be used for the monopile.

1

2

3

4

2

3

1

4

3.2%

1.1%

1.7%

2.7%

tower

monopile

transition
piece
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Turbine size: increasing rated power

It is expected that the 8 MW class wind turbines will obtain the largest market
share for offshore wind farms in FID 2020. Despite increasing turbine supply
cost, the reduced number of turbines required will still reduce overall LCoE.

Blade design and manufacturing

This category combines innovations for blade tip speed, blade aerodynamics,
improvements in manufacturing, design standards and materials. At offshore
locations, the noise restrictions for wind turbines are relaxed, making higher
blade tip speeds possible.

Improvements in controls

This category combines innovations in blade pitch control and inflow wind
measurements. Not included are possibilities of adding active controls such as
flaps on the blades, as these are uncertain to be realised before FID 2020.

Large cost reduction potential stems from turbine innovation with the largest impact
due to upscaling of turbine size

Optimal layout

Improvements can be made in layout modelling to include aspects such as
seabed conditions and optimal array cabling. This multi-disciplinary approach
for layout modelling will simplify layout design and, therefore, decrease
development costs, foundation costs and operational costs, and increase your
realised AEP.

Drivetrain concepts

The application of innovations such as superconducting generators or
mid-speed generators are uncertain to be realised or will have a small market
share before 2020. The most likely drivetrain change adopted by 2020 is the
direct drive generator and this concept has, therefore, been assumed for the
cost reduction estimations. The gearbox is a high-failure component and it is
expected that a reduction in failures will decrease OPEX and increase AEP
through reduced standstill hours.
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1.9%

2.3%

3.6%
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High-impact innovations in wind turbines and wind farms
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66 kV inter array cables

After consultation with the market and TenneT, the Ministry of Economic
Affairs has decided that all inter-array cables should be connected at 66 kV
voltage level to the TenneT offshore substation. This will lead to an increase
in the number of turbines that can be connected on one array cable, reducing
total cable length. The estimated readiness is high as the 66 kV option is not
considered uncertain: all wind farms in the assigned wind farm zones in the
Netherlands will be connected to the substation at 66 kV.

* Other TenneT-related cost reductions are identified in the areas of Finance
and Market & Supply Chain. For example, reduced OPEX effects through
maintenance campaigns for the five transformer stations are considered
under Asset sweating in the Market & Supply Chain section.

Assigned responsibility of TenneT as offshore TSO enables cost reductions by
standardising the offshore platforms and applying 66 kV inter-array cables

TenneT has been appointed as the Offshore Transmission System Operator (OTSO) for the five upcoming tenders for wind farms in the assigned wind farm
zones. The main technological cost reductions for the electrical infrastructure arise from the following two decisions*:

Standard transformer station

TenneT intends to install five identical HVAC substations of 700 MW in the
assigned wind farm zones. A cost reduction can then be realised due to the
following:

• a reduction in supply costs; and

• redundancy of two transformers and two export cables, leading to an
increased AEP.

An increase in installation costs is assumed as the array cables of two 350
MW wind farms have to connect to a single hub, instead of a substation in a
convenient spot in the individual wind farm.

TKI Wind op Zee

1 Technology

Offshore wind farm TenneT existing onshore grid

Inter-array cables

TenneT offshore grid

Sea cables

Landcables

Dune crossing

Offshore
substation AC

2

1

21 1.5%2.4%
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Due to the limited contribution of installation costs to the LCoE, the impact of
innovations in installation is limited. The largest impact is expected from installation
of the monopile while incremental innovations are expected for turbine and cable

Individually, the estimated LCoE impact of wind turbine installation and
cable installation is low, but progress is expected

• Improvements in cable installation involve the development of
special-purpose vessels that can operate year-round, including winter.
Cost reductions can also be achieved by optimising the cable pull-in and
hang-off procedures, by limiting the required personnel transfers to the
turbine or dry testing.

• For turbine installation, limiting the numbers of lifts offshore can reduce
installation costs. Even single lift installation methods, installing the
complete turbine in one offshore lift, have been suggested.

TKI Wind op Zee

1 Technology

Turbine installation:

• Grouped component installation
up to single lift Transport&
Installation methodologies

• Blade lifting tools

Foundation and turbine installation:

• Feeder concepts, where barges
transport the components to the
main installation vessel, can
reduce total installation costs for
wind farms further offshore.

Cable installation

• Improvements in cable pull-in,
e.g. dry practice on land.

• Improvement in operational
limits of cable-laying vessels.

Jacket installation

• Improvements in operational
limits

• Special-purpose vessels

Sources pictures (from left to right): DNV GL (Laura Ellington, Simon Mockler, Böhme), Koolen photography/Gemini

The dominant foundation for the Dutch waters is the monopile,
and monopile installation costs can be reduced by the following:

• Increasing weather windows by better vessels and tools;

• Installing monopiles by Heavy Lift Vessels on Dynamic Positioning (DP);

• Adopting new installation methods such as the use of a vibrohammer,
although market share is uncertain due to uncertainty of whether
regulations will allow this.

There is still much to be gained in jacket installation, but this foundation is not
considered applicable for the reference case up to the set time horizon of FID
2020. As we move further offshore, in deeper waters, these become relevant.

1.1%
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Operational costs are impacted by innovations
from other areas:

• The increase in rated power of the wind
turbines, decreasing the number of wind
turbines in the farm to be accessed for
maintenance and repair.

• The reliability of the turbine, connected, for
example, to the innovation of the drivetrain of
the turbine.

• The layout of the wind farm.

A decrease in operational costs is largely driven by innovation in other areas. From an
Operation& maintenance perspective, an increased design life for offshore wind
farms will have a high LCoE impact while other incremental innovations contribute
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3.2%Within Operation& maintenance,
increasing the design life of the wind farm has a
high impact

The largest impact comes from increase in the
design life of your wind farm: increasing the
lifetime of a project from 20 to 25 years will give
an LCoE reduction of around 3.2%, calculating
from our base case. Several other studies (by
Crown Estate, DONG) have estimated an LCoE
impact of 5%. This does require type certification
for both wind turbine and foundation for the
extended design lifetime of 25 years, and an
increase in the supply costs of these two has been
assumed.

Other examples of innovation in O&M have a low
impact on LCoE, but still can offer significant cost
reductions for the operational costs:

• Turbine transfer improvements raising the
operational limits up to around 2.5m significant
wave height. This will increase the number of
working days offshore.

• Condition-based monitoring: Improvements in
the integration and interpretation of all wind
turbine operational data. A small increase in the
turbine supply cost to incorporate monitoring
equipment is weighted out by the advantages
of reduced repair time and increased AEP.

Start of
operation

Extended
design

lifetime

Increase in
rated power

Improvements
in controls

Drivetrain
concepts

Operational
costs

Optimal layout
modelling

+

-

-

-

Sources pictures: DNV GL (Laura Ellington, Personal Transfer System, Ampelmann
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We identified four drivers for potential cost reductions within the Market & Supply
Chain, of which competition and collaboration are most promising
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• Collaboration will lead to lower interface risk
and will increase the use of best practices.

• Especially, improvements in vertical
cooperation can contribute to LCoE
reduction.

• Scale and growth effects are mainly
impacting the installation and operational
costs through learning by doing and asset
sweating.

• Other effects can be seen due to volume
procurement and standardising processes,
but are limited in size.

• Competition can lead to substantial cost
decreases, given the current concentration in
the supply chain.

• But entry barriers, especially for low-cost
competitors, are relatively high.

1.6%

2.0%Sweating assets

Learning by doing

2.1%Horizontal collaboration

Vertical collaboration 5.1%5.4%European competition

Competition

Scale and growth effects

• Improved project management and
development can reduce costs by improving
the contracting form.

• TenneT as offshore TSO will reduce the
construction time and thereby reduce costs.

Collaboration

Project management and development

Market &
Supply
Chain

Contract form 1.1%

2.4%Shorter construction time
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Wind turbine manufacturers Foundation manufacturers Export cable suppliers Wind farm developers/owners

2014
Annual
market
shares

Expected
development
towards 2020

• Increased competition for supply
of turbine components

• Turbine assembly could still face
some concentration

• Increased competition for
monopiles

• Other foundation types are not
expected towards 2020 in the
Netherlands

• Export cable supply could still
face concentration

• Substation and inter-array
cables expected to be
competitive

• Development and ownership are
already highly competitive, but
competition is expected to
increase even further

Competition can lead to substantial cost decreases, given the current concentration
in the supply chain. But entry barriers, especially for low-cost competitors, are
relatively high
Current concentration in the supply chain is high,
but could be volatile

• In the main steps of the supply chain (turbines,
foundations and electrical cables),
concentration is high, with one to three parties
supplying the majority of the market.

• Competition between the existing parties is
expected to increase (and a few new players
are expected to enter the market).

• In case of wind turbine manufacturers, we
already see Vestas securing a bigger part of the
market share in the upcoming European
projects.

Entry barriers, especially for low-cost
competitors, limit the entry of new competitors

• Having a good track record as a supplier or
installation company is a strong requirement for
the bankability of a project.

• As low-cost competitors often do not have this
track record yet, they face high entry barriers
for European projects. The increase of Asian
wind farms will help obtain this track record.

• Furthermore, companies should have a
significant size to be able to make the needed
investments, keep up with technical innovation
and offer the needed financial guarantees.
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Competition in development is high

• The current installed offshore wind capacity
shows a broad variety of owners and
developers, indicating a competitive market.

• This competition is confirmed by the high
amount of applicants for recent tenders.

• Developers have indicated that they are not the
price setters during negotiations. Suppliers and
installation companies currently have strong
bargaining power, making it hard to forward
price pressure to the supply chain.

1%

ArevaSiemens

Vestas Other

53%

WindMW DONG Energy

OtherRWE

14%

Bladt

OtherSif

EEW

17%

Prysmian JDR

NKT Other

Annual Market share in 2014 and expected development towards 2020

Source: EWEA (2015), TKI WoZ (2014) , PwC analysis
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Illustration of three interfaces during wind farm construction and operation

Collaboration will lead to lower interface risk and will increase the use of best
practices. Especially, improvements in vertical cooperation can contribute to LCoE
reduction

• Better interaction between parties during design, construction and
operational phases of an offshore wind farm can reduce interface risks by
better synchronising processes of different parties.

• Further, designs can be improved to gain efficiencies during installation or
O&M processes. An example is the incorporation of small improvements
that will enable easier installation of the foundation. This can be realised
by earlier involvement of other parties during the design and planning
phase.

• These collaboration benefits can also be captured by vertical integration
within one company.

• Horizontal collaboration includes knowledge and resources being shared
among players active in the same step of the supply chain. The sharing of
best practices can decrease costs.

• Best practices are currently being shared (e.g. by utilities). Further, unused
assets are also loaned to competitors to improve the utilisation.

• The willingness of parties to share knowledge and resources largely
depend on the risk it poses to their intellectual property. Giving your
competitors access to your intellectual property might weaken your
competitive position. Extensive horizontal collaboration is, therefore, not
expected towards 2020.
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1. The design of the foundation
and turbine depend on each
other and can be better
interlinked.

2. The installation process
requirements could be further
incorporated in the design of
the foundation.

3. Equipment of the wind farm
owner is present on the
transformation station,
requiring interaction between
TenneT and the wind farm
owner.

13
2

1

2

3

5.1%Vertical collaboration offers one of the biggest potential cost
reductions within Market & Supply Chain by lowering interface
costs

Horizontal collaboration brings about cost reductions, but these
are limited due to companies protecting their competitive
position.

2.1%
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Scale and growth effects are mainly impacting the installation and operational costs
through learning by doing and asset sweating

• Due to the larger size of the offshore wind
market, asset sweating is likely to occur as the
workload increases.

• As there will be an increase in projects, assets
will have a higher utilisation. This increased use
of facilities, assets and the workforce will
increase the efficiency of processes and reduce
costs per MW.

Indicative learning during a turbine installation
(days per turbine installed)

• Further, learning effects will occur as more
experience will be gained in installation and
operation and maintenance. This will, for
instance, lead to faster installation of turbines.

• Besides the impact on the costs of installation
and operation and maintenance, TenneT also
expected a cost reduction in the costs of cables.

2

1

0

4

3

2020 20212019 2022201820172016 2023

Expected pipeline of European offshore wind
capacity (GW per year)

Sources: DNV GL, The Crown Estate
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Month of project

Other effects can be seen due to volume
procurement and standardising processes, but
are limited in size.

• Volume procurement can also reduce costs as
prices could decrease when purchasing larger
volumes.

• TenneT expects that purchasing a larger volume
of cables will lead to lower prices.

• For turbines and foundations, this effect is not
expected as this largely depends on the
increased size of individual farms, which are not
increased drastically*. The expected decrease
of LCoE is, therefore, limited.

• Standardisation of processes could also lead to
cost reduction. However, there are substantial
differences between sites and technology is still
changing rapidly, limiting the standardisation
potential.

• So the cost reductions due to standardisation
are not expected before 2020 and, therefore,
not taken into account in our shortlist of cost
reduction options.

* Tendering of two wind farms will not lead to
substantial cost reductions according to the
market.

Cost reductions and scale and growth
effects are mainly driven by optimised
asset utilisation…

2.1% … as well as learning by doing, which
will reduce costs of installation and
maintenance

1.6%
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Improved project management and development can reduce costs by improving the
contracting form. TenneT as an offshore TSO will reduce the construction time and
thus reduce costs
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• Contracting at FID 2010 was based on lump sum contracts with strict
contract terms (like extended warranties). These contracts left suppliers
open to risk, which resulted in increased contract prices.

• Better understanding of the contracts and better setting of the contract
terms will lower the amount of risk, which will result in decreasing prices
as developers will have to take lower contingencies.

• There is also a change towards framework agreements. The margins that
will be contracted through framework agreements are expected to be
lower due to the long-term perspective, resulting in a cost reduction.

• Besides the direct effect, contracts will also have impact on other cost
reductions, as competition is expected to increase with multi-contracting
and vertical integration is expected to be stimulated with EPC contracts.

Distribution of contracting for turbine foundations

Sources: 4C offshore, interviews

Changes in contract forms and framework agreements will
reduce costs

Full EPC contracts

Multi-contract

• The construction of export cables and transformer stations is a long lead
item within the construction programme of an offshore wind farm. FID
could potentially be postponed by the developer by six to eight months
(for the assessment, a period of six months was assumed).

• Since TenneT is already aware of the fact that they will have to build the
export cable and transformer station in advance, they could in addition
start the construction of these assets earlier than the wind farm developer,
which also decreases the risk of delays in grid construction affecting the
operation of the farm.

Illustration of construction time reduction due to TenneT installation

EPC wraps

Construction by TenneT

Construction by developer

6 months

FID developer

Construction by developer

Grid constructed
by developer

Grid constructed
by TenneT

1.1%

20192017 20182016 20202010 20112009 2013 20142012 2015

Unknown

2.4%Due to earlier investments by TenneT, the construction time
can be shortened by half a year, reducing costs
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• The decision to assign TenneT the role of TSO
leads to significant lower cost of capital for
the grid, which has a substantial impact on
LCoE.

Cost reductions in Finance can be divided into reduction of cost of capital for the grid
and wind farm and reduction of insurance costs. Cost reductions from the finance
area are largely driven by a decrease in cost of capital for the wind farm
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Finance

Cost of capital
wind farm

Cost of capital
offshore grid Insurance

costs

3.0%

Longer operation
period TenneT

Decreased WACC
TenneT

1.6%

• The cost of capital of offshore wind farms is
expected to decrease towards FID 2020 due
to a lower required debt risk premium and
equity return due to competition and lower
perceived risks.

Cost of capital - wind farmCost of capital - offshore grid

• Although costs are expected to come down,
the impact of decreasing insurance costs is
expected to be limited due to the small
contribution of these costs to total costs.

Insurance costs

5.0%
Decreasing
cost of debt

5.0%
Decreasing

cost of equity
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The cost of capital of offshore wind farms is expected to decrease towards FID 2020
due to a lower risk premium…

The debt risk premium has decreased,
which is expected to hold towards FID
2020…
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…driven by increased competition for profitable
projects and lower liquidity risk…

• The swap rate (which is an indication of the
risk-free rate) has declined over the past years,
increasing the availability of ‘cheap’ capital. The
availability leads to lower liquidity risks and
increased competition for projects with a
reasonable return.

• Due to the lower oil price, market is under
pressure. The number of potential substitute
projects has, therefore, decreased, increasing
the competition even more.

…and increased experience, which leads to
lowered perceived risk

• The experience gained over the past nine years
has increased offshore wind knowledge of debt
providers. With the gained knowledge, they are
better able to assess risks.

• Further, the absence of serious issues with
offshore wind has also lowered the perceived
risk.

Risk-free rate Risk premium

Cost of debt

• The risk-free rate is
the theoretical rate
of return of an
investment with no
risk of financial loss.

• The risk premium
depends on the
perceived risk, the
liquidity risk and the
margin which debt
providers require.

Source: Green GiraffeSource: Thomson Reuters, PwC analysis
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… and a lower required equity return due to competition and lower perceived risks

The required return on equity is
expected to decrease towards FID
2020…

36

TKI Wind op Zee

3 Finance

…driven by increased competition for renewable
energy projects…

• Utilities are increasingly looking for investments
with a sustainable character.

• Non-traditional offshore investors are
increasing their appetite for providing equity
for offshore wind farms.

• These developments combined lead to an
increased competition for providing equity for
offshore wind farms.

…and increased experience, which leads to
lowered perceived risk

• Utilities and other equity providers have
realised an increasing amount of installed
farms, building up their knowledge and
experience.

• This knowledge enables equity providers to
better assess the risks involved in offshore wind
farms.

Equipment
manufacturers

Total investments

3%

5%

Financial investors 30%

IPPs

100%

Utilities 62%

Share in 2014 operational capacity per investor
type

Non-traditional offshore wind investors

Operation risk premium

Development risk premium

Construction risk premium Market risk premium

Risk-free rate

Gearing premium

The specific risk premium that
has to be paid for offshore wind
farms during the development,
construction and operational
phases of the farm. These
premiums will decline towards
2020.

The risk-free rate is a substantial
part of the required return on
equity. It depends on the
market, making it hard to
predict and, therefore, not
taken into account in the
analysis

The market risk premium is
based on the risk associated
with the offshore wind market.
This premium will decline
towards 2020 by experience.

The gearing premium of
bringing debt into the project
will increase the required return
(please refer to the next page). High

Medium

Low

Low Medium High

Supplier default

Price risk

Vessel availability

Grid access

Weather risk

Interface risk

Foundation quality
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The decision to award TenneT the role of TSO leads to significant lower cost of capital
for the grid, which has a substantial impact on LCoE

• As TenneT is appointed the role of offshore transmission system owner, a
large part of the electrical grid (the substation and the export cable) will be
installed by TenneT. The necessary investments will, therefore, be made
by TenneT.

• TenneT is a regulated entity with a regulated weighted average cost of
capital (WACC). Therefore, the regulated WACC of TenneT will be used to
express the cost of capital for the assets installed by TenneT.

• Based on a regulated nominal pre-tax WACC of 5.6%, the real pre-tax
WACC of TenneT is 3.6% and, therefore, substantially lower than the
WACC of the developer in the 2010 base case (10%).

• Since TenneT will develop the grid independently of offshore wind farms,
the economic lifetime of the grid no longer depends on the connected
wind farm. The lifetime of the grid is able to surpass the lifetime of the
offshore wind farm as a second wind farm could be connected to the
substation (and export cable) after the first farm is decommissioned. The
operational period of TenneT is 40 years.

• An operational period of a grid installed by the offshore wind farm
developer will be the same as the utilisation period of the farm itself,
which is around 20 years.

• An increase in the operational period of 20 years will lead to lower costs
related to those assets that have to be allocated to the wind farm, leading
to an LCoE reduction of 1.6%.
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Grid operated by TenneT

Grid operated by offshore
wind farm owner

Illustration of difference in operational time

Year
0

Year
50

Year
40

Year
30

Year
10

Year
20

Foundation CAPEX

Electrical CAPEX

Other CAPEX

Wind turbine CAPEX

Installation CAPEX

Change in WACC for electrical CAPEX due to TenneT

• Array cable

• Substation

• Export cable

FID 2010
Developer

-6,4%

10,0%

3,6%

FID 2020
TenneT

3.0% 1.6%TenneT has a substantially lower cost of capital than developers
since TenneT is a regulated entity and has access to government
debt…

… and TenneT plans to use an operational period of 40 years

Source: ACM (2013)
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Changes in the financial structure of offshore wind farms free up more capital for
offshore wind, but the cost reduction impact is unclear. The impact of decreasing
insurance costs is expected to be limited
The impact of project finance on LCoE is difficult
to determine

• At FID 2010, most offshore wind farms were
financed on-balance (which includes both
equity and corporate debt). In 2020, it is
expected that most financing will be done
through project Finance.

• The increasing trend of using project finance
suggests that project finance could have
financial benefits, next to other benefits. For
sure, project finance increases the transparency
of the investment for debt providers and it
provides them with a direct claim on assets
contrary to generic balance sheet financing.

• In theory, the choice for on-balance finance or
project finance (ceteris paribus) has a limited
effect on the cost of capital, as the required
equity return should not be different assuming
a similar financing structure (debt/equity). In
practice, however, depending on tax
optimisation possibilities, financial gearing can
have an impact on the cost of capital. As this
depends on specific situations of the company
or project, this effect is hard to isolate.

• The exact impact on LCoE could not be
quantified within the scope of this study. But, as
there might be potential for cost reductions, it
could be a topic for further research.
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The same applies to mezzanine debt finance and
refinancing after the construction phase

• The option to use mezzanine debt can lead to
additional tax deduction (when allowed by
fiscal regulation). The exact impact on LCoE
could not be quantified within the scope of this
study.

• Refinancing after the construction phase might
allow lower costs of finance due to decreased
risk. However, it is not likely that this will be
part of decision-making at FID.

The impact of decreasing insurance costs is
expected to be limited

Insurance costs during construction

• A wind farm can be insured during the
construction phase by means of a Contractors
All Risk (CAR) insurance, which covers the cost
of physical loss or damage to construction,
advanced loss of revenue, public liability,
installation and constructional assets.

• The potential reductions in CAR insurance fees
are expected to be small, as most of the
insurance optimisations took place before 2010.

Insurance costs during operation

• During the operational phase, a wind farm is
insured for business interruptions (longer than
30 days).

• The costs of the operational insurance are
expected to decline by 10% to 15%. However,
as the costs of the operational insurance are
around 15% to 20% of total OPEX, this decline
will not lead to an LCoE reduction over 1%.

• Therefore, insurance is not included in our
shortlist of cost reduction items.

Construction Operation

Potential changes in gearing
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Government policies contribute to the cost reduction in various ways, but in our
analysis mainly through innovations and developments through Technology, Market
& Supply Chain and Finance cost reduction areas
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• An attractive market policy (viable business
case and clear project pipeline) is crucial for
triggering investments in offshore wind.

• It has an indirect, but a significant impact on
cost reduction through Technology, Market
& Supply Chain and Finance.

Creating a market for offshore wind

• The 40% cost reduction target, enforced by
using a maximum bid in the tender creates a
cost reduction pathway, stimulating cost
reduction through Technology, Market &
Supply Chain and Finance. The maximum
allowed tender amount must, however, be
feasible to ensure a successful tender.

Incentivise cost reduction

• The government can reduce LCoE at FID,
mainly by optimal zone selection and tax
measures. Since we analyse the cost
reduction for a reference case, site selection
is not further assessed. Taxation changes are
not likely towards 2020.

Preventing market costs

• Regulatory risk impacts cost of capital. Two
policy actions are important for cost
reductions towards 2020: designing a clear
and stable subsidy and tender system, and
compensation for possible grid construction
delay, or business interruption by TenneT.

Reducing offshore wind risk profile

• The government sets competition rules in
antitrust legislation, which are enforced by
the competition authority. There are no
indications that current concentration is
being studied or opposed by competition
authorities.

Creating a competitive market

• Government policy (R&D innovation and
offshore demonstration site) can help to
stimulate the development of technological
innovations.

• The cost impact through demonstration site
is estimated to be limited, since the first test
sites are coming online towards 2020.

Stimulating technological innovation

Creating a market

Incentivise cost reduction
Preventing costs

• These policy measures are a precondition
for investments to be made by market
participants.

• Policy can directly reduce cost or
indirectly through Technology, Market &
Supply Chain and Finance.

Policy

Low

Low

High

Potential towards 2020

High

LowUnkn.
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An attractive market policy (viable business case and clear project pipeline) is crucial
for triggering investments in offshore wind. It has an indirect impact on cost
reduction through Technology, Market & Supply Chain and Finance

Long-term market visibility is crucial to trigger
supply chain investment

• A long-term project pipeline creates confidence
that sufficient demand exists to justify supply
chain investments in technological innovation
and optimal asset utilisation of new or existing
facilities. It, therefore, decreases the chance of
under-capacity (scarcity), which can drive up
prices.

• Due to the five-year project pipeline of the
Dutch government, a demand outlook was
created and transparency improved. Given the
small size of the Dutch demand, international
transparency of the pipeline is important.
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Transparency increases supply chain alignment

A subsidy scheme that creates a viable business
case is essential to trigger demand for offshore
wind projects

• Subsidy is needed to create demand for
offshore wind projects, since offshore wind
projects are not economically viable yet.

• Currently, the SDE+ scheme used aims at
creating a viable business case. SDE+ is
considered to be an attractive scheme, which
can trigger investment, but can be improved on
some points, which is also based on differences
with international subsidy schemes (e.g. price
floor for electricity price used).

The 40% cost reduction target creates a common
goal, and influences cost reduction indirectly

• The cost reduction target impacts cost
reduction through Technology, Market &
Supply Chain and Finance developments. But
market participants indicate that a target alone
is not sufficient. Other policies should be
aligned to allow for cost reduction, such as the
maximum bid, which needs to be carefully
determined.

• Incentivising cost reduction can also be done by
subsidy competition. This was the case until
2015, but now a separate budgetary pot for
offshore wind applies. It is not expected that
this will be turned back towards 2020*.

Cost reduction target cascade

SDE+ subsidy scheme

Electricity market price

Basic price

1

Base electricity price

t or MWh

€
/M

W
h

2

Corrected market price

2 Maximum subsidy based on
price floor (base electricity
price)

1
Subsidy on top of the
market price until a

Dutch
government
tender outlook

Developer’s
tender
outlook

• Pipeline was not
transparent

• Demand known when
developer tendered
before a subsidy was
requested

• Outlook is currently five
years: 2015-2020

• After 2020 unknown

* Based on interview Ministry of Economic Affairs

Dutch cost reduction target

Developer’s cost
reduction targets

Dutch government
tender maximum bid

Supply chain cost
reduction targets

Maximum bid is used in the
tender, based on the cost
reduction trajectory.

Developers have cost
reduction targets
themselves, also used in
contract negotiations.

Source: TKI (2015)

Some supply chain parties
have cost reduction targets
themselves.

Before 2014:

After 2014:
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Newly assigned area

Existing wind farm or under construction

12 miles
zone

2016

2015

2017

2018

2019

1

2

3

Gemini wind farms
(Buitengaats and
Zee-Energie)

The government can reduce LCoE at FID by optimal zone selection and tax measures.
As we analyse the cost reduction for a reference case, site selection is not further
assessed. Taxation changes are not likely towards 2020
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Optimal site selection by the government can
drive down costs

• Low-cost sites are located in relatively low
water depths, near the shore and have
beneficial wind conditions.

• The government has selected locations closest
to shore, based on an analysis of ECN. As stated
by the minister (Kamerbrief 2015), this leads to
cost reduction since the site used for the
Energy Agreement was based on an average –
less beneficial case.

• As we are analysing cost reductions in a
reference case, this is not taken into account in
our analysis.

Taxation and tax measures changes are not likely
towards 2020

• Tax measures entail changing the corporate tax
rate, using a fiscal investment deduction or
allowing for accelerated depreciation.

• The impact of tax measures on costs is high.
Implementing a best case foreign tax regime in
the Netherlands could result in a 3% LCoE
reduction (study PwC and Ecofys 2015 for TKI).

• But as tax rates change or tax incentives being
introduced again towards 2020 is not
considered likely, these items are not
incorporated in our shortlist of cost reduction
items towards 2020.

Limiting the development time has a substantial
impact, but mainly on public expenditure

• In 2015, through new offshore wind legislation
(Wet wind op Zee), the government made
some substantial changes:

• Development: Government conducts site
investigations.

• Permitting: Government awards the SDE+
subsidy and permit simultaneously and
awards a functional permit (to avoid
permit changes, which delay
development).

• As we analyse the cost reduction impact at FID,
the impact is limited*; therefore, this item is
not on our shortlist of cost reduction items.

• When analysing the impact on public (subsidy)
expenditure, this is expected to be an impactful
measure.

Taxation regime and measures offshore wind

Source: ECN (2014), PwC analysis

Name ct/kWh

Borssele -0.8

ZH kust
Oost

-2.1 to
-1.8

NH kust -1.6 to -1.4

Corporate tax
rate

Investment
subsidy

Accelerated
depreciation

Corporate tax rate is currently
25% in the Netherlands.

Until 2014, a fiscal measure
(EIA) was applied: a deduction
of 41.5% of maximum €119m
of investments.

Accelerated depreciation
measure was applied during
the economic crisis
(depreciation in two years).

* Tender preparation time has been identified as a driver
which impacts tender bids, as additional risk premium might
be used by the bidder. This drives up the costs for society, but
does not impact the costs at FID. Lower development costs of
€6m (source TKI and Ecofys 2013), result in a <1% LCoE
reduction.

Borssele zone is
relatively expensive
compared to other
zones

1

2

3

Production cost of sites compared
to IJmuiden Ver
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Regulatory risk impacts cost of capital. Two policy actions are important for cost
reductions towards 2020: designing a clear and stable subsidy and tender system, and
compensation for possible grid construction delay, or business interruption by TenneT
Policy has a large impact on risks perceived by the market

• The government has an indirect impact on perceived risks by market
participants. Two items within reach of the government impact cost
reductions towards 2020:

• A stable subsidy scheme and tender system limits regulatory risks. This
mainly impacts the finance area. A stable subsidy scheme and
trustworthy government leads to lower regulatory risks, increases
bankability of farms and decreases cost of equity.

• Compensation for delays in realising the electricity grid; the split
between the wind farm and the grid construction, driven by the
assignment of TenneT as offshore TSO, creates a risk for investors:
production and subsidy could be missed in case the grid is not
delivered on time or business interruptions occur.

The Dutch government has created a compensation mechanism,
although not all damage is compensated directly (missed subsidies can
be caught up later through a banking mechanism). Market participants
indicate that limited compensation could lead to additional costs (risk
mark-up) and entail a bankability issue. Clear communication on the
compensation is needed. The government is studying if further
compensation is needed in the coming years (interview ministry).

• Some other policy measures that influence the risk profile have a limited
impact or are not considered as likely to be implemented towards 2020,
such as a subsidy correction after construction (to correct for changes in
external prices), front-loading of the subsidy, financial guarantees by the
government (for certain predefined risks) and financial participation by the
government. Please refer to Appendix 3 for an overview of our longlist of
cost reduction measures.
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Competition can be safeguarded through policy

• Competitive markets play a vital role in keeping costs of offshore wind at
an efficient level (no windfall profits). To move towards this
welfare-maximising price level, sufficient players need to be active in the
market*. To stimulate (fair) competition, the government sets competition
rules in antitrust legislation, which is enforced by the competition
authority. There are no indications that current concentration is being
studied or opposed by competition authorities, so the expected impact
towards 2020 is considered to be low.**

• Some other ways of influencing the competition are considered to have a
low impact and, therefore, do not drive cost reduction towards 2020:

• Financial support for new entrants/small and medium-sized
companies: Financial support such as bonds/guarantees to underwrite
contracts/ensure timely delivery, business angel co-investment funds,
enterprise finance guarantee (for SME) to solve market failures

• Demonstrating technologies of low-cost competitors. Market
participants indicated that competition can be stimulated by
demonstrating technologies of new, low-cost players.

* Although for some oligopolistic models (Bertrand), prices can come down to the welfare-
maximising level.
** There is a study done by competition authorities on cable companies, but the impact will be low
given the small contribution to the LCoE of cable costs.
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Government policy can help to drive technological innovation development. The cost
impact through demonstration projects by FID 2020 is estimated to be limited within
the time frame, as the first test sites will come online by 2020
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Technological innovation policies impact is
considered to be low/medium

• Policy support for technological
innovations consists of incentives during
various steps in technology development
(please refer to the figure).

• The impact of R&D/innovation
subsidies is, given the early
innovation stages that are
supported, expected to materialise
mostly after 2020.

• The impact of demonstration
projects is also considered to be
limited within the relevant time
frame, since the first test sites are
coming online towards 2020
following the first tender in 2015.
The impact will, therefore,
materialise after 2020.

• Start of basic
research

• Start of active
research and
development to
show feasibility
of the technology

Proof of concept
Laboratory /

Onshore
demonstration

Offshore
demonstration

Commercially
available

Proven
technology

• Model testing in
a laboratory
environment

• System prototype
in environment
resembling key
offshore aspects

• Full-scale
demonstration in
the offshore
environment

• All design
requirements
met and
certification in
place

• Ready for
application in
offshore wind
farm

• Operational
experience of the
technology in
several offshore
wind farms

Technology development levels and government policy towards 2020

Source: PwC/DNV GL Analysis

• R&D/innovation subsidies for the
early technology development
phases (proof of concept,
laboratory/onshore demonstration)

• Knowledge sharing through TKI Wind
op Zee

• Demonstration facilities for testing in offshore conditions. In
2015, the Dutch offshore testing plan (‘Leeghwater’) was
approved which enables a small test site in wind farm sites
that will be tendered in the coming five years.
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(please refer to the next page for potential demonstration projects)
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The following innovations might be stimulated through application in an offshore
demonstration project
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Innovation area Innovation Examples Ready for
offshore
demonstration

Expected TRL9
(Commercially
available)

Support
structures

Efficient foundation design Improved modelling of soil-structure interaction 2016 - 2017 2017 - 2018

Integrated design Improved modelling tools 2017 2018

Wind turbines
& wind farm

Blade design and manufacturing Blade tip speeds, inflow wind measurements Before 2016 Before 2016 - 2019

Controls Blade pitch control Before 2016 2017

Optimal layout Wind farm modelling including seabed conditions 2016 2017

Drivetrain concepts Direct-Drive, mid-speed generators, superconducting
generators

2016 - 2020 2016 - 2025

Electrical
infrastructure

Improvements array cables* Test electrical losses for new cables 2017 2019

Transport &
Installation

Monopile installation Testing new piling installation methods, development of
new vessels and equipment

Before 2016 -
2019

2016-2020

Operation &
Maintenance

Increased design life Increasing reliability to increase the lifetime, fatigue
assessment

2016 2019

Access systems* Vessel to turbine access systems Before 2016 2016-2018

Condition-based maintenance* Health monitoring systems, sensor and performance
coupling

2017 2018 - 2020

Innovations to be considered for demonstration
High-impact innovations (shortlist items) to stimulate through the demonstration project (e.g. Leeghwater), but also innovations with a lower impact (examples
indicated by *) could be stimulated through a demonstration project, please refer to appendix 3 for the full longlist of innovations.
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Scenario analysis
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Rapid Technology adaptation

• Not all of our identified shortlisted
technological innovations are
assumed to achieve full market
share by FID 2020.
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The cost reduction categories are analysed to see if there are items that exclude others. These are not taken into account in our best-case scenario

Technology Market & Supply Chain Finance Policy

Cost reduction options offshore wind

Technology

Market
&

Supply
Chain Finance

Cost of
capital –

wind farm

Cost of
capital –
offshore

grid
Insurance

costs

Best-case scenario cost reduction towards 2020

Best case Market & Supply Chain
developments

• Best-case potential taking into
account the various shortlisted
items.

Continued beneficial financing

• Best-case potential taking into
account the various shortlisted
items: reduction in cost of capital for
the offshore grid and wind farms.

• New technologies are accepted by
banks.

Based on our identified shortlist options for cost reductions, we have created a best-
case scenario towards 2020

Policy push as planned

• National and European plans for
offshore wind are executed.

• Best-case potential taking into
account the various shortlisted
items. These are stimulating cost
reductions through Technology,
Market & Supply Chain, and
Finance.

We have combined the shortlisted items into a scenario, taking into account the interaction effects.

Creating a market

Incentivise cost reduction
Preventing costs

Policy
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Our analysis demonstrates that the 40% target is within reach, given the potential
from Technology, Market & Supply Chain and Finance

The cost reduction potential for offshore wind exceeds 40% by 2020

• The potential cost reduction based on our analysis is 46% by 2020 –
exceeding the 40% target. This only takes into account the main cost
reduction items (>1% LCoE reduction per item), as we have only included
our shortlisted options for cost reduction in the analysis.

• As there are interaction effects between the individual cost reduction
options and the different areas, the total cost reduction potential is lower
than the sum of the potential of all individual cost reduction options.

• The cost reduction potential is possibly larger if smaller items are also
included – since a 1% LCoE reduction is equivalent to ~€10m. Please refer
to Appendix 3 for the longlisted items with a cost reduction potential that
was either lower than 1% LCoE reduction and/or where the likeliness of this
item contributing to cost reduction towards 2020 was low and therefore
the item was not shortlisted.

• Within the three main categories, the Technology component has the
largest impact, mainly driven by the increase in rated power and the
application of XL monopiles. The impact of Market & Supply Chain is
largely driven by competition and vertical collaboration. Reduction
through the Finance category is driven largely by the reduction in cost of
capital of the grid as well as that of the wind farm.
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~20%

~50%

~30%

54%

40%
target

2020 LCoE

-46%

2010 LCoE Finance

-14%

100%

Technology Market &
Supply Chain

-27%

-19%

Cost reduction potential 2020 by category*

Source: PwC/DNV GL analysis

*For each individual innovation effort has been made to correct for interaction effects. However, complex
interactions between innovations and developments, could cause unforeseen crossover effects.

Total cost
reduction potential
(individual areas
do not add up to
total due to
interaction effects)
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Part of the cost reduction potential in 2020 has already materialised…

• Since 2010, substantial steps have been taken in the field of Technology, Finance and Policy. Within the
Market & Supply Chain category, the cost reduction process is slower.

… but whether the 2020 target will be reached
depends on the efforts of market players and
policymakers in the coming five years

• In Market & Supply Chain, significant steps still
need to be taken. First, it is uncertain if smaller
players will have the opportunity to increase
market share and further drive competition.
Secondly, it is critical that lessons learned and
the experience from the realisation of the first
farms are shared among market participants
to ensure that cost savings, innovation and
experience can be widely deployed.

• In the areas of Technology and Policy, a large
part of the potential has materialised, but
further steps need to be taken. For
Technology, turbine innovation especially
plays a vital role. Continued asset investment
and R&D efforts have to be made to reduce
cost, and increase reliability and profitability.
For policy, the government can learn from the
first tenders and fine-tune policies accordingly.

• Although Finance is expected to have almost
reached its 2020 potential, isolated negative
experiences could partially push risk premiums
back.
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Indicative 2015 cost reduction and 2020 potential gap

Significant technological progress has been made. Turbines have increased to 6 MW in the past five years
and orders have been placed for 8 MW turbines. Monopiles have continued to be used for these
increasingly large turbines, exceeding market expectations (switch to jackets).

Substantial steps taken, including assigning
TenneT as an offshore grid operator; selection
and development of zones that will be tendered.

Risk premium for debt and required equity return has decreased significantly,
and is considered structural as competition and offshore experience are
expected to continue growing.

Although substantial cost reductions have materialised, meeting the 40% cost
reduction target requires continued efforts of market participants and the
government

Within the Market & Supply Chain, progress seems to be lagging, but in this category,
progress is expected also through the increased level of construction in the coming five
years, as the tenders start 2015 onwards.

PolicyFinanceTechnology

100% 2020 full potential

Market &
Supply Chain

Current 2015

Potential 2020

Source: Cost reduction workshops, PwC/DNV GL analysis
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Besides the cost reduction that stems from our cost reduction categories, the LCoE of
offshore wind is influenced by costs of the main input prices. Price increases of
external factors might offset part of the cost reduction potential

There were substantial fluctuations in the past ten years

• If the minimum and maximum values of the past ten years are compared
to the average of 2010 (please refer to the graphs below), it is clear that
the fluctuations of the external factors in the past ten years were
significant.

• These external factors have proven to be volatile and could have an impact
on the cost reduction potential towards 2020.
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Development and volatility* of external factors over the past 10** years
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Source: Thomson Reuters, PwC analysis
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2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

10-year EURIBOR swap rate (%)

Important external factors that drive costs are steel, copper, oil and the
risk-free rate

• The costs of an offshore wind farm, to some extent, depend on the prices
of inputs like oil, copper or steel and factors with a big impact on the
financial parameters (the risk-free rate).

• Since these prices are market based, they cannot be influenced by
individual parties and are, therefore, considered external factors.

-

2

4

6

8

10

12

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Copper price (USD/kg) Minimum: -64% compared to 2010
Maximum: +35% compared to 2010

Minimum: -85% compared to 2010
Maximum: +68% compared to 2010

Minimum: -70% compared to 2010
Maximum: +31% compared to 2010

Minimum: -88% compared to 2010
Maximum: +82% compared to 2010

*Comparison of the minimum/maximum value to the 2010 average **Prices for iron ore are displayed for the past seven years

AppendicesPotential after 2020Scenario analysisCost reduction potentialApproachIntroduction



October 2015

Decreasing prices of main input factors over 2010-2015 have already led to significant
cost reduction. Whether the resulting decrease in LCoE is sustainable is still uncertain

Our sensitivity analysis shows that the impact of changing input prices can
be significant

• It is uncertain whether current beneficial market conditions (low steel and
interest rates) will remain in the future. Price increases of external factors
might offset part of the cost reduction potential.

• A sensitivity analysis shows that the LCoE is most sensitive to a change in
the risk-free rate, with a 1%-point change in risk-free rate resulting in ~3%
change in LCoE.

• Further, a change in the price of steel has a big impact on the LCoE of the
offshore wind farm.

• The fluctuations in these prices (please refer to the previous page) show
that substantial price changes are not unlikely.
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• All main input prices are currently at a lower price level than that of 2010.
This decrease in prices has resulted in a cost reduction for the realisation
of an offshore wind farm.

• When applying the current prices to our calculated scenario, the
decreased prices add another 7.5% to the LCoE reduction, resulting in a
total LCoE reduction of 54%.

• Although this additional cost reduction currently applies, we cannot
estimate the impact the external factors will have in 2020, making the
resulting LCoE reduction by external factors unreliable.

Development of external factors since 2010

0,5%

1,4%

0,2%

2,7%

-1,5%

-0,6%

-0,3%

-2,6%

Steel price

Copper price

Oil price

+20%-20%

LCoE sensitivity to changes in steel, copper and oil prices

Price change

7.5%Currently, favourable input price conditions have substantially
driven down prices

Risk-free rate

External factor 2010 2015* Development

Risk-free rate
(EURIBOR 10-year
swap rate (%))

3.03 0.84 -72%

Steel price (iron ore
($/tonne))

147 59 -60%

Copper price ($/kg) 7.56 5.87 -22%

Oil price (Brent Crude
(($/barrel))

80 58 -27%

*Average from beginning of January until half of August
Source: Thomson Reuters, PwC analysis
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There are a number of next key steps for all market participants and government that
will help achieve the target (1/2)
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Technology

• Encourage knowledge sharing and cooperation early in the design phase
to innovate in a holistic manner. Examples are the integrated design of
turbine and support structure to reduce overall weight, and identifying
transport and installation needs during the design phase.

• Demonstrate technological innovations that are close to commercial
readiness, for instance in the Leeghwater test sites, to support
innovations in achieving the status of proven technology. Please note
that the Leeghwater sites will have a low impact on an LCoE reduction by
2020, as construction is not expected to start before 2019.

• Increase financial support for innovations by getting investors, and
launching customers and small innovative companies together. Smaller
design and engineering companies have innovative ideas but do not have
the means to come to a prototype to demonstrate the innovation.

Market & Supply Chain

• Stimulate vertical and horizontal collaboration. Actively put this topic on
the agenda in several available platforms (conferences, meetings and
studies) to share increased experience and to assist in the development
of best practices. Share knowledge and learning from current farms that
are constructed.

• Stimulate competition of new entrants and players from adjacent
markets. This can be done in two ways:

• Increase knowledge of new entrants of the Dutch offshore wind
market (e.g. create a Dutch market report that can be shared with
potential new entrants and create a networking vehicle for
international new entrants to get in touch with launching customers
in this geographical scope).

• Increase knowledge of developers and investors of new entrants (e.g.
though publications on companies and their ambitions to move
towards the Dutch market, stimulate presentations of these parties at
conferences and meetings, and trade missions).

Additional
efforts
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There are a number of next key steps for all market participants and government that
will help achieve the target (2/2)
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Finance

• Increase knowledge sharing between the supply chain (technology) and
banks, especially on what can be considered ‘proven technology’. An
open communication between the supply chain and the financial
community will ensure that the perceived risk perception is fact-based.
This can be done by means of:

• Knowledge sessions with banks and financial investors and the supply
chain.

• Publications on bankability of technology. Currently, it is not always
clear what is necessary for technologies to become bankable.
Historical studies of innovations as well as studies on the criteria of
banks can help increase transparency for the supply chain as well as
developers.

• Increase the knowledge of financial investors (such as pension funds) to
stimulate investment and, therefore, (investment) competition in the
field of offshore wind. Some financial investors have just started
considering offshore wind investments and have limited knowledge of
offshore wind.

Policy

• Ensure a market outlook to stimulate investment in the supply chain. This
includes offering insight in the plans for a project pipeline after FID 2020
to encourage investment. Currently there is no market outlook after
2020, although this could drive additional cost reduction towards 2030. A
rolling pipeline (of five years) might be a solution.

• Ensure a stable support regime to limit regulatory risk.

• Currently SDE+ scheme is regarded as a well-designed subsidy
scheme. A potential improvement is to eliminate the price floor that is
being used, since historical experience has showed that the floor was
set too low, increasing the risk for investors.

• Furthermore, it is important to analyse the lessons learned after the
first Borssele tender to improve future tenders, e.g. process of
determining the maximum bid, timing of site selection and permitting
in the legislation (Kavelbesluit), and development time to prepare for
the tender bid (impacts the required subsidy).

• Provide a clear scheme for compensation for grid delays and business
interruption by substation failure. Additional research could identify if
there is a need for further compensation, next to current compensation
as proposed in STROOM legislation. The compensation also needs to be
communicated so that market parties are well informed.

• Support technological innovations by knowledge sharing and
demonstration to allow cost reductions after 2020.

Additional
efforts
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Potential after
2020
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After 2020, further cost reductions in Technology are expected in the identified
fields, but other options come in sight as wind farms move further from the coast
and into deeper waters
Further innovation is expected in turbine and
wind farm area

• A further increase in wind turbine-rated power
is expected past 2020. Research programmes
and turbine manufacturers are looking into 10
to 20 MW wind turbines.

• The technical feasibility of large turbines has to
be coupled with economic viability and
manufacturability. It is currently unclear when
the advantages of standardisation become
preferable over upscaling. Some interviewees
have stated the expectation of consolidation
towards a standard individual capacity for the
wind turbine.

• New drivetrain concepts could gain market
share and even other wind turbine concepts. It
is unlikely that new wind turbine concepts will
gain significant market share before 2030.

Interconnection to increase the reliability of the
electrical infrastructure

• TenneT has suggested interconnection of its
substations to increase reliability of the grid.

• Several plans have been suggested for the
interconnection of wind farms in the North Sea
to form a supergrid transporting power to the
shore with the highest current market price.
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Larger turbines and deeper waters may
necessitate other foundation concepts

• The jacket foundation has been applied in
offshore wind farms, but large gains are to be
made in mass production of jackets for offshore
wind.

• Also in jacket installation, cost reductions are
expected by improvements in operational limits
and special-purpose vessels.

New Operation& Maintenance strategies
preferred as farms move further offshore

• Several companies are developing offshore
support vessels, offering floating
accommodation for offshore personnel.

• Such vessels can remain offshore for a week or
more and can accommodate an access system
to operate in harsher climates.

Increased distance to port necessitates further
innovation in Transport& installation methods

• Larger installation vessels that can carry more
components or larger wind turbines, and can
operate in harsher wind and wave conditions.

• Feeder concepts that can be adopted for wind
farms further off the shore. Feeder barges
transport the components to the main
installation vessel to reduce total installation
time and optimise the use of the main
installation vessel.

Damen Walk 2 Work
offshore support vessel
(Source: Damen.com)

Technology
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After 2020, further cost reductions through Market & Supply Chain, Finance and
Policy are possible…

• Market & Supply Chain cost reductions

• Most planned (national and international) wind
farms are coming online towards 2023. So, a
large part of the scale and growth cost
reductions (e.g. learning by doing, asset
sweating and standardisation) will materialise
after 2020.

• This also holds for cost decreases due to
collaboration. During construction,
collaboration can be improved and interfaces
can, therefore, be better managed. O&M costs
can decrease further, which enables horizontal
cooperation (sharing of assets) and increase of
asset utilisation.

• Further, competition is expected to increase as
new players enter the market especially in
turbine supply. In the coming years, China plans
to install almost 2 GW per year, mostly done by
indigenous companies. The experience gained
will help them build up a track record to enter
other (European) markets. O&M costs could be
further reduced after 2020, also driven by
operators, or independent O&M companies,
taking up a larger part of the O&M activities
after warranties have expired.
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Finance cost reductions

• After 2020, additional installed capacity leads
to increased experience with offshore wind.
This could lead to offshore wind being viewed
as a mature asset class by investors, while at
the same time, experience gained enables
investors to better asses and price the risks.
Market parties expect that financing costs (risk
premium) could come down, but it is unclear
what the exact cost reduction potential is.

• Pension funds and insurance companies might
move towards offshore wind projects. But this
not expected in the first part of the decade.
This development could be important in
attracting sufficient capital and stimulating
competition among investors.

• Of course, the actual cost reduction incurred is
influenced by the development of the risk
premium, which could partially offset the
potential.

Policy cost reductions

• A stable market outlook is important to provide
sufficient confidence. Insight in the project
pipeline after FID 2020 must be provided to
encourage further investment after 2020. The
government again plays a vital role in selecting
optimal sites (low cost with a high wind
resource).

• Towards 2030, the subsidy scheme might be
improved further by incorporating international
best practices. But it is essential to meet
previous subsidy agreements as limiting
regulatory risk is essential to trigger
investments and keep cost of capital down.

• Further, it could be considered to stimulate
further cost reductions by means of a new
target or introduce technology subsidy
competition. Sufficient competition in tenders
could also have a cost-reducing impact in case
of sufficient bargaining power of developers.

• Towards the future, the question remains how
stimulation policies can be phased out, without
increasing regulatory risk.
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… which will allow offshore wind to become potentially competitive without
subsidies by 2030

… driven by cost reduction for offshore wind and cost increase of
conventional power production

• The cost reduction potential after 2020 is expected to be substantial,
as explained previously, and is mainly expected to be driven by
technology and supply chain developments:

• Dominant turbine size is expected to be in the 8 MW class by
2020; turbine size could further increase. Upscaling comes at a
price per unit and has to be balanced by a reduction in the
number of turbines, lowering support structure and O&M costs.

• Low-cost competition and learning effects due to increased
experience, scale and standardisation are expected to materialise
after 2020.

• Continuous cost reductions could make offshore wind competitive
with coal and gas-fired generation by 2030. Fraunhover (2013) has
analysed that the cost of conventional plants will increase towards
2030, driven by fewer full load hours and increased CO2 prices
(€35/tonne in 2030), although the efficiency is expected to increase
slightly.

• We have taken this as a proxy for LCoE development in the
Netherlands (brown coal-based power is, therefore, excluded). LCoE
development of conventional power plants is not part of the scope
of this study.
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Coal Gas Offshore wind

LCoE of coal, gas and offshore wind (€/MWh)

Source: Fraunhofer ISE, PwC analysis
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Appendix 1: Assumption list for the Dutch base cases used
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1 List of base case assumptions

Parameter Unit Case A 2010

Project definition

Year of financial close [-] 2010

Project capacity [MW] 300

Wind turbine capacity [MW] 3

Wind turbine rotor diameter [m] 100

Site location [-] Hollandse Kust

Ownership high-voltage assets [-] Wind farm operator

Duration operational phase [y] 20

Construction duration [y] 2.5

Site Definition

Water depth [m] 25

Average annual wind speed [m/s] 9.0

Distance to port [km] 25

Offshore export cable length [km] 35

Onshore export cable length [km] 10

Export voltage [kV] 150

Infield voltage [kV] 33

Foundation type [-] Monopile

O&M strategy (CTV or floatel) [-] CTV

Operational lifetime [y] 20

Tax

Corporate tax [%] 25%

Investment allowance [-] None

Depreciation method [-] Linear

Depreciation term [y] 15
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Appendix 2: Background of the TKI-WoZ Offshore Wind Cost Model (1/2)
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2 Model specifications

The TKI-WoZ Offshore Wind Cost Model has been initially developed by Ecofys as ordered by the foundation Far and Large Offshore Wind (FLOW). Over 2012-2013, the
industry partners of FLOW have delivered confidential (cost) data to build up the confidential database which is the backbone of the model. Since the initial development, TKI-
WoZ has done the data collection as well as validation and testing of the model with Ecofys’s support. The TKI-WoZ model finds a wide range of applications (ranging from
quantification of technical innovation, alternative subsidy schemes and permitting systems) and is under continuous scrutiny. A summary of the calculation methods used in
the TKI-WoZ model is provided below:

 Development expenditure (DEVEX)
This is based on the key cost elements encountered during the development phase of an offshore wind farm: engineering and design, consent and permitting, wind
measurement campaigns, and geotechnical and geophysical surveys.

 Capital expenditure (CAPEX)

o Supply costs of wind turbines
The model contains four generic wind turbine types, all of which are based on a collection of wind turbines available in the market. Supply costs as modelled for
the near-future project are based on the current pricing level as observed in the market. For the base case of this study, a 3 MW wind turbine with a rotor
diameter of 100 metres was used.

o Supply costs of foundations
The supply costs of foundations are calculated based on the weights of the main components. These weights depend on site conditions (such as water depth
and soil conditions), as well as wind turbine specifications (such as hub height and top mass). Weights are calculated based on engineering relations taking into
account site conditions and wind turbine specifications. In addition, the model contains unit rates for the main components, which describe the price of
components per tonne of material.

o Supply costs of electrical infrastructure
The TKI-WoZ model is capable of calculating CAPEX of all assets typically used for HVAC designs. The base case of this study includes all the typical electrical
infrastructure assets, including array cables, an offshore high-voltage station, export cables and an onshore substation.

o Installation costs
For each of the main components, costs for installation are calculated based on specific installation vessels and installation cycles. In addition, costs for
mobilisation and demobilisation, as well as weather downtime costs are calculated separately.

o Construction insurance, management and contingencies
CAPEX includes a separate category in which the costs for construction insurance, management and construction contingencies are calculated. These costs are
expressed as a percentage of CAPEX of the supply and installation costs.
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Appendix 2: Background of the TKI-WoZ Offshore Wind Cost Model (2/2)

61

TKI Wind op Zee

2 Model specifications

• Energy production
Gross energy is determined based on a Weibull distribution which describes the wind climate at the site, combined with power curves of the wind turbines
applied. Losses (wake, electrical and non-availability) are calculated separately and are subtracted from the gross energy yield to arrive at the net energy yield.

• Operational costs (OPEX)

Operational costs (OPEX) include the maintenance costs of wind turbines, foundations and electrical infrastructure, as well as operational insurance and the wind

farm operator’s organisation. Within this cost category, the maintenance costs of wind turbines form the largest cost element. These costs are primarily driven by

the number of wind turbines and the logistical set-up. The set-up for the base case assumes the use of Crew Transfer Vessels.

• Decommissioning costs
Decommissioning costs are calculated based on the initial installation costs of the wind farm, reduced by a price reduction factor as it is expected that the
decommissioning process will have a shorter timeline. The costs are accounted as an expense at the end of the lifetime of the wind farm.

• Financing and cash flow parameters

The model includes both project and balance financing. In case of project financing, the baseline assumption is amortisation based on annuities. All cash flows are

discounted to the year of financial close (‘t=0’ in the cash flow), based on the required return on equity as discount factor. The cash flow uses midpoint

discounting.

• Construction period

During the construction period, CAPEX is linearly spread over the period, which starts after financial close. The baseline assumption is a construction period of 2.5

years.
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Appendix 3.1: Longlist – Technology (1/3)
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3 From longlist to shortlist cost reduction options

Main level Innovation area Best case impact Readiness Example

1. Support
structures

XL monopiles High High Up to 8.5 metre diameter

Hammering on the flange Medium/High High No TP, no grout

Integrated design turbine and support structure Medium High Integral design

Efficient design by improved modelling Medium High Soil-structure interaction

Optimised jackets Low/Medium* Medium Modular jackets

Single-section towers Low Medium Fabrication at harbour

Application of suction buckets Low Low Suction bucket for monopile

New concepts Low Low GBS

2. Turbines
and wind
farm

Increase in rated power High High 8-10 MW class

Blade design and manufacture High Medium New aerofoils

Drivetrain concepts High High Direct Drive, superconducting

Improvements in controls Medium Medium Blade pitch control

Optimal layout Medium Medium Wake loss reduction

Rotor diameter optimisation Medium High 165 metre+ rotors

Improvements in AC power take off Low Medium New materials in convertors

Floating measurements during development Low Medium Floating LiDAR

• Criteria for selection shortlist: Likeliness medium and high in 2020, and best-case impact on LCoE: <1% Low, >1% Medium and >2.5% High

Selection for the shortlist

* The impact is higher for an offshore wind farm located further from the shore.
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Appendix 3.1: Longlist – Technology (2/3)
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3 From longlist to shortlist cost reduction options

Main level Innovation area Best-case impact Readiness Example

3. Electrical& grid
connection

66 kV inter-array Medium High 66 kV

Standardised transformer stations TenneT Medium High HVAC 700 MW

Improvements array cables Low High Insulation

Overplanting Low Medium 380 MW allowed

4. Transport&
installation

Monopile installation vessel and equipment Medium Medium/High Vibrohammer

Special-purpose jacket installation vessels Low Medium WoW decrease

Complete turbine installation Low Low Single lift

Blade-lifting tools Low Medium Wind speed limits

Use of feeder vessels Low Medium* Feeder barges

Optimised cable pull-in and hang-off procedures Low Medium Interface structure

Special-purpose cable installation vessels and tooling Low Medium WoW decrease

Efficiency and specialisation increase decommissioning Low Medium Equipment

Selection for the shortlist

• Criteria for selection shortlist: Likeliness medium and high in 2020, and best-case impact on LCoE: <1% Low, >1% Medium and >2.5% High

* The impact is higher for an offshore wind farm located further from the shore.
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Appendix 3.1: Longlist – Technology (3/3)
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3 From longlist to shortlist cost reduction options

Main level Innovation area Best-case impact Readiness Example

5. Operation& Maintenance

Increased design life High High From 20 to 25 years

Turbine transfer solutions/ vessels Medium High Ampelmann

Condition-based maintenance/monitoring Low High Sensoring

Improvements in weather forecasting Low High Modelling

Inventory management Low High Asset management

Transfer from shore to site improvements Low/Medium* High Faster vessels

Floating accommodation vessels Low/Medium* High Walk-to-work vessels

Equipment for major overhaul Low/Medium* Medium Motion compensation

Selection for the shortlist

• Criteria for selection shortlist: Likeliness medium and high in 2020, and best-case impact on LCoE: <1% Low, >1% Medium and >2.5% High

* The impact is higher for an offshore wind farm located further from the shore.
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Appendix 3.2: Longlist – Market & Supply Chain
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3 From longlist to shortlist cost reduction options

Main level Innovation area Explanation Best-case
impact

Likeliness

1. Competition European competition Price competition from (new) European players High Medium

Low-cost competition Price competition from (new) Eastern low-cost players High Low

2. Asset growth and
economies of
scale

Volume procurement (lower prices) Economies of scale in purchasing, mainly for array cable costs Low Medium

Standardisation of processes Impact of standardised designs and processes (next to technological
impact)

Low
Medium

Learning by doing (process optimisation) Improving working processes (e.g. faster working) Medium High

Sweating assets (asset optimisation) Improving utilisation of assets (e.g. utility rate of vessels) Medium High

3. Collaboration Vertical collaboration Better cooperation between parties during projects including
development (managing interfaces)

High High

Horizontal co-operation Sharing of knowledge and working groups/facilities among competitors Medium Medium

4. Project
management and
development

Contract form/framework agreements Improvements in contracts between players Medium Medium

Optimal risk sharing Allocating part of the uncontrollable risk from the developer towards the
corresponding players

Low Medium

Shared site investigation Performing the site investigation once (e.g. by government) Low High

Project management Stronger management to decrease potential cost/time overruns Low Medium

Shorter construction time Shorter development time due to TenneT taking over the responsibility of
ordering and installing the export cable and the substation

High High

Selection for the shortlist

• Criteria for selection shortlist: Likeliness medium and high in 2020, and best-case impact on LCoE: <1% Low, >1% Medium and >2.5% High
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Appendix 3.3: Longlist – Finance
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3 From longlist to shortlist cost reduction options

Main level Innovation area Best case impact 2010 -
2020 (FID)

Likeliness
2010-2020
(FID)

1. Finance structure wind
farm (balance sheet or
project finance)

Switching from balance sheet finance to project finance at FID Low/Unknown High

Switching from balance sheet finance to project finance post construction Low High

2. Balance sheet finance find
farm

Decreasing cost of equity High Low

3. Project finance wind farm

Decreasing cost of debt High Medium

Decreasing cost of equity High Medium

Increased debt share at FID to 75% Low Low/Medium

Increased debt share post-construction to 75% Low Medium

4. Insurance costs
CAR Low Low

Operational insurance Low High

5. TenneT
Regulated cost of capital TenneT High High

Increased operational period Medium High

6. Other
Increased/Decreased depreciation period Low Low

Decreased required DEVEX financing return Low Medium

Selection for the shortlist

• Criteria for selection shortlist: Likeliness medium and high in 2020, and best-case impact on LCoE: <1% Low, >1% Medium and >2.5% High
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Appendix 3.4: Longlist – Policy (1/2)
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3 From longlist to shortlist cost reduction options

Main level Innovation area Best-case impact 2010-
2020 (FID)

Likeliness 2010-2020
(FID)

Technology Market &
Supply Chain

Finance

1. Creating a
market for
offshore wind

Tendering of offshore wind projects and communicating
the future tender outlook

High Medium ``` ``` ```

Publishing a project pipeline with detailed tendering and
contracting decision points (market input needed)

Unknown Low `` `` ``

Implementing a stable subsidy scheme (viable business
case)

High High ``` ``` ```

2. Incentivising
cost reduction

Agreement on cost reduction target by market and policy
makers

Medium/Unknown High ``` ``` ``

Using a cost reduction monitor Low High Unknown Unknown Unknown

Create subsidy pressure from alternative sustainable
generation (e.g. solar)

High Low ``` ```

3. Creating a
competitive
market

Demonstrating low-cost competition in Leeghwater
project

Low Low ```

Financial support for new entrants/small- and medium-
sized companies

Low Low `` ``

• Criteria for selection shortlist: Likeliness medium and high in 2020, and best-case impact on LCoE: <1% Low, >1% Medium and >2.5% High
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Appendix 3.4: Longlist – Policy (2/2)
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3 From longlist to shortlist cost reduction options

Main level Innovation area Best-case impact
2010-2020 FID

Likeliness 2010-
2020 (FID)

Technology Market &
Supply Chain

Finance

4. Preventing
market costs

Optimal site selection by the government (low-cost sites) High High

Limiting the time between the SDE+ bid and the FID (site
investigation by the government, awarding the SDE+ subsidy and
the permit simultaneously, and functional permit)

Low on FID (high
impact on subsidy)

High ``` ``

Allowing for bids for two sites per tender (which might result in
economies of scale)

Low High Unknown

Knowledge sharing (e.g. on cost reduction measures and on
performance of farms)

Low/Medium High ``

Assigning TenneT as OTSO (through economies of scale,
optimisation of the design and lower financing costs)

High High `` `` `

5. Reducing
offshore wind
risk profile

Front-loading of the subsidy Medium Low `

Implementing a stable subsidy scheme which limits regulatory
risk

High High ``` `` ```

Recalculation of subsidy after the construction period Unknown Low Unknown Unknown Unknown

Compensating for delays and lost production due to the
electricity grid

Unknown Medium ` ` Unknown

Financial guarantees for certain risks by the government Medium Low ` ``

Financial participation (equity) or Power purchase agreement
(PPA)

Low/Medium Low `

6. Stimulating
technological
innovation

Demonstrating innovations in Leeghwater project Low Low ``

Subsidising innovation (R&D) Low/Medium High `` `

AppendicesPotential after 2020Scenario analysisCost reduction potentialApproachIntroduction



October 2015

Appendix 4.1: Shortlist quantifications – Technology (1/3)
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4 Shortlist quantifications

Main level Innovation area Foundation CAPEX Installation CAPEX O&M OPEX

1. Support structures

XL monopiles - - -

Efficient design by improved modelling -7% - -

Integrated design turbine and foundation -10% -1% -

Hammering on the flange -10% -12% -

XL monopiles

The cost reduction for XL monopiles has been estimated using the TKI cost
model. The largest turbine available in the model is a 7 MW machine with a
rotor diameter of 164 metres. The cost reduction has been estimated by
comparing the cost of placing the 7MW on a jacket or a monopile. This is a
slight deviation from other estimations in this study, necessitated by the fact
that the reference base case is already placed on a monopile: the advantage
of XL monopiles lies in placing the larger wind turbines on a monopile instead
of a jacket.

Efficient design by improved modelling

The cost reductions were set following input from the survey and input given
at the Technology workshop. By improving the modelling for foundation
design, the structure can become lighter, reducing foundation CAPEX.

Integrated design

The impacts were set following input from interviews and validated in the
workshop. The resulting LCoE is comparable to the LCoE impact estimated in
other studies.

Hammering on the flange

Initial estimations were made by DNV GL, and adjusting to input given at the
workshop and interviews. The cost reduction for the installation CAPEX is
based on a faster installation of the foundations.
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Appendix 4.1: Shortlist quantifications – Technology (2/3)
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4 Shortlist quantifications

Main level Innovation area DEVEX Turbine
CAPEX

Foundation
CAPEX

Array cable
CAPEX

Installation
CAPEX

OPEX AEP

2. Turbine
and wind
farm

Drivetrain concepts - 1.3% - - - -5.3% 1.5%

Increase rated power* -10% 16% -17% -3% -35% -25% 4.5%

Blade design and
manufacturing

- -3% 3% - - -0.3% 3%

Improvements in controls - 1% -2% - - 0.8% 3%

Optimal layout -2.5% - -1% -2.5% -2.5% -1.6% 1.5%

*Represented numbers for an 8 MW wind turbine on a monopile

Drivetrain concepts

Estimations are based on the impact estimations for a Direct-Drive generator
from desk research and the survey. The numbers were validated in the
workshop. The OPEX reduction is based on a 10% reduction in unplanned
maintenance.

Increase in rated power

Estimations are based on the move from a 3 MW WTG in the reference case
to an 8 MW WTG using a monopile foundation following results from desk
research, the workshop and interviews. To avoid double-counting the effect
of the assumed XL monopile, the LCoE estimation for the XL monopiles were
deducted from the resulting estimation. The foundation CAPEX was revised
after the workshop using DNV GL estimations and further interviews.
Although the foundation becomes heavier to withstand the loads of the
larger wind turbines, the reduced number of required foundations give a
reduction per MW.

Blade design and manufacturing

This combines innovations for blade tip speeds, blade aerodynamics,
manufacture, design standards and materials. Survey respondent also
mentioned better testing as possible cost reduction. Blade manufacturing is
presumed to lower rotor CAPEX by 6%.

Improvements in controls

The estimations were made for blade pitch control and inflow measurements
using desk research, the survey results and comments at the workshop.
Including extra control systems will decrease loading on the foundation,
leading to a decrease in foundation CAPEX.

Optimal layout

Estimations are set following the desk research and were validated during the
workshop. A better layout will decrease wake effects and reduce fatigue
loading on the turbines. Therefore, less service and repair visits are required.
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4 Shortlist quantifications

Main level Innovation area DEVEX Turbine
CAPEX

Foundation
CAPEX

Electrical
CAPEX

Installation
CAPEX

OPEX AEP

3. Electrical and
grid
connection

66 kV array cables - - - -4.3% -4.4% - 0.2%

Standard transformer
station (TenneT)

- - - -5% 8.6% * 1.6%

4. Transport &
Installation

Monopile installation
- - - - -8% - -

5. Operation &
maintenance

Increased design life
- 4% 6% - - - -

*The effect on OPEX is covered in the Market & Supply Chain

66 kV array cables

Estimations from Ecofys were used for the LCoE cost reduction estimation.

Standard transformer station

Estimations from Ecofys were used for the LCoE cost reduction estimation.

Monopile installation

Estimation of the reduced installation CAPEX is based on desk research,
mentioning possible reduction of 20% in foundation installation costs. During
the workshop, it was remarked that this number can be considered
conservative.

Increased design life

In the TKI model, the project life was set from 20 to 25 years. The estimations
for increased turbine and foundation CAPEX are based on desk research. The
resulting LCoE impact of 3.3% is lower than the often-mentioned 5% in other
studies, but is dependent on the reference case.
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4 Shortlist quantifications

Main level Innovation area Turbine
CAPEX

Foundation
CAPEX

Array cable
CAPEX

Installation
CAPEX

O&M OPEX

1. Competition European competition -8% -3.5% -5% -5% -3%

2. Asset growth and
economies of scale

Learning by doing (process
optimisation)

- - -5% -5% -1.5%

Sweating assets (asset optimisation) -2.5% -2% - -4% -1.5%

3. Collaboration
Vertical collaboration -5% -7% - -10% -5%

Horizontal cooperation -2.5% -2% - -4% -2%

4. Project
management and
development

Contract form/Framework agreements -1% -1% - -4% -

Shorter construction time of six months - - - - -

European competition

Based on findings of desk research. The O&M OPEX indication was adjusted
for changes between the Crown Estate and the TKI model. The array cable
CAPEX quantification was changed based on workshops and interviews.

Learning by doing

Based on findings of desk research. The O&M OPEX quantification is changed
based on workshops and interviews.

Sweating assets

Based on findings of desk research. The O&M OPEX quantification is changed
based on workshops and interviews.

Vertical collaboration

Based on findings of desk research. The O&M OPEX quantification is changed
based on workshops and interviews.

Horizontal cooperation

Based on findings of desk research. Estimations were confirmed during
workshops.

Contract form/Framework agreements

Based on findings of desk research. Estimations were confirmed during
workshops.

Shorter construction time of six months

Based on an FID which takes place six months later as defined in interviews.
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4 Shortlist quantifications

Main level Innovation area Required return on equity Required return on debt

1. Project finance wind
farm

Decreasing cost of debt - -1.5%

Decreasing cost of equity -1.5% -

2. TenneT
Regulated cost of capital TenneT - -

Increased operational period - -

Decreasing cost of debt

Estimation of the cost of debt reduction is based on interviews and the
workshops. During the workshop, it was mentioned that the reduction Is
indeed only based on the reduced perceived risk and excludes the direct
result of decreased risk-free interest rates.

Decreasing cost of equity

Cost of equity has decreased due to a decreased perceived risk profile and
increased competition. During the workshops, it was confirmed that this
reduction of the required return of equity does not include any direct effects
of the development of the risk-free interest.

Regulated cost of capital TenneT

The LCoE has been calculated by Ecofys based on the regulated real pre-tax
WACC of TenneT of 3.6%.

Increased operational period

Based on an operational period of 40 years instead of the 20 years that would
be applicable to an offshore wind farm developer.
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