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Why does Europe need network codes?

The evolution of the EU power system confronts TSOs with
major challenges but also presents new opportunities

Of the generating capacity from intermittent
renewable energy sources (wind, solar and
hydro run of river) by 2030 (V4)

Additional GW of wind and photovoltaic to be
connected by 2030 (V4), mostly to distribution
grids (in addition to 260 GW existing capacity)

Higher installed intermittent renewable energy
sources capacity compared to peak demand

Countries likely to have significant RES
curtailment risks already in 2025

Countries likely to have wind and solar outputs
higher than 80% of demand already in 2025

Reduction of dispatchable capacity margin over
peak load (in proportion)

Billion euros of transmission investments (of
which 70-80 by 2030) to reduce congestion and
integrate renewables

Manage variability / uncertainty of
intermittent renewable energy sources

Enable cross-border flows over long distance
to take advantage of the variety of generation
mix and patterns

Deal with a much higher complexity in
operations

Connect thousands of small units in
distribution networks and coordinate with
distribution system operators

Empower consumers, willing to become more
active in the power system

Network codes are key enablers to cope with

- ‘ these challenges and seize new opportunities
e ©
I - |
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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

Network codes as enablers

Challenges

RES variability
> Ensure adequacy despite resource variability

Capacity allocation and
congestion management

> Maintain system stability with less conventional plants Market (CACM) ' _
> Manage increased uncertainties Forward capacity allocation
> Need for market close to real time (FCA)_ _ _
Electricity balancing (EB)

Distributed generation
> Connect thousand of units, mostly to distribution grids 0 ti System operation (SOGL)
> Develop visibility on distributed generation PErEllon Emergency and restoration
> Coordinate with DSOs (ER)
Need / value of cross-border trade and coordination
> Need for an integrated EU market Requirements for generators
> Transit huge flows across Europe : (RfG)

Connection

> Manage flow changes following weather conditions
> Connect HVDC lines
> Use infrastructures efficiently and safely

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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Why does Europe need network codes?

The network codes are (almost) completed and enforced, and now
their implementation is the next challenge

v
TSOs and ENTSO-E, together with ACER and all stakeholders are already in the implementation phase

Substantial progress has already been made thanks to early implementation process, pilot projects and voluntary
coordination of TSOs.

CACM FCA EB

entso@
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What are the benefits of European network codes?

Network Codes will provide substantial benefits
on the three key objectives of EU energy policy

m Sustainability

Provide clearer rules for connection (incl. for renewables)
Facilitate the integration of renewables

Increase the level of maximum admissible RES penetration
Engage consumers through demand-side response

V V V V

Reduce costs for consumers by improved market functioning
Reduce technology costs by harmonising requirements
Increase competition, liquidity and transparency

Provide better services to grid users and market participants

“2; Competitiveness &

@ Social Welfare

vV V V V

Anticipate the future challenges of a system with high RES
Maintain the robustness of the grid

Manage renewable variability through more flexible markets
Foster coordination in system operation and solidarity

& Security of supply

V V V V

Benefits for the Internal Energy Market and consumers

s entso@



What is the value created by European network codes?

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

Sustainability

and wind generation capacity

of solar photovoltaic

connected to the EU
networks and getting ready

for

(86% of RES units) — same
pace expected in the next

decade

across Europe

#:=g= J4 Security of supply

-

Competitiveness &

> )\*‘{ﬁ Social Welfare

E- ol

Network codes

across
several countries over the past
decade

coordinated tasks per day for

TSCNET/ for Coreso
employees in TSCNET in
CORESO (1 over 4 in 24/7 shift)

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

of increase in social
welfare thanks to market coupling
( already achieved)

on power exchanges’
platforms (2 for continuous
trading in 4 years)
made
available each year, for around
on ENTSO-E website

in the TYNDP

. entso@



What is the value created by European network codes?

Case study 1 — Implementation of market coupling (CACM)
Benefits associated with the integration of wholesale markets

- Flow based market coupling

Of pOtentlaI ATC based market

welfare gains from market coupling
ATC based market coupling

coupling. (CEE)
Non-coupled

of the benefits of

market coupling already
obtained in 2016.

of efficient utilization of
interconnector already

achieved.

of additional
benefits thanks to flow-based in
CWE.

traded in day-

ahead on power exchanges in
2016

g entso®



What is the value created by European network codes?

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

- IGCC Imbalance Netting, aFRR-Assistance

and Flow-Based Congestion Management EGG\*
Trans-European Replacement
Reserves Exchange (TERRE)

Nordic market and Development of the Nordic

© Q@

. . . . Regulating Power Market (RPM)
Estimated benefits of pilot projects for
Cross-border market for FCR based on TSO-
TSO model
N O rd I C R P M ' Cross-border optimisatforrof —0
I G CC . Frequency Restoration

. ; . Common Merit Order for mMFRR and aFRR
the integration of balancing markets:
Harmonised reactive balancing market,

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

500 — 800 M€

| | | D
The integration of energy balancing *
markets carries the promise of
welfare gains for european

electricity sector. s entso@



What is the value created by network codes?

Case study 3 — Regional coordination (SOGL)
Benefits associated with system operation coordination

B The coordination of TSOs has strengthened significantly with the creation of RSCs: 506\’

= From a voluntary TSO initiative... .... to a EU-wide coverage. Nordic
are already partially operational in CORESO and RSC(2016)
TSCNET (out of 5 foreseen in SOGL) to ensure system security,
improve market functioning and facilitate RES integration.
{;&9 performance for day-ahead congestion forecst for
DDI:I capacity calculation ( for intraday)

red flag (i.e. potentially critical) situations detected by
CORESO (2015 vs. 2014)

data files exchanged daily between TSOs & its RSC
— remedial actions proposed/year by CORESO
Multilateral Remedial Actions coordinated by TSCNET

employees at TSCNET
N employees at CORESO (3 over 4 in 24/7 shift)
in TSCNET programs

Significant progress...
... but quite a busy agenda to
implement the SOGL by 2019!

SEE-Thessaloniki RSC e 0@ o
(2016)



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

509’

MW

leected Continental Europe TSOs, 20

Coordinated security analysis

> TSOs coordinated their assessment of the situation

w0 10.00 am
o | < 35 GW Coordinated planning
00 \ at 12.00 am > Anticipation of issues
\ > Secured reserves and emergency plans
25,000
22GW |~
2 | 2t 9 30am Real-time coordination between TSOs
16,000 — > Real-time communication between TSOs during
10,000 the eC“pSE
> Frequency quality was maintained

5,000

?(1:15 01:45 (I'!(|15 04:45 Cﬁ:]ﬁ 07:45 0915 1045 1215 1245 1515 16:45 18:15 1045 2115 2245

Germany 00 italy [ Gresce Spain [ France Time - CET

Minimum cost:

* Increasing risks: expected

avoiding disturbances

. cost of a

after the eclipse in August 2027

(14GW/h in 2015)
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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 ®

O Area 1 under-frequency
@ Area 2 over-frequenc: . \
requency Improved scheduling procedures ‘506

Il Area 3 under-frequency

TSO coordination and enhanced security
analysis 506
> Data exchanges and common grid model
> Coordinated security analysis and remedial actions

> Training of operators (esp. neighbouring systems)
> TSO-DSO coordination

2 Enhancing emergency and restoration plans

es®

Network codes, if implemented at the time of the 2006 event, would have contributed to avoid:
and of pumps shed
cut off
of economic losses due to load shedding

tripped or disconnected

Source: http://lwww.energy-requlators.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
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More technical about some aspects of
Connection Network Codes

National implementation is in progress 2016-2018.

European part (exhaustive choices) concluded 2016
National choices (non-exhaustive) by 2018

Coordination between countries within each of 5
synchronous areas, particularly on frequency related
parameters

PSS RWWW.entsoe.eu

Look for “Network Code Overview”
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Topics currently under development for coordination between Countries of
Frequency Stability Requirements - to be concluded in 2018

MW Type A/B/C/D boundaries for additional requirements — Requirements for Generators

Frequency parameters subject to coordination at Synchronous Area (5) level:

Frequency sensitive mode (FSM) Normal state
Limited Frequency Sensitive Mode — Overfrequency (LFSM-O) Emergency state
Limited Frequency Sensitive Mode — Underfrequency (LFSM-U) Emergency
Frequency Ranges Emergency

Rate of Change of Frequency (RoCoF) withstand capability Emergency

Synthetic Inertia (SI) and Demand Response very fast Active Power Control (DR APC)
Demand Response System Frequency Control (DR SFC)

Frequency ranges of automatic connection and gradient of active power increase

Auto reconnection after an incidental disconnection

Admissible active power reduction at low frequencies
entso@ 14



Frequency Sensitive Mode (FSM)
RfG requirement: Article 15(2)(d)

Fipure 5

Active power frequency response capability of power-generating modules in FSM
illustrating the case of zero deadband and insensitivity

a AP
Ri;r'
o Synchronous Power Generating Modules:
. :"'P Preris the Maxirmum Capacity

P o Power Park Modules:

P..ris the actual Active Power output at the moment
the FSM threshold is reached or the Maximum
Capacity, as defined by the Relevant TSO.

T T T T T I T I

b |‘£§ L

rai=100 i
e 7. A

Pref is the reference active power to which AP is related. AP is the
change in active power output from the power-generating module.
fn is the nominal frequency (50 Hz) in the network and Af is the
frequency deviation in the network

(i) the frequency response deadband of
frequency deviation and droop must be able to be
reselected repeatedly;

(i) in the event of a frequency step
change, the power-generating module shall be
capable of activating full active power frequency
response, at or above the full line shown in Figure
6 in accordance with the parameters specified by
each TSO (which shall aim at avoiding active
power oscillations for the power-generating
module) within the ranges given in Table 5. The
combination of choice of the parameters specified
by the TSO shall take possible technology-
dependent limitations into account;

Synch Area (iv) the initial activation of active power

coordination of frequency response required shall not be unduly
delayed. If the delay in initial activation of active

parameters t0 power frequency response is greater than two

ensure fair seconds, the power- generating facility owner shall
) provide technical evidence demonstrating why a
sharing of longer time is needed. For power-generating

responsibilities modules without inertia, the relevant TSO may
specify a shorter time than two seconds. If the

between power-generating facility owner cannot meet this

nations within requirement they shall provide technical evidence
demonstrating why a longer time is needed for the

each SA. initial activation of active power frequency
response;

entso@ 15



Active power frequency response capability

Frequency Sensitive Mode (FSM
RfG requirement: Article 15(2)(d

AP,
(v) the power-generating module shall be capable of providing full active power P |

frequency response for a period of between 15 and 30 minutes as specified by the
relevant TSO. In specifying the period, the TSO shall have regard to active power
headroom and primary energy source of the power-generating module;

(vi) within the time limits laid down in point (v) of paragraph 2(d), active power cont
must not have any adverse impact on the active power frequency response of pow 1
generating modules; 1

(vii) the parameters specified by the relevant TSO in accordance with points (i), (ii) |
(i) and (v) shall be notified to the relevant regulatory authority. The modalities of tt A
notification shall be specified in accordance with the applicable national regulatory

.

:'.\
framework;
Table 5
Parameters for full activation of active power frequency response resulting from : :
frequency step change (explanation for Figure 0) SynCh Area COOrdlnathn Of
parameters to ensure fair
Parameters Ranges or values . ey egel s
- — sharing of responsibilities
[ P ¥
Active power range related to maximum capacity (frequency response range) —— ' H . H
Pau between nations within each
For power-generating modules with inertia, the maximum admissible initial delay t, unless 2 seconds SA
justified otherwise in line with Article 15(2)(d)(iv)
For power-generating modules without inertia, the maximum admissible initial delay t, | as specified by
unless justified otherwise in line with Article 15(2)(d){iv) the relevant TSO.
Maximum admissible choice of full activation time t,, unless longer activation times are 30 seconds
allowed by the relevant TSO for reasons of system stability en tS O@ 16




Limited Frequency Sensitive Mode - Overfrequency (LFSM-0O)
RfG requirement (Il): Article 13(2)

Figure 1

Active power frequency response capability of power-generating modules in LFSM-O

AR
7.

_." i :n[?.*_j__:.:'u‘k |'}l‘f|_|:§*-| P-"-

WET W W T

,

-,

Yo
&

e Synchronous Power Generating Modu les:
P..tis the Maximum Capacity
«  Power Park Modules:

Pysis the actual Active Power output at the moment
the LFSM-0 threshold is reached or the Maximum
Capacdity, as defined by the Relevant TSO

entso@ 17



Synthetic Inertia & demand response (DR) very fast active power
control (APC).

NC RfG - Article 21.2(a): The relevant TSO shall have the right to specify that power park modules [of type
C and D] be capable of providing synthetic inertia during very fast frequency deviations.

NC HVDC - Article 14.1: If specified by a relevant TSO, an HVDC system shall be capable of providing
synthetic inertia in response to frequency changes, activated in low and/or high frequency regimes by
rapidly adjusting the active power injected to or withdrawn from the AC network in order to limit the rate of

change of frequency.

NC DCC — Article 30.1: The relevant TSO in coordination with the relevant system operator may agree
with a demand facility owner or a closed distribution system operator (CDSO) (including, but not restricted
to, through a third party) on a contract for the delivery of demand response very fast active power control.

entso@ 18



One example of national implementation activity
GB dealing with extreme high penetration of RES

High Convertor Penetration - Options

nationalgrid

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

Timescale
(Based on work by SOF team)

2019

- .
S| = |g m | £
g E:; S E § = P Potential
2= & |5 o = B0 = 'g | Improves
T = = L= = = = o Resolves
S 2 |8 £ ® @ — o o Yes
5 2 = = £ "-g_ o o = = System
s | o T o @ = - i = L |
S |le B & |8 8 £ w = = E eve
Solution EstimatedCost| 2 |S 2| 2 |2 ©| = = = o = Maturity Notes
Constrain
Asyncronous | ¥es | Yes | Yes Yes Yes Yes Yes Yes Prowven These technologies
Generation are or have the
Syncronous tential to be Grid
-~ . | Yes | Yes | Yes Yes Yes Yes Yes Yes Proven P . .
Compensation Forming / Option 1
Yes | Yes [ Yes | Yes P Modelled
WVSMWOH Low Modelled Has the potential to
Synthetic Inertia Medium Modelled | contribute but relies
Other NG Projects Low on the above Solutions

2025

"‘“‘B-E- o




One example of national implementation activity
GB dealing with extreme high penetration of RES . -
Requirement Proposal for Option 1 nationalgrid

(Grid Forming Convertors - Initial Thoughts)

®m Should behave like a balanced 3ph voltage source behind a constant impedance over
the 5Hz to 1kHz band

m Rate of change of frequency should be limited by an equivalent inertia of H=2 to 7s on
rated power

®m Rapid change to the phase voltages (V). frequency (F) and phase angle in the =5Hz

Band are not permitted whilst the operating point remains within the extended
capability zone

| Harmonics and / or unbalanced currents will be as GB Grid Code CC6.1.5, CC6.1.6 and
CC6.1.7. If the levels stated are exceeded they may be reduced by adjusting the wave
shape or phase voltages. The speed at which this occurs may depend on the level.

®m Dynamic performance requirements similar to those for GB Grid Code Connection
Conditions Appendix 6

Step up XT
(N/A to micro
Speed / Power Inertia F generation)
Regulator —| simulation X=10% (typ.)
Point of
v (0 bt
Voltage / Reactive Field +——> E U Connection
Power Regulator [ 2| Simulation Could be:
Filter X
Local XT 17

or Software Simulation



Demand response - System Frequency Control (DR-SFC)
proposed parameters according to DCC Article 29

Definition of (IGD Parameters related to frequency stability/ DCC Non-Exhaustive Requirements):
= allowed frequency dead band (art.29(2)(d))
= frequency range for DR SFC (art.29(2)(e))
= maximum frequency deviation to respond (art.29(2)(e))
= rapid detection and response to frequency system changes (art.29(2)(g))

Defined parameters:
= accuracy of freqgency measurement (art.29(2)(g)): 10mHz
= offset in the steady-state measurement of frequency (art.29(2)(g)): 50mHz

Proposed parameters (LFSM-O/-U) :
= ,dead band width“ around the nominal system frequency of 50,00 Hz (art.29(2)(d)) = maximum steady-state
frequency deviation + n x 50mHz (offset in the steady-state measurement of frequency acc. to art.29(2)(g))
= ,maximum frequency deviation to respond” (from nominal value of 50,00 Hz) = %2 dead band width
= max. time delay (,rapid detection®) = 0,2 sec (art.29(2)(f)) + breaker operating time + time delay due to controller

=  overall linear proportional system response* (DR-SFC droop: spp_spc = (?—f)/(— W)) => response to
n ref

changes in system frequency (APpr_src)

Normal operating range for DR-SFC providing (LFSM-0O/-U) = maximum steady-state frequency deviation

entso@ 21



Overall linear proportional system response (DR- SFC):
SDR-SFC = APDR APpr_src APDR SFC

LFSM - U

SpR-SFC

~,Dump loads* (DR-SFC/LFSM-U):
- refrigerators
- freezers

—APpr-src |

Examples: thermal
demand such as fridges

and freezers and heating / |

cooling, autonomous

change of power
consumption of an
individual DR unit

\

ref
,Dump loads": stepwise change of power consumption

A

Pumping module within a pump-storage station that only
provides pumping mode: ,linear change of power
consumption

,oump loads* (DR-SFC/LFSM-O0):
- electrical boilers (water heating)
- heat pumps

=
A8fl —af f
50mHz LFSM -0
fn
Af = —-200mHz Af = +200mHz
Af; = —200mHz (% dead band width for demand unit in scheme 1) \
Af, = —200mHz — 50 mHz (% dead band width for demand unit in scheme 2) ntso@ 22



Concluding remarks

IS = WWW.entsoe.eu

Look for “Network Code Overview”
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Concluding remarks

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

> 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.

> 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.

> 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.

» Alot of work on coordination of national parameter choices for Connection Codes during 2017/18 for use from 2019

entso@



Additional more technical material follows
related to Connection Network Codes

National implementation is in progress.

Frequency stability aspects under discussion

SRS RwWWW.entsoe.eu

Look for “Network Code Overview”
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Limited Frequency Sensitive Mode - Underfrequency (LFSM-U)
RfG requirement: Article 15(2)(c)

Droop In range 2-12%
Frequency threshold Between 49.8 — 49.5 Hz
Initial delay of LFSM-U activation | Maximum 2s

Limit for increasing of active power | Up to maximum capacity

*  Synchronous Power Generating Modules:

Pysis the Maximum Capacity A AP

. Power Park Modules:

P.sis the actual Active Power output at the
moment the LEFSM-U threshold is reached or
the Maximum Capacity, as defined by the
Relevant TSO

entso@ 26



Frequency Ranges
RfG requirement (Il): Article 13(1)

each TSO, but not
less than 30 minutes

Ranges Synchronous area

GB IE Baltic Nordic CE
47,0 Hz-47,5 Hz p 0 =T =T oo g o L= S I e T BT B
47,5 Hz-48,5 Hz 90 minutes 90 minutes To be specified by 30 minutes To be specified by

each TSO, but not
less than 30 minutes

48,5 Hz-49,0 Hz

To be specified by
each TSO, but not
less than 90 minutes

To be specified by
each TSO, but not
less than 90 minutes

To be specified by
each TSO, but not
less than the period
for 47,5 Hz-48,5 Hz

To be specified by
each TSO, but not
less than 30 minutes

To be specified by
each TSO, but not
less than the period
for 47,5 Hz-48,5 Hz

49,0 Hz-51,0 Hz Unlimited Unlimited Unlimited Unlimited Unlimited
51,0 Hz-51,5 Hz 90 minutes 90 minutes To be specified by 30 minutes 30 minutes
each TSO, but not
less than 30 minutes
51,5 Hz-52,0 Hz R 1011010 1= B e B B B s




Rate of Change of Frequency (RoCoF) Withstand Capability
RfG: Article 13(1)(b); DCC: Article 28(2)(k); HVDC: Articles 12, 39(3)

The requirement aims at ensuring that power generating modules (NC RfG), demand units offering Demand Response (DR) services
(DCC), HVDC systems and DC-connected power park modules shall not disconnect from the network up to a maximum rate of change
of frequency (df/dt).

While defining the RoCoF withstand capability, each TSO should take the following concerns and issues into account:

Transition from existing to future generation mix, in particular instantaneous penetration of non-synchronous generation (PPMs)
Disconnection of users due to own instability (e.g. pole slip)

High df/dt may reduce generators’ lifetime (physical damages to the shaft)

Different users have different inherent capabilities (e.g. wind turbines can easily withstand RoCoFs up to 4Hz/s)

vV V VvV V V

The measurement time window and technique for verification of compliance
Furthermore, the TSO may conduct following studies before implementing the requirement:

v' Possibility of requiring dissimilar requirements for different technologies (e.g. thermal power plant and power electronic connected
modules)

v" Whether to define a single RoCoF value or set of frequency-against-time profiles

The resulting RoCoF withstand capability value will be an important input to calculate the essential minimum inertia (provided by the
synchronous PGM with inherent inertia and by PPMs with synthetic inertia) for system stability in case of outage or system split, incl.
asynchronous operation of control block. Therefore there is a direct link between RoCoF and inertia related requirements.
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Rate of Change of Frequency (RoCoF) Withstand Capability
WG CNC proposals for performance criteria

Based on results from studies and better harmonization between the connection codes, RoCoF measured at any point in time as an
average of the previous 500 ms, is the most reasonable proposal for the minimum RoCoF withstand capability. This capability is to be
verified with a specific /predefined frequency profile and explicit measuring technique. Following profiles are hence the WG CNC
recommended profiles taking 2.0 Hz/s for duration of 500ms as the minimum RoCoF to be withstood.

A Freq (H A Freq
req (2 Over-frequency profile e () Under-frequency profile

50.0
515 F———————~

|
510 F——————f—4———— + 490 F-—-———-f—-—-———""—"""""""="——————
| |
A | |
| : : | | |
| | |
50.0 | f | | L ! '
I o _ 475 L - (S L
I L Time (sec) L | | | Time (sec)
| . | | 1 > H- '_n" - '_.P ! >
L83 i EF 3 i
ot o o wu o o o o ol

Coordination on synchronous area level on RoCoF value to be withstood. Minimum RoCoF is to be defined on synchronous level without
the prejudice to define by each TSO higher RoCoF on national level if needed to ensure safety of the system in case of asynchronous
operation or islanding.
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One example of national implementation activity
GB dealing with extreme high penetration of RES

Requirement Proposal for Option 1 Nnationalgrid
(Grid Forming Convertors - Initial Thoughts)

Steady State Capability Extended Capability

m +0.95 Lead/Lag at 100% Rated Power ®m Available for 20Secs

® Red region applicable to storage and ® Harmonics & Imbalance as GBGC
HVDC only CC6.1.5, CC6H.1.6 & CC6.1.7

® Many requirements in this region taking ® 1.33pu Rated Power (33% on rated
from existing Class 1 requirements power > current operating point)

® 1.5pu current (on rated MW)

+MW +MW
4 4
- > +MVAr ] ' 5
MVATr-< MVAr <— — > +MVAr
Please Note: Values (e.g. 1.33pu) quoted in these or the following slides are based on the preliminary studies 16

presented here but maybe subject to change if further studies indicate changes are required.



Admissible active power reduction at low frequencies (1/3)

Code(s) & Article(s) NC RfG Article 13 (4)]

ORISR U RS Jo[di8 The implementation of the requirement of this article has an impact on

interactions with other NCs « GLOS related to the sizing of synchronous area FCR, FRR and UFLS schemes.
articles .

other frequency parameters in the connection codes (LFSM-U, RoCoF, ...)
The implementation of the requirement of this article is impacted by

» Synchronous area characteristic about RoCoF and as well related capabilities tackled in
articles of NC RfG, DCC and HVDC

Issues to be considered when Frequency-dependent admissible active power reduction
providing implementation taking into account technology limitations: Requirement
guidance (covering system could p_e_spllt per technology depending on their
Maximum power capability reducrion with falling frequency Capabl I ItIeS .
and technology o -
characteristics) 2, Pmax(f)-characteristic is expected to be provided in line
“ 85 ® 95 w gw  With the requirement of the NC RfG. Eventually, multiple
/ | Pmax(f)-characteristics could be considered for different
' time frames.
Jex Harmonization of the requirement at synchronous area

level could make sense, especially for the system needs
driven part of the requirement (mainly faster time frames).

Ambient conditions in which the characteristic is defined

should be recommended. It could make sense to

harmonize ambient conditions at EU level and maybe

further harmonization with existing standards ts 0@ 31
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