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Introduction
TenneT: At the centre of the energy transition

Offshore

Renewables

Interconnectors

Onshore

m!

Powerplants

5th of june 2024

Renewables

Van

Raw material extraction and production of materials

¥
M

Construction

Decommissioning

C1 - Public information

r{

Export

C

L=
oo = Consumers/

prosumers

-

Large
industries

Transmission

services

Ensure a robust and
efficient high-voltage grid

System

services

Maintain the balance
of electricity, 24/7

Market
facilitation

Facilitate an efficient and
stable electricity market

&&T1enner



Agenda
What | would like to discuss today...

Main drivers of the Dutch energy system transition

General considerations: Impact of nuclear power plants

Case study: Market & grid impact of new nuclear power plants in the Netherlands
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The Dutch energy system
What is driving the transition?

An ambitious emission reduction pathway will be required to comply to the climate targets.

200

180

160

140

120

100

80

60

in Mton CO.-eqv

40

20

W 2019

183

2019

Totale reductie broeikasgassen

S 41 -
39 "Hﬁ":...':
10 @D
Ll 9 _
9
2030 2040 2050
B Klimaatakkoord [ Nationale drijfveren B Internationale ambitie

B Decentrale initiatieven [[] Nationaal leiderschap B Europese integratie [ Internationale handel

5th of june 2024

C1 - Public information

Considering current
policies, the NL are
expected to reach 46-57%
emission reduction until
2030*. The legally binding
target of 55% is in reach.

However to evenually
reach a climate neutral
energy system in 2050,
high efforts will still be
required.

With energy system
scenarios we investigate
different pathways to get
there.

* (Planbureau voor de leefomgeving, Klimaat- en energieverkenning 2023) gTenI'IET



The Dutch energy system
What is driving the transition?

The energy system will have to transform drastically, both on supply & demand side.

o Final consumption (average of scenarios) = Electrification of final energy demand is key to
substitute fossil energy carriers & use energy more
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General considerations:
Impact of nuclear power plants = = = = = = =
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Nuclear power
System impact: Some general considerations...

Building new nuclear power plants will have impact on the energy system as a whole, in particular:

A Market impact: Nuclear capacity will impact the behaviour (dispatch, market bids etc.) of market

j participants and potentially also their business cases, not only in the Netherlands but also in other

iyl European countries. While this primarily impacts the electricity market & system, it has also a broader
¥ impact on other parts of the energy system (sectors, energy carriers). )

Grid impact: Nuclear will require large grid connections and sufficient “infrastructure space” to
be able to transport supply to demand. Since the lead times of new built of nuclear and infrastructure
.| are comparable, TenneT should be able to realize these grid connections on time. However, this

' requires that we can plan timely ahead. y

= The concrete impact will strongly depend on:
» Capacity of the nuclear power plants: Small or large?
» Locations: Central or decentral?
» Operational regime: Must-run or flexible?

= TenneT is investigating these questions in different studies, for example the recently published study report
“Analyse netinpassing kerncentrales” (2024)
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Case study: Market & grid

Impact of new nuclear power = = = = = = =
plants in the Netherlands
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Nuclear power
Case study: What did we investigate?

Study question: What would be the impact of commissioning new nuclear power plants until 2035 on the
electricity system & grid infrastructure of TenneT?

Approach: Based on two 2035 scenarios from TenneT's investment plan 2024 (Climate Ambition, National Driver),
European electricity market simulations & grid analyses conducted with varying amounts of nuclear capacity
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Scenarios (2035) Market analyses Regionalization Grid analyses

= Climate ambition & National driver = Hourly simulation of » Determine locations of = Simulation of grid power
= Sensitivities on nuclear capacity: European electricity supply, demand & flexibility flows & identification of
> Base case 0.5 GW (Borssele) market & cross-border = Variation of new nuclear structural bottlenecks
> Additional capacity of 1.6 GW market exchanges power plant locations = Driver & impact
> Additional capacity of 3.2 GW » According to today’s (Borssele & Maasvlakte) assessment

market (energy-only)
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https://www.netbeheernederland.nl/publicatie/ip2024-scenario-rapportage

Nuclear power
Case study: Impact on electricity market

Nuclear power plants impact the dispatch of other price-driven units in the Dutch electricity market.
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Nuclear power
Case study: Impact on electricity market

Nuclear power plants impact the dispatch of other price-driven units in the Dutch electricity market.

This effect is also visible on a yearly energy volume basis...
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Nuclear power
Case study: Impact on electricity market

New nuclear power plants also impact the European electricity market & exchange between countries.

0.5 GW nuclear _ +1.6 GW nuclear

New nuclear power plants will not only serve domestic electricity demand, but also export their generation to other
countries and substitute other forms of supply in Europe. With increasing amounts this effect becomes stronger.
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Nuclear power
Case study: Impact on electricity grid

Integrating new nuclear power plants has a significant impact on the required electricity grid.

The market simulation results & assumed future locations of
supply, demand and flexibility were input for the grid analyses.

Different locational variants investigated:

% Base case: Existing nuclear power plant in Borssele (0.5 GW)
..... Y et % One additional power plant in Borssele (+ 1.6 GW)

| = % Two additional power plants in Borseele (+ 3.2 GW)

D T < One additional power plant in Maasvlakte (+ 1.6 GW)

% Two additional power plants in Maasvlakte (+ 3.2 GW)

*

*

Observations:

= Under the study assumptions and in the investigated cases,
integrating new nuclear power plants would lead to
infrastructural bottlenecks and require additional measures

= However, this outcome is dependent on factors like the
regional amount of renewables (especially wind offshore),
regional electricity demand and the degree of its flexibility

Niedarrhen {Duitsland)

PSS > More detailed background about the study assumptions and

results can be found in the published report P
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https://www.tennet.eu/nl/nieuws/netinpassing-nieuwe-kerncentrales-borssele-en-maasvlakte-onderzocht
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Nuclear power
Summary

= To achieve our energy and climate targets, the energy system will have to change drastically: A phase-out of
fossil fuels, the availability of green energy sources, a more efficient use of energy, flexible ressources to balance
energy supply & demand and of course a robust infrastructure that can connect these elements are key for a
succesful transition.

= Nuclear power plants could be one of the (long-term) solutions to ensure sufficient green supply of electricity.
New-built of nuclear in the Netherlands is a political choice that requires balancing of societal,
technological and economical questions.

= The potential market & grid infrastructure impact of new-built nuclear power plants is big. Therefore it is
important to carefully investigate under which circumstances new nuclear power plants in the Netherlands fit into
the energy system. Relevant questions for TenneT concern size, locations and market behaviour of these plants.

= From first impact analyses we can conclude, that additional infrastructure measures are likely to be necessary to
fit in nuclear power plants into the high voltage grid of TenneT in the time horizon until 2035. Further impact
analyses (e.qg. for later years) with varying assumptions are needed to gain more clarity.

= Early clarity on the Dutch nuclear plans and a coordinated approach will help TenneT to realize the
required infrastructure on time.
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Thanks for your attention!

Any more questions?
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TenneT is a leading European grid operator. We are committed to providing a
secure and reliable supply of electricity 24 hours a day, 365 days a year, while
helping to drive the energy transition in our pursuit of a brighter energy future —
more sustainable, reliable and affordable than ever before. In our role as the first

I cross-border Transmission System Operator (TSO) we design, build, maintain

and operate 25,000 kilometres of high-voltage electricity grid in the Netherlands
and large parts of Germany, and facilitate the European energy market through
our 17 interconnectors to neighbouring countries. We are one of the largest
Investors in national and international onshore and offshore electricity grids, with
a turnover of EUR 9.8 billion and a total asset value of EUR 41 billion. Every day
our 7,400 employees take ownership, show courage and make and maintain
connections to ensure that the supply and demand of electricity is balanced for
over 43 million people.

Lighting the way ahead together

- Earenner
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Disclaimer

This PowerPoint presentation is offered to you by TenneT TSO B.V.
(‘TenneT’). The content of the presentation — including all Teksts, images
and audio fragments — is protected by copyright laws. No part of the
content of the PowerPoint presentation may be copied, unless TenneT
has expressly offered possibilities to do so, and no changes whatsoever
may be made to the content. TenneT endeavours to ensure the provision
of correct and up-to-date information, but makes no representations
regarding correctness, accuracy or completeness.

TenneT declines any and all liability for any (alleged) damage arising from
this PowerPoint presentation and for any consequences of activities
undertaken on the strength of data or information contained therein.
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