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Key messages

« Climate and Prosperity

» sustainable and clean energy,
available in sufficient quantities and at competitive prices
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Key messages

« Climate and Prosperity

» sustainable and clean energy,
available in sufficient quantities and at competitive prices

target of 42.5% of renewable energy sources in the EU energy mix by 2030

Member States non-binding goals for offshore (December 2024),

« 88 GW by 2030/ 360 GW by 2050 / vs. 20 GW at end 2024

Electricity Market Design (PPA, flex) - Grids Package (planning, cost sharing)

Electrification Action Plan — Heating & Cooling strategy (Q2-2026)

European
Commission




Key messages

« Climate and prosperity

« HVDC grids must be developed at affordable system cost,
thanks to

* incremental construction,
* mesh configuration, transfer power where/when needed

* interoperability, standardization

« MV/LV DC grids can contribute to better local integration of
renewables and to robustness

° Hybrid AC/DC grids must be developed and optimally used, to
minimise System cost

European
Commission




Key messages

* Security of

* energy supply — Sovereignty
» More offshore, less fossil imports
* infrastructure - cyber and physical
« Mesh configuration, monitoring and protection systems

« clean technologies supply chains

European
Commission




Roadmap for digitalisation and Al
In the energy sector

* Pillar | — Energy for Al
 data centres require timely electricity supply and grid access

=> agreement for the sustainable integration of data centres into the energy
system, between data centre operators, energy-related parties and public authorities.

=> An EU rating scheme for data centres covering energy efficiency, water efficiency,
clean energy use, waste heat reuse and flexibility, with minimum EU energy
performance standards

* Pillar Il — Digitalisation and Al for the energy system

« Smart grids, benefiting from Al, provide the real-time visibility and control to
increase the uptake of renewables, enable demand response with dynamic
electricity price contracts and optimise energy system operation.

=> Develop EU key performance indicators for smart grids and accelera llout of

European |

smart meters Commission



Roadmap for digitalisation and Al
In the energy sector

* Pillar lll — Data for Al and the energy system

- Effective energy data exchange and interoperability are critical to enable smart
energy services and the development of robust Al models

« => Establish an EU framework for simplified cross-border energy data exchange for
smart energy services and Al model training

« Securing the energy-Al nexus: trust, talent and global cooperation
« Address risks related to Al safety, physical and cyber security
=> Strengthen safety of Al and the cybersecurity of critical devices

=> strengthen in-house digital and Al skills of distribution system operators

European
Commission
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SET Plan — Strategic Energy Technologies plan

 Goal:

 to align national and European R&l priorities
and programmes

PROGRESS REPORT 2024

« Cooperation between
« Member States, Associated Countries,
 industry,

* research institutions

» the European Commission

SET Plan progress report 2024

1 #SETPlan SETIS - SET Plan Information System - European Commission

European |
Commission

Public



https://setis.ec.europa.eu/set-plan-progress-report-2024_en
https://setis.ec.europa.eu/index_en
https://setis.ec.europa.eu/index_en
https://setis.ec.europa.eu/index_en
https://setis.ec.europa.eu/index_en
https://setis.ec.europa.eu/index_en

4 SET Plan — Implementation Working Groups (IWGs)

14 implementation working groups

N°l in = Offshore wind = Ocean energy

renewables = Photovoltaics - Concentrated solar power /
= Deep geothermal Solar thermal electricity

= Energy systems

Energy

systems = Positive energy districts

https://setis.ec.europa.eu/working-

= Direct Current technologies - .
groups/direct-current-technologies en

Energy = Energy efficiency in buildings
efficiency - Sustainable and efficient energy use
in industry
Sustainable = Batteries

transport = Renewable fuels and bioenergy

=» Carbon capture and storage
Carbon capture and utilisation (CCS - CCU)

Nuclear
1 1 #SETPlan ﬁ safety = Nuclear safety

-
= European
= Commission

1



https://setis.ec.europa.eu/working-groups/direct-current-technologies_en
https://setis.ec.europa.eu/working-groups/direct-current-technologies_en
https://setis.ec.europa.eu/working-groups/direct-current-technologies_en
https://setis.ec.europa.eu/working-groups/direct-current-technologies_en
https://setis.ec.europa.eu/working-groups/direct-current-technologies_en
https://setis.ec.europa.eu/working-groups/direct-current-technologies_en
https://setis.ec.europa.eu/working-groups/direct-current-technologies_en

EU R&l funding for DC technologies

In total for DC technologies: 281 M€
 FP7:35.5 M€
 H2020: 34.5 M€
 HEU: 211 M€
* Running projects: 12 topics, 22 projects, 167 M€
* Topic 2026 - equipment for multi-terminal HVDC Systems, 24 M€
e Topic 2027 - Innovative (LVDC) microgrids for in urban contexts, 20 M€

European
Commission




HEU - closed topics and running projects

Title Budget |Type |[Projects
HORIZON-CL5-2022-D3-01-09: Real Time Demonstrator of Multi- |55 M€ InterOPERA, EUR 50.7m
Vendor Multi-Terminal VSC-HVDC with Grid Forming Capability (in | (topic) IA Jan 2023 — Apr 2027

support of the offshore strategy)

InterOPERA:

« Concrete results will be delivered through this practical work: detailed functional
specifications for each subsystem, standardised models, simulation platforms and
interaction study processes, multi-vendor cooperation agreements. Those frameworks will
be generalised into operational and strategic tools available to all European stakeholders

for the development of multi-terminal HVDC grids.

» Solutions for multi-vendor project procurement, compliant with existing and future
regulations, standards and laws, integrating the technical specifications and

interoperability assessment tender stages, will be provided to pave the way to the

first real-life projects in Europe.

European
Commission



HEU closed topics and projects

Title Budget | Type |Projects
HORIZON-CL5-2023-D3-01-11: Demonstration of 18 M€ SHIFT2DC, EUR 9.0m, Dec 2023 - May 2027
(I-V)DC powered data centres, buildings, (2 pJ) IA Direct Current — Power flOws in megawatt-scale Energy gRids | DC-
industries and ports POWER EUR 7.1m, Jan 2024 - Dec 2027
HORIZON-CL5-2023-D3-01-12: Development of MVDCI 22 M€ eMISsion-free HV and MV transmiSION switchgear for AC
HVDC and High-Power Transmission systems and (2 pj) |JA |2and DC | MISSION
components for a resilient grid EUR 10.4m; Jan 2024 - Dec 2027
HORIZON-CL5-2024-D2-01-04: Emerging energy 30M€ | RIA [NOVETROL - Novel current control for climate neutral energy
technologies for a climate neutral Europe infrastructure;
Dec24-Nov27; 2.5M€
HORIZON-CL5-2024-D3-01-13: DC and AC/DC hybrld 13 M€ PAN-EUROPEAN INTEROPERABLE AC-DC HYBRID ELECTRICITY
7 NETWORKS | HYNET Oct 2024 — Sep 2027, 6 MEUR
_systems 2p] Transmission and distribution Hybrid nEtworks with
enhanced resilience and robUstness | -Sep 2024 -
Aug 2027; 6 MEUR
HORIZON-CL5-2024-D3-01-14: Condition & Health 13 M€ Flagship advanced solutions for Condition and Health monitoring In
L. ) . ’ Power electronics FLAGCHIP
Monitoring in _Wlde Band Gap for the |3 pj

energy sector

Sep 2024 — Feb 2028 — 4 MEUR

Condition Monitoring and Wide Bandgap Power Electronics - Leading
Innovations for the European Energy Sector MoW.ilLife Oct 2024 -
Sep 2027; 4 MEUR

SAFEPOWER - Oct 2024 - Sep 2028; 4.3 MEUIREH

Europe
Commi

n
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https://cordis.europa.eu/project/id/101136131
https://cordis.europa.eu/project/id/101135828
https://cordis.europa.eu/project/id/101135828
https://cordis.europa.eu/project/id/101135828
https://cordis.europa.eu/project/id/101135828
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https://cordis.europa.eu/project/id/101135828
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https://cordis.europa.eu/project/id/101135484
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https://cordis.europa.eu/project/id/101172757
https://cordis.europa.eu/project/id/101172757
https://cordis.europa.eu/project/id/101172757
https://cordis.europa.eu/project/id/101172877
https://cordis.europa.eu/project/id/101172877
https://cordis.europa.eu/project/id/101172877
https://cordis.europa.eu/project/id/101172794
https://cordis.europa.eu/project/id/101172794
https://cordis.europa.eu/project/id/101172794
https://cordis.europa.eu/project/id/101172657
https://cordis.europa.eu/project/id/101172657
https://cordis.europa.eu/project/id/101172657
https://cordis.europa.eu/project/id/101172657
https://cordis.europa.eu/project/id/101172657

HEU closed topics and projects

Horizon Europe - All topics - Title Budget [Type |Projects
HORIZON-CL5-2024-D3-01-15: HVAC, HVDC and (16 M€, DCDYNAMIC, HVDC dynamic cables for floating
High-Power cable systems 3pj offshore; 5.4 M€, Nov24-Oct28
EasyDC-FOS; novel HV cable system; 5.5 M€,
Sep24-Aug?7
CABLEGNOSIS; innovative HVDC HVAC cable
technologies ; 5.4 M€; Sep24-Aug27
_ - Interoperable, Scalable and seCure
Ac-Dc modular Automation system; Oct24-Sep27;
HORIZON-CL5-2024-D3-01-17: Development and 6ME
integration of advanced software tools in SCADA Me A

systems for HigRAMeaIUMISNAIOWNVONES

AC/DC hybrid systems

DAEDALOS Dev., demo of Adv software tools in
SCADA systems to reAlize H/M/LV hybrid AC/DC

gridS; Sep24-Aug28; 6M£

European
Commission
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https://cordis.europa.eu/project/id/101172806
https://cordis.europa.eu/project/id/101172806
https://cordis.europa.eu/project/id/101172806
https://cordis.europa.eu/project/id/101172806
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https://cordis.europa.eu/project/id/101172819
https://cordis.europa.eu/project/id/101172819
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https://cordis.europa.eu/project/id/101172819
https://cordis.europa.eu/project/id/101172819
https://cordis.europa.eu/project/id/101173007

Horizon Europe - All topics - Title Budget [Type Projects

HORIZON-CL5-2026-03-D3-19: Affordable and 24 ME,
sustainable primary equipment for Future-Ready |4to12M€/ |IA Opening: 18 Dec 2025 - Deadline: 31 Mar 2026
multi-terminal HVDC Systems Pj 3 p]j

HORIZON-MISS-2027-04-CIT-01: Innovative (LVDC) |2 i
( ) pome Opening: 09 Feb 2027 - Deadline: 07 Oct 2027

microgrids for improved energy system TME€/pj, |IA
integration and efficiency in urban contexts 3pj
HORIZON-MISS-2027-04-CIT-01 in EU Funding Portal
HORIZON-CID-2026-01-02: R&I in Support of the Clean (150 M€,
Industrial Deal: Clean Technologies for Climate Action [15t025 IA Opening: 18 Dec 2025 - Deadline: 15 Sep 2026

(including innovative electricity grids) M€/pj

HORIZON-CID-2026-01-02 on EU Portal

European
Commission



https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/global-search?isExactMatch=true&keywords=HORIZON-MISS-2027-04-CIT-01
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Conclusion

Optimal use and development of Hybrid AC/DC grids at
HV/MV/LV
— are critical for EU Properity and Security, and Climate
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INtroquction

. : Transmission and distribution Hybrid nEtworks with enhanced resilience and
robUstnesS - THEUS

HORIZON-CL5-2024-D3-01 topic (“Next generation energy systems int\é‘tj'r’é 3

: Research and Innovation Action (HORIZON - RIA)

: 36 months (15t September 2024 - 315t August 2027)

1 95,998,941.25M€ QEUREC
. . . L N
. 15 beneficiaries from 8 countries (4 RTOs, 3 Universities) G %

technology manufacturers, 2 DSO and 1 TSO, and a wind farm operator

)
A\ IR HR é\%}‘;
AP RQE  OnversitaoRoma

: CIRCE (Spain)
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THEUS motivation and vision e«

Hybrid AC/DC grid evolution

Europe’s power systems are evolving from purely AC to hybrid AC/DC grids
iIntegrating multiple voltage levels and technologies.

Technical and operation challenges

Hybrid grids introduce challenges such as protection coordination,
interoperabllity, and stability in converter-dominated systems.

THEUS project vision

THEUS aims to enable aresilient, interoperable pan-European hybrid grid
supporting climate neutrality and enhanced interconnection

Integrated Planning and Operation

Integrated tools for planning and operation are crucial to manage hybrid AC/DC
grids effectively at all voltage levels.



THEUS main objectives

* Develop and validate 12 tools for hybrid AC/DC grid planning and
operation (TRL5)

- Demonstrate hybrid AC/DC integration in 5 real and planned grids
(special focus on Mediterranean countries)

- Reduce energy losses by 10-30% and O&M costs by 15-20%.
» Achieve safety and stability in hybrid grid operations

- Support EU-level harmonisation of hybrid grid standards and
interoperability frameworks

- Create synergies and collaborate with other EU-funded projects and
INnitiatives



Design & Planning Tools Operation Tools
P1. Transnational AC/DC expansion O1. Advanced grid-forming converters
method

0O2. Harmonic stability monitoring
P2. Reliability/resilience assessment tool

O3. Adaptive damping strategy
P3. Smart substations BIM model

O4. Al-based DC protection algorithms
P4. PSA-ACDC planning tool

O5. DC breaker prototype
PS. MVDC design methodology

06. Direct AC/HF/DC converter model
P6. MVDC-AC integration evaluation



?ﬁkheus

THEUS overall concept and approach

- 5 Use Cases have been defined to - Data will be gathered from 5 planned and operational

represent the main challenges of hybrid AC/DC real grids.

European hybrid AC/DC grids.

5 USE CASES . — —

REAL GRIDS for data gathering and scenario’s modelling simulations

UC1. Planning, design and evaluation of GRID1. Planned Crete-Cyprus-Israel transnational

transnational HV AC/DC hybrid transmission HVAC/HVDC

systems transmission grid

UC2. Operational planning and management of MV

and LV DC and AC/DC hybrid distribution grids GRID2. Existing MVAC/LVDC grid and planned MVAC/MVDC
gridin Italy

UC3. Improved grid forming control for hybrid

AC/DC networks GRID3. Planned MVDC distribution grid in Turkey

GRIDA4. Existing Attica-Crete HV AC/DC connection
UC4. Protection and control schemes for

Improved security, resilience and interoperability GRID5. Existing MVAC/MVDC/LVDC microgrid in Spain
among multi-vendor and multi-terminal MVDC and
LVDC systems

UCS5. New switchgears and converters topologies
for DC distribution and microgrids




THEUS Impact

For Grid Operators

» Up to 30% reduction in transmission energy
losses (HVDC vs HVAC)

- Up to 35% increase in renewable hosting
capacity

* 15-20% reduction in O&M costs through BIM-
based digital twins and lifecycle asset
management

* Interoperable, multi-vendor protection
systems - reducing vendor lock-in and enabling
flexible hybrid grid deployment

- Fast fault isolation and resilient operation -
grid-forming + Al-based protection enhances
stability under high RES penetration

For Policymakers

» Supports 15% interconnection target >
validated translational planning tools for HVDC
corridors

- Enables climate neutrality by 2050 - efficient
integration of offshore wina

- Standards and regulatory recommendations -
contributions to ENTSO-E, EDSO, IEC

- Mediterranean energy cooperation - focus on
interconnection in Southern Europe, enabling
energy security and market integration

What is needed to maximise impact?

» Cross-project collaboration

- TSO/DSO engagement in pilot validation and comercial adoption pathway
- Harmonised EU-level standards for MVDC and multi-terminal HVDC systems
- Regulatory sandboxes to test hybrid grid innovations under real market conditions




THEUS so far

7 publications (scientific papers, conference papers), such as:
Hybrid HVAC-HVDC Grids: Review on Techno-Economic, Societal, and Regulatory Aspects

A GA-Based State Estimation for Active Distribution Networks in a Digital Twin Framework

The THEUS Project Towards Transmission and Distribution Hybrid AC/DC Grids: Focus on
[talian Activities

Temporal-Spatial Feature Extraction inloT-based SCADA System Security: Hybrid CNN-LSTM
and Attention-Based Architectures for Malware Classification and Attack Detection

Public deliverables:
Needs and barriers towards AC/DC hybrid grids



THEUS outcomes

THEUS delivers 12 validated tools, 5 hybrid grid demonstrations,

and clear pathways to commercial adoption

Outcomes validated up to TRL 5 through real hybrid AC/DC infrastructures

across kEurope

Deployment of 12 tools

Digital twins for hybrid grid design
Al-based DC protection and grid-forming control

MVDC Smart substations and converters

Operational planning tools to help

Exploitation & Policy

Creation of exploitation pathways for commercial adoption post-project

SOs/DSOs integrate hybrid assets

Recommendations for hybrid grid codes

Contributions to

ENTSO-E,

DSO and |

-C standards



Common areas for collaboration

*Hybrid AC/DC architectures
. - Grid-forming and protection
* - Digital twins and planning tools
* Interoperability and standardisation

Possible joint actions
Workshops, data exchange, standardisation




Thank

you!

Contact us for more information: Visit our website for more information: Contact

. et Project coordinator Communication Manager
@ @ @ www-theus-project.e. Rominal. LoberaDuiz  Céline Suchet

rilobera@fcirce.es suchet@eurec.be
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Il interscada

InterSCADA

Advancing the system stability of hybrid AC/ DC networks
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In a nutshell

-

G
A A

Duration: October 2024 — September 2027
Scheme: Innovation Action

Consortium: 17 Members, from 10
countries

Budget: 6 M€ (EU contribution)
6.7 M€ (total cost)

*
4 **; Co-Funded by the European Union with Grant

* Agreement No. 101173007
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Challenges and project’s objectives

control (TSOs)

Legacy systems
inhibiting
innovation
(TSOs)

Errors in grid
estimation at all
voltage levels

(TSOs and DSOs)

Developing a modular SCADA platform for
operation of hybrid AC/DC grids using
microservices.

Identify needs of system operators and
gaps in existing regulations to formulate
recommendations.

Developing algorithms for real-time
operation of hybrid grids for use as
microservices.

Real-world demonstrations to test, validate
and ensure replicability of solutions.



¢ Modular Platform

% Containerized microservices

)
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® — Visuals
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Legacy SCADA Systems
e Inter

* platform erSCADA Pattorn

Level 3 - Interface

Presentation Interface e
Systems/Platforms

The InterSCADA platform builds on the forerunner SOGNO

platform and it will span three levels:

Level 2 - Application

1. Data Management AC/DC Knowledge
o IEC 61850, IEC 60870-5-104, IEEE C37.118 and MQTT, Grid Services Management

validated against RTDS and commercial IEDs.
o Blockchain scheme (Last Will Letter (LWL) with Second Level 1 - Data Management

don
2. Application Components & Interoperability

3. Interface

Communication infrastructure

]
SEDE xicidaions Measuring Devices Active Assets
and Components



https://ieeexplore.ieee.org/document/9748116
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0 Pilot Sites
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[ Islanding Detection ]
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[ Oscillation Damping ]
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- Examples of Microservice

Al tool for remedial actions
recommendations: redispatch generator to
mitigate congestion in the system

Detection of Power Oscillations: Electromechanical

oscillations are specifically targeted in the range 0.1 to
2 Hz.

Alarm
not
Alarm critical
. issued anymore
Top 10 Most Loaded Branches: Initial vs Resulting 55

- |nitial Loading %
26 -> 25 - Resulting Loading %
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(» Regulatory Analysis

Lack of regulatory Limited regulation
incentives for market coverage for DC-based
penetration applications
Next Steps:
 Formulate recommendations
[ Lack of MVDC and LVDC ] [ Outdated standard ] > for evolving regulation
consolidated regulation methodologies . Low & medium voltage DC

standardization

Unclarity DSO-TSO Unclear HVDC and hybrid
coordination and role infrastructure classification
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CONTACT INFORMATION
info@interscada.eu

WEBSITE
www.interscada.eu

LINKEDIN YOUTUBE MASTODON BLUESKY
InterSCADA @InterSCADA @InterSCADA @InterSCADA

Co-Funded by
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https://www.youtube.com/@InterSCADA
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InterSCADA platform

Layer 1 —

Field sites
[ 1T site-italy
GR site-greece ES Site-spain Fr site-france . )
IPTO - IEEE C37.118 - OpenPDC REE - RTE i) @ [tenlalis TElEAOIRE (LA
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& In development
|
| ! ! |
p
Eclipse Mosquitto 2.x — central MQTT broker
All services communicate exclusively through it Roles: admin / gateway / service QoS 0 & 1
.
A

1 v
Data adapti{ion I Layer 1 — Interoperabilitﬂ,

communication

k data management

Interoperability,
communication

. . |f | & data
sensor-adapter & islanding-adapter & snapshot-assembler . management
validates JSON schema — processed/{site}/{device} p-SWAMP — InterSCADA envelope format L assembles site snapshot — scada/snapshot/{site}/{ts} |
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event detector orch. engine dispatcher « status aggregator
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Commission

DCforEU and

» SET Plan IWG - Direct Current technologies
Direct current technologies: - -
a game-changer for the energy transition

Dirk Van Hertem, Chair SET Plan IWG DCT
Prof KU Leuven, Belgium
Director Etch, EnergyVille, Belgium

L=EU o

Webinar 8/6/2026




pp DCforEU: overview

.
G
A A

Duration: Nov. 2024 — Oct. 2027

Scheme: Coordination and support action
(CSA)

Consortium: 17 Members, from 10 countries

Budget: 600 k€ (EU contribution)

Co-Funded by the European Union with Grant
Agreement No. 101173007

#SETPIlan

« www.dcfor.eu

* 4 partners:
« KU Leuven, Belgium (coordinator)
« DTU, Denmark
« Supergrid Institute, France
- |EEE GMBH
« DCforEU supports the Set plan

Implementation working group
on Direct Current Technologies

DE=eu

European
Commission


http://www.dcfor.eu/
http://www.dcfor.eu/

pp Energy transition is underway

- With the energy transition, the general
objective is to obtain an energy system
that is:

- Sustainable -> 100 % RES?

- Reliable -> security of supply and energy
independence

- Cost effective -> whatever that means

- Stages of the energy transition
- Stage 0: recognition of need and first steps

- Stage 1: replacing conventional generators by
renewable generators

- Stage 2: replacing fossil fuels in transport,
heating and industry where possible =
additional generation on top of replacement =
much more grid needed

- Stage 3: hard to abate technologies

#SETPIlan

Final Energy Demand (TWh)
400

350

300

— —
[

250 —
20 _ I
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10 _— —
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O I

2020 2030 2040 2050

o

(=

o

=

Fossil Electricity Biomass-Biofuels District Heat Clean Molecules

Central [@ Electrification Clean Molecules

Final energy demand Electricity demand
decreases by a more than

third doubles

regardless of the scenario. in the 3 scenarios.

EnergyVille Paths 2050 — The Power of Perspective,
https://perspective2050.energyville.be/paths2050

DE=eu

European
Commission


https://perspective2050.energyville.be/paths2050

We need to connect 200 GW

from the north sea
= Assume 5 GW links

)

- By 2050:
~ 300 - 450 GW of offshore wind FIGURE 3
~ 550 GW onshore wind
~1500 GW solar PV

-  Grid investments of 1.2T€ needed by 2( I 2050 vision:
477 B€ for transmission (31,8 B€/year)

730 BE€ for distribution (48,8 B€/year)

« Transmission

High power + cable + meshes = DC grid

OF OFFSHQ

AC backbone needs to be reinforced

e Distribution
Massive upgrade of existing AC grids

Low and medium voltage DC for more efficiel
resilient electrification —

[1] EU guidance on ensuring electricity grids
#SETPlan



https://energy.ec.europa.eu/news/eu-guidance-ensuring-electricity-grids-are-fit-future-2025-06-02_en

DC is already (almost) everywhere

Y 7 1
y §F R\
A B

" "

Photovoltaics

g

Industry

#SETPIlan
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storage Wind energy Rail
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Future energy system will DC based
Vision

The future energy system will be predominantly electric. That system will be
fully dependent on power electronics converters to convert energy from
renewable sources and inject into the electric power system,

and convert it again into useful energy for loads and storage. Recent
advances make direct current technologies ideally suited to realise such
system. As such, we are convinced that a significant part of

the future electric power system shall be direct current, and that at all
voltage levels, in harmonious co-existence with AC power systems. This will
lead to new grid architectures, making future power systems more

resilient, cost-effective and sustainable.

#SETPIlan 6




What does the SET Plan do?

« Strategic Energy Technology Plan

« The European Strategic Energy Technology Plan aims to accelerate the deployment of green
technologies: providing energy security in an economically responsible way.

« Identification of strategic technologies and a vision for their implementation in Europe

« Develop a consolidated Strategic Research & Innovation Agenda (SRIA), a roadmap for key
technologies that are required to facilitate the plan

« Develop a Common Implementation & Investment Plan combining aspects of the SRIA into
concrete investable projects

 Part of the Net-Zero Industrial Act

DE=eu

European |
Commission

#SETPIlan 7




SET Plan IWG Direct Current Technologies

Established 2021

Develop a Common Implementation & Investment Plan Direct Current
technologies to support the European Green Deal goals (updated September
2025)

Strategic Research & Innovation Agenda/roadmaps based on input from:

« Ongoing research and development projects

« (EU projects, National projects,...)

* Individual member insights Literature

« Large stakeholder groups: ENTSO-E, IEEE, T&D Europe, ODCA, Current/OS, WindEurope

Common Implementation & Investment Plan (2026+)

« Public and Private (National Public & Private) support for required R&l
Projects

* Definition of Real Commercial Projects

« Commitment by National Governments to support Real Projects and finance
of these.

Website: www.dcforeu.com
Contact: secretariat@dcforeu.com

#SETPIlan 8

European
Commission



http://www.dcforeu.com/
mailto:secretariat@dcforeu.com

> Research & skills of the future

TRL 1-3

Research

Now
Mid-term . .-
Universities
&
Near future ResearCh
centers
HVDC
supergrid

q

TRL 4-6
Development

TRL 7-9
Demonstration

Industry

Examples

Multi-terminal
Grid forming

4 GW cables
Interoperability

Better planning tools
Protection of DC grids

6 GW cables
10 GW Energy Islands

Superconducting multi-GW
Subsea
Subsea porjpenpaiq_J

European |
Commission



pp Developing the next roadmap for DC technology

Industrialization, scale-up and competitiveness

» Supply chain, production techniques, asset management,...

DC Technology development

 Converters, DC breakers, Cable systems, offshore substations (islands)...

mmmw DC System integration

 Planning, Operation, Interoperability,...

» LCA, SF6 replacement, PFAs,...
UNDER

B\ ||s acceptability CONSTRUCTION

» European skill development, centres of excellence

#SETPIlan 10
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Economic Impactof vy L1 R e _
Flemish Universities Interuniversitaire Raod WWWVIIr_be

pp Invest in R&D

* How much do you need to invest in R&D to stay on top? €9.8 billion GVA and 92,000 jobs

in Flanders

In 2016 VLIR Universities contributed

» Typically in % of turnover

* Top innovators (apple, pharma) = +/- 10 % (example Every €t Every €1 i 1peson
. Pharmaceuticals & biotechnology irect ’ le)iC un ing, employe: ]

Elia turnover +/- 4 BEUR = 400 MEUR/year), IO - generated supported

. . Technology hardware & equipment €6 GVA €10 GVA ; 3 .IObS

« European target: 3 %, not reached due to lack in business e | S L btk

Leisure goods

R&D [Measuring corporate R&D returns; Bronwyn H. Halll Jacques Mairesse]

IR LR Research valorisation, including services to businesses, spin-
Electronic & electrical equipment offs, science parks and placements, contributed

« Lagging US and Japan

€2.6 billion GVA

Chemicals and supported

 Return on investment of R&D is positive, for company and 41 000 Ioks

Travel & leisure

SOClety in Flanders

Personal goods

Gross domestic expenditure on Research and Development, 2010-2021 (<) Sonersl industriats. |
164 H:u:::::::: : It was estimated that the
344 37,400 graduates in 2016
32 | ewsipment, servces & distribution | will earn an additional
_— Fooaprocueers | €3 4 billion over their
% 28+ " Fised line telecommunications | workinglives
.% 26+ R - Media |
E. 244 Construction & materials
< 22 - . . f Banks The Universities employed
N *-—:;/‘—*, Bty 32,000 staff
::: _[nd“"rial metals Their spending contributed
3 ' . ' T ‘ . ' 3 ' g ™ Ol Bgas producers €669.5 million GVA
& & & ) & & Gas, water & multiutilities and supported

. _ 10,500 jobs 14% 16% 18%
W EU W China (except Hong Kong) M Japan M United States

This analysis was undertaken by BIGGAR Economics un behall ol the VLIR Universities :; European
“GEYa - Gross Valua Added CommISSIOI“I




p) Conclusion -DC ...

... enables the energy transition

« Efficient connection of generation and load with minimal resources
* Relieves AC supply grid
« Enhanced resilience

... Europe should take the lead

* |If we do not act, we are just consumers
* Innovate!

DCforEU
« Supports building the roadmap for DC

R DEeu
an 12 7
‘k ‘W o



THANK YOU!

Views and opinions expressed are
those of the author(s) only and do not
necessarily reflect those of the
European Union. Neither the
European Union nor the granting
authority can be held responsible for
them. This project has received
funding under the Horizon Europe
programme under grant agreement
No 107136182

Funded by the
European
Union

DCforEU supports the

SET Plan IWG on Direct

Current Technologies

DE=euU



https://energy.ec.europa.eu/topics/research-and-technology/strategic-energy-technology-plan_en

Structure of the IWG DC Technologies

IWG Core Team

National Representatives

HVDC Stakeholders LVDC Stakeholders

Industry Industry
MVDC Stakehold
Academia ( AR, Academia

Other Other

The Stakeholder layer consists of what in other sectors is the ETIP. In the future, an ETIP may be formed.

DE=eu

% X‘k European

= Commission

#SETPIlan 14




4

IWG leadership

TenneT DE
ENTSO-E

#SETPIlan

Co-Chair HVYDC
Robert Dimitrovski

Chair - B DG Ener contact
Dirk Van Hertem a7 Eric Lecomte
KU Leuven & Etch DG ENER
Country rep Belgium

Co-Chair LVDC Co-Chair LVDC

Harry Stockman Hartwig Stammberger
DC Systems Eaton
Current/OS ODCA

15

DE=eu
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pp Project Organisation — IWG DC Technologies

Academia and

EC SET Plan Industry
SR El IR EIE) Representatives
Nationally Implementation Working Stakeholders Support
Outputs of IWG Appointed Group (IWG) Group (IWG)
| Representatives DC Technologies DC Technologies
s SG tasks IWG to prepare Technical & Industry expertise
o UETEUE VISEl Thematic Vision supports Thematic Vision

Endorses Industry SRI
2. Strategic Research & // y \\ Technical & Industry Experts

Innovation Agenda (SRIA) prepared by Stakeholder identify Technology Roadmaps

Group
\ 4
: Discuss (National) priorities Support Group (CSA) integrates
& ImElRMATEER) 5 MOSE: Collect national Commitments — SRIA and National Commitments
Plan (lIP) :
Endorse lIP into IIP
#SETPlan 16

European |
Commission

24. Jan. 2025
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