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1. Background

1.1 Introduction

OX2 AB (below referred to as flD X 2 plans to establish an offshore wind farm in Kattegat in Sweden&
exclusive economic zone off the coast of Halland (figure 1). The wind farm is called Galatea-Galene and
consists of two subareas. Galatea-Galene is expected to generate an annual energy yield of about

5000 GWh. This corresponds to the annual consumption of electricity for about one million households.

According to the Espoo Convention, the party of origin of an activity with a transboundary impact must
inform and invite parties (i.e. other countries) which can be assumed to be affected by the activity to
participate in the environmental impact assessment procedure. This documentation has been prepared to
provide an overall description of the project, the project area and a preliminary account of the scope and
content of the forthcoming Espoo Environmental Impact Assessment (EIA), which specifically covers the
expected transboundary impact.
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Figure 1. Overview of the location of the Galatea-Galene wind farm in Kattegat .
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1.2 The need for offshore wind power

Sweden has set energy policy goals which, inter alia,ai m f or t lelectricitp praductioy té Ise 100
percent renewable by 2040, with no net emissions of greenhouse gases to the atmosphere by 2045.
Expanding the share of wind power for electricity production is crucial in order to readjust the Swedish
society to become fossil-free and achieve its climate goals. Good conditions for renewable power
production in Sweden also facilitate electricity exports to other countries, which can reduce their emissions

by replacing electricity production from coal and gas power plants with fossil-free Swedish electricity.

One of the current challenges in the Swedish electricity system is the limited capacity in the transmission
grid. Most of the Swedish electricity is produced in the northern part of the country, while demand is
highest in southern Sweden. The dominant source of electricity production in southern Sweden is nuclear
power. As ageing nuclear power plants are gradually phased out, there is a risk that the geographical
imbalance between electricity production and consumption in the Swedish power grid will worsen.
Therefore, it is important that the phased-out capacity is replaced by new, large-scale renewable electricity
production in the corresponding geographical area. On land, the potential for wind power that can be
installed in southern Sweden is limited by a high population density and land use for other purposes, but

favourable conditions for offshore wind power exist around the southern Swedish coast.

One of the great advantages of building offshore wind farms is that larger wind turbines with higher power
ratings can be used. Offshore wind turbines can therefore generate significantly more power than their
onshore cousins. Wind speeds are also higher and more consistent at sea, which means that an offshore

wind farm can contribute to more efficient and stable electricity production.
1.3 About OX2

OX2isone of Eu r o peading large-scale wind power companies, with cutting-edge expertise in the
entire value chain of wind power establishment. OX2 aims to offer investors the most profitable wind farms
in the markets in which the company operates and is leading the transition to a renewable energy future.
OX2 has developed and realized over 2 GW of wind power around Europe and has a strong project
portfolio. The company currently has over 1.2 GW under construction and manages a total of 516 wind
turbines. Of these, 365 are located in Sweden with an estimated energy yield of 4.1 TWh per year. This
corresponds to one-fifth of the total wind power production in Sweden. OX2 has about 150 employees in
Sweden, Finland, Norway, France, Lithuania and Poland, and is based in Stockholm. Turnover in 2019
came to SEK 4.9 billion.

QX2
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2. Permit processes under Swedish law

The construction of wind turbines and associated facilities within Sweden's exclusive economic zone

requires a permit from the Swedish Government in accordance with the Act (1992:1140) on Sweden&

Exclusive EconomicZone( AiSEZ6) . A permit from the Government pursu
Continental Shelf (fCSAQ is also required to lay cables on the continental shelf for the grid that connects

the wind turbines and for land connection. Prior to applying for a permit in accordance with SEZ and CSA

(including the preparation of EIAs), public consultations will take place with authorities, organisations and

other stakeholders.

For activities and measures within SEZ that can significantly affect Natura 2000 areas, a separate Natura
2000 permit is also required in accordance with Chapter 7, Section 28a-29b of the Swedish Environmental
Code. The County Administrative Board in the county closest to the applied activity at sea is responsible

for the review, i.e. in this case the County Administrative Board of Halland.

Furthermore, for the measures that are intended to be taken within Swedish territory, i.e. construction of
cables to connect the wind farm to a point on land, the necessary permits according to the Swedish
Environmental Code (including any Natura 2000 review regarding areas within Swedish territory), CSA

and the Electricity Act (grid concession) will be applied for at a later stage.

With regard to any transboundary impact, information on the planned activities will also be provided to

neighbouring countries and consultations will be held in accordance with the Espoo Convention.

3. Description of the activities

3.1 Location

The planned Galatea-Galene wind farm is located in Swede n @xlusive economic zone in the Kattegat
(figure 2). The area is assessed to have favourable conditions for the establishment of wind power with an
average wind speed of about 9.5 m/s (100 metres above sea level). There are no islands within the area,

which consists entirely of open sea.

The Galatea subarea is located about 30 kilometres west of Falkenberg. It is about 17 km from the Danish

island of Anholt, while Jutland and Zealand are about 70 and 62 km away respectively. The area covers

around 176 km?, with depths varying from 23 to 83 metres. The seabed is dominated by clay, except for

QX2
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the northwestern part of the wind farm, where there is more sand and gravel. Galatea borders the
Swedish Natura 2000 areas of Stora Middelgrund and Rdde bank (SE0510186) in the south, and Lilla
Middelgrund (SE0510126) in the north.

The Galene subarea is located about 20 kilometres west of Varberg. It is about 30 and 45 km respectively

from the Danish islands of Anholt and Laesg, while Jutland is about 80 km away. The area covers around
44 km?, with depths varying from 22 to 93 metres. The seabed is dominated by clay with minor elements
of sand and blocks in the outer areas of the wind farm. South of Galene the Swedish Natura 2000 area of
Lilla Middelgrund (SE0510126), while to the north, Galene is adjacent to the Swedish Natura 2000 area of
Fladen (SE0510127).

On the Danish side, west of Galatea-Galene, the Natura 2000 areas Kims top og den Kinesiske mur,
Anholt og havet nord for, Farvandet nord for Anholt and Store Middelgrund are located.

Investigations are currently ongoing as to which point in the transmission grid is best suited for connection
of the Galatea-Galene wind farm. One option is to connect east of Ringhals in Varberg municipality,
another at Haradsbo in Hylte municipality. Four investigation corridors for the connection points will be
examined and analysed in more detail to assess which corridor(s) constitute the most suitable route
(figure 2). The investigation corridors are about four kilometres wide, but a cable on the seabed only
requires a few metres.
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Figure 2. Overview of Natura 2000-areas and investigation corridors for connection cables
(Source: The Swedish Environmental Protection Agency and Svenska Kraftnat (the Swedish TSO).
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3.2 The wind farm layout

A wind turbine consists of a tower, nacelle, and rotor and is installed on a foundation that is anchored in
the seabed. The electricity that each wind turbine produces is transmitted via an internal grid to one or
more transformer/converter stations. The internal grid is located between the wind turbines on the seabed
and also functions as a communication link to the wind turbines using fibre optic cable. After

transformation to a higher AC voltage or conversion to a high DC voltage, the generated electricity is

transmitted via connection cables to the connection point on the mainland (figure 3).

Figure 3. Example of the different parts of a wind farm.

The planning and construction of an offshore wind farm is a lengthy process (see preliminary time
schedule in section 3.4). At the same time, rapid and continuous advancements in technology mean that
more economical and environmentally efficient systems are becoming available. In recent years, wind
turbines have become larger and more efficient, enabling greater energy yields. Wind turbine foundations
are continuously being optimised, which also opens up new opportunities, as is the technology for the
transmission of the electricity to the mainland. The design of the wind farm presented in this report should
therefore be seen as an example, given that available technology may be changed prior to the start of

construction.

The design of the wind farm, including the location of cables and transformer/converter stations, will be
adapted to the site® conditions in terms of wind, climate, waves, currents, environmental impact, and
geological properties. The final design of the wind farm will therefore be determined on the basis of the
technology available at the time of procurement and construction, and with regard to optimised electricity
production and production costs. The potential sizes and numbers of wind turbines provide alternatives
that will be highlighted and evaluated based on the available wind resource in the area. An example of a
wind farm layout for Galatea-Galene is shown in figure 4.

QX2
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Figure 4. Example of layout with 63 wind turbines in the Galatea-Galene wind farm.

3.2.1 Wind turbines

Wind turbines can be either vertical-axis or horizontal-axis with two or three rotor blades. A horizontal-axis
wind turbine has its rotor downwind or upwind. The type of wind turbines that have developed the fastest
and to date been built the most often are three-bladed horizontal-axis wind turbines. Wind turbines
generate electricity at wind speeds from about 3 m/s and achieve maximum production at wind speeds of
between 10 and 14 m/s. They generate electricity up to wind speeds of about 30 m/s, after which they are
designed to automatically shut off. It is expected that the available wind turbines at the time of
procurement and construction will have a lifespan of at least 30 to 35 years. Figure 5 below shows an

example of an offshore wind turbine.

The number, capacity, and size of wind turbines are determined by the speed of technical advancement.
Based on developments to date and manufacturers forecasts, a wind turbine in 2025 is expected to have
an output of approximately 20 MW. Examples of the numbers and sizes that may be relevant are shown in
table 1 and figure 5 below. Figure 5 shows foundations for water depths of 70 metres (d1) and 30 metres
(d2).

QX2
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Table 1. Example of dimensions of wind turbines.

Power per wind turbine 25 MW (1) 15 MW (2)
Rotor diameter D (m) 305 240

Tip height H (m) 325 260
Clearance G (m) 20 20
Number of wind turbines 50 83

Figure 5. Example of wind turbine. D = rotor diameter, H = tip height, G = clearance, d = water depth.
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3.2.2 Foundation

The choice of foundation depends on a number of factors i primarily water depth, geology, wind, and
wave conditions i as well as environmental considerations and costs. Since both water depth and
geological conditions vary within the wind farm, different types of foundations may be used. Based on the
technology available today, there are essentially three different types of foundation that are considered
relevant: gravity base foundations, monopile foundations and jacket foundations. These three basic types
can also be combined to form hybrid foundations. The foundations can be anchored to the seabed with
suction buckets or piles. Examples of the different foundations are shown in figure 6. The indicative
dimensions of the foundations will be described in the EIA after the area® site conditions have been

investigated to the required extent.

Monopile Monopile with Gravity base Jacket with Jacket with
suction bucket suction bucket pin piles

Figure 6. Example of different foundations.

3.2.3 Internal grid

The internal grid can be designed in different ways depending on the choice of technology. The number of
cables, cable type, voltage level and the number of wind turbines connected via the same radial will
depend on the rated power of the wind turbines. The internal grid cable technology available today
consists of, for example, 66 kV cables, which can transmit a total power of around 80 MW per cable. This
means that four 20 MW wind turbines can be connected along the same radial. The rated voltage level of
internal grids is expected to rise to 99 kV or even higher over the next 5 to 10 years, which would increase
the total transmission capacity for each cable and thus reduce the number of radials and the total length of

cables. Figure 7 shows an example of an internal grid layout.

QX2
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Figure 7. Example of thewi nd f ar mdrid layout. Thee exaraple shows 50 (Galatea) and 13 (Galene) wind
turbines, with 66 kV cables and a central offshore transformer/converter station in each subarea.

3.2.4 Connection cable and transformer/converter station

The transmission of electricity from the wind farm to the connection point on land takes place via either
high-voltage alternating current (HVAC) or high-voltage direct current (HVDC). The route and length of the
connection cables depend on the final connection point and area conditions (e.g. geology, other activities,
and the environment).

Transformation to higher voltage and possible conversion to high-voltage direct current requires one or
more transformer (HVAC) or converter stations (HVDC). The foundation types available for the
transformer/converter stations are largely the same as for the wind turbines, but are dimensioned with
regard to the station loads. The transformer/converter stations can also be placed on jack-up barges.
Depending on the choice of technology, it may also be possible to place equipment for transformation to
higher voltage on the same foundation as a wind turbine. Below are a few examples on how

transformer/converter stations can generally be designed (figure 8).
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Gravity base Jacket with Jack-up
suction bucket

Figure 8. Example of offshore transformer/converter stations.

3.3 Activities in the different phases of the project

This section provides a summary of the activities that take place during construction, operation, and
decommissioning of the wind farm and connecting cables. The expected impact from these activities is set
out with regard to environmental impact in section 5 and with regard to the expected transboundary impact

in section 6.

3.3.1 Preparatory investigations

Prior to the construction of the wind farm and cable, investigations of the seabed will be carried out to
further investigate the geology and sediments. This will form the basis for the final choice of foundation
type(s) as well as the detailed design of the wind farm and cabling. The investigations will also ensure that
the construction work can be carried out without risk of, for example, encountering any unexploded

ordnance.

3.3.2 Construction phase

The construction phase includes steps related to preparations for (e.g. investigations of the seabed) and
installation of the wind farm. The installation takes place in several phases, normally covering the

anchoring, foundation, wind turbines, cables and transformer/converter station.

QX2
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Anchoring and foundations

When installing a gravity base foundation, the seabed is prepared where the foundation is to be placed by
replacing existing material in the top layer of the seabed with a homogeneous and even layer of gravel.
The foundations are then transported out (floating) to the site by means of tugs or on a barge or a ship.
The foundations are then lowered onto the gravel bed with winches/taps or by carefully filling them with

water, after which, once in place, they are filled with ballast material.

Monopile foundations are transported out to the wind farm floating in the water or on board an installation
vessel. The monopile foundation is placed on the seabed, either using a jack-up barge or a floating crane
vessel. It is then driven into the seabed by piling, vibration or drilling. Depending on the conditions,

installation may involve a combination of these methods.

Jacket foundations require that the seabed is relatively flat, which means that levelling may be required
before installation. The foundation is transported to the site on a barge or an installation vessel and placed
on the seabed using a jack-up barge or crane vessel. If pin piles are used, steel pipes are piled, vibrated
or drilled into the seabed at the respective corners of the foundation. The pin piles are then joined to the

foundation by casting or by mechanical anchoring.

If the geology and other site conditions permit, monopile foundations and jacket foundations can be
anchored in the seabed using a suction bucket, which is a steel or concrete cylinder that is sucked into the

seabed.

After installing the foundation, protection is applied to prevent the seabed around the foundation from
eroding and undermining the anchorage. Erosion protection usually consists of a lower layer of gravel and

an upper layer of mixed-size stone.

Wind turbines
To install the wind turbines, towers, nacelles, and rotors are transported to the wind farm on a barge or an
installation vessel (for example a jack-up barge). The various components are then installed using a

crane, usually within a day if the weather conditions are favourable.

Transformer/converter stations
A transformer/converter station is normally installed on its foundation using a crane vessel. Depending on
how the transformer/converter station and its foundation are designed, they can also be moved out or

installed with other lifting methods, for example with their own support legs.

QX2
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Internal grid and connection cables

The wind farmbés i nt er na larelgidfiomh cablenvésselsowihereneededfon cabl e s
protection from anchors, for example, cables can be coiled, furrowed or alternatively buried in the seabed,
normally to a depth of approximately 1.5 metres. In the event that the geological conditions do not allow

for cables to be laid in the seabed, they can be protected by a cover of stone or in pipes. In the event that

a cable has to cross another cable, the cables are usually protected by concrete mats or stone.

3.3.3 Operational phase

Both the wind turbines and the transformer/converter stations are subject to remote and unmanned
monitoring during normal operation. Maintenance of the wind farm, however, requires that personnel and
material is transported there using smaller service vessels, ships or helicopters. Cables are inspected
when needed, for example to ensure that their protection by the foundation of each wind turbine is intact.
In the event of damage to a cable, it will be repaired using a cable vessel which lifts the damaged cable
section for repair and then places the cable back on the seabed using the same method as during the
construction phase. To protect the cables from damage, bottom trawling should not take place within the

wind farm or over the route of the connection cables.

3.3.4 Decommissioning phase

The wind farm will be decomissioned when it has reached its lifespan (at least 30 to 35 years). Wind
turbines, foundations and transformer/converter stations are dismantled and the site of the foundation(s) is

restored to the extent necessary. Some minor parts may remain in place after decommissioning.

3.4  Preliminary time schedule

The time schedule for the project is set out below (figure 9), and should be regarded as general and

preliminary. Several parameters can affect the time schedule during the course of the project.

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
Permit processing & investigations _
Design, procurement & financing \
Construction grid connection ]
Construction wind farm -
Operation e >

Figure 9. Preliminary time schedule for the project.
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4, Area description

4.1 General

As noted above, the subareas for Galatea-Galene are located in an open sea area without islands. The
Swedish coast is approximately 30 kilometres from Galatea and around 20 kilometres from Galene. The
distance to Denmark is around 72 km and 85 km respectively. The Danish islands of Laeso and Anholt are

situated at a distance of 45 and 17 km respectively.

Water depths within Galatea vary from 21 to 84 metres, the north-east and the central-west area being the
deepest, from where a shallower plateau extends approximately 15 kilometres from the coast. For Galene,
the water depth varies from 20 to 70 metres, most shallow in the south and deepest towards the north.
Towards land from Galene, the depth continues to be around 40 metres up until approximately the last five
kilometres, where the depth rapidly declines.

4.1.1 Natura 2000 areas

The Natura 2000 area of Fladen is adjacent to the Galene subarea in the very north. The Natura 2000
area of Lilla Middelgrund is located between the two subareas and the Natura 2000 area of Stora
Middelgrund and Réde bank are in the south adjacent to the Galatea subarea (figure 10).

Other closely located Natura 2000 areas in Sweden are Morups bank, approximately nine kilometres east

of the Galatea subarea, and Balgd, approximately eleven kilometres east of Galene subarea.

On the Danish side, the Natura 2000 area of Kims Top og den Kinesiske Mur is located approximately
three kilometres west of the Galene subarea, Farvandet nord for Anholt and Anholt og havet nord for
approximately seven kilometres west of the Galatea subarea. The Natura 2000 area Store Middelgrund is

located south of Galatea on the Danish side.
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Figure 10. Natura 2000 areas (source: European Environment Agency).

Table 2 below lists designated species and natural habitat types for the Swedish Natura 2000 areas that

are most likely to be affected by the project activities.

Natura 2000 Habitat type Species
Reefs (1170), sandbanks (1110),

Fladen (SCI) Submarine structures made ligaking Harbour porpoise (1351)
gaseq1180)

Common murre (A119),
razorbill (A200), blaclegged
kittiwake (A188), harbour
porpoise (1351)

Lilla Middelgrund (SCI/SPA) Reefs (1170), sandbanks (1110)

Reefs (1170), db 10), C A199),
Stora Middelgrund och Réde ban eefs ( ) ), sandbansl 10) . omm.on murre ( )
(SCl) Submarine structures made by leakin( razorbill (A200), harbour
gases (1180) porpoise (1351)

Table 2. Designated species and natural habitat types in the Swedish Natura 2000 areas.

























































