Wind energy

the offshore grid

Wind energy from sea to land

From sea
to land

We are making significant strides towards making
the Netherlands increasingly sustainable. Generating
more offshore wind energy is one of the most important
pillars of the energy transition. By 2030, 40 percent of
our current electricity needs will come from offshore
wind turbines.
TenneT operates the onshore, as well as the offshore
electricity grid. This means that it is TenneT’s
responsibility to ensure that offshore wind farms are
connected to the onshore electricity grid to be able
to make use of the electricity that is generated.

“Sun and wind form the basis
of a sustainable energy
system. More sun is available
starting in the spring and more
wind is available starting in the
autumn. TenneT ensures that
users have access to electricity
throughout the year, even when
there is no wind or sunshine.”
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Development of
the offshore grid
TenneT is expanding the
offshore grid in phases
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Between now and the end of
2023, TenneT will realise 3,500
megawatts (3.5 MW) of offshore
grid connections in the offshore
wind areas Borssele, Hollandse
Kust (zuid) and Hollandse
Kust (noord). This will make
an important contribution to
the Energy Agreement signed
in 2013. The government has
designated these wind areas
for generating more renewable
energy. Since these wind areas
are located relatively close to
the coast, the wind farms are
connected to the Dutch high
voltage grid using alternating
current. TenneT uses a
standardised 700 MW platform
for this purpose.

TenneT will connect another
6,100 megawatts (6.1 GW) of
offshore generated wind energy
to the Dutch high voltage grid
between 2024 and 2030.
This energy will come from
still to be constructed and
connected wind farms in the
wind energy areas Hollandse
Kust (west), Ten noorden van de
Waddeneilanden and IJmuiden
Ver. This task has its roots in
the Dutch climate targets and
contributes to achieving the
objectives of the international
Paris Climate Agreement.

According to TenneT’s long-term
vision, it is essential to switch
over to an internationally
coordinated roll-out of the
offshore grid for the cost-effective
further roll-out of offshore wind
power. This is expected to take
place on a large scale further
away from the coast using wind
power hubs, rather than individual
national connections. TenneT,
together with international
partners in the North Sea Wind
Power Hub consortium, is
studying options for this purpose.
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Paris Climate Agreement
Internationally coordinated
Large-scale wind farms
Hub & Spoke

Borssele

Roadmap for offshore wind energy in 2023
2013 Energy Agreement
5 x 700 MW = 3.5 GW
Standardised concept
AC connections (alternating current)
2019

700 MW

Borssele Alpha

2020

700 MW

Borssele Beta

2021

700 MW

Hollandse Kust (zuid) Alpha

2022

700 MW

Hollandse Kust (zuid) Beta

2023

700 MW

Hollandse Kust (noord)

Roadmap for offshore wind energy in 2030
Additional 6.1 GW
700 MW AC (Standard)
New: 2,000 MW HVDC for IJmuiden Ver (direct current)
 Multi-purpose interconnector to the United Kingdom:
study into potential options
2024

700 MW

Hollandse Kust (west) Alpha

2026

700 MW

Hollandse Kust (west) Beta

2027

700 MW

Ten noorden van de Waddeneilanden

2028

2,000 MW IJmuiden Ver Alpha

2029

2,000 MW IJmuiden Ver Beta

Hub-and-Spoke concept
In 2016 TenneT presented its vision for the North Sea Wind Power Hub,
and took the initiative of setting up a consortium. The consortium consists
of TenneT Netherlands, TenneT Germany, the Danish grid operator
Energinet and Dutch Gasunie. The vision is based on an internationally
coordinated roll-out of so-called ‘Hub-and-Spoke’ projects, where wind
farms are connected to centrally located offshore hubs. The hubs are
connected to the North Sea countries via cables or pipelines. The possible
application of power-to-x, the conversion of electricity to another energy
carrier, such as hydrogen, will also be considered.
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66 kV connection voltage
The offshore grid platforms have a 66 kiloVolt (kV)
connection voltage instead of the usual 33 kV.
This increases the power that can be transported
by each cable, and fewer cables are therefore
required in a wind area.

Engineering,
innovation and
cooperation
Intensive consultations were conducted for the design of
the Dutch offshore grid, involving TenneT’s own experts,
as well as experts from other leading national and international
organisations in the wind power sector.
They focused on the engineering, planning, design and implementation of the
offshore grid. This has resulted in a unique offshore grid concept that applies all
available knowledge about connecting wind farms to the grid. The requirements
to be met by the future electricity grid and the further roll-out of offshore wind
energy is reviewed on a regular basis with the involved stakeholders.

Standardised 700 MW AC platform
The best way to connect wind energy areas
located relatively close to the Dutch coast is to use
Alternating Current (AC) technology. The electricity
produced in these areas can be transported
via an offshore transformer platform developed
by TenneT and from there through 220 kV AC
cables to an onshore high voltage substation.
Eight times over, TenneT will use the same 700
MW transformer platforms and the same type of

alternating current cable connection to the coast.
This standardised concept will allow these projects
to be completed more efficiently, more quickly and
more economically.

2 GW HVDC platform –
new standard
Starting in 2028, wind farms will be built further
away from the coast in the largescale IJmuiden Ver
wind area. Due to the large capacity (4 gigawatt,
GW), TenneT will construct the two grid connections
IJmuiden Ver Alpha and Beta as two 2 GW high
voltage direct current (HVDC) connections.
2 GW-capacity cables and converter stations
will be used for the first time to connect offshore
wind energy. The export cables to bring the power
onshore have a voltage level of 525 kiloVolt.

Future prospects
The aim is to make optimum use of the offshore grid
infrastructure and to reduce societal costs. We are
conducting research into new innovative solutions
to this end. Examples include a connection between
the IJmuiden Ver wind area and the United Kingdom
(a so-called ‘multi-purpose interconnector’) and
the electrification of oil and gas platforms.

The larger 2 gigawatt capacity requires just two
instead of six cables (lower costs) and also takes
up less space on the seabed. Furthermore, fewer
routes will be required onshore, which reduces the
environmental impact. This way optimum use is
made of the scale of the IJmuiden Ver area.

Measuring and communications
equipment
The platforms are also used for the installation
of sensors that perform measurements for
the safety at sea, meteorology and ecology.
This includes nautical radars, meteorological
systems (for wind, precipitation, wave height and
temperature) and monitoring systems for birds and
bats. This so-called Maritime Information Provision
Service Point (MIVSP) is being installed on every
platform by the Directorate-General for Public
Works and Water Management (Rijkswaterstaat)
in cooperation with TenneT.

The system collects unique and detailed information
in all Dutch wind areas. Various parties make use
of this data, including the Dutch Coastguard,
port authorities and pilotage services, universities,
the Dutch Meteorological Office (KNMI), and wind
farm operators.

Wind energy from sea to land

TenneT is not only grid operator in the Netherlands, but also in
a large part of Germany. TenneT has been designing, planning,
constructing and managing grid connections for offshore wind
farms in Germany since 2006.

 orssele Alpha
B
Alternating current – 62 km – 700 MW – Borssele
In operation: 2019
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 orssele Beta
B
Alternating current – 69 km – 700 MW – Borssele
In operation: 2020
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 ollandse Kust (west) Beta
H
Alternating current – 63 km - 700 MW – Beverwijk
Planned to be in operation: 2026
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 ollandse Kust (zuid) Alpha
H
Alternating current – 43 km – 700 MW – Maasvlakte
Planned to be in operation: 2021
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 en noorden van de Waddeneilanden
T
Alternating current – 700 MW – Eemshaven
Planned to be in operation: 2027
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 ollandse Kust (zuid) Beta
H
Alternating current – 34 km – 700 MW – Maasvlakte
Planned to be in operation: 2022
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IJmuiden Ver Alpha
Direct current – 2 GW – Borssele
Planned to be in operation: 2028

 ollandse Kust (noord)
H
Alternating current – 32 km – 700 MW – Beverwijk
Planned to be in operation: 2023
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 ollandse Kust (west) Alpha
H
Alternating current – 64 km - 700 MW – Beverwijk
Planned to be in operation: 2024

IJmuiden Ver Beta
Direct current – 2 GW – Maasvlakte
Planned to be in operation: 2029

alpha ventus
Alternating current
66 km · 62 MW
Hagermarsch
In operation: 2009

BorWin1
Direct current
200 km · 400 MW
Diele
In operation: 2010

BorWin2
Direct current
200 km · 800 MW
Diele
In operation: 2015

BorWin3
Direct current
160 km · 900 MW
Emden/Ost
In operation: 2019

BorWin5
Direct current
230 km · 900 MW ·
Cloppenburg
Planned to be in
operation: 2025

BorWin6
Direct current
930 MW
Büttel
Planned to be in
operation: 2026

DolWin1
Direct current
165 km · 800 MW
Dörpen/West
In operation: 2015

DolWin2
Direct current
135 km · 916 MW
Dörpen/West
In operation: 2016

DolWin3
Direct current
160 km · 900 MW
Dörpen/West
In operation: 2018

DolWin5
Direct current
130 km 900 MW ·
Emden/Ost
Planned to be in
operation: 2024

DolWin6
Direct current
90 km · 900 MW
Emden/Ost
Planned to be in
operation: 2023

SylWin1
Direct current
205 km · 864 MW
Büttel
In operation: 2015

HelWin1
Direct current
130 km · 576 MW
Büttel
In operation: 2015

HelWin2
Direct current
130 km · 690 MW
Büttel
In operation: 2015

Riffgat
Alternating current
80 km · 113 MW
Emden/Borssum
In operation: 2014

Nordergründe
Alternating current
32 km · 111 MW
Inhausen
In operation: 2017

BalWin1
Direct current
2 GW
Unterwesen
In operation: 2029

BalWin2
Direct current
2 GW
Unterwesen
In operation: 2030
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NordLink (Noorwegen)
SylWin1
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BorWin3
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BorWin2
BorWin1

HelWin1

3
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HelWin2

4

LanWin1
Direct current
2 GW
Wilhelmshaven II
In operation: 2030

SylWin3
Direct current
2 GW
In operation:
after 2030

DolWin6
DolWin1
alpha
DolWin3 ventus

DolWin2
Büttel

Nordergründe
Riffgat

Hagermarsch

Emden_Ost
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TenneT Germany task
9.8 GW by 2025

Diele
Loep ontwerp_1812.V13

Offshore grid
connections in
the Netherlands
and Germany

TenneT Netherlands task
9.6 GW by 2030

Rhede

Dörpen_West

Wilster
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“Where possible cables will be
installed in ‘open excavation’.
A trench will be dug into which
the cables will be laid. The trench
will then be closed again using
region-specific materials.”

Challenging
conditions
700 MW
AC offshore substation

Working in an offshore environment has its challenges. The platforms must
be easily accessible to maintenance and other vessels. Furthermore, the
cables must meet a number of conditions. For example, whenever possible,
they must not cross data cables or pipelines and preferably avoid important
natural, shipping, archaeological, fishing or recreational areas. Unexploded
ordnance on the seabed are an additional area of attention. It is impossible
to circumvent all areas that contain many explosives. These obstacles must
therefore be mapped out during the preliminary preparation phase and if
necessary they must be cleared.

Cable route
TenneT investigates the potential cable routes for the grid connections.
During this process, TenneT consults the involved parties, such as local
residents, ministries, provinces, water authorities, municipalities and interest
groups. All involved parties will be given an opportunity to have their say
at different times during this process. The ultimate decision of where
to locate the cable route, landing site and the transformer or converter
station will be made by the responsible ministries and will be set out in an
integration plan. When subsea cables cross dunes or dikes, TenneT consults
Rijkswaterstaat or the water authority about the most suitable engineering.
As soon as the cable route has been established and the permits are in order,
construction of the grid connection can begin.

66 kV cable
alternating current (AC))

high voltage grid

220 kV cable
alternating current (AC)

offshore grid
substation

380 kV cable
alternating current (AC)

land cables (AC)
inter-array cables (AC)

offshore windfarm

substation

offshore cables (AC)

TenneT offshore grid

TenneT onshore grid
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Focus on
nature and
environment
Electricity must be transported at long distances to
supply households and businesses with power. In
preparing for and constructing the grid connections,
TenneT implements measures designed to as much as
possible limit any adverse impact on nature and the
environment. The key focus is on developing the area’s
landscape and biodiversity.
The care for nature and environment is an integral part of the preliminary
preparations for the offshore grid. For example, this includes a detailed
assessment of the environmental impact of the alternative cable routes.
The results are set out in an environmental impact assessment report (EIA)
and are a contributing determining factor in the ultimate choice of the
cable route.
Onshore work is carried out such that breeding birds or other protected
animal species and plant varieties are not disturbed. TenneT also considers it
important to as much as possible limit any negative impact on nature at sea.
Offshore wind farms and platforms can also have a favourable impact
on nature. Research has shown that biodiversity on the seabed increases
near platforms and wind turbines. Many species of marine animals and
fish species, such as cod, mackerel and pouting have been found there.
Offshore platforms operate as an artificial reef and are beneficial
for biodiversity.

Environmental impact

Monitoring

Reinforcing nature

Any adverse impact on nature
is as much as possible avoided
or limited.

Ecological monitoring from
the platform supplies a wide
range of data, for example
about bird and bat migration.

TenneT investigates the naturereinforcing options and their
impact for the offshore grid.
This is beneficial for biodiversity.
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Internationally
connected

NorNed
The Norwegian and Dutch high voltage grids have been connected since
2008. The NorNed cable has a total length of 580 kilometres and a
capacity of 700 MW. TenneT and Norwegian Statnett are the owners of this
subsea high voltage direct current connection. The NorNed cable is used
to export/import electricity from and to the Netherlands and Norway.
The Netherlands imports Norwegian hydropower through NorNed. In turn,
we transport electricity to Norway at night, because this is when Norway
generates less hydropower.

BritNed
This 1,000 MW high voltage direct current connection is 260 km in length
and runs from the Isle of Grain (Kent, United Kingdom) to the Maasvlakte
near Rotterdam. Based on supply and demand and price differences
between the two electricity markets, the electricity is transported in both
directions via this cable. BritNed Development Ltd., a joint venture of the
British power company National Grid and NLink International B.V.,
a TenneT subsidiary, is responsible for the operational and technical
management of this cable.

Subsea
interconnectors

NordLink
(Norway)

COBRAcable
(Denmark)
NorNed
(Norway)

BritNed
(United
Kingdom)

The European electricity market is undergoing major
developments. By interconnecting different regions and
countries through means of electricity connections, also
known as interconnectors, a chain of high voltage grids
is created. This makes cross-border electricity transmission
easier and more efficient.
Furthermore, this contributes to the integration of renewable
energy into the European electricity grid. Exchanging electricity
makes countries less susceptible to temporary peaks and lows.
The supply balances itself out, because still air conditions
in the Netherlands can be offset by strong winds in Germany
or by the output of the hydropower plants in Norway. There are
interconnectors that interconnect the grids via onshore high
voltage lines or via subsea cables. Only the cross-border subsea
connections are highlighted here.

COBRAcable
The Dutch and Danish high voltage grids have been directly connected
together via a subsea direct current high voltage connection, the
COBRAcable, since 2019. The COBRAcable is approximately
325-kilometres in length and has a capacity of 700 MW. It runs from
Eemshaven (the Netherlands) to Endrup (Denmark). COBRAcable is owned
by TenneT and Danish grid operator Energinet. The cable enables the
Netherlands to import more renewable electricity, especially wind-generated
power from Denmark. Furthermore, the interconnector is designed such
that an offshore wind farm can be connected to it at a later stage.

NordLink
NordLink is an initiative of TenneT and Norwegian Statnett and will
become the first direct power connection between Germany and Norway.
This 623-kilometre-long subsea direct current high voltage connection
will enable the exchange of 1,400 MW of renewable power – wind power
from Germany and hydropower from Norway.
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TenneT is a leading European grid operator (Transmission System
Operator, TSO). We design, build, maintain and operate the high-voltage
electricity grid in the Netherlands and large parts of Germany and
facilitate the European energy market. We are committed to providing
a secure and reliable supply of electricity, today and in the future,
24 hours a day, 365 days a year and to playing our role in driving
the energy transition. We transport electricity over a network of
approximately 23,500 kilometres of high-voltage connections, from
wherever and however it’s generated, to over 42 million end-users
while keeping electricity supply and demand balanced at all times.
With close to 5,000 employees, we achieve a turnover of 4.1 billion
euros and a total asset value of EUR 23 billion. TenneT is one of the
largest investors in national and international onshore and offshore
electricity grids. TenneT makes every effort to meet the needs of society.
This will require us all to take ownership, show courage and connect
with each other.

TenneT TSO B.V.
Mariëndaal Centre of Excellence, Utrechtseweg 310, 6812 AR Arnhem, The Netherlands
+31 (0)26 373 11 11, communicatie@tennet.eu
www.tennet.eu/netopzee

