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Abstract

This paper describes and analyses to what extent offshore wind energy can be used by
European Union Member States to reach their renewable energy targets of 32% by 2030
and at the same time reduce their CO, emissions by 382 Mt. It not only looks at the
designs of bottom-fixed and floating offshore wind turbines but identifies the main
issues that need to be addressed by the Member States of the European Union with a
focus on the North Sea, which has already seen high numbers of wind farms being

build, and the Baltic Sea, which has a lot of potential to offer.



Table of Contents

ADSTIACT ... i
Table OF CONTENTS ... i
ACKNOWIEAGMENES ... esae e e nreenreenee e v
LiSt OF @DDIEVIALIONS ......cviiciiciiicees e Vi
1. INEFOAUCTION ..ot 1
1.1, SEALE OF AT ..o 1
1.2, Problem qUESTION......c.ciiiiiec et 2
1.3, Background definitioNS .........coeeiieiiiiiiieie e 5

2. The Renewable Energy Directive and offshore wind farms............ccccovvvinninnn. 5
2.1.  The WindEurope Central SCENAIO ........cccueiuiiirieeieiie e 6
2.1.1.  SCenario adjUSTMENT.........coouiiieiiie e e 6

2.2. Bottom-fixed offshore Wind energy .......cccooeeeiieiiiieniee e s 9
2.2.1. Monopile foundations: the example of Rampion offshore............c..ccc.c...... 9

2.2.2. Jacket foundation: example of Nordsee Ost offshore lighthouse project. 11

2.2.3.  Conclusion for bottom-fixed offshore wind............ccocovviinininiiiniiie, 13
2.3.  Floating offShore Wind eNergy ........ccceeeiierieiesie e 14
2.3.1.  Spar-type floating turbine: The Hywind example ..........c..cccocvevviieinennne 15



5.

2.3.2.  Semi-submersible type floating turbine: The Kincardine example .......... 20

2.3.3. Tension leg platform (TLP) floating turbine: The Gicon-SOF example.. 24

2.3.4. Conclusion of floating wind farms...........cccccvveviiiiiiesieese e 26
(€] o I V01 (=0 =LA o] o TSSO 27
3.1, Transmission MEChANISIMS .......cceoviiririiiiiieeee e 27
3.2.  HVDC (High Voltage DireCt CUITENL) .......cccueiveiieiieieeiesieeseeie e e eee e 29
3.3.  Improvement of Grid INtEQration ..........cccceeveevveieiieceee e 31
3.3.1.  Meshed offshore HVDC grid.........cccccviiieiieiiiieieeie e 31
3.3.2.  The digitalisation of grid integration — the Smart grid ..........ccccoeereennene 32
34, CONCIUSION. ...ttt bbb 35
International collaborations ..o 35
4.1, UNAerground LINKS .......ccoioiiiiiieie et 36
4110 NEMO LINK oot 36
4.1.2. VIKING LINK...oiiiiiiiiiee s 38
4.2. NSCOGI (North Sea Countries offshore grid initiative).........c..ccccccevvervreenen. 39
4.3. North Sea Project PROMOTION ......c.ooiiiiiiieiie e 42
4.4, BaltiC INTEGIIU. ..o 43
CONCIUSTON ..ttt 46



5.1. RECOMMENAALIONS ... ..o,

Bibliography

I ES 0 T U =TSSR

LIS OF TADIES ..ottt e e e e e et e e e e e e e e



Acknowledgments

This thesis would not exist without the following people:

em. Univ.-Prof. Dr. Glinther Brauner - Thank you for your mentoring
Verena and Mark Taylor — Thank you for your constant support
WindEurope — Thank you for your guidance

Moritz Taylor and Anna Taylor — Thank you for always being there when | needed you

during the writing of this thesis



List of abbreviations

AC: Alternate current

DC: Direct current

EC: European Commission

IEA: International Energy Agency

MW: Megawatt

O&M: Operation and Maintenance

OWEF: (bottom fixed) Offshore wind farm

RES: Renewable energy sources

WEOQO: World Energy Outlook of the International Energy Agency

Vi



1. Introduction

1.1.State of Art

In 2019, we are one year away from Europe 2020 strategy set in 2009 by the European
Union. Within this strategy, emphasis was set on climate change and energy. More
specifically: to lower greenhouse gas emissions by 20 % compared to 1990 levels; 20 %
of energy coming from renewable; and 20 % increase in energy efficiency. In 2017,
Eurostat released the latest results of the EU and its Member States. At that point, there
was a 17.5 % share of RES in gross final consumption of energy with eleven countries,
such as Sweden, Finland, Estonia and Czechia having reached their targets. However,
countries such as France (6.7 %), Netherlands (7.4 %) and Ireland (5.3 %) were still
quite far from their targets (Eurostat, 2019). Since 2009, the European Union’s efforts
towards a cleaner and more efficient union have continued to grow. Having signed the
Paris Agreement of the UNFCCC in 2015 committing itself to pursue efforts to limit the
rise of temperature to 1.5 C, the Commission under Junker started to build on the
Energy Union which aims to provide EU consumers with secure, sustainable,
accessible and affordable energy. The Energy Union energy policy was already under
discussion in 2005 but it took ten years until a strategy was launched. By 2019, it has
become concrete with the help of a governance framework, which is comprehensive and

legally binding.

The governance framework of the Energy Union and Climate action has five
overarching goals: cover all dimensions of the energy union. Transparent and
coordinated planning, reporting and monitoring process and closer cooperation, clean
energy investment, ensure consistent reporting, aiding and ensuring that EU Members
states meet the objectives and targets of the energy union (European Commission,
2018).

To achieve one of the goals of the Energy Union requires the fundamental change of the
electricity system by redesigning the infrastructure and the market. This would result in
a fully integrated European Energy Market (named internal energy market in this

thesis). One of the targets of the 20-20-20 strategy was to have 10 % interconnectedness
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in the European Union by 2020. To date, the energy market is still fragmented,
according to the Commission Expert Group report of 2017, as countries have mainly
divided into clusters of interconnectedness rather than one internal energy market
(European Commission, 2017). The main aim of such interconnectedness is to secure
the supply of electricity by increasing the quality of service and improve reliability.
Furthermore, it would allow for affordable prices in the internal market providing
customers with a broader market size and higher competition with Transmission System
Operators (TSO) lowering prices as a result. Per the expert report, “a fundamental role
of transmission infrastructure is to enable the integration of areas of high renewable
energy potential with main consumption areas” (European Commission, 2017, p12),
hence interconnectivity would facilitate the adjustment of power grids to the increasing
levels of RES. Nevertheless, in the worst-case scenarios, this could lead to congestions
and grid management challenges, reducing reliability, increasing costs and security
risks. As a result, smart grids and high voltage direct current cabling is required across

Europe for an effective interconnected network.

As the Directive of 2009 is reaching its expiration date in 2020, the European Union
adopted the Directive (EU) 2018/2001 of the European Parliament and of the
Council on 11th December 2018 aiming to promote the use of energy from RES with
targets for 2030. Also commonly known as the RES Directive, it follows the footsteps
of its predecessor by providing a binding overall renewable energy target of 32 % RES
by 2030. In Article 3, the directive states that each Members state must set national
targets as part of their national energy and climate plans. To support the countries to
invest more into renewable energies, the European Union set up support schemes for:
grid integration costs, network constraints, and long-term investment in particular
technologies. One of the biggest players in the renewable energy market is wind. In
2018, 63 % of new renewable investments were in wind energy with a third going to
offshore wind farms (WindEurope, 2018)

1.2.Problem question
The Earth is currently occupied by over 7.7 billion people and with the population

increasing daily, so does the demand for energy. Each year, the International Energy
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Agency releases the World Energy Outlook (WEO) report which shines a light on the
cracks that have started to grow in the energy system in the last couple of years.
According to this report, oil and gas supply has become risky which they linked to the
Venezuelan crisis; oil prices are higher than in the last four years and emissions are
rising. “A doubling of electricity demand in developing economies puts cleaner,
universally available and affordable electricity at the centre of strategies for economic
development and emissions reduction.”” (International Energy Agency, 2018). One
could therefore assume that we are experiencing the same push renewable energies got
in the 1970s when the price of fuel rose. Taking this into consideration, renewable
energies such as wind energy, photovoltaic and hydro have come to the forefront
representing 17.5 % of energy consumed in the EU in 2017 which is equivalent to 226.5
million tonnes of oil (eurostat, 2017). As seen in Figure 1, the last decade has seen rapid
increase in the production of energy from renewable sources and specially, with wind
energy taking a leading role with 13.8 % contribution behind wood and other solid
biofuels. As the last decade has seen an increase in offshore turbines across the EU, the
first question posed in this thesis: Will offshore wind energy reduce CO, emissions
and meet the 29.6 % share in EU’s electricity demand by 2030 predicted by
WindEurope? (WindEurope, 2017).

180
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Fig 1 Primary production of energy from renewable sources EU-28 1990-2017 (eurostat, 2017)

The North Sea is a shallow arm of the Atlantic Ocean separating the British Isles from
mainland Europe. Most of the North Sea bed is covered with a thick layer of clay,
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making it the perfect location for offshore wind turbines and floating wind farms.
According to Table 1 the potential of offshore wind in Europe in +60m depth is of 4,000
GW making the market potential prodigious. This means that there is more potential in
the North Sea than on the American coastal lines which have a potential of more than
2,000 GW per the American Wind Energy Association (AWEA, 2019), mainly due to
their deep oceans.

Table 1: Potential for FOW (WindEurope, 2017)

SHARE OF
OFFSHORE POTENTIAL FOR
cizgr;; / WIND FLOATING WIND
RESOURCEIN CAPACITY
+60m DEPTH
Europe B0 4,000 GW
UsSA B0% 2,450 G\W
Japan BD% 500 GW
Taiwan 90 GW

It is, therefore, not surprising that the race to perfecting offshore and floating wind
designs and technologies is gaining in speed on a global scale. With EU and national
subsidies, companies are competing against each other as well as working together, to
increase the position of Europe in the wind energy market worldwide. Offshore wind
farms (OWF) are evolving rapidly, through innovative platforms, larger turbines or a
better generator to rotor ratio. The below 40m depth offshore farms provide around 200-
300 MW on average and floating wind farms provide 20-50 MW per farm on average, a
number that is increasing yearly with new projects. In the next four to five years, 18
more floating wind farms each between 2-100 MW output capabilities are to be
installed mainly in the North Sea but also in the Atlantic Ocean. Therefore, are coastal
and national power grids prepared for the surge in wind power ahead of us? What
is being done to improve power grids?

Finally, the plans for having an internal energy market are currently in full swing. As
one of the main goals thereof is to include renewable energy sources, how can
international cooperation facilitate the shift from fossil fuels to renewable energies

to meet the targets?



1.3.Background definitions

Clean/green energy The use of the energy sources creates less

pollution, is better for the environment.

Bottom-fixed offshore wind energy Wind turbines at sea below 40/60 m

depth, connected via transformer cables.

Floating offshore wind Wind turbines at sea, not anchored
through their foundation to the sea but by

cables and anchors.

RES Renewable Energy Sources as in energy
from non-fossil renewable sources such as

wind, solar, geothermal and biogas.

Capacity factor Calculated out of 100 %, it means that all
wind turbines are generating at maximum

output every second of the year.

2. The Renewable Energy Directive and offshore wind farms

In 2017, WindEurope released the Wind Energy in Europe: Scenarios for 2030 report
outlining three scenarios: low scenario, central scenario and high scenario. The thesis
will focus solely on the central scenario which predicts that wind will have a 29.6 %
share of EU’s electricity demand by 2030. This would entail 382 Mt (mega tons)
avoided CO; emissions and 13,200 M€ avoided in fossil fuel imports (WindEurope,
2017). At the time of the scenarios report, it was still believed that the EU would agree

on a 27 % renewable energy target, however, since then, the newly revised Renewable
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Energy Directive (2018/2001) entered into force stating that the target has been
increased to a binding renewable energy target of at least 32 % share for final energy
consumption. In this chapter, we will first analyse the central scenario set by
WindEurope with reviewed numbers according to the new target. Second, we will focus
on the potential of bottom-fixed offshore wind farms located in the North Sea to help
achieve this goal by analysing two wind farms and their potentials. This subchapter will
not only look at the farms themselves but also at their advantages and disadvantages.
Finally, as it is a growing market, we will turn our attention to floating offshore wind
farms and analyse their potential. This subchapter will provide extensive details
comparing three different types of farms by Equinor, Cobra and Gicon, and outline their

advantages and disadvantages.

2.1.The WindEurope Central Scenario

In the original central scenario calculated by WindEurope in the Wind Energy in
Europe: Scenarios for 2030, the binding renewable energy target set by the European
Commission in the Renewable Energy Directive (2018/2001) was not yet known and
they based all of their calculations expecting the target to be 27 % (WindEurope, 2017).
However, since then, the target has been increased to 32 %, which is only 9.375 % away
from their High Scenario; we will be adjusting the scenario accordingly in Table 2

below.

2.1.1. Scenario adjustment

Table 2: Adjusted calculations 1 of the WindEurope scenario

INSTALLATIONS (GW) GENERATION  (TWh) EU ELECTRICITY DEMAND MET
BY WIND ENERGY (%)

onshore offshore total onshore offshore total onshore offshore total
Central 253 70 323 599 290 888 19,90 9,90 % 29,60 %
scenario
High 299 99 397 706 422 1129 23,50 % 13,90 % 37,60 %
scenario
Adjusted 267 88 354,7 630,6 377 1009 21 % 125 % 33.6 %
scenario




According to the adjusted scenario, there would be 354.7 GW of total on and offshore
installations by 2030 in the European Union. However, the EC Reference Scenario of
2016 has a more unenthusiastic image for the future of wind, stating that installations of
offshore wind farms will decrease post 2020 due to the high costs that are linked to
uncertainties and risks. It only predicts total wind capacity installation at 255 GW,
which is 119 GW less than our adjusted scenario (European Commission, 2016, p44).
Furthermore, the International Energy Agency (IEA) New Policies scenario is also less
robust than our adjustment, varying from it by 83.7 GW (International Energy Agency,
2016, p10). Both EC and IEA foresee lower increases in installations in France, Spain
and Germany than WindEurope. This leads us to conclude that the EC and the IEA
believe that there are unfavourable policies that may arise in the EU or that Member
States do not follow their climate pledges made for the Paris Agreement. If we are to
follow the logic of the adjusted table, then we can assume that the EC might also change
their scenario with the new 32 % target and therefore our assumptions in Table 2 and

Table 3 may be correct.

In addition, the adjusted scenario also changes the macro-economic and social impacts
of the scenarios and therefore, they must therefore also be adjusted accordingly in Table
3.

Table 3: Adjustment of macro-economic and social impacts

Installed Investment Jobs CO, emission | avoided fossil
capacity (M€) savings fuel  imports
(GW) (MtCOy) (ME)
Central 323 239000 569,000 382 13200
scenario
High scenario | 397 351000 716,000 485 16600
Adjusted 354,7 313560 640,000 433 14829
scenario

The adjusted scenario of 354.7 GW would generate an investment of €313 billion which
would lead the industry to be able to provide around 640,000 jobs by 2030.




WindEurope states that the “increase in jobs assumes that the EU supply chain remains
competitive” (WindEurope, 2017) which would signify that the wind industry will
remain competitive within the EU as well as compete with the North American and
Asian markets. However, if that does occur, the adjusted scenario predicts that wind
energy would save 433 million tCO, emissions and save €14.8 billion by avoiding fossil

fuel imports into the EU.

GW

Fig 2 2016-2030 offshore wind installations per sea basin (WindEurope, 2017)

Specifically, WindEurope provided a forecast per specific region as seen in figure 2
which cannot be adapted due to lack of metadata. However, it has a very positive
outlook on the future of offshore wind installations in the North Sea, projecting around
48 GW of installed OWF, which is five times as much as is currently installed.
Although not so positive, WindEurope estimates that the GW in the Baltic Sea will
increase by a factor of six, reaching an approximate 9 GW. Both these numbers are
promising and maybe quite optimistic; however with the right frameworks,

collaborations and technology, it is not impossible.



These forecasts provided by WindEurope and adjusted in this thesis are very optimistic
in comparison to the European Commission and the International Energy Agency. The
thesis will, as main focus, try to prove that the adjusted scenario is a possibility by
analysing various offshore wind farms, grid improvements and international

cooperation.

2.2.Bottom-fixed offshore wind energy

“409 new offshore wind turbines have been installed over 2018, amounting to a total
offshore wind capacity in Europe of 18.5 GW” (WindEurope, 2018). Per WindEurope,
this has led to there being 4,543 grid connected offshore wind turbines in Europe. Over
the past decade, offshore wind turbines have surfaced on the coast of countries
adjoining the North Sea, Baltic Sea and Atlantic Ocean. Although the costs of
construction, operation and maintenance are higher for turbines at sea compared to
onshore turbines, the ETIP report of 2016 states that countries and companies are
working together to reduce the cost levels thereof to 80€/MWh by 2025, instead of over
100€/MWh, to remain competitive in the light of Asian countries and North America
planning big installations providing as much as 1 GW per project in the Pacific and
Atlantic oceans in the next couple of decades (ETIPWind, 2016). Furthermore, this
reduction in costs would void or diminish the cost fears portrayed by the IEA and the
EC scenarios for renewable energies in the power grids as seen in the first subchapter.

To understand this market and its potential clearly, we will focus on two different
foundation and turbine models which will shine a light onto the potential of bottom-

fixed offshore wind energy: monopile foundations and jacket foundations.

2.2.1. Monopile foundations: the example of Rampion offshore

Mainly owned by E.ON Climate & Renewables UK, the Rampion offshore wind farm is
one of the latest OWF (offshore wind farm) projects to anchor the British coast
providing its first power in 2017. Over an area of 79 km?, 13 to 20 km off the Sussex
Coast and at a sea depth ranging from 19 to 40 m, the farm has a total wind capacity of
400.2 MW created by 116 turbines. Each V112-3.45 MHI Vestas turbine has a capacity
of 3.45 MW and is grounded with a monopile structure (4cOffshore), each turbine will

start producing electricity when the wind speed hits 3 m/s. This means that roughly
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350,000 UK households use clean electricity to power their homes; this is equivalent to
close to half of the Sussex households (Rampion). The foundations used at the Rampion
Wind farm are steel monopile foundations which vary in weight, length and diameter
depending on the depth of the seabed and its condition at that specific location.
Consequently, the weight of each pylon can vary from 550 to 830 tonnes, its length
from 60 to 85 meters and the diameter from 5.75 to 6.5 meters. Each foundation carries
a bright yellow transition piece positioned 20m above the highest astronomical tide as to

support the wind turbines and enable access for engineers (Rampion).

The Rampion Wind Farm has an offshore, a landfall (invisible to the naked eye) and an
onshore substation. The offshore substation connects the 114 kilometres of subterranean
array cables into two parallel subsea cables. Furthermore, the station converts the 33
kilovolts generated by wind turbines into 150 kV to reduce losses during transmission.
Recently, a new substation has been built at Twineham to allow conversion to an even
higher voltage and integration into the national grid network (Rampion). Further
information on the subject of high voltage conversion can be found in the third section
of this thesis.

a) Monopile foundations

As one would imagine, the structure attaching the wind turbines to the seabed is key to
the cost effectiveness of the offshore wind farm and therefore the research into these are
critical to reducing the costs and bringing them closer to the prices of onshore wind
farms. In the past decade, monopiles have been the preferred substructure design and
are being stretched to their limits. Currently, they are being used in water depth of less
than 40 m. In 2015, according to the WindEurope offshore database, they were 97 % of
installed foundations (ETIPWind, 2016). Monopile foundations have multiple
advantages, first of all, their simplicity. In an industry full of complexities, the fact that
it is rather simple to produce due to its simple structure, results in easier calculations
and therefore reduces the time of planning and construction of the wind farm. Due to
their shape and size, multiple foundations can be transported at one time and their
installation is done without heavy cranes. Nonetheless, the vessels used to transport

monopiles are big and make a lot of noise. The noise created by the installation, not

10



only by the vessels but also by the piling, has caused restrictions on the locations of
monopile wind farms. Another issue to highlight is the high hydrodynamic loads that

occur due to the turbine sizes and water depth increasing.

Research and development command a high priority in the world of wind energy. New
foundations are being tested with the main aim of reducing costs and increasing the
electricity production as well as increasing reliability. In 2016, the EEW SPC
manufactured the largest XXL monopile weighing 1,300 tonnes for the Veja Mate
OWEF. Thanks to these new and improved monopiles, this farm will be able to produce
1.6 TWh of electricity for 400,000 households annually in Germany since 2018.

2.2.2. Jacket foundation: example of Nordsee Ost offshore lighthouse project
Owned by RWE Innogy and located approximately 60 km from the German coast, the
offshore wind farm Nordsee Ost is providing around 320,000 households with energy
since 2014. Over an area of 36 km? and depth range of 22 to 25 m, the OWF comprises
of 48 jacket foundations and Senvion turbines. Each 6.2M126 Senvion turbine has a
capacity of 6.15 MW resulting in a projected capacity of 295.2 MW (4cOffshore, n.d.).
The project hit some rough patches with logistical issues, grid connection issues, supply
chain challenges and regulatory uncertainties. Firstly, Nordsee Ost is the first offshore
wind farm which RWE Innogy built in German waters and therefore their maritime
infrastructure (infrastructure vessels) was limited according to the WindEurope offshore
database, which caused issues for keeping the timeframe which they had planned. As
jacket foundations are more complex to build than monopiles, this was a serious
problem (more on the technicalities can be found in the subchapter a). To adjust, they
bought two further installation vessels. Further delays occurred when the TSO
responsible for the grid connection at the HelWinl converter platform was delayed by
eighteen months, this was widely blamed on the uncertainty of regulations by the
government (Anzinger et al, 2017, p.216). After losing 18 months and having gone
through a substantial financial loss, the Nordsee Ost wind farm was connected to the
grid (Wegrich et al, 2017).

11



a) Jacket foundations

Support structures come in all shapes and sizes and are constantly being reinvented for
more stability, heavier turbines and deeper waters. According to the WindEurope
database, the usage of jacket foundations for offshore bottom-fixed wind farms has
shrunk over the past decade by 15 % in new installations; this can mainly be admitted to
the popularity of the monopile foundation. However, jacket foundations are widely used

in the oil and gas industry.

Work platform Transition piece

Intermediate

Boat landing Hiatiorm

Fig 3 Jacket foundation (4cOffshore, 2013)

As seen in Figure 3, the sub turbine structure is built with a combination of small
components making it possible to change the size of the foundation quite easily. This
results in jacket foundations being used in deeper waters as proven by Shell in the Gulf
of Mexico where an oilrig’s foundation is 412 m deep. The jacket foundation is
embedded into the seabed via four corner soil piles for adequate stability. This support
structure is known for its stability and strength (Saleem, 2011). However, jacket
foundations have reduced in popularity for wind turbines as they have higher
manufacturing costs than monopiles due to the multitude of parts needed for the

assembly. This leads to further issues with stress checks in stability, yields and
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punching. Therefore, maintenance costs for jacket structures can rise quickly when

iSsues arise.

Popularity of the jacket foundation varies on the state of the seabed and the chances of
environmental disasters. Although not a preferred foundation in the North Sea, Taiwan
is planning on building jacket foundations in the Taiwan Strait. Taiwan has relied
mainly on imported energy in the past century and has been working on solutions to
make themselves more independent. One of their solutions is wind energy. However,
situated on the circum-Pacific seismic belt, Taiwan is earthquake and typhoon prone,
which means that the potential wind turbines have to be extreme waves safe, seismic
safe and extreme wind safe (Ku et al, 2016). Per Ku et al’s modeling research of the
location of the Changua Country, effective stress analysis, soil analysis and static
analysis, have shown that jacket foundations are a relatively safe design to use in those
types of area (Ku et al, 2016).

2.2.3. Conclusion for bottom-fixed offshore wind

The IEAwind Task 26 focuses on cost efficiency and per their poster at the Global Wind
Summit in 2016, they have assessed that the cost of bottom-fixed offshore wind will
decline by 24 to 30 % especially if the issues relating to “upscaling, foundations, lower
financing costs” are resolved (IEAWind Task 26, 2016). With this information in hand,
we can assume that with a higher cost-efficiency (which is getting closer to onshore),
that investment into bottom-fixed offshore wind has not yet stalled and that we can
expect further installations and the adjusted scenario might not seem as farfetched as
earlier.

Both monopile and jacket foundations have shown advantages and disadvantages in this
chapter. However, it seems quite clear that monopile, even though they are noisy, will
remain the stronger contender in Europe when designing bottom-fixed offshore wind
farms. Monopile foundations remain the most reliable and cheapest solution. Other
foundations are also in use or are being tested such as the gravity based support
structures which are less favourable due to overturning issues and the effect on the
seabed as well as tripod foundations which are complex to transport and require pile
driving (Saleem, 2011).

13



Although substructures such as monopiles and jackets have a history for being reliable
and are reducing in cost as mentioned above, they are solely for offshore turbines
anchored below 60 m depth. This is due to the fact that once deep sea (above 60 m
depth) is entered they incur high service and installation costs, meaning that they are not
economically viable for deep sea installations according to Musial et al. (2006). It is
difficult to estimate the amount of bottom-fixed offshore wind farms that are to be built
in the next decade, however it seems that most institutions and companies working on
floating wind energy such as WindEurope and CarbonTrust agree that the momentum is
building for floating offshore wind energy (CarbonTrust, 2015). Figure 4 below shows a
diagram which shows a monopile structure and a jacket structure below 60 m depth and
a floating wind turbine on the right side above 60 m depth (NREL, 2010). Not only will
floating wind energy reach stronger winds, but it is also no longer limited by the depth
of the sea, increasing therefore the size and quantities of farms.

Proven Technology Demonstration d

Fig 4: Evolution of offshore wind turbines (NREL)

2.3.Floating offshore wind energy
According to WindEurope, “floating offshore wind holds the key to an inexhaustible
resource potential in Europe” (WindEurope, 2017). Floating offshore wind reaches
stronger offshore wind resources than the current offshore turbines which are bottom-
fixed to up to 60 m depth and only have access to 20 % of that resource. This limit
meant that fixed wind market at sea would continue to grow in quality, but that it was
14



limited in quantity due to the limitations of water depths. This has changed since the
invention of floating technologies which allow developers to “harvest” wind power
anywhere at any time. This implies that wind has the potential to play a significant role
in reaching the Renewable Energy Directive (EU) 2018/2001 targets of the European
Union by producing a high amount of clean energy and meeting electricity demands.
Floating offshore wind energy had been in R&D limbo for a significant period of time
and has only become reality in the past decade, but it is already showing positive results.
The main issues found with implementing floating wind energy are to maintain efficient
mooring, keep stability, reduce costs and limit displacement. As multiple companies
and universities were and still are researching ways to use wind power at sea, there are
four main substructures which are being trialled, three of which are loosely connected to
the sea bed (barge, semi-submersible and spar buoy) and one which is a more stable
structure (the tension leg platform). As most floating wind projects are still in the
demonstration phase, no one floatation design has preference, therefore the Hywind, the
Kincardine and the Gicon project will be explained and analysed to determine their

potential in increasing the supply of clean energy and provide a basis for comparison.

2.3.1. Spar-type floating turbine: The Hywind example

Siemens Hywind Floating Wind Turbine

» Displacement: 5300 m3

Mooring;: 3 lines Diam. submerged body: 8.3 m

Fig 5: Hywind Demo (Equinor)
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Located 10 km off the Norwegian island of Karmoy, in water depth of 220 m , 2009
saw the worlds’ first full-scale floating offshore project recently renamed UNITECH
Zefyros by Hywind Technology but more commonly known as Hywind-Demo. The
Hywind technology, i.e. the spar platform, consists of a slender cylindrical structure as
seen in Figure 5 that extends 100 m below the surface with a diameter of 8.3 m and
carries a 2.3 MW Siemens turbine. Alongside Siemens, Technip, Nexans and
Haugaland kraft, the single 2.3 MW turbine with a rotor diameter of 82.4 m and a
turbine hub height of 65 m was installed by Equinor, formerly Statoil, to test spar-type
floating technology, the ballast stabilizers, the three mooring cables and the anchors.
Furthermore, the project was to be a foundation for all future floating spar type turbines
and due to it being designed for harsh environments, the effects of the wind, waves and
ocean currents were also under observation. These tests confirmed that the maximum
wind velocity of 40 m/sec and maximum wave height of 10.5 m, were not an issue for
this floating device. During Storm Dagmar in 2011, the maximum wind speed was 24
m/s and maximum waves were hitting heights of seven meters and during this time, the
turbine was still producing 96.7 % of its potential power (Nielsen, 2013). As it is
basically one pylon in the sea attached with mooring, the project developers installed
motion stabilizing controllers which stabilize the turbine and the spar, which lower the
risks of the turbine being destroyed, it having to be shut down or possible wind power
loss. In 2017, Statoil confirmed that the demo had produced close to 65 GWh since
start-up eight years prior with no serious incidents except for some O&M issues which
were not disclosed to the public (Statoil, 2017).

In 2016; the 13" Deep Sea Offshore Wind R&D conference stated that “This
demonstration project proved that the Hywind floating substructure is a suitable
platform for conventional multi-megawatt turbines.”” By that point, Equinor had already
obtained the lease for Buchan Deep and was in the process of constructing the Hywind
I1 25 km off the Scottish coast. Equinor learned a lot from the Hywind Demo site and
changed multiple aspects of the Hywind Il (Fig. 6). First of all, they wanted bigger
turbines in order to produce more power; the hull shrunk although was heavier but most

importantly they were able to make it 60 to 70 % cheaper than the Hywind Demo.
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Fig 6: Hywind Demo vs Hywind Pilot (Equinor)

Hywind I, also called the Hywind Pilot Park Scotland, has been in operation since 2017
and was the first floating wind turbine farm of its kind. Covering around four square
kilometres, it consists of five 6 MW Siemens turbines, resulting in a total installed
capacity of 30 MW and transmission voltage of 33 kV. The wind farm is expected to

supply 22,000 households with power.

2.3.1.1.Statoil/Equinor Spar type floating device

Based on the Hywind Demo concept, Hywind Il also consists of a steel tower and
ballast structure which is filled with sea water and is attached by a three-point mooring
system including three anchors. It then differs in the details as size and weight changed
and the systems were upgraded. The original draught which was very deep (100 m), it
used taut lines and drag anchors to secure it in the same location. This design is used
because the vertical components and the ballast counteract the bounciness of the sea. In
the upgraded design, the draught has been quartered in length below the ocean as there
was an enlargement of the substructure diameter from 8.3 m to 14.4 m. Although the
deep draught design reduces the effects of ocean currents, waves and wind, the spar

type floating device is extremely heavy.

Having provided electricity at a 65 % capacity factor, double that of most UK offshore
wind farms; the success of the Hywind Il is undeniable. As a result, Equinor are
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returning to work off the Norwegian coast, this time to provide renewable energy to
power the Gullfaks and Snorre fields, both oil and gas fields in the Tampen area
(Equinor, 2018). Recently, in February 2019, they selected the harbours which would
support them in this endeavour which shows promising steps towards the creation of the
88 MW farm. Hywind Tampen is forecasted to provide 35 % of the electricity needed
annually to power the platforms, making them the first to use wind turbines to this
effect (4cOffshore, 2019). It is encouraging to see companies investing in powering oil
and gas companies with renewable energy while the population is still dependent on

them.

2.3.1.2.Siemens 6 MW turbine (SWT-6.0-154)

Siemens has been involved in this project from the very beginning as they provided the
2.3 MW turbine for Hywind demo. Installed by Saipem SpA, five SWT-6.0-154
turbines joined the Hywind Il project. These turbines have a rotor diameter of 154 m
with blades the length of 75 m comparable to the length of an airbus A380. Per the
Siemens Gamesa official description, the SWT-6.0-154 is ideal for offshore farms
located in harsh environments, this was proven in 2018, when the winter storms led to a
hurricane and waves up to 8.2 m heights during which the farm still produced at 65 %
capacity factor. In comparison, bottom-fixed offshore turbines do not perform as well in
high wind situations and are usually functioning below 60 % capacity factor. Each
turbine is installed with a pitch motion controller, which allows the adjustment of the
angle of the turbine blades to reduce the effects of heavy winds, as well as shutting
down the turbines when the winds are too strong. Furthermore, their turbines are
specifically designed for offshore usage as they have fewer moving parts than the usual
onshore turbine. In Siemens Gamesa’s opinion, it reduces the “likelihood of failures,
this also means fewer spare parts are needed over the course of a wind farm’s lifetime.”
Not having to fix or replace parts often reduces the O&M costs and increases the
lifetime energy output resulting in more energy being produced. (Siemsens Games,
n.d.). Since the creation of this turbine, Siemens Gamesa has brought out two further
offshore viable turbines since their merge. The first, SG 8.0-167DD, which is already

commercially available, focuses on cost-efficiency and increased the output to 8 MW
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per turbine. The second turbine SG 10.0-193 DD will only be commercially available as
from 2022 and will be their largest turbine with each turbine having a rotor diameter of
193 m and producing 10 MW.

2.3.1.3.Equinor/Masdar

One of the main challenges of wind energy in general is the storage of energy to help
mitigate peaks and troughs in production and therefore increase reliability. In 2018,
Masdar and Equinor used the Hywind Scotland project to introduce and test the
Batwind, an onshore substation storage system with a capacity of 1.2 MW (Woods,
2018). The main aim of this project is to “evaluate the capabilities of advanced storage
technologies to optimise the release of electricity from renewable energy plants to
transmission grids — from both a technical and commercial perspective.” (Masdar,
2018). Such a storage system would maximise offshore wind electricity output and
hopefully reduce costs as mentioned by the IRENA report (IRENA, 2017). This
electrical storage unit can be called a smart storage battery as it uses algorithms to store
or release energy depending on demand reducing the lost energy if there is too much
electricity being provided or covering for times when the wind is down.

Such advancement in the storage systems will make floating offshore wind farms more
reliable and increase stability, making it less of an investment risk. According to Masdar,
the tide is turning in renewable energy investment (Masdar, 2019). Better storage
facilities for renewable energies will help countries in reaching their Renewable Energy

targets.

2.3.1.4.Export Cable and anchor

Due to the size of the farm, there is no offshore substation, meaning that the buried
export cable directly links the five turbines to landfall along the north coast of Peterhead
as close as possible to the Peterhead Grange substation. The five turbines are connected
via maximum 3 km long buried inter-array electric cables. To avoid stretching or
snapping of these cables, they are laid in an s-shape formation. As is the case with most
wind turbines, the electricity will be transmitted as AC at 50 Hz which results in a
transfer voltage of 33 kV. As a result, the export cable will also transmit in AC with a

voltage of 33 kV, as per the Environmental Statement provided by Statoil in 2015. The
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turbine was moored with wire/chains and used drag embedded anchors in the demo
version in Norway. For the Scotland farm, as the seabed is loose to medium sand under
which there is soft clay, suction caisson anchors were chosen. According to Arany et al,

this type of anchor is ideal for that type of seabed (Arany et al, 2018).

2.3.2. Semi-submersible type floating turbine: The Kincardine example
The North Sea’s first semi-submersible floating turbine, Kincardine, has been in
operation since October 2018. 15 km south-east of Aberdeen, only a few kilometres
from the Hywind farm, the Portuguese developers Principle Power, Bourbon Subsea
and Vryhof (a Dutch company) came together under the umbrella of the Spanish
construction company Cobra Wind to start the construction of the Kincardine Offshore
Windfarm Limited (KOWL). This is the first stage of what is to become the world's
largest semi-submersible floating offshore wind farm with 50 MW by 2020.
As KOWL’s managing director, Jaime Altolaguirre stated “the lessons learned from the
project will allow us to create the next generation of floating projects globally, in
deeper waters and further from shore.” (Richards, 2018)
The first test run of the KOWL is underway with one 2 MW Vestas turbine in position
and confirmed power to the coastal region of Aberdeen. The decision to only install one
turbine was made to ensure that the project reaches its Renewable Obligation deadline
(Randall-Smith, 2018). In spring 2019, Navantia-Windar, a joint-venture of Cobra
Instalaciones y Servicios, started the construction of the next five WindFloat which will
be connected to the V164-9.5 MW MHI Vestas turbines around the end of 2019 or
beginning of 2020. At this point, the Kincardine floating offshore farm will be fully
operational.

2.3.2.1.WindFloat concept
The main goal of Principle Power was to engineer a floating device which reduces the
costs of installations, reduces impact on the environment and eases the construction of
the offshore wind farms. By creating the WindFloat, they joined others in breaking the
barrier of deep-waters with an economic and innovative solution. The design, semi-
submersible technology, is an established design in the oil & gas industry. The ground-

breaking concept of WindFloat is the quayside assembly, meaning that the docks

20



require sines for the turbine installation. After being transported from Portugal to the
desired location, the offset columns, the main column and the pontoons are assembled
to deliver the floating formation. The vertical steel columns are welded on horizontal
pontoons which are interconnected by a tubular steel frame for support. The first half of
each column starts above the sea water level and the other half is found below sea water
level. Each is fitted with heave plates, which entrain water, at the base to add a needed
mass component so that their WindFloat active ballast (Hull Trim Ballast) can
compensate for variable turbine thrust due to changes in velocities and directions. The
dynamic stability of the heave plates ensures that the movements of the platform
coincide with the natural wave excitation. This guarantees that the floating platform is
stabilised and dynamic at sea (Banister, 2017).
Furthermore, to additionally reduce costs, the platform allows the installation of any
conventional type of commercial turbines, for example in the case of Kincardine; Vestas
2 MW turbines, at minimal redesign costs. These costs are mainly endured due to
software changes for the control system and the structural interface for the tower. Once
the turbine and the floating platform are constructed, the whole installation is towed to
the location where they are to be moored (Banister, 2017).
However, in 2017, the project developers feared that the first turbine would not be
installed in time due to some supply chain difficulties as the installations quayside
began a bit later than planned. Nonetheless, as the anchors and moorings from Vryhof
were installed on time, the deadline was reached.
First trialled off the Portuguese coast in 2011 and decommissioned in 2016, the
WindFloat 1 met most of its objectives. During this trial, the platform and the turbines
survived up to 17 m waves and large winter storms as well as withstanding wave- and
wind-induced fatigue which means that the hull trim system was effective. Most
importantly, they were able to decommission the platform safely with negligible impact
to the environment and minimal budget. As they did in the construction phase, they
were able to remove the turbine and deconstruct the whole design at quayside. Thanks
to this test project, Principle Powers states that through lessons learned, they are able to
make significant improvements to the design. This would include: the support of larger
turbines, optimisation of the ballast system and lighter/cheaper designs (Principle
Powers, 2016).
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2.3.2.2.MHI Vestas V164-8.0 MW turbine

V164-9.5 MW London Eye

Fig 7: V164-9.5 MW turbine size comparison (MHI Vestas, 2018)

At first planning to use the V164-8.0 MW turbine produced in 2014, the project
developers decided on the 2™ of April 2019 on the world’s largest and most powerful
turbine: the V164-9.5 MW MHI Vestas wind turbine (Fig. 7), which reduced the size of
the farm to 6 turbines rather than 8 turbines (Hill, 2019).

MHI Vestas was founded under the umbrella of two global leaders in wind turbines and
offshore ventures: Vestas Wind Systems A/S and Mitsubishi Heavy Industries Ltd.
Together, they are working on driving down the cost of energy by constantly improving
their turbines (MHI Vestas). Per MHI Vestas’s official description of the most powerful
wind turbine operating on floating platforms, it will have a power capacity of
49.625 MW and will be able to power 35.000 homes annually (MHI Vestas Offshore,
2019). Each turbine has a 9.545 MW rated power with an optimal rotor to generator
ratio. This ratio is highly important as it will define the effectiveness of transforming the
wind energy collected into electrical energy. This leads to a reduction O&M costs as
fewer turbines need to run for the same result. As seen in Figure 7, the turbine itself is
115.4 m high, has 80 m long blades, weighs approximately 390 tonnes and is larger than
the London Eye. Following their promise on further development and improvement of
turbines, MHI Vestas released the world’s first double digit wind turbine: V164-10.0
MW which will be ready for installation in 2021.
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2.3.2.3.Vryhof Anchor - Mooring
Over the past century, the design of an anchor has evolved to meet the demand. From a
simple anchor attached to a metal chain to bigger and larger casted anchors which
allowed big war vessels to remain in their location. The main evolution of the anchor
happened in the 1960s with the first offshore oil rigs and later on for floating platforms.
Vryhof used their knowledge from the oil and gas industry and entered the floating
offshore wind industry. To effectively secure a floating wind turbine platform, specific
anchors which can be adjusted to the seabed and weight of the platform. To improve
floating wind technology, it is essential that further designs and testing of moorings,
anchors and cables be done. In the case of KOWL, Vryhof used the Stevshark Mk6
anchors as seen in Figure 8, which were introduced in 2014 and their main advantage is
their higher structural strength and ability to penetrate all types of seabed including into
hard soils. This is possible due to their strengthened cutter point fluke tips and serrated
shank leading edges (Vryhof, 2015). Such a design simplifies the question of where to
moor a floating platform as the type of seabed is no longer an issue, reducing as a result

survey costs and testing sites for this particular anchor.

Preliminary

Fig 8: Vryhof Stevshark Mk6 anchor (Vryhof, 2015)
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2.3.2.4.Export Cable

Global Offshore has completed the layout of the 18 km subsea export power cables for
the Kincardine project in September 2018 (OffshoreWind, 2018). After being signed in
August, the work was completed within a few weeks by using their multi-purpose
vessel Global Symphony and hybrid Q1400 jet trencher. This overall project covered
surveys, trench building and of course, cable installation. To support the cable span for
a floating platform, they used rock bags, using a cast iron split pipe to protect it
(Globaloffshore, 2018). However, the final stage of the project will be done by
Prysmian who will provide two 17 km long export cables, which will be connecting the
turbines to the substation and then further to the coast, to be installed this year.

2.3.3. Tension leg platform (TLP) floating turbine: The Gicon-SOF example

Compared to the above examples of Hywind and Kincardine, the Gicon-SOF is still in
its test phase, therefore there is limited to no public information available. Currently the
first pilot farm is in the pre-construction phase, located between Germany and
Denmark, in the Mecklenburg-Vorpommern region. The test turbine would consist of a
SWT-2.3-93 Siemens turbine with a capacity of 2.3 MW. The system would be testing
the Gicon-SOF Tension Leg Platform (Fig. 9), but the exact depth of this project is not
known. There have been delays in building this demonstration due to grid connection
issues, as seen in the jacket foundation lighthouse project. This has lead to a loss of up
to 50 % of their total funding, according to a statement made by Gicon in 2016
(Tisheva, 2016).
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Fig 9: TLP Gicon-SOF demo (Gicon)

2.3.3.1.Gicon-SOF

Due to the nature of this yet to be constructed pilot turbine, the following content comes
directly from the Head of the Technology Department of GICON, J. Grossmann and 4C
Offshore (Grossmann et al, 2017). The TLP can be deployed between 20 to 350 meters
and further depth is in development. If they are successful, they would allow floating
wind turbines to reach the 700 m locations at sea. Compared to the Kincardine and the
Hywind floating designs, this design is more comparable to the bottom-fixed
counterparts mentioned in the second subsection of this chapter. This means that they
are in theory more stable (4cOffshore). This four-legged design is fixed to the seabed
with vertical and diagonal mooring cables as seen in Figure 9. This however has an
impact on its dynamic approach to waves which reduces its viability for rough seas such
as the North Sea and the Atlantic Ocean (Grossmann et al, 2017). Per a report released
in the Renewable Energy Journal in 2017 of which J Grossmann was a part of, there are
economical challenges that should not be ignored, that cost reductions are only really
foreseeable in their best case scenario (Grossmann et al, 2017,p 279).
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2.3.4. Conclusion of floating wind farms

Table 4: Advantages and disadvantages of different floating wind platforms

Advantages Disadvantages Power capacity

Assembly in water
Deep draught (below | with big and heavy

buoyancy), less | vessels, design is

Spar (Hywind) affected by wind, | large and heavy, | 6 MW per turbine
waves and ocean | difficult for
currents transportation, higher

environmental impact

Assembly quayside,
transportation  with
small vessels due to

Financial drawback
with the Hull Trim

Semi-submersible Ballast system .
. low  mass, less . | 9.5 MW per turbine
(WindFloat) environmental qu[cker structural
. . fatigue and lower
impact, optimal -
; . stability
mooring design
Assembly quayside, Low dynamic

transportation  with

response to wave,
small vessels due to

TLP (Gicon) low  mass.  wing | construction  more | 2.3 MW per turbine
stabilizes the floater | COMPIeX than
WindFloat

pitch motion

The focus in this chapter is on the foundation of the farms as that design defines not

only whether or not the turbine will remain in place, but also the costs that it incurs.

Hywind 11 was the first floating offshore wind farm and as it has the most results, is
proving to be the most promising floatation device to date. This is proven by its
resilience to bad weather, such as the storm mentioned above. This is only possible due
to the deep draught. However, the fact that Hywind has to be built in the ocean is a
major drawback, as its costs rise unexpectedly if the weather is not calm and its
construction has more environmental impacts than both Kincardine and Gicon due to

the big vessels needed.

Generally, the Kincardine wind farm project has been a success. The project hit its first
“Renewable Obligation Certificates” deadline in October 2018, when it began exporting

power to the mainland. This has led the Scottish government to authorise the installation
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of the final turbines, which should be completed by 2020. Compared to its rivals, the
Forthwind project and the Dounreay Tri project, KOWL did not run into funding issues
(4c Offshore, 2018). This project shows that semi-submersible type floating turbines are
advantageous because they can be assembled on land and then easily transported to the
desired location by a small vessel, reducing its stress on the maritime ecosystem.
Furthermore, its mooring design is optimal as it simplifies the installation. However, the
Hull Trim Ballast does cause some financial drawbacks and according to ETIPWind the

structure fatigues quicker than other types of flotation foundation. (ETIPWind, 2016)

Finally, the TLP Gicon design could be a viable solution, but due to the financial
drawbacks and the red tape in the way of constructing the pilot demonstration, it is

unclear how it will fare in high seas even if it can theoretically reach up to 700 m depth.

3. Grid Integration

As Thorsten Herdan, Director General for Energy Policy, Heating and Efficiency,
Germany Federal Ministry for Economic Affairs and Energy (BMWi), said at the
Global Wind Summit 2018 in Hamburg, the challenge of wind energy is that it only
delivers when it is blowing (WindEurope, 2018). Due to the nature of wind, fluctuation
in the production of wind energy is to be expected. Typically, a wind turbine will need
the wind to reach a minimum of 2.3 to 4 m/s to start generating power but will shut
down at around 25 m/s to avoid damage. This means that the stronger the wind, the
more electricity is produced. Furthermore, today’s population is used to having
electricity available 24 hours a day, seven days a week. Therefore, it is essential to find
a way to improve the reliability of wind energy and avoid energy loss during
transmission due to weak cabling without too much additional costs. Hence, the first
subchapter will focus on how wind energy is created, the power it can generate and how
it is transported to the end consumer. In the second part of this chapter, we will discuss

various methods used and in trial to improve grid integration.

3.1.Transmission mechanisms

As mentioned in the description of the different types of turbines above, the principle
components of a wind turbine can be seen below in Figure 10 and they are:
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e the tower
e therotor

e the nacelle (including transmission mechanisms and generator)

e yaw system (allowing the turbine head to move to adjust to changes in wind

directions)
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Fig 10: The inside of a wind turbine

Figure 10 is a generalization of the interior mechanisms of a turbine, but most
developers use a similar design for the creation of electrical energy. When the wind
speed comes in contact with the wind turbine, the blades capture its kinetic energy and
it makes the rotor spin, creating mechanical energy, and as that happens, the movement
of the blades drive the nacelle to create electrical energy. This method allows turbines to
provide AC (alternating current) electrical energy to the grid. The offshore wind farms
are connected to the power grid generally via buried array cables and once the power
reaches the main grid, it is the job of the utility company or the TSO to ensure that this
clean energy reaches the consumer. However, getting the permission to build a wind
farm seems to be easier than that of building a transmission line. Germany for example
has invested a lot of money into their renewable energies, especially wind on and off
land; however, they are struggling to keep up with the demand of transmission lines. As
seen in the chapter on jacket foundation where the offshore wind farm Nordost See was

delayed by 18 months due to grid integration issues.

The power which has been generated by the wind farms will travel through to the
customer through the connections between the systems. These systems are the farm, the
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onshore or offshore (sub)stations and the grid which then distributes the power to the
end-user. In addition, wind turbines produce AC as most onshore power grids are AC
which have a sensible distance of about 10 to 15 km, before one can talk about electrical
losses. Currently most offshore turbines are connected to one another with 33 kV cables
which support farms of up to 50 MW and then the AC can travel a distance of up to 100
km. However, this does mean that the cables have to be improved to support the load
and in most floating offshore farms, it is not a viable solution as the distance to the
shore will often exceed 28 km and that only leaves a maximum range of 72 km for that
energy to be delivered to the consumer. If the plans for floating farms of up to 100 MW
or more are to come to fruition, then appropriate cables and grid sizes are to be
installed. For small transmissions — for small distances — distribution lines are used but

for larger distances network transmission lines are to be used.

3.2.HVDC (High Voltage Direct Current)

As seen above, AC is only viable for short distances; however, this thesis focuses on
offshore and floating wind energy where greater distances are needed, especially as for
most of the distance, the cable lies buried in the seabed. HVDC allows electrical energy
to be transported thousands of kilometres. It converts alternate current into direct
current at an offshore substation and then converts it back into AC post substation
transmission with a higher voltage when it reaches the power grid which delivers the
energy to the consumers. HVDC is known for being able to transmit bulk loads of
energy over long distances and connect separate AC systems (Wang, 2010).
Nevertheless, building HVDC transmission systems can get quite costly mainly due to
the converter station which incurs 16 % of the costs. An AC substation on the other
hand, is much cheaper as it does not require the extra civil work buildings, specific
power electronics needed by HVDC and other equipment (Andersen, 2006). HVDC
promotes interconnectedness which is one of the main issues of the grid systems as seen
in this thesis. The use of HVDC in the interconnectedness of countries to reach the
project internal energy market of the European Energy market can be seen in the

following subchapters and in chapter 4.
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HVDC connections are not solely for underwater cabling between countries but also for
the transfer of loads to different areas of a country. Germany is a good example as the
offshore wind produced in the North exceeds the local demand of the North and
therefore needs to be transferred to the south of Germany where the demand is higher
(ENSTO-E, 2018). To maximize the flow of energy being transferred to southern
Germany, HVDC connections are therefore required. Project 235 SuedLink from
Northern Germany to Bavaria or Baden-Wurttemberg addresses this as seen in Figure
11.
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Fig 11: SuedLink (ENTSOE,-2018)

The total route length of this project is of 700 km and is commissioned for 2025;
however, this might be delayed. According to the SuedLink report, this HVDC line
would allow for a reduction of 856,500 tonnes/year of CO, emissions and integrate
2,355,060 MWh/year of RES into the southern parts of Germany. As this project is
planned for 2025, one could suggest that it supports the adjusted scenario which
predicts a reduction of 433 Mt/CO, by 2030 due to wind power. However, locals
affected by the project have voiced strong opposition over the last two years, as farmers

fear for the fertility of the land. A definite decision is to be made by the German
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government by the end of 2019 (Tennet.eu). Unfortunately, the SuedLink is a good
example of the legislative and regulative issues present in Germany which slow down
such projects and are therefore; making the 80 % RES by 2050 objective seem

increasingly ambitious.

3.3.Improvement of Grid Integration

The grid system built in the last century was focused on coal and nuclear power plants
which provide highly reliable high voltage energy. With the rise of offshore wind in the
past decade, gaps in this grid have become evident. The adjusted scenario made in the
first chapter foresees an installation of a total of 88 GW in the offshore industry by 2030
and therefore the power grids need to be improved/built. According to the EWEA report
on the integration of wind power in Europe from 2010, “The practical consequence in
the short to medium term is that onshore reinforcements have to be implemented on
specific transmission corridors and lines” (EWEA, 2010). Below, we will analyze two
different solutions that could support the improvement of the grid infrastructure in
Europe, first observing the idea of meshed offshore HVDC grid systems and then

observing the potential of smart metering.

3.3.1. Meshed offshore HVDC grid

Having explained the technical side of the HVDC system in the previous subchapter, it
is important to analyse the impact thereof and how a meshed infrastructure would
improve the grid integration of wind energy; therefore how it could support the project
of having an internal energy market. Konstantelos et al. argue that the integration of
offshore wind would be facilitated by a meshed offshore HVDC grid infrastructure
(Konstantelos et al, 2017). This refers to interconnecting offshore wind hubs to several
countries rather than having a radial connection as was traditionally the case. Figure 12
demonstrates the evolution of grid infrastructures which would also support the plan of
the European Union to have one European Energy Market (European Commission,
2016).
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Fig 12: Evolution of the power grids

Specifically, a meshed offshore grid infrastructure is a hybrid infrastructure which is
defined by dual purpose and multi-lateral dimensions. A dual purpose in wind energy
is defined by wind power being integrated into the grid and the interconnectedness of
farms to reduce the number of transmission cables transporting the energy to shore.
Furthermore, multi-lateral dimensions are defined as there being more than two

stakeholders and countries involved (Sunila et al, 2019).

A meshed offshore grid infrastructure in the North Sea or in the Baltic Sea would allow
for better transmission of energy between the countries of these regions. In 2014, the
commission provided a report with the results of their study on the benefits of a meshed
offshore grid system in the North Sea region. This report states that a meshed offshore
grid is only possible through cooperation between the developers and the countries
(European Commission, 2014). A more detailed analysis of the North Sea region’s

cooperation can be found in section 4.2.

3.3.2. The digitalisation of grid integration — the Smart grid

Most mature industries have heavily invested into the digitalization of their plants and
the transport of their power, may it be oil, gas, nuclear, hydro or wind. By enhancing
communication between the turbines and the control station, operators would have
access to high quality sensor data which would improve the transmission and
distribution of clean energy further. This will increase productivity and therefore, the
value of each megawatt per hour produced. This amplifies time-sensitive grid and
turbine support capabilities and consumer synergies. With heightened digitalization,
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comes the opportunity for all renewable energy providers to work together and facilitate
system-level energy management, resulting in less congestion of the power grid and
better reliability of clean energy. Developing the system integration is not only for the
benefit of the consumer, as this means lower O&M costs for the developer and extends
the life expectancy of each turbine (ETIPWind, 2014).

The digitalisation of grid integration would increase the capability of merging RES with
the established facilities. This concept is generally linked to the term Smart Grid.
Although a specific definition of Smart Grid does not exist, the main energy specific
institutions such as the IEA and the ETP (The European Technology Platform) agree
that the smart grid is a digitalised network of the power grid. Through digital
communication and processing, such a grid would make the monitoring and the
managing of the transport of electricity central to the smart grid. This would allow a
better management of the load as it will increase the efficiency of RES and provide

additional energy storage.

The EEGI (European Electricity Grid Initiative) is working on accelerating innovation
and development of the European electricity network so that it may accommodate the
deployment of the RES (EEGI, 2010). A smart grid would improve the situational
awareness, enhance reliability, improve resiliency against malicious attacks and
importantly, create a two-way communication between consumer and TSO (Moslehi,
2010). For this the EEGI has created a Smart Grid Model which summarises the
functionalities of the smart grid into six levels in figure 13. This figure emphasizes the
importance of level 1 and level 2, as they support the approach of creating an internal
energy market within the EU. Level 1 promotes affordable technology and is a critical
building block to constructing and operating the interconnected transmissions. Level 2
focuses on the smart distribution which aims to coordinate activities between the
transmission networks and the distribution networks which are crucial for the merging
of RES.
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A Smart Grid model to define needed projects

Level 5:
/ Smart Customers
Level 4:

Smart Energy Management

Level 3:
Smart Integration

Level 2:
Smart Distribution network
and processes

Level 1:
Smart Pan-European
Transmission network

Level O:
New generation technologies

Fig 13: Smart Grid model (EEGI, 2010)

Large parts of the infrastructure of the grid in the European Union date back to the
1960s and are up for renewal if they are to meet the growth of electricity demand
(Lenhardt, 2012). It therefore would make sense for countries and companies to invest

in smart grids right now.

However, as in every new installation and technology, cost is the clear-cut barrier. Grid
operators and electricity suppliers are expected to pay the biggest share of the costs, but
returns are slow and futuristic. A Greenpeace study predicts that by 2030 a minimum of
70 billion Euros will be invested in the grid infrastructure in the European Union and
would increase further in the 2030 to 2050 period up to 500 bn Euros. ”By 2030, some
70 bn € investment in grid infrastructure is required to secure electricity supply 24
hours a day, 7 days a week with 68 percent renewable power in the mix.* (Greenpeace,
2011). Nevertheless, the IEA estimates that these investments could rise up to 500
billion Euros by 2030 as they predict faster growth for the grid infrastructure and the
energy interconnectedness of the European Union. To support grid operators and energy
suppliers in the construction of the interconnected smart grid, the Horizon 2020
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program has funded multiple projects, including 3.8 billion Euros in research and
innovation which aims to reduce costs (European Commission, 2017).

For the European Union to have an internal energy market, it is vital that the move to
smart grids and smart metering is done in the next decade. In the 2006/32/EC directive
it states, that each meter that needs replacing has to be replaced by a smart meter.
Furthermore, it requires that a minimum of 80 % of consumers have to have smart
metering by 2020 in the European Union, however, even the European Commission has
projected that only 72% of European consumers will own a smart meters for electricity
(European Commission, 2019). If the consumer is changing to smart meters, it is only

logical to upgrade the grid infrastructure of the European Union to a smart grid.

3.4.Conclusion

In conclusion, improving the grid installations across the EU should be a priority if the
Member States are serious about reaching the 32 % renewable energy target by 2030.
As reliability is one of the biggest challenges of wind, improving the grid system, as in
improving the transmission of wind produced energy to the end consumer, will increase
the reliability. By upgrading the system, one will not just improve reliability but reduce
loss which would and is happening due to congestion. As we are speaking about
floating wind energy built in a sea which has multiple countries at “arms length”,
improving a way for a farm to reach two or more countries could be a way to increase

the impact wind energy has on our power grid.

4. International collaborations

It has become apparent in this thesis that no one project has received all the components
from one company let alone one country. Each project had multiple European Union
Member States including non-European Union States such as Norway involved, making
each individual project a multilateral project. Therefore, it is safe to assume that
working beyond one’s own border, will help nations reach their personal targets as well
as reach the union’s 32 % target. To confirm this, we will focus on bi-lateral and multi-
lateral collaborations in the first subchapter. First of all, we will be studying the Nemo
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Link, a HVDC transmission cable from Belgium to the UK and then analysing the
progress of the Viking Link project which aims to connect Denmark and the UK with a
HVDC cable. Secondly, we will be analysing a Memorandum of Understanding
(NSCOGI) signed between 10 countries in 2016 and understanding its process so far.
The official push coming from the EU, it is only logical, that the final subchapters
would focus on projects supported by the European Union: the PROMOTioN project
and the very fresh Baltic InteGrid project.

4.1.Underground Links

HVDC cabling is actively being used as interconnectors between countries. The
following subchapters will detail two underground links connecting the UK with first
Belgium and then with Denmark. Most of the information regarding these links comes

directly from the owner’s websites and is therefore not peer-reviewed.

4.1.1. Nemo Link
One of the newest subterranean HVDC links is named the Nemo Link and connects the
UK (Richborough) and Belgium (Zeebruge/Brugge). As seen in Figure 14 the
infrastructure consists of underground cables which are connect to converter stations on
both shores. Both national electrical grids work on alternate current, however as
previously discussed, HVDC systems allow for efficient and secure transportation over
longer distances. It therefore makes sense for there to be converter stations on both sides
of the Channel, which leads to not having to synchronise the AC systems which reduces

time and cost.

Interestingly, the Richborough converter station is built on the ground formerly known
as the Richmond Power Station, which was decommissioned in 1996. It is also directly
linked to the Thanet offshore wind farm constituting of one hundred 3MW turbines.
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Fig 14: Nemo Link interconnector (Nemo Link)

The Nemo Link has a capacity of 1000 MW with subsea cabling of 130 km and allows
the UK and Belgium to trade electricity securing and stabilizing the supply. These
locations were chosen as the distance between them is relatively short which minimized
the length of the cables and therefore the costs and risks associated with subsea cabling.
This means that in case of disturbances on either the UK or Belgian grid, normal
operations can be restored much faster than in the past, per their report. This
interconnection allows the UK to trade not only with Belgium but with the wider
European energy market as Belgium has good connections to the central European grid.
Although not the only subsea HVDC link in the North Sea, it is the first to connect the
United Kingdom with mainland Europe. This increased the prospect of an internal
energy market in the EU. For consumers, this means having a market with lower prices
in peak-consumptions periods. The one hour time difference is good for the
operators/providers of energy as this means having multiple peak periods and more

sales.

The link will also support the two countries in their aim to reach the 32 % renewable
energy target, as when too much energy produced by wind is generated in either
country, it can be easily transmitted across the North Sea to wherever the demand is
higher. The Nemo Link became operational on the 31 of January 2019 and as from May

2019 is auctioning off long-term transmission rights covering a whole month at a time.
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4.1.2. Viking Link

Although not the first subsea high-voltage cable to connect two power grids, the Viking
Link will be the longest project to date to connect two national power grids. As it is still
in the commissioning phase, the information related to the Viking Link is mainly from
their website (VikingLink). Joining Denmark and the UK, the joint project confirmed in
2019, will cost around € 2 billion and will be approximately 770 km long. It is expected
that the final contracts will be awarded in the second quarter of 2019, which will
confirm the exact length, cost and construction duration. Nevertheless, the project
developers National Grid and Energinet expect the 1.4 GW cable to be in operation by
2022 and will allow both to import and export energy securing energy supply on both
sides of the North Sea (4cOffshore 2019).

Denmark’s energy minister Lars Christian Lilleholt said: "Strong electrical connections
abroad are crucial for a small nation like Denmark. (Richard, 2017)

Just like with the Nemo Link, such an interconnector will boost the chances of both
countries in reaching their renewable energy targets of 2030. Denmark is well on its
way of being the first country to technically be able to rely 100 % on renewable
energies to power their country (Lund et al, 2007). In February 2017, Denmark ran their
entire country on 100 % wind energy for 24 hours. 70 GWh came from onshore wind
and 27 GWh from offshore wind farms as seen on the WindEurope history of Europe’s
wind industry (WindEurope, 2019).

This project has suffered multiple setbacks. First of all, the British authorities had
rejected the project in May 2018 due to fears of environmental impacts to the
Lincolnshire Wolds and damage to farm land (Louthleader, 2018). Nevertheless, on the
9" of January 2019, the Viking Link was given the green light after hearings in
November 2018, where the planning inspectorate decided in favor of the interconnector
as it will provide the UK with much needed additional electricity and secure the energy
supply (Louthleader, 2019).
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Although not a timely setback but more of a financial setback, the path from Denmark
to the UK is littered with unexploded ordnance from the second World War which are

to be surveyed and then properly removed.

Furthermore, Energinet is delaying the announcement of the winning bidders for the
project. The winning bidders would be the ones designing and building the cable, NKT

Cables from Denmark being the anticipated winner (Russel, 2019).

Finally, as the UK is negotiating their retreat from the EU, it is unclear what their
position will be in regards to the internal energy market - “one of the areas that would
be immediately affected is actually interconnectors — both existing and planned
projects” (Pell, 2016). Silke Goldberg fears that leaving the EU would have direct
impacts on the interconnectors, as the UK would no longer be part of the internal energy
market plans, or at least would have no say in the regulatory framework. As a result, the
UK would have little to no influence on rules and regulations that would impact them
directly, unless they manage to remain a member of ENTSO-E. More specifically, as
the internal energy market starts to form, the cross-border network codes will as well,
meaning the UK having no say in how networks will be used to transport electricity
(Pell, 2016). It is clear that if the UK leaves the EU, they will be leaving the planned
internal energy market making the trading of electricity with countries such as Denmark

and Belgium more complicated and probably more expensive.

4.2.NSCOGI (North Sea Countries offshore grid initiative)

Established in 2009, the NSCOGI was formed by the ten countries of the North Sea
region: Germany, Belgium, France, Denmark, Ireland, Norway, Sweden, UK, the
Netherlands and Luxembourg. Its main focus lies on the deployment of cost-effective
offshore energy generation potential, mainly wind and promoting the
interconnectedness of these countries efficiently and economically. Their objectives are

as stated:

) To contribute to the move to a sustainable low-carbon economy while

maintaining security of energy supply in a cost efficient manner;
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i) To maximise the potential of the renewable energy resources of the North
Seas, taking account of the scale of investments required in offshore

infrastructure and necessary onshore grid reinforcements;

iii) To identify and tackle barriers to offshore grid development, in particular

as regards technical, regulatory, market, planning and authorisation issues;

iv) To facilitate a strategic, coordinated and cost-effective development of

offshore and onshore grids.

Source: NSCOGI progress report 2014

To further establish their commitment, the members of the North Sea region signed a
Memorandum of Understanding (MoU), a political Declaration, in 2010. To achieve
their objective, to promote RES and improve infrastructure investments, three key
working groups were established: 1. Grid configuration, 2. Regulatory issues and 3.
Planning and permitting. The NSCOGI of 2010 was to generate a document laying
out a strategic and cooperative approach. To ensure that this was a successful
undertaking, each working group had specific research deadlines, which were to be met
by 2012; this covered identifying gaps in the grid system to case studies on offshore
farms in different national jurisdictions (MoU NSCOGI 2010). In 2012, progress reports
from all the working groups were released with barriers and solutions set out for

achieving their objective.

By 2014, no regulatory arrangement had yet been produced with regard to investment
incentives and trading facilitations. However, multiple proposals have been developed
by the second working group focussing either on cost allocations or trade questions. The
first investigates how costs are to be allocated during the planning, building and
maintaining offshore wind farm in a meshed infrastructure, i.e. with multiple
countries and companies. It does not come up with a one stop solution to this issue, but
states that as each circumstance is different, it is best to agree to a number of good
principles. The latter focuses on the internal energy market and what types of

arrangements are to be made for wind farms trading in different time zones. The main
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conclusion of that paper was that no specific arrangements need to be created for the
wind industry when speaking about big wind farms which are already, or will already be
directly connected to more than one country. However, two open questions do remain:
how is the energy to be allocated when the turbines are connected to more than one

country and whether prioritisation can be established or should be established?

To find answers, the regional TSO already working with ENTSO-E and the
representatives of the NSCOGI built on this study to establish multiple options on how
the grid building in the North Sea would happen. In 2013, this study was able to provide
bottom-up and a top-down approaches assuming that each country has different

priorities in making their electricity mix greener (NSCOGI, 2014).

In 2016, nine of the ten countries reaffirmed their position to improve the development
of the offshore wind energy industry in the North Sea Region. In a press release of the

European Commission, Commissioner Arias Cafiete said:

"Today marks a turning point in cooperation in the North Seas region. We now have a
concrete action plan that will deliver results. This strategy will boost interconnection
and renewables capacity, help fight climate change and bolster energy security, which

are the central goals of the Energy Union." (European Commission, 2016)

In the newest NSCOGI agreement, the spatial planning of the offshore wind farms takes
precedence as the North Sea is one of the busiest seas with high marine traffic, heading
to major ports like Rotterdam, Bremerhaven and Hamburg. Such planning requires
extensive data sharing, coordination of permitting procedures and more recently,
reducing the environmental impacts of all these projects. Alongside the spatial planning,
the NSCOGI wants to broaden the size of the electricity grid in the North Sea. This
would be done by collaborative work, which would allow for a meshed HVDC
infrastructure in the North Sea, which all members of the NSCOGI benefit from. More
information regarding this can be found in the following subchapter. Thirdly, this
agreement promotes the sharing of future plans of participating countries as to help plan
investments and mobilise CAPEX for joint projects.
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The NSCOGI aims to recognize the best ways and practices to synchronize standards
and technical rules across the North Sea regions. This agreement leads to the reduction
of costs and stronger relations between the members. The main result expected is that
there is recognition of national standards from all sides especially in terms of the

national power grids.

4.3. North Sea Project PROMOTION

PROMOTIoN translates as the PROgress on Meshed HVDC Offshore TransmisslOn
Networks. As stated, the objective is to further develop the meshed HVDC offshore
grids in the North Sea, focusing on cost-effectiveness and reliability. This project,
which started in 2016 with a foreseeable end in 2019 should result in unlocking the full
potential of Europe’s offshore opportunities and answer the main issue of missing
network infrastructures, which is hindering some projects from the beginning as seen in
the RWE Innogy Lighthouse project and the TLP-Gico project in chapter 2. It is part of
the H2020-EU single, smart European electricity grid programme and has received over

30 million Euros in budget from the EU.

For this meshed project to be possible, multiple technologies are being invented or
improved to reduce costs, facilitate the O&M and prove the efficiency of the HVDC
circuit. Three key technologies have promising visions for a successful meshed offshore
grid system in the North Sea. Firstly, the Diode Rectifier offshore converter is reducing
the complexity of conversion hubs by reducing the costs of construction and
maintenance as well as providing an efficient way to transmit power created by large
wind farms for long distances (Seman et al, 2018). HVDC cabling is key in this meshed
system and therefore, one of the three key technologies looks at making the DC grid
protection a plug-and-play solution (CORDIS). Although this technology seems to still
be conceptual, it aims to reduce the issues of having multiple vendors and therefore ease
the construction of new farms. Finally, HVDC circuit breaker prototypes will support

the whole project.

Whilst the technology is steadily improving and sounds promising, the regulatory and

financial framework is lacking and is therefore hindering the process. Especially the
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regulatory framework is needed as it is essential for the deployment (funding and
construction) and operation of this meshed grid.

As the project is due to finish at the end of 2019, there is no progress report available

other than the CORDIS information provided above.

4.4 Baltic InteGrid

The North Sea has traditionally taken the centre stage in the plans for the European
offshore industry; however the Baltic Sea offers large offshore wind development
potential that has not gone unnoticed. Starting in 2014, the EU’s Interreg Baltic Sea
Region Programme aimed to analyse to which extent the Baltic Sea could contribute to
linking the energy markets of the Members States of the EU to establish one single
energy market. To explore its potential, it funded and initiated the Baltic InteGrid
project in 2016. The aim of this project was to analyse the advantages and
disadvantages of having multiple meshed offshore grids in the Baltic Sea. The results of
the research were published in February 2019 and now that this has been done, the real
discussions are beginning in the Baltic Offshore Grid Forum. This final subchapter will
focus on the results of the project and how this project can support the adjusted scenario
of chapter one. As this is still a fresh project, most references will be non-peer-reviewed

and taken directly from the Baltic InteGrid project report.

Compared to the above mentioned projects, the Baltic InteGrid project is mainly
focussed on the 2050 EU targets — reduction of emissions by 80 to 95 % by 2050. This
is due to the Baltic Sea still being in the early phase of the offshore wind farms with 2.2
GW of installed capacity and therefore there offering high potential for more farms —
bottom fixed and floating. The best solution for the Baltic Sea, per the project manager
Anika Nicolaas Ponder: “A meshed grid is one such solution: combining interconnector
infrastructure with export cables, a meshed offshore grid in the Baltic Sea would boost
the interconnection of electricity markets, and ensure a high utilisation rate for cable
infrastructure” (Avdic and Stahl, 2019). This would facilitate and promote a green
economy by providing jobs to the local population which have a positive impact on the

planet. In this report, they project that 9.5 GW of offshore wind power will be installed
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by 2030; this number is marginally higher to that projected in the optimistic central
scenario of WindEurope mentioned in figure 2 which was of 9 GW. To reach their
target, the Baltic InteGrid has released multiple sets of recommendations on multilateral

cooperation, frameworks, and efficient grid designs.

First of all, they recommend the utilization of a meshed HVDC offshore grid as in their
opinion, having a radial connection, i.e. just to one country, although easier regarding to
frameworks and technicalities, is no longer a viable solution. A meshed offshore grid
(MOG) would have the advantage of reducing the distance that power needs to travel to
reach the end users and increase the use of interconnectors. Furthermore, it would aid
the Baltic region to reach the goals of the Energy Union and facilitate the creation of an
internal energy market. This would result in securing power supply for all these nations

and help them in the decarburization of their economy.

Secondly, in 2018, the Heads of States of the various Baltic States announcement their
commitments to disassociate Estonia, Latvia and Lithuania from the Russian energy
market and to promote interconnectedness with the other countries (Avdic and Stahl,
2019). This statement, which aims the disassociation to happen by 2025, would greatly
support the creating of the European internal energy market. This has been in discussion
since the members of this region signed The Baltic Energy Market Interconnection Plan

in 2009 which focused both on electricity and gas.

Thirdly, the Baltic InteGrid report also analyzed the planning and construction issues
which may and will arise as OWF are not alone in using the seas. As we have seen
before, planning permissions for the cables can cost a lot of time and money for the
companies trying to build them and therefore will reduce the motivation of investors.
How to acquire these permissions varies by country and if a meshed offshore grid is to
be created, then this could represent some barriers which would delay or complicate the
increase in offshore wind farms in the Baltic Sea. The Baltic Sea Forum is to now

discuss how exactly they are to solve this issue.
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Finally, the Baltic InteGrid project analyses the public acceptance and environmental
issues of such meshed offshore grids. The general consensus is that the public does
support the transition to low-carbon energy systems (Avdic and Stahl, 2019, pl17),
however the application thereof is where the support lacks. One of the main arguments
being “not in my backyard” as seen in the SuedLink in Germany (NY Times, 2014).
The report tries to focus on solutions such as including the public as early as from the
planning process, and offering them the chance to become financially involved. The one
which seems socio-economically beneficial is the inclusion of the public in traineeships,
job opportunities as well as upgrading service and maintenance facilities (Avdic and
Stahl, 2019). An example of this can be found in the United Kingdom in Great
Yarmouth, where offshore wind farms are having an energizing effect on the coastal
town resort. They have been able to bring 150 jobs directly to the wind farms with
further opportunities available with maintenance and supply chain companies. After
suffering as many resort towns have in the UK, the citizens have been able to gain
access to free traineeships provided by 3Sun, some of them leaving the out-of-work life
for good (bbc.com, 2019).

The Baltic InteGrid project is not only providing bullet points to discuss and think about
in the next development stages, but has also provided a realistic model of a MOG in the
Baltic Sea, named the BOG 2050. The figure 15 below would allow for great strides
towards the internal energy market planned for the Energy Union. One fact that
becomes apparent in this figure is that the grid is solely in the southern parts of the
Baltic Sea, this is mainly due to the fact that wind farms are more likely to be in this
area as the winters are less harsh and therefore the O&M costs would not be
astronomical, at this stage (Avdic and Stahl, 2019). With offshore wind farm GW

projections as they are today, the below figure is a plausible option.
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Fig 15: The Baltic Offshore Grid 2050 (Baltic InteGrid project, 2019)

5. Conclusion

This thesis aimed to identify whether offshore wind energy, especially floating wind
energy, is a promising renewable energy source to reduce CO, emissions and meet the
2030 Renewable Energy targets set by the European Union. The beginning of the 21%
century has shown an increase in public awareness of the climate crisis. Therefore,
governments around the world, but especially in the European Union, have been
working towards the 2020 targets. Unfortunately, not all the countries have hit their
targets. Luckily, they have agreed on stronger terms and greater renewable energy
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targets for 2030. Wind energy is a big player in reaching these targets with 63 % of new
renewable investments in the European Union going towards wind and a third of that

going towards offshore wind farms.

By adjusting the central scenario set by WindEurope, an optimistic forecast was
provided as a basis for this thesis. Bottom-fixed offshore wind farms are rapidly
becoming as cost effective and as attractive as onshore wind farms. Monopile
foundations being the clear favorite in the last decade, the building of offshore turbines
has reduced in operation and maintenance costs making them a sound investment with
financial returns coming earlier than ever before. With 26.7 billion Euros having been
invested in 2018 into the bottom-fixed offshore wind industry, a high reduction in CO,
emission can be expected in the next decade as offshore wind becomes a staple in our
power grids. More specifically, per the adjusted scenario, the wind energy sector would
save 433 million tCO, emissions and save €14.8 billion by avoiding fossil fuel imports
into the EU by 2030.

Floating wind is leaving the research and development period and entering the
commercial market as can be seen with Hywind and Windfloat floating platforms. Each
floatation platform has brought forwards advantages and disadvantages and their
selection seem to majorly depend on the type of sea bed and the activity of the sea.
Hywind is the preferable floatation device when in areas which have high chances of
storms; however by having to be built in high sea, the issues coming with the
construction thereof could deter interested parties. WindFloat on the other hand is built
at quayside allowing for small vessels to tow the fully constructed base and turbine to
the mooring location. It seems that the main issue linked to the WindFloat is the
financial constraint the Hull Ballasts incur and that the exact lifetime of the platform is
quite vague as the structure fatigues faster than its counterpart Hywind.

Building the floating wind farms however does not seem to be the key challenge to
increase the share of wind in the renewable energy end consumption. The main
challenge lies within the grid itself and the integration of wind within the grid. The

winds have a habit of fluctuating and therefore, sometimes they provide a lot of
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electricity to grid and sometimes they do not provide any, causing issues in national
power grids. Investment in restructuring the power grids by creating meshed HVDC
grids offshore and smart grid onshore would allow an easier management of the load.
To this effect, multiple groups have come together to try and provide actual tangible
solutions which would allow governments to have multiple roadmaps they could follow.
HVDC interconnectors have been or are in the process of being built to support more
than one country in having a secure supply of energy such as the Nemo and Viking
links. However some of these plans are running into legislative red tape which is
delaying plans and deterring such plans before day 2. NSCOGI and the Baltic InteGrid
are various multinational platforms working to remove such red tape. The North Sea
Countries offshore grid initiative has shown slow but steady results, especially in spatial

planning.

5.1. Recommendations

Europe has always been a big player in the wind industry and is predicted to continue to
hold this position by other stakeholders such as WindEurope and the International
Energy Agency. However, for this to happen, it is absolutely crucial that the members
of the European Union stop just discussing possible options to enlarge their offshore

wind quota and start acting. The next steps for them would be:

e Clear guidelines: Establishment of a legal framework clearly stating how to get
permission to build grids, which would allow the floating farms to be connected
to shore without having to jump through hoops or being stopped by red tape.
Such clear guidelines can and should involve the result of marine and ecosystem
impact surveys to help reduce environmental impacts coming from the building

of subsea cabling and anchors.

e Increase in investments: The Member States should increase their investment
quotas into floating wind energy to have a greener and cleaner energy supplier.
These investments should come through EU funds, governmental funds and

private investors. These investments should partly focus on research and
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development with the aim to reducing the costs of building and maintaining the
wind farms and the subsea cabling.

e Increase public awareness: There is a need to educate the public on HVDC
cabling and how it would be a good way to transport energy created in the North
Sea floating offshore farms to areas which are not close to seas. This can be
done with free traineeships and open talks with the public. Ignoring the public
might cause issues down the line; therefore including them in some part of the

decision making process could accelerate the processes.

These three recommendations are just at the top of the list of possible solutions to
increase the share of wind in the electricity grid. As the wind is stronger in the deep sea,
floating wind farms can produce bigger amounts of megawatts or even terawatts per
year than its counter parts closer to shore. It is therefore plausible to assume that
floating wind energy will be playing a big role in the creation of a greener and cleaner
European Union by helping reduce CO, emissions and helping the Member States in
reaching their Renewable Energy targets.
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