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Flash info on ENTSO-E

From volountary category association to EC-mandated body

> ENTSO-E (European Network of Transmission System Operators) reprsents 41 TSOs from 34 countries

> Established and given legal mandates by the EU’s Third Legislative Package in 2009

> Promotes and deploys close cooperation across Europe interconnected grids in: oo

Solar Eclipse 2015
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Scenario Qutiook & Adegquacy
Forecasts

\/Planning

Electricity in Europe

10 Py 3015

10-YEAR N -
DEVELOPMENT PLAM 2042 .:-"_

ENTS0-E Annual Report 2014

v Operation

v'Market integration

Statistical Factsheet

v'R&D coordination

v'standards and statistics

mrins

> Key actor to build world’s largest electricity market, to support EU energy&
climate policies, which are deeply re-modelling the power system

> Focal point for technical, market and policy issues relating to European grids,
interfacing with industry, system users, EU institutions, regulators

entso@
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Multiple challenges for transmission networks

Consumers
iImpact on
grids

entso@

Grid
operation

Paradigm Grid
shifts planning

Interface with
energy &
services
markets

Antonio lliceto - EERA Conference Trondheim September 215t 2016 Page 3



Multi-faceted paradigm shifts in power systems

Energy source mix

» Electric sector is facing
the major changes

» Electrification of
transport, heat,
processes

* Already here and now !

A

consumers

« Grids - and whole

power systems - exist L I
for them ... e
. . . LS
e Passive and inelastic
load idea is
.. . H e
an a'C h ro n I Stl C I n I OT e ra SOLAR HEATING POWER FLANT

Supergrids & microgrids

* Supergrids for wider areas

systems optimization
Microgrids for self-

consumption and local
areas secondary
optimisation

 Not mutually exclusive !

v

Markets

 Designed for
competition among
fossil fuel generation
plants

S

« Now they strive to adapt
to modified generation
mix and to consumers
empowerement
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Paradigm Shift: Climate Protection -2

Renewables/Distributed Generatlon

OECD China Rest if the world
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1990 2010 2030 1990 2010 2030 1990 2010 2080

B Coal ‘Gas and oil ~ Nuclear B Hydro

1 Other renewables

Source: IEA WEO 2015 Electricity Generation 1990-2040;
forecasts as per new policy scenario

However, still long way to go; see current generation mix:
renewable energy, nuclear and fossil fuels
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Half of capacity additions are renewables

Worldwide trend, albeit for different reasotl_];sx
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Other relewables™

Hydro
Wind
Solar PV

oONEERN

Share of the total additions
(right axis)
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200 2002 2004 200 2008 2010 2012 2014

“Inclues geothermal, marine, bioenergy and concentrating solar power.

Global renewables-based power capacity additions by
type and share of total capacity additions

Source: IEA, WEO 2015 Special Report Energy and Climate
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Money-wise, renewables dominate everywhere

Investors & finance made clear choice

POWER PLANTS BY FUEL
_ 25 " Renewable
% 20 ~ Nuclear
E | oil
.E 15 W Gas
: 10 M Coal
0s
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Russia
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Source: IEA, WEO 2015 Special Report Energy and Climate

European Union
Southeast Asia

Cumulative investment in energy supply by selected
region in the New Policies Scenario, 2015-2040
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The rest of the story iIs on grid operators’ shoulders ...

Renewable More efficient Flexible tools

electricity heating, needed

Cheaper to £
replaces transport, decarbonize because of RE

fossil fuels less CO, fluctuations

Example of the residual load simulation

o (summer week - year 2020 sc. B)
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RES (wind +solar] moww RES (wind) imust run @ RL ramp = load === res_load
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Limiting factors / challenges to overcome for

higher variable renewable penetration

» Grid Codes for Increasing Operational Scheduling and Dispatch Challenges
v'Dispatch, ramping, reactive power, fault ride through capabilities of all plants
v'At high levels of RES ancillary services need to be provided by RES also
v'Needs credible grid code enforcement.

> Forecasting: Key requirement for all penetration levels for efficient system operation.

> Voltage Stability, Transient Stability, Inertia, and Fault Levels; where studied, present binding
limiting factor for high penetrations of variable RES

> Network epansion and investments:
v'For medium and high levels of variable RES, additional grid infrastructure required
v'In Europe, 80% of 150 billion € transmission investment until 2030 is driven by RES

> Governance: Need for greater information sharing and transparency between systems.
» Other observations on ancillary services, storage, offshore wind, transients, markets
e n tS O@ Source: Cigré TB SH
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Evolution of grid operation: smarter crlterla new

tools, TSO-DSO cooperation

=Few TSOs rely on DSO information
= All TSOs’ grid & market

sStorage: short term and reserve tools rely on data hubs
= markets information (“distributed
% »DR: 5% of the electricity flexibility”)
"% demand
&’ = Behind-meterPV affects sStorage and DR: Europe
system planning also wide for capacity and

flexibility services

= New tools for regional security

> assessment (e.g. from iTesla, ® |nteraction TSO security assessment —

= Umbrella, other EU projects) data hubs

§ = Limited interaction with other

%) energy network = EU wide coordinated planning based
* Planning based on a modular on overall energy system view

d j methodology (eHighway2050)

entso@
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Increased needs and scope for cooperation

distribution — transmission

» Fluctuating RES with low capacity factors need strong, continental size grids

> Distributed generation needs smart grids
> Both need stronger cooperation transmission — distribution
> These needs appear wherever in the world the RE contribution grows

> Distribution reliability in much of the world needs to improve a lot — smart grids and
microgrids can help
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Areas for enhancing TSO/DSO cooperation

?ﬂ{ MARKETS

OPERATIONS \J O

Ensure consistency between
wholesale and retail market

Unlock DSR potential
One single market

|P:\ DATA

Define needs around observability

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

Define roles of TSOs and DSOs

PLANNING D

Define data needs to fulfil regulated
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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The generation mix challenge in Europe

B Conventional generation WOther RES W Variable RES More ambitious objective
for SET Plan var.RES : 45%
of electricity demand

Var. RES represent
35% of electricity
demand

Load varies

only from 530
to 574 GW

GENERRATION, GW

2015 2020 2030
TYNDP 2016 vision 4

e ONISOQ | e
entso®
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Evolution of grid planning: from national to

continental planning and beyond

» Since 2009 the European legislator has

tasked ENTSO-E with the delivery of a N2 -5"f"m*'¢§;;”““3“
European network development plan which | moieRamoy

builds on national plans and includes specific

regional investment plans 10-YEAR NETWORK

» Having a European approach to grid planning DEVELOPMENT PLAN 2014

ensures consistency and cost-efficiency

Legend
= w55 @ NS OE
= Adeguate e 8l sk -\
-:- B J -~ | . :
Studies &Project Assessments ,/ ’/___, Pan-European market stUdIes
I Regional Network Studies I \
- D) \— |
Exploratory Studies L I Regional Market Studies | \.‘ 8 I
. 1 \ s
[ Pan-European Market Studies | S 4 \
i o f \ T ¢ b dE
Wik s - ¥ ﬁ,< Regional market studies
H Reports [ ilrm!izatmnl T .'\‘ % ‘,,-,' '
| Drafting TYNDP Zﬁ’ /
Public {; = -\ —
! ! Consultation '\' '.i \\ s’
P ® = ) » ® f S e i * ?
I | Long Term Metwork Development Stakeholder Group | 7 \--.\ o Re 'o“al net ork st d'es
57 PuBdic Warksh ep () Public Cormuitation [ Stakeholdar Grou P Mesting™, Qpen Window Expacted Warkshop | Open Windas P / gl w u I
e n t S O @ Assessment of CBA indicators (GTC...)
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Visions, scenarios, evaluation metrics, assessment

methodologies

2030 Vision characteristics

=—@—1/1 - Slowest Prograss =@=—Y2 - Constrained Progress =@=/3 - National green transition —®—V4- European green revolution

Economic conditions

Storage push and concentration

moderate

A

Carbon reduction strength 4%

Furopean dimension of adequacy,
a55E55MEnt

European focus of energy policy and

R&D effarts

RES-e ambitions

Project assessment

CBA
Analysis:

Socio-
economic
welfare
Grid
reliability

Environmental
and social
impact

Technical

aspects of

Technical

Flexibility resilience

Security

supply

Socio-economic
welfare / market
integration

Losses
variation

variation

mteqrat'on Trondheim September 215t 2016
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Interconnections are one main focus of EU-wide

Infrastructures planning, and shall shape futyfi_re grids

» The TEN-E Guidelines identify nine
strategic geographic infrastructure
priority corridors in the domains of
electricity, gas and oil, and three EU-
wide infrastructure priority areas for
electricity highways, smart grids and
CO2 CCs

Interconnected
network of

ENTSO-E
uuuuuu

———

Levels of interconnectivity in 2012

<5%

>5 &<10%
: 510 &<15%

: >15%

D T T T T
e e waw sms e

Levels of interconnectivity in 2020

o o | |
. | 55 & <10% [i S
@ i >10&<15% |

. >15%

b
L
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Planning the next generation network: e- nghway

project

» Wide range of options/scenario/sensitivities, for
comprehensiveness of projections

» No super-imposed DC supergrid has been applied

» Priority corridors common to several scenarios are no-regret
iInvestment reccomendations

4+ Possibilities &
Uncertainties e-Highway2050
-TSO questionnaires
-Review of European pollcles
SRR _\\ -Review of scenario stu,
\\\ 2026 050 _
x EN Tso-E's Time
/," ﬂ _.‘_ . SO&AF /’/
Plannified ENTSO-E Vlsmns/
projects

European scenarios

_ Possible projects
entso@
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E-Highway scenarios and identified set of invariant

grid expansions

2 scenarios
M 3 scenarios
B 4 scenarios
I 5 scenarios
[min — max] GW

=From 100% to 160% P
of 2013 demand .

Exchanges

= From 10% to 80% ofthe

= From 0% to 30% of the demand
European generation

Figure 14: Commeon reinforcements (widths are acconding to average reinforcement capacity and the colour represents the number of
scenarios where the reinforcement is needed

entso@
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Evolution of grids to cope with market deS|gn

regulatlon and consumers’ empowerement

Implementation of: Dynamic retail pricing in
* Europe wide market _ EU legislation
coupling (CACM) 7T (© Za W | = e

'..'-"""-‘ q '_ bransboia gatabon

vy e o DSR and DER . are used

* Balancing network

IDistribution
IDiversification

code as basis for
DSR/DER

for balancing and other
markets

* Data privacy and
security

* Smart apps, data hubs,
non-discriminatory
access— well integrated

* Providing data in with DSOs/TSOs” softtware

time and form to * Compliance with data
those with need and protection regulation
authorisation

entso@
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Active end-users

» With smart meters, homes,
businesses and factories
become a resource for the
system

» With prosumers and active
consumers, also grid
reliability could become
individualized

» Digitalisation of consumer- _x_@

side power system opens up
pletora of services, both for Market o
end users benefit and for Participation Flexibility

grid operation @ @

—

entso@

Grid divorce
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Topics for next 10 years innovation actions are |dent|f|ed N
ENTSO-E R,D&I Roadmap, issued in July 2016 |

Functional Objectives 7 FO contents

Optimal grid design Optimal grid design: planning, adequacy, tools

C1 Smart Asset Management Smart Asset Management; predictive and on-condition maintenance; capex optmisation
Modernization of New materials & technologies Use of new materials and power technologies; new construction and maintenenance methods
the Network Envronmentalichalléngas & Environmental impact, public acceptance, stakeholders participation
stakeholders
Grid observability Observability of the grid: PMUs, WAM, Sensors, DSO information exchange
C2 Grid controllability Controllability of the grid: frequency and voltage stability, power quality, synthetic inertia
Security and Expert systems and tools Decision support tools, automatic control and expert systems
System Stability Reliability and resilience Reliability and resilience: defense and restauration plans, probabilistic approach, risk assessment, self healing
Enhanced ancillary services Enhanced ancillary services for network operation; cross-border supply of services
T10 Storage integration Storage integration, definition and use of storage services; system added value from storage
c3 T11 Demand Response Demand Response, tools to use DSR; Load profile, EV impact
A T12 RES forecast Improved RES forecast and optimal capacity operation
LCLEREEIRET13 Flexible grid use Flexible grid use: dynamic rating equipment, power electronic devices; use of interconnectors

Interaction with non electrical . . .
T14 Interaction/coordination with other energy networks (gas, heat, transport)
energy networks

c4 T15 Market - grid integration Integration of market and grid operation across timeframes (up to real time)
Ll S T16 Business models Business models (for storage, grid extension, distributed generation) for optimal investments in the network

Efficiency of

Power System T17 Flexible market design Market design for adequacy, flexibility use, cross border exchanges, rationale use of RES, demand management
C5 T18 Big data management Big data, data mining, data management
ICT& T19 Standardization & data exchange  Standardization, protocols for communications and data exchange with DSOs and other grid operators

DA EFENGL G T20 Internet of Things New communication technologies, Internet of Things

LULEECUEE 121 Cybersecurity Cybersecurity
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Topics for next 10 years innovation actions are |dent|f|ed N
ENTSO-E R,D&I Roadmap, issued |n July 2016 |

Clusters Functional Objectives FO contents

Optimal grid design Optimal grid design: planning, adequacy, tools

C1 Smart Asset Management Smart Asset Management;

Grid planning

New materials & technologies Use of ne

Modernization of
the Network

Environmental challenges &

Environmental impact, public acceptance,
stakeholders

Asset management

Grid observability Observability of the grid: PMUs, WAM, Sensors, DSO information exchange

C2 Grid controllability

Grid observability and

Security and Expert systems and tools Decision support tools, automatic contro

System Stability Reliability and resilience Reliability and resilience: defense and re con t o | | ab | I | ty
Enhanced ancillary services Ws—border supply of services
T10 Storage integration Storage integration, definition and use of ) T .
c3 T11 Demand Response Demand Response, tools to use DSR; Loa Ad eq u aCy1 rel I ab I I Ity1 resi | lence ‘
A T12 RES forecast nd optimal capacity operation
LTI 113 Flexible grid use W -
T14 Interaction with non efectrical Interaction/coordination with other ener, — FI e,).( ! !:) l €o p el atl on ‘
energy networks
c4 T15 Market - grid integration Integration of market and grid operation — S —
SIS T16 Business models M Market and bUS| Ness mOdeIS ‘

Efficiency of
Power System

s T18 Big data management Big data, data mining, data managemant]

ICT& T19 Standardization & data exchange  Standardization, protocols for communig

T17 Flexible market design Market design for adequacy, flexibility use, cross border exchanges, rationale use of RES, demand management

Big Data, 10T, ICT applications

DA EFENGL G T20 Internet of Things New communication technologies, Internet of Things

LULEECUEE 121 Cybersecurity Cybersecurity
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BACK-UPS

entso@
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Future developments for the power system

Data hubs information: TSO/DSO grid & market tools

Storage: Services to TSOs/DSOs , prosumers

Demand Response : capacity, balancing services

Electrical vehicles : connections and deploying of charging points

Y Security and stability : New tools for regional security assessment and interaction
‘% with other energy networks

~

—

Energy system view: market, operation, planning [Innovation




Digitalisation of energy (ICT trends)

Hyper-Connectivity

Super-Computation

Cloud

loT

Cyber-security

Manage the energy service from any device, anywhere
Creates new channels from users to service providers
Enabling communities in creating new energy services

Inferring relations between user-generated and other
Information, beyond the capabilities today, as to improve
existing or creating new energy services

Computation and data storage resources offered by
3" parties as enabling platform for energy services

Pervasive access to a variety of sensing and control
devices

Privacy, 3'd party access to user data only by consent.
Protects energy system against failure from cyber attacks

25



TRANS-ELROPEAN NETWORKS

PRICRITY PROJECTS Projects of European Interest

FOR ELECTRICITY
]

The projects of European
Interest are of utmost
Importance to achieve
climate—energy policies
objectives

Projects may deal with:

v Internal network
reinforcements

v Interconnection within
member states

v Interconnection with
neighboring countries

Frojects of Eurcpean Interest

e 1 e e e e fomm e R
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Aree e corridoi da potenziare

Interconnacted
natwork of

ENTSO-E

0107 2005
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| corridioi prioritari

» The TEN-E Guidelines identify nine strategic

geographic infrastructure priority corridors in the

domains of electricity, gas and oil, and three EU-wide
infrastructure priority areas for electricity highways,

smart grids and CO2 transportation networks

PCIs, all eligible for financial
instruments and grants for studies

Electricity Priority Corridors
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Gl scenari di lungo periodo

» Individuati dal progetto europe e-

Highway

W Hydro

In this scenario, decarbonisation is achieved mainly through nuclear and carbon M Wind

> R t m I t | 1 d 1 capture storage. RES plays a less significant rale and centralised projects are Solar
ap p rese n an O u n a. p I O Ve n ag I O I preferred. GOP growth is high. Electrification of transport and heating is significant I Biomass
and energy efficiency is low. = I‘Fl::sl.ﬁar

possibilita
» Lo scenario che si realizzera sara una 0 13% N

In this scenario, the electricity sector is assumed to be market-driven. A prefer-

- . . . ence is thus given to centralised projects (renewable and non-renewable) and no = g::;d[
C O m b I n azo n e I I n ear e d eg I I S C e n ar I - b aS e source of energy is excluded. Carbon Capture Storage is assumed to be mature. M Biomass
GDP growth is high. Electrification of transport and heating is significant but energy M Nuclear

efficiency is limited. M Fossil

Large-scale RES

The scenario focuses on the deployment of Large-scale Renewable Energy = \m:{dﬂ
Sources such as projects in the North Sea and North Africa. GDP growth is high Solar
DE man d and electrification of transport and heating is very significant. The public attitude is M Biomass
passive resulting in low energy efficiency and limited demand-side management. M Nuclear
Thus, the electricity demand is very high. I Fossil

Small & local

== | arge-scale RES

— 100 % RES M o
The Small & local scenario focuses on local solutions dealing with de-centralised Il Wind
f— H generation. GDP and population growth are low. Electrification of transport and Sfl'ﬂf
B'I g '& marke"t heating is limited but energy efficiency is significant, resulting in a low electricity I Biomass
. demand. I Nuclear
== [05sil & nuclear B Fossi

Small & local

100% RES

. . W Hydro

Fﬂss Il wn:h G{:S Exﬂ hangES This scenario relies only on Renewable Energy Sources, thus nuclear and fossil M Wind
enerqy generation are excluded. High GDP, high electrification and high energy Sgla[
efficiency are assumed. Storage technologies and d d side t I Biomass

are widespread.

Figure 1: Major differences between the scenarios
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TYNDP scenarios: a wide range of plausible futures

Demand covered by RES (%)
0 10 20 30 40 50 60 10

-10

L M
S o

Vision 1

g &

.‘i Vision 2
-70 —
80 Vision 3 Vision 4

-90

P
=

Reduction of CO2 compared to
1990 (%)

All 2030 Visions matching the renewables objectives of
the electricity system.
(V1-2 and V3-4 show a strong differentiation in spatial
distribution of generation)

entso@
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Large-scale RES

Transmission requirements (GW)

2050 reinforcements
. Starting grid

100% RES

Transmission requirements (GW)
2050 reinforcements

B starting grid .

2 scenarios ” —

3 scenarios / \ ]
&)

=
- 4 = . 7
U B B 4 scenarios ol B =
P 'V W 5 scenarios e \
- }" SV [min — max] GW /\
£~ 2. - g v v e T
\\.\ "4 - X .' . A ur

Sy

Small & local
Transmission requirements (GW)

2050 reinforcements
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User Impact on System Operators

Self-generation

Electrification

Flexibility

Market
participation

Grid divorce

Revenue Model

declining revenue from
energy based distribution
tariffs

Increased revenue from
load growth

alternative for procurement
of system services (TSO)

new value network
requiring new business
processes

hedging /lost customer

User value proposition

storage capabilities

enabling platform for e-
mobility charging

Facilitating user flexibility
and markets (load mgnt,
generation mgnt, accounting)

Dynamic pricing, connection
management and accounting

Dynamic pricing/re-
connection management,
maintenance/emergency
power

Operations

Technical statuary limit
and PQ violations

network expansion and
congestion management

use customer flexibility
for operations and asset
optimization

TSOs/DSOs cooperation



ENTSO-E activities on R&D and Innovation

Strategy 2016 and change of name

» R&D more and more necesary to cope with system paradigm shift _
aﬂ EC policies and Gap analysis vs Monitoring of
. . . ? { calls J Roadmap {pm]eqhs’staﬂ_.s
» Research, Development & Innovation Committee (RDIC) aims at co- g < \ ’
ordinating actions and projects of TSOs, notably towards smarter grids, = N . B
maximising added value between national and international level .
»Main deliverables are built combining top-down and bottom-up 3 _
approaches , plus extensive stakeholders consultation § seatanoiaris | | st
g consultation ﬁﬁst;:::;sdon TS0s ‘

Incubator of consortia for answering EC calls, together with
N research institutes and other stakeholders

> 2 main pillars:
\ Inter-TSO cooperation on best practices, knowledge sharing,

addressing short-term challenges not covered by large programs

>3 dimensions addressed: \ Technology Processes Business models
|

> Active participation in the European energy research structures and platforms (now ETIP)

—
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Overview and interplay of ENTSO-E R&D mandated
deliverables on R,D&l g

2012 2013 2014 2015 2016 2017

Sets a framework for
medium and long term
with defined targets

Lists projects and actions
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£

E for next 3 years (yearly
o ENTSO-E R,D&I u p d ate)
Imlementation
Plan 2017-2019
S
m :
c 2w
— g
g § 89
oY o Assesses progress, gaps
s & e and deployment of R&D
> < activities (yearly update)
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Role of grids in R&D processes

Pivotal role of grids:

v'Backbone of the whole power system

\/Indispensable enabler to low-carbon-systems = increased need of power transfer for RES
generation optimisation

\/Traditionally a centre of technical excellence and prone to continuos learning & improvement

> Role of grid operators for deployment of R&D results:

\/Although not primary R&D institutions, they own and manage the assets and systems where most
innovation has to be deployed or connected

v Only and obligated location for projects at demo stage

v'Natural interface and data provider towards both traditional actors (DSOs, power market players,
equipment manufacturers, research institutes, univeristies) and also newcomers (storage operators,
aggregators, balance services providers, service companies, ITC apps providers, etc.)

v'In charge of introducing and integrating - under optimal system view - several proposed new
technologies and solutions

Grid operators should have a key involvment in early stage of R&D concepts to ensure
proper system perspective, integration aspects, operator’s requirements

entso®
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Grids and ENTSO-E role in European R&D arena

> Main overarching trends:

v Integration of different energy systems: gas, heating, transport, but also ICT, new materials
\/Challenges and solutions tend to stretch over borders, hence higher level view is needed

\/Strong political pressure towards innovation and smart grids/cities to maintain European
competitive advantage on relevant technologies

v'EU and all grid users expect ENTSO-E and other actors to anticipate the challenges, to timely identify
and deploy cost-effective solutions in order to consolidate the European front-runner role on
energy&climate issues

v/still various R&D activities related to grids are performed by several stakeholders, often with little

coordination

TSOs mandated to coordinate efforts, to share priorities, to avoid overlaps,
to achieve more-value-for-investment
Both among them and vs the Research Community

—
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Current TSO involvement in EU projects

AFTER |
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