Conférence du Comité National Francgais

La Transition Energétique

Modérateur: Pierre Coudereau (EDF)
Jonathan Roulot (RTE)
Enrico Carlini (TERNA)
Mark Waldron (NG)
Javier Iglesias (REE)

/ For power system expertise

Batiment Gaston Berger - INSA Lyon
16 octobre 2025




CIGRE France Conference

Strategic development plan for the French
transmission network by 2040

Jonathan Roulot (RTE)

Batiment Gaston Berger - INSA Lyon
16 octobre 2025

/ For power system expertise




The strategic development plan for the French transmission network by 2040 (SDDR)

aims at providing a complete and long-term overview of the industrial needs

system operator. Since 2019, RTE publishes an extended version of what is legally expected

‘ - \W The development of the SDDR is one of the legal responsibilities of the public electricity transmission

* Itis not only about network development but also about renewal and telecommunications for example
* Itis a plan over 15 years, consistent with the investments in the infrastructure (compared to 10 years
legally expected)

% The French public electricity transmission network integrates voltage levels from 63 kV to 400 kV
(a wider range than most other transmission networks in Europe).

___________________________________________________________________________________________________________

The SDDR, a prioritized, optimized, and timed strategy for 2040 :

S

- e e e

» Transformations needed to ensure that the electricity transmission network continues to meet our future electricity needs

» A document that provides consumers, producers, and storage operators with visibility on what tomorrow's public electricity
transmission network will look like, and equipment suppliers and construction companies with visibility on equipment
needs, recycling strategies, and employment prospects

T

___________________________________________________________________________________________________________
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Development
and validation | The SDDR 2025 has entered its second phase with public consultation and debate

Phase 1 @ Phase 2
Review by authorities and public debate

Consultation and development

v

2023 -2025 13 February 2025 Organization of the public

debate

Execution of a wide-ranging e

. . uidelines of the SDDR
program of technical and economic J / Ae Environmental review
studies and environmental and —
industrial analyses

CR e Approval of technical and
Consultation with authorities and ecénomlcal considerations;
stakeholders investment framework
EX . . .
REPUBLIQUE Validates consistency with
FRANCAISE

policy objectives
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Generation and consumption
assumptions

7



Scenarios and
assumptions | Changes in the energy mix influence the design of the electrical system.

Increasing the share of electricity in
final energy consumption in France.

/7 Two main objectives are pursued :
@ » Achieve carbon neutrality by 2050

» Reindustrialize the country

Produce more low-carbon electricity (both
nuclear and renewable energies) to support
this increase in electricity consumption.

En 2021 : En 2050 :
1611 TWh d’énergie consommeée ~ 900 TWh d'énergie consommeée

Reducing dependence on imported fossil
fuels (gas and oil) for energy consumption
in France.

Electricité

-40 A 50 % @ Etnergies fossiles

EnR hors électricité

4 )

The challenges for the electricity transmission

1L network consist in anticipating and planning
@ @ network developments to enable this new stage in
the construction of the French electricity system.

H, et e-fuel

Final energy consumption in 2021 and projections
for 2050 — draft French energy and climate strategy
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Scenarios and
assumptions

Changes in the energy mix influence the design of the electrical system.

Production facility
operational at the

end of 2024
47 GW
AN
1,5 GW
P>
B s

fiaaa)

Scenario __ A-reference is
broadly consistent with the
draft multiannual energy
program (PPE3) for 680 TWh
generated in 2035.

o T mm mm mm Em mm Em mm mm mm

~N

Scénario A-ref
2040

+ 89 GW

26 GW

@@

o m mm mm mm Em Em o o o mm mm Em e

o o o o

Two scenarios from the power system’s adequacy outlook
2035 have been extended by five years for SDDR studies.

Scenario B-low corresponds to
a five-year delay in achieving
the national objectives of the
draft PPE 3 and 615 TWh
generated in 2035.

Network connection:

-

Scénario B-bas
2040

+ 60 GW

18 GW

V4

- e e mm am Em e o Em Em Ee o Em Em Em = =

contracts already

signed

+ 46 GW pour des
mises en service
avant 2035

+ 18,5 GW

+9,6 GW
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Network connection contracts
are very important and
demonstrate the importance
of adopting joint planning for
the network. Otherwise, the
network will be planned on a
case-by-case basis in response

to each request. A



ﬂfﬁ scenariosand | Copsumption assumptions are based on the needs reported by the sectors

assumptions . . .
w0 and on an extensive program of studies and consultations.

EMISSIONS DE GAZ A EFFET DE SERRE
SEQE-UE 2024

Emissions vérifiées de GES des instaiiations de France
métropolitaine soumises au systéme d'échonge de quotas
d'émission de I'UE.

1 s'ogit pr des Hées & fa p

Identification of . Integration of energy :‘fé‘f’if;tccgﬁ(:;:;:::xm et oux secteurs industriels o forte
I n C rea Se I n d e m a n d Les cercles sont proportionnels & Ja quantité d'émissions et

needs related to efficiency and o osieos kel 48 cx g st et
. . from COnSU mer . ArcelorMittal Dunkerque 5,9 Mt
achieving conservation
... sectors (steel . e
decarbonization and . measures, tested in Arssebiiigs 0844
. s industry, metallurgy, ) »
reindustrialization households via an
. . road transport, etc.) . SRE. S0 0,
objectives independent survey R g
o, :
Increasing the share of electricity in final energy consumption in France and
. . . . [77] Combustion
reducing dependence on imported fossil fuels (gas and oil) for energy B Ciment ot chc
. . . . . . . . [ Metaliurgie
consumption in France implies, in part, a strong and rapid growth of electricity [ Rattarios
consumption in large harbors and industrial areas (consistent with the i

connection demands received by RTE).

» The French power system would be able to meet the growing needs of
industry with a low-carbon and competitive electricity supply but

Naphtachimie Lavéra 1.4 Mt
Potroineos ratfinerie do
Lavén

accelerating reinforcement of the transmission grid in these few large .

areas is a prerequisite for connecting the new demand. oo

Sources : EUTL, EuroGeographics, OpenStreetMap, Geoapify, Natural Earth. Cedric Rossi 2025 - i9n.fr
Source : Les émissions industrielles de gaz a effet de serre en France métropolitaine 8



https://www.data.gouv.fr/reuses/carte-des-emissions-francaises-de-gaz-a-effet-de-serre-eu-ets-2019/

Scenarios and

assumptions Consumption scenarios and assumptions used in constructing the SDDR

M Two scenarios from the power system’s adequacy outlook
Mad\ 2035 have been extended by five years for SDDR studies.

Scenario A-reference Scenario B-bas
Achievement of public objectives Five-year delay in achieving public objectives
670 TWh
700 electrification 700 ifieati
{ electrl{lcatlon 615 TWh
600 +49% €00 +37%
500 449 TWh 500 449 TWh
400 i 400 -------- i ________________________
300 300 [ 1 Data centers
[ Electrolysis
200 200 B Industry
100 100 ] Transport
] — I _ Buildings
0 0 [ |

Remaining French
consumption

2024 2040 2024 2040




Overview of the grid development plan
2025-2040 proposed by RTE

7



2025-2040 The priorities proposed by RTE are based on the results of

uidelines . . . .
- technical and economic analyses and public consultation

. . Technical and economical studies
Input from public consultation P : : :
and environmental and industrial analyses

N _
V

3 industrial priorities to develop the French
electricity transmission network, broken down
into technical requirements, economic
requirements, and environmental impacts

) OC“) Renewing the network and } Preserving the network's quality of service and the country’s
0 . [ [ ] . .
N ﬂo adapting it to climate change economic attractiveness
Y
Accommodating new consumers (industry, data centers,
@ Connecting new low-carbon facilities } hydrogen) and new production facilities (offshore wind, new
- nuclear power, onshore renewable energies, etc.).
E Strengthening the network’s backbone } Strengthen the structure of the network to enable it to cope with
changes in the electricity system and associated changes in flows

v,
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Industrial

RTE proposes an ambitious reference strategy worth around €100 billion over 15 years

! 40 000 km of lines to be renewed (60%),
ﬁ adapted or built (40%) by 2040

EL ~400 power stations to be built by 2040

~ 85 000 towers to be renewed by 2040 ~50 gas insulated substation to be renewed by 2040

BT ~200 km oil-filled cables to be replaced by 2030 —= " from 550 to 600 control and protection systems to
~110 km impregnated paper cables to be replaced by 2040 = be renewed per year by 2040
\\\ ,/
Industrial needs according to the reference strategy
Reconstruction Plan i I
du pays et Trente M ~ SDDR 2025
Glorieuses essmer . urisang SDDR 2025
(sur 15 ans) | I
(sur 30 ans) ! \ (average by period)
50 000 i
! 4000
40000
! c 3 000
E 30000 i S
: E 2 000
20000 i yooox
10000 : ' 1000 I
0 . ! 0 J
1945-1975 1975-1990 : 2025-2040 : 2023 2025-2030 2031-2035 2036-2040

® Powerlines to be reinforced or built
@ Powerlines to be renewed or deconstructed




Annual investments

Main indicators

0

Md€

v

B

N

-

0

Investment
trajectory

First period : from 2025 to 2030

TURPE 7
2024 2025 2026 2027 2028 2029 2030

Interconnections : Celtic (FR - IE) and Golfe de Gascogne (FR — ES)

Offshore networks : completion of work from the 15t national multi-year energy
planning PPE1, securing supplies on PPE 2 and 3, studies and work on PPE 2,
start of PPE 3 projects

Digital backbone : replacement of copper local loops, network restoration plan,
deployment of automated systems, consolidation of control-command renewal
rhythm

Renewal : renewal of overhead lines mainly from 1920-1960'’s, Laser Imaging
Detection and Ranging (LIDAR) targeting strategy, renewal of underground
cables with oil pressure, consolidation of the electric post equipment's renewal
rhythm

Network adaptations and connections : zones P1-P2 (or even P3), 2nd
generation of the regional land-based renewable energy development plan
(S3RENR), very high voltage network phase 1 (start of phase 2)

Md€

[ AT VE R B - s - Y=

-

0

Hili

A reference strategy divided into two periods, each with different challenges

Second period : from 2030 to 2040

v

N\

\\\{

N\
| N\
NN\

2030 2035 2040

Projects commissioned after 2040 : start of projects 2040-2050
(3" phase of very high voltage level network structure strengthening, offshore
windfarm from the 4t national multi-year energy planning PPE4, etc.)

Interconnections : according to the authorities

Offshore networks : studies and work on PPE 3

Digital backbone : maintaining the deployment of automated systems,
accelerating the pace of control and command renewal

Renewal : renewal of overhead lines mainly from 1940-1970’s, renewal of
underground cables with impregnated paper, acceleration of the electric post
equipment's renewal rhythm

Network adaptations and connections : additional consumption zones possible,
new planning approach on regional land-based renewable energy development
(S3RENR), new nuclear generation, very high voltage network phase 2
13



Industrial Among several levers to implement the proposed strategy, RTE needs to

accompany its industrial ecosystem and adapt its procurement strategy

* Successive crises and growth in demand for network equipment around the world create a saturation effect on supply chains for certain grid
components. The acceleration of grid investments over the next decade requires a shared industrial roadmap. Strengthening the commitments
of network operators is a prerequisite for manufacturers and technology providers so they take actions to be able to deliver on time.

* In this context, RTE supports the transformation of its industrial ecosystem and develops its procurement strategy

o e e e o e e e e e e mm e e e e e e mm e e e mm M mm e e M M e M e e e e e M e e e M e M e e M e M M e e e e e e e e e M e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

by planning, consolidating, and standardizing requirements
* from 45 to 14 references for overhead cables

* from 34 to 10 reference for underground cables

* from 13 000 to 1 500 reference for pylons

by having greater contractual commitments (70%
compared to 30% today) and longer contract terms
(up to 8 to 10 years, compared to 3 to 5 years
generally today)

N - ——

_____________________________________________________________________________________________________________

* The reference strategy addresses all the challenges the network and its ecosystem are facing
Il AO O (not just those dependent on technical and economic studies) :

o protecting the network infrastructure and strengthening the country's sovereignty
o providing more visibility to the network users on infrastructure developments
o planning network development at the right time to optimize costs

o providing visibility to European and French supply chains

14




A reference strategy that integrates circular economy and recycling issues :

Envi . . ! . .
e a key challenge in developing dedicated industries

Réseau Somme des besoins
actuel H techniques en 2040 Stratégle du SDDR en 2040

=4 @ Evitement | @ Reduction . Osuwi Levers implemented in
£ o] f : @
£ Actlons Actlons Actlons
E IEEF;ILS::?;? { Inlléesou | Alnvestiguer @ dépendantde | the reference strategy
- e ENgagees { sulteauSDDR | [lecosysteme |
E Priorisation® Féeécycl.;ge AcueI:MIu ! Recyclage plus fort Industriel |
E . ton bas-carbone ilJILI.‘;sr'lrl‘lL:lllI:flell EE.'SA;U Eeé{ljjl;:lﬁ.la?:élgg
g ] i valeurfachats) - . . .
= ER ¥ e Controlling the needs in mineral resources and the
L l o network's carbon footprint
L 0,8 MtCO,eq/an .. 1,8 MiCO, eg/an r 1,2 MtCO,eq/an 4.1.15 MECO,eq/an ; 1,1 MtCO,eq/an u. 0,8 MiCO,eq/an "[‘EE:”E%E&:E}
e .
O+ = s 15 ktfan v M3kan » i3kwan e 2K . (ecACvdu Further reducing SF6 leaks
recycle rmatériel)
o L skuan |— 35 ke/an p 0kan  * dnmm%reqn:le r d“v”'flr?:;je;?éde . mﬁﬁjﬂlﬁﬁﬁ
| Wt o Increasing  environmental  requirements  in
I . . . i o vent e ;
[ aciers | 15 kifan p 130 kt/an r 80 kt/an IérdnntSO%recyde gpmm:mtn.req.«:le Jocordsde equipment procurement
EZ+  190kan p 600 ktfan p 400 ktfan p dmtbémlf:ms—mrbum:
@O Consommation de matizres &) Emissionsannuelles @ Actionsinitiées (3 Actions 3 @ Acsions dépendant e Moving from experimentation to scaling up the use of
=N moyenne annuelle (cuivre, de RTE (pertes, 5F,, ou engagées investiguer de l'ecozystéme . . . .
BT aluminium, aciers, béton) ouvrages) dansle SDDR suite suSDDR  de fournisseurs recycled materials in the various equipment used for
the electricity network
Reduce the carbon footprint by increasing the consideration of e Explore further possibilities for substituting copper
1 1 1 [v) 0, . . . . .
environmental factors in purchasing (10% compared to 3% today). with aluminum in new high-power submarine cables
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Skills Even if RTE relies on a high technical expertise, investments growth in the

electricity networks entails significant needs in terms of jobs and skills.

O@6 A recruitment volume comparable ¢ 1 Initiate a process to enhance the
to the nuclear and rail sector ﬂ/— attractiveness of the sector and
r\frun‘qu o the nuclear and rail sectors sss

the training system

€ racilitating career transitions
106,000 jobs in 2030 across the sector (system
operators, suppliers, service providers), representing 9 Enriching the initial training offering
an increase of 40,000 jobs compared to 2023
9 Increasing the attractiveness of careers
Considering a growth of the headcount and the need in the sector

to replace departures, this represents approximately :
In addition to the partnership launched in March 2023 (the Network

58,000 new hires by 2030 for the sector, or Schools for Energy Transition), the French system operators and
8,000 to 12,000 new hires per year other industrial associations created on the 4t June 2025 the French
industrial sector for electric grid companies (FIERE) which aims at
4,300 new hires at RTE by 2030 (including 1,600 supporting skills development among other objectives like :

e ety s, wikdn W fesi 10 (elpleigs Clepariires) * Supporting the electrification of uses and reindustrialization

* Strengthening industrial capacity at national and European level

* Securing critical supplies of metals and materials

16



Renewing the network and
adapting it to climate change

7



The strategy for renewal and adaptation to climate change presented in
the SDDR 2025 is based on three key principles

Renewal

Dilapidation (SDDR 2019 priority) Climate change (SDDR 2025 novelty)
Pylon installed between
2000et 1975 1975et 1950 1950 et 1920

6 000 e e, Flood risk for electrical substations
i 65000 pylones

o 000 i entre70et
- 105 ans % %
S ao00 ;
=y H
a :
S 3000 i
v H H
]
£ 2000 ,
2 . . :

1000 Risk of high temperatures for overhead lines

0
] 10 20 30 40 50 60 70 80 a0 100
Age

The guiding principles of the strategy:

*  Principle n°1: pooling of renewal and climate change adaptation works (two-in-one strategy)

*  Principle n°2: within the renewal program defined following the 2019 SDDR, prioritizing
infrastructure most exposed to climate risk and in areas subject to local connection dynamics.

18




The proposed strategy aims to make 100% of the network resilient to
climate change by 2060 (80% of the network by 2040).

Renewal

2025 2040 . 2060
: [ o0a
A g
> i ¥ A ‘“’{”\_/( A
g o 5 *y w" d /
Heatwave TR T G 3 % Do, ; @ Lines exposed
risk on s --‘"' ol 37% n 18% /; 0% to heat risk
M 1 Ty -
ov:erhead &\ ARy S o 108 h00 P < i e Non-exposed lines
ines VAT - War S B i l g
e f s
% s 4
M\,,(
2025 2040 W oernaa P, & 2060
@® Flood-prone areas with
risk to power supply
Risk of » RTINS LA
100-year e N R ) i ‘— 18% ‘— 12% ® Flood-proof without risk
flood at & Ela AN (S ) &b > to the power supply
WS N e g - postes postes

stations
Non floodable

7% : l0ad to be taken over by neighboring
stations (operational system plan)
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Climate change
adaptation

Two challenges for climate change adaptation: (1) the design of new infrastructure
and (2) the gradual adaptation of existing infrastructure

Climate change adaptation strategy

New asset Existing asset

Structure presenting several risks
(dilapidation, obsolescence, climate, etc.)?

5 investment scenarios proposed in

the « renewal » section of the SDDR, No action
Adaptation of technical including a baseline scenario needed
requirements from the +
design stage onwards Adaptation of operating and

maintenance rules as a supplement
Agreed in the preparation

phase of the SDDR Proposed in 2025 for a total of
@ €20 billion over 15 years 20




Connecting new low-carbon facilities




@

Launch a major industrial program to ensure the connection
of the facilities needed to decarbonize the country

Connection

(~)
Planning the connection of new low-carbon facilities

Schéma décennal
é en

Consumption Generation
20
New industries 7\ New nuclear
8F N
hﬂ Existing industries that ~  Offshore wind power
are decarbonizing and
electrifying

fe
% Onshore renewable
@ energies and batteries

Given their power, most of these facilities will be directly connected to the transmission grid and will influence its size.

Three principles apply to each sector: identification of favorable areas + transparent prioritization of investments +
evolution of the contractual framework.

22



Connection

o Provide information on favorable areas

I
0

Plan investment prioritization zones

P1 zones (Dunkerque, Le
Havre, Fos-sur-Mer)

P2 zones (Valenciennes, St
Avold, Sud Alsace, Vallée de
la chimie, Plan-de-campagne,
Loire-Estuaire, Sud lle-de-
France)

P3 zones with potential for
accelerated development of
the 400 kV network

Publication of maps for each type of user, to encourage the
proper location of projects in areas allowing for rapid connection.

% Commissioning by 2029

* Investment triggered as soon as
administrative authorizations have
been obtained

3 Commissioning around 2030

* Administrative procedures ongoing,
but works are contingent upon the
progress of industrial projects

% Acceleration of investments possible

* Subject to approval by authorities
and investor interest

e

The reference strategy is based on a new “network offering” approach

Developing the regulatory

framework for connection
to prevent speculation

Moving from a “first come, first
served” principle to a “first ready,
first served” principle

Exploring the benefits of “AMI”
devices (call for expressions of
interest)

which
financial

Changing the
customers
contributions

ways in
make

Encourage connection to available
63 to 225 kV networks

Define a specific connection

framework for batteries

23



Strengthening the
network’s backbone




Renforcement

Localization of current and future main
centers of generation and consumption

Consommation :

EnR terrestres :
Principales zones actuelles {principaleszones de production
dével actuelle et concentrant les demandes
. ?u avec un développement de raccordement)
important des secteurs i
industriels ou numériques ® Solaire

®  Eolien terrestre

Nucléaire :

Existant Eolien en mer :

s Trois premiers sites
© des EPR2

@

Principales zones identifiées
pour les appels d'offres 3 a 11

The network structure will need to be strengthened to support the evolution of flows

Congestion on the very high voltage

Increase in cross-border exchanges network in 2040 (if no reinforcement)

(France is developing

/ into a transit system)
] ‘

North - South flows
(offshore wind )
generation in the '

Northwest )

\

South = north flows

(PV generation in the f‘“v West > East flows
Southwest and Spaln)J\_ (concentration of
generation in the west)

~ €100 M/year

up to €3 B/year

25



The reference strategy is based on a sequenced reinforcement approach

Reinforcement projects to 2030 Areas of reinforcement between 2030 - 2040
Consultation or works planning in progress Identification of technical solutions ongoing

Commissioning before
2030 of projects in the
Massif central, in the

Centre and in zones 1 et ZJ

@ Strategic development plan for the French transmission network by 2040 (SDDR 2025) — Conference CNF CIGRE — October 16, 2025 26



The reference strategy balances the development of interconnections and the need

Interconnections . .
to reinforce the internal network

Reference strategy

Sj:z By 2030, complete the commissioning of projects resulting from the last SDDR
- two HVDC projects with Spain and Ireland + work to increase interchange capacity at the Spanish, Belgian
and German borders

Compared to 2020 capacities

+ 11 GW export

By 2030, France’s cross-border capacity will have grown considerably:
+ 9 GW import

E + S:tz After 2030, new interconnection projects are conditional on prior reinforcement of the internal network

Otherwise, either these new interconnections will not be fully exploited, or their use by the market will
generate costs for French consumers without corresponding social welfare benefits

@ Strategic development plan for the French transmission network by 2040 (SDDR 2025) — Conference CNF CIGRE — October 16, 2025 27



Le réseau
de transport
d’électricité

Thanks !

Copyright RTE — 2021. Ce document est la propriété de RTE. Toute communication, reproduction, publication
méme partielle est interdite sauf autorisation écrite du Gestionnaire du Réseau de Transport d'Electricité (RTE)
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The Italian National
Energy and Climate Plan

. Pathways to 2030 and 2035 climate goals
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A New Perspective: The Electrotech Revolution

Electricity is now the engine of change: Electrotech describes the radical transformation in the fields of electronics and electrical engineering, with the

introduction of new technologies that improve the way we produce, transfer, distribute and consume energy. Some examples of innovations in this area
include:

» Advanced power electronics: HVDC VSC converter substation

» Renewable Energy Technologies: solar, wind power plants {
» Electrification as a vector of change: EV, heat pumps @_L
> Artificial Intelligence and the Internet of Things (loT): Data Center, Al. [oio] Electrotech Age

C— 6th wave
.@ Digital Age
Age of oil St WavS
and mass

production
L Age of steel 4th wave
@ i e and electricity Renewable
. gand rail e wave ermazn El etn'?rg»;'
Industrial g Mass-produced technologies ec rlAlfo ion
Revolution o automobiles Telecoms
Ist wave Electricity ; Software
Cheap ol
Steam engines Steel Petrochem
Iron Steam power Heavy
Waterpower Rail engineering

Mechanisation

Source: EMBER — The Electrotech Revolution 2025

For power system expertise
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Italian Energy Framework

Decarbonization targets beyond 2030 INECP 2024 SDD 2024

ettt o, Tmmmmmmmee- Scenario = -------

SDD 2024 Distributed Energy
CO, reduction vs 1990 (EU) : 559, Oltre =55¢,1
| - 0 - (1)

_ -30% i
» The 2025 National Development Plan plays |

a fundamental role in achieving European .
and national targets for the energy 2021 2030 2035
transition, as well as for the independence

and efficiency of the Electric Transmission RES share in electricity
System, through investments in strategic consumption (IT) ' 70%

infrastructure. i o
41% | 63%

> The Plan is consistent with the objectives of
the 2024 Integrated National Energy and

Climate Plan (INECP), as incorporated into '
the energy scenarios developed by Terna _ 2024 | 2030 2035
and Snam (2024 Scenario Description PV and WIND installed

Document), which are aligned with the capacity (IT) | 137 aw
European "Fit-for-55" directives. : 107 W

» The 2024 Scenario Description Document 50 gW
(SDD) follows a continuity path with respect :
to the 2022 SDD and is aligned with the 2024

INECP. 2024 : 2030 2035
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Energy Scenarios

RES and storage outlook: capacity trends and
. connection requests
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Decarbonization targets

Description of Energy Scenarios 2024

— Electricity demand
(History)

337 340 339
330

335

321 321 359

318 317

314

320

30

318

315

TWh

312

— Electricity demand
(Scenario)

TWh

Electric vehicles [MIn]

Electric bus [K]
Electric trucks [k]

Residentials HP [MIn]

Increase in electricity
demand driven mainly by
the growth of electric

6,6
17,0
30,0
4,6

(DDS24
Scenario PNIEC)

D Solar D Wind onshore Wind offshore

RES for electricity
consumptions (IT)

(DDS24
Scenario DE-IT)

2024  Increasing Electrific. H2 Others?  Energy 2030 hicl d heat
P P QA 2 O DB N IA D D> O 0 A DO D AN A gD for PIL roducation efficienc: venhicles and heat pumps.
O \) N} ) W) N N N N N N N N N N Q& & V& & p! y
T LT T TS S S
— FER — Increasing capacity RES at 2030 and 2040
(History) % (Scenario)
+127 GW
+65 GW Increaslzr:’a((’:apaclty
Increasing capacity 1 70 GW
15
+7,5 GW
’( Increa’singcapacity 1 107,4 GW 34
2024 /_2
—
26
42,6 GW 50,1 GW / - N
12 — 13 — 79 63/0 o
30 37
2023 2024 2030 2030 2040 2040

RES for electricity
consumptions (IT

=

7 c

Ay
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Energy Scenarios

The PNIEC Policy 2030 scenario aligns with the objectives of the PNIEC; the long-term scenarios DE-IT! and GA-IT? explore different
pathways toward carbon neutrality by 2050; the PNIEC Slow? scenario anticipates a slower transition.

Scenario and Target Years Summary of 2035 — 2040 Scenarios

Distributed Energy Italy PNIEC Slow
(DE-IT)
Maximization fo RES power | Relevant contribution from

2-3 years od delay respect

Short term Medium term Long term . i Summa_ry . plants. Deep penetration of | both RES power plants and | to Policy scenario witha |

> . Scenario i : : i . | L '

i 1 electric vector in demand green gas in demand ' moderate electrification and !

2030 2035 2040 i ' consumption. Residual use ! consumption. Deep ' lower RES and greengas !

! ! of green gas. ! penetration of electric ! integration. !

I e TSSO r---"~-~-=~-=-====°-°-°==7=7===7=°=7% I | A 1

. Topology ' Aligned with «Net Zero» by | Aligned with «Net Zero» by | Aligned with «Net Zero» by !

Policy GA-IT | Scemario ... . I 2050 . 22050 !
Scenario + Electricity ' TYY) e0o o0
PNIEC ' Demand ! ! | i

(policy) ' : : : :

DE-IT . tell Industry : 0000 : o000 | o0 :

Contrasti L civil i [ TYYY) i eoe00 i e00 5
ontrastin I ! ! ! !
Scenariog > ' ==l Transport : o000 : o00 | [ 1) |
PNIEC PNIEC PNIEC  Renewables  —on pTTTTTTTTTTT T VT T Tt T :

Slow, : | | YY) : [ 1) :

(Slow) (Slow) (Slow) | Sources : ' TY ) : | :

o o ® ' Green Gas Demand é ! oe ! oo | g :

PNIEC PNIEC Distributed Global ! i , | .

Policy Slow Energy Ambition ! d Industry | e | oo | ¢ |

ltalia (DE-IT)  ltalia (GA-IT) L cwil ! ° ! (Y : !

. =R Transport i [ ] i 000 i ® i

1. Distributed Energy Italia (DE-IT): It foresees a strong penetration of the electric vector across all sectors (residential, transport, and industry), maximizing the use of renewables.
2. Global Ambition Italia (GA-IT): It foresees greater development of green gas-powered technologies, used not only as feedstock but also in the transport sector.
3. PNIEC Slow: Formal request by ARERA (ltalian Regulator) from Cost-Benefit Analyses (CBA)..

For power system expertise
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Energy Scenario — RES and Storage

@ RES Capacity (G

Distributed Energy Italia (DE-IT) Global Ambition Italia (GA-IT) PNIEC Slow Solar - Wind
170,1 154.1
’ 116.3 In line with
107,4 1210 107,4 92 5 ’ decarbonization
100,0 ’ 95.0 11,0 ’ 1051 targets, renewable
79.3 ’ 79.3 ' 87,0 capacity in Italy is set
42,6 42,6 42,6 70,6 to increase
30,3 30,3 30,3 significantly across
all scenarios.
2023 2030 2035 2040 2023 2030 2035 2040 2023 2030 2035 2040
PNIEC DE-IT DE-IT PNIEC GA-IT GAAIT PNIEC slow PNIEC slow PNIEC slow
Policy Policy
@ Storage Capacity (GWh Small Scale Capacity Market - Utility Scale - Existing Hydro Power Plants
Distributed Energy Italia (DE-IT) Global Ambition Italia (GA-IT) PNIEC Slow
216,5 Storage capacity
173.7 19,1 -75 183,6 167.0 increases across all
; 18,2 ? i i
16,2 “_75 scenarios, following
121,5 7.5 137,0 128,6 17’5—7,5 the growth of

2023 2030 2035 2040 2023 2030 2035 2040
PNIEC DE-IT DE-IT PNIEC GA-IT GA-IT PNIEC slow PNIEC slow PNIEC slow
Policy Policy
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Energy Framework

Connection Requests: RES and Storage Power Plants Values in GW

Update: July 31th 2025

The management of connection requests received on the High Voltage (HV) grid Requests’s location 55,8
allows Terna to gain a systemic view of potential future developments of Renewable
Energy Power Plants and storage systems. This enables the identification of key
areas of focus to support a coordinated and efficient expansion of grid
infrastructure, ensuring maximum efficiency in the implementation of grid projects.

28,4

The 2025 Development Plan takes into account the share of Renewable Energy
Sources (RES) and storage systems to be integrated into the HV grid, estimated based
on scenario analyses, in terms of the infrastructure projects required to enable their

connection. 11,2 g4 127,9

117,4
Connection requests, both for renewable plants and storage systems, are primarily I I
concentrated in southern regions and on the islands.

50,1
Connection requests on UHV/HV Network! ‘ |23,2
110

CENTER NORTH

ﬁ&l

)
(32 /0) SARDINIA CENTER SOUTH
343 cw 302 cw 785
Renewables power Storage 50,3 120
plant i '
155 78
(45%) (23%) 277 CALABRIA
(92%)
SICILY
] WIND on-shore  [CJ WIND off-shore [_] Solar [ stand-alone Integrated D HV connection requests D HYV connection requests by energy scenario?
by RES Storage
1. Updated data on 31/07/2025. =

2. Solar and wind by 2030 (respect to 2022) 0’4‘») c.
s/ CIgTE
38



Power System Evolution
RES Installation trend

RES evolution - 2024 [GW]

N - hours with RES share over > 50%* .
500
PV Wind +7,56wW 50,1
36.9 +57GwW 42,6
<rowy 338 O™ 13
12,3
26,9 s 118
i 303 8.1
184 [.] 226 251 '
2019 2024
2013 [.--] 2021 2022 2023 2024
Y, N Y,

Higher RES installation rate starting from 2022 respect
to the previus average decade (= 1 GWly)

(*) From January to April 2019 and 2024
39

Number of hours with more than 50% of the
load consumption supplied by RES
generation
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Evolution of electrical
demand in the energy
transition

RES integration and implications for the power
. system
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Electricity Balance 2024 vs 2030

Generation mix in Electricity Balance(TWh)
electricity demand . [Total electricity demand 312 362
- [ . 169 129 1 S [Traditional electricity consumption 312 352
S o E Electricity demand for H2 production - 10
£ @@E, Total electricity production 261 322
= @% £ |Total RES Production 129 227 .
N B vy 3 Hydro 59 46 RES prodgct/on
§_ - Solar [ Solar first source F 36 105 doubles, dl’lVGI? by
g | Wind by 2030 % 64 solar generation
"""" Other RES 19 17
Overgeneration ~0,3 -5 OG is aligned with
Total conventional production 133 95 the scenarious in
of which Natural Gas 121 88 the other EU
Import/Export (net import) 51 43 countries
2024 2030 Storage losses -1 -4
Net import Storage production 1 18 Increasing role of
I Conventional production Storage consumption 2 22 storage
| (2 pcclusien RES share on demand (%) 41% 63% technologies

Italy’s NECP foresees RES production nearly doubling by 2030, with solar as the leading technology, reducing
both conventional generation and imports compared to 2024.

1)  Source: Terna. Provisional data "i A
2)  Source: Terna, Documento di Descrizione degli Scenari 2024, Scenario PNIEC Policy ":.« “‘ CIg'e
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[MW]

Electricity demand and generation on Easter Holiday
Real case study from Sunday 7th in April 2024 during springtime

Electricity demand and residual loa

30000
25000

20000

15000

10000

5000

11111

(1
-5000

1 2 3 4 5 6 7 8 9 10 11

= Wind curtailment EEEEE Pumping BEEES Export BEEEE Thermal s Import
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d

12

13 14 15

Solar N Wind

16

17 18 19 20 21 22 23 24

Hydro mmmmm Biomass MMM Geothermal em=Demand

—

a

Solar production record, storage

utilization and wind curtailment )

Photovoltaic generation reached a record
high of 14.5 GW, an unprecedented level,
already net of self-consumption.

Pumped storage contributed 13.6 GWh of
system flexibility.

Total wind curtailment amounted to
approximately 0.5 GWh

a

a

High RES penetration in electricity

demand

Renewable generation covered 74% of the
daily electricity demand.

The peak share of RES, recorded at 1:00
PM, reached 97% of demand, despite the
modest contribution from wind power.




Changes in generation mix

Main aspects and effects on electricity demand

Main Impacts

O Reduced capability for voltage and frequency
regulation, as well as upward reserve provision, due
to the decreasing share of thermal power plants in
the generation mix.

O Transmission network congestion resulting from the
geographically unbalanced deployment of
renewable energy sources, with critical constraints
particularly in Southern Italy.

O Increased reliance on thermal generation during
evening peak hours to offset the decline in
photovoltaic output.

The simultaneous RES increase and the decline of
thermal capacity within the generation mix are
fundamentally reshaping the configuration and
operational management of the power system.

* Residual demand not covered by RES power plant

43
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Electricity demand and residual load*

)

1 2 3 4 O 6 7 8 9 1011 12 13 14 15 16 17,18 19 .0 21 22 23 24
—— Electricity Residual = ... RES
demand Load
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Impacts of energy transition

on the power system

Ensuring grid stability in the era of renewable
. integration
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How the energy transition impacts on the electrical power system

The electrical power system is facing significant transformation from generation to consumption perspective. As RES integration increases, along with
thermal generation reduction, TSOs will face new challenges operating the power system.

Distributed Generation
H Renewables
S Storage systems m
Prosumers

- _g) \ ﬂ Multidirectional flows
H U] I Cross border flows

HF’."rF'r‘/.{.JE.]J'PS S!o;;ge '«"'-./-’:;iﬂ' Market coupling g
(converter-based)
Data center -

Idropower

...TOWARDS AN INTEGRATED il
FROM TRADITIONAL SYSTEM... AND IBR DRIVEN SYSTEM il
IMPACTS ON ELECTRICAL POWER SYSTEM
RES integration and decommissioning of @
thermal power units @@” 1 ‘
» |nertia reduction » Reduction in adequacy range » |ncrease in internal congestion based on
= Reduction of voltage and frequency = over-generation during the day generation and load location
regulation capabilities * |ncrease in slope evening load ramp = Distributed generation

For power system expertise
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Evolution of the electrical power system

Cluster Impacts on electricity system management Inertia Reduction, Overgeneration

O O O
)

B Reduction of system inertia Event ¢ Inertia, > Inertias

|

|

Technical
characteristics of
RES

B Reduction of resources for frequency and voltage
regulation

Frequency [Hz]

Reduction of the adequacy margin

Intermittency

v

Increasing periods of over-generation

Time [s]

of RES

Increase in residual load during the evening ramp

[Mw]
10,0

Increased network congestion due to the geographical
distance between RES supply and consumption centers

30,0

20,0

Location
evening

of RES Growing challenges to system operation due to 100 ramp
increased distributed generation " aaserseN 7 (T
Climate change

-20,0

Growing risk on service quality

30,0

e 2019 =2 030 NECP 2040 DEC

~J

7 cigre

For power system expertise
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Voltage regulation and system stability

SHORTCIRCUIT POWER AND
VOLTAGE REGULATION SYSTEM STRENGTH RES IMPACT ON GRID EVOLUTION

Voltage control, implemented across three
hierarchical levels, keeps the grid within tight
limits around the nominal value, ensuring
both security and power quality.

* Primary control: fast and local
« Secondary control: regional level

* Tertiary control: system-wide, aimed at
optimizing reactive power flows

Y ZERTIARYY
’/ CONTROL

SECONDARY
CONTROL

PRIMARY CONTROL
(Production pole or
generator)

Short-circuit power is an indicator of grid
strength with respect to voltage
disturbances: higher values reduce the
impact of perturbations on the affected
area.

. High RES penetration
Low RES penetration

High penetration of RES leads to:

* Reduced short-circuit power due to
limited contribution from inverter-based
resources (IBRs)

* Increased requirements for voltage
regulation systems

* A redefined concept of grid strength,
with IBR controls becoming essential for
system stability

Flickering Slow Voltage Change

0.5 4 0.5

0.0 0.0 T T
0.0 0.5 10 0.0 0.5 10

Time [s] Time [5]
Voltage Dip/Sag
104 |
0.5 4 I j |
0.0 0.5 1.0
Time [s]

cigre

For power system expertise
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Frequency Oscillations Issues

Critical

Action Plan

Decarbonisation

Phenomenon

« Inverter based - INERTIA reduction * Thegridis « STATCOM, Synchronous,

generation increase (substitution of existing incrfaasingly sensitive Condenser,. Reactors, active
conventional generation) to g.lstl:rtbancest, power stabilyzer
subject to greater .
- POWER FLOWS increase uncertainty, and * REAL TIME monitoring
between market bidding reduced STABILITY. system of short circuit power
zones The grid may enter and inertia levels

alert situations?,

* Facilitation of the _ _
potentially escalating

generation of ni al
OSCILLATIONS to critical conditions.
propagating along the
entire length of the
electrical network

62% - « SHORT CIRCUIT
Maggio POWER reduction
jeopardising the quality of
Orario  Giornaliero ~ Mensile Su pply (prOteCtion SyStem
and fault selectivity)

For power system expertise
1. "According to the System Operation Regulation, the Alert State is reached when the frequency deviation is below =200 mHz and S ’
48 greater than =100 mHz for more than 5 minutes, or greater than =50 mHz for more than 15 minutes.



New sensible and emerging loads - Data Center (DC)
Challenges and new way of planning for TSO

Data Center Impact Q

In Italy, Terna has received over 300 applications for 55 GW, with forecasted demand of 11 TWh by

2030 (=3% of total). In the US, data centers could reach up to 12% of total demand by 2028, growing
~4% per year.

Data server
tech support

30,2

Electric Characteristic 7V

Inverter-based resources characterized by fast
ramping and high variability.

System Stability Risks il

Remaining

Frequency and voltage instability may arise in Regions

response to active and reactive power absorption

causing sub-synchronous oscillations. Insufficient
ride-through capability.

Planning and Forecasting Challenges EE

cenler Data storage

center

Dato processing
conter

Impact on long-term planning and operational reserve
management. Lack of accurate dynamic models complicate

: Values in GW
demand forecasting and infrastructure design. Data updated on
July 2025
Impact on Load-Shedding and Blackstart

Main requests’s location

Developing specific load models, updating connection
It is essential to integrate data centers into load-shedding and and planning procedures, equip with storage to deal
blackstart programs, considering their internal segmentation and with peak consumption and provide stability services
demand variability.

can help data center integration?-2
1. «Whitepaper Characteristics and Risks of Emerging Large Loads, NERC (North American Electric Reliability Corporation), July 2025.

2. «Power Stabilization for Al Training Datacenters”, Microsoft, OpenAl, NVIDIA, August 2025
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Enablers of the Energy

Transition

National Development Plan 2025 and the Hypergrid
. Project
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2025 National Development Plan

NDP in numbers

INVESTMENT PLAN

Over €23 billion
in the 2025—-2034 decade and

over €40 billion considering
the full lifetime value of the projects

(+10% vs 2023 Development Plan)

at least

(In line with the PNIEC and the 2024
Scenario Description Document)

€

A»Jrk\ E
L

——

CO, EMISSIONS REDUCTION

up to approximately 2,000 kt/year
by 2030

and nearly 12,1 00 kt/year
by 2040 (+2.5% vs 2023 Development Plan))

*

INCREASE IN

TRANSMISSION CAPACITY
from the current 16 GW

to approximately 39 GW

(+22% vs 2023 Development Plan)

INCREASE IN

CROSS-BORDER CAPACITY
by around 40%
compared to current levels?

=

1. Of which +43 GW to be connected to the high-voltage grid

g

2. Considering all projects included in the Development Plan, including those beyond the ten-year horizon

51

AVOIDED LOSSES

of approximately

0.4-1 TWhiyear

For power system expertise



2025 National Development Plan
Guidelines in the planning process: Hypergrid and HVDC projects

Technological Solutions

——

HVDC (VSC' and MTDC?2)

New innovative DC infrastructures

Choice and motivation

WHY HVDC PROJECTS?

. Greater transport capacity

. Reduction in terms of EM field

. Decoupling of AC and DC networks

. Greater flexibility and flow management

Reliability with bipolar configuration in terms of N-1

" conditions

System Strength services as voltage regulation and

" system stability

Technologies better integrated in an Inverter-based

" power system.

Development and integration of Innovative Grid Infrastructures able to increase Net Transfer Capacity among
bidding zones and support the energy transition process towards an inverter-based dominated system.

1. Voltage Source Converters
2. Multi-terminal Direct Current

52
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Grid developments towards the energy transition
HVDC links in ltaly

HVDC links in operation Planned HVDC links

HG North
PISA Tyrrhelpan

Italy - France
320 kV cc - 2x500 MW 486 k

Adriatic Link
2x190 km .\ 211 km
SEano™, HG Adriatic Corridors
MONITA SACOI 3 f e ' Foggia-Forli
SACOI Italy - Montenegro 120 km - - &\ “ A Y 481 km
Sardinia — Corsica - Italy 500 kV cc - 600 MW S = Suinaaa oy Y
200 kV cc - 300 MW 445 km . : V{l,largovi ..... s + MONITA 2

® < >\ 442 km
Montal‘l‘g» ® Latm{f & o) Foggia

"tagpaunns®

116 km .

Fiumesanto - Montalto

S — (SAPEI 2)

343 km GRITA 2
SAPEI ‘ 163 km
Sardinia - Italian Peninsula \ Montecorvino%y e,
500 kV cc - 1000 MW .
430 km GRITA ® Rossano
Italy - Greece ————
400 kV cc - 500 MW
161 km Tyrrhenian Link i ‘C;/L ¢ HG lonian-Tyrrhenian
970 km Corridor
;" ELMED Priolo-Rossano-Latina
200 km 831 km

I 5 HVDC links are in operation. Other 5 links (including the so called Hypergrid Projects) are in permitting or under construction I

’llll‘ ’lll.‘ M M iﬁ‘
53 Interconnections Submarine HYDC  AC/DC refurbishment AC upgrade @"”‘) CIge



Developing the infrastructure of the future

Main interzonal projects and interconnections with foreign countries

2035

2040

& Milano — Montalto

i ‘{7 £ E
\ 7 M S ‘
Colunga - ' ‘ >
Calenzano Adriatic Link ‘“‘—j by, P Forli
Y AP
L »

& . Dorsale Adriatica
Central Link % - . % : :
Foggia-Larino-Gissi A \ *, Foggia-Forli
SACOI 3 . % [ RN
e * \ ‘; ~ 7 v “
Yy ¢ \ - .
L Vil S
Y “ iflanova .
y ) Montalto @ - "~ %J{e oo
y© % - ~ ) ; oggia
;”. VN.\ Riassetto Rete o A, g o9

W\a "

3 b \~\
. - N GRITA 2°
Montecorvino Avellino \A‘\ = 29""-... ”
\

%
ot N~ \\\
s M}) 3 ¢ nord Calabria
) Montecorvim;":‘\‘“'\ A F \\i
}.) . \& <

Benevento

Bolano Annunziata :

4-------’ ‘lllllll* ‘IIIIIII’ ‘IIIIIII’

Interconnection

Submarine HVDC Upgrade AC/DC Upgrade AC

1. Possibility of bringing forward the complete project within the 2025-2034 planning horizon is under evaluation.

2. The network scheme of the project is under further analysis with the TSO counterpart Swissgrid to identify the most suitable solutions to implement
54 3. GR.ITA.2 First pole: +500 MW by 2033 GR.ITA.2 Second pole: +500 MW by 2035

. 220kV Italia-Austria
Raz. Valch. 2 ) T A &
Interconnessione A 9 s
] B & ~
Italia-Svizzera_ J,,J & S | { 3

L -
RARESRE® Jtalia-slovenia

b
A S
|4 ¥ - ~
\’r‘:/\ N Rimozione limitazioni
- T 380 kV Ovest Firenze
\ P2
. ) ¢
<l ® i ; %, EI.380 area Benevento Nord
Montalto o s
. A SV J
PL L E ey S "“ . AT~ (

Dorsale Sarda [ &
Fiumesanto-Montalto "*,\
(SAPEI 2) e Sardinian Link /
),
@

Sud Sardegna <
LR S

4 ¢ S
\ @ug 7 EL380 kVAliano - Montecorvino

\ { .+ Dorsale Ionico Tirrenica
. o . .
\ & Priolo-Rossano-Latina
@'

<IIIIIII’

400 kv

o@?"ﬂ.
2y Cigre
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System needs and key features of NDP 2025

Main technological innovations for HVDC and Hypergrid projects

The realization of the Hypergrid project led to engineer new innovative solutions. Various studies and technological insights were conducted,

especially in the field of towers to be used for the new overhead power lines.

» %525 kV HVDC VSC Converter Stations > £525 kV HVDC Towers
New VSC Converter Stations planned by Terna increase system Rl]ewlilyDgI?nTeg itr;]terventior;s ir;
stability and flexibility managing power flows thanks to active- Ag b kanu © 2260upg:;goek\(;
reactive decoupling control and STATCOM behaviour to enhance ith [a)% one: (d i or ith )
voltage control and system strength. Wi overnead fines with a

voltage of up to =£525 KkV,
characterized by a high transport
capacity over long distances.

This required the engineering of
a new family of towers, whose
design and engineering are
based on sustainability,
minimization of visual
interaction, static fields and
acoustic noise.

Rendering VSC Converter Station

55

HVDC towers up to +525

kV
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Advanced technology to enable
large integration of RES

. Inverter-based and synchronous compensators
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Mapping of reactive power damping devises

Terna’s investment plan

CONSTRAINTS

>

>

Voltage damping during last 5 years has led ecoomic outcomes, particularly
during low load hours

Most expensive cluster in terms of Ancillary Services are Brindisi, Foggia,
Campania, Calabria e Lazio

REGULATION DEVICES

Starting from 2017 Security Plan, a compensation plan has been identified and is
being progressively strengthened:

>
>

Reactors: static devices for reactive power compensation

Synchronous condensers: rotating machines used to regulate the voltage on
a grid node through absorption/delivery of reactive power and provide
frequency regulation with inertia

STATCOM: Static devices that, by modulating the amplitude of the internal
voltage source, regulate the voltage on a grid node through the absorption or
supply of reactive power

Damping Resistor System: Damping resistor are devices that provide
dynamic stability and damping of grid oscillations and can be used in restart
strategies, allowing the mitigation of disturbances from renewable sources

MARKET BENEFITS

> Ancillary Services Costs reduction due to less Power Units committed

ELECTRIC BENEFITS

>

>

>

>

Inertia, Rate of Change of Frequency (RoCoF)
Short-circuit Power

Voltage regulationd and reactive reserve
Power System Stabilizer

57

Synchronous condensers

- 16 in operation

- 4 post 28

- 7 between '24-'28
Reactors

- 11 in operation
- 15 between ’24-'28

STATCOM

- 5in operation

©

Damping Resistor

- 10 between il '24-'28
- 15 post 28

®

Fumesailto '

@ sc 24-28

Aurelia

Roma Tiburtina
S.M. Capua Vetere

Patria \
Secondigliang
Casoria

Feroleto

. Sorgente
Caracoli (2)

Melilli

@ Reactors 24-28 e Damping resistors 24-28

Q scprost2s Q Damping resistors Post 28



Energy Framework

Synchronous condensers for grid services

01 Voltage Regulation Rate of Change of Frequency (RoCoF)
Synchronous condenser (or rotating condensers) are rotating
machines that allow voltage regulation at a grid node by absorbing APumb
or supplying reactive power, which is controlled through the RoCoF _H— : ff
excitation system current \ Sys

50.2

S0 ¢

02 Frequency regulation

¥ 49.8 1
With the addition of a mechanical flywheel, synchronous compensators g 496
are able to dump frequency variations, providing increased inertia and §-
system stability (reducing both the amplitude of oscillations and their s
rate of change — RoCoF). 492 -

4
03 Short circuit power 0
Time (s)

Synchronous compensators deliver a short-circuit power level
comparable to that of a conventional thermal power plant, ensuring Typical dimension of generator with flywheel
proper operation of protection systems and improved power quality. = 19192 =

04 Restoration Phase = | }:Eﬁﬂ'j, ] 2

During grid restoration phases, they can enhance reactive power margins
(voltage profile), support the fast re-energization of HVDC links, and Flywheel
accelerate the restoration of loads , 5646 2025 10030

58 W2 cigre
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Introduction to Grid Forming technology (GFM)

From Grid Following (GFL) to Grid Forming (GFM)

— Grid Following Inverter — Grid Forming Inverter —
K] PR  pcc g Grid
g
P I PCC Grid !
I o T [ l Zg : y : v
2 i | vl vree ™ power : E !
Veee ! y pee Ve . ] !
P O3 | S R e M [t -
- Current “ ¥i phase 1 [ “orming
Irce setpoint i : Fo!lowing T T* T. T.‘ :___: ______ :
(a) T T Vo= o= 0 Ew PO Voltage Control
P* Q0 Current Control « Does not require a PLL to be synchronized with the grid.
PLL critical element. Requires a stable grid to operate correctly. * It sets Voltage amplitude and frequency according to various logic
controls, with lower risks of being affected by grid disturbances.

. A y

Terna tested GFM technology at the Storage Lab in Codrongianos, Sardinia, confirming its stable operation through various tests among
P-Q control, frequency response, short-circuit, black start. The trial provided valuable insights, to support future technical and
regulatory developments, ensuring a reliable and efficient National Electric System in a renewables-based future.

W

Power Step GFM response
in VSM (Virtual
Synchronous Machine)
control with two different
value of inertia H
(Codrongianos Storage Lab
test).
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Conclusions

Towards a secure, resilient and carbon-neutral
. power system
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Enabling Factors For The Energy Transition in the electricity sector

00 00—

Markets for EU adequacy

2 Grid Developments RES Development New storage capacit . :

S P P 9 pacity and integration

qEJ * Increased transport capacity < Targets for 2030: » Targets for 2030: * Revision of capacity market rules
§ « Synergy with previous o 107 GW of wind and o +71.5 GWh of storage for delivery years 2025 to 2028
g Development Plans solar capacity capacity (net of existing » Full integration with European
E » Development of innovative o 63% coverage of PS) balancing markets

i) solutions to increase transit electricity needs o Of which 50 GWh new

Q limits o -55% CO2 emissions utility-scale storage

n capacity

L2, o — T — T — T —

S

; OUTPUT-BASED CENTRALIZED CFDs MACSE CENTRALIZED CAPACITY MARKET

% REGULATION AUCTIONS CM essential to ensure the

S adequacy of the system

o

1

cigre
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Infrastructure requirements of the European electric system

2030
System Needs
Y

/.
[N

o
°
= °
it
e S oo
®

=N

V- X

— by 2030
ENTSO-E study indicates that, in addition to the 161 GW
of planned cross-border capacity, an additional 88 GW
and 56 GW of storage capacity would be cost-efficient

___ Investments

This increase in
capacity represents
an investment of economic welfare
approximately 5 benefit of 8 billion
billion euros per euros.

year.

Additional investments in the electricity grid and
storage infrastructure could enable Europe to lower
system costs and surpass its 2030 objectives

—— Benefits

It would result in an
annual socio-

Cross-border capacity increases in 2030
(additional to 2030 starting grid)

1-500 MW 0-100MW

501-1,000MW 101-500 MW
1,001 - 2,000 MW 501-1,000 MW
2,001 -3,000 MW 1,001 -5,000MW
3,001 - 4,000 MW 5,001-10,000MW
4,001 -5,000 MW 10,001 - 20,000 MW

Storage capacities per country in 2030

I > 5,000MW I > 20,000 MW

For power system expertise
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Three key outcomes of the European Development Plan (TYNDP 2024)

1 ©.

65

y 2040, every euro
invested in the power grid
will generate more than 2
euros in system cost
savings.

1€
v, =

The implementation of
System Needs helps
decrease reliance on carbon-
intensive power generation
and electricity imports from
outside the EU.

urrent infrastructure
projects address only a
portion of the identified
System Needs. Further
initiatives and measures are
needed to enable the timely
deployment of power grid
infrastructure

/ @\
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/

e
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HVDC Systems and Emerging Grid Challenges

EU HVDC Demand (Onshore, Offshore) — European Development Plan TYNDP

Capex - B€
x2.3 l
234B€
102B€

TYNDP 2022 TYNDP 2024
2024-2035  2024-2035

Number of Installations

x14 |

102
73

TYNDP 2022 TYNDP 2024
2024-2035  2024-2035

Source: ENTSOE
66

)

)

HVDC transmission solutions offer the ability to transfer large amounts of energy over
long distances, along with electrical functionalities suitable for managing a more
advanced and complex transmission system.

At the EU level (source: TYNDP ENTSO-E), there is a strong demand for HVDC
systems (onshore and offshore), expected to be 10 times higher than in
Terna’s Development Plan 2025 over the next 10 years.

This demand is further amplified by global market needs.

ST

2y CIgre

For power system expertise



HVDC Systems and Emerging Grid Challenges

Issues Arising from the Surge in HYDC Demand

Sharp Increase in HVYDC Demand — Context

Transmission Networks (HVDC) Offshore Installations HVDC Merchant Lines and Grid Interconnectors

Main Criticalities

Cost Volatility Financing Capacity Realization Timelines
* Risk of high cost variability » Growing difficulties in securing « Saturation of HVDC
due to strong HYDC demand funding for Transmission Grid manufacturing capacity
and limited supplier development projects (cables, converter stations)
availability » Need for access to public poses a significant risk to
financing (e.g., CEF, EIB, NRRP, delivery timelines and
World Bank, etc.) project efficiency

 Uncertainty regarding timely
access to funding

For power system expertise
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DC Circuit Breaker: new advanced DC technologies

Hypergrid and DCCBs to integrate renewables sources and provide grid services

DC Lines

Multi-terminal HVDC !

= Simple multi-terminal system with multiple interconnection points (e.g. SA.CO.L.).
= No meshing and no redundancy in the DC system in the event of a fault.

= Alternative solution to a single AC line, as a connection between two asynchronous zones or
for interconnecting an offshore wind farm.

AC-DC
Converter Subtation

Stand-alone HVDC P2P

= DC point-to-point lines, where a DC circuit with two Converter Substation is added to the
classical transmission line.

= |t may consist of a combination of HVYDC LCC and VSC lines, and different lines may
operate at different voltages.

= It requires more complex flow control to keep the network frequency stable in the case of
isolated or weak AC networks.

DC grid with DC Breakers

DC

Breaker

* Fully meshed DC system, like an AC network. Connections within the DC network are possible
without additional converter substation.

= Savings in terms of converter substations number compared to stand-alone point-to-point
HVDC links.

=  Only solution that guarantees the appropriate redundancy and selectivity in DC, thanks to DC
Circuit breakers.

" Multi-terminal VSC HVDC for the European supergrid: obstacles — D. V. Hertem, M. Ghandharia — 2010 *.} ’) CIgre
)iy
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Energy Framework

Key legislative and regulatory tools to enable the energy transition.

REGULATION

Evolution towards an output-based
regulation to stimulate investments
(ROSS, Remunerazione per Obiettivi di
Spesa e di Servizio)

CENTRALIZED CFDs

The draft FERX decree will provide
financial support for 67,2 GW of new
RES) — First auction of the FER
Transitional mechanism to be held in
2025

MACSE CENTRALIZED AUCTIONS

Defined fixed-term contracting
mechanism for storage capacity
(MACSE) - First auction September
2025

69

CAPACITY MARKET

Now a well-established reality, the 2028
auction will be held after the first
MACSE auction

For power system expertise




Introduction to the technology of Grid Forming
The Virtual Synchronous Generator (VSG)

A Virtual Synchronous Generator (VSG) is a control strategy for power electronic
inverters that allows them to mimic the physical properties of a traditional
synchronous generator, such as rotational inertia, damping, and synchronizing
power. By emulating these characteristics through software, VSGs help stabilize grid
frequency and voltage, especially in grids with a high penetration of renewable
energy sources that lack inherent inertia.

Voltage source

The control voltage (amplitude and phase) is
equivalent to the no-load electromotive force of the
rotating synchronous machine

Inertia

Emulates the crankshaft slippage

Rotor flux control

Emulates the armature reaction of the rotating

Loop esterni .
synchronous machine

Governor e AVR

They emulate the frequency and voltage controls
at the plant's power plant with respect to target
values

Voltage Current
loop loop K

Reg O-V

Cto-cto power

Cto-cto current delivery (within the limits of the
inverter overload curve)

Black-start

Black-start

Energize the bar and support for local network

reactivation
#9 »"
%
\:/__,:J’ C|8|e

i
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Introduction to Grid Forming technology (GFM)

From Grid Following (GFL) to Grid Forming (GFM)

Most grid-connected inverter systems use Grid Following inverters. There are controllers that can regulate P and Q, but
with a delay that can limit the stability benefits (inertia, oscillation damping, short-short power).

Grid Forming

GFM was created to manage isolated or weak microgrids. In the absence of synchronous machines to maintain
frequency, inverter control techniques have been developed that allow batteries to emulate some of the physical
behaviors of synchronous machines.

Grid Forming to stabilize
interconnected networks

The idea of exploiting the characteristics of GFM machines to provide grid stability in light of the progressive reduction
in thermoelectric power plants has recently gained ground. The challenge is to enable the safe operation of numerous
interconnected Grid Forming systems.

 — Grid Following Inverter
PLL )
‘L PCC Grid
r Zg
ittt |
w l I I
} ) ! : Vrce Vg
Vice Power : : irce
_ Control | i Ze Grid
e setpoint i ! Following
_— = I
(a) T T bmmmmesoos |
P Q Current Control

PLL critical element. Requires a stable grid to operate correctly.

7

Grid Forming Inverter
PCC Grid

Vrce Ve

Power | Vm om ircc

Control | volage

magnitude

frer =

E'o' PO Voltage Control
* Does not require a PLL to be synchronized with the grid.
* |t sets Voltage amplitude and frequency according to various logic
controls, with lower risks of being affected by grid disturbances.
« Stable in weak grids.

Grid
Forming

S

B agre



GFM Perspective for TSOs

=N EIERTIE R | The GFM can provide valuable support to grid stability in conditions of high penetration of inverter-based
grid systems, reducing dependence on traditional fossil fuel plants and thus CO2 emissions.

Compared to a GFL system, a GFM system requires software and control differences with
minimal hardware modifications. Even when compared to a synchronous compensator, the

Potential GFM inverter could be the winner because it is more economical, has virtually no footprint and
1lels -1 =110 e 51531 | can be applied to all inverter-based systems in widespread use nationwide. On the other hand,
one must take into account the overload capabilities and energy limits due to the primary source,
which are more limiting than those of a synchronous compensator.

()
8 Need for Without a technical, economic and strategic assessment conducted by Implementat!on on
- strategy and the TSO and shared with the regulator, it will be difficult for GFM to o TSO’S devices
= testing to spread in Italy. The TSO needs to move quickly to test the prototype ‘1‘5 P
S . g features in order to master the technology, accelerate its spread with Q\O A ? A
define the reliable, low-cost market products, and thus anticipate the expected 6((\‘3 . o 2., )
adoption widespread adoption of inverter-based systems. It is up to the TSO to 00 New Nl
decide which strategy to pursue. Three possible paths are: 0‘ innovative - .
_ O h Grid Code
Introduction of & schemes Int :
Regulatory . . o ntegration
GFM requirement as a |nhcent|vef[ QO Strategy for the
implementation on mandatory :::orﬁg?cgsthg ol @ adoptionofGFM
de""’ﬁj -:-rlr.-,aon aged Li‘ﬂt‘g{r? r{;‘;r;tsfg; adoption of 7 "1 In2023, a1 MW BESS trial
generators technology in - is planned at the

future installations

to test the potential and
limitations of GFM.

1 1
1 1
1 1
1 1
P | Codrongianos Storage Lab :
| |
1 1
1 1
Desk study
and
simulations

For power system expertise
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Conclusions and Future Perspectives for the Italian Electricity System

Energy and
Digital Transition

The energy and digital transition in
Italy requires an extraordinary effort in
planning, implementation, and
innovation.

Greater integration of renewables,
with over 65 GW of new capacity by
2030 and 94 GW by 2035.

More robust and flexible grids,
enabled by solutions such as HVDC,
synchronous compensators, energy
storage systems, and new voltage and
frequency management strategies.

Reduction of CO, emissions,
enhanced efficiency, and improved
security of the power system.

Financial
Instruments

Alongside technical aspects, it is
essential to have long-term financial
instruments to attract investments
and reduce uncertainty.

Capacity markets, MACSE, and FER X
contracts help stabilize revenues and
support projects with high capital
requirements.

The combination of effective regulation
and innovative financial tools will
enable addressing price volatility,
promoting economic sustainability, and
achieving decarbonization goals.

The integration of advanced technological solutions and appropriate financial mechanisms represents the strategic
lever to build a secure, resilient, and carbon-neutral power system

73
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It’s time for Q&A

Moderator : Pierre Coudereau

Conférence du CNF - 16 octobre 2025 - Lyon
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It’s time for Coffee Break

Retour 11:00

Conférence du CNF - 16 octobre 2025 - Lyon
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CIGRE France Conference

GB energy strategy and transmission evolution

Mark Waldron, National Grid Electricity Distribution

7 agre

For power system expertise

Batiment Gaston Berger - INSA Lyon
16 octobre 2025
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National Grid Electricity Transmission®™ ="

o
g

>
P\

* |n the UK, National Grid develop, own
and maintain the electricity transmission

network across England and Wales. h

= We transfer electricity generated from
windfarms and other power sources to sP ENERGY
transport it across our network of pylons,
cables, overhead lines and substations

nationalgrid

«

. = \We move electricity around the country, GB Electricity
helping heat and power homes and Transmission
businesses along with connecting Owners

(adapted from

communities to the energy they need. Ofgem)



In Britain, the System Operator is separate from the Transmission Owners (TOs).
The National Energy System Operator (NESO) directs how electricity flows, while

ystem Operator  NESO

Wational Energy
Systern Operator

TOs develop, own and maintain the nTtwork
~

NESO is the independent public body responsible for operating and
planning the electricity and gas systems in Great Britain.

It was established in October 2024 when it separated from National
Grid plc and became publicly owned, but operationally independent
from government and industry.

Full operational separation requires that the two entities — NESO
and NGET - no longer share control systems, infrastructure, or
facilities.

The role of the system operator includes:
+ Real-time system operation: Balancing electricity supply
and demand every second to maintain grid stability.
 Strategic planning: Developing long-term plans for
. infrastructure to support net zero goals.
« Coordination: Managing the queue of new electricity
projects and advising government and Ofgem on energy
policy.
» Market facilitation: Supporting competition and innovation in
energy markets.
NESO is like the air traffic controller of the energy system
— ensuring everything flows smoothly, safely, and

efficiently, but not owning the planes (infrastructure).

».
o,
0 cigre
e
For Fll’!'.‘ll'f S'J’SEI'EITI BEERFtSS

Transmission Owners
nationalgrid ¢4 scottishPower &5 Scottish & Southern

* Transmission Owners (Tos) own and maintain the physical
infrastructure of the high-voltage electricity transmission network
— such as the cables, pylons, and substations.

* In England and Wales this role is held by National Grid, while
Scottish Power Transmission and SSEN Transmission operate in
Scotland

* The role of the Transmission Owner includes:
« Asset management: Building, maintaining, and upgrading
transmission infrastructure.

* Network reliability: Ensuring the physical network is robust
and capable of delivering electricity across regions.

» Coordination with NESO: TOs work with NESO to ensure
infrastructure supports system needs and future planning

TOs owns, builds and maintains Electricity Transmission assets.

Provides Transmission Services to the System Operator by making available its Transmission
Systems. Manages operational switching, system access, faults, alarms and safaty.
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NESO concludes that Clean Power for & agre

Great Brltaln by 2030 is achievable e

AG¥ e on och
for f‘mor n"’

“l think it’s an incredibly stretching target,”. “If it went perfectly along
current regimes, it wouldn’t get there. So, it needs to go perfectly along
reformed regimes.”

Alice Delahunty, President of Electricity Transmission, National Grid

1 Cost Neutral 2 Distribution Networks
NESO's report suggests The distribution networks
that achieving clean power will play a critical role in the
by 2030 will be cost neutral deployment of renewable
for consumers. generation

3 Cross-Cutting Enablers 4 Interconnection Growth
Clean power will only be The CP2030 report
achieved by 2030 by taking supports the growth of
different actions, with 6 key interconnection, enabling
cross-cutting enablers more flexible and resilient
identified in the report. energy systems.

5 Transmission Expansion

Current plans for transmission expansion are sufficient, but
some acceleration may be required.
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Clean Power 2030 definition @%ﬁﬂgre

For powesr Systam axpartss

“In a typical weather year,
the 2030 power system will see
clean sources produce at least as
much power as Great Britain =~ | wiwonman | of
consumes in total over the whole =™
year, and at least 95% of Great
Britain’s generation; reducing the
carbon intensity of our generation
from 171gCO.,e/kWh [grams of
carbon dioxide equivalent per

. kilowatt hour] in 2023 to well below _ ,
50gCO.,e/kWh in 2030 - Unite Kingelom

Grasnlink
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Generation evolution et

i, Clean sources produce at least Clean sources produce at least
@ as much power as Great Britain @ 95% of Great Britain's

#igure 1: Shares of electricity generated (GWh), 2023

consumes in total. generation.
2030 2030
2023 Clean Power 2023 Clean Power
]
56%" >100% 60%" 95%
W 44 points below target WV 35 points below target
Emissions intensity of well below 50gC0O2e/kWh by 2030
I 2030 Clean Power
NT%
- Coal - il l_] Gas

Hydro o ) i
hor d fohore wind lar
|:| (natural flow) Cinshore win | | Offshore winc Sola

Thermal
Other fuels Energy storage
! renewables - ' D 9y e

High

0 350 0 350
gCO2/kWh gCO2/kWh



2023 What impacts the 2030

generation mix 2030 generation mix extra generation @ Other renewables
Biomass
450 -
® Nuclear
g A00 G-:nargyr efficiency improvements can help reduce demand gmwtl'-_:] Solar
= - - @ @® oOnshore wind
— .
C_J (2023 low carbon generation mix) . . Offshore wind
S 300 @ Gas
@D .
- ____E @ Other fossil
250 -~
E [Elec:trlclt-,r demands grow (bigger chnllenga}) 73 Gas 2030
EJ 200 (imported electricity in 2023 ) @ Low carbon dispatchable power
: | mig o
@D - - - = - = -
D 150 . Exports
g 100 (Sa me plants will close or convert j
E CE:tra genearation needed for clean pnwe_a . Consumer Demand Growth
<T .
50 (Smm of foxall fual ganeration in 2':'23)( Additional generation frorm a mix of clean sources ) Electrolysis
that would be exported
. 0 Storage & Flex losses
N S & 3 3 ici
gdc;\ 0‘3"@ & & & ﬁ {\c-‘:\ ¢ <O Efficiency
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Figure 7: Generation in 2030 in the NESO ‘Further Flex and Renewables’ and ‘New Figure 6: Installed capacity in 2030 in the NESO ‘Further Flex and Renewables’ and

Dispatch’ scenarios, compared to current generation (TWh) ‘New Dispatch’ scenarios, compared to current installed capacity (GW)
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350 ' . ' . DO
200
300
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E 200 © | .
100 i
150
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50
50
0 0
. e , , _ , Current installed NESO ‘Further Flex NESO ‘New
Current generation (2023)  NESO Fugthe:r Flex arjd NESO ‘New D|5patch capacity and Renewables' Dispatch’
Renewables scenario scenario Scenario Scenario
Low carbon )
Gas _ Other fossil
. dipatchable power u . Offshore wind . Onshore wind Solar |_‘ Nuclear
Nuclear Onshore Wind . Offshore Wind Low Carbon
LDE '
Dispatchable Power j Unabated gas S . Batteries
Solar “| Other renewables P Interconnectors Consumer-led

— flexibility



‘ Figure 9: Average annualinvestment in the NESO ‘Further Flex and Renewables’
and ‘New Dispatch’ scenarios, 2025-2030, £ billions, 2024 prices, undiscounted

20

£
-

e
-

)
-

Avg
investment
2020-2024

£bn (2024 prices, undiscounted)

S

0
MNESO 'Further Flex and NESO 'New Dispatch’
Renewables Scenario Scenario
. Transmission network CAPEX j Distribution network CAPEX

Offshore network CAPEX - Generation CAPEX
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Currentinstalled capacity compared to the DESNZ *‘Clean Power Capacity Range’in
2030 (GW)

Current installed
capacity (Q4 2024)

Lap to the DESNZ
‘Clean Power

Capacity Range'

DESNYZ "Clean
Fower Capacity
Fange 2030

oGw 27 GW
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Current installed capacity compared to the DESNZ ‘Clean Power Capacity Range’ in
2030 (GW)

Current installed
capacity (£023)

Gap to the DESNZ
‘Clean Power
Capacity Range’

DESNZ 'Clean
Power Capacity
Range' 2030

o GW 12 GW
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Electricity Interconnection 7 agre
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Currentinstalled capacity compared to the DESNZ ‘Clean Power Capacity Range’ in
2030 (GW)

Current installed
capacity (2024)

Gap to the DESNZ
‘Clean Power
Capacity Range’

DESNZ "Clean
Fower Capacity
Range' 2030

0O GW 14 GW
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Demand Growth
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Demand side
flexibility
capacity at
peak; further
flex and
renewables
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Residential appliance DSR
W Smart charging
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Figure 11: Transmission network project maturity and delivery timeline

For meeting clean power target and reducing constraint costs

88 wider works to bring benefits to the whole transmission system*

80 works

Must be delivered by 2030 to meet clean power

8 works

Acceleration

beneficial

9 works
Already built

68 works
On track

3 works
Need to be

accelerated

24 works

16 works

< 4 1wn5rks . ": Stage 2 - Strategic jtag\clg 3- Def'gné
tage 1-5coping |. Optioneering E“"f;gzﬂet;;”
10 works T worke [
Stage 4 - Stage 5 -
F’Ianmn_gf Construction
consenting

Foar Py SyRIHT RNEa PSS
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Strategic energy planning

Gas network
planning

Confirm gas, and

Strategic spatial
energy plan

Map potential electricity

potentially hydrogen, and hydrogen
network transmission generation and storage
needs infrastructure for GB
Offshore -\
coordination Centralised strategic Regional energy
network plan alignment strategic planner
Qonnect t:jffshorg wind Plan to develop and 4/ Develop whole system,
e assess electricity, gas, cross-vector regional
and potentially plans with input from
hydrogen, transmission local actors
networks
Zero carbon
operations
Ensure a zero carbon Clean power 2030
energy system can
be opercted Government Clean

Power Action Plan
by 2030

Future energy
scenarios

Supply and
demand
pathways to
meet net zero

Connections
reform

Ensure ready
projects aligned
with strategic
plans can connect

oloc rkot

arrangements
Reform electricity
markets to
achieve net zero
cost-effectively

NESO

National Energy
systern Operotor




The CSNP framework applied to electricity
hetwork planning processes

We will holistically plan wider reinforcements on the onshore transmission network alongside
the offshore network and identify opportunities for interconnectors and offshore hybrid
assets.

- - -

SSEP will map out
the energy supply
with network and
demand over time

FES supports and
augments the
analysis

Individual
reinforcement
options will be
identified by
Transmission
Owners, NESO or
third parities.

It will take into
consideration both

onshore and
offshore
It will consider

different resilience
risks to ensure that
there is security of

supply

Individual options
will be combined to
form a diverse
range of GB
designs
Designs will be
filtered on
economic criteria
with a broad range
of options taken
forward
Assessment criteria
will then be used
based on:

o Environment

o Community

o Operability

o Deliverability

The preferred GB
design will
recommend which
network
reinforcements

enter the delivery
pipeline

Ofgem decide on
investments made

NESO L=

National Energy
System Cperator

~



Aims of CSNP

Ensure efficient energy

network development by

holistically planning the
onshore and offshore
electricity networks, and
strategic gas and
hydrogen networks.

Accelerate delivery of
network by providing
certainty on the needs
case and strategic
parameters of options
to support planning
and regulatory
processes.

Plan strategically,
ahead of need, to
enable investments
required to ensure
reliable, clean and
affordable energy.

Conduct a consistent,
robust and transparent
assessment on a broad
range of network
options considering
multiple assessment
criteria.




A Transformative Shift: Reimagining the Energy Landscape

( "~ Profound transformation

|
towards cleaner, sustainable

>,
*
(,% cigre
The Changing Landscape #». A New Era of Electricity Gas Sector Evolution For pours Systam oxgartise

otrategic decarbonization and
modernization of gas

Fundamental overhaul of
electricity transmission and

energy sources distribution systems infrastructure
Hydrogen's Emerging Role Net Zero Opportunity
=% Developing hydrogen as a Exciting challenges and
; Cn“cal Component Of Clean innovative SOIut|OnS fOI’ UK'S
energy transition energy future
\ Practical constraints: aging infrastructure, land, supply chain, planning, system access /
e The Role of Electricity Transmission
) Fenelg i Fl ] ble E Dependenci Cross-Sector Electrification
lectricity transmission is key to € enewable Energy Dependencies ‘ Transportation, heating, and
delivering clean energy Renewable technologies industrial processes are
efficiently& reliably to meet depend on decarbonized increasingly electrifying to
growing power demands electricity to achieve true reduce carbon emissions and
%%; Building on Past SuccessSustainability achieve decarbonization goals.
wh 'ﬂi' We can learn from the CEGB’s mid New Challenges Await
T ’ isati Modernising the UK's electricit
: 1900’s network modernisation, g y
which dramatically expanded oA transmission network will require
power access strategic planning... whilst keeping the

k lights on with today's network /




Mid 1900’s Similar drivers, different locations 2025

-
Bluspeints
Allacdedza ie

Future Network 4 U
AP

o build a grid to enable power stations upgrade our electricity transmission network in the
to be build around the coal mines, etc. and coming years to ensure it remains fit for future,
transfer the electricity around the country.” resilient, intelligent and efficient liver net zero.” /1

Long-Term Vision is aligned

present estimates, until about 2000 construction of an ultra-high voltage or/10rc
before the /50 Z Vdgf id system is transmission network of up to 800kV.” /
needed. ”

CEGB Induction
Manual

... BUT the Challenges are different today

NOET Neoweoek Soratedy
-~

newand a vintages of technology expeciedanda  network - technologis
benefit / necessity need to coexist
I
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Future Network Development *Step Back’ 'SZZJCIgI'e

Strategically & systematically upgrade the electricity network based on all we know now, & not preclude future needs

Shaping our network to 2050

: I A(:,j?j?:;g aEtzgllc?t%/ ' | and beyond: a super-supergrid
; constrained’ network BE : N, ; | “One approach we think has potential is the

construction of an ultra-high voltage onshore
fransmission network of up to 800kV.”
‘superimposed on the existing. a super-
supergrid’.

“This new grid would enable bulk power
fransfers around the country, with strategically
located ultra-high-capacity Substations
supporting the connection of big energy sources
to big demand centres via the new network.”

L
T B/ KA RS

A network plan that enables all customers and stakeholders, rather than building a network for specific customers or stakeholders
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The Transmission N

The network will include:
Extensive & layered onshore and
offshore network reinforcement

Extensive adoption of Offshore HVDC
Meshed, radial, and linked AC & DC

topologies, including AC connections

between DC links

Multiple landing points in E&W for high

concentrations of power injection

twork Evolution 2030 and beyoriif) cigre

P Mo n ok
New offshore netwo
Infrastructure
New onghore network
—
frastriscture
)0 InCrans W —
ling network upgrade
belat upgrnde of new

||| ®|O|el@®

be delivered beyond 2030

ource: B

Figure 1. Map of network intra2trGEts

?é’%d 2030




y 9 ]!
Transmission network evolution in six key areas@aqg,e

For powesr Systam axpartss

Offshore
Connection Works

Bulk Power
Transfer Works

Operability &
4 Resilience Works

Offshore Works The Built Network

technology networks

: : | : ' Assessment for Wider
=4 : Plans prepared to - Connections Reform | CP30 analysis based | Network in T3
ﬁ: Plan in progress for the :maintainZsspets durin | Ph1 : on 2022 data. : submission
o] first offshore EGL links " a growth ohase g: 2026 - 2030 ! 2025 (Review ! Specific review for
o - ¢ P ' Reviewin 2025 Completed)  connections (Initiated)
| | I | | ' .
I I | I I Review in 2025
: ' : _ : : : . Coordination of
. ' : .. Circuit and site | _ I . )
| ' Some consideration in . : : Connections Reform, tCSNP2/tCSNP2 |  portfolio of new
= HND1/HNDFUE Jintervention alignment, | I :
4 " HNDFUE by NESO | . | Ph2 : Refresh technologies needs be
' 2025 ! . with later refinement. : .
o, : . ! 2025 : - , 2030 - 2035 : 2030 - 2038 , secure and focus on
®, (Extensive Review) | : . . Standardisation & | : : ,
Q ' (Extensive Review) | desi | 2025 : 2025 | connections needed
! esign management.
| | | | | | 2025
Ao e I 1
ﬁ: : Asset Lifecycle | : Creqte DPIIﬁUFtUﬁltIEE
= Strategic offshore | management of multi- | Strategic network of | nresi E’:T.Ce
EE_ networks  INN) E generational i— hubs and circuits M) E zﬁsﬁzn;g
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Projects as part of the Great Grid Upgarade

J/' .,“ / @® Onshore lines
= Accelerated Strategic Transmission Investment .~ " 7 Sy Offshore FYDC links

. . A . @ — Existing 400kV
= 17 major new projects across England and 55 7 transmission lines
Wales contributing towards delivering the Great .-~ / o

Grid Upgrade Jil¥ e

= They are delivered by a specifically - formed [y
Strategic Infrastructure (Sl) business which is
part of National Grid Electricity Transmission
(NGET).

* The projects will contribute towards the UK'’s
goals of connecting 50GW of offshore wind by
2030.

National Grid — Full Year Results 2023/24
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Transmission
plan for
2026-2031

Upgrading ¢.3,500km
of our overhead lines

New network control
centre & control system

Upgrading 10% of our
existing substation fleet

5 new power flow
control installations
across 4 major
north-south routes

c.1,100km new
circuits delivered;
including ¢.1,000km
offshore

25 new substations delivered in
RHIO-T3 of which there are five shown
on the map (from RIIO-T2 reopeners)

000002000 R

Further 15 new substations to be
delivered beyond RIIO-T3



2. Geographically — accounting for customer demographic,

AR S A

Our Future Network Blueprints recognise that to include all needs, our

future network plans must consider local and regional variations.

Regions have been defined using geographical and electrically
(broadly) separable sections of the E&W electricity network.

1. Electrically - accounting for network challenges such as power
transfer in/out/ through the region, and access for outages.

anticipated stakeholder needs, existing and planned network
locations.
Each region contributes to a coordinated national picture,
meaning ‘strict’ or ‘loose’ geographical definition does not
impact outcomes.

Engagement in these regions to date has informed the
principles for our regional strategies at a macro-level.

We expect these to be continually refined based on increasingly
granular regional engagement and nuanced stakeholder needs.

Nuanced Regional and Local Needs

Blectricity
Transmission

Midlands: ~ =
Future Netwoitk

i x H‘:“"“
Blueprint - I=

East
Midlands

o

Executive summary
Our future network blueprint strategy
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Strategic Network Design @ agre
“Standards and Network | | Technology Adoption | Safe, Reliable Future
_____________ Architecture | (HVDC,FACTS) .. Operation

{f_Sqution Pace, breadth of
' needs addressed

Existing Network Integration (on/ offshore, energy/electricity, Regional/ local,
access/ design,/ construction)




Opportunities & further work; our design approach ﬁ%)qgre

Review & contribute to Future Network Blueprints § Energy Sector Data Standardisation

Provide feedback and comments on proposed network A means of data & intel collation, sharing, digitisation &
development strategies, contribute to next phase. visualisation for consistent, coordinated regional energy
plans/ decision making

'Fit for future' Socio-economic assessments & Modular and Standardised Equipment

Frameworks Developing adaptable, plug-and-play infrastructure

Able to quantify the enduring societal and industry benefits [f§ components that enable rapid deployment, reduce

of strategic networks that are 'built once, built right'. complexity, remain compatible with existing networks,
and support expansion strategies.

Energy Resilience for 2050 Network Modeling

Understanding the future shocks and stresses, and D|g|ta| Twin techno|ogy for near terms network
mitigating actions on an evolved and interconnected optimisation and long term probabilistic network

energy landscape (gas, hydrogen, electrity, water, assessment of options/ portfolios of options.
telecoms, GDP

Transmission Technology Innovation

Continuous research and development of high-capacity transmission technology & integration - design, asset
management & operation perspectives




Some technical challenges must be addressed through industry and
TeCh nica| Cha"enges supply chain collaboration to enable a coordinated network approach.

Operability and Interfaces with today’s / future grid
From system access challenges to installing new equipment, to standard

designs, through to AC/DC interface interactions, and detailed power quality

and dynamic performance. O

Technology Choice Coordinated Physical and electrical design

Requires solutions that can Approach Dictated by evolving challenges:
be developed and delivered “I' ll" land take/ space for substation
‘in time’ for net zero and Sizing/ capacity, system access,

‘checkpoints’(e.g. 2035), but supply  chain availability,

should also not build in environmental and community
obsolescence. impacts.

It starts with power system engineers designing a safe and reliable network from the
outset, all the way through to the delivery of the resulting infrastructure projects.




CIGRE France Conference

Proposals for the Spanish grid development
after the 28th April evento

Javier Iglesias (REE)

/ For power system expertise

October 2025
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The Spanish Electricity System. General Magnitudes & Evolut

The Network Development Plan 2021-26

The Iberian Blackout. 28t April 2025

Measures & Developments after 28" April 2025

The Proposal for the Network Development Plan 2026-31
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The Spanish Electricity System

General Magnitudes and Evolution

cigre

For power system expertise
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The Spanish Electricity System %mgre

Foar Py SyRIHT RNEa PSS

Diversity of Energy Resources and Highly Meshed Grid

Dec-2024

Important Increase of Renewables in Last Years Installed Capacity: 129 GW
(Management: Curtailments & Backing) Annual Consumption: 249 GWh

Historic Peak Winter Load: 47 GW
Goals for Carbon Reduction in Line with EU policy (it e et Sy

Generation Deficit in Central & NE; Congestions

Limitted Excahnge Capacity with EU

e Q@ g ke X

High short-circuit power

Dependence on water reserves

II i
.
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ap of the Spanish Transmission System

Dec-2024
Circuits: 49,246 km

Substation Bays: 6,673
Transformer capacity: 96,556 MVA

Reactors capacity: 13,952 MVAr

(*) Include 400/220 kV in Peninsula and
220/132/66 kV in Islandic Systems
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National Electricity System, Spain (Dec 2024)

Installed Generation Capacity
(128,987 MW)

- 0,9%

W Hydroelectric

M Nuclear

m Coal

B Fuel+Gas
Combined cycle
Cogeneration

B Non-renewable waste

I Renewable waste
Hydro-wind

= Wind

m Solar photovoltaic

W Solar thermal

H Other renewable

Coverage of A

13,6%

1,7%

@ agre .
Fios powns GysERm nxpartise 0
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mmm Solar photovOoN
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Combined cycle
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Evolution of the Electricity Demand (TWh)

— National
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Renewable Evolution

INSTALLED CAPACITY % DEMA
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Observability: “Behind the meter” consumption @@ﬂgre

For powesr Systam axpartss

Comparison of the weekly average curve 2022 vs. 2024: Effect of Self-Consumption
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The Network Development Planning 2021-26
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The Network Development Plan 2021-2026

1. Published in April 2022 (current plan).

2. Complex Process for Approval (+2k subjects, +3k
allegations)

3. FulfilLreauii

ramente af Nlatinnal Plan far anrgy & Climay

Plan de desarrollo

de la Red de Transporte
de Energia Eléctrica
Periodo 2021-2026

Guarantee

Supply
Security

Maximize
Renewable
Generation

Economic
Efficiency

4. With 3 main Principles: Renewables, Security, Economy e. AX
) cigre



A Plan Focused on the Generation

¥ ot

1. Requests for connection:
Wind 63 GW, Solar 267 GW

1. Based on Hypothesis for new locations
for the generation under the scenario,
iInstrumented by an indicator measuring
the location’s probability of success

2. Maximizing the Existing Grid
Reducing Losses
International Connections (TYDNP)



Overall impact of the plan 5"’) cigre

| Investment of € 7 billion, that will boost economic development (GDP & employment)

% | 2700 km new OHL, 7000 km uprating, 700 km DLR, 700 km submarine cable, 800 Subst. Bays

| S
ﬁ 67% of the share will be green energies by 2026

CO, emissions in electricity system will stand at 17 MTn (66% reduction vs. 2019).

Y

@ | New infrastructures will generate savings of more than € 1.6 billion for the system
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The Iberian Blackout
Event on the 28" April 2025

cigre
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28t April Iberian Blackout. The Event
1. 12:33 h (CEST). Power systems of ES & PT experienced a Blac

A small area in France, close to the border also affected for a limited duration

1. Exact Causes still under Investigation (ENTSO-e Expert Panel)
Refer to: https://www.entsoe.eu/publications/blackout/28-april-2025-iberian-blackol ‘

1. Blackout Resulted from a Complex Sequence of Events.

f :\\
* The Panel has established a preliminary chronology , @
« Will be updated and complemented with additional info. t YW B
2. Series of oscillations, countermeasures, )
Generation trips... cascade effect until collapse AR Sy al) 4

1. No Failures of the Transmission Grid,
Nor Cyberattack,
Nor Unusual Weather Event



https://www.entsoe.eu/publications/blackout/28-april-2025-iberian-blackout/
https://www.entsoe.eu/publications/blackout/28-april-2025-iberian-blackout/
https://www.entsoe.eu/publications/blackout/28-april-2025-iberian-blackout/
https://www.entsoe.eu/publications/blackout/28-april-2025-iberian-blackout/
https://www.entsoe.eu/publications/blackout/28-april-2025-iberian-blackout/
https://www.entsoe.eu/publications/blackout/28-april-2025-iberian-blackout/
https://www.entsoe.eu/publications/blackout/28-april-2025-iberian-blackout/
https://www.entsoe.eu/publications/blackout/28-april-2025-iberian-blackout/
https://www.entsoe.eu/publications/blackout/28-april-2025-iberian-blackout/

Restoration After the Blackout
No failures on the transmission grid, which facilitated the procesg

Established procedures & protocols activated immediately fol

Thanks to black-start processes in certain power plants & the ¢
interconnections, creating islands to stabilize Voltage.

12:44(CEST)  The first 400 kV OHL France-Spain re-energized.
13:04(CEST)  The interconnection Morocco-Spain (submarine cable) re-energized.

Until 13:30 (CEST) Several hydropower plants launched their black-start processes to initiate restoration of the system.
13:35(CEST)  The Eastern 400 kV OHL France-Spain re-energized.
18:36 (CEST)  The first 220 kV tie-line Spain-Portugal re-energized, speeding up restoration in Portugal.
21:35(CEST)  The Southern 400 kV tie-line Spain-Portugal re-energized.
00:22 (CEST)
(29/04/2025)
04:00(CEST)
(29/04/2025)
14:36 (CEST)
(29/04/2025)

The restoration process of the transmission grid completed in Portugal.
The restoration process of the transmission grid completed in Spain.

The system was connected with the Balearic system and normalized.




Spain. Generation Curve on 28t April
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Transmission Grid Considerations for Restoration

Grid performed correctly thanks to a Resilient Design & the Mai

Personnel committed & organized. Importance of Recovery Plangg

Coordination (Control Centers activated immediately according i

« Maintenance Center (CMI2). Monitores Equipments, initial diag
analyze alarms, supervise auxiliary systems and coordinates with t/q
Center for prioritization

 Telecommunication Supervision Center (CST). Operates the redundant
communication centers that monitor the parameters of the communication grid to
control the performance and support the Dispatch

The HV Equipment, Protection & Control Systems performed correctly. Only minor
issues reported (e.g. cable termination failure). Also Telecommunications Grid

All remote maneuvers completed without incidents (+4000 switchgear). No damages

For powey Syskmm aypn



AR S A

Measures & Developments after April 28t

Initial Proposals & Urgent Actions

cigre
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Proposals (among others)

Proposals to Improve Voltage Control:

« Approval of Operating Procedures aiming to regulate R-T Gerja
» System resources for continuous & dynamic V control (SYNCOW
* Impulse regulations to reinforce V control within the Distributio

Proposals to Improve Generation Management:

* Regulate the Ramp Profile for generation schedule changes (controlled™
* Provide sufficient Observability of self-consumption and update requirements

Proposals to Improve Operation Tools (various measurements).
Proposals to Accelerate Permitting Processes. (New NDP, Projects, Grid Access...)

i y e j ‘,, ,:';




The Proposal for the Network Development Plan 2026-31




The New Network Development Plan 2025-2030 %ugre

* Already launched in March-25 (process takes 1-2 years)

* Already increased the limits of annual investments (Distribution & Transmission)

* Includes Obligation (TSO, DSOs), Penalty Mechanisms, Incentives to Gen & Demand
e Strategic Environmental Approval in progress

* Will be focused on the DEMAND:

— New industrial demand & others (railway)
— New Data Centers
— Particular attention to STORAGE




Overall Figures

| Investment of € 13.5 billion

-~
S
«Te
0

For powesr Systam axpartss

4000 km New OHL; 9500 km OHL refurbished or uprated

1900 New Substation Bays; 280 Bays refurbished

| 1500 km New underground cables
| 20% of the transmission grid uprated or refurbished




Additional Modification of the Network Development Plan @clgre
to include measures for Voltage Control e

* Peninsula [
@ 8 SYNCONSs (2000 MVAr total) {gﬁﬁi
A 7 New Reactors (650 MVAr total) \FERRERA 1

6 Renovation Reactors (900 MVAr total)

60 Additional Controlled Switching Relays
@® 1 FACTS series
% 4 STACOMs (2 in service, 2 in construction)

AA.GRIJOTA FicTs Seicll) & oo

PIEROLA o
var
DRALES .
LR A1 0 Mvar 100 Mvar
W CASTELLBISBAL

CALA RAX Ao s (37

10Q Mvar

UEVA MECO
’ 100 Mvar
TORREJON DE VEASC
1 al L@
\ 250 Mvar
i e e BELINCHON

250 Mvar@

e Canary Islands System
2 SYNCONSs (50 MVAr) (+2 in construction)
2 New Reactors (13 MVAr total)

e Balearic Islands System

1 SYNCON (100 MVAr)
(added to 1 under construction)
1 New Reactors (20 MVAr total)

\ LITORAL
M 250 Mvar
-
4

‘ PLANIFICACION H2021-2026 MAP 2025




Thank you!
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It’s time for Q&A .

Moderator : Pierre Coudereau

Conférence du CNF - 16 octobre 2025 - Lyon 132
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