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Disclaimer

The objective of this report is to provide a qualified assessment of the socioeconomic impacts of
offshore wind investments. The report aims to fulfil the objective by applying the best possible primary
and secondary data, analytic methods, knowledge and experience from previous impact studies
conducted around the world as well as a range of existing studies and reports. This means that the
results should be considered the best possible assessments of the impacts given the uncertainty
associated with making such assessments and not accurate measurements of actual impacts. All
reasonable precautions have been taken by QBIS to verify the reliability of the material in this
publication. The information contained herein does not necessarily represent the views of QBIS. The
mention of specific companies or certain projects or products does not imply that they are
recommended by QBIS in preference to others of a similar nature that are not mentioned.
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1 PREFACE

In 2018, Denmark signed a new energy agreement for three new offshore wind farms with a total
capacity of at least 2.4 GW corresponding to all Danish households' total electricity consumption. In
addition, in June of 2020, the Danish Government announced a new ambition to establish two energy
islands in Denmark contributing with at least 5 GW offshore wind by 2030 as well as to advance the
establishment of 1 GW offshore wind farm at Hesselo.:

While the role of offshore wind in climate change mitigation and energy security is well understood,
there has been less efforts to study the socio-economic impacts from the expansion of offshore wind in
terms of economic value-added and jobs, particularly locally. As governments like the Danish are
planning substantial expansions of offshore wind over the coming decade, they increasingly want to
know what costs and benefits to expect from such investments.

The objective of this study is to help answer this question. First, through establishment of a full-scale
cradle-to-grave model of a modern offshore wind farm in Europe, the study provides a reference model
for estimating the socio-economic impacts of 1 GW offshore wind farm. Using Denmark as the example,
the study lays out the detailed investment costs and the likely distribution of economic value-added and
jobs, both in Denmark and abroad. Secondly, by taking an ethnographic approach, the study explores
how offshore wind investments resonate through local port communities and supply chains involved in
the installation and O&M of an offshore wind. Here the study focuses on four Danish ports which have
been - or will be - instrumental in installing and servicing Denmark’s largest offshore wind farms.

The study is financed by the Danish Maritime Fund. Danish Shipping, Wind Denmark, Danish Energy,
Danish Maritime, Orsted, Vattenfall, Siemens Gamesa, MHI Vestas and the ports of Esbjerg and Ronne
have been on the steering committee, while the study has been conducted by QBIS.

! Danish Government. See: https://fm.dk/media/18082/faktaark klimaaftale-for-energi-og-industri-2020-et-overblik.pdf
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2 EXECUTIVE SUMMARY

The offshore wind industry has been characterised by significant productivity improvements that have
increased the economic return measured as megawatt (MW) per Euro invested, but also reduced the
labour needed per MW. The study assesses that labour measured as Full Time Equivalents (FTEs) per
MW has been reduced from nearly 19.0 FTEs per MW installed in 2010 to around 7.5 FTEs per MW
installed in 2022.

When seen in isolation, productivity improvements such as these could result in reduced employment in
the offshore wind industry. But the offshore wind industry has expanded heavily in the last ten years,
from just under 1.0 GW to almost 25 GW, and in the next twenty, it is expected to further increase its
capacity 15-fold. This has resulted in a cumulative increase in employment and economic returns from
offshore wind at the same time. A win-win situation.

Case in point: In 2010, total offshore wind capacity in Europe was less than 1 GW. With nearly 19 FTEs
per MW installed, the associated labour was around 19,000 FTEs. In 2019, total offshore wind capacity
was nearly 23 GW and with an assessed around 10 FTEs per MW installed, the associated labour input
was around 230.000 FTEs. Over the next 20 years, capacity is expected to increase 15-fold. This means
that labour can increase up to 3.5 million FTEs if labour input equals 7.5 FTEs per MW as assessed for
2022.

Denmark was the first country to invest in offshore wind and through consistent Danish commitment
and investments combined with skilled Danish businesses, the Danish offshore wind industry today has
an assessed 40% market share of the European offshore market and the most complete supply chain in
the world making Denmark a one-stop-shop for global offshore wind. This means that Danish offshore
wind companies stand to gain massively from the potential 3.5 million FTEs.

The Danish market share implies that Danish offshore wind companies is assessed to receive an average
of around 3.1 FTEs of each MW installed and operated in other EU countries than Denmark. Labour
input from Danish subcontractors adds another 3.2 FTEs per MW, while labour input from spending of
wages and salaries on food, housing, transportation, etc. adds yet another 2.8 FTEs per MW. Put
differently, for every MW offshore wind farm installed and operated outside of Denmark but within
Europe, total Danish labour input amounts to 9.1 FTEs per MW.

The continued expansion of Danish wind farms matters to the domestic offshore wind sector as well.
When an offshore wind farm is installed and operated in Denmark, the Danish labour return is higher.
Around 4.9 FTEs per MW are generated directly within the Danish offshore companies compared to 3.1
FTEs for offshore wind farms in other EU countries than Denmark. Adding labour inputs from
subcontractors and spending of wages and salaries means that the labour input on a Danish offshore
wind farm amounts to a total 14.6 FTEs, i.e. 60% more FTEs per MW compared to offshore wind farms
installed and operated in Europe.
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Offshore wind farms installed and operated in Denmark also have other important benefits. One
example is within the installation and operation & maintenance (0&M) stages of an offshore wind farm,
which involves extensive labour inputs and several localized opportunities, including for domestic
installation and O&M ports. This is critical from a socioeconomic perspective as offshore wind ports are
often located within coastal communities removed from the host nation’s main economic centres. While
ports often employ few people directly, they are an important part of the municipal economy,
generating substantial economic activity and local jobs in the hinterland.

The model assesses that a 1 GW Danish offshore wind farm will generate around EUR 5 million (one-off)
to the installation port, while an O&M port is assessed to receive around EUR 0.5 million EUR per year,
which is equivalent to EUR 12.5 million over the anticipated 25-year lifetime of an offshore wind farm.

In addition, the appointment of a local installation or O&M port also creates opportunities for local
suppliers and workers within the port region itself, ranging from local shipyards, steel manufacturers
and electricians to local restaurants, hotels and catering companies. Depending on the share of the total
work gained by these local suppliers, the study assesses that a 1 GW Danish offshore wind farm may
generate a total of between EUR 11-28 million in turnover and between 30-96 FTEs to the local
installation port and suppliers combined. An O&M contract is assessed to generate between EUR 3.2-9.1
million in turnover and between 59-81 FTEs each year over a period of 25 years to the local 0&M port
and suppliers combined.

To better understand how offshore wind investments resonate through local port communities beyond
the time-bound outputs from a single offshore wind farm investment, the study reviews the experiences
of four Danish installation and O&M ports given in terms of Esbjerg, Grenaa, Ronne and Hvide Sande.
Based on a combination of interviews and field studies, the study presents a five-staged model for how
offshore wind can impact local installation and O&M port communities over time — from preparation
and implementation to conversion, internationalization and, ultimately, transformation.

The most notable example of how Danish offshore wind investments can contribute to transforming
local port communities over time is the case of Esbjerg. Once Denmark’s leading service hub for the oil
and gas sector, the Port of Esbjerg has transformed into a global hub for offshore wind over the past two
decades. This transformation was kickstarted by Denmark’s first large-scale investments in offshore
wind farm with Horns Rev 1 in 2001; an investment which launched a year-long port expansion project
within the port and resulted in Esbjerg winning a long string of offshore wind projects in the North Sea.

Since 2001, the Port of Esbjerg has been involved in more than 50 European wind farm projects and 55%
of accumulated European offshore wind capacity. One of the main spin-offs from the first Danish
offshore wind farms in Esbjerg was that it enabled local companies to test and transfer their experiences
from oil and gas to a new sector; pursue growth in new markets and diversify their business strategy,
also well beyond Denmark’s borders. As a result, Esbjerg is now home to around 250 suppliers to the
global offshore wind sector such as Semco Maritime, Esvagt, NorSea Denmark, Ocean Team Group,
Jutlandia and many more.
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Another example highlighted in the study is Grenaa, which was appointed as installation and O&M port
for Anholt wind farm. Unlike Esbjerg, Grenaa’s experiences from Anholt has not yet converted into a
similar transformation of the local economy. This underline both the risks and challenges involved for
offshore wind ports, who often must make sizable upfront investments to meet the offshore wind
sector’s requirements. From the perspective of local port economies, a positive return from offshore
wind farms relies heavily on the ability of the port and local suppliers to attract a continuous portfolio of
projects. Following the commissioning of Anholt in 2013, the port of Grenaa had to change its strategy
to pursue growth in adjacent sectors which could benefit from some of the same facilities, competences
and references gained during Anholt.

This has since led to several high-profile projects, which has generated substantial turnover for both the
port and local suppliers — projects that according to the port would not have been possible without the
experiences from Anholt. As for the local suppliers involved in the installation of Anholt, the exposure
to an international customer segment with stringent standards in terms of quality, safety and
documentation has been the most important spin-off effect from Anholt.

Based on these observations, the study reverts to the initial question: What socio-economic impacts can
be expected from Denmark’s future offshore wind investments? Applying the model to Thor, it is
assessed that the 0.8-1.0 GW planned offshore wind farm can be associated with a direct labour input of
around 5,234 FTEs in the capex phase, 1,987 FTEs over the 25-year long opex phase and around 546
FTEs in the decommissioning phase, i.e. a total direct labour input of around 7,768 FTEs. The Danish
share of this labour input is assessed to be around 4,127 FTEs. Labour inputs from Danish subcontractors
is assessed to add another 4,472 FTEs, while labour input from spending of wages and salaries on food,
housing, transportation, etc. adds yet another 3,828 FTEs. In summary, a total Danish labour input of
around 12,428 FTEs.

A part of this labour input will go to the installation and O&M ports. If Esbjerg is selected as installation
port, the assessed potential varies between EUR 233-379 million in direct, indirect and induced turnover
from supplier contracts and around 666-1,084 FTEs in associated direct, indirect and induced labour
inputs. If either Thuboron, Thorsminde or Hvide Sande is selected as O&M port, the assessed potential
varies between EUR 3.3-9-5 million in direct, indirect and induced turnover and 61-84 FTEs in associated
direct, indirect and induced labour input per year over a 25-years period. The high potential corresponds
to around EUR 83-237 million and 1,527-2,109 FTEs over the 25-year O&M period.

Beyond number of jobs created per MW, Denmark’s next generation of offshore wind farms may
however also help local ports attract new inwards investments, upskill and internationalize local
suppliers and lead to more diversified and resilient port economies. Learnings from the empirical case
studies also suggest that this transformation will not happen automatically, rather it requires a proactive
effort by both ports and local suppliers. As offshore wind can be both a challenging and risky affair for
local ports and suppliers, a long-term vision for offshore wind and clear policy commitments is a
conducive factor to success.
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3 OFFSHORE WIND TODAY

3.1 GLOBAL OUTLOOK

The global offshore wind market grew nearly 30% per year between 2010 and 2018, benefitting from
rapid technology improvements. Over the next five years, about 150 new offshore wind projects are
scheduled to be completed around the world, pointing to an increasing role for offshore wind in power
supplies. Europe has fostered the technology’s development, led by the United Kingdom, Germany and
Denmark. The United Kingdom and Germany currently have the largest offshore wind capacity in
operation, while Denmark produced 15% of its electricity from offshore wind in 2018. China added more
capacity than any other country in 2018.2

Offshore wind power capacity is set to increase by at least 15-fold worldwide by 2040 and thereby
becoming a USD 1 trillion business. Under current investment plans and policies, the global offshore
wind market is set to expand by 13% per year, passing 20 GW of additions per year by 2030. This will
require capital spending of USD 840 billion over the next two decades, almost matching that for natural
gas-fired or coal-fired capacity. Achieving global climate and sustainability goals would require even
faster growth: capacity additions would need to approach 40 GW per year in the 2030s, pushing
cumulative investment to over USD 1.2 trillion.:

The promising outlook for offshore wind is underpinned by policy support in an increasing number of
regions. Several European North Seas countries — including the United Kingdom, Germany, the
Netherlands and Denmark — have policy targets supporting offshore wind. However, offshore wind faces
several challenges that could slow its growth in established and emerging markets. Developing efficient
supply chains is crucial for the offshore wind industry to continue to drive down costs. Doing so is likely
to call for multibillion-dollar investments in ever-larger support vessels, port upgrades and construction
equipment. Such investments are especially difficult in the face of uncertainty. Governments can
facilitate investment of this kind by establishing a long-term vision for offshore wind and precisely
defining the measures to be taken to help make that vision a reality.

3.2 MAIN PLAYERS

Investment in offshore wind projects is mainly by large utilities and investment funds because the
projects have relatively high upfront capital costs. European companies develop and own most offshore
wind assets. Denmark-based Orsted owns the largest share (12%) and is actively expanding into other
markets in the United States and Asia. Germany-based RWE consolidated its share of the offshore wind
market after acquiring E.ON and Innogy renewable energy assets in the North Sea and Baltic Sea, and is
now with 10% market share, the second-largest offshore wind operator in the world, cf. Figure 1.

2 |EA (2019).
3 1bid.
41bid.
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Figure 1: Leading market players in the offshore
wind industry, 2018
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Chinese companies account for a growing share
of the market. With 5% markets share, China
Longyuan Power Group ranks as the largest
producer of wind power across Asia. Another
Chinese company is China Three Gorges
Corporation (CTG) — previously known for its
hydroelectric projects — is one of the world’s
largest energy companies and has become
actively involved in the offshore wind industry.
With 4% market share, Vattenfall is the fourth
largest player in offshore wind. As Orsted,
Vattenfall has a large amount of capacity under
preparation (nearly 5 GW) indicating that its
market share could rise in the coming years.

Manufacturers of offshore wind turbines are mostly based in Europe, and the market is concentrated
among a small number of companies. Spanish-headquartered Siemens Gamesa and MHI Vestas, a joint
venture between Vestas and Mitsubishi Heavy Industries, dominates the offshore wind industry,
accounting for over two-thirds of the offshore wind capacity installed in 2018, cf. Figure 2.

Figure 2: Leading manufacturers of offshore wind
turbines, 2018
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3.3 TECHNOLOGY

(Mw)

Together, these two manufacturers account for
over 80% of all offshore capacity commissioned
from 1995 through the end of 2018. The share of
turbines produced by Chinese manufacturers is
expanding with its focus on the market in Asia,
accounting for close to 30% of offshore wind
capacity additions in 2018. Another important
component in the value chain is the construction
and servicing of offshore wind turbines. Between
2010 and 2018 nearly USD 4 billion per year was
invested in the construction of offshore wind
installations across Europe and China, while over
USD 1 billion was spent annually on operations
and maintenance.

Offshore wind technology has made impressive advances since the first turbines were installed near the

shore in Denmark in 1991. Since then, equipment suppliers have focused research and development
spending on developing bigger and better performing offshore wind turbines. The technology has grown
dramatically in physical size and rated power output. Technology innovation has led to an increase in

turbine size in terms of tip height and swept area, and this has raised their maximum output. The tip
height of commercially available turbines increased from just over 100 metres (m) in 2010to more than

200 m in 2016, while the swept area increased by 230%. The larger swept area allows for more wind to

10
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be captured per turbine. A 12 MW turbine now under development is expected to reach 260 m, or 80%
of the height of the Eiffel Tower, cf. Figure 3.

Figure 3: Evolution of the largest commercially available wind turbines

324 m
0-250
. 300 2 n
o 220m
7]
= 164 m
200
151 m
90 m
100 O
2010 2013 2016 2021* 2030%*
3 MW 6 MW 8 MW 12 MW 15-20 MW

Source: IEA (2019).

The industry is targeting even larger 15-20 MW turbines for 2030. This increase in turbine size and rating
has put upward pressure on capital costs as larger turbines pose construction challenges and require
larger foundations, but it has also reduced operation and maintenance costs, ultimately leading to lower
levelized costs of electricity.

3.4 DENMARK

In April 2020, Wind Denmark asked its members to assess the share of their turnover accruing from
offshore, onshore and services in 2020, 2015 and 2010. The results indicate a doubling in the share of
turnover from offshore from around 20% in 2010 to around 40% in 2020. Applying these survey results
to Wind Denmark’s annual industry statistics suggests that turnover from offshore has increased from
around EUR 2.0 billion in 2010 to around EUR 5.2 billion in 2020 corresponding to an increase of EUR 3.2
billion, cf. Figure 4. As total turnover has increased from around EUR 10.3 million in 2010 to EUR 13.6
million corresponding to an increase of around EUR 3.3 billion, this means that offshore wind solely has
driven the increase in turnover for Danish wind companies.

European countries spent around EUR 85 billion on new offshore investments from 2010 to 2018.5 As a
rough indicator of Danish market share, it is assessed based on Wind Denmark’s member survey that
Danish wind companies’ offshore turnover constituted an average of 40% of these investments, cf.
Figure 5. Market players state that Denmark is considered to have the biggest and most comprehensive
offshore wind supply chain in the world and the key sourcing hub for offshore wind farms. The rough
indicator of Danish market share of around 40% supports these perceptions.

5 WindEurope (2020a and 2020b).
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Figure 4: Turnover of Danish wind companies, Figure 5: New investments compared to offshore
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Today, there are 22,072 MW of installed capacity across Europe. This is a total of 5,047 turbines
connected to the grid across 12 countries. Five countries — the UK, Germany (DE), Denmark (DK),
Belgium (BEL) and the Netherlands (NLD) — represent 99% of this capacity, cf. Figure 6. As Denmark’s
share of total cumulative European installed capacity in 2019 only was around 8%, cf. Figure 7, it follows
that Danish offshore wind turnover primarily must come from foreign offshore investments making
Danish offshore wind a strong export sector.s

Figure 6: Cumulative installed capacity by country,  Figure 7: Cumulative installed capacity by
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6 WindEurope (2019).
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4 AN IMPACT MODEL FOR OFFSHORE WIND INVESTMENTS

4.1 INTRODUCTION

The objective of the offshore wind model is to provide new insight into the socioeconomic impacts of
offshore wind. Existing estimates of economic value-add and jobs generated from offshore wind have
tended to vary in methodology and scope. As an example, some studies may focus on total man hours
required but not on the distribution of same within or between countries. Similarly, other studies may
focus on selected parts of an offshore wind project, e.g. production, installation and O&M, while
remaining stages such as planning, and decommissioning are not included.

In a Danish context, existing methods have tended to focus on total expected Danish jobs from offshore
wind investments but less often where in Denmark jobs from offshore investments most likely will be
located. Thus, can offshore investments help coastal and more remote areas of Denmark and if yes, how
much? And what is the difference between an EU and Danish offshore investments when it comes to
Danish supplier contracts and jobs? And what professions and industries will benefit from offshore
investments and how much? These are some of the questions that the model aims to provide a more
granular answer to.

The complexity of establishing such a model is that offshore wind farms vary considerably in their size
and their distance from shore and generally, that there is no single way to build and operate an offshore
wind farm, where much depends on the specific conditions at the site. Further, the pace of innovation in
the wind industry has been rapid over the past decade making it difficult to set the appropriate size and
technology.

Up to 2025, experts are however reasonably confident of the technologies that will be deployed.” An
important exception and uncertainty is turbine size. Although manufacturers are working on designs
that will ultimately stretch capacities to greater than 15 MW, the timing of their introduction is a
complex commercial decision. For the purpose of this model and ensuring comparability with technical
studiess, the model is designed for a 1 GW offshore farm using 10 MW turbines located 60 km from
shore in 30-meter water depth and commencing operation in 2022.

The 1 GW capacity and 10 MW wind turbines will ensure relevance in terms ability to simulate new
rather than existing offshore wind investments, but the distance from shore and water depth are more
typical for offshore wind farms in the UK, Germany and other countries in the EU than Denmark, where
distance to shore and water depth typically are shorter and less deep. However, through correction of
capex and opex in order to reflect differences in distance from shore and water depth, the model can
provide results for Danish offshore wind investments as well as EU investment.

7 Consultations with Orsted capex team and BVG Associates (2019).
8 BVG Associates (2019).
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4.2 MODEL STRUCTURE

4.2.1 Model structure

The offshore wind farm model is split into five different phases. Phase 1 is design and development.
Phase 2 is production of turbines and balance of plant. Phase 3 is installation and grid connection. Phase
4 is operation and maintenance (O&M). Phase 5 is decommissioning. It has been an important objective
of the model to be able to provide detailed impact assessments for each of these phases.

More specifically, assessments of lifetime costs, Gross Domestic Products (GDP), supplier contracts,
labour inputs and locations for each phase. For supplier contracts, further assessments of split between
Danish and foreign companies, split between direct, indirect and induced turnover from these contracts,
split between the industries receiving contracts as well as split between locations of activities accruing
from these contracts, i.e. how many activities are located in ports areas versus other areas of the
respective countries. For labour input, there are similar assessments of split between Danish and foreign
labour input, split between direct, indirect and induced labour input, split between professions
delivering labour inputs as well as the split between locations of labour inputs, cf. Figure 8.

Figure 8: An offshore wind farm lifetime model
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Note: FTE=Full-Time Equivalent, GDP=Gross Domestic Product and GVA=Gross Value Added.
Source: QBIS based on BVG Associates (2016 and 2019) and IRENA (2018b) and consultations with Orsted capex and opex teams.

4.2.2 Coreresults

Phase 1-3 constitute the capex of the offshore wind farm, while phase 4 constitutes the opex and phase
5, the depex. The core results of the model consist of capex/depex and opex costs. The capex/depex and
opex are typically the key in