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Joélle Hivonnet

Your Excellency, Seong-Hwan Kim, Member of the National Assembly
Distinguished guests, Ladies and gentlemen,

| am delighted to welcome so many of you here today for the Korea-EU Renewable
Energy Policy Workshop, organised by the Solution for Our Climate and funded by
the European Union.

It is our great honour to have Congressman Kim here today with us. Without his
support and interest in the energy issue, it would have not been possible to organ-
ise this event at the National Assembly.

There has been considerable momentum towards a cleaner and sustainable future
since the Paris Agreement was signed in 2015.

Yet our climate and environment is still in crisis. Recent protests and "green wave"
in the European elections were a clear sign that citizens are demanding more ambi-
tion and cleaner society.

A number of challenges have led the EU to review the way it produces and con-
sumes energy: environmental concerns, the fight against climate change and its
strong commitment to reducing GHG emissions since 2009 and now under the
Paris Agreement, new expectations from energy end-users, new business models
and the need to maintain and improve competitiveness.

Transforming our energy system is, therefore, not only about our environment, it is
also about citizens, businesses and society as a whole.

The Republic of Korea is also facing similar issues: improving air quality, reaching

its 20% RES target by 2030 to support its commitments under the Paris Agreement
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but also to improve its energy independence, new needs from industry, and the
reduction of input costs in an increasingly turbulent global economy.

Energy and the organisation of markets, the operation of grids and the diversifica-
tion of sources are at the very core of each of these issues.

By 2030, over 50% of the electricity produced in the EU will come from renewable
sources. By mid-century, it could be up to 80%.

20194 9 26¢

oISl ESE  Dr Joélle Hivonnet
Minister-Deputy

Head of Political, Press and information Section,

Delegation of the European Union to the Republic of Korea
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' Electricity market in the EU

- Facilitating the introduction of renewables -

Electricity market in the EU

- Facilitating the introduction of renewables -

1. Objectives & challenges - RES integration in EU
2. Overview of EU electricity market(s)

3. How to facilitate RES integration? — electricity market
principles

“ European
Commission
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Objectives & challenges
RES integration in EU

European
= Commission

Objectives & challenges of RES integration in EU

2020 ’f\ f
20% of RES -
Sustainable energy
(17% reached in 2016) at the least cost
i %3 while ensuring

L SIS security of suppl
2030 ,‘<|>L| : o o
32% of RES! |
(>50% electricity)

¥

A

< J\l
2050 T [ 1 T
El T~ A

ectricity | =<
almost l,‘\l I

carbon free =™

~ European
= Commission
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Objectives & challenges of RES integration in EU

Security of supply — grid management

Old Electricity World

New Electricity World

I 500MW
250MwW
oMW

-250MW
-500MW

From central/ dispatchable...
...to decentralised/ volatile

The market rules have to
reflect this change!!

Objectives & challenges of RES integration in EU

Security of supply — grid management

"This amount of wind generation does pose an
increased risk to the security and stability of
the power system which exceeds the level
normally likely to be accepted by a prudent
system operator."

Ireland, 2003 - Ireland had 2% of wind power

2014: 20% wind power
2020 objective: 37 % wind power

“ European
Commission
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Overview
of EU electricity market(s)

European
== = Commission

Overview of EU electricity market(s)

Main principle:

Functioning electricity markets are the best tool to
ensure electricity at the least cost while integrating
renewable energies

~ European
— Commission

\
T &




Overview of EU electricity market(s)

First step ®unbundling
(Second energy package - 2009)

Single company operating the transmission network and
generating or selling energy at the same time

possible incentive to obstruct competitors' access to
infrastructure

This prevents fair competition in the market and can lead
to higher prices for consumers.

¥

Solution: unbundling (separation of energy supply and
generation from the operation of transmission networks)

m European |
Commission

Overview of EU electricity market(s)

Second step » electricity target model

Development of a common pan-EU electricity market in
different timeframes, with the same functioning rules all over
EU.

u European
Commission
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Overview of EU electricity market(s)
The EU electricity target model

Coordination of Flow Flow
ATCs (Flow Based where Based where
Based and/or more efficient more efficient

NTC)

Harmonised GCT o
=
|_

Explicit Auctions =
Physical and/or D Allrl]tradt?y &
Financial aysancd ocation ‘
Transmission ImpII(?It Impllcn 2
Rights Allocation Continuos S
Y+1 Price Coupling Trading and/or =

Futures on Y+1 Implicit Auction g

Physical market

m European
Commission

Iirr 3 CH (Swissix) B2 Former DE/AT (Historical data until 30/09/2018) po— ' Lo/ XNT] [ | 180072019 |3 _

£1MWh Only technical Price: 52,2000 €MWh  Volume: 26,006 MWh

price caps
3,000.00

. Supply:
2,500.00 Demand: aggregated curve
aggregated curve h
. of (mainly)
of (mainly)

electricity trading

/ 'qenerators’ bids

200000  companies buying

1
|
i
|
|
bids si
|
;
i
1
3

1,500.00

1,000.00

P
——

500.00

-500.00 —

Market players have an implicit responsibility to balance the electricity systen
If they don’t consume/withdraw what they committed to in the spot markets
- they have to settle those imbalances with the TSO




Day ahead market

- Coupled under MRC
- 4mM MC

Progressing towards
Market Coupling

o
&

Intraday market

Countries involved the
XBID Project

I:l Accession countries

3

b

European
Commission

European
Commission
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Overview of EU electricity market(s)

Balancing market

TERRE
Replacement reserves (RR)

B8 Members -
Il Observers
Bl Participants in RR IF not yet TERRE members

| Potential interest

PICASSO
Automatic
Frequency
Restoration
Reserve (aFRR)

MARI
Manual
Frequency
Restoration
Reserve
(mFRR)

p—

= N
= = Commission

How to facilitate the integration of

renewables?

Electricity market principles

European
== = Commission




How to facilitate the integration of renewables?

Making renewables fit for the market...

- Phase in balancing responsibility
- Phase-out priority of dispatch

Old:"produce and forget” New: Market orientation

X

_uropean

i) Commission

How to facilitate the integration of renewables?

... and making the market fit for renewables

- Bring markets closer to real time: liquid and functioning
intraday and balancing markets
- RES able to participate in all markets, including redispatching

Forward market

Day-ahead market
Intraday market
Balancing

years/months delivery-24 hours ~ 9date closure reg) time
before delivery

Weather forecast
accurac

m European
Commission
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Intraday market — XBID project — Go-live 12t June

3

Countries involved the
XBID Project

Accession countries

&> |iean

i) Commission

COMPETITIVE AND FAIR MARKETS FOR ALL CONSUMERS

Our vision is of an Energy Union with citizens at its core, where citizens take ownership of
the energy transition, benefit from new technologies to reduce their bills, participate
actively in the market, and where vulnerable consumers are protected.

Energy Union Framework Strategy

COMPETITIVE RETAIL MARKETS

Regulated prices phased out (only justified exemptions)

Fair market access for new market players such as new services providers (e.g. aggregators)
Distribution operators become neutral but active market facilitator

Flexible network management

BETTER INFORMED EMPOWERED PROTECTED
Clearer bills and « Easier switching conditions + Defining and monitoring of
information energy poverty

* Reward demand-response
Certified price

:  Entitle individuals and
comparison tool

communities to generate

Access to fit-for-purpose electricity and to consume,
smart meters store or sell it back to the
market
European
Commission




Demand response to integrate intermittent renewables

There is a lot of untapped potential
® Only 21 GW activated today

® More than 50 GW can be activated by 2030

® 5.6 bn. euro/annum benefit
® % on the generation side

® Yain reduced network investments

100 GW

Theoretical
demand
response
potential today

NI

160 GW

; response
Theoretical activated
demand today
response

gotential in
030

Two forms of demand response being enabled by the Clean Energy Package

1) Price based (Implicit DR): consumers are exposed to electricity price variations

and actively adjust their demand.
But:

® Consumer must have access to a smart meter and a dynamic price

contract

2) Incentive based (Explicit DR): consumers are paid for adjustments in their

consumption
But:

® Market Barriers for demand service providers must be removed.

European
Commission

2. Tackling the challenges to achieving the climate targets

3.2 — When support for RES is needed, making it cost-effective

~320 GW of net additional renewable energy needed to reach 32%. A lot!

Cost-efficient and non-distortive support

Selling in the
market

(premiums)

Exemptions
for small
scale-and

demo projects

Competitive
bidding

Exemptions
for small scale
and demo
projects

Competition
of
technologies

Technology-
specific based
on justified
grounds
(listed)

European
Commission
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Renewable Energy
Integration — European
TSOs Experiences

Marco Foresti, ENTSO-E

Europe & ENTSO-E:
some facts & figures
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The European Energy Transition: RES & Electricity generation
Share of energy produced of each member TSOs’ country 2018 in %12
Carbon intensity of European electricity production, gC0,/kWh ot w0t 2% 0% 0% 0% w0z 0% % 0% 100%
A
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Generation mix in ENTSO-E member TSOs' countries in 20182 =
i
TWh o
Fossil fuels net i 14972 b
(lignite and hard coal, gas. w
oil, mixed fuels, peat) ME
Renewable net generation 13006 M
(renewsble bydro, wind, solas, NL
biomass, geothermal) NO
Thermal nuclear 8088 L
net generstion PT
RO
Hydro et generation 22 &S
(except renewable part) SE
s
Net generation not identitied 320 s«
™
Source: ENTSO-E Statistical
Factshast 2018 [ — I o oot pactot Hydes ([ Thormal saclens
[ ton- destitad [ Fossil tuels

RES D | t lectricity prices: tt
S Development and electricity prices: recent frends
Share of Wind and Solar in total Electricity Generation: 2005-2017
20% 20%
18% 18%
16% 16%
14% 14%
12% 12%
10% 10%
8% 8% Salar
6% 6% EU-28 Electricity price and component proportions for households
4% 4% 0215
2% 2%
’ 0210
0% 0% — .
M WYWR DGO NN M T W e~ T T, 8
(=3 L= I B B B = B
REREREEEE8545 §E5E835d88888 & oms
‘5 £
— G G —— Spai S — 5 i < 2
ermany reece pain Germany Greece Spain :;.’ 0.200 §s
Poland ——EU-28 ——poland ——FEU-28 3 o
-
Source: IRENA & 01ss
0.1%0
0.185
2012 2013 2014 2015 2016 2017
Source: ENTSO-E Statistical Factsheat 2018 M Energy and supply M Network costs I Taxes, fees and levies Retail price




Separation of powers and main actors in the EU

European Commission and Member States

European Commission: proposes and enforces EU policy (e.g. RES, CO, targets). Drafts Regulations and Directives which, once
pproved by the Council and European Parliament, becomebinding on all EU countries. Monitors Member Sates compliance

312 693 km of
42 TSOs in transmission lines

35 countries
7 times the Earth's circumference

3278 TWh electricity Oe
consumption -
of the global over 500 million
electricity customers served

consumption l

/
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250 EAD
b L
== o
0sf
4 Ot
TRTNSNETEW
L3t

{aenner
ﬁamplinn

swissgrid

entso@

eeing
Tl
Fimenr
0=

"SENERGY
NETWORKS

ss¢
'S«t‘s'ﬂh

SON

ratinaigrd

£ 4
MEnCo

#Terna 4
Statnett

G BELES

Po

F ©
REN




THHOLIXIE Cf '], T H0| £-85h= W,
St- AMOJILX| XXH 2|3 & e
Sh-EU X 4of|LX] HM 35 ELEETI B

What does ENTSO-E do?

Design and
Implementation of
European rules for the
Energy Market & System
Operation

10-year development
plan of the Pan
European network +
Adequacy Forecasts

Definition of IT architectures

& standards, Pan Evropean

Transparency platform with
market and grid data

entso@ SR

B ot i g | g Cmprmimepn || Dot 175

*  Ten-Year Network
Development
Plan 2016

i y.0

Common Grid Model

entso@

entso@ 7

The key challenge
of RES Infegration:

Flexibility

entso@ 3




The Energy Transition: What does it mean for Europe?

EU 2030 targets:
4 40% CO2 reduction (comparedto 1990)
U 32% share of Renewables in Energy (incl. heating & transport)

4 +/- 57% share of RES generation in Electricity

W%&W

MAIN CHALLENGES

+ Resource variability and uncertainty
« Systemstability

+« New grid connections

*» New and variable power flows

* Increasing congestions

The FLEXIBILITY challenge:

The changing role of our networks, markets & customers

Demand and RES production: September 2016 ) Demand, RES production & Residual Load: 2030 simulation
MW B wind&pv | Demand
5,000 i
4,500 bty
30.000
4,000
20.000
3,500
10.000
3,000
0
2,500
10.000
2,000
1,500
1,000
500 1 2 3 4 s 6 7 8 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
0 -10,000
Need for storage systems
Demand Residual load _______ Renewables
One week in Denmark One possible day in 2030 in the Italian power system
(Source: Energinet) (Source: Terna) entso@
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Growing and Evolving flexibility needs across the World

Phases of integration with variable renewables share, 2030

Phase &

VRE causes excess or
deficit aver months
and seasons

Germany UK Ireland Phases
Ity ,/v L ¥ Frequent periods of VRE

2030 i M exceeding demand
/ = Phase 4
- 4/’

| - , ot Require advanced
- & Denmark A qh
echnologies
| s (>80 %)
1 #_//' -~ 7 Phase 3
2017 V Flexibility investment
/ in all measures
Regions
reaching: Phasa 2
Phase 6 Draw on existing .
flexibility obilise exist
I Phase 5
Phase 1
Phase 4 System integration
not 3 relevant issue
Phase 3 a

T T T T T 1
0% 10% 20% 30% 40% 50% 60%
VRE generation share

The size of the power system, flexibility of thermal generation, shape of demand profile,
imply different needs for additional flexibility even at the same levels of VRE siitsol 12

Source: World Energy Outlook 2018

EVide nce Of erXibiIity needs: price Number of negative hourly prices on some frading plafforms: 2011-2017
spikes and negative prices -

Increasing shares of weather-dependent RES

lead to higher volatility: /*-.\
= Price spikes (especially whenreserve margins are low) o] . ’f' "'f\. / /\
= Negative prices (especiallyif RES are not exposed to ; r /\
Tealar | |1 ﬂ. I.,. JaiTa [‘.A[ 2o .‘u,.[_.AI 2|

prices and grid capacityis limited)

Germany EEX-DE)  —— Casch Repuibiic ©OTE-CT)
5 : . 3 Source: Platts, Nordpoolspot and CZE
Frequency of price spikes in some wholesale DA markels in Europe -
2009-2017 (number of occurrences)
il Day-Ahead Prices in Germany, France, Austria - March *19
1
F)
600
! o,
1400 o &
/ ©
. o, ; | 05 |
§ 0, 5 77 A N\
@ 4 3 f o /|
3 1w *\Gs B2 g \4 L\ [ R’\:
g %, = =¥ W/ | |
] e, - E N | o\ J
™ % 2 \ \
X o, o vr d
z§ 600 O - : J
= e ; A/
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20 — <% i) - =l =
0 ] = = ._ Bdz
2008 210 2011 2012 2013 2014 215 216 a1




Flexibility solutions: technologies and enabling

frameworks

INNOVATION
DIMENSIONS

When (duration)

SYSTEM
OPERATION

Centralised/transmission
TS0/ utility

@)

FLEXIBILITY
SOLUTIONS

L) Increased
é’)' system fexibility

Co

Source: IRENA, 2019. INNOVATION LANDSCAPE FOR A RENEWABLE-POWERED FUTURE: SOLUTIONSTO INTEGRATE VARIABLE RENEWABLES

Where (siting)

Reduced total
system cost

Digital grids/
internet of
things

End-user/distributed
Third-party/DSO/utility

Storing energy

Frequency regulation Operational reserves

Pumped hydro

1 Improving grids

Seconds Minutes Hours Days Monlhi

Load balancing Seasonal arbitrage

Interconnectors

Power to fuels/
hydrogen

Flexible generation

Battery storage

power
plants

e
Virtual -

B Demand-side flexibility

entso@ 13

Flexible generation

RES is only one of the transition dimensions:
A paradigm shift for the whole power system

One-way power
flows

Predictability

PRESENT

Smart, data-cenfric system
Electrification of transport

Engaged prosumers
é—. B N

s @ "®
oo O
e

(]
L}
L]
3
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System Operation:
challenges and tools

entso@ 15

New operational challenges - wind

~ entso@
Source: Tennet



New operational challenges - solar

solar eclipse

entso@
Source: Tennet

Today's operational & market challenges will further
increase with RES penetration: flexibility needs (ramping)

w
a

Solar Eclipse 5 ! I [ Hessurerent
50 00k i i : E bl L
20th March 2015 e J ‘
25 756w ‘I + 14,4 GW /\ |
pﬂno 00:00 00.00 00:00
! E— 11240Wh [ hosden]
g
T st . S — 1
S, ON—
g |
£ 7.5GW/ i |
'ﬁgm 00:00 00:00 00:00
1 T T )
g | [ —15min gradient|
B B +'4 .3 GWHEmMin (~286MWiiin)
1.gsfcnasa.go E, UJ\/ i1
E M 0
Fs 00;6ﬂ2 7-GW/15min «,1831\;‘!\“168\;’1) 00

source: Fraunhofer IWES fme

In 10 years from now similar ramping gradients will be there every time the sun sets!

entso@
Source: lennet
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RES variability and system stability challenges: need for
new ancillary services from new providers

Ancillary Need Exvlaration
Service | development R

+ Demand increases slightly

Inertia = + Reduction of the provision of conventional power plants
« Alternative provision required
Control * Increasing effect of forecast errors and wind flanks increase the need for reserve energy
power (currently compensated by shut down of huge plants)
Reactive + Transmission system: Increasing demand by increasing transport distance and power transits
power « Distribution: increasing demand by fluctuating supply and increase cabling
+ After NEP scenarios, sufficiently black start capable large power plants were
Black start — identified (calm darkness)
+ Prerequisite: economical operation possible
Short circuit + Reduction of the provision of conventional power plants
power + New digital protection devices can cope with this development
Main Source: Stephan Kohler (DENA) - _Sicherheit und Zuverl4ssigkeit einer Stromversorgung mit hohem Anteil erneuerbarer Energien.”
(18.02.2014)

SennerT

Good RES forecasts are key to successful integration

A i i
Weather Forecast Plant Database 1k Feed-in calculation Feed-in forecast
O Day-ahead forecasts for wind and solar leaveroom for improvement in infraday.

O European TSOs are building up strong competences in short term forecasting and intraday
frading.

U Estimatesare applied where real time data are not available.

U Service providers deliver online data and forecasts. They are confinuously benchmarked
against each other.

U Remaining deviations after market closure dre to be levelled out by TSOs by activating

conftrol power =
LI =

Source: Elia & 50Hz



The importance of
markets & market

design

European Electricity Markets: the Target Model

BRP to BRP BSP to TSO
I ke

Explicit auctions Implicit
auctions

________________________________

Coordln_ated 5 o e o Day-Ahead Intraday | Balancing
Capacity g Implicit Allocation CUTIERIZRII  — Energy
calculation (Market Coupling) + Implicit Auctions Auctions
by TSOs to determine
transm apa

available for cross- Balancing Capaci
frade Auctions

BRP: Balancing Responsible Party D-1
BSP: Balancing Service Provider 12h00 h-60’ entso@ 22
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Impact on system needs: ramping and ancillary services

As Variable RES progressively replace conventiondl generation....

Peak ramp (GW)
A N o N OB oo

Velume of Cont racted Balancing Reserves (TW)

&

M Downward Ramping Peak
||||IIIllllllll"l----------

-10

Year

12
Maximum hourly residual load ramps per country Contracted Length Ancillary Services 2016-2017
10
8 ‘ W Upward Ramping Peak

B Hourly M Daily I Weekly [ Monthly Yearly Long term

. ) ...and reserves are procured more in
..ramping and reserve needs increase shorter timeframes to adapt to new

service providers

How Markets can facilitate RES integration
» Liguid and competitive wholesale markets lead to efficient prices and
reliable price formation for long term investments

» As forecast errors of RES production improve significantly closer to real
time, Infraday markets become more and more important

24

2008-2016

. - Spot-volume growth (TWh/yr).
~ Intraday markets with gate closure close to real time (e.g. 1h) allow D e Coanae

market participants to rebalance their position:

» Less balancing reserve requirements for TSOs

Wind forecast uncertainty, actual wind feed-in, and balancing services in the

» Lower imbalance risks for RES producers Cofman Tirketeee Widay vadhg

Provision  Use
‘i
EPEX SPOT YEARLY INTRADAY VOLUMES g
L w e H {_I_l
E . . E
70 g 5 - & .
&0 H ' g %
f)e A
s 34 & Y 2
40 5 \ ¢ E
‘é‘ E
30 = 1
20 I Intraday Market
10 A
. m i I I I I o= = .
o0 7005 2008 007 2008 008 10 2011 2012 2013 /14 015 2016 2T Time e, 2

AT w BE w CH - DE1SMINAUCTION ® DECONTINUOUS ® FR ® NL ® UK

Source: Climate Policy Initative

Intraday Market

Aguired
Elecaricity

r




RES Integration: regulatory framework & market design

As RES technologies mature and the cost for support schemes and ensuring grid
access rises significantly, it is important to integrate RES into liquid, well-functioning
and fit-for-RES wholesale markets (day-ahead, intraday, balancing):

Expose mature RES to wholesale price signals: replace feed-in tariffs with premiums
on wholesale prices, investment sulbsidies or green cerfificates.

Adapt Market rules & products to facilitate RES participation: shorter gate-closure
times, smaller minimum bid sizes, shorter balancing procurement timeframe

All RES need to have balancing responsibility (i.e. submit schedules like
all generators and pay if they deviate inreal time)

o RES support level to be determined competitively (auctions)

This will reduce the costs for System Operators to manage the
system and for consumers fo support RES development entso@

ELECTRICITY BALANCING GUIDELINE

Balancing Energy: Reserve Types & Activation Time
Imbalance Nefing:  qrpR: PICASSO  mFRR: MARI RR: TERRE

IGCC

S Y

B Member [T Observer

Geographical Scope | Application

Power !  *
Frequency !
A .

resErve adivaion

H ' freguency i

Balancing energy European-wide Obligatory
e et iy Balancing capacity Regional Optional
: E Cross-zonal : .
e 1) 5 . Regional Optional
BRI capacity allocation 8 i

+ Imbalance Netting to avoid aFRR activation
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Getting the market design right:
Price signals reflecting the real cost of electricity

U Prices should drive power usage, dispatch and investments

U Prices should reflect the actual situation of the system, pricing scarcities
(eg.adequacy), system costs (eg. congestions) and valuing ancillary services

U Market processes and products should allow all market participants to
contribute fo system needs

MARKET DESIGN SHOULD ENCOURAGE
DEMAND RESPONSE

Allow customers to play their part in supporting the system and therefore

reduce need for additional expansive or inefficient generation capacities

O Move from flat rates to dynamic pricing (reflecting the state of the system)
a Avoid the price-blunting effect of some taxes and levies put on electricity

O Offer customersdifferent types of power contracts/options to make profit of
their flexibility potential

Q Allow customers to value their flexibility in all markets and regardless of which
grid they are connected to or which supplierthey have contfracted

entso@ 28



Decentralisation and
1SO-DSO cooperation

Effects of RES and Decentralisation on our energy system

YESTERDAY UPCOMING FUTURE
e r
£ L) &:’*
-4 i~ e-
@Dw
A - > &yt

Transmission Grid

Many of the ancillary Services
from conventional Power Plants
will have to be replaced by
distributed flexibilities

Source: Tennet & Terna
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TSO-DSO cooperation in Europe: a mixed picture
Comparing 43 TSOs vs. 2700 DSOs in Europe

ongigi

About 2200 DSOs
are below the 100
K threshold, and
thus exempted
from unbundling

From horizontal (TSO-TSO)...to vertical (TSO-DSOs)
cooperation

TSO-DSO REPORT

AN INTEGRATED APPROACH TO
FIG.1: DIFFERENT CHALLENGES TO BE SOLVED BOTH ON A HORIZONTAL AND VERTICAL DIMENSION ACTIVE SYSTEM MANAGEMENT

f‘ I
HORIZONTAL LEVEL % Jdli\\% ﬁlﬂ. )ﬂ\
(EUROPEAN POWER SYSTEM) T - : - )“ z

- ! |
[ ] |
HGH VOLTAG
VERTICAL LEVEL Final Report:
[ ] t 4 bt ] [WITHIN A BIDDING ZONE)
Demand Side Flexibility
OW VOLTAGH [ == Parceived barrers and proposed secommendtions.
~ J

entso@ 32

Source: Elia




The toolbox of TSOs and DSOs to unleash flexibility potential,
beyond network reinforcement: Active System Management

Technical solutions using Market-based solutions to Connection agreement
network assets activate explicit flexibilities solutions

Rule-based solutions like
Tariff solutions to trigger curtailments, in last resort or
implicit flexibility emergency situations

entso@ 33

The importance of grid
Infrastructure

34
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Grid development is key for RES development & integration

+ To connect new generation facilities
* To transport RES infeed to demand centers (often distant)
+ To dlleviateinternal grid congestions: reducing RES curtailments and redispatch costs

« To export surplus generationto other counftries...and import in times of deficit

v.v"@..mff <
f /f

A 7
A VAT AV i
i

| However, public
acceptance (and
permitting) remains

r /- . ‘*ﬁ a difficultissue...
o il

T
¥l

T
TRE
=

35

Source: ENTSO-E Power System 2040

Failing to invest in Wasting more than 150 Investing in
infrastructure will cost TWh of clean electricity #infrastructure
Europeans 40 billion euros and increasing risks to is crucial for Europe.
per year as of 2040. security of supply. #EnergyUnion




Counftry experiences:
Germany

entso@ 37

Development of RES installed capacity in Germany

today:

installed capacity:106 GW

(wind: 58 GW, solar: 43 GW)

share on power consumption: 33 %

2020 = 35%

N
3

1
i
1
1
1
i
|
1
. - 1
H = water & biomass ®wind solar '
00 ' Source: AGEE, BMWi, BNetzA
£ max. load ca. 85.000 MW 1 (Energy-Charts.com)
8 &
5 1
B 60 1
= |
'E 40 min. load ca. 35.000 MW b
- 1
20 1
1 ]
& 1
1
S T i P P oy

Source: Elia, BWE

- ~ 30,000 plants - ~ 221,000 plants - ~ 1,600,000 plants
- 1,665 MW installed Wind in Germany - 2,233" MW installed Wind in Germany - 45910" MW installed wind in Germany ents O(g

38
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From close-to-load conventional generation towards regional
concentration of RES

Measures to secure transport with grid congestions:

= correctiveswitching
= redispaftch and security reserves
= curtailmentand compensation

.In 2019 we expect
costs of 1.2bn € for
redispatch,
counferfrade , feed-in
compensation and
reserves"

Lastzentren

entso@
Source: Tennet 39
New technologies
Market for Demand Side
control Management
power /
— '-"
Batteries
entso@

Source: Tennet
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EirGrid is seeing the impacts first...

10% I . I ' I

- - -
-
| | - - _ m
2010 2015 2020 2010 2015 2020 2010 2015 2020 2010 2015 2020 2010 2015 2020 2010 2015 2020
Ireland & _ Continental ;
Great Britain Scandanavia Cyprus Malta
Northern Ireland Europe

* Based on analysis of Mational Renewable
Energy Action Plans (NREAPs) as submitted
by EU Member States e niso@

Eirgrid DS3 programme: delivering transformational change

Changes in System
Policies which leads to
increases in renewables

Change in System
Performance incentivised
by (new) System Services

System Tools enabling
operational change in
the Control Centre

Source: Eirgrid entso@



New Ancillary Services to meet system scarcities

0-55 5-90s 90s — 20min 20min - 12hr time

« Synchronous Inertial

Response
« Fast Frequency Response * Ramping Margin
» Fast Post-Fault Active Power

Recovery

EIRGRID
GROUP entso@

...and not just frequency-related

namic Steady-state
Reactive Reactive
Power Power

» Dynamic Reactive
Power

» Steady-state Reactive
Response

Source: Eirgrid entso@
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System Services - Definitions

= Unitof s
Service Nam Abbreviation Short Description
Payment
Synchronous Inertial Response SIR IMWs2h (Stored kinetic energy)*(SIR Factor - 15)
Fast Frequency Response FFR MWh MWV delivered between 2 and 10 seconds

POR MWh WV delivered between 5 and 15 seconds

SOR MWh MWW delivered between 15 to 90 seconds

TOR1 MWh MWV delivered between 90 seconds to & minutes

TOR2 MWh MW delivered between 5 minutes to 20 minutes

RRS MWh VY delivered between 20 minutes to 1 hour

RRD MWh MW delivered between 20 minutes to 1 hour

RM3 MWh ::!:: l;e;ﬁdhewl:h\:;uiilfe l::l-i;::_ be delivered with a good degree of

rampngMagns [ o

FPFAPR MWh Active power (MY} =90% within 250ms of voltage >00%

SSRP Nivarh (Mvar capabilty}*(% of capacity that Mvar capability is achievable)
Dynamic Reactive Response DRR MWh Ivar capability during large (=30%) voltage dips

Source: Eirgrid entso@

Which Technologies are providing which Services?

Thermal Plants

Demand
Response

Storage

Source: Eirgrid entso@




Counftry experiences:
\Yelellg
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Renewable Energies in the Spanish Peninsular System

= Solar thermoelectric
= Other renewable

Installed capacity 2013 (29 G\) Net Generation Mix 2018
0,5% s i = Hidroelectric
0.%s g0, Hidroelectric 095 03% e
2,3% 17,3% = Pumping Generation mping Generation
e \ = Muclear ) * huclear
18% - + Coal
. Coal 30% .
34% . Combined Cycle : = Combined Cycle

= Wind ' =nd

— 72% = Solar photovoltaic 216% = Solar photovoltaic

= Solar thermoelectric 08%
97% = Other renewable

= Cogeneracion

= No renewable Waste

= Cogeneracion
= No renewable Waste
= Renewable Waste

24.9% = Renewable Waste
‘Z Installed RES = ‘z RES Energy = 40,1 ‘
48,5 % z
‘z Installed capacity free CO, ‘ ‘z Energy free CO, emissions ‘
emissions — 53,7 % =0l,7%

b= entso@ s




N THSOILIRIE T ‘e, o 0| ~Eoh= i,
SEURSAR SR RIS opio) 2SN WRLH

The Control Center for Renewable Energies (CECRE)

0 Red Electrica Espana,
the Spanish TSO, has
established within its
control room a
dedicated Control
Center for Renewable
Energies

0 Real-time information is
provided to the CECRE
for generation modules
> 1 MW; Controllability
is provided for units > 5
MW.

[==|RED,., entso@ s

Observability

* Generation Aggregation > 1 MW -
WIND connected to..

d
1 - : : 5 Observabili
bk Transmission|Distribution
i

The CECRE communicates with 35

= private RESCCs (Renewables Energy
i 4 2 Sources Control Centers) which
- aggregate more than 3000 generation

units, 900 of which are wind farms
RESCC,

Suremen ae

_‘: !}EP.NM en1so@ 52



Contollability

* Generation Aggregation 2> 5 MW
o If curtailments are needed, active power set-points are calculated and sent
o The generation units mustresponse to the givenset-point guicker than 15 minutes
o Reduction priority considering the congestion bid of each generation

nf 5
:} BEe Sfﬁ;f CECRE “
(_ mEsce, ) - ( RmeEscc, ) !

( 4
\ . B Torahn >
N / \ o LT
e SR = — %"“\y
EBeal time Measuremen
measurements

{

EniSO@ 53

Summary of key
messages

entso@ 54
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RES Integration: from challenges to solutions

» Clear, stable and forward looking regulatory framework fo facilitate RES investments
» Liguid wholesale Infraday markets with short gate closure time to facilitate RES integration
7 Balancing markets fit for RES and new service providers (storage, demand response, etc.)

» Market design to give price signals fo generafion investments, dispatch and consumpftion in
line with system needs (capacity, flexibility, congestion management, ancillary services)

» Facilitate emergence of new technologies and business models for flexibility: storage,
demand response (incl. aggregators), flexible generation, interconnections, digitalisation

» A strong grid at all voltage levels fo connect RES, manage congestions, reduce
curtailments and compensation cosfs.

» T80-DSO cooperation fo manage efficiently flows, market interactions and data with more
decentralisation of the power system

» System operation tools to manage increasing uncerfainty, wvariability, congestfions,
complexity: forecasting, visibility & controllability of RES, new ancillary services.

entso@
THANK YOU FOR YOUR ATTENTION
|;@;| info@entsoe.eu Q +322 74109 50
For more information: Av. de Cortenbergh 100
http://www.entsoe.eu 1000 Brussels Belgium
entso@ 36
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