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Disclaimer

Diese PowerPoint-Prasentation wird Ihnen von der TenneT TSO GmbH
(,TenneT") angeboten. |hr Inhalt, d.h. samtliche Texte, Bilder und Tone,
sind urheberrechtlich geschutzt. Sofern TenneT nicht ausdrtcklich
entsprechende Maoglichkeiten bietet, darf nichts aus dem Inhalt dieser
PowerPoint-Prasentation kopiert werden, und nichts am Inhalt darf
geandert werden. TenneT bemuht sich um die Bereitstellung korrekter
und aktueller Informationen, gewahrt jedoch keine Garantie fur ihre
Korrektheit, Genauigkeit und Vollstandigkeit.

TenneT Ubernimmt keinerlei Haftung fur (vermeintliche) Schaden, die sich
aus dieser PowerPoint-Prasentation ergeben, beziehungsweise fur
Auswirkungen von Aktivitaten, die auf der Grundlage der Angaben und
Informationen in dieser PowerPoint-Prasentation entfaltet werden.
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Introduction

EU Network Codes (NC)

¥

Connection QOperations

Demand Connection Code Emergency and Restoration
High Voltage Direct Current Connections System Operations

Requirements for Generators

Market Cybersecurity

Capacity Allocation & Congestion Management Network Code on Cybersecurity
Electricity Balancing

Forward Capacity Allocation

(¢ N

onnection Network Codes (CNC):

CNC is the regulatory platform at European level which
define the necessary technical capabilities of power
generating modules, distribution systems connected to
transmission systems, demand facilites, and HVDC
systems during normal and disturbed system operating
conditions. It is split into following three:

NC RfG

NC DC

\: NC HVDC Y,

4 N\

National regulation on connection codes

~_~

Detailed project specification and connection agreements
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CNC Impact on the Power System
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NC RfG 2.0, NC DC 2.0 and NC HVDC 2.0

Sep 2022 Dec 2023
Jun-Sept
2024

k Dec 2024 From 2025

EC asked ACER to . . ACER final NC HVDC 2.0 ACER final EC Process to
propose z pUth, consultations recommendation on ACER’s public recommendation adopt new
amendments to orgamzed by ACER the NCs RfG and DC 2.0 consultation on the NC HVDC regulation
the CNCs during 2022 and 2023 submitted to the EC 2.0 to the EC pending
on the NCs RfG and

DC 2.0
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https://www.acer.europa.eu/news-and-events/news/acer-proposes-amendments-electricity-grid-connection-network-codes
https://www.acer.europa.eu/news/acer-proposes-electricity-grid-connection-network-code-amendments-european-commission

NC RfG 2.0 — Core Amendments
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Background: Core Capabilities of PGMs todate

NC RfG safeguards an energy transition under high penetration of RES while
ensuring stable and reliable power system.

* Frequency ranges

* Voltage ranges

* Reactive power capability of PGM
* FRT capability

e Fast Fault current injection

N

Frequency Sensitive Mode (FSM)

Limited Frequency Sensitive Mode (LFSM-

0O/U)

Voltage control — steady state
Voltage control — dynamics
Power Oscillations Damping

N

)
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Background: Power Generating Modules — Types

Limits for thresholds for type B, C and D power-generating modules

Limit for maximum capacity Limit for maximum capacity Limit for maximum capacity
Synchronous areas threshold from which a power- | threshold from which a power- | threshold from which a power-

generating module is of type B | generating module is of type C | generating module is of type D

Continental Europe I MW 50 MW 75 MW

Great Britain I MW 50 MW 75 MW

Nordic 1.5 MW 10 MW 30 MW

Ireland and Northern 0,1 MW 5 MW 10 MW

Ireland

Baltic 0,5 MW 10 MW 15 MW

National Implementation of the Art.5 NC RfG

250 kW 35 MW 50 MW
I 1 vw 25 MW 75 MW*
N vw 5 MW 20 MW
E 00w 30 MW 75 MW
e EERY 36 MW 45 MW
N s« 3 MW 25 MW
I osmw 5 MW 15 MW
ER w0 kw 5 MW 50 MW
R 1 mw 10 MW 30 MW
R 1 vw 18 MW 75 MW**
R 1 vw 10 MW 50 MW
N vw 20 MW 75 MW
I oo kw 5 MW 10 MW
LT 200 kw 5 MW 25 MW
X sookw SMW 10MwW
11,08 kW 6 MW 10MW
250 kW 5 MW 15 MW
(w FEW 36 MW 45 MW
0,5 MW 5 MW 15 MW
I 1 vw 50 MW 60 MW
R 200kw 10MW 75MW
1MW 10 MW 45 MW
EE 1 vw 5 MW 20 MW
1,5 MW 10 MW 30 MW
10 kW 5 MW 20 MW
E3 ookw 5 MW 20 MW
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Changes in Connection Network Codes

Network Code
RfG 2.0

-

Storage requirements and bidirectional electric vehicles requirements

\_

Currently, the three European Connection Network Codes (RfG, HVDC
and DCC) explicitly exclude storage technologies other than in respect of
Pumped Storage although its fleet is increasing in the EU level.

~

/

Requirements for all oR Requirements for all
SPGMs PPMs

(incl. grid forming)

U U

Addltlonal requirements for ESM
LFSM-O and LFSM-U response (adjusting injection or consumption)

Modulation of active power input (or output) following the instruction
ESM provides capabilities based on their maximum energy content
Switching between injecting and consuming
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Changes in Connection Network Codes

Bidirectional electric vehicles (V2G) and associated bidirectional electric
Network Code RiG 2.0 ’ [ vehicle charging points or installations J

0,8 kW < capacity < 2,4 kW ) / \
V2G type EV1 New Article in NC RfG 2.0 (exhaustive requirements for both

[ EV1 and EV2). Mainly:

: « Frequency ranges, RoCoF withstand capability
2 L = Eipieiing £ S01La) « \Voltage robustness/FRT

§ V2G type EV2 ) . LFSM-U EV and LFSM-O EV

/ Apply all the requirements applicable to type EV1 and \
50 kW < capacity < 1 MW |:> EV2. In addition, applies:
V2G type EV3 » voltage ranges for MV/HV/EHV
« system management
* reactive power capabilities
» post-fault active power recovery

S /
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EU Connection Network Codes on Generators (NC RfG) — Key Points

Network Code RfG 2.0 Grid Forming Capability for Power Plant Modules

 hertz Am ion STENNET  TRANSNETBW

Grid-Forming Capabilities: " P entso@
Towards System Level Integration
31 March 2021

AMENDMENT PROPOSALS FOR RFG NC
High Penetration of Power S e e AT P00 | 28 2
Electronic Interfaced Power
Sources (HPoPEIPS)

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

entso@

Coww D, Wind' entsod

Technical
IGD MIGRATE Report . ,f,TSO AT OO EG ACPPM NC RfG 2.0 o2
HPOPEIPS 14.01.2020 HPoPEIPS osition paper June 2023 2024

29.03.2017 28.01.2020 10.05.2022 26.09.2022
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chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/eepublicdownloads.entsoe.eu/clean-documents/Network%20codes%20documents/Implementation/CNC/170322_IGD25_HPoPEIPS.pdf
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/eepublicdownloads.entsoe.eu/clean-documents/Publications/SOC/High_Penetration_of_Power_Electronic_Interfaced_Power_Sources_and_the_Potential_Contribution_of_Grid_Forming_Converters.pdf
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/eepublicdownloads.entsoe.eu/clean-documents/RDC%20documents/210331_Grid%20Forming%20Capabilities.pdf
https://acer.europa.eu/sites/default/files/2022-12/ENTSO-E.zip
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.netztransparenz.de/portals/1/220504_-_4-TSO_Paper_on_Requirements_for_Grid-Forming_Converters.pdf
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/eepublicdownloads.entsoe.eu/clean-documents/Network%20codes%20documents/Implementation/CNC/170322_IGD25_HPoPEIPS.pdf

EU Connection Network Codes on Generators (NC RfG) — Key Points

Network Code RfG 2.0 [ Grid Forming Capability for Power Plant Modules }

Type Aand B PPMs Non-mandatory requirement to be decided on national level
(Pmax <10 MW) if applicable.
Type B and C PPMs The power park module shall have the capability of grid-

forming (mandatory) within the energy, voltage and current

with Pmax >10 MW limits of the PPM. No additional energy storage mandated.

The relevant system operator in coordination with the TSO
All PPMs — shall specify the temporal parameters of the dynamic
performance regarding grid forming
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Changes in Connection Network Codes

Network Code RfG »
2.0
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Changes in Connection Network Codes

Network Code RfG 2.0 /Extension of frequency ranges h
« Large imbalances during system splits would result at high
\ frequency variations due to system dynamics )
4 )
« For CE SA: the power-generating module shall be capable of remaining
connected to the network and operate at the frequency between 51.5 Hz — 52.5
Hz for 10 seconds.
- /
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Changes in Connection Network Codes

Netlv?v%kz%()de - FRT capability and post fault active power recovery for type-A power

park modules (11kW<Pmax< 1MW):

Justification

Seeing the expected growth of Type A generating modules it
is perceived that robustness to fault on transmission networks
is crucial.

tfsec

Time parameters (seconds)
telears | 015
trecl’ | taear
trec2 | trec
trec3 | 3.0
Voltage parameters (pu)
Upat: 0,05
Uclear: | Uret
Urec1: Udlear
Urec2: | 0,85
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NC DC 2.0 — Core Amendments
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EU Connection Network Code on Demand Connection (NC DC 2.0)

~

V1G EVs and associated one-way
EV charging point or installation

L 2t all voltags lovels .
a N
Heat pumps,
power-to-gas demand units
- /
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EU Connection Network Code on Demand Connection (NC DC 2.0)

Key Amendments

4 )

* Includes new requirements for PtG units and Heat pumps
* RoCof
« L/HFRT
« LFSM-UC)

* New requirements for low frequency demand disconnection (LFDD)
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NC HVDC 2.0 — Core Amendments
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NC HVDC 2.0 — Scope Extension

HVDC system
connecting isolated
AC networks

HVDC system with
more than two
alternating current
(AC) buses and at
least two HVDC
converter stations

_ ,_ _scheme \ with DC transmission
TR WY \ \ lines or cables
e e rorect ' ' I bR ', between the HVDC
Ownershi Pwh]?ch =g - _— R converter stations
rship (which may ==~ ; | (see HVDC system
Include alsoWvAc A N . : RS M- 5 ; afinition)
cables) . : I ' 'l | : - . ../“,;~
: - - ] 1 - - T
HVDC system ~=~ e e -y S
connecting power - ’: | P )
park modulr_e;_ HVDC systenr""'_ ;, I | J '
demand facilities, connecting /1 : ' .-
power-to-gas demand synchronous [ V__# ! e
units, and electricity areas Synchronous area == : ,
storage units or control area i ‘,'
' "
HVDC system embedded """~~~ '
within one control area and
connected to the

transmission network
- Connection Point(s)

Interface Point(s) E Remote-end HVDC converter station
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NC HVDC 2.0 ACER submission to the EC — main changes (1/2)

Summary of the proposed changes 1/2

~

¢ Application to existing HVDC system, Art. 4.

s New proposed requirement for voltage angle jump withstand capability. TSOs see this as new capability in order to

ensure system robustness in the CE SA, as in Art. 12b.

» Grid forming capability, Art. 14.

** New proposal for over-voltage ride through of HVDC systems, Art. 25. This is a requirement aligned with NC RfG.

s New requirement for HVDC system robustness, Art. 33.

~
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NC HVDC 2.0 ACER submission to the EC — main changes (1/2)

Summary of the proposed changes by ENTSO-E provided during the consultation 2/2

% Improved requirement for LFSM of power to gas demand units connected to offshore HVDC links.

** Proposed over-voltage ride through for power to gas demand units connected to offshore HVDC links.

** Compliance tests requirement for LFSM-UC of power to gas demand units, which was missing from ACER proposal.

+* Compliance simulation requirement for grid forming and RoCoF immunity, Art. 72, which was missing from ACER
proposal.

** Compliance simulation requirements for FRT of power to gas demand units, Art. 74, which was missing from ACER

proposal.

\_ ** Updated on tables of voltage ranges, Annex V - VIII.

J
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Thank you for your attention
mario.ndreko@tennet.eu
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TenneT ist ein fihrender europaischer Ubertragungsnetzbetreiber. Wir
planen, bauen, warten und betreiben das Hoch- und Hochstspannungsnetz
in den Niederlanden und weiten Teilen Deutschlands und ermoglichen den
europaischen Energiemarkt. Wir setzen uns dafur ein, heute und zukunftig
24 Stunden am Tag und 365 Tage im Jahr eine sichere und zuverlassige
Stromversorgung zu gewahrleisten und die Energiewende voranzutreiben.
Mit rund 23.500 Kilometern Hoch- und Hochstspannungsleitungen in den
Niederlanden und Deutschland bieten wir eine zuverlassige und sichere
Stromversorgung fur 42 Millionen Endverbraucher und halten dabei stets
das Gleichgewicht zwischen Stromangebot und -nachfrage aufrecht. Mit fast
5.000 Mitarbeitern erzielen wir einen Umsatz von 4,1 Milliarden Euro und
verfugen uber ein Anlagevermogen in Hohe von rund 23 Mrd. Euro. TenneT
ist einer der grof3ten Investoren in nationale und internationale Stromnetze
an Land und auf See. Als verantwortungsbewusstes, engagiertes und
vernetztes Unternehmen handeln wir dabei mit Blick auf die Bedurfnisse der
Gesellschatt.

www.tennet.eu

17 February 2026
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