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Penetration of Wind & Solar in Europe’s
2030 Energy Scenarios updated to 2018

The wind and PV installations continue to grow in GB & Europe

2018 scenarios (by ENTSO-E’s in TYNDP) suggests an expansion of RES
in EU28 to achieve an electricity share of

41% in 2020,
50-58% by 2030

and between 62 and 77% by 2040
(with a CO2 reduction by 2040 between 60and 70%),
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Variability & penetration data for Continental Europe from IGD HPOPEIPS
with 2016 Wind + PV penetration data (by ENTSO-E) - Vision 4 scenario 2030.

Percentage of Wind+PV over total generation in CE - V4 Duration curve of Wind+PV percentage in CE - VISION 4
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Penetration getting high even in CE

Smallest synchronous areas, Ireland
and GB much higher penetration still.
These will soon hit 100% for some

hours in the year, unless constrained.
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Diminishing System Strength
including Total System Inertia

« System strength is an important indicator for stability. It is expressed in
different ways, dependent upon the users
« TSI - Total System Inertia - Used for Frequency management
« FL - FaultLevel - Used in Protection context
« SCR - Short Circuit Ratio - Used in Converter control context

« Availability of TSI data

« TSI data for 2030 scenarios is available for all 5 European
Synchronous Areas (SAS)

« Data also for TSI contributions from each country to its SA

« TSI expressed as H (pu). Prior to RES, H was typically 5-6 s.

« If TSI is reduced, the impact increases of step changes in power.
Less time to take counter measures before it is too late

« Low TSI usually associated with low FL/SCR
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Duration Charts for Total System Inertia (H) in Europe’s 5 Synchronous Areas (SAs)

Three SAs OK’ish while two SAs have big concerns

From IGD HPoPEIPS with 2016 market study results for all synchronous areas
for 2020 and 4 different visions for 2030

GB & IE+NI have BIG CONCERN at SA level.

Some scenarios with H<1s for 30% of time! Dramatic reduction in H
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National per unit contributions to Synchronous Area TSI
at time of minimum TSI for the SA - INDICATIVE

Inertia contribution colouring code:

» Green H>4s Very good
contribution

e Black 3s<H<4s Good
contribution

* Purple 2s<H <3s Marginal
contribution

* Red H <2s Limited
contribution. Action needed?
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Hourly % Non Synchronous Generation
2030 Gone Green (in 2013) — GB in isolation

180%

160%

L40% — 1 NSG to Demand
. 120%:
Varying
from 0% to 1oz
165% BO%
of demand 50%

403

20%
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11
Level of RES substitution (TWh) needed with different penetration limits.

Improvements from raising GB limit from 50% to 95% NSG/PEIPS

o Worse Base case Best
Indicative Import Export
Annual costs |
BLZ:ZSS;““O”' NSG% | 3GW Imp. No 3GW Imp. 0 Tmp.

TWh 0 Exp. Imp./Ex. 10GW Exp. 10GW exp.

£100/MWh ) P P P P
substituted. 50
This gives
1TWH=£100M 60
Red 75 3.81 2.29
R>£500M/Y 80

85 4.31

90 3.27
Green 95 3.95 2.45
G<£100M/Y
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Limit in System Operators’ freedom to operate at
High Penetration of Power Interfaced Power

Sources (HPoPEIPS
« The GB 2013 economic analysis concluded that
— On its own GB needs by 2030 to be stable for 95% PEIPS
with respect to the load, in order to have a reasonable
level of constraints (2TWh or £200M constraint payments)

— With 10GW export to help, this falls to 85%

« These are both well above the level of 65% where super
synchronous instabilities are predicted from rms studies.

« Additionally, recent complex EMT studies for Southern
England with HP shows Sub-Synchronous Instability (at 6Hz)
see
http://www.smarternetworks.org/project/nia_nget0187/documents

PS From Texas 4Hz instability experienced — Texas & GB many
similarities re size and RES penetration
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Interconnector capacities expected

in 2018 Future Energy Scenarios GB
| nte rcon neCtO rs nationalgrid

Sy | hree new projects secured capacity
market agreements in 2021/22
0

2015 2020 2025 2030 2035 2040 2045 2050
Community Renewables Two Degrees ss=Steady Progression Consumer Evolution
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= Angular stability analysis

Q:j InternaI_HVDC
7 ntemational iVoC - fr NSG >50%; network used
"}2  Reduced Zone Reduced GB 2030 - 36 Node
o : - Transmission System Model
&y V | awocums ¢ Network reinforced to accommodate the
Eﬁ = : o Furope high levels of NSG in 2030, including
= -;., current and proposed works e.g. the series
. East Coast - capacitors between England and Scotland
ﬁ?ﬁf 2 “ e and East and West Coast HVDC links.
Absence of voltage support in the central
“ parts of the system was first remedied by

blocks of 2GVA STATCOMs

« Included dynamic controllers for Statcoms,
Convertors, Governors, AVRs and PSSs.

The case chosen was a double circuit 3
phase fault of 100ms duration on 2 of the 4
HVAC links between Scotland and England.

« Dispatching > 65% NSG (on MW)
created angular instability

« Reduced model including dynamic data
available on request by e-mailing
Richard.Ierna@nationalgrid.com

West Coast

 HVDC Links * '.l"aa-r:l

HVDC to
Ireland

[F—

HVDC Links to Eumpe
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2013 Results

2013 — Stable Result
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17 2015 Studies
Only 9/26 high NSG scenarlos ok

3GW Import HVDC 0 Import HVDC
10GW Export
L Load (GW) Load (GW) Load (GW)
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HP Studies with Grid Forming
Converter Controls — VSM / VSMOH

Changes for VSM
1. Simulate inertia
2. Reduce the bandwidth of F and V

Both VSM & VSMOH use
similar output stages

3 Phase VSM / VSMOH Output Stage to SHz
Thh - Advantages (main)
ree pnase ormall H
ST pas(?iveandyhas 1. Contributes to RoCoF
generator no effect on . .
voltage signals) 2 Compatlble Wlth SG
3. Reduced interaction and HF
" instability risks
4. Can be modelled in RMS system
IGBT Connec tion StUdIeS
Output To Grid
Stage .
1‘ Filter Disadvantages
Reactors 1. Requires additional energy

Pulse signals to IGBTs

2. Possibility of traditional power
system instability
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2016 Studies

All high NSG scenarios stable

Importl

n
ﬁ?f 60%  69%  80% | 54%
HVDC i 5% 5% 10% 1%

With VSM all scenarios are

l"::l - -
&3 stable & 100% NSG is possible
3GW Import HVDC 0 Import HVDC
|«
- Load (GW) Load (GW) Load (GW)
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Typical results from 2016
studies

2016 — Stable Noisy Result
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” 1600MW Trip at 97% NSG
p with 30GW of Load
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NSG with SG as shown ful | 1
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System Islanding at 93% NSG
with 40GW load

pu Power from VSM (all zones) without power limiting

CC.6.3.7 and CP.A.3.6

203

05y

0oy ! I . i . 1 .
0o 200 L1 L] L1 [=] 00

pu Power from VSM (all zones) with power limiting
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Scenario | |

« System is operating at 93% NSG | Frequéncy Area 1 5 :

+ System load is 40GW T R e e S S SEEER ~ 1 3

 Short circuit is applied to AC 1 1 : ‘
interconnection

» Loss of AC interconnection between
exporting Area 1 and importing Area

2 100 1A eea==

« Does LFDD work?
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Wider stability Challenges & system Needs
during high penetration (HP)

Challenges with low
System Strength

Cl Lack of synchronising
torque with distorted voltage

C2 Inadequate system inertia
C3 Failure to survive major

disturbances (allow time for LFDD
+ support system restoration)

C4 Adverse control system
interactions, sub & super synch +
simplify dynamic analysis

C5 Absence of sinks for
harmonics & unbalance without
synch gens

System Needs to cope
even at high penetration

N1 Need converters to lead,
shape voltage (PLLs just follow)

N2 RES contribute to TSI

N3 Aid system stability by
locking frequency & angle during
fault

N4 Limit f bandwidth of
active controls, e.g. <5Hz
avoiding high frequency analysis
N5 Converters act as sinks to

harmonics & unbalance, act as a
voltage behind an impedance
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Summary of high penetration
challenges & potential solns in GB

With current technology/models, the system may become unstable when more than 65% of generation is Non-
Synchronous

For the FES 2Degrees, Consumer Power and Slow Progression scenarios, it is currently forecast this level
could be exceeded for 800-1800Hrs p.a. in 2023/24 and for 2100-2750Hrs p.a.in 2026/27. Key

%-)_ = ©
:'5 AL g %) e
$ & °© |O = o
] o
=3 © |e > 3 P Potential
S = & |S o 2 = o £
S35 s |95 = | £ g = | Improves
= v o ¥ |0 gl <€ = o o3
2|38 2 |2E 8| 3| | = | ¢t o Resolves
Vs of T |2 Y @» o > = = = System S
. |© o B [ g o S g = b2l 5 Issue
5 o |F & o |o ©f o L ~ Level
8 i o % > > O| &= %) —'; + o § eve
. = o
Solution EstimatedCost| 2 | & (> 3 E g 9 = E 1 |l 3 | £ | Maturity Notes
Constrain
Asyncronous Yes | Yes | Yes | Yes [ Yes | Yes | Yes | Yes | Yes | Yes | Yes Proven These technologies
Generation are or have the
Syncronous potential to be Grid
. P Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes P Yes Proven . .
Compensation Forming / Option 1
Medium Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes P P Modelled
VSMOH Low Yes | Yes P P P Yes P P | Modelled | Has the potential to
Synthetic Inertia Medium Yes P Modelled | contribute but relies
Other NG Projects Low Yes P | Yes P P on the above Solutions
Timescale 2019( 2019 2020 2025 2025
(Based on work by SOF team)
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HP Technical/Expert Groups in Europe
and in GB

European HP TG: Stage 1 done: Produced two IGDs, including HPoPEIPS

https://consultations.entsoe.eu/system-development/entso-e-connection-codes-implementation-

quidance-d-3/user uploads/igd-high-penetration-of-power-electronic-interfaced-power-sources.pdf

Stage 2 Draft report due Dec 2018, final report Summer 2019

« Describe individual aspects of grid forming capability

» Describe design/sizing consequences for Power Electronic interfaces

» Describe possibilities and limits of grid forming with respect to size of storage and/or current
headroom

« Set up benchmarks for evaluation of compliance including testing

e Publish results

GB Expert Group on HP

« Develop Option 1 from previous details during Consultation Summer 2017
* Analysis to-date shows Grid Forming capabilities needed by 2021

« Aim to complete Grid Code proposal by end 2018 with study based CBA
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https://consultations.entsoe.eu/system-development/entso-e-connection-codes-implementation-guidance-d-3/user_uploads/igd-high-penetration-of-power-electronic-interfaced-power-sources.pdf

Grid Forming option
— what can it achieve?
- holistic approach?
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Capabilities of Class 1 / Grid Forming Converters

» Class 1 Converters shall be capable of supporting the operation of the ac power
system (from EHV to LV) under normal, disturbed and emergency states without
having to rely on services from synchronous generators.

» This shall include the capabilities for stable operation for the extreme operating
case of supplying the complete demand from 100% converter based power
sources.

» Grid Forming Converters provide an inherent performance resulting from
presenting to the system at the Connection Point a voltage behind an impedance
(true voltage source).

» The support services expected are limited by boundaries of defined capabilities
(such as short term current carrying capacity and stored energy).

» Transient change to defensive converter control strategy is allowed (if it is not
possible to defend the boundaries), but immediate return is required.
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Conclusions

« Total system strength is reducing as Synchronous Generators (SGs) are
iIncreasingly being replaced by Power Electronic Interfaced Power Sources
(PEIPS)

« Unless restriction applied / market intervention taken, hours of operation with
total absence of SGs will become common place in Europe.

« The largest Synchronous Areas (SAs) have more time to prepare than the
smallest SAs, such as GB & Ireland.

* Analysis has identified a range of services needed from PEIPS in the future.
The foremost candidate to deliver: Grid Forming (true voltage source) / VSM

« The longer delay in introduction of Grid Forming requirements, the more
severe parameters will be needed (as a smaller part of PEIPS has to deliver)

* Aware that VSM was installed as early as 1996.

« Main focus is dealing with novel stability aspects associated with operation
close to 100% PEIPS.

* |Is Grid Forming capabilities (e.g. VSM) the optimal answer? Looks likely.

* Do we have realistic means for TSO Grid wide stability studies?

Are the present rms models fit for purpose?
Beyond about 65% penetration, | suggest not, unless bandwidth limited.

Urdal Power Solttions Ltd
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Additional material
Back-up

Work on High Penetration
HPoOPEIPS
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Intro to Helge Urdal *
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« Design & tendering for world’s first SVCs — 77-79
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« CEGB - Protection & Control Systems of Generation & Transmission — 1979-90
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— Convener for Implementation Project Team — support for national implementation
— Engaged in support of University Research — main focus: weak power systems at UoS, Glasgow

Urdal Power Solttions Ltd
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TYNDP SCENARIOS: Annual Generation by power source

A WIDE RANGE OF PLAUSIBLE FUTURES

5030 Vision 4 —F
2030- Vision 3 f
2030- Vision 2 f
2030- Vision 1 x

EP 2020 f

0 500 1000 1500 2000 2500 3000 3500 4000
Annual generation (TWh/yr)

Annual generation in each scenario — breakdown per technology

EP= Expected Progress scenario

m Nuclear

M Gas

B Hard coal

m Qil

B Lignite

m Others non-RES
m Biofuels

B Hydro

B Others RES

B Wind

W Solar
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System Stability Studies with low System
Strength using PLL based converter controls
approaching 100% penetration

 PLL Phase Locked Loops — following externally provided system voltage

« By 2013 operational impact of high RES penetration had emerged in GB with
wind farms tripping for high RoCoF.

« Concerns over various stability aspects with future weaker power system

* TSO need for system wide dynamic studies

« What is the limit of stable system wide operation with higher level of
penetration of power electronic interfaced power sources?

» Are the models including generic models fit for purpose?

* Penetration levels predicted for 2030 based on hourly recorded weather data
for 3 years for 36 zones including offshore, main focus wind.

« RES in 2030 could deliver 165% of demand in most challenging hour

* Need to be prepared in all operational aspects to come close to 100% RES at
times and at other times close to 0%
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Recommendations in terms of getting RE
ready to replace SG services - principle

* As % RE largely connected via converters increases and
conventional Synchronous Generators (SG) at times of high RE
output are disconnected, the RE increasingly need to deliver the
steady state, dynamic and general stability support (V & f) to
ensure all forms of system stability, without constraining off RE.

* In my experience introduction of such services needs to be
anticipated by evaluating scenarios at the minimum through
half the life time of the RE, i.e. at least 10 years ahead.

* Introducing such capabilities when the problems have already
arisen is generally too late.

* In Europe the aim was to have connection requirements fit for
purpose out to 2030, i.e. 20 years ahead of the initial proposals.
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First the basics or even advanced capabilities
IGD HPoPEIPS identifies:

Basic expectations for converters — calling it Class 3, already common
Advanced capabilities for converters — calling it Class 2, on its way in
Focuses on needs for Class 1 — to be self sufficient

where, when and under which circumstances needed

Why a holistic approach for Class1?

« The TSO analysis of fast dynamics associated with extremely low System Strength
show strong inter relations between different topics.

* Management of one issue is bound to affect management of several others.

» Aholistic approach is needed to prepare a path towards full RES penetration.




Recommendations in terms of getting RE
ready to replace SG services — rules of thumb

* RE penetration on average as in production of annual TWh is typically 4
times lower than the hour with the highest penetration. (Vary in range 3-5)

* In Denmark in 2008, when annual penetration was 20%, total demand was
already being exceeded by wind power alone. In GB, unlike Denmark, nearly
all RE is connected via power electronic. In Europe preparation is made for
High Penetration of Power Electronic Interfaced Power Sources (HPoPEIPS).

Annual % RE / max PEIPS as % of D / HU view of RE Support Service need

Up to 5%
Up to 10%
Up to 15%
Up to 20%
Up to 25%
>25%

<20%
<40%
<60%
<80%
<100%

1 Basics: No simultaneous trips. FRT

2 Basics+: Add Q capability & V control

3 Advanced: Add frequency controls

4 Advanced+: Add fast f controls + HF stab
5 Full SG services: Introduce Grid Forming

Constrain/store RE 6 Widespread use of Grid Forming or equiv
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Process extract from draft IGD HPoPEIPS (abbreviated)
Steps for Synchronous Area & Individual Countries

Step 1 - Define extent of the challenge.

Establish penetration of PEIPS in area at least to
2030.

Step 2A - If PEIPS > 75% for the SA for >10% of the hours in the year. >

A strategy needed to make improvements to contributions from PEIPS.

If the SA H is < 1s for more than 10% of time consider urgently

to implement the converter control capabilities defined as

If 2A conditions do not apply:
Step 2B - If PEIPS > 50% for your COUNTRY, discuss within SA.

If your country inertia <1s for >10% of time, consider if your inertia
contribution is acceptable, and resilience for system splits is adequate.

Consider the possibility of implementing Grid Forming capabilities.

Step 3 - Detail requirements including parameters
for the implementation and models to study the
effectiveness as well as compliance tests -
Introduce new requirements at national level
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Why does Europe need network codes?

Network codes are the foundation of a secure, competitive and low carbon

European Internal Energy Market

Challenges

Network codes as enablers

RES variability

> Ensure adequacy despite resource variability

> Maintain system stability with less conventional
plants

> Manage increased uncertainties

> Need for market close to real time

Distributed generation

> Connect thousand of units, mostly to distribution grids
> Develop visibility on distributed generation

> Coordinate with DSOs

Need / value of cross-border trade and coordination
> Need for an integrated EU market

> Transit huge flows across Europe

> Manage flow changes following weather conditions
> Connect HVDC lines

> Use infrastructures efficiently and safely

—~———

Market

Operation

Connection

Capacity allocation and
congestion management
(CACM)

» Forward capacity allocation

(FCA)
Electricity balancing (EB)

System operation (SOGL)

» Emergency and restoration

(ER)

Requirements for
generators (RfG)

Demand connection (DCC)
HVDC connection

Network codes (or Commission Regulations) are a set of binding rules addressing cross-border issues enabling a
European Internal Energy Market to deliver a secure, competitive and low carbon energy supply.
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Access to the final Regulations at European level
via ENTSO-E — EC also access to translations

General from ENTSO-E (with onwards access to all 8 codes — in force)
« https://electricity.network-codes.eu/network codes/

Specifics on Connection: NC RfG full text (+DCC + HVDC)
 https://electricity.network-codes.eu/network codes/rfg/

IGDs and IGD HPoPEIPS

« https://electricity.network-codes.eu/network codes/cnc/cnc-igds/

» https://docstore.entsoe.eu/Documents/Network%20codes%20docu
ments/Implementation/CNC/170322 IGD25 HPoPEIPS.pdf

Specifics on System Operation — SOGL & E&R
 https://electricity.network-codes.eu/network codes/sys-ops/
« https://electricity.network-codes.eu/network codes/er/
Specifics on Markets — CACM (+FCA + EB)

« https://electricity.network-codes.eu/network codes/cacm/
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https://electricity.network-codes.eu/network_codes/
https://electricity.network-codes.eu/network_codes/rfg/
https://electricity.network-codes.eu/network_codes/cnc/cnc-igds/
https://docstore.entsoe.eu/Documents/Network codes documents/Implementation/CNC/170322_IGD25_HPoPEIPS.pdf
https://electricity.network-codes.eu/network_codes/sys-ops/
https://electricity.network-codes.eu/network_codes/er/
https://electricity.network-codes.eu/network_codes/cacm/

EU network codes
National implementation

Extensive process at national level to update pre-existing national code.

Lots of further working groups with stakeholder representations
For access to processes in some of the 34 countries, see
https://docs.entsoe.eu/cnc-al/
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https://docs.entsoe.eu/cnc-al/

What is the value created by European network codes?

Measures included in the Network Codes contribute —amongst
other meagures — to the three main pillars of the EU Energy Policy

Competitiveness &

i f:‘) Social Welfare

¥ Sustainability

260 GW of solar photovoltaic

and wind generation

capacity connected to the

EU networks

e 24.5 GW connected in
2016 (86% of RES units) —
same pace expected in the
next decade

+ >11 GW of demand-side

response across Europe

e 23 countries (19+4) are
participating in day-ahead market
coupling

* 0.7-1 B€ p.a. of increase in social
welfare thanks to market coupling
(80% already achieved)

* About 120 TWh p.a. exchanged
in intraday on power exchanges’
platforms (x2 for continuous
trading in 4 years)

* 10 million data files made

available each year, for around

2000-2500 active users per day

Network codes

Security of supply

« NO major interruption across on ENTSO-E website

several countries over the past * Up to 40 new HVDC

decade interconnections in the TYNDP
» 300 coordinated tasks per day for

TSCNET / 200 for Coreso

* 30 employees in TSCNET /40 in 4
CORESO (1 over 4 in 24/7 shift) Update with Coreso

UirdalFRewersSalttionsHlEid




What is the value created by European network codes?

Case study 1 — Implementation of market coupling (CACM)

g Benefits associated with the integration of wholesale markets

- Flow based market
0.7-1 B€lyear of potential R

ATC based market

welfare gains from market coupling
. 9 - ATC based market coupling
coupling. (CEE)

Non-coupled

~80% of the benefits of

market coupling already
obtained in 2016.

213 of efficient utilization
of interconnector already
achieved.

>100 M€/year of

additional benefits thanks to flow-
based in CWE.

1500 TWHh traded in day-

ahead on power exchanges in
2016

Q&R Voo
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What is the value created by European network codes?

Case study 2 — Integration of balancing market (EBGL)
Benefitg associated with upgrading and integrating balancing markets

IGCC Imbalance Netting, aFRR-Assistance
and Flow-Based Congestion Management

- Trans-European Replacement
Reserves Exchange (TERRE)
- Nordic market and Development of the Nordic
2]
3

e

. . . X Regulating Power Market (RPM)
Estimated benefits of pilot projects for
the integration of balancing markets:

Nordic RPM: ~220 M€ p.a:
IGCC: ~80 M€ p.a.
TERRE: ~120 M€ p.

Common Merit Order for mFRR and aFRR

Cross-border market for FCR based on TSO-
TSO model

Harmonised reactive balancing
market, Cross-border
Frequency Restoration-

Net expected benefits of full integration of
energy balancing markets (forward-
looking/2030):

500 — 800 M€

The integration of energy balancing
markets carries the promise of

welfare gains for european -

electricity sector. »
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What is the value created by network codes?
Case study 3 — Regional coordination (SOGL)
g Benefits associated with system operation coordination

B The coordination of TSOs has strengthened significantly with the creation of
RSCs:

= From a voluntary TSO initiative... .... to a EU-wide coverage.

3 key services are already partially operational in CORESO and
TSCNET (out of 5 foreseen in SOGL) to ensure system security,
improve market functioning and facilitate RES integration.

&

100% performance for day-ahead congestion forecst for
capacity calculation (99.6% for intraday)

=\

0
O

X7 red flag (i.e. potentially critical) situations detected
by CORESO (2015 vs. 2014)
>10,000 data files exchanged daily between TSOs & its RSC
4000 remedial actions proposed/year by CORESO
134 Multilateral Remedial Actions coordinated by TSCNET

i) '@

CORESO
(2008)

30 employees at TSCNET
40 employees at CORESO (3 over 4 in 24/7 shift)
150 employees trained in TSCNET programs

?)o
jo

)

Significant progress...
... but quite a busy agenda to

implement the SOGL by 2019!
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What is the value created by network codes?

Case study 3 — Regional coordination (SOGL)
The 2015 solar eclipse as a test for the future challenges

Situation Solutions s(-)(‘i\.
Aggregated PV feeg-infrem-selegted Continental Europe TSOs, 20 Coordinated security analysis
" Hewat > TSOs coordinated their assessment of the situation
1000 10.00 am
- \ 35 GW Coordinated planning
s at 12.00 am > Anticipation of issues

> Secured reserves and emergency plans

25,000
22 GW . L
o at Real-time coordination between TSOs
50w 9.30am > Real-time communication between TSOs during
oom the eclipse
> Frequency quality was maintained

5,000

&;15 I:I11A5 0‘&'15 04»145 mHa 07:45 3 1045 5 1345 3 16:45 18:15 18:45 2115 2245

[0 cermany [0 valy WM Greece [ spain [N France T

* Successful preparation and cooperation avoiding disturbances
*  Minimum cost: 4.2 M€ for additional reserves, cost of a black-out (~*450-600 M€ / hour for
Germany)
* Increasing risks: expected RES ramping of 32GW/h after the eclipse in August 2027 (14GW/h in
2015)
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Bl what is the value created by network codes?

Case study 4 — Requirements for generators (RfG) + Coordination (SOGL / E&R)
Lessons from the 2006 event (system split)

Situation Solutions identified and integrated in NCs
Schematic map of UCTE area split into three areas — 4 November 2006 at Adapted requirements for generators G
22:10 > Including on distributed generation i

O Area 1 under-frequency

@ Area 2 over-frequen . G\

requency Improved scheduling procedures <O

B Area 3 under-frequency

TSO coordination and enhanced security
analysis co%"

> Data exchanges and common grid model

> Coordinated security analysis and remedial actions
> Training of operators (esp. neighbouring systems)
> TSO-DSO coordination

Enhancing emergency and restoration plans

3

Network codes, if implemented at the time of the 2006 event, would have contributed to avoid:
17 GW of load and 1.6 GW of pumps shed
15 million European households cut off
300-500 M€ of economic losses due to load shedding
> 20 GW of generation tripped or disconnected

Source http://www.energy-re ulators eu/ ortaI/ a e/ ortaI/EER HOME/EER PUBLICATIONS/CEER PAPERS/EIectncn /2007/E06-BAG-01-06_Blackout-
alRepori 02-06.pdf. h -/ : oe.e se ibrary/public ort-200701.30.pdf
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http://www.energy-regulators.eu/portal/page/portal/EER_HOME/EER_PUBLICATIONS/CEER_PAPERS/Electricity/2007/E06-BAG-01-06_Blackout-FinalReport_2007-02-06.pdf
https://www.entsoe.eu/fileadmin/user_upload/_library/publications/ce/otherreports/Final-Report-20070130.pdf

Concluding remarks on benefits

a
The network codes are a source of value creation and key enablers of the IEM,
but substantial works still ahead for the full implementation

The network codes are a source of value creation for European customers
> Preliminary indicators and case studies show that the benefits of network codes are very substantial.

> ENTSO-E will continue to assess these benefits through a value creation study and through the NC monitoring afterwards.

The proactivity of TSOs and ENTSO-E has enabled to achieve an early implementation of the network codes,
delivering already significant benefits.

> Thanks to the early implementation of CACM, market coupling extends to 23 countries (19 + 4), continuous cross-border
implicit intraday trading develops and flow-based has been introduced in CWE.

> Pilot projects were launched in 2014, extending/upgrading existing projects, to develop cross-border balancing.

> RSCs stem from voluntary initiatives of TSOs and all RSCs are now established.

However, the full implementation of network codes represents a significant challenge but also new
opportunities in years to come for TSOs and ENTSO-E.

> The full implementation of CACM is complex: significant work is ongoing from TSOs and ENTSO-E e.g. on all approval
procedures, on capacity calculation or on the bidding zone review.

> The full implementation of the balancing guideline will take at least 6 years, implying considerable changes in operations and
market designs.

> RSCs need to develop the five services for all TSOs: achieving it by 2019 is a challenging deadline, but RSCs, TSOs and ENTSO-E
are fully committed to it.
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BENEFITS OF TYNDP INVESTMENTS FOR EUROPEAN

MARKET INTEGRATION
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GB — CONTINENTAL EUROPE AND NORDICS

Socio-economic welfare gains
_ through added capacity in each

1 Great Britain - Continent and Nordics
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FES 2018 Generation Scenarios (TWh) to
2050 Type and Carbon Intensity (g/KWh)
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FES 2018 Community

Renewables
Generation output

nationalgrid

Community Renewables

Renewable generation accounts for
more than 75% of total output by 2030
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FES2018 Steady Progression

nationalgrid

Generation output

Steady Progression

Decarbonisation is slower in this scenario with

around 60% renewable generation by 2030 240
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Gas a key factor to cope with variability
Introduction of capacity market

nationalgrid

A

" W -
Capacity market provides .

greater certainty to existing
stations in the shorter-term

Gas continues to play a key role in providing
backup generation and flexibility in all scenarios
0
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FES 2018 Development of
%RES In 4 scenarios

Installed generation capacity

nationalgrid
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nationalgrid

Electricity Demand: Peak GW

90

85 Peak influenced by
80 transport and heat

75

70

65 More smart charging
and smart heat in

60 Community

55 Renewables and Two
Degrees

50
2005 2010 PACKES 2020 2025 2030 2035 2040 2045 2050

Electricity peak demand (GW)

Community Renewables Two Degrees e=Steady Progression

Consumer Evolution History
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