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* ENTSO-E - European Network of Transmission
System Operators for Electricity, since 2009.

* Cooperation of the European transmission system
operators (TSOs), responsible for the secure and
coordinated operation of Europe’s electricity system

* 40 member TSOs, representing 36 countries, around

500 000 km of power lines and serving about 520
million citizens
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https://www.entsoe.eu/about/inside-entsoe/members/

‘What we do

Legally mandated tasks
coming from the Third Clean Energy package

e Coordinated long-term grid planning
(TYNDP)

* Security of supply and adequacy analysis
(seasonal outlooks, European Resource Adequacy
Assessment)

* Development and implementation of technical rules (e.g.

network codes)

* Coordination of research, development and innovation
activities

* Development of platforms for data sharing with market
participants

European Resource

Adequacy Assessment
2023 Edition
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Offshore Network Development Plans

European offshore
network transmission
infrastructure needs
Pan-European summary January 2024
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The Ten-Year Network Development Plan Process of European

Projects of Common
Interest led by the
European Commission

/l l ONDP
A4
_b1 Developing Scenarios O . . —
\ align with the European oy Project collection v=| Projects of common
L Union’s energy and climate {H and identification Y =| Interest Process
targets

Cost benefits
analysis of projects

Identification of the
needs based on our é
scenarios



Scenarios
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Scenarios for the ten-year network development plans

The scenarios provide a sound basis to develop an infrastructure that is fit for
purpose for a net-zero energy system, with the current available knowledge.

4 7

Trans-European Networks for Energy
Cf Article 12
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Scenarios for the ten-year network development plans

The scenarios provide a sound basis to develop an infrastructure that is fit for
purpose for a net-zero energy system, with the current available knowledge.

4 7

Trans-European Networks for Energy
Cf Article 12

..ENTSO for Electricity and ENTSO for Gas scenarios are fully in line with the energy efficiency first principle and
with the Union’s 2030 targets for energy and climate and its 2050 climate neutrality objective and shall take into
account the latest available Commission scenarios, as well as, when relevant, the national energy and climate

plans....
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The TYNDP 2024 Scenarios package was published in May 2024

TYNDP //

Draft = = TYNDP // '::’ Download the complete
Report .. .ﬂ = TYNDP //

Package

Methodology .
Report : Scenarios

Report
Full datasets & results

Visualisation Platform
Consultation Summary Report
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https://2024.entsos-tyndp-scenarios.eu/visualisation-platform/

2024 Scenarios are the result of extensive stakeholder engagement

Extensive stakeholder engagement especially on input parameters and
methodologies

Webinars, workshops, public consultations, stakeholder roundtables

Stakeholder Reference Group

Transparency: reports, availability of input and output datasets, enhanced data
visualisation tool

Stay informed on the scenarios’ development!

https://www.entsos-tyndp-scenarios.eu/
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https://www.entsos-tyndp-scenarios.eu/

Energy efficiency is key step to achieve the EU Climate and Energy objectives
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Ambitious development of renewable energy across Europe
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2030 2040

National Trends+

EU27 Total Primary energy supply mix (TWh)

2050 2040 2050

Distributed Energy Global Ambition

Share of fossil, low carbon and renewable energy, EU27 (%)

2030 2040

National Trends+

2040 2050 2050

Distributed Energy Global Ambition

B Wind
Solar

B Hydro (excl pump storage)

W Other RES***

B Biomass

B Imported synthetic methane
Imported H2 green (inc Ammonia)

B Imported biofuels

B Nuclear

B Imported H2 low carbon
Undefined hydrogen**
Natural gas****

m Coal

m Oil

M Renewable
W Low carbon

MW Fossil fuel

v" Solar and wind generation

witness remarkable growth,
reaching threefold by 2030
and approximately ninefold
by 2050 in the envisioned
scenarios

Natural gas supply phased
out by 2050

Low carbon sources like
nuclear and blue hydrogen
supply also contribute to
decarbonise the energy
system
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Identification of System Needs and Offshore Network Development Plan
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‘Identification of System Needs

One economic needs configuration, multiple solutions

Non-infrastructure solutions

Addressing tomorrow’s challenges will require the parallel development of a diverse range of solutions, including for example
storage, the role of prosumers and generation, in addition to reinforcing the transmission grid.

8 X S 1

Demand side Regulation Smart Storage Smart Market Operational
response Grids Sector design measures

Electricity infrastructure solutions

Our study uses interconnection transmission capacity and storage and peaking flexibility to express the needs because it is based on
electricity TSOs’ expertise, data and models, but solutions extend beyond electricity infrastructure.

A

Transmission lines Energy Storage Peak units Hybrid solutions

entso@
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Identification of System Needs

Study Process Overview

Input Calculation

Starting
orid

Output

PEMMDB*

*Scenario National Trends
2030 and 2040

Optimization with
Antares simulator

Minimum of operational costs
+ investment costs

Needs in 2030 and 2040
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‘ Energy Infrastructure- Investments in electricity grids

Investment Needs 2040 IoSN ENTSO-E TYNDP2022

Opportunities for increases in cross-border
transmission, storage and peaking units e
capacity in 2040

CROSS-BORDER CAPACITY INCREASES NEEDS IN MW
(ADDITIONAL TO THE STARTING GRID 2025)
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In the 2025-2040 timeframe, a 6 billion euros/year investments
(in cross-border capacity, storage and peaking units) produces a
9 billion/year increase in socio-economic welfare.
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Priority Offshore Corridors TEN-E

TEN-E Priority Offshore Grid Corridors

o Northern Sea Offshore Grid
(NSOG)
e Baltic Energy Market
Interconnection Plan
(BEMIP offshore)

© Atlantic Offshore Grid

o South and West Offshore Grid
(SW OFFSHORE)

South and East Offshore Grid
(SE OFFSHORE)

mmmm ENTSO-E Member
mmmm ENTSO-E Observer Member

Atlantic Black Sea

"

Mediterranean

"0
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How addressing system needs benefits Europe

How addressing system needs benefits Europe

What would happen in 2040 if... What would happen in 2040 if...
We stopped investing in the power system in 2025? We addressed system needs?

Investing & Billion euro per year cuts generation costs by 2 Billion each

EU Energy bill rising to 132 Billion euro per year

year

System instability and risk of blackout

¥ @ N &)

power generation per year

COz Grid welcoming the expected development of renewables
Grid not sufficient — Leads to no decarbonisation T T? —» CO2 emissions cut by 31Mton per year

FIGURES FROM TYNDP 2022 entso@ v



‘ The ONDP Approach, summarized in four steps

Schematic Visualisation:

Creation of the
starting grid *

Identification of
expansion candidates

Linear
optimisation *%*

Post-processing in
regional groups
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* 2030 for 2040
2040 for 2050

** minimize TOTEX

*** check plausibility and adjust

entso@
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Offshore Hybrid Project — What is it?

The term
“offshore hybrid project”
refers specifically to the

Consumption :@’_ o )
o - consumpion 2 transmission infrastructure
LA ... ) connecting two countries (or
electricity grid . .
— e 7 90 bidding zones) and
’
®

electricity grid
Bidding connecting the OWF to
o . shore. Generation assets are
Asset List: Offshore hybrid project 1 out of sco pe.
@ offshoreReS © oc connection poin O ey e [ @ Orshoresubstatr Jll (also called “dual purpose project”
Cables colnnecting o On hub assets ° Transmission cables e Onshore Grid I or “ hyb ri d | nterconnecto I’” )
offshore wind farm to hub from hub to shore Reinforcements

“Multi-purpose”: additionally
crossing energy sectors

Common terminology on- and offshore — Same legislation applies
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Up to 1 out of 7 GW will be connected via Offshore Hybrid Corridors

The future European offshore transmission
E system will be a combination of radial

offshore RES connections, classical point-to-
point interconnections, offshore hybrid
projects combining both functions and multi-
purpose solutions integrating energy sectors

* Hybrid corridors will progressively grow to
link to up to 14% of offshore RES in 2050

4 o——o Corridors identified by the ONDP study

o-==0 Potential corridors identified by the ONDP study
| o=——o0 Existing and planned hybrid and radial links

entso@ .
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Need for Speed...for Generation and Transmission

Offshore RES Generation capacity [GW]

&\s\*‘ 496
N

K\
§\
WV
o ih.
'i"co
X
2024 2030 2040 2050

..BUT: average speed in the last 10 years was + 2.5 GW/yr

Today’s offshore RES is only 7% of
offshore RES foreseen in 2050

Annual installations of offshore RES and
Infrastructure need to accelerate
significantly

entso@ .
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Results: Offshore Transmission Infrastructure Needs

Offshore Transmission Infrastructure [GW]

487

"|'| Most offshore RES is expected to be
connected via radial connections

382

"+_. The value chain will be crucial for delivering
the needed infrastructure in time

168

Need to balance the rapid deployment of

Y offshore grid infrastructure with the
> 4 imperative to preserve and restore our
2030 2040 2050 marine environment.

Existing and planned hybrid projects

. . ]5YEARSOF
B Radial projects Hybrid needs identified by the ONDP e n t S O@
22

ELECTRIFYING EUROPE



Project Portfolio
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Project collection

Project portfolio: 176 Transmission projects

entso@
Project Type a
TYNDP 2024 Projects Sheets
Storage . o i i s e ; ¢
The TYNDP 2024 will assess how 176 transmission and 33 storage projects respond to the TYNDP scenarios. Learn more about the projects by clicking on
Transmission their location on the map below or filter projects by country, type of infrastructure or status. More information about the projects will become available
with the release of TYNDP 2024 for public consultation at the end of 2024.
Onshore/Offshore Toggle filters
| Offshore hybrid
Iceland Sweden
Offshore interconnector
‘ Fiplagd :
| Offshore radial ‘ Russia
Norway /
Onshore olm
Yekaterinburg
Kazan 2 Krasnoyarsk
). e . Ufa Omsk Novoiibirsk bt
Project/Investment Status O Relatis Samara
Voronezh
Kyiv
Commissioned ;
o Rostov-on-Don Kazakhstan
| In Permitting % Mongolia
Planned But Not Yet Permitt... a et
North
. . Georgia .
| Under Consideration At r e . Uzbekistan - Kyrgyzstan
. Ocean Tajikistan
Under Construction S Aleppo_ —Erbil  Tepran  Mashhad
Bag.hdad < : Kabul China
Baers Iran Fa|sa.labad
Algeria ) Pakistan Nepal
L:bya Bhutan
Western Egypl
Sahara Chattogram i
Jed.dah Oman India L Ha.nm
Mauritania
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Project collection

Project portfolio: 176 Transmission projects

TYNDP 2024 investments per type of element and technology.
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Project collection

Project portfolio - 33 Storage Projects

T 23
Pump-hydro technology Compressed-air energy Electrochemical Storage
30 28
25
20
15
10
4
5 1
O ‘ L |
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Cost-Benefit Analysis
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PROJECT ASSESSMENT

‘Cost-Benefit Analysis

BENEFITS

What are the indicators?

B1. SOCIO-ECONOMIC WELFARE C1. CAPEX

B2. CO, VARIATION

B3. RES INTEGRATION

B4. NON-CO, EMISSIONS

RESIDUAL IMPACTS

B5. GRID LOSSES

SYSTEM

ADEQUACY $1. ENVIRONMENTAL

B7.1 Balancing energy exchange

B7.2 Balancing capacity exchange

SYSTEM
— B8.0 Qualitative stability indicator SECURITY

— B8.1 Frequency Stability (energy aspect)
— B8.2 Frequency Stability (capacity aspect)

— B8.3 Black start services

— BB8.4 Voltage/reactive power services

- CTION OF NECESSARY
RVES FOR REDISPATCH

ER PLANTS en tS O@ 28



EXCELLENCE

We deliver to the
highest standardss.
We provide an
environment in
which people can
develop to their full
potential.

Our values define who we are, what we stand for and how we behave.

We all play a part in bringing them to life.

TRUST

We trust each
other, we are
transparent and we
empower people.
We respect
diversity.

%

INTEGRITY

We act in the
interest of
ENTSO-E

We are ENTSO-E

S
Qo0

@)

We care about
people. We work

transversal and we
support each other.
We celebrate
success.

FUTURE
THINKING

We are a learning
organisation.
We explore new
paths and solutions.

entso@
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