WEBINAR - ENTSO-E RDI Roadmap 2020-2030

TSO innovation for a climate-neutral European energy system

2 July — 11.00-13.00 (CEST)

Register now! bit.ly/RDIWebinar entso@



Notes & Rules for the Participants

Video and audio
e Video and audio is allowed only for Speakers or Panellists
e Speakers or Panellists will be asked to switch video and audio OFF when not talking

Questions
* Participants can place their questions directly through sli.do and not through GoToWebinar.
Feel also free to vote for most relevant questions posted

* Indicate your name and company/institution when posting your question
 Moderator will select a couple of questions and ask the relevant speakers or panellists to

comment
o0

e Chat and raise the hand feature will not be used

Sli.do: # Roadmap30
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https://app.sli.do/event/ppc7geqy

Agenda

Time Issue Presenter
11.00-11.10 Introduction Laurent Schmitt, Secretary General (ENTSO-E)
11.10-11.25 Research, Development and Innovation: A key pillar of Patrick Child, Deputy Director-General (DG RTD)
Green Deal
Moderator: Laurent Schmitt, Secretary General (ENTSO-E)
Q&A
11.25-11.40 ENTSO-E Vision 2030 Timothée Decroix, Chair of Policy & Communication
Group (Swissgrid)
Damian Cortinas, System Operation Lead of the ENTSO-E
Q&A 2030 Vision Project (RTE)
Moderator: Norela Constantinescu, Research & Innovation
Manager (ENTSO-E)
11.40-11.55 Taking the challenge of EU Green Deal: the new ENTSO-E Hakon Borgen, Chair of Research, Development &
RDI strategy Innovation Committee (Statnett)
Q&A Moderator: Norela Constantinescu, Research & Innovation
Manager (ENTSO-E)
11.55-12.50 Introducing ENTSO-E’s RDI Roadmap 2020-2030 Sonja Berlijn, Convener of Working Group Research,
_ Development & Innovation Planning (Statnett)
Q&A after each of the 6 flagship clusters
Moderator: Uros Salobir, Vice-chair of Research,
Development & Innovation Committee (ELES)
12.50-13.00 Conclusions Hakon Borgen, Uros Salobir entso@
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Introduction

Laurent Schmitt

Secretary General (ENTSO-E)
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Bridging the gap from 2030 to 2050 and beyond

Green Deal: 2050 EU Long-term strategy &

Clean Energy Package: 2030 targets & new
ENTSO-E mandates

=  32,5% improvement in energy efficiency
= 32% of energy from renewables 0
= 40% reduction of GHG emissions

European targets

2030

-
5B

Climate Law

Full decarbonisation of the energy system and

climate neutrality

Reduction of emissions from other sectors

A

o

-

COP21- CMP11
PARIS 2015
UN CLIMATE CHANGE CONFERENCE

2050

ENTSO-E contributions

= Ten-Year Network Development Plans, .
compliant with COP21 and National Energy
& Climate Plans =

= Network codes and Clean Energy Package
implementation

= |T tools & platforms

ENTSO-E Vision 2030: a ‘system of
interconnected systems’

New long term scenarios, new TYNDPs and
multi-sectorial planning

m) ENTSO-E RDI Roadmap



EU climate nEUtraIity by 2050 TYNDP National Trends

Scenario are- aligned with

GHG emissions compared to 1990 level

NECPs
80%
S _ °
@ 70% TYNDP COP21 Scenarios
§ 60% - \ ® assessed all GHG emissions
5 50% ~ on the path to 2050
% 40% targeting net zero
©
Q. 0,
g 30% TYNDPCOP21 Scenarios
o 20% 7 reach >55% GHG emissions
& 10% ,4 reduction by 2030
7 0% 0’
0
2015 2020 2025 2030 2035 2040 2045 2050 Cumulative GHG emissions

in 2050 confirms European
Commission Long Term

<2050 2090 =200 Scenario 1.5TECH/LIFE

Energy and non-energy related CO, emissions 571 Additional calculations
measures
Non-CO, GHG emissions (including methane needed, e.qg.: (614 Vs 65 GtCOZ)

and Fluorinated gases)* L5 LULUCE,
Carbor_t- BECCS, CCS,
Carbon sinks** -13.4 Neutralit DAC
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mmm EU GHG reduction targets/ranges === Distributed Energy Global Ambition @ 2015

Net cumulative
emissions




Renewables in primary energy

RES share reaches 82% in Distributed Energy by

RES share reaches 69 % in Global Ambition by
2050
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Solar (including P2X)

m Oil (including refinery gas)
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Wind (Including P2X)

TYNDP COP21 Scenarios are in line with EU’s 32% target for renewables in 2030

RES sharein %
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Energy efficiency

18.000
16.000
14.000
12.000

< 10.000
E 8.000
6.000
4.000
2.000

Historic Historic Distributed Energy  Global Ambition Distributed Energy  Global Ambition

2005 2015 2030 2050

I Industry mem Tertiary Residential W Transport mmm Final energy demand = EU Efficiency Target 2030

COP21 Scenario Storylines engineered energy efficiency driven by technology improvements per
sector. COP21 Scenarios reach higher efficiency in 2030 - max. 10.600 TWh of final demand
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‘ Electricity system: challenge and opportunities ahead of us

TWh Annual Demand
4500 TWh Generation Mix
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Research, Development and Innovation: A key pillar of Green Deal

Patrick Child

Deputy Director General, DG RTD
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ENTSO-E RDI Roadmap 2020-2030

Moderated by:
Norela Constantinescu

Research & Innovation Manager
(ENTSO-E)

entso@



‘ ENTSO-E Vision 2030
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ENTSO-E Vision 2030

Timothée Decroix Damian Cortinas
ENTSO-E Chair of Policy & ENTSO-E Vision 2030 Project
Communication Group (Swissgrid) Manager (RTE)
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Major frends in the power sector and new political framework

J 1 The European electricity system undergoes significant
changes driven by a strong climate action agenda and
related development of renewable energies.

Q- R
GENERATION —8 *—o CONSUMPTION
e N These changes take place at unprecedented speed and

S s add further complexity to system operation and electricity
I markets, while also offering new opportunities.
% The Clean Energy Package is an important milestone for
-ﬂ' this transition. Its timely implementation is the priority for
COUPLED TO European TSOs.

OTHER SECTORS
FURTHER OPTIMISED

.. ENTSO-E’s Vision aims to contribute to the Green Deal

through the shift of Europe’s energy sector to a clean,
DIGITALISATION digitalised and electrified consumer centric system with
many distributed resources.

entso@



How the Vision 2030 was built

2030 Scenarios: a shared view of the future

System Operation 2030 QQ Market Design 2030

Working together foracloseriniegration

A robust 2030 vision based on TSOs expertise ,
and adapted 1o a dynamic future

An inspiration for the RDI Roadmap presented today
and a basis for in-depth stakeholder engagement after the summer

entso@ 15




Key drivers for a fast evolving power system towards 2030

« Distributed flexibilities with close TSO & DSO cooperation,

customer centric app roach Vision on Market Design and
System Operation towards 2030

» Sector Integration with pivotal role for “system of systems”,
beyond power

* Markets and Physics seamlessly integrated
* Wind generation and interconnections in the seas, Offshore Grids
* Power Electronics towards hybrid AC / DC systems

 Mastering operational challenges - resilience (including
cybersecurity), forecast, automation, Artificial Intelligence

entso@
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Distributed VISION 2030
Of SyStemS Flexibilities a—
Offshore

Further operational challenges /

External threats to the power system
Automation and decision support
Complex forecasting -

F,

Regional Coordination Centers
Model

Sector Coupling
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Towards a System of Interconnected Systems

) - ® K
-t ﬂ ™ h REGIONAL
entso@ COORDINATION TSO-TSO

EUROPEAN CERITERS COOPERATION
w_ah “ i o,
g UNGE AR B -
NATIONAL =
N SR o A G SR o ¢

LOCAL pso  / DSO DSO DSO

Geographical scales
Functional layers
Multilateral interfaces
Interoperability

System operators =
key facilitators

Governance involving
stakeholders

ents O@ Let‘s build it together -> ENTSO-E Vision Week this autumn



Taking up the EU Green Deal challenge: the new ENTSO-E RDI strategy

Hakon Borgen

Chair of Research, Development &
Innovation Committee (Statnett)

entso@ "



ENTSO-E Legal mandate: Research Plans

Roadmap

Monitoring
/Application
Report

entso@®

Implemen-
tation Plan

Work to be
started
2020
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The ENTSO-E R&I Roadmap 2020-2030: towards a pan-EU energy system with
no net emissions of greenhouse gases in 2050

0S

. Breakthrough
One System of integrated systems ONE SYSTEM OF INTEGRATED SYSTEMS (0S) innovation
F1 — Optimise cross-sector integration opening new
F2 — Develop an ecosystem for deep electrification opportunities for

PG
Backbone of an
energy system

system users

CP Better usage
Cyber-Physical POWER GRID - BACKBONE OF AN ENERGY SYSTEM (PG) EESERII

Systems F3 - Enhanced grid use and development for assets and new
a pan-EU market solutions at

system level
CYBER-PHYSICAL SYSTEMS (CP) Further
F4 — Enable large-scale offshore wind energy into the grid developing
F5 — Enable secure operation of widespread hybrid the core of
AC-DC grid the electrical

F6 — Enhance control centers operation and interoperability [ESVAESN
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ENTSO-E key RDI priority areas

o i i reen deal Missions in e i inciple i
35% of HGI"I:'!EE‘rI'.I to climate G : i 500 million R&D in 2020 Digitalization Innovation F'.rlnc‘rple in
activities Horizon all EU legislation

RDI priority
areas

One System of Integrated
Systems

Power grid: backbone of
energy system

Cyber-physical System

RDI priority area

elements

entso@
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Market expansion
through electrification
Coordination TSOs,
DSOs, market parties
and customers

Sector coupling/

integration enabled by
digital technologies
flexibility &
optimization use of
infrastructures

High volumes of long-
distance transport of
RES in Europe

Increase Grid Capacity &
optimization

Large scale deployment
of new services and
solutions high TRLs
Control of power flows
Innovative Asset
management

Further digitalization of
the market

Technical soundness
ensured by TSOs for power
electronics &digitalisation
& connectivity at all layers
interoperability in terms of
hardware and software
components

Resilience and security
HVDC, offshore,
multiterminal multipurpose

solutions
Preparation of real time

operation

22



Next steps for Roadmap and Implementation

‘ ENTSO-E

e The RDI Roadmap 2030-2030 is out for public consultation now

-> Go to ENTSO-E Consultation Hub - consultations.entsoe.eu - and

- ‘g give us your opinion

Public Consultation of the Roadmap - closes 10th August

2ep-dive into the Roadmap - 2d July
Start Implementation Plan

Connect to financing schemes

Europe & CEF entso@



https://consultations.entsoe.eu/entso-e-general/rdi-roadmap-2030/

Introducing ENTSO-E’s RDI Roadmap 2020-2030

Moderated by:
Uros Salobir

Vice-chair of Research, Development
& Innovation Committee (ELES)
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Introducing ENTSO-E’s RDI Roadmap 2020-2030

Sonja Berlijn

Convener of Working Group
Research, Development & Innovation
Planning (Statnett)
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The ENTSO-E R&I Roadmap 2020-2030: towards a pan-EU energy system with
no net emissions of greenhouse gases in 2050

0S

: Breakthrough
One System of integrated systems ONE SYSTEM OF INTEGRATED SYSTEMS (0S) innovation
F1 — Optimise cross-sector integration opening new
F2 — Develop an ecosystem for deep electrification opportunities for

PG

Backbone of an
energy system

system users

CP Better usage
Cyber-Physical POWER GRID - BACKBONE OF AN ENERGY SYSTEM (PG) BESERIie-u

Systems F3 - Enhanced grid use and development for assets and new
a pan-EU market solutions at

system level
CYBER-PHYSICAL SYSTEMS (CP) Further
F4 — Enable large-scale offshore wind energy into the grid developing
F5 — Enable secure operation of widespread hybrid the core of
AC-DC grid the electrical

F6 — Enhance control centers operation and interoperability EESEIEN
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MARKETS FOR THE CROSS

PLANNING AND OPTIMISATION TOOLS

SECTOR INTEGRATION

FOR AN INTEGRATED SYSTEM

Market platforms for an
integrated energy system

New market architecture
concepts

Planning tools to enable
sector coupling investments

Optimisation tools and
strategies for operating the
integrated energy system

Demo pilots on how to operate

the integrated energy system

Pan-EU cross sector energy
system model (incl. heating)

Scenarios developed in an

integrated way considering
the whole energy system Regulatory framework

gl for the integrated energy
system

Definition of new roles

and responsibilities

INTEGRATED SYSTEM GOVERNANCE

FLAGSHIP 1

Optimise cross

sector integration

Standards for interoperability

and data exchange between
sectors




NEW TSO-DSO INTERFACE

DEEP ELECTRIFICATION
SCENARIOS AND MODELLING

FLAGSHIP 2

Develop an

ecosystem for deep
electrification

4 Enhanced TSO-DSO interaction

for optimal power flow and
Market driven

TSO-DSO-Prosumer
coordination

system security

Enhanced TSO-DSO interaction
for joint system planning Cross sector energy system

restoration assessment

Regulatory requirements
for distributed

flexibilities Public acceptance
analysis and solutions Efficient utilisation of flexibility

and demand side response
High RES penetration scenario
and analysis: security of supply

and flexibility needs

Market mechanisms for system
Assessment of electrification potential in security and adequacy validated

residential, services, industry, heating & cooling
and transports (incl. new load patterns)

Improved CBA consider-
ing deep electrification
scenarios

Assessment of the flexibility potential
unlocked by sector coupling
(incl. power to gas solutions)

Assessment of the value of peer-to-peer New business models for system
transactions for energy and flexibilities operators & costumers interactions

DEVELOPMENT OF NEW MARKET DESIGN AND ANCILLARY SERVICES




ENHANCED PAN-EU POWER SYSTEM

INTEROPERABILITY, INTEGRATED AND

STANDARDIZED PLATFORMS

FLAGSHIP 3

Enhance grid use

and development for
pan EU market

Coordinated planning of Collaborative ICT platforms for mass
highly controllable power deployment of ancillary services

grid including HVDC

lnnodv.atlr'e soI;Jtlon;s, (ljllgtlatlal twin ar;]d AI;Ibaged Pan-Ell coardination
coordination of controllable power flow devices of energy platforms

Improved, self-learning

renewable power . _
forecasts Interoperable data hubs interconnecting

main grid actors infrastructures

New technologies enabling
system development SF free solutions

Tools for optimal exploitation of

. flexibility sources and sizing &
Eco-design and positioning of storage systems
lifecycle management

Circular economy included in
planning and asset management

ICT requirements and standards to

collect data for flexibility markets

Substation of the future and solutions
to reduce the risks associated with
production outside EU

New asset management approach

and identification of risks associated
with production outside EU

NEW APPROACH TO GRID DESIGN AND ASSET MANAGEMENT



REGULATORY GUIDELINES

HW AND SW SOLUTIONS FOR

DC GRIDS/SYSTEMS

FLAGSHIP 4

Enable large scale
offshore wind energy
into the grid

Regulatory framework
Regulatory framework implemenation
definition

Multi-vendor & multi-terminal
HVDC full scale demonstrator

Definition of Offshore
wind ancillary services HVDC interoperable grid

forming converters
Model for interoperability assessment
of grid forming converters

Requirements for multi vendor Defined and evalu-
converter capabilities ated protocols for

(at DC connection point) multivendor “plug &
play” approach

Medium voltage DC multi-vendor
& multi-terminal demonstrator

Reliability and asset manage-
ment of HVDC equipment

Pan-EU standard HVDC HVDC cables and
modeling tools ; :
components standardization

Standardization of HVDC
models and replicas Development of HV
components and
sub-systems for extreme
HVDC insulations and environmental conditions
circuit breakers field tested

Remote monitoring and
maintenance of equipment

HVDC TECHNOLOGIES AND MATERIALS



HYBRID AC/DC POWER FLOW
AND SYSTEM MODELING

CONTROL AND PROTECTION
OF HYBRID AC/DC GRIDS

Assessment/valida- Deployment of

AC/DC system tion of meshed DC

modelling
Intrinsic grid parameter estimation
Power quality monitoring
and maintenance for
hybnd AC/DC Systems Reliabi ity assessment

Controllability and stability
assessment

Assessment of interac- Upgrade of power
tion between AC and DC flow control tools to
parts of the system include DC grids

Fast system frequency
change identification tools
Inertia management by ]
grid forming converters DC faults propagation

assessment

meshed DC grids

New optimization techniques
considering AC/DC system

Restoration plan of the

Pan-European system

Network code and guidelines up- Ancillary services fiom

grid forming converters

date with requirements for the DC
side of grid forming converters

HYBRID AC/DC SYSTEMS: ANCILLARY SERVICES

FLAGSHIP 5

Enable secure operation
of widespread hybrid
AC/DC grid



CONTROL CENTERS
INTEROPERABILITY

ENHANCED CONTROL CENTERS AND
WIDE AREA MONITORING

Vendor independent
solutions for control
centers

Standardized data
protocols

Al-based decision support

systems: technical, social and
ethical aspects fully considered

PMU usage for WAM Resilience toolbox

Dynamic security
assessment Coordinated quantitative

risk management approach

Innovative training concepts

GUIDELINES AND TOOLS FOR HIGHLY COMPLEX SYSTEMS

FLAGSHIP 6

Enhance control
centers operation and
interoperability

Back up procedures for
automated systems
Cyber security for
control centres Cyber secure and resilient Pan EU

ICT platform for data exchange

High speed protection and control
for meshed AC/DC grids

Pilot for fully automated decision
support systems for better supported
decisions in the control centres

Enhanced methods for more accurate
and wider representation of the grid




Key takeaways

Hakon Borgen Uros Salobir

Chair of Research, Development & Vice-chair of Research, Development
Innovation Committee (Statnett) & Innovation Committee (ELES)



Key takeaways

» Looking to 2030 -2050: Climate neutrality, decentralization, increased energy efficiency, deep electrification,
flexibility, optimized use of assets and infrastructures, digitalization

» A system of interconnected systems is in the center of ENTSO-E Vision 2030 which will play a key role in the
European energy transformation

» Horizon Europe and other financial instruments such as CEF need to remain strong instruments of the green
recovery
» ENTSO-E RDI Roadmap 2020-2030 aims to accelerate innovation for TSOs in order to reach climate neutrality
1 New approach to planning RDI activities through use cases: 3 areas/clusters and 6 Flagships
1 Focus on implementation, integration and interoperability of technologies and solutions

 RDI Flagships to ensure progress through the milestones and leading the way to implementation
measures

Stakeholder cooperation is essential » Have your say by responding to our consultation by
10t August 2020!

@consultations.entsoe.eu entso@ 3



