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Delivering electricity to 41 million people in
the Netherlands and large parts of Germany

Who are we?

You may have never heard of Tennel, but
that’s ok. We’d rather you experience the
benefits of what we do — delivering electricity
to 41 million people in the Netherlands and
large parts of Germany.

Doing this safely and reliably, 24 hours a day
and 365 days a year, is a massive responsibility.
We are driven by our mission to ensure the

Jlights stay on and that power is available, at
the flick of a switch, whenever and wherever
you need it

To do this, we design, build, maintain and
operate a high-voltage grid stretching across
land and sea. This carries electricity from
where it is made — including wind, solar,
biomass, fossil and nuclear power — to where
it is used. Keeping these different sources

of power in balance — safely and securely —

is a critical part of our work.

Because we all demand more renewably
sourced electricity, we need to carry it over
longer distances, from wind farms far out at
sea or from solar panels on people’s homes.
We carry it across borders, over ground,
underground, across 23,000 km of high-
voltage lines.

It's easy to take electricity for granted.
After all, it’s a basic expectation in a modern,
always-on society. But it's getting harder to
feed our power-hungry world in a sustainable
way. Renewable electricity holds huge
promise for our planet and presents
unprecedented challenges for industry
and government. At TenneT, we are at the
forefront of this energy transition, providing
the infrastructure that facilitates the clean
power revolution.

We are TenneT - welcome to our world




TenneT at a glance

23,000

Nign-voltage Ines

Grid area: The Netherlands and a large part of Germany.
Long enough to reach more than half way around the world.

Natural
gas
We work tirelessly to avoid
power outages by investing
in and maintaining our grid.

Brown coal

* The ratio of sources for electricity produced in the Netherlands and Germany.
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Building grid connections for offshore wind-farms
concerns and needs of local communities.

Stakeholdermeetings, listening to the

in the North Sea (DolWin3 pictured):
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Secure
supply

Our biggest responsibility
is to ensure a safe, reliable
and secure supply of
electricity to 41 million
end-users, 24 hours a day,
365 days a year. Last year
we achieved 99.9988%
reliability across our grid,
ensuring that power is
available, when and wherever
you need it.

Delivery to
end-users

Ensuring power is at your
fingertips means carrying
electricity from wherever it is
generated to the end-users.
Often, this is far away over
land and sea, requiring a
complex infrastructure of
high-voltage connections
that needs to be buiilt,
maintained and expanded to
cater for society’s growing
and changing energy needs.

Connecting
across borders

With the challenges of
integrating renewable
electricity into the grid
and balancing supply and
demand, it makes sense
to build an integrated
electricity market in North
West Europe. TenneT is
leading this integration
by helping electricity to be
easily supplied and traded
at a fair price.




Making sure that over 41 million people across
the Netherlands and Germany enjoy uninterrupted

N

access to electricity is the foundation of our business.
It is a huge responsibility that we are proud to meet,

every minute of every day.

StavINg

In today’s connected world, we assume that
power will always be available, when we flick a
switch or reach for a power outlet. We rely on
electricity to power every aspect of our lives

— at work, home and on the move. As the grid
operator for the Netherlands and large parts of
Germany, we make sure this power reaches
users reliably and safely, from a wide range of
sources and transported across great distances.
It’s a vast task, and getting more complicated as
more renewables are introduced into the energy
mix. By nature, power generated by the sun

or wind is volatile, which makes it harder for

us to balance supply and demand for electricity
in the grid. To manage this, we need to be

more innovative, agile and forward-thinking

than ever before.

Security of supply also means investing in new
assets, performing necessary maintenance and
linking our grid into the North West European
network. This saw TenneT invest €2.3 billion

in critical infrastructure last year — including new
high-voltage power lines, new cross-border
connections and offshore platforms far out.in

the North Sea to bring wind- generated electr|C|ty
onto the mainland. Upgrading and fuldresrs =
proofing our network in this way allows us to
maintain our record as one of the world’s most
reliable grid operators. Although very occasional
outages can occur, we are proud to say we keep
the electricity flowing 99.99% of the time.
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Connecting
renewables onshore
More and more wind and
solar parks are being built

in the Netherlands for the
generation of sustainable
energy. TenneT ensures that
the energy generated from
these onshore sources is
connected to the grid via
high-voltage lines and cables
and transported to households
and businesses. With the
Sustainable On Land
programme, TenneT (Grid
Services) is now working to
adapt its grid infrastructure to
accommodate this, especially
in the north (Groningen,
Drenthe, Friesland), and to a
lesser extent in the southern
Netherlands. These include
building new connections
and expanding existing high-
voltage stations.

DolWin3: Securing
offshore supply
DolWin is a cluster of offshore
grid connections in the
southwestern part of the
German North Sea. They play
a critical role in providing a
secure supply of electricity
as they connect offshore
wind farms to the onshore
transmission grid via 160km
of high-voltage cable, half

of which is under the sea.
The completion of DolWin3

in 2018 means a 900MW
connection is now in
operation, providing enough
electricity for one million
households.
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to the grid
What is the electricity grid? And how does it bring

electricity from where it is made to where it is used?
It is a high-tech and complex system that we are

proud to build and maintain for the benefit of society.



Transmission/
distribution

Power generation

In the old days, electricity was
generated in conveniently located
power plants, burning fossil fuels
like coal or gas. A lot of the
electrcity is still produced this
way, but more and more of it is
generated from renewable sources
like the wind, sun or biomass.
Wind farms can be far out at sea,
while solar panels can be placed
anywhere, including on the roofs
of our houses. Our challenge is to
make sure this electricity can be
efficiently integrated into our grid.

TENNET TODAY
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industries

...connection

This is no easy task. Connecting
wind power generated offshore
requires us to build offshore
connection systems far out at
sea, linking the wind farms to
the onshore grid.

Meanwhile, solar power also
needs to be connected. We also
continue to connect traditional
power plants into the grid,
although their share of electricity
production is falling as we use
more and more renewables.

Consumers/
prosumers
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...and transmission

One of our biggest challenges is
carrying electricity across the long
distances from where it is made
to where it is consumed, for
example from the North Sea to
Southern Germany. We do this
across 23,000 km of high-voltage
lines and cables, which we also
connect across borders so we
can share electricity with our
neighbours.
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Consumers and businesses
across the Netherlands and
Germany rely on the electricity
we supply, giving us a critical
role in society. However, the
infrastructure and technology
needed to deliver electricity

to your door involves some
unavoidable impact on local
communities. As a result, our

work involves a delicate balance:

what is good for and desired by
society is not always welcomed
at a local level.

doesn’t just mean bulldlng mor
and pylons. As we expand our netWor ~
must do so responsibly, building dialo
and acceptance with local communiti

by ensuring we are alwa

responsible, engaged and
connected. Responsible ir?§:
how we fulfil our role in society,
engaged in how we build
acceptance for our actions and
connected in our dialogue with
stakeholders. Whenever we start
a new project, we engage with
everyone affected, listening to
their concerns and needs, and
providing all information about the
project to evaluate and discuss.

)
We want all staliéholders’ views

to be listened to and considered.

During 2018, eld 738 public
meetings and nts in the
Netherlands and Germany, with
over 12,500 visitors and partici-
pants. And that’s not all. For
larger projects, we open dedicated
information centres, going the
extra mile to ensure everyone
has the chance to make their
voice heard and helping us
minimise the impact of our work.







Connecting across borders: Doetinchem-Wesel

A good example of our work to strengthen the cross-border electricity
market in North West Europe is the 380 kV, 57 km-long connection
between Doetinchem in the Netherlands and Wesel in Germany. Capable
of carrying up to 1,500 MW of electri€ity, the Doetinchem-Wesel
connection is the result of years of planning, preparation and construction
together with Amprion, our fellow grid operator in Germany. This is the
14t cross-border interconnector constructed by TenneT and the fourth
between the Netherlands and Germany. This demonstrates our ongoing
work to develop an integrated electricity market in North West Europe,
helping to ensure a stable, secure, affordable and consistent supply of
power. This is all the more important as more renewables are fed into the
grid, making it more important for electricity to be traded and supplied
seamlessly and quickly across borders.
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Harnessing North Sea wind: Borssele

The Borssele area in the North' Sea off the Dutch coast is critical for

the Netherlands to meet its renewable energy targets. It is the site of a
massive:offshore:windfarm that TenneT.is-tasked with connecting to the
onshore grid. To do this, TenneT is bringing two connections of 1,400 MW
into operation in 2019 and 2020. This involves building new: offshore
transformer platforms and linking them to the mainland via four high-;
voltage AC cables. The onshore Borssele substationjs being expanded
to-accommodate this'and convert the voltage level from 220 kV 'to ‘38()' KV
so the electricity can be distributed to households across the country,




Energy from new sources:
Project Sonnen

In the future, decentralised energy sources will
become increasingly important to maintain the
balance between the supply and demand for
electricity. To explore this, TenneT is involved in a
highly innovative pilot project with seven partners:
Engie, Enova, Escozon & Energie Samen, Next
Kraftwerke & Jedlix, Scholt Energy & Enervalis,
Sympower and Vandebron. Using blockchain
technology - an encrypted digital record of
transactions - the project models how electricity
can be exchanged between different sources,
including wind, solar, combined heat and power
(CHP), electric cars and electric pumps. During
the pilot project, new data communication
technologies will be tested to see how these
different sources of flexible generating capacity
exchange the required information for balance
maintenance purposes.
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Promoting the energy trar]_é:_ition: N

“Westkustenleitung -

Germany’s most northerly state; Schleswig-Holstein,
is alsoits windiest. By the year 2025, experts predict
that 37 terawatt hours of electricity from renewable
energies will be generated in this region — enough to
power 10 million households per year. This makes

it a critical area to link into the high-voltage grid.
Tennel’s West Coast Line (Westklistenleitung) is
designed to do this via'a:380 kV. and 140 km-long
AC power line running from Brunsbiittel to the
Danish border. Expectedto'come into operation
in:2022, this 'strategically important line will help

‘“transport vast amounts of wind power'to end-users |

3 further'south; The West Coast Line is one.of the: "
‘mostimportant projects in Germany’s Energiewende
Vand is a‘nlsd_bn"'t_h-e European Cqmm__isSion’s list of
‘Rrojects Qf. 'Comn'f(')n Interest (PCI),'supporting the
\EU’s energy and ! )

\

climate policy.







green hydrogen?

“AaTennert

‘ Taking power further
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The future of energy is one of the most contentious

and complex issues facing the world today.

It hinges on a central dilemma. On the one hand,
our society has an insatiable demand for power.
On the other, the fossil fuels we have historically
relied upon are contributing to a potentially
catastrophic rise in the Earth’s temperature.

The good news is that we have an answer. A wholesale transition
to renewable energy — and, in the process, the phasing out of
carbon-based fuel — is possible. A recent report by consultants
McKinsey predicts that solar and wind will account for half

of global electricity generation by 2050, up from 25% today.

By mid-century, that share could reach 75%.

The challenge is how to achieve this energy transition on the scale
and at the speed we need. It is a once-in-a-lifetime quest for our
entire industry, sparking a new age of ground-breaking invention
and collaboration the world over. Some are calling it the new
industrial revolution.

As a cross-border, interconnected energy company working
closely with government and partners across the energy spectrum,
TenneT is at the centre of this revolution in Europe. We experience
first-hand society’s relentless demand for electricity — expected

to double globally by 2050 — and we meet this demand by
connecting more renewable electricity into the grid, and by making
the grid smarter through continual innovation. Step by step,

and together with many partners, we are helping to build a new
energy future.
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Last year was an important one for
Tennel, as the Dutch government
formulated a new action plan

to combat climate change.

The draft Klimaatakkoord (Climate
Agreement) published in July,

saw the Netherlands set itself an
ambitious target to cut greenhouse
gas emissions (mainly carbon
dioxide) by 49% in 2080 compared
to 1990. That's'48.7 megatons
more than previously called for.

This agreement involved an
intensive process of consultation,
including five Climate Tables of
energy sector players and other
working groups. Tennel was

Qf ngt )

AR 7 . S
.E'I‘E -
At .0 B .

energy w

change is one of the
issues facing society. To meet ambitio
doverm'nents need industry players like Teriefl' to
~ innovative new strategies. =
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directly involved, helping to
formulate an extensive package
of agreements, measures and
instruments that should reduce
Dutch CO, emissions by the 49%
target over the next 11 years.

Now, work is underway to put
theseplans into action. Tennel

is closely involvediin discussions
on how the costs of the required
investments will be met, while
ensuring that energy remains
affordable for all. There are also
huge infrastructural targets, 'such
as aplan tobring 3.5 gigawatts of
new wind farm capacity on stream
in three zones off the Dutch-coast

imate tz
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by 2023 (Borssele, Ho Ian'&loaéi i T
North, Holland Coast South)__ : . ¥
Tennel is working on solutionsto™
connect these new power sources
to the grid. This critical work will ‘
help the Dutch government !
achieve its targeﬁfar renewable
energy sources to account for
at least 16% of Dutchielectricity
supply by 2023.

Supporting the Energiewende
Germany’s Energiewende is one of
Europe’s most ambitious climate
reduction policies. It raises the
bar for the share of renewables,
targeting 65% in 2030. By the
same date, it-aims to reduce CO,




emissions by 55%, compared to
1990. These targets go beyond
European Union legislation and the
policies of other European states.
Renewables will have to be
dramatiea ed up to hit
these tar 'pecially_ as the
German ment has also
cormmitt ecommissioning

Il of it nuclear power plants by

022 and coal-fired plants by

038. One of the biggest priorities
or achieving theseg'goals is
harrjassing the power
generated in the north and
transporting it to consumers in the
south. As one of @rmany’s four
grid operators, T%ﬁmeT plays a

v
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itical role ding the
infrastructureo'dlo this, w
is investing heavily to connect
onshore and offshore wind
farms to the grid with projects
like DolWin3 —a 160 km DC
connection linking the south- S -
western part of the German
North Sea to the onshorg grid. dll
Itis also building new:nogiEsbthk .
interconnectors overland: like the ;
Westkstenleitung running along
the west coast of Schleswig-
Holstein. With projects:like this,
TenneT is driving the energy”
transition bringing bold projects
to life that will help us all enjoy
a greener future.
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Renewable energy
generated by wind and sun

Electricity

Electrolysis of water splits
it into hydrogen and oxygen

comMoiNing the power o

Building an energy system based on renewable electricity requires us
to cope with large fluctuations in wind and solar power production.
Cutting-edge power-to-gas technology may be an answer, helping us
to ensure a safe and reliable supply of electricity, whatever the weather.

In the Netherlands, Tennel
worked with the gas network
operator Gasunie on a joint
study exploring how energy
infrastructure can be integrated.
The project, called Infrastructure
Outlook 2050, proposes a
scenario where electricity

and gas energy infrastructure
are seamlessly co-ordinated.

By bringing these two power
systems together, we can

provide the flexibility our energy
system needs.

Why do we need to do this?
To meet the 2050 emission

targets set in the Paris Agreement,

national governments need a
complete overhaul of the current
fossil fuel-dominated energy
system. New solutions are
urgently required. Although many
hope electricity produced from

the sun and wind will meet our

needs in 2050, it is only part of the
solution. But how can the gas and
electricity systems come together?

Green hydrogen

The answer is one of the most
advanced of all energy innovations
— so-called ‘green hydrogen’.

Put simply, this is green electricity
converted into hydrogen. This
involves the electrolysis of water,



Electric grid

Hydrogen for storage
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Hydrogen for fuel
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using renewably-generated
electricity, which splits it into
hydrogen and oxygen.

As well as being a carbon-free
alternative to natural gas, green
hydrogen has an important
benefit: it can be stored. This
helps to solve a key problem in
the energy transition, as storing
electricity in gas form will help to
even out the imbalances between
the supply and demand of
renewable electricity. Of course,
we can also do this with batteries,
but even the largest batteries can’t
meet our huge energy demands
for very long. We need bigger-

& JaS

Natural gas grid
for energy storage

scale solutions and green
hydrogen may be one of
the answers.

Green hydrogen can also be
imported. This gives countries
another flexible option if they can’t
generate enough renewable
electricity at home. And, as well
as being able to use it in the
electricity grid, green hydrogen
can also be used as a zero-
emission fuel to power trains,
trucks and cars.

Element Eins pilot
TenneT is testing this ground-
breaking new technology in a pilot

End-user

project with Gasunie and
Thyssengas called Element Eins.
A power-to-gas installation with

a capacity of 100 MW is being
built in Lower Saxony, Germany,
and is expected to go into
operation gradually from 2022.
Showing how the electricity and
gas power systems are physically
coming together, the test site is
located near a TenneT transformer
station where electricity from
offshore wind turbines is
distributed. By bringing electricity
and gas together in this way, we
can create a new kind of energy
system, capable of serving our
needs in a green energy future.



nvesting

To ensure that our 41 million
end-users in the Netherlands and
Germany continue to enjoy a secure
supply of electricity, Tennel plans to
invest approximately EUR 35 billion

in its network over the next 10 years.

This involves ambitious onshore and
offshore projects in both countries.

Investment in energy infrastructure has never
been more important — not only by TenneT, but all
players in this complex and fast-changing market.
Our sector must rise to the challenge of the energy
transition, using ground-breaking technology and
innovations to meet society’s demands for cleaner
energy and help governments achieve ambitious
climate targets.

Although many of these targets are just a few
years away, the fight against climate change
demands a long-term plan of action. To this end,
our investment plans look as far ahead as 2035
or even 2050. We must be ambitious, plan for
the unexpected and think the unthinkable to
meet the challenges of the future.

For the next decade, our investments in the
Netherlands and Germany aim to build the
backbone to drive the energy transition,

with solutions that accommodate and balance
renewables in the electricity supply, connect
across borders, allow renewable electricity to
be stored and transported further, and link the
offshore and onshore grids. All the while, we
strive to keep the cost for society as low as
possible, and minimise the impact on the
natural environment and local communities.







