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Europäische Entwicklungsprozesse On- und Offshore für Netzplanung und 
Systemführung mit Beispielen aus der Nordseeregion
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AGENDA

1. Entscheidungshorizonte eines Übertragungsnetzbetreibers
2. Politischer Kontext auf EU-Ebene
3. Der europäische TYNDP
4. Offshore – Netzentwicklung
5. Nationale Netzentwicklungspläne am Beispiel Deutschland
6. Netzführung im realen Netz
7. Ausblick auf 100% EE-Netze vor dem Hintergrund der derzeitigen Entwicklungen
8. Erreichen wir die Klimaziele?
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Entscheidungshorizonte eines üNB

Netzentwicklungsplan
ENTSO-E TYNDP

Bedarfsanalysen
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Day ahead congestion forecast
DACF

6-30 h

Intraday congestion forecast
IDCF

1-24 h

Präventiver Redispatch
pRD

3-27 h

Netzplanung Systemführung

ex post
Analytik

Echtzeit
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Topologie ErzeugungseingriffeBetriebsmittelVariablen:
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Revised TEN-E: Enabling infrastructure development

‘Price tag-’
Method

(EC)

Infra-
structure
(ENTSO-E)

24/01/2023

MS agreements on 
offshore goals for 

2030, 2040 and 2050

Art. 14.1 

1)

24/01/2024

Offshore Network 
Development Plans

Art. 14.2 
2)

Art. 15.2 

Results of Sea Basins’ 
Cost benefit – Cost 
sharing calculations

24/06/2025

4)

24/06/2024

EC Guidance on specific 
cost-benefit, cost sharing 

methodology

Art. 15.1 

3)

Collaboration at all levels is essential to make this a success!

TEN-E regulation
(EU) 2022/869
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Offshore Network Development Plans: Think European, Coordinate Regionally!

TEN-E Priority  Offshore Grid 
Corridors

Countries involved

1. NSOG BE, DK, FR, DE, IE, LU, NL, SE
2. BEMIP offshore DK, EE, FI, DE, LT, LV, PL, SE
3. Atlantic offshore grid FR, IE, PT, ES
4. South & West offshore Grid FR, GR, IT, MT, PT, ES
5. South & East offshore Grid BG, CY, HR, GR, IT, RO, SI

5 Plans 
(1 per SB)

Applied 
regionally

A single 
approach

High-level outlook on offshore generation 
capacities potential and resulting offshore grid 
needs

ENTSO-E to develop Offshore Network 
Development Plans (part of the TYNDP) by 
January 2024 

2030

2040

2050
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Moving Targets

Joint Statement Dublin, 12.09.
Country Goals [GW]

Esbjerg Declaration, 19.05.2022 
Joint Offshore Wind 

& Combined H2 Target [GW]

Marienborg Declaration 30.8.
Sea basin Goals [GW]
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https://energy.ec.europa.eu/system/files/2022-09/220912_NSEC_Joint_Statement_Dublin_Ministerial.pdf
https://www.regeringen.dk/aktuelt/publikationer-og-aftaletekster/the-esbjerg-declaration/
https://www.regeringen.dk/aktuelt/publikationer-og-aftaletekster/the-marienborg-declaration/
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Joint Non-binding MS Agreements on Offshore Goals - 20.1. 

2030 2040 2050
min max min max min max

NSOG 60,3 60,3 134,9 158 171,6 218
BEMIP 22,5 22,5 34,6 34,6 46,8 46,8
AOG 12,74 14,26 21,74 26,06 29,74 43,06
SWOG 5,15 6,15 6,7 12,6 6,7 20,1
SEOG 8,81 8,81 16,8 16,8 25,9 25,9

Total 109,5 112,0 214,7 248,1 280,7 353,9

+ ~150 GW GB1
2
3
4
5
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TYNDP 2022 – Scenarios, updated April 2022

0,

125,

250,

375,

500,

Distributed Energy Global Ambition National trends

2030 2040 2050

Offshore wind capacity in Scenarios 2022 [GW]

Scenario Building
Report (link)

They describe possible European 
energy futures up to 2050. 
Scenarios are not forecasts: they 
merely set out a range of possible 
futures used to test future 
electricity and gas infrastructure 
needs and projects.

April 22

Ten-Year Network
Development Plan
(TYNDP)

One of the main legally mandated 
deliverables of ENTSO-E on which 
Pan-European investment decisions 
are taken.

August 22 + Jan 238
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https://tyndp.entsoe.eu/scenarios
https://tyndp.entsoe.eu/scenarios
https://tyndp.entsoe.eu/


Transmission Planning in Europe

Scenario 
building Screening CBA

• Scenarios describe key factors of 
potential development in 
technology, economic growth, 
generation, demand, …..

• across several time horizons

• Combination of bottom-up 
and top-down scenarios

• Identification of system needs (IoSN):  
(focus on capacity increases in 
transmission system)

• Based on: 
Socioeconomic welfare (SEW), 
Integration of renewables (RES) &  
Security of supply (SoS)

• Based on scenarios for 2030 and 2040

• Cost Benefit Analyses (CBA) of 
individual projects on mid term time 
horizon 2025 and 2030

• Also additional studies on e.g. 
Interconnection Targets and Impact 
of “No-Grid development” study

2 yrs 1 yr 0,75 yr

Projects

2040 2030, 2040 TSO

3PP

TSO

3PP

TSO

3PP

a 2 year’s cycle
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European Production Capacities, EU27
Huge increase of RES 
installations expected 
to meet the European 
Climate targets and to 
cover the increasing 
electricity demand

Demand:

2025 Ref: 2500 TWh

2050 DE:  4000 TWh

2050 GA:  3600 TWh
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Die „hart“ elektrische Seite des TYNDP - Viability of energy mix 
(2016) bzw. system dynamic and operational challenges (2020)

Challenges Issues Mitigation actions

Reduction of system inertia Total system inertia

ROCOF

Frequency containment

• Synthetic inertia and frequency containment provision
• Securing large imbalances
• Implementation of NCs
• Synchronous compensators
• Unit commitment constraints

Voltage Voltage control means

Voltage dips

• Investments on the network side: synchronous condensers, 
SVCs

• Implementation of NCs

System strength Fault level for converter stable operation

Fault current for protections

• Implementation of NCs - fault current contribution of 
converter-based sources

• Expectable evolution of transmission system protection 
schemes towards more differential protections

Need for flexibility Balancing • System interconnections
• New flexibility sources at relevant timescales
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Die „hart“ elektrische Seite des TYNDP - Viability of energy mix 
(2016) bzw. system dynamic and operational challenges (2020)

Quelle: ENTSO-E, TYNDP 2022
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Offshore Network Development Plans: Planning Tomorrow’s Offshore Systems

ENTSO-E, together with the European Commission, 
developed a guidance document for the Member States 
to help them deliver the key input data for the 
elaboration of the ONDPs.

- Offshore RES targets in the different time horizons

- Locations of above offshore RES in smaller clusters

Collaboration of all stakeholders (institutional, industrial, NGOs) is critical for the delivery of a high-quality product.

TSO technical 
expertise

Member States’ 
targets and 

maritime spatial 
planning (MSP)

Increased visibility on 
the potential opportunities 

to develop the offshore systems 
in the European sea basins

ENTSO-E has been supporting the regional cooperation 
platforms, coordinated by the European Commission, to 
deliver technical insights on how to ensure optimal 
development of offshore systems.

National “Government + TSO”- discussion recommended 
to align ENTSO-E assumptions as good as possible with 
MSPs and MS views. (ongoing mid Feb)
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https://eepublicdownloads.blob.core.windows.net/public-cdn-container/tyndp-documents/ONDP2024/220906_ENTSO-E_Guidance_ENER_ENTSO-E_clean.pdf


What we need from Member States

For each time horizon: 2030, 2040, 2050

• Offshore RES Capacities  
• Offshore RES Locations

-> e. g. necessary for cable lengths

• Maritime spatial plans
-> what do we have to surround?

Source: Global Offshore Renewable Map | 4C Offshore

ENTSO-E assists with the latest 
capacity assumptions from the joint 
ENTSOs Scenario report and invites 
MSs to check/ modify: 

Find TYNDP22 scenarios here: 
Scenarios - TYNDP (entsoe.eu)

See Guidance Document for the Member States

14
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https://map.4coffshore.com/offshorewind/
https://tyndp.entsoe.eu/scenarios/
https://eepublicdownloads.blob.core.windows.net/public-cdn-container/tyndp-documents/ONDP2024/220906_ENTSO-E_Guidance_ENER_ENTSO-E_clean.pdf
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TYNDP 2022 Scenarios: 
Offshore RES - Increase in selected North Sea countries
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Identification of System Needs – Finding Offshore Hybrid Projects,  
Test of new Methodology in the TYNDP 2022

1. Are there systemic needs for hybrids and other solutions to facilitate 
achieving the necessary price convergence, CO2 targets, RES integration 
levels and security of supply criteria? 

2. Can offshore hybrid projects offer higher benefits to the system 
compared to single purpose solutions? 

Offshore transmission projects, 

one third of the total TYNDP 

portfolio. 

New methodology to assess needs for hybrid offshore infrastructure. 

52
+ 17 projects

7 radials

3 hybrids

(6 in total)

link
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https://tyndp2022-project-platform.azurewebsites.net/projectsheets
https://eepublicdownloads.blob.core.windows.net/public-cdn-container/tyndp-documents/TYNDP2022/public/IoSN-hybrid-offshore-methodo.pdf
https://eepublicdownloads.blob.core.windows.net/public-cdn-container/tyndp-documents/TYNDP2022/public/IoSN-hybrid-offshore-methodo.pdf
https://eepublicdownloads.blob.core.windows.net/public-cdn-container/tyndp-documents/TYNDP2022/public/IoSN-hybrid-offshore-methodo.pdf
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Energy Islands in Denmark
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What’s your guess? 

How many of MÆRSK’s Triple E container ships can
Horns Reef 3 (407 MW) keep on sailing for a year?

Offshore RES -> Electrolysis -> Ammonia as Marine Fuel Oil 

18
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What’s your guess? 

How many of MÆRSK’s Triple E container ships can
Horns Reef 3 (407 MW) keep on sailing for a year?

2 ships!

It would need 50 GW offshore wind to replace
marine fuel oil by green ammonia for the whole
MÆRSK fleet. 

Offshore RES -> Electrolysis -> Ammonia as Marine Fuel Oil 

19
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Nationale Netzentwicklungspläne am Beispiel NEP Deutschland

20
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NEP Deutschland: Genehmigter Szenariorahmen 2045

Quelle: Bundesnetzagentur

21
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NEP Deutschland: Berechnungsweg / 1

22

- Kraftwerksliste: 
„GW“ pro 
Erzeugungsart pro 
Szenario

Szenariorahmen

- „GW“ pro HöS-
Netzknoten

Regionalisierung
- MW pro Stunde pro 
Knoten / 8760x pro 

Szenario

Marktsimulationen

…
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NEP Deutschland: Berechnungsweg / 2

23

- N-1-Rechnung für 
das gesamte Netz - Engpässe lösen

NOVA-Anwendung
- GWh RD pro 

Engpass

Redispatch-Sim.

- eine Topologie pro 
Szenario

ZIELNETZ

Startnetz Bundesbedarfsplan-Netz
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Redispatch – netzbedingte Eingriffe 
in die Erzeugung

− deutsche TSOs nutzen konventionelle Erzeugung
UND Erneuerbare zur Engpassbehebung

− Redispatch ist ein stark nichtlinearer Prozess

− v.a. abhängig vom Winddargebot

Konv. Erhöhung

EE Absenkung

Konv. Absenkung

24
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Die „hart“ elektrische Seite des NEP am Beispiel der Inertia

25
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Sonderbetriebsmittel als Ergebnis des NEP / 1: StatCom Borken
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Quelle: ABB

IEWT 2023 - A.Orths / B.Klöckl



Sonderbetriebsmittel als Ergebnis des NEP / 2: rPS BRFW

27
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Foto: Bernd Klöckl



Sonderbetriebsmittel als Ergebnis des NEP / 3: SuedLink

- 525 kV DC XLPE
- Rigid bipole
- Brunsbüttel - Großgartach bzw Wilster-Bergrheinfeld /West
- 700 bzw 550 km lang
- VSC-MMC Technik in den Konvertern
- Übernimmt Leistungstransport- und Stabilitätsaufgaben im Netz

28
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NEP und darüber hinaus

~ =~ ~

quickly 
activated

Fast
battery

Redispatch Phase 
shifters

HTLS &
Monitoring HVDCNew AC & DC

lines Curative redispatch

~ ~

Increases line capacity Control of the load flowBase case

~

Automated and therefore very quick switching 
operations enable a temporary transgression of the 
(n-1) limit.

Thermal limits of the 
line

Overloaded
line

New 
components

~ Interventions by TSO for 
load shedding on lines

Load flow

quickly 
deactivated

~

=

R&D
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Netzführung im realen Netz - Sonderanalysen der dt. TSOs zum 
Winter 22/23

30

- Kombinierte Generation & Transmission Adequacy Analyse für Zentraleuropa
- Methodik Bedarfanalyse für Reservekraftwerke
- Worst case Annahmen für energiewirtschaftliche Parameter
- Volle Netz- und Marktsimulation
- Analytik der Lastunterdeckung
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Netzführung im realen Netz - Sonderanalysen der dt. TSOs zum 
Winter 22/23

31
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Netzführung im realen Netz - Sonderanalysen der dt. TSOs zum 
Winter 22/23

32
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Empfehlungen der dt. TSOs zum Winter 22/23
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Ausblick auf 100% EE-Netze

34

– Sehr hohe Volatilität schon  bei 50% EE

– Immer höhere Gradienten in der Einspeisung

– Prognosequalität, Planung und betriebliche Optimierung immer wichtiger

Quelle: 50Hertz
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IEWT - 2023 - Wien, Austria

COP 21 scenarios meet the 2030 targets and 
reach carbon neutrality by 2050.

Decarbonisation pathways
Carbon budget overshoot by 2035 seems inevitable

Technologies to achieve negative emissions (CCS) are 
essential to meet the COP 21 objectives

Innovation is key to achieve a 
sustainable energy future

Net zero can be achieved by 2050

-55% in 
2030

Net Zero 
in 2050

35Antje Orths, Bernd 
Klöckl - February 
16, 2023
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Besten Dank!
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ano@energinet.dk bernd.kloeckl@tuwien.ac.at
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