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Abstract

The purpose of the article is to present perspectives for the development of offshore wind farms in the leading, in this
respect, country in the EU and in the world — Great Britain. Wind power plays a remarkable role in the process of ensuring
energy security for Europe since in 2016 the produced wind energy met 10.4% of the European electricity demand while in
2017 it was already around 11.6%. The article analyses the capacity of wind farms, support systems offered by this country
and the criteria related to the location of offshore wind farms. The research has been based on the analysis of legal acts,
regulations, literature on the subject, information from websites. The article shows that in recent years, the production of
energy at sea has been developing very rapidly, and the leading, in this matter, British offshore energy sector is character-

ised by strong governmental support.

Key words: energy production, offshore wind farms, renewable energy sources, wind energy

INTRODUCTION

Renewable energy is playing an increasingly important
role in the EU's energy system. In the year 2017, it ac-
counted for as much as 85% of the installed new capacity
to reach 95% year later [WindEurope 2018b; WindEurope
2019b]. From the total of 28.3 GW and 20.7 GW of the
new power in 2017 and 2018, 23.9 GW and 19.8 GW were
renewable energy. Wind energy was the most significant
both in 2017 and 2018 as it constituted as much as 55.2%
(15.64 GW) and 49% (10.1 GW) of installed new capacity,
respectively. In 2017 the wind was followed by solar ener-
gy 21.3% (6.03 GW), natural gas 9.2% (2.61 GW), coal
6.1% (1.74 GW), from hydroelectric power plants 3.8%
(1.09 GW), from biomass 3.4% (0.96 GW), and other re-
maining 0.9% (0.25 GW) as shown in Fig. la. In 2018
shares were similar, however coal contributed only 0.2
GW (1%) to new installed capacity (Fig. 1b). Furthermore,
wind energy plays a significant role in the process of en-
suring energy security for Europe because in terms of gen-
erated energy, in 2016 the wind contributed to the produc-

tion of approx. 300 TWh [PSEW 2016] electricity, in 2017
to around 336 TWh, and reached 362 TWh in 2018
[WindEurope 2018b; WindEurope 2019b]. The produced
energy met 10.4%, 11.6% and 14.0% of the EU’s electrici-
ty demand, respectively. Investments in the construction of
wind farms may also help, to a significant extent, in the
reduction of greenhouse gases and thus in the implementa-
tion of the EU’s policy in this realm [Directive 2001/77/EC;
2003/30/EC; 2009/28/EC]. WindEurope [2019b] estimates
that with a total installed capacity of 178.8 GW in the EU,
wind energy is likely to overtake natural gas installations
in 2019, while nowadays remains the second largest form
of power generation capacity in the EU.

Within the EU, there has been an annual increase in
energy capacity from onshore and offshore wind farms. In
2010, the added power amounted to approx. 10 GW.
In 2017, 15.6 GW of power was added (Fig. 2). The off-
shore wind energy is beginning to play an increasingly
important role. The European Union is the leader in the
area of offshore wind energy and every year is marked
with a remarkable growth of this sector. In 2010, around
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Fig. 1. Power increase in GW and percentage in the EU from
renewable and conventional sources: a) in 2017, b) in 2018;
source: own elaboration based on WindEurope [2018b]

0.9 GW of power was added, in 2017 it was as much as 3.1
GW. Winds blowing over the sea are stronger and more
stable than those over the land. Thanks to this, offshore
wind farms provide more power per unit area than land
based farms [BWE 2017]. Turbines can be larger, they are
easier to transport to the installation site. Their construc-
tion does not raise such negative emotions in the society as
onshore wind farms [DAWID 2017a, b; 2018a, b; STRYJEC-
KI et al. 2011]. However, they are more expensive than
onshore wind farms [Odnawialne-Firmy.pl 2014]. New
technologies, however, make them gradually more afford-
able. Nevertheless, the investments related to their con-
struction are huge. The average cost of building a wind
farm is approximately 4 min EUR per 1 MW of installed
capacity [McKinsey&Company 2016]. In the EU in 2010
a total of 16.5 bln EUR was spent — including 8.4 bln on
the construction of offshore wind farms. In 2017, it was
already 22.3 bln EUR, including 7.5 bln EUR on offshore
wind farms (Fig. 3). The largest investments in the con-
struction of offshore wind farms were made in 2016 — ap-
prox. 18.2 bln EUR.

Fig. 3. Financing of new wind investments on land and at sea
in 2010-2017 in billions of USD; source: own elaboration
based on WindEurope [2018b]

Within the territorial sea, coastal states can build wind
farms. This is governed by the United Nations Convention
on the Law of the Sea of [1982]. In 2017, 560 new off-
shore wind turbines were connected to a network of 17
wind farms [PWC 2018]. The leader in terms of installed
power at the end of 2017 was the United Kingdom (6 836
MW), followed by Germany (5 355 MW) and China (2 788
MW) as shown in Fig. 4. Large oil and gas companies are
also showing their increasing interest in this market. An
example of this are the investments of Shell in the Nether-
lands or the Norwegian energy company Statoil in Great
Britain [PWC 2018].

METHODS AND MATERIALS

The research was conducted based on the analysis of
acts, regulations, the subject’s literature, information from
websites. The techniques of qualitative analysis of docu-
ments, and descriptive analysis were used. The basis for
the choice of the analysis method was the type of gathered
information.
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Fig. 4. Total power of offshore wind farms in MW
at the end of 2017 in selected countries of the world;
source: own study based on GWEC [2017]

RESULTS AND DISCUSSION

New investments in offshore wind farm financing
since 2010 annually amounted to from 5 bln USD (2012)
to even 18 bln USD (2016). In 2017, they amounted to 7.5
bln EUR and provided 2.5 GW of power [WindEurope
2018a]. In 2017, a record rise in the installed new capacity
of offshore wind farms of 3148 MW can be observed in the
EU. At the end of 2017 in five EU countries 98% of the
total capacity of all offshore wind farms located in Europe
was installed. The United Kingdom has the largest offshore
wind potential in Europe, representing around 43% of all
installations, followed by Germany (around 34%), fol-
lowed by Denmark (around 8%), the Netherlands (around
7%) and Belgium (around 6%) [WindEurope 2018a], as
shown in Fig. 5. Total capacity of wind farms installed at
sea at the end of 2017 in the EU totalled approx. 15.8 GW.
At the end of 2017, the United Kingdom had the world's
largest offshore wind farm capacity of more than 6.8 GW,
which war due to approx. 1750 wind turbines, as shown in
Figures 5 and 6. The next state is Germany with the pro-
duction capacity at approx. 5.4 GW and with around 1170
turbines, then Denmark about 1.3 GW and 500 turbines,
the next is the Netherlands with 1.1 GW and over 360 tur-
bines, finally Belgium with approx. 0.9 GW and over 230
turbines. Other countries have a total capacity of about 328
MW and over 125 turbines.

Great Britain has been developing wind energy sector
since the 1990s. The power of onshore and offshore wind
farms increased from 0.2 GW in 1996 to 18.9 GW in 2017
(Fig. 7). It is also the world’s leader in offshore wind ener-
gy. The total installed capacity at the end of 2017 was 6.8
GW. The country plans to reach approx. 15 GW of power
by 2025 [PWC 2018] and 30 GW by 2030 [WindEurope
2019a], what means that by 2030 30% of the UK’s elec-
tricity is to be provided from offshore wind. Great Britain
intends to reduce its carbon dioxide emissions and by 2025
it wants to shut down all coal-fuelled power plants [BLON-

® United Kingdom ®m Germany
®m Denmark m Netherlands
m Belgium m Others

Fig. 5. Total power of offshore wind farms in MW
and percentage at the end of 2017 in selected EU countries;
source: own study based on GWEC [2017]
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Fig. 6. Total number of turbines at the end of 2017 in selected EU
countries; source: own study based on GWEC [2017]

SKI 2017]. The planned total increase in offshore wind
farms capacity from 2004 to 2021 is expected to amount to
approximately 31 GW (Fig. 8). In 2017, 6 offshore wind
farms were launched in Great Britain (Tab. 1). The largest
of them are Burbo Bank Extension with the capacity of
200 MW, Rampion with the capacity of 179 MW.

Innovative technological solutions have been applied on
the Hywind Scotland offshore wind farm. The turbines are
installed in the North Sea at the distance of 24 km away
from the shore. Winds there reach the average speed of 10
m's” [KULIK 2017]. In total, five turbines have been in-
stalled manufactured by the Norwegian Statoil concern.
They are 250 high, including 80 m under the water surface.
This is a floating farm attached to the seabed with ropes. It
can significantly reduce costs since so far the foundations
were built in shallow sea waters [Gramwzielone.pl 2018].
Floating wind turbines can also be installed in waters of
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Fig. 7. Power of onshore and offshore wind farms in Great
Britain in 19962017 at GW; source: own study
based on DUKES [2018]
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Fig. 8. Power increase of offshore wind farms in Great Britain in
2000-2017, under construction, tender procedure pending and
planned until 2021 in MW; source: own study based on DUKES
[2017] and PWC [2018]

greater depth, which allows for a full use of the potential of
this type of area. This also means that the construction of
this type of power plant will not be limited only to places
where the depth of the sea does not exceed 50 m. The
Hywind farm floats on the water in the place where there is
as much as 129 m to the bottom [STRADECKA 2017]. The
technology used for this investment allows the installation
of wind turbines in places where the depth reaches up to

Table 1. Farms under construction in Great Britain

800 m. According to the data provided by Statoil as much
as 80% of locations off the coast of Scotland, with the best
conditions for using wind energy, are situated in waters
with a depth of over 60 m [STRZALKOWSKI, CIOBANU
2017]. Such a location — in deeper waters, also does not
arouse the residents' opposition because it has no negative
impact on the landscape.

Currently, there are 4 huge wind farms under construc-
tion (Tab. 2). They are all situated in the North Sea. The
largest of them is Hornsea Project One with the capacity of
1218 MW situated in Yorkshire in the North-East England.
The number of turbines is 174, each with the capacity of
7 MW and the height of approx. 200 m. The rested wind-
mills are installed at a depth of about 23—27 m at a distance
of about 115 km from the shore within the area of 407 km®.
The construction cost is around 3 bln GBP. Other wind
farms are being built as well. Beatrice wind farm with the
capacity of 588 MW is situated in Highland on the North-
West shore of Scotland. The number of turbines is 84, each
with the capacity of 7 MW and the height of approx. 198
m. The rested windmills are installed at a depth of about
35-55 m at a distance of about 19 km from the shore within
the area of 131 km®. The construction cost is around 2.6
bln GBP. In the North-East of England East Anglia ONE
offshore wind farm is being built with the capacity of 714
MW. The number of turbines is 102, each with the capaci-
ty of 7 MW and the height of approx. 197 m. The rested
windmills are installed at a depth of about 3042 m at
a distance of about 55 km from the shore within the area of
205 km”. The construction cost is around 2.6 bln GBP.
Aberdeen Offshore Wind with the capacity of 93.2 MW is
being built in the North-East of Scotland. The number of
turbines is 11, each with the capacity of 8.4 MW and the
height of approx. 191 m. The rested windmills are installed
at a depth of about 2030 m at a distance of about 3 km
from the shore within the area of 19 km?. The construction
cost is around 3.35 bln GBP, as shown in Table 1. The
construction of the largest farm so far named Hornsea Pro-
ject Two with the capacity of 1386 MW, situated near
Hornsea Project One, has been approved. The number of
turbines is 174, each with the capacity of 8 MW and the
height of approx. 200 m. The rested windmills are installed
at a depth of about 30—40 m at a distance of about 100 km
from the shore within the area of 462 km®. The construc-
tion cost is around 6 bln GBP.

Parameter Aberdeen‘ Offshore Beatrice East Anglia ONE Hornsea Project One Hornsga Project Two
Wind (project approved)
Location Scotland, Grampian Scotland, Highland East England, North England, Yorkshire, England, Yorkshire,
North Sea North Sea Sea North Sea North Sea

Farm’s capacity (MW) 93.2 588 714 1218 1386
Turbine’s capacity (MW) 8.4 7 7 7 8
Number of turbines 11 84 102 174 174
Total height of windmill (m) 191 198,4 197 200 200
Project cost (bln) 0.335 GBP 2.6 GBP 2.6 GBP 3 GBP 6 GBP
Area (km?) 19 131 205 407 462
Depth (m) 20-30 35-55 30-42 23-37 30-40
Distance from shore (km) 2.8 18.8 55.2 114.5 100

Source: own study based on 4C Offshore [2018].
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Table 2. Wind farms launched in Great Britain in 2017

Name of wind farm of com‘r(rﬁgsl;oning CS\I/)R:;)W Status
Burbo Bank Extension 2017 200 complete
Rampion 2017 179 partial
Galloper 2017 72 partial
Blyth 2017 42 complete
Hywind Scotland 2017 30 complete
Walney 3 2017 256 partial

Source: own study based on 4C Offshore [2018].

The development of the offshore renewable industry in
Great Britain has been accompanied by changes in permit
systems and implementation of regulations. They were
aimed at facilitating the development of significant on the
national scale infrastructure projects. The act about plan-
ning [Planning Act 2008] introduced a new permit system
for the construction of offshore wind farms with a capacity
exceeding 100 MW. The entire project planning process is
supervised by a single authority. This makes it possible to
improve the decision-making process when granting per-
mit for such projects (Offshore Consents & Licensing).
The Government — the Ministry of Energy (DECC) pre-
pares relevant regulations, estimates the size of necessary
generation capacities that will be purchased within the
power mark, as well as the rules for conducting tenders for
production capacity. The British Office of Gas and Elec-
tricity Markets (OFGEM) is tasked with analysing the le-
gal regulations and, if necessary, proposing them to change.
In case of problems and threats, it reports to the Ministry
of Energy. The energy security assessment of the country,
power reserves are analysed jointly with the grid operator
(National Grid) and energy companies, expert groups.
They develop solutions to emerging energy problems. The
co-operation between central offices, grid operators and
energy companies makes it possible to conduct an efficient
and well-coordinated energy policy [MIELCZARSKI 2015].

In Great Britain, Crown Estate is the legal owner and
administrator of the seabed, including areas designated for
the construction of offshore wind farms. It is responsible
for providing a geological model of the bottom and for
managing the contracts of a given zone at sea. Developers
can register on one or several selected locations. A consor-
tium with the best and cheapest plan is granted the right to
develop an offshore wind farm. The winner of the tender is
granted a lease of a zone for the construction of wind
farms. When the farm starts operating, it pays lease charg-
es to Crown Estate. A special entity, the electricity settle-
ments operator (Electricity Settlements Co.) makes settle-
ments and pays to producers who supply power reserves
purchased during the auction. In addition, another entity
(Elexon) collects the necessary data for the billing opera-
tor. Access to the project support mechanism is an im-
portant factor for developers. The support system operates
for a period of 15-20 years depending on the conditions
announced in the tender. In 2010, the last tender for over
30 GW of power took place [PWC 2018]. Offshore
Transmission is responsible for connecting offshore wind
farms to the grid.

Great Britain is also becoming one of the European
leaders in the implementation of industrial energy storage
technologies. Operators across Europe are investing in en-
ergy storage. At the end of 2014, the British launched the
largest installation of this type on our continent. The facili-
ty in Leighton Buzzard near London is able to store up to
10 MWh of energy and provide 6 MW of power. Many
companies took part in the implementation of this project.
These included: S & C Electric, Samsung, UK Power Net-
works and Younicos [BENNET 2014]. In September 2014
the company Younicos built the first commercial energy
storage facility in Europe. It was commissioned in German
Schwerin and has the capacity of 5 MW [GLUCHOWSKI
2015]. Currently, the company is building the largest ener-
gy storage facility in the EU. The installation will be con-
structed in Great Britain at the former coal-fuelled power
plant in Barrow-in-Furness. The power of the facility will
be 49 MW [Elektroinfo 2017].

Energy storage facilities can accumulate surplus ener-
gy from renewable energy sources (RES), which solves the
problem of high variability of the being power supplied.
An operator with a storage facility could support the ener-
gy system, ensuring the continuity of supply when the
wind is out or after dusk when RES cease to operate. The
production of energy exclusively from renewable sources
using this technology would not threaten to destabilise the
operation of power systems. Energy storage could also
reduce the need to expand conventional power plants in the
future. Furthermore, they can be economical. At a time
when energy is cheap, it can be collected and re-sold to the
network in a period when it is more expensive. During the
summit of energy demand in the grid, energy storage fa-
cilities enable mitigation of the effects of a possible lack of
energy. The use of energy storage can also reduce the need
to expand costly grid and prevent the occurrence of energy
blocking — serious problems related to the supply of energy
to users [AMIN, SCHEWE 2017]. In Great Britain, energy
storage operators can also count on support and additional
remuneration for frequency response services [CIRE.pl
2017]. Moreover, Great Britain cooperates with other
countries in the development of energy interconnections.
The British energy network currently has four electricity
interconnections with France, the Netherlands, Ireland and
Northern Ireland. Their total power is approx. 4 GW. Elec-
tric power imports currently satisfy 4-5% of the British
demand. The British regulator of the energy sector
OFGEM provides financial support for such projects. Na-
tional Grid is responsible for the construction of four inter-
connectors, including the longest one in the world (760
km) connection to Danish wind farms. At the beginning of
2019, the Nemo interconnector connecting the British en-
ergy network with Belgium is to be commissioned, and
a year later the interconnector across the English Channel.
The British government expects that thanks to the planned
expansion, the share of imports via interconnectors in total
energy imports will increase by 2025 from the current 6 to
20% [CzYZEWSKA 2018].
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CONCLUSIONS

Worldwide and in the EU, renewable energy is being
promoted confirmed by the fact, that as much as 95% of
the new power in Europe in 2018 was renewable energy
(19.8 GW), including 49% from wind (10.1 GW). A very
large development of offshore wind energy is being con-
sidered. Investments in offshore wind farms in the period
20102017 in Europe amounted to 5 to over 18 bln EUR
per year.

Great Britain is the leader in the production of offshore
wind energy. In 2017, the produced power totalled approx.
6.8 GW, which accounts for 43% of the EU's share. In
2025, Great Britain plans to reach 15 GW. At the end of
2017, Great Britain had approx. 1 750 wind turbines. By
2030, 30% of electricity demand is to be met by offshore
wind energy. Wind farm construction is in full compliance
with strict environmental procedures. The project planning
process is supervised by a single authority. Crown Estate is
the legal owner and administrator of the seabed responsible
for contracts. A consortium with the best and cheapest plan
wins the tender. The support system operates for a period
of 15-20 years depending on the conditions announced in
the tender. Ensuring continuous and reliable electricity
supply to users is carried out very efficiently by introduc-
ing a new power market that is carefully and long-term
planned as well as energy interconnections. The co-
operation between the three institutions is decisive: Minis-
try of Energy (DECC), Energy Regulator (OFGEM) and
the grid operator (National Grid).

In Great Britain, in the nearest future, floating wind
farms (Hywind — Scotland) and energy storage facilities
will play an important role in wind energy.
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Leszek DAWID

Obecny status i perspektywy rozwoju morskich farm wiatrowych w Wielkiej Brytanii

STRESZCZENIE

Celem artykutu byto przedstawienie perspektyw rozwoju morskich farm wiatrowych w wiodacym pod tym wzgledem
kraju w Unii Europejskiej i na swiecie — Wielkiej Brytanii. Energetyka wiatrowa odgrywa istotng rolg w procesie zapew-
nienia Europie bezpieczenstwa energetycznego, zaspokajajac w 2016 r. zapotrzebowanie na energi¢ elektryczng w 10,4%,
a rok pozniej — w 11,6%. W artykule przeanalizowano moc dziatajacych i budowanych farm wiatrowych, systemy wsparcia
oferowane przez ten kraj oraz inne kryteria. Badania przeprowadzono na podstawie analizy aktow prawnych, przepisow,
literatury przedmiotu oraz informacji ze stron internetowych. W artykule wykazano, ze na §wiecie i w UE promowana jest
energia odnawialna, a brytyjski sektor energetyki morskiej charakteryzuje si¢ silnym wsparciem rzadu.
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