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EXECUTIVE SUMMARY

Increased emphasis on climate policies, the phasing out of fossil power generation as well as targets
for electrification and general growth expectations have led to a rapid growth in global demand for
renewable energy. Combined with r e c e nt costereductiofs and technology development,
offshore wind is expected to become increasingly more important in the global power market. Based
on expertise and experience from offshore operations both in Norway and internationally, Norwegian
companies are well positioned to take significant market shares during the development,
construction and operational phases for offshore wind farms, both regionally and globally.

Export Credit Norway asked the project consortium of Multiconsult, THEMA, and RCG Nordic to
assess the long-term potential for the Norwegian supply chain within this fast-growing industry. This
report addresses the following questions:

1 What is the long-term global market potential for investments in bottom-fixed and floating
offshore wind?

1 What is the competitiveness and potential for Norwegian supply chain market shares within
various parts of the value chain comprising offshore wind projects?

An expert group has analysed these questions separately for bottom-fixed and floating offshore wind
technologies.

The expert group identified that the offshore wind industry has the potential to become one of
Nor way 6 s mo sekpori impstiestinathe tfuture. In the Base case scenario, turnover for
companies registered in Norway for its activities in Norway and third-party countries in the offshore
wind sector is forecast to 2.1 bn EUR/year in the near term to 2025, increasing to 7.2 bn EUR/year
toward the end of the 2040s as depicted in Figure 1.

Due to uncertainties in market development, two additional scenarios have been developed to
assess the potential turnover for Norwegian industry players in the global offshore wind market
through to 2050:

In the Accelerated Growth scenario, we believe Norwegian players could capture up to 12.9 bn
EUR/year by the end of the forecast period, where 3.8 bn EUR/year is achieved within floating
offshore wind developments. Even in the Slow Progression scenario, we estimate that total turnover
for the Norwegian supply chain could amount to 2.8 bn EUR/year in the same period.

Figure 1 Average yearly turnover for the Norwegian industry in the three scenarios Base, High
Accelerated Growth and Low Slow Progression
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In the near-term, bottom-fixed offshore wind will remain the key source of turnover for Norwegian
players, accounting for on average EUR 3 bn in the 5-year period from 2026 to 2030 and EUR 5.3
bn in the 2040s. Similarly, floating offshore wind makes up a mean of slightly below 800 MEUR/year
in the 2026-2030 period and doubles to an average of almost 2 bn. EUR in the latter part of the
analysis period. At the same time, the uncertainty around market development for floating offshore
wind is high, and this will be highly influenced by national targets and policy making. In the
accelerated growth scenario, deliveries to floating offshore wind could be high and offer great
opportunities for the Norwegian maritime and offshore industries, which can develop solutions
tailored to meet the challenges within offshore wind based on knowledge and experience from
offshore oil and gas operations.

In the near term, the majority of turnover is still expected to come from the European market both for
bottom-fixed and floating offshore wind, whereas other regions will become more important in the
latter years as those markets develop. Europe makes up for a mean turnover of 2.7 bn EUR/year
around 2030 and 3.7 bn EUR/year in the 2040s or 72% and 51% of the global turnover for Norwegian
players.

Opportunities for Norwegian companies are particularly strong within installation of both turbines and
floating foundations, project development and management, HVDC export cables and offshore sub-
stations, array cables, as well as marine operations, mooring systems for floating wind farms and
within operation and maintenance of offshore wind farms.

Figure 2 below shows our forecast for the cumulative installed offshore wind capacity per region from
today until 2050 and the global distribution of offshore assets. Installed capacity is forecasted to
increase more than six-fold over the next ten years and reach more than 1300 GW by 2050. A
dominant European role in offshore wind will be met by the rapid expansion of offshore capacity in
other regions, especially China. The rest of Asia and the US will also enter the offshore wind sector
with high ambition levels from 2025 onwards. According to our estimate, offshore wind will cover
almost 12% of global electricity demand by mid-century.

Figure 2 Total floating and bottom-fixed offshore wind capacity (left) and global capacity
distribution per region & year (right)
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1 INTRODUCTION

Power production based on offshore wind is expected to become increasingly important in the global
power market. Based on the expertise and experience from offshore operations both in Norway and
internationally, Norwegian companies can be expected to capture a significant share of the global
value chain from the development to construction and operation of offshore wind installations. In this
report, we look at the long-term potential for the Norwegian supplier industry in the sector, by
analysing two main questions:

1 What is the long-term global market potential for investments in bottom-fixed and floating
offshore wind power?

1 What is the competitiveness and potential of Norwegian supplier companies within the
various cost categories?

The report is written by THEMA Consulting Group, Multiconsult and RCG Nordic (RCGN). THEMA
has been responsible for the forecasting of the market size based on RCGN6 s d a tohpbogedse
from 2020 to 2025 as well as providing context and background. An overview of the market segments
and analysis of the key drivers for the market share has been explained by Multiconsult. RCGN has
carried out an assessment of the opportunities for the Norwegian supply chain within each segment.

In the next paragraphs, the high-level structure of the report is described. Taking historical sector
development of bottom-fixed and floating offshore wind and a forecast for their expansion over the
next decades as a starting point, opportunities for Norwegian actors along the offshore wind value
chain are analysed in the latter part of the report.

After an introduction with some of the main drivers for offshore wind build-out globally and the
presentation of the methodology in this chapter, Chapter 2 Market status and future potential of
bottom-fixed offshore wind discusses the historical development of bottom-fixed offshore wind, the
more mature technology. It delves into the technological characteristics of bottom-fixed designs, the
reason for cost decreases and then gives an outlook for the future capacity deployment in eight
regions. Chapter 3 The Formation of the Floating offshore wind sector and Future Potentials follows
a similar structure, but describes the floating offshore wind sector before drawing a comparison
between the evolution of the two technologies. Following this, Chapter 4 Segmentation of the value
chain gives an overview over how the value chain for offshore wind can be segmented. It presents
main findings from key reports about the industry that show which parts of the value chain Norwegian
suppliers are active in and where they can be successful going forward.

These descriptions and the expected sector expansion outlined in the first chapters form the basis
for the expert assessment of opportunities for Norwegian actors along the value chain and a
guantitative valuation of the revenue potential for Norwegian based companies that Norway could
tap in Chapter 5 Market potential for norwegian players in offshore wind. Results are discussed
drawing on the three scenarios called Slow Progression, Base Case and Accelerated Growth to
sketch the impact different developments could have on the opportunities for the industry. For each
segment RCGN have done a qualitative assessment of the Norwegian Supply Chains position as
Dominant, Significant, or Moderate with a Norwegian market share ranging between High and Low,
with Medium as an expected case. The scenarios used for this analysis are the Low value for Slow
Progression, the Medium value for the Base Case, and the High value for Accelerated Growth.

Thesegments are based on RCG6s database which
the market. Appendix Il i Offshore wind contracts features a description of how a typical offshore
wind contract is constituted as well as more detailed information on the reports that have been
presented in Chapter 4 and used in the assessment of the market potential for the Norwegian
industry in Chapter 5.

1.1 Methodology

We will briefly describe the methodology used when analysing the two main questions outlined in
the first paragraph. An overview of the methodology and main drivers can be found in Figure 3.
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Figure 3 Growth in global wind volumes and the Norwegian share of cost components
determines the Norwegian turnover

What determines the global growth in offshore wind volumes? What determines Norwegian companies market share?
= Climate policy developments * Adaptability - the Norwegian
supplier industry’s ability to adapt - -

* Phase-out of fossil fuelled power
generation * Important prerequisite is that they

. . have the right competence to
* Offshore winds competitiveness meet the needs in offshore wind
compared to other renewable . .. .
technologies * Economic and political barriers to

entry

* Economic growth * Opportunities for first mover's

advantage

* Energy efficiency

. . * Advantageous with a home market
* Changes in consumption patterns

Total turnover for Norwegian companies

Based on a description of recent developments in the bottom-fixed and floating offshore wind
sectors, looking at technology and market developments, capacity additions, cost pathways and the
political environment supporting the emergence of the offshore wind sector, we will look at the near-
and long-term developments for both technologies. The latter offer more opportunities to the
Norwegian industry due to a significant overlap of know-how from the offshore oil and gas and
shipping industries.

For this work, we combine a top-down and bottom-up approach. The top-down approach will be
based on the expected demand development for power in different regions in the world and an
assessment of the market share for offshore wind. The demand developments are connected to
economic growth, energy efficiency developments as well as climate policy, as stricter emissions
target might lead to increased electrification. The expected market shares are strongly correlated
with the cost developments of offshore wind technology compared to other forms of power
production. We thus consider the relative production costs for offshore wind compared to other
technologies and their development over time.

The bottom-up approach will build on a project database developed by Renewable Consulting Group

(RCG), one of RCGNOs t we8reagirgrd@evn the aggregaieanraiket [gotential into

different cost categories will help to develop a better understanding of the importance of each value
chain segment and the scope of emerging opportuni
GRIP database tracks the development of offshore wind projects globally, recording project
milestones and associated contracts. The data is sourced entirely from publicly available information,

utilising official press releases and respected press sources.

The bottom-up approach is used for the short-term market development until 2025, while the top-
down approach covers the subsequent period until 2050. We base the development up to 2025 on
the existing offshore wind pipeline in the GRIP database and THEMA have then used aggregated
numbers to make a top-down forecast for the period from 2025 to 2050.

To better depict regional differences stemming from geographical and economic characteristics, the
report divides the world into 8 regions.

A Europe including Russia
A North America

A South America
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b

The Middle East excluding North Africa
China

South East Asia

Australia / New Zealand

A Africa

Economic power and suitable offshore wind conditions in each region will be a decisive factor for the
build-out of large offshore wind capacities. An overview of the geographical differentiation is found
in Figure 4.1

> > >

Figure 4 Regional differentiation for estimation of offshore potentials

. North America
B south America
. Europe

Africa
. Middle East
. South East Asia

. China

« 7 B Australia and New Zealand

Due to the significant uncertainties in technology and economic development but also political will,

the global growth pathway of offshore wind is by no means guaranteed. However, increasingly
ambitious climate policies of countries around
commitment to achieve carbon neutrality by 2050 aaeahtly @imouncadd?860 net zero

target will require a massive expansion of renewable energy generation. As resistance to new

onshore wind projects, especially in Europe, has shown, socially acceptable forms of the transition

to clean energy provision must be found. Offshore wind can offer a less contentious alternative to
harness wind power which underlines the i mportant
mix. The offshore wind sector thus faces excellent starting conditions to thrive in the upcoming years.

In densely populated developed countries, offshore wind is often an already expanding sector. The
countries surrounding the North Sea are an example for the early uptake of offshore wind parks
although the economics of other forms of renewable power generation would favour their expansion
more. The expectation of future cost declines supports the will to improve designs and further
industrialise the sector to reap the benefits of affordable offshore power generation that will be
needed to achieve decarbonisation objectives in the coming decades.

In contrast, sparsely populated regions as well as developing nations nowadays lack incentives to
invest into more expensive forms of generation and will for the foreseeable future rely on cheaper
forms of power generation, even when considering the need to transform their generation mix.

1 We decided to include all Asian countries other than China as well as the island nations of Oceania in our
AiSout h E-aketled rkgon.a o
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With the groundwork being laid in Europe, however, diminishing expenditures for the construction of
offshore wind farms will render them an increasingly competitive investment option in coastal regions
across the globe that enjoy steady winds and have favourable, shallow waters.

FIl oating technology wil/l have to be used in place
west coast due to the seabed rapidly dropping off their coast. Even better wind conditions further out

in the sea will also likely result in large capacity additions for floating wind in these regions. The

dominant design of the technology is currently still being developed with wind farms smaller than 50

MW being developed and tested in Norway, France, the UK and Portugal. In Norway, Hywind

Tampen is deploying eleven 8 MW turbines for commissioning in 2022. With the scaling of the

industry, sizable cost declines can also be expected to materialise in the future. The prospect of
combining the technology with fAgreenod hydrogen pr
factor as well as offering cost reduction potentials due to potentially omitted grid connection

expenses.

1.1.1 The short-term market size up until 2025

Thebuild-out wup to 2025 i s projetaatabase (seR ApBahdix VIR & detailed
description of the GRIP database) which tracks the development of offshore wind projects globally,
recording project milestones and associated contracts. It looks at individual projects rather than
national or regional offshore wind installation targets and thus considers mainly the existing offshore
wind pipeline with verified projects to be commissioned in the upcoming years.

However, the model does not account for the emergence of new project sites and new offshore wind
markets as there are no reliable milestones from which the model can generate an accurate forecast.
Up to 2025, the development of offshore wind parks in South America, Africa, the Middle East as
well as in Australia and New Zealand seems to be unlikely with either only first preparations for the
development of the sector happening at the moment or no planned projects on the horizon at all.

The GRIP database only includes projects announced by governments due to be leased to
developers only where there are clear site parameters and the leasing process for the site has been
confirmed by official government sources. That is neither the case in Australia, nor in the other
abovementioned regions. We thus only forecast first capacity additions there after 2025.

Even though national or regional targets for offshore wind installation might exist, GRIP does not
include them in the forecast, as offshore wind project site specific information is required.

1.1.2 Thelong-term drivers of offshore wind growth

In the longer term, the development of offshore wind will depend on politics, the market and the
development of other renewable technologies. Although political targets have been set in major
economies, significant uncertainties in technology and economic development but also political will
persist, which means that the global long-term growth pathway of offshore wind is by no means
guaranteed. The offshore wind sector faces excellent starting conditions to thrive in the upcoming
years, but how strong it will grow will depend on:

1 Climate policy developments
I The phase-out of fossil fuelled power generation

Offshore wind®& competitiveness compared to other renewable technologies
Economic growth

Changes in consumption patterns

1 Energy efficiency

=A =4 =

Ambitious climate policy developments will foster more offshore wind

Il ncreasingly ambitious climate policies of ¢
Deal commitmenttoac hi eve car bon neutrality by 2050 a
zero target will require a massive expansion of renewable energy generation globally.
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Decarbonisation will require replacing a large share of processes driven by the combustion of fossil
fuels today to be provided through renewable energy sources. Among the existing renewable energy
technologies, wind and solar power are the most promising to cover a large share in the energy
transition,

As resistance to new onshore wind projects, especially in Europe, has shown, socially acceptable
forms of the transition to clean energy provision must be found. Offshore wind can offer a less
contentious alternative to harness wind power, underlining the importance of the technology in the
wo r | d udrespoweruntix.

Further, stronger climate policies also call for more electrification driving up the total demand for
power. In our forecast we assume the emission targets as set out by the EU as well as national
states across the globe will be met and that, leading to a gradual phase-out of fossil fuelled power
generation capacity and is replaced by renewables including offshore wind.

Of fshore winddés competitiveness compared to other

Offshore wind has over the past years shown a drastic decline in cost. Further cost decreases can
be expected for both bottom-fixed and floating offshore wind. The growth in offshore wind will
however largely be dependent on the relative cost developments for the technology compared to
other renewable power generation technologies. A stronger cost decrease for offshore wind will
make the technology more competitive and hence would trigger a higher share of offshore wind in
the supply mix. Our assumed cost development is depicted in Error! Reference source not found..
Offshore wind is expected to be increasingly competitive compared other renewable technologies.

Economic growth and changes in changes in consumption patterns

Growth in economic activity has historically been coupled with increases in electricity use as
populations grow and generate more goods and services. However, more recently this relationship
decoupled in many countries. Most developed countries have been shifting from manufacturing
economies toward service economies. Service-based economies tend to use less electricity than
economies with high levels of industrial activity, as commercial services are generally less energy-
intensive compared with manufacturing. Other countries like China, India, Brazil, and Egypt, have
rapidly growing economies, often driven by a large or growing manufacturing sector. In these
economies, we see a clearer relationship between economic growth and electricity demand growth.
We assume economic growth in China to increase the power demand in the country significantly and
that a significant share of the increase will be covered by offshore wind.

Energy efficiency

Energy efficiency measures in general lead to lower electricity demand, as we use less electricity for
each unit of output produced. We do however see that further electrification leads to more efficient
use of energy, as electrical engines are more efficient than engines running on fossil fuels. Energy
efficiency measures might therefore lower electricity demand in already electrified sectors, but also
lead to electrification of new sectors.

Multiconsult has provided an overview of different policy areas and how they impact offshore wind
deployment in Chapter 5 Market potential for norwegian players in offshore wind.

1.1.3 Thelong-term market size development

To arrive at the market size estimate from the period after 2025 until 2050, THEMA took recourse to
its own modelling results for Europe and complemented them with energy outlook data from a
thorough literature review. We took historical 2018 electricity demand as a starting point and
compared different growth estimates, most notably from the IEA, the EIA and DNV GL, with our own
forecasts to arrive at sensible annual growth rates for each of the above-mentioned regions out until
2050. The electricity demand levels serve as the basis for estimating the potential of offshore wind
across the globe.
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For all regions other than Europe, we compared the share of offshore wind generation in total

generation from the latest DNV GL Energy Transition Outlook with short-term forecasts for capacity

targets in individual countries. Based on the expected capacity additions out to 2030, we adjusted

the trend of offshore wind expansions to reflect recent increases in ambition levels, especially in Asia

and the US. For Europe, we based the offshore forecast on the assumptions of our latest price
forecast model |l ing results and c oombritcneaslire & Mmagem wi t |
consistent methodology. We resorted to this method also due to the fact that our modelling does not

include parts of Eastern Europe which will likely see lower shares than our predictions suggest,
mostly due t o t heeonami gituatiam &nsl lingeriny poditical sapport but also due to

the larger share of landlocked countries to the east.

This methodology led to the output of generation estimates for overall offshore wind generation for
2030, 2040 and 2050 for all eightregio n s . DNV GL dlaating difshoreewsnd io terms of total
offshore wind were then used to derive the generation share of floating technology. With a respective
average capacity factor estimate of 45% for overall offshore wind capacity (fixed as well as floating)
and 55% for floating capacity only, the total capacity per region for each of these years were
calculated.

1.2 The market position of the Norwegian Supply Chain

Based on the identified aggregate market size as described above, RCGN assessed the Norwegian
supply chain®& competitiveness and potential to capture market shares in different geographical
zones within each of the identified market segments. The analysis has captured the different phases
of project Development (DEVEX), Construction (CAPEX), Operation (OPEX) and Decommissioning
(ABEX).

Competitiveness and expectations of market shares will vary both in terms of the geographic zone
and the different market segment. The market segments are based on typical offshore wind contract
structures explained in Appendix Il i Offshore wind contracts as well as the geographical location
explained in Chapter 1.

RCGN have used the following three variables to evaluate the potential market share of Norwegian
companies.

- Market Position
- Range (uncertainty)
- Sensitivities in future market development scenarios
Each of these variables have been described in more detail in the following sections.

1.2.1 Market Position

First, we have considered The Norwegian Supply Chain& market position for each segment with an
expected market share we have called Dominant, Significant, or Moderate.

Each market segment has received a score of Nil, Moderate, Significant, or Dominant. These have
been defined as follows.
Moderate

By a Moderate market share we mean a situation where Norwegian suppliers are present in the
market, but typically would take a Tier 2 role as sub-suppliers. For bottom fixed, we have indicated
a range between 0% and 5 %, whereas for the floating market we have defined the range between
0% and 10%. The P50 value is set at 2.5% for bottom fixed and 5% for floating.

Significant

A Significant market share means that the supplier or group of suppliers are among the top 5
suppliers in the industry. For bottom fixed, we have indicated a range between 5-15 %, whereas for
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the floating market we have defined the range between 5% and 25%. The P50 value is set at 10%
for bottom fixed and 15% for floating.

Dominant

A Dominant market share indicates a leading position for the Norwegian supply chain. For bottom
fixed, we have indicated a range between 10% and 30%, whereas for the floating market we have
defined this range between 15% and 45%. The P50 value is set at 20% for bottom fixed and 30%
for floating.

Nil

Nil means that we have not identified any notable possibilities within the segment or market. Some
market segments are considered to be out of reach for Norwegian companies. One example of this
is the supply of wind turbines (33.6% of total market), which is dominated by a limited number of
players in a few countries. Another example is the entire offshore wind market in China (34.6% of
total market) which is considered impenetrable for non-domestic suppliers apart from rare anecdotal
examples. Although RCGN have not seen signs of participation of non-domestic companies in the
Renewable industry in China it is worth nothing that Aker Solutions have won contracts in both the
Lingshui and Liuhua offshore oil fields in China for the China National Offshore Oil Corporation
(CNOOC) with a total contract value above 2 bn NOK. We have also seen signs of Norwegian supply
to the Wind Turbine market although we expect this to be too small to include this segment even
with a moderate position. These two segments combined constitute 56.6% of the total fixed and
floating global offshore wind market. Given the enormous size of the Chinese and wind turbine

market there is potentially a very large upside for the Norwegian supply chain should it be successful
with its endeavours towards China and/or towards international turbine manufacturers.

The considered market position for each segment is summarised in Appendix | - Methodology:
Assessment of Norwegian market shares in global offshore wind sub-sections 7.3.1 Bottom-fixed
offshore wind and 7.3.2 Floating offshore wind.

1.2.2 Range for each Market Position

The Norwegian Supply Chain had a turnover in the global OSW market in 2019 totalling 11 billion
NOK. During 2019, 2.7 GW were commissioned, and 3.1 GW entered into construction. This
translates roughly to a market share of ca. 10 %.

The expected market share (P50) is our best guess of what the market share within a certain
segment could be. As there is uncertainty in the qualitative assessment of market shares, we have
included a range, using a Low estimate (P30) and a High estimate (P70).

We have assumed different P50, P30 and P70 values for the bottom-fixed and floating wind markets.
The Norwegian Supply Chain has a significantly stronger position in floating offshore wind compared
to bottom fixed offshore wind, mainly as a result of early involvement in the Hywind Scotland and
Hywind Tampen projects. Due to the immaturity of the floating wind industry, Norwegian companies
have a unique chance of taking leading positions in this market.

Subsequently, floating offshore wind has a higher base assumption for each market segment and
the range is more uncertain, and more dependent on policies and speed to market. RCGN has
therefore considered these two related industries separately using the same methodology, but with
different base assumptions and sensitivities. Our assumptions are presented in the below tables.

Page 14 THEMA Consulting Group
@vre Vollgate 6, 0158 Oslo, Norway
www.thema.no


http://www.thema.no/

THEMA-Report 2020-13 Offshore Wind i Opportunities for the Norwegian Industry

Table 1 Estimated market share bottom-fixed OSW

Market Share Base (P50) Low (P30) High (P70)
Nil 0 0 0
Moderate 25% 0% 5%
Significant 10% 5% 15%
Dominant 20% 10% 35%

Table 2 Estimated market share floating OSW

Market share Base (P50) Low (P30) High (P70)
Nil 0% 0% 0%
Moderate 5% 0% 10%
Significant 15% 5% 25%
Dominant 30% 15% 45%

The results from our competitive assessment have been presented for each market segment in each
geographical region, for both bottom fixed and floating offshore wind, with sensitivities around the
pace of offshore wind deployment (see scenarios in the following section).

1.2.3 Market development

Base case

In the base case scenario, the two areas Southern North Sea Il and Utsira North are being developed
as announced, and sufficient policies are in place to allow projects to go forward. Project areas are
awarded in 2021, the first licenses are given final award in 2024 and the first projects may be in the
water by 2027. The onshore grid is developed to provide necessary capacity. Sufficient interest and
funding are achieved to establish an emerging supply chain for floating offshore wind. Spending in
the O&G industry continues to fall. Lastly, spending in renewable technologies continues according
to stated plans in the Norwegian Supply Chain.

Accelerated growth

In this scenario, offshore wind deployment is happening quicker than anticipated in Norway, with
larger volumes than already announced, and the first projects are in the water well ahead of 2030.
Policies are put in place that accelerate supply chain development, which would strengthen the

A

Norwegian supply chai nés positi on o e Ndrdicg@ower@ricé fdllows ttha Digh.

trajectory due to accelerated electrification and a slow-down in deployment of onshore renewables.
After 2030, further floating wind projects are being developed in conjunction with O&G fields, or other
innovative initiatives such as offshore carbon capture and storage or hydrogen production. Offshore
wind farms are becoming part of a wider offshore grid allowing for interconnection and secondary
routes to market. The O&G supply chain and maritime sectors have been able to transform skill sets
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and technology adapted to offshore wind. As a result, the Norwegian supply chain has been
successful in acquiring market shares also outside of Norway. The outcomes of these events are
thought to have a bigger impact on floating technologies than the bottom-fixed market, which is more
established.

Slow progression

In this scenario, offshore wind deployment is going slower than anticipated due to low and delayed
electrification of the transport and industrial sectors, resulting in continued low energy prices in the
Nordics. Insufficient onshore grid capacity remains a blocker for project implementation. The first
offshore wind projects are only realised after 2030, with floating sites lagging behind. Technology
development is going slower due to uncertain market size and policies, as well as lack of sufficient
funding of demonstration projects. Activity in O&G persists, which results in less interest from
investors and supply chain in the renewables business. Unexpected adverse events have a long-
term detrimental impact on investments in new technologies in the Norwegian Supply Chain.

RCGN has assessed the impact of the Slow Progression and Accelerated Growth scenarios for each
market segment. The immature floating market is more sensitive for the two scenarios; hence policy
and the positioning of the Norwegian Supply Chain have a higher impact on the market share for the
floating industry compared to the bottom-fixed industry. A complete overview of the impact
assessment can be found in Appendix | - Methodology: Assessment of Norwegian market shares in
global offshore wind in subsection 7.4 Impact of Slow Progress and Accelerated Growth scenarios.
The impact distribution of Slow Progression versus Accelerated Growth is skewed towards
Accelerated Growth with an upside from Accelerated Growth amounting to more than double of the
adverse effect of Slow Progression for both floating and bottom-fixed market segments. This reflects
RCGNOGs view that the Norwegian Supply Chain
global offshore wind market, but that significant growth can be achieved with a combination of
initiatives from the Norwegian Supply Chain and government policies.

Table 3 Estimated impact in three scenarios bottom fixed OSW

Impact on I\S/Ir?gl:st Base Case Slow Progression Accelerated Growth
No impact 0 % 0% 0%

Low impact 0% -1% 2.5%
_Potent|ally large 0% - 204 5

impact

Table 4 Estimated impact in three scenarios floating OSW

Impact on l\s/lr?::gt Base Case Slow Progression Accelerated Growth
No impact 0% 0% 0%

Low impact 0% -1.5% 4%
_Potentlally large 0% - 3% 8%

impact
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1.2.4 P50 & Sensitivities i High Accelerated Growth and Low Slow Progression

Finally, RCGN has defined three scenarios for the development of the Norwegian supply chain,
based on a combination of the above variables. The actual trajectory and outcome will depend on
both the Norwegian supply chain® ability to establish a footing in the market, and the development
of policies, targets and frameworks from the local and central government bodies in Norway. The
results of this analysis have formed the basis for the assessment of turnover presented in section 5.

RCGN has considered the impact of a Low Slow Progression and a High Accelerated Growth
scenario for each market segment in each geographical region for both floating and bottom fixed
offshore wind. The impact assessment for each segment is summarised in 7.4 Impact of Slow
Progress and Accelerated Growth scenarios.

For this analysis, the Norwegian supply chain® position of Moderate, Significant or Dominant remain
fixed while the range in market positions and the three scenarios are exchanged, thus creating five
different outcomes. Three of these outcomes are analysed in this report summarised below:

1.) The Low (P30) value for the Moderate, Significant, and Dominant position is used for each
segment under the Slow Progression scenario. This outcome is marked yellow in the
bottom let corner of Figure 5 Five outcomes from Slow Progression, Base Case, and
Accelerated Growth scenarios with Low (P30), Medium (P50), and High (P70) Market
Share estimates

2.) The Medium (P50) value for the Moderate, Significant, and Dominant position is used for
each segment under the Base Case scenario. This outcome is marked by the blue middle
arrowed square in Figure 5 Five outcomes from Slow Progression, Base Case, and
Accelerated Growth scenarios with Low (P30), Medium (P50), and High (P70) Market
Share estimates

3.) The High (P70) value for the Moderate, Significant, and Dominant position is used for each
segment under the Accelerated Growth scenario. This outcome is marked green in the top
right corner of Figure 5 Five outcomes from Slow Progression, Base Case, and Accelerated
Growth scenarios with Low (P30), Medium (P50), and High (P70) Market Share estimates

These three outcomes represent the range of the analysis. The P70 Slow Progression (light blue
top left corner) and P30 Accelerated Growth (dark blue bottom right corner) scenarios are
excluded from the analysis as they represent middle scenarios within the outcome range of P70
Accelerated Growth and P30 Slow Progression.
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Figure 5 Five outcomes from Slow Progression, Base Case, and Accelerated Growth
scenarios with Low (P30), Medium (P50), and High (P70) Market Share estimates

Lowestimate (P30)
Accelerated Growth
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2 MARKET STATUS AND FUTURE POTENTIAL OF BOTTOM-FIXED
OFFSHORE WIND

Offshore wind has proven to be a promising complement to its onshore counterpart,
especially in locations where land-based sites are limited, or resource availability is more
favourable offshore. Generally, turbines installed offshore can harness wind at more stable
conditions and at an increasingly competitive cost. Technological progress as well as the
industrialisation of the sector are materialising in strongly falling project costs that lead to
projections of cost-competitive offshore wind not too far in the future. The global market is
expected to be dominated by Europe in the near term with the US, Asia and especially China
seeing the emergence of sizable offshore wind sectors over time.

Offshore wind projects are more capital-intensive than their onshore equivalent, starting from higher
installation costs, to greater operation and maintenance expenses and ultimately higher costs for
decommissioning. The need for additional hardware in the form of substructures, subsea export
cables and onshore/offshore substations results in a total CAPEX more than twice as high as that of
an onshore project.

2.1 Historical development

2.1.1 Turbine size and rating has increased significantly

The increased deployment of offshore wind power has been accompanied by a gradual improvement
of the technology. An indicator for the technological advancements is the increase in turbine sizes
and ratings. As the sweep area of turbines increases, so does the normalised production hours with
higher power output. While the first offshore turbines were built with a diameter of below 100 m,
similar to that of onshore wind turbines at the time, new models reach diameters of more than 200
m (cf. GEG6s IX2urbM&moHehdt 22@ rd)eAlong with the rotor diameter, Figure 6 also
shows the average rated power of turbines installed each year, which have increased from 3 MW to
6.8 MW between 2010 and 2019.

Figure 6 Historic average turbine rated capacity and rotor diameter worldwide
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The development of more powerful turbines happened at a similar pace as for onshore wind
technologies both in terms of turbine ratings and costs per MW. Another important development in
the offshore wind industry is the substructure design, which should be equipped to withstand harsh
weather and wave conditions, reach high water depths and function on different seabed surfaces.
Historically, most wind farms were built at a distance of less than 50 km from shore at water depths
below 40 m. Figure 7 shows the distance to shore and water depth of selected offshore wind projects
in Europe. As projects moved into deeper waters, other substructure designs became the preferred
choice:

1 Monaopile single steel pillars supporting the turbine on shallow waters
1 Gravity-based concrete structures sunk to the seabed can be used at deeper water

1 Jacket steel lattices as substructure for the turbine that can be used at even deeper water

Figure 7 Water depth and distance to shore for selected planned projects in Europe
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2.1.2 We have seen a steady increase in volumes

Globally, the large-scale deployment of offshore wind took off in the late 2000s with Europe being at
the forefront of the technology's development. Denmark, the United Kingdom and Germany were
among the first countries to operate offshore wind projects and have since then experienced a rapid
increase in installed capacity. By the end of 2019, the cumulative installed capacity in Europe
amounted to almost 22 GW of which 9.9 GW are installed in the UK, 7.5 GW in Germany, 1.7 GW
in Denmark, and 1.6 GW in Belgium according to IRENA.

The only country outside of Europe that currently pursues large-scale offshore expansion is China
with 5.9 GW by the end of 2019. Other Asian countries, namely Japan, South Korea, Taiwan and
Vietnam, and the US are also venturing into the offshore wind sectors but have so far only added
total capacities of around 100 MW or less. Project pipelines in the US and Taiwan, show that the
rapid expansion of the sector within a short timeline.
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The historic development of global offshore wind capacity is shown in Figure 8.

Figure 8 Total installed global offshore wind capacity (2010-2019)
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2.1.3 Offshore wind costs are driven mainly by CAPEX costs
To give an overview, the main cost drivers for the LCoE of bottom-fixed projects are listed below.

Cost drivers of bottom-fixed offshore wind

A Turbine Cost: The wind turbine converts the kinetic energy of wind into electricity. The
components of a wind turbine typically comprise the tower, rotor/blades, nacelle, generator,
transformer, converters and associated electrical and mechanical equipment. The turbine cost
makes up a significant share the total project cost. Larger WTGs has resulted in significant
reductions in LCoE, which can be explained by fewer components and operations per MW
installed capacity as well as higher capacity factors (full-load hours).

A Substructure: The substructure must be able to withstand the loads exerted by the wind turbine
and the environmental conditions (e.g. wind, waves and tides). The cost for a fixed substructure
largely depends on the concept (monopile, jacket or gravity-based structures), the water depth
and seabed conditions.

A Electrical System (Array cables, Offshore Substation Structure i OSS, export cables and
onshore grid connection): The generation from the wind turbines is collected through array
cables and transformed to higher voltage at the offshore substation for transmission to shore,
where it connects to the main electricity grid. The main cost driver for the electrical system is the
distance to the onshore grid connection point.

A Operation and Maintenance: The operational and maintenance expenses of an offshore wind
project include the management of the plant, the inspection and servicing of the turbine and its
components as well as all assets that are included in the balance of plant. OPEX costs are
typically higher for offshore wind farms compared to onshore assets, as specialised vessels are
needed. Again, distance from shore and local weather conditions are the most evident cost
drivers.

A Full-load hours: The full-load hours are a measure of generation output from an offshore wind
park. It describes how many hours the system would need to operate in full load to generate its
total annual output. The generation output largely depends on the resource availability, i.e. wind
speed at the site, but also accounts for downtime due to maintenance. In Europe full-load hours
range between 3500-4500 with the best operational conditions found in the North Sea.
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A Lifetime: The design lifetime of the system describes the period of time during which the system
is expected by its designers to work within its specified parameters. Longer design life results in
lower costs per generated unit of electricity, when viewed over the system's lifetime. The lifetime
of an offshore wind farm is typically between 25 and 30 years, although individual components
or systems may require replacement at specific intervals.

A WACC: The discount rate (weighted average cost of capital) for a typical renewable energy utility
in Europe lies at 6 percent real before tax. Access to cheaper capital has been moving the market
towards lower LCoE figures.

Since wind generation has a comparatively low OPEX due to the omission of fuel costs, CAPEX is
the dominating cost factor for LCoE calculations. Financing cost can subsequently also have a large
impact on the viability of the technology. On the generation side, good, steady wind conditions are
determining the full load hours and hence the overall generation of the asset. Due to the importance
of CAPEX cost, some of its main elements are explained in more detail below:

For a typical bottom-fixed offshore wind project, the turbine cost makes up approximately 45 % of
the total investment cost. Other major costs are incurred for installation (15 %), substation (14 %),
cabling (13 %) and the substructure (13 %) which are generally more site and technology specific
(based on RCG6s GRI P database).

A major cost component in the installation of bottom-fixed offshore wind turbines is the use of
specialised vessels. The installation of the substructures and turbines usually requires the use of
specialised jack-up or crane vessels, sometimes also large floating vessels, of which only few are
available today, and therefore command high day rates. Cabling is also associated with substantial
costs for both the hardware and the use of cable-laying vessels. With improved, streamlined
processes and technology cost reductions, installation costs have seen a significant decline in recent
years. Although further decreases are expected, the overall potential for cost reductions is lower
than for turbine and substructure manufacturing costs.

2.2 Project costs have fallen rapidly, and cost reductions are expected to continue

Looking ahead, further cost reductions can be expected for offshore wind power. The most important
drivers behind the falling LCoE are larger wind farm sizes with more synergies and shared assets,
larger turbines with increasing production hours in competitive auctions that have managed to
introduce significant cost competition that in turn forces the market to choose new and cheaper
technical solutions that drives down the costs.

Recent auction results for offshore wind projects in Europe have been successful in putting a cap on
offshore wind farm cost and confirm the downward-sloping cost trend. Figure 9 shows the strike price
for projects scheduled to come online in the next 7 years in the UK, Germany, the Netherlands and
France. After 2022, projects with a varying degree of socialised transmission costs can reach a level
of 50-70 EUR/MWHh, which is less than half of the strike price for certain projects scheduled to be
commissioned in 2020. In the last UK auction of 2019, strike prices for Contracts for Differences
(CfD) even lay below the projected market price, hence the total subsidy budget was zero. While
these results indicate that offshore wind costs are moving towards grid parity, it needs to be noted
that in most countries, offshore wind still receive indirect subsidies such as reduced transmission
charges. Even UK projects receive indirect price subsidies in form of a guaranteed price that
facilitates more debt financing and thereby increased the return on the equity of the investor.
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Figure 9 Strike prices for recent auctions for offshore wind
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We expect the turbine price (per MW) to experience a continuing cost decrease as turbine ratings
improve and production becomes more competitive. With offshore wind projected to become a key
decarbonisation technology on global scale, the large demand for offshore turbines may however
lead to short-term fluctuations in turbine prices. In the long-term, the demand increase will improve
market competition and promote further price decreases. The large deployment of offshore wind is
also likely to lead to a larger fleet of suitable vessels being available for installation and maintenance,
putting downward pressure on CAPEX as well as O&M costs. Similarly, we anticipate that as a
general trend, the cost for related components such as substructures and cables will decrease.
Though, the total cost for cabling and substructures will depend on the site-specific requirements,
as sites at low distance to shore and shallow water depths will be exploited first.

Figure 10 depicts our projections for the LCoE of bottom-fixed offshore wind. We expect the rapid
decrease of the LCoOE to continue over the next ten years. When a high level of offshore wind build-
out is achieved, cost developments are likely to see similar trends to those previously observed for
onshore wind. Specifically, once supply chains are established and economies of scale have pushed
investment costs further down, additional cost decreases will stem from marginal improvements in
performance or manufacturing.

A flattening of the LCoE in the long term is expected, reaching around 40-60 EUR/MWh. This is in
line with conventional learning curve theory as initial learning translates into higher cost savings, and
subsequent learnings result in increasingly slower, more difficult cost savings. As offshore wind is
projected to become a key decarbonisation technology on global scale, the large demand will
improve market competition and promote further cost reductions.
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Figure 10 Projections for the LCoE of bottom-fixed offshore wind in (real 2020 Euro)
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Source: THEMA Technology Outlook (2020). Best Guess scenario cost predictions.

2.3 Bottom-fixed offshore wind volumes will continue to grow

2.3.1 Inthe next five years, China and Europe will invest heavily in offshore wind

Main activities in the next five years are concentrated in the North Sea, the North-Eastern US, China
and other Asian countries. These regions are early movers in the offshore wind sector due to good
wind potentials and favourable coastlines, but mainly political support that helped the nascent
industry to develop. Compared to Australia or Canada, the frontrunner countries rely on opportunities
in offshore wind due to restricted land availability in densely populated coastal areas, whereas the
main difference compared to regions such as Africa or South America are found in the economic
strength to develop the sector and bring down costs for the next generation of offshore wind farms.

Figure 11 Annual global capacity additions of bottom-fixed offshore wind (2021-2025)
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Yearly capacity additions until 2025 in Europe, North America, South East Asia and China are shown
in Figure 11. As can be seen on the graph, Europe and China remain the dominant markets, while
the growth in the US and other Asian countries is starting to pick up. According to the data from
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RCGb6s GRI P database, of fshore wind capacity in C
capacity due to additions of more than 40 GW between 2021 and 2025. This brings both regions to

total capacities of around 50 GW in the mid-2020s. Capacity additions in the US start picking up from

2022 and see more than 5.5 GW being added tThe t he ¢
additions in other Asian countries amount to almost 7.5 GW in the 5-year timeframe.

We do not expect any capacity additions in the remaining regions until the middle of the decade.

2.4 The bottom-fixed offshore wind sector has a remarkable outlook for the future

Based on the most likely development in the drivers above we arrive at the global distribution of
bottom-fixed offshore wind as shown in Figure 12. A dominant European role with a global offshore
wind market share of more than two thirds today is met by the rapid expansion of offshore capacity
in China in the upcoming decade, but also the rest of Asia and the US to a lesser degree from 2025
onwards. Other regions, although often possessing large offshore wind potentials (e.g. South
America with the highest regional potential of more than 6 TW according to a recent World Bank
report [WBG (2020). Offshore wind development program]) will remain less important on the global
stage even though they will also see their capacity growing by up to 20 GW by 2050. According to
our estimate, offshore wind will cover almost 12% of global electricity demand by mid-century.

Figure 12 Overall bottom-fixed offshore wind capacity per region, year (left) and global
bottom-fixed capacity distribution (right)
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In Europe, we see offshore wind capacity having increased from 5 GW in 2012 to 11 GW in 2016
and more than 22 GW at the end of 2019.

Following announcements of the British government to build 40 GW and Germany for 20 GW of

offshore wind by 2030, in addition to the targets of other North and Baltic Sea countries, a total

capacity of more than 100 GW seems to be plausible by the end of the decade. The recent
announcementofthe EU Commi ssion to increase the blockds
least 55% supports a trend of ever-increasing ambition levels. With the objective to use the
production of green hydrogen to decarbonise hard-to-abate sectors, offshore wind will be assigned

a central role in meeting the power needs of such additional demand.
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As can be seen in Figure 13, the next decade will set a trend and already lead to a massive offshore
expansion to arrive at a cumulative capacity of more than 90 GW. This is then expected to roughly
double through 2040 to land at a total capacity of around 311 GW by 2050 corresponding to a
generation of almost 1200 TWh.

Figure 13 Bottom-fixed offshore wind capacity development in Europe through 2050
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The EU Commi stesn decabanisatiom strgtegy from 2018, which has to be re-evaluated

after the recent increase in ambition, sees the need for 230-450 GW of offshore wind to achieve the
requirements of the Paris Agreement. Our forecast thus falls slightly short of reaching the mean but
remains decidedly higher than DNV GLO0s Energy Tr a
bottom-fixed offshore wind by 2050. Si nce t he Commi ssionébés target al :
wind, the numbers in the subsequent chapter have to be added to the bottom-fixed volumes in order

to see the whole picture.

In general, we believe that our results are justified given the recent push for higher targets as well
as a string of announcements in several EU countries to elevate their respective offshore wind
objectives.

2.4.2 The Northeastern US plans to instil significant growth in the North American market

The story in North America is different to Europe insofar as the abundant land, especially in Canada,
leads to a diminished need for the build-out of offshore assets. Only in the Northeast of the US,
where recent years have seen high interest in the development of offshore wind technology, do
concrete projects and state-level offshore wind expansion targets exist.

While the EI A6s | atest Annual Energy Outl ook only
GW of capacity is expected to come online by 2024 and current state-level targets show 16 GW of

new targets in 2019 alone, amounting to over 25 GW of offshore wind in the pipeline (cf. Figure 14).

Contrary to the bearish expectations of the EIA, the DoE expects 30 GW of offshore wind by 2030

and 86 GW by 2050, all to be deployed on the East Coast, mainly in New York, New Jersey,
Massachusetts, Virginia, Connecticut and Maryland.
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Figure 14 Offshore wind targets in the US in the upcoming years
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With a bit of uncertainty regarding the realisation of the US pipeline, we arrive at a forecast of slightly
more than 20 GW of bottom-fixed offshore wind in North America by 2030, mainly consisting of US
assets. Figure 15 outlines the increase to about 52 GW in 2040 and a drastic expansion to almost
145 GW by 2050 when the most suitable areas in Canada and Mexico will additionally be exploited
in pursuit of the energy transition. That amounts to a total output of around 550 TWh.

Figure 15 Bottom-fixed offshore wind capacity development in North America through 2050
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2.4.3 Despite large potentials, bottom-fixed designs will only slowly grow in South America

Giving an estimate on the future bottom-fixed offshore build-out of South America is difficult.
Especially because firstly, no targets exist, and political instability does not provide a good
investment environment for very CAPEX-intensive projects such as offshore wind.

However, the region has access to pristine wind resources and enjoys a long coastline, which can
provide many opportunities for the expansion of offshore assets in the future. A World Bank study
(2020) identified 6.3 TW of total technical potential in the region, which is higher than for any other
region globally. While the area around the equator is not particularly prone to see installations due
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to low average wind speeds, Brazil, Argentina, Uruguay and Chile are well suited to host large
amounts of future offshore wind capacities.

With our assumptions, we expect close to 14 GW of bottom-fixed offshore generation to be deployed
by 2050 (see Figure 16).

Figure 16 Bottom-fixed offshore wind capacity development in South America through 2050
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2.4.4 Uncertainties and lower wind resources will limit growth potential in the Middle East

Similar to some parts of South America, the proximity to the equator and associated low wind speeds
act as a detrimental factor to the opportunities for offshore wind in the Middle East. More population
centres in coastal areas, however, aid the case for the technology since parks can be situated close
to them and do not require large connection efforts.

As can be seen in Figure 17 the development path of offshore wind in the Middle East is thus
depicted in a similar fashion to the one in South America. The absence of concrete expansion targets
in addition to the insecure future role of oil and gas result slightly less than 15 GW of bottom-fixed
offshore assets. That adds up to almost 50 TWh in generation.

Figure 17 Bottom-fixed offshore wind capacity development in the Middle East through 2050
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2.4.5 Chinese plans for the sector are ambitious and will result in large capacity build-out

Several forecasts, e.g. from WoodMackenzie, show that China will increase its capacity fivefold by
2030 from currently around 10 GW of offshore wind. This corresponds to government targets to
reachupto50 GW of offshore capacity to support Chinabo:
This would make China the country with the largest fleet ahead of the UK but falls still short of the
expected offshore wind capacity build-out in the EU. In our forecast, the country would achieve that
feat shortly after 2030 and end up at a bottom-fixed offshore wind capacity just shy of 400 GW by
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2050 which translates into more than 1450 TWh of wind power generation. The development path
of bottom-fixed capacity can be seen in Figure 18.

Figure 18 Bottom-fixed offshore wind capacity development in China through 2050
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2.4.6 Several Asian countries pursue the large future potential of wind farms at sea

Not only China sees a large increase in offshore wind over the forecast period. Countries such as
Taiwan, Thailand, Vietnam, India, Japan or South Korea all have huge ambitions to exploit their
offshore wind potentials and have started to set government targets for 2030. According to official
objectives, Taiwan wants to build 5.5 GW by 2025 and 10 GW by 2030, India 30 GW, South Korea
12 GW and Vietnam 6 GW, all by 2030. Japan has an unofficial target to achieve 10 GW by 2030
but project development in the island nation has so far been delayed.

Bar ring Japanb6s stalemate, the regionbds strong pol
projected future offshore wind development. Figure 19 depicts offshore wind capacity rising from 24
GW of bottom-fixed designs in 2030 to ca. 190 GW by 2050.

Figure 19 Bottom-fixed offshore wind capacity development in South East Asia through 2050
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The region enjoys favourable conditions with many islands and good wind conditions leading to large

offshore wind potentials. For example, the previously cited World Bank report sees the potential for

offshore wind in Vietnam at 475 GW, with 261 GW for fixed and 214 GW for floating installations.

Also,Indi ads two regions Guj ar a¢ a patantal of 06 GW andl 60dAGW al o n ¢
respectively. Other countries enjoy similar environments. In addition, natural resource scarcity in

South Korea and Japan will require these nations to draw up alternative solutions for their
decarbonisation efforts, which might further benefit the future roll-out of offshore wind capacities.
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2.4.7 Australia and New Zealand are comparatively late in developing the sector but will
nonetheless see a large share of power coming from bottom-fixed offshore wind

First projects in Australia are already starting to see the light of day with ca. 3 GW of capacity in the
pipeline, which are however currently expected to enter the market after 2025. The offshore wind

market is still at a very early stage of development compared to other OECD countries. Even though

the wind conditions in the Southern parts of both countries are well suited to the deployment of

of fshore wind, especially Australiabds v arsferredopen
option throughout the time horizon.

New Zealand has also taken first steps into developing offshore wind capacity and looks to
commission a first 200-800 MW project in the late 2020s.

Figure 20 Cumulative bottom-fixed OW capacity in Australia and New Zealand through 2050
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Since the regionbdbs total generation needs are muc

Australia and New Zealand will only see offshore wind generation of around 50 TWh by 2050 in our
predictions, stemming from a capacity of 11 GW fixed and a bit more than 2 GW floating offshore
wind (cf. Figure 20). However, this covers almost 12% of total power demand and is only trumped
by higher offshore wind shares in Europe and China.

2.4.8 Great conditions in some African countries are opposed by economic and political
uncertainty

Africa does not see offshore wind generation today. However, given the good wind potentials in
some areas, e.g. in Morocco, Tanzania, or South Africa (the World Bank estimates a potential of
more than 350 GW), the sector is expected to emerge in the coming years.

The economic conditions and uncertainty for investors are playing a large role for conducting
successful projects. The falling LCoE of offshore wind assets will still lead to a sizeable build-out in
the most profitable locations and result in bottom-fixed capacity just below 15 GW by 2050, as shown
in Figure 21.
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Figure 21 Bottom-fixed offshore wind capacity development in Africa through 2050
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3 THE FORMATION OF THE FLOATING OFFSHORE WIND SECTOR AND
FUTURE POTENTIALS

Europe is the first region to have installed full-scale floating offshore wind capacity, albeit
currently mainly as pilots to gain experience with the technology and associated challenges.
Floating wind projects can expect even faster cost decreases than bottom-fixed technology,
albeit from a higher starting point. The technology opens up many coastal regions with larger
water depths to wind power generation. The potential deployment is thus expected to
increase strongly as soon as first significant cost reductions have been achieved.

3.1 Historical development of the floating offshore wind sector

While bottom-fixed projects may only be economically attractive at water depths of less than 60
meters, turbines on floating substructures can be placed at sites with favourable wind conditions at
greater water depths. A large majority of locations suitable for offshore wind deployment are in areas
with water depths of more than 60 meters. Floating offshore wind thus has great potential, but faces
more uncertainty related to technology and cost development, which results in a more uncertain
market potential.

Since the first full-size floating operational offshore wind turbine was deployed off the coast of
Norway in 2009, several pilots have been commissioned, mainly in Europe. In 2017, the first larger-
sized floating offshore wind farm pilot came into operation off the shore of Scotland. Since then, a
range of European markets including France, Norway, Portugal, Spain and the UK have announced
pre-commercial floating offshore wind projects to be commissioned over the course of the next 3-4
years.

Currently, these are also the main markets for floating offshore wind globally, all profiting from good
offshore wind conditions in the vicinity of industrial demand along their coastal areas. According to
WindEurope, 75% of floating offshore wind projects under development are led by European
developers. Other markets such as South Korea, Japan and the US could also expect a rapid ramp-
up of floating offshore capacity due deeper sea levels close to the coast that prevent bottom-fixed
designs from being deployed. In particular, Japan has seen first pilots and larger project
announcements, with the other two countries soon expected to follow. It is also in these markets
where floating offshore wind is close to complete pre-commercial phase development, as the
technology is now ripe for commercialization and scaling.

Figure 22 Historical global floating offshore wind deployment (2010-2020)
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*2020 numbers also include Kincardine project expected to be finished before the end of the year
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Figure 22 shows the development of floating offshore wind capacities in the last ten years. While
only small-scale pilots have been conducted until 2017, the sector has since managed to more than
double. And the existing pipeline shows that ever larger projects are being prepared for
commissioning. For example, the market in Europe is now moving to larger projects over 200 MW.

This is also reflected in the individual turbine size: The 2.3 MW Hywind turbine was superseded by
5 MW and 7 MW turbines in the Fukushima FORWARD project in Japan as well as an 8.4 MW
design for the WindFloat project off the coast of Portugal that was connected in the beginning of
2020. The 50 MW Kincardine project expected to be commissioned by the end of the year will host
five 9.5 MW offshore wind turbines. This increased size in turbines deployed on floaters does not
only boost power generation but is a key driver for cost reduction.

Table 5 below shows a selection of announced floating offshore wind projects.

Table 5 List of floating offshore projects with announced COD to date

Market  Project Size (MW) Announced
COoD
Norway  Hywind Demo 2.3 2009
Portugal =~ WindFloat 2 2011
Japan Kabashima 2 2013
Japan Fukushima FORWARD 2 2013
Japan Fukushima FORWEBR 7 2016
Japan Fukushima FORWARD 5 2017
UK Hywind Scotland 30 2017
France Floatgen 2 2018
Japan IDEOL Kitakyushu Demo 3 2018
Portugal  WindFloat Atlantic 25 2020
Spain Flocan 5 Canary 25 20207?
Spain Nautilus 5 2020
Sweden  SeaTwirl S2 1 2020
UK Kinardine 50 2020
UK Forthwind Project 12 20207
USA Aqua Ventus | 12 20207
(Maine)
France Golfe duLyon Pilot Farm 30 2021
France Groix, Belldle Pilot Farm 28.5 2021
France Provence Grand Large 25.2 2021
France EolMed (Gruissan) Pilot Farm 30 2021
Jgpan Goto City 22 2021
UK Katanes Floating Energy R#&rray 32 2022
Norway  Hywind Tampen 88 2022
Ireland Aflowt 6 2022

Remarks: Year of COD reflect developer announcements i inclusion in list does not imply realization. List not necessarily
exhaustive.

Sources: Multiconsult/Thema m.fl. (2019), CenSES (2019), Carbon Trust (2018, 2020), WindEurope (2018), Menon (2019)

3.2 Technology, cost and supply chain developments for floating offshore wind

As a dominant floating offshore wind turbine design has not emerged, different initiatives are still
validating designs based on different types of substructures in order to find the cheapest, most
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reliable and easiest to construct solution for wide-scale deployment. These include barge, semi-
submersible, spar buoy or tension-leg-platform (TLP) designs.

The process is challenging since all concepts show different strengths depending on seabed
conditions, depth of water and harbour as well as the available supply chain. Over time, winning
designs will crystallise, and subsequent standardisation and industrialisation of component
manufacturing will allow floating technology to exploit large cost reduction potentials.

Due to scaling up of novel manufacturing processes and learnings in the construction process of
floating offshore wind turbines, major cost reductions can be achieved on a year-to-year basis.
Proven technology also leads to financial risk reduction for investors, increasing the attractiveness
of floating wind investments.

However, larger distances to shore also means that the costs for grid connection often increases for
floating wind farms. Specialised vessels for operation and maintenance also lead to larger variable
costs than the ones incurred by bottom-fixed turbines. However, growth of the sector will likely bring
down these costs significantly.

With the industry scaling up, a range of processes related to the deployment of floating wind turbines
should be streamlined. With the right infrastructure in place, assembly and pre-commissioning could
take place in port, with the assembled turbines then moved to site. The mobility of the floating design
could also allow operation & maintenance work to be carried out in facilities at a deep-sea port.
Furthermore, steel and other resource use as well as mooring mass decrease for larger turbine
designs that are expected to reach 13-15 MW sizes in the middle of the next decade. Innovation in
cabling technology, for example related to dynamic cabling systems, should contribute to falling
CAPEX costs in the upcoming years.

Several R&D initiatives are addressing areas for which floating designs are likely to incur significant
cost reduction. Mooring solutions with synthetic fibre ropes are one example, heavy lift offshore
operations from floating vessels is another and monitoring and inspection a third. Further, in addition
to just carrying the load of a WTG and avoiding fatigue of the structure, a floater needs to be designed
for optimal response to a range of metocean conditions and may also have to adapt to limited water
depth at the assembly site. The towing, hook-up and ballasting during installation require another
vessel spread than shipment of components on deck of a dedicated vessel, but most likely, cost
reduction will also here be achieved through innovations and learning. Currently, no clear market
leader exists in floating offshore wind technology. The ramp up in the coming years will decide where
the industry sets foot and favourable market conditions will provide the seed for large investments
in order to stem the expected capacity expansions.

It is difficult to estimate current LCoE levels for floating projects due to their different sizes and the
pre-commercial phase. However, current levels are still expected to lie markedly above 100
EUR/MWh. Increased commercial and research attention is focused on bringing the technology to
the market with ambitious targets of achieving a LCoE level of 40-60 EUR/MWh by 2030. DNV GL
estimates a LCoE of around 63 USD/MWh by 2030 that could drop to less than 35 USD/MWh by
2050 in its latest energy outlook. The ongoing demonstrator and pre-commercial projects indicate
that this level of cost competitiveness could be achieved. However, this has to be demonstrated by
deploying commercial, large scale projects to arrive at cost parity with bottom-fixed projects over
time, as outlined by BVG Associates in Figure 23. They expect the difference in CAPEX to almost
vanish and the still higher O&M costs compared to bottom-fixed projects to be offset by higher
capacity factors by 2035.
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Figure 23 LCoE development of floating and fixed offshore wind designs
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Source: BVG Associates (2020). Floating offshore wind: roadmap

A decisive role in the expansion of the floating sector could be played by the offshore oil and gas
industry. Rather than connecting the farms to the onshore power grid, the electricity generation from
the floating turbines could be used to electrify large offshore oil and gas production facilities. That
could give floating designs the possibility to scale up while at the same time foregoing a significant
percentage of their CAPEX cost, making them cost-competitive with other forms of power generation
at an earlier stage.

Bottom-fixed projects will still dominate the market for the upcoming decade. However, targeted
government support, as well as a conducive regulatory framework could lead to floating offshore
projects being pursued at an earlier point in time, and cost reductions materialising faster. That would
enable regions with greater water depths to venture into offshore wind generation and allow for a
higher share of wind potentials being used.

Floating offshore wind has similar cost elements as bottom-fixed

The costs of floating wind parks consist of cost components similar to the ones of bottom-fixed
offshore wind projects. Turbine costs, substructure costs, offshore substation platforms, O&M costs,
capacity factor, project lifetime and WACC also constitute the decisive cost elements in the
development of floating offshore wind.

However, floating substructure designs tend to be much more costly and operation and maintenance
is more challenging, whereas capacity factors are usually higher due to more steady, stronger winds
in the areas chosen for floating projects.

3.3 Future potential of the floating offshore wind sector

Demonstration designs and pilots have led to significant learnings and have proven the viability of
larger projects in the future. Risk premiums for floating offshore wind farms are beginning to
decrease since higher yields and the operation in rough sea environments could be achieved.
Developers are now in the process of realizing larger projects than previously expected, and several
countries have set themselves explicit goals for the development of floating offshore wind.

In order to ensure the successful, timely uptake of floating technology, the project pipeline would
soon have to form. Considering the technological and regulatory uncertainties (e.g. auction
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processes) and typical delays and thinning of the projects under development, a significant number
of projects would have to see final investment decisions in the short- to medium-term.

A first indicator of that happening are planned projects in Japan and South Korea, where a 1 GW
project close to Fukushima and a 1.4 GW floating project close to the city of Ulsan have been
proposed. In Europe, France has determined to tender 1 GW per year open to floating or bottom-
fixed technology from 2024 onward in its energy transition strategy document that forms part of its
NECP. On top of that, 750 MW of floating offshore wind will be allocated in 3 different projects with
the first one planned to be awarded in 2021.

As the announced project pipeline shows, the expected date of commissioning for most floating
offshore wind projects can be expected in the second half of the decade. According to our forecast,
the capacity up until 2025 will thus be practically only located in Europe and Japan, with projects in
Asia (mainly China, Japan and South Korea) and the US following shortly with first deployments
ahead of 2030. Figure 24 shows that expected floating offshore wind development sees only low
capacity levels in the upcoming years, with Europe dominating the emerging sector for the
foreseeable future. However, in the 2030s, cumulative capacity will grow from around 12 GW in 2030
to more than 100 GW by 2040 and double again to 220 GW by 2050.

Whi |l e Eur op efesemars above 560%attil 2030, the advent of a Chinese expansion in
floating offshore wind as well as significant growth in other Asian countries leads to Europe capturing
less than 20 percent of the overall market in 2050. While the North American market, mainly
consisting of the US, steadily grows, it remains below 10 percent of the global offshore wind market
share with around 19 GW deployed by 2050. Other markets, e.g. Africa, South America, Australia &
New Zealand or the Middle East, see cumulative additions that correspond to US levels but remain
only small markets, especially compared to Europe, China, South Korea, Japan and other South
East Asian countries.

Figure 24 Overall floating offshore wind capacity per region, year (left) and global floating
capacity distribution (right)
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With much of the expansion in the floating sector happening after 2030 and in regions with relatively
limited experience with the technology so far, large business opportunities for knowledge transfer
and exports could materialise. While this might be true for bottom-fixed offshore wind too, the
important difference to the floating sector stems from the fact that no mature supply chains exist that
could be reproduced similarly in other regions. Experiences for best practices in the pre-commercial
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floating offshore wind development phases will likely give large advantages to the early movers in
the floating offshore wind.

331 Europeds mar ket | ead ext extbylcouniriastwith @actess td2the3 0 s (
Atlantic, North Sea and Mediterranean coasts

Building on its advantage as a first mover in floating offshore wind technology, Europe will see
noteworthy capacity growth earlier than all other regions. Until 2030, more than 6 GW are expected
to be deployed according to our model, most of which will be in the UK, France, Portugal, Spain,
Norway and Ireland. France is driving investor trust with the first confirmed auctions for 250 MW of
floating offshore wind in 2021 and two 250 MW auctions in 2022 with target prices of 120 EUR/MWh
and 110 EUR/MWh respectively.

In the 2030s, however, market growth in the floating offshore industry will kick off in earnest. Figure
25 shows a capacity increase from 6 GW in 2030 to 22 GW by 2040 and almost 40 GW by 2050. As
the best locations in shallow waters near the coasts are starting to be exploited by bottom-fixed
installations, the option to build floating wind farms in deep waters close to industrial demand will
become competitive, e.g. due to drastically lower connection costs.

Figure 25 Floating offshore wind capacity in Europe through 2050
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3.3.2 North America will rely on floating designs in California and parts of its East Coast

Due to Californiads ocean bed genepilad myt-ledj@ckete ndi n
structures at larger scale, floating offshore wind remains the only solution for the state. A non-legal

target of building 10 GW of that technology by 2040 is currently being discussed. Maine is also
discussing the build-out of floating capacity owing to its coastal waters being unsuitable for bottom-

fixed designs. Principle Power is in the early stages of planning a 150 MW project off the West Coast

of the US which is still described as a pre-commercial project.

Still, the market is not expected to see commercial projects in the near future. Due to the abundant
land, the cost competitiveness of other technologies and a rather stifled development of the offshore
wind sector in general, we expect only a little more than 8 GW of floating turbines being built by
2040, up from 1 GW in 2030. By mid-century, the cumulative capacity will be slightly short of 19 GW,
as depicted in Figure 26.
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Figure 26 Floating offshore wind capacity in North America through 2050
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3.3.3 China becomes market leader in the 2030s due to its scaling advantages

Just as is the case in bottom-fixed offshore wind, China will profit from its sheer scaling advantage
in the floating offshore wind sector too. While not seeing major capacity additions until 2030, we
expect the sector to take off in the period to 2040 with almost 50 GW of cumulative capacity by 2040
and close to 80 GW being commissioned by 2050, as can be read off of Figure 27.

Figure 27 Floating offshore wind capacity in China through 2050
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China possesses a large area of rather shallow waters between the mainland and the South China
Sea that is well suited for the expansion of fixed designs. That is the reason for a comparatively
lower share of floating wind compared with most other regions arriving at about 20% of the overall

offshore wind market in the country by 2050. Still, it would represent the largest deployment in any
region.

3.3.4 South East Asia sees strong growth after 2030 driven by Japan and South Korea

With Japan and Korea driving the expansion of floating offshore wind, South East Asia will see a
quick growth of the sector after 2030 when maturity of the technology is reached. Mainly relying on
pilot projects at the moment, the two countries are working eagerly on bringing down the costs for
floating designs since their resource availability onshore is limited by their large population density
and rather mediocre conditions for the expansion of bottom-fixed offshore wind due to the steeply
descending seabed in their coastal waters.

South Korea pursues floating demonstrator projects and heavily pushes for innovation to secure
access to the «count rdyréssurcesanrlaatigns rinsuited far gottewi-fired
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offshore wind turbines. Japan is also a first mover that develops the floating sector by giving market
access to both, large domestic and international players.

While these two countries spearhead the sector together with Europe, other countries in the region
do not feel such a strong urge to invest in floating capacity owing to shallower water and better
resource potentials for other technologies.

According to our forecasts, South East Asia will see a rapid expansion of floating capacity after 2030,
reaching almost 25 GW by 2040 and thus overtaking Europe in capacity build-out. It is also the region
with the strongest growth in the decade leading up to mid-century with more than 40 GW of additions
in 10 years, bringing overall floating capacity up to more than 66 GW. Figure 28 shows these
developments.

Figure 28 Floating offshore wind capacity in South East Asia through 2050
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3.3.5 South America, the Middle East, Africa and Australia and New Zealand remain
comparatively small markets with a delayed development of floating offshore wind

In a similar vein to bottom-fixed offshore wind deployment in these regions, difficult financing
conditions due to political and regulatory uncertainty play a role in the development of floating
offshore wind in South America, the Middle East and Africa. With only small demonstration designs
coming online before 2030, the sector grows modestly in the subsequent decade to arrive at ca. 3
GW in each region by 2040. In 2050, South America sees 5 GW of floating offshore wind being
commissioned while the Middle East and Africa each expand to close to 6 GW, as can be seen in
Figure 29.

Australia and New Zealand on the other hand have ample resources for bottom-fixed offshore wind
as well as other resources that make the development of floating designs difficult before market
parity is potentially reached sometime between 2030 and 2040. Moreover, the region has the lowest
population and thus the smallest electricity demand, which is why volumes seem comparatively
meagre. With a third of overall offshore generation coming from floating wind farms and almost 4%
of total power demand being covered by the sector in 2050, the sector is quite important in relative
terms.

With our assumptions, we expect a sum of close to 20 GW of floating offshore generation to be
deployed by 2050 in these regions in total (cf. Figure 29), which leads to floating wind farms providing
around a third of total offshore wind generation.
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Figure 29 Floating offshore wind capacity development in Africa, Australia & New Zealand,
the Middle East and South America through 2050
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3.4 Comparison of the developments in floating and bottom-fixed offshore wind

While the offshore wind sector is expected to grow immensely in the upcoming decades, the size
difference of the markets for bottom-fixed offshore wind and its floating counterpart is expected to
remain significant. In 2030, more than 95% of the installed offshore wind capacity is expected to
consist of bottom-fixed designs, and their share decreases to slightly over 80% by 2050.

As shown in Figure 30, offshore wind capacity increases fivefold between 2030 and 2050. Most of
the growth of floating offshore wind takes place after 2030, with market size soaring to multiply
twentyfold. Although bottom-fixed technology remains dominant and reaches 240 GW in 2030 and
almost 1100 GW in 2050, the market size of floating turbines still reaches grows from a little over 10
GW in 2030 to around 220 GW globally in 2050 and thus involves viable business opportunities.

Figure 30 Comparison of bottom-fixed and floating offshore wind expansion in 2030 and 2050,
per technology and per region
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The European market will remain dominant for both foundation types in the medium term, however
Asian countries are expected to become the main growth areas towards 2050, with China leading

both, bottom-fixed and floating, markets. Whatcoul d come as a surprise, h ow
relative share of capacity build-out for floating designs will be smaller than for the bottom-fixed sector.
Countries such as South Korea and Japan will rely heavily on floating technology to achieve their
climate objectives and will thus invest more into expanding their generation through floating wind
far ms. The same is true for the worldés fifth | a
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decarbonisation targets but has a coastline that is generally not suitable for the construction of
bottom-fixed offshore wind.

According to the IEA, about 40 percent of the full lifetime costs in offshore wind have synergies with
the value chain in oil and gas. The share is largest for floating installations due to their reliance on
substructures and subsea construction which represent comparatively larger cost components than
for bottom-fixed assets. Large overlaps also exist in the planning and best practice utilisation of
vessels for installation as well as operations and maintenance of the platforms. The positive outlook
for offshore wind growth thus entails large opportunities for companies in the Norwegian offshore
industry supply chain.

The next chapters will look into the different segments of the value chain and exhibit where
Norwegian players are already active and where the most potential for future exports and value
creation can be found when taking into account the existing know-how of the Norwegian shipping
and offshore oil and gas industries.
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4 SEGMENTATION OF THE VALUE CHAIN

The offshore wind industry is now specialized with factories for production of offshore turbines
separated from the starting point in onshore wind. Bespoke vessels have been developed for
installation, operation and maintenance - consultants, lawyers and finance institutions have set up
their special divisions for offshore wind. Countries around the North Sea have the most developed
value chain and several actors are now expanding into new markets in South East Asia, adapting
their serviced to local requirements.

For floating wind, the structures of the industry are still under development with newcomers from oil
and gas entering several markets. Except for the turbine supply, it is likely that the floating wind
industry will establish a value chain different from what we have seen for fixed turbines as the
vessels, substructures, cable arrangement and O&M will require other solutions.

In the following, the various typical elements of an offshore wind farm are described. An analysis of
the potential for the Norwegian supply chain within each of these market segments is given in
Appendix | - Methodology: Assessment of Norwegian market shares in global offshore wind.

The following overview contains segments which are generic for offshore wind (both valid for bottom-
fixed and floating) and those specific for floating. Market segments which are specific for floating
offshore wind have been highlighted in separate focus boxes.

4.1 Description of the different segments

Devex

This segment covers all the early phase development and consenting work, e.g. the environmental
and societal impact assessment, offshore surveys, resource assessment, planning and cost
calculations.

Turbine Supply

Wind turbine supply is often regulated in a contract called Turbine Supply Agreement (TSA) between
the Original Equipment Manufacturer (OEM) and the customer. The technical scope is usually a
complete turbine from the bottom tower flange and up, including the blades. In addition, a
Maintenance and Service Agreement (MSA) can be a part of the contractual scope, where the OEM
is responsible for the turbine performance during (typical) the first 2-5 years. Transportation from the
turbine factory to an agreed staging port is usually part of the turbine supply.

Turbine Installation

A wind turbine installation vessel is collecting typically 3-5 sets of turbines at the staging port and
bring these to the project site. The most common way of installing turbines on fixed foundation is to
use dedicated jack-up Turbine Installation Vessels (TIV). The turbine installation contractor is hired
by the turbine supplier on EPCI contracts and the assembly is performed by operators from both
companies.

Turbine installation on floating foundations has so far only been done on demonstration and pilot
projects in benign waters or in port, either by very large and stable floating crane vessels or by
crawling cranes at the quay.

Foundation supply

This segment includes complete delivery of the foundations (fixed or floating) shipped to an agreed
staging port.

For floating wind foundations, three different types have advanced to become more bankable than
others. This is the three-legged semi-submersible, the damping pool barge and the spar buoy. Figure
31 shows the Technology Readiness Level (TRL) achievements of individual foundation designs.
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Figure 31 Technology Readiness Levels of floating offshore wind designs

Source: Carbon Trust (2020). Floating Wind Joint Industry Project.

For bottom-fixed turbines, there are today mainly three types of structures, with some variations.

1. The monopile, which is the dominating option in most markets, has become very mature but
require considerable investment in production facilities. A somewhat similar cylindrical variant
with suction bucket is an option (e.g. developed by Universal Foundation AS, owned by Fred
Olsen).

2. The jacket foundation (on piles or suction buckets), has similarities with the even larger oil and
gas structures for which more fabrication sites exist.
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