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Executive Summary

The System Flexibility Needs for the Energy Transition study is the result of work
mandated by European transmission system operators as a follow-up to ENTSO-E’s
Strategic Roadmap and ENTSO-E Vision: A Power System for a Carbon Neutral
Europe which identified flexibility as a crucial factor for both the present and the
future power system and underscored the need for quantitative analysis of flexibility
requirements to initiate discussion and build further expertise on the topic.

The European Commission has also recognised the impor-
tance of flexibility and the need for quantitative assessments
through its Electricity Market Design Reform (EMDR). The new
regulation, that entered into force in July 2024, mandates
regular national flexibility needs assessments and tasks
ENTSO-E and the EU DSO Entity with developing a common
methodology for their evaluation by transmission system op-
erators and distribution system operators of each member
state.

ENTSO-E is dedicated to making meaningful contributions
to this critical task, and more generally in the discussion
on flexibility, leveraging its members’ extensive experience
in operating the electricity system and their knowledge
of adequacy and network planning studies to support all
relevant stakeholders, including decision-making bodies at
the national and pan-EU level. The work carried out by the
Association has been essential in enhancing the understand-
ing of this complex topic and deriving key conclusions on
the most relevant system flexibility needs, with the findings
already supporting the Association in effectively fulfilling the
ongoing EMDR mandate.

The study examines the evolution of system flexibility needs
through 2030 and beyond, leveraging datasets from the Eu-
ropean Resource Adequacy Assessment (ERAA) 2023 as a
primary input. This work remains technologically neutral as
it exclusively concentrates on the requirements of the power
system and does not recommend specific resources or tech-
nologies to fulfil the identified needs.

The analyses conducted investigate three types of flexibility
needs. The first analysis quantifies extended periods of
variable renewable energy source (VRES) shortages that
affect multiple European countries, based on the statistical
evaluation of historical generation and climate data. The sec-
ond addresses the variability of residual load" across Europe,
modelling its projected evolution over the next decade. An
extract of the findings is presented in Figure 1. Finally, the
third evaluates the flexibility needs resulting from forecast
errors in RES generation and demand associated to the oper-
ation of the electricity system. For all needs, the contribution
of existing and planned interconnections towards mitigating
them is assessed.

1 Residual load is the load left after subtracting VRES generation such as wind, PV, and run-of-river hydro from the demand
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Figure 1: Evolution of European flexibility energy needs in the (a) daily, (b) weekly, and (c) annual timeframes from 2025 to 2033 as well as
(d) the share of flexibility needs by timeframe across several ENTSO-E member states in 2030.

ENTSO-E's analysis characterises and provides key insights
into the evolution of pan-European flexibility needs:

>

Pan-European flexibility needs linked to generation and
demand variability are projected to double between 2025
and 2033 across all examined timeframes.

The need for short-duration flexibility and ramping capa-
bilities — particularly relating forecast errors and system
operation — is expected to roughly double by 2030, varying
based on country size and generation mix.

VRES generation shortage events might occur 2 to 4 times
annually, lasting on average up to 6 — 10 days and resulting
in a VRES generation gap ranging between just a few MWh
up to several TWh in the worst scenarios for the largest
countries.

Prolonged shortages in VRES generation are expected to
have regional impact, affecting multiple neighbouring zones
simultaneously, heightening the risk of system stress and
reducing the mitigation effect of interconnections.

> Interconnectors will play a crucial role in mitigating
flexibility needs across various timeframes, except at the
time of prolonged shortages in VRES generation that affect
multiple countries.

The findings highlight the importance for ENTSO-E and trans-
mission system operators to keep exploring the topic and for
all stakeholders to incorporate it into comprehensive assess-
ments. This is fundamental to quantify flexibility needs and
facilitate the effective and timely deployment of resources
to cover them. Moving forward, ENTSO-E and TSOs should
continue to refine metrics and methods to proactively identify
and address emerging system challenges.

The methodology and results are further explained in the
System Flexibility Needs for the Energy Transition Report?.
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https://eepublicdownloads.blob.core.windows.net/public-cdn-container/clean-documents/Publications/System_Needs/entso-e_System_Needs_Energy_Transition_v10.pdf

About ENTSO-E

ENTSO-E, the European Network of Transmission System
Operators for Electricity, represents 40 electricity transmission
system operators (TSOs) from 36 countries across Europe.

ENTSO-E was established in 2009 and was given legal mandates
by the EU’s Third Legislative Package for the Internal Energy
Market, which aims to further liberalise the gas and electricity
markets in the EU.

Any question? Contact us:
@ENTSO_E | info@entsoe.eu | +32 2 741 09 50 | www.entsoe.eu
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