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THE POWER SYSTEM IS CHANGING, SO ARE WE

Where we were in the past Where we are now Where we might go in the future

j,;,i'..:: : — LB
" L ¢ B = i
4 g = ' - B 3 ‘J_ I

e AMixed portfolio of distributed, gas &

A j ) low carbon technologies

Alarge &. centralised ASmall, variable & decentralised < .
generation generation ANew technology assets & services

AOne -way flow to ABidirectional flows AEngaged, active, prosumers

consumers AFurther electrification of transport

AReduced thermal generation

) . . ASmart, data -centric system
Alncreasing smart technologies
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.RES SHARE I N GENERATI

B Conventional generation MW Other RES MW Variable RES

Var. RES represent
35% of electricity
demand

1411 1431

225,71

234,70

Demand varies from
530 to 574 GW
342,00

GENERRATION, GW

910,70

439,00

2015 2020 2030
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NEW FACTORSNDUCENEWCHALLENGES...
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16% of consumption l Variable /I\ >20% of consumption
Renewables
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.AND A RGGBBFOR OUR NETWORKS

--------- to-smayt.-optimization
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September 2016 in Denmark, one week
(source Energinet.dk)
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WHY STRENGTHEN THE GRID?

Low capacity factor RES effect ,
visible already

WHAT TO DO WITH EXCESS
RENEWABLES?

ACURTAIL

ASTORE

ATRANSPORT =eheapest
alternative so far

Need to find the optimal mix
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2020 - 2025
Controllable vs. variable generation
Base vs. peak load 2025
2020 Generation
Generation = 1270 GW

=1180 GW

Wind+solar : 340 A 450 GW

Thermal+biomass+hydro : 840
A 820 GW

Base load: 280
A 300 GW

Source: ENTSOE Midterm adequacy forecast



WHATWE NEED TAPREPARE FORHEFUTURE

Transmision Priorities

Cluster/Challenge 1: Modernisation of the network

Cluster/Challenge  2: Security & system stability

Cluster /Challenge 3: Flexibility

Cluster/Challenge 4 : Economic & efficient  power system

Cluster/ Challenge 5 : ICT & digitalization




TRANSMISSION: FLEXIBILITY + MARKETS + RELIABILIT

2025

Few TSOs rely on DSO information Al TSOs0O0 grid & mar dagat t
hubs information odistributed flexibility 6
Storage : short term and reserve markets

Demand response : 5% of the
electricity demand

FLEXIBILITY

Storage and DR: Europe wide for
capacity & flexibility services

New tools for regional security

assessment (ex: iTesla, Umbrella) INNOVATION Interaction TSO security assessment & data

hubs

Modular planning methodology:

eHighway2050 EU wide coordinated planning based on

overall energy system view

SECURITY

Interaction with other energy networks



CUSTOMER AT CENTER OF POWER SYSTEM

2025

Dynamic retail pricing

Demand side and distributed

generation used for balancing
& other markets

Smart apps, data hubs,
integrated wi t h DSOs/
software / Compliance  with
data protection regulation




INNOVATION INTO SYSTEM OPERATORS BUSINESS

?ﬂ{ MARKETS

OPERATIONS \J O

Ensure consistency between
wholesale and retail market

Unlock DSR potential
One single market

no:\ DATA

Define needs around observability

Active power mgt actions with impact
on balancing + congestion in
transmission should be overseen by
TSOs

Define roles of TSOs and DSOs

PLANNING D

Define data needs to fulfil reqgulated
tasks

Using existing standard developed at
EU level (CIM format)

IT architecture for data management

Enhance the information exchange

Coordination of the assessment of
connection capacity

Enhance resilience
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NEW STRUCTURE OF THE ROADMAP

RATIONALE AND CORRESPONDANCE
WITH PREVIOUS CLUSTERS

Split by challenge addressed

PREVIOUS
CLUSTERS

C1
Grid Architecture

C2
Power Technologles

C3
Network Operations

C4
Market Designs

C5
Asset Management

C6
Joint TSO/DS0O
R&D Activities

No longer a

specific cluster, due

to change of perspective,
from activity to challenge

Split by
EhH”EI"I!]E addressed

Mo longer a specific
cluster, since they

are present and spread
in all clusters

Integrated with new materials/
technologies and public acceptance

No longer only tools, but also market
applications and business models

New Cluster

PROPOSED
CLUSTERS

c1
Power System
Modernisation

c2
Security and

System Stability

c3
Power System Flexibility

C4
Power Sysiem Economics
and Efficlency

C5
ICT & Digitalisation of

Power System



CHALLENGES AND TRANSMISSION MAIN ACTIVITIES

EEmm——

c1

Power System
Modernisation

[ i =T
Flexiblilty

ICT &
Digitallsation of

T1
TZ2

T3

T4

TS

TG

Tr
T8

L]

T10

T11
T12
T13

T117

T18
T149

T20D
T21

Optimal grid dasign
Smart Asset Manapamend

Mow matarials & sechnologies
Ermvironmental challanges &
staketholders

Grid observability

Grid controllability

Expert systams and tools

Reliability and rasilianca

Enhanced ancillary sarvices

SMorage indegration

Dermand Responsa
RES forecast

Flexibla grid usa

Interaction with non elecirical
anergy networks

Markat — grid imtegration
Bu=iness models

Flexibla market dasign

Big data
Standardization & data emchanga

Incernat of Things
Cybersecurity

Optimal gnid design: planning. adeguacy, tools

Smart Assat Management; predicive and on-condilion maintenance:
CapE apbmisation

Use of new malerials and power technologsas: new construction and
maimienenance meithods

Ervironmamtal impact, public accepianca, stakeholders participation

Dbsarvabiility of the grd: PMUs, WAM_ Sansors, D20 informaticn
exchamge

Controllabiliyy of the grid: frequency and voltaga stabvility, power
quality. synthetic inartia

Decision support tools, automatic control and expert systems

Rolizbility and resilience: defensa and restauration plans,
probabilistic approach, sk assessment, =clf haaling

Enhanced ancillary servicas for nety ork oparation; cross-bordar
supply of sarvices

Storapa intagration, definmion and use of Slorage servioces; sysiam
addad valwa from storage

Damand Response. iools o usa DSHA; Load profile, EV impact

Flexible Thermal

Improwad RES forecast and optimal capacity operation

Generation (T2

= o

EBusinass madels (for siorage, grid axtansion, disaribated gesnaration]
for optimal investmenis in tha neawork

Flaxible grid use: dynamic rating aquiprment,
powear alectronic devicas: usa of imMarconnecors

Interaciiond coordination with other enengy nessorks
{ga=s, heat, transport]

Integration of market and grid oparation across imeframes
{up v real iEmed

Barket design for adequacy. flexibility use. cross border exchanges,
rationaba u=a of RES, damand managemsan

Eig data, data mining, data manageameant

Stamndiardisation. protocols for communications and data exchange
wiith D50z and other grid oparaiors

Mow commuenication achnologies, Imamet of Things
Cybearsacurity



TIMESCALE INDICATION
o v

boer Syston S T—— What is for the customer ?

Modernisation T2 Smart Asset Management N |

T3 New materials & technologies

T4  Environment & stakeholders

cz2 T5 Grid observability

Security and
System Stability 16 Grid controllability

T7  Expert systems and tools
T8 Reliability and resilience

T9 Enhanced ancillary services

c3 T10 Storage integration
Power System _9 C U S O E €_
Flbilty 11 Domand Response L — |
T12 RES forecast s
T13 Flexible grid use B |
T14 Interaction with energy networks [
c4 T15 Market - grid integration T
Power System
Economics & 116 Business models - I
Efficiency
T17 Flexible market design [ T
c5 T18 Big data - [
ICT &
Digitalisation of 119 Standardisation & data exchange |
Power System
T20 Internet of Things - I
T21 Cybersecurty o Prioritisation in the Implementation Plan




FOCUS FOR next IMPLEMENTATION PLAN 2022019




LOOKI NG AHEAD.. WHAT RESE.

.2 ) ETIP SNET

The European Technology and Innovation Platform of Smart Networks for the
Energy Transition is centered on networks , cooperation and system flexibility
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BACK UP SLIDES



WHO IS ENTSGE?

Y

300 000 km of
42TSOs in transmission lines

35 countries :
7 times the Earth's circumference

3300 TWh electricity ..
consumption -
of the global over 500 million
electricity customers served CONNECTION MARKET OPERATIONAL
consumption CODES CODES CODES

Requirements for: Rules for: Rules for:
» Generators * Day ahead / Intraday « System Operation
» Demand side + Forwards + Emergency situations

* HVDC connections + Balancing

...paving the way for ...market coupling... ...regional cooperation
offshore wind... to increase security...
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BUILD GRIDS FOR THE FUTURE

Barriers identified in TYNDP 2016 Grid investments by 2030

main boundaries

other important boundaries 1 5 O I o\

Geo -
Exchange of political A
flexibility
Loop -flows K )
Physical Market
congestions integration

A Connect new entrants

A Allow energy transition



BUILDING GRIDS AND CREATING VALUBEYNDP 2016)

Consumers Society/Climate
Higher grid cost: A Emissions down by:
1,5 — 2 €/ MWh &G¥eY 50 -80%
but ..

Reduced spillage of

Lower wholesale
H‘ prices : e
1,5 -5 €/ MWh 30 —90 TWh

renewable energy by:




STORAGE
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Funding of 50 TSOs surveyed projects and achievements

Distribution of achievements per cluster of
ENTSO-E R&D roadmap

G Joint TaOs 1. Grid
15005, 23% architecture,
5. fizset 0%
management,
11%
4. Markel )
rlesign, 24% 2. Power
technologies,
28%
mEC
. 3. Metwork
® National Programmes operations, 68%

= Own Funds

Distribution of achievements per category

L. rodicy,
requlation, b ?:er
market

4
4_Databasis
3%
4. Hardware

19%

1.
Methodalogy
ERES

(8,4%)

2. Software
A1%




