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Through its studies and analysis, ENTSO-E triggers important discussions on
various power system stability issues, aiming to engage with stakeholders and
establish a common understanding of the challenges and solutions for secure
and stable operation of the present and future power system. As part of this com-
mitment, a project was developed to assess and elaborate on the resilience of
the Continental European (CE) interconnected transmission system to withstand
system splits1 under future scenarios, given the threat of reduced total system
inertia and increased power transfers through the electricity system.

1 A system split is a severe disturbance that results in a separation of the interconnected CE transmission system into
two or more isolated subsystems. In the context of Project Inertia, two split subsystems were considered.

2 https://eepublicdownloads.azureedge.net/clean-documents/Publications/ENTSO-E%20general%20publications/211203_
Long_term_frequency_stability_scenarios_for_publication.pdf?_sm_au_=iHVk1rN4j7K4SZMHfHkkNL6Q61LQ6

3 https://eepublicdownloads.blob.core.windows.net/public-cdn-container/clean-documents/sdc-
documents/231108_Project_Inertia_Phase_II_First_Report_FOR_PUBLICATION_clean.pdf

A first report – “Frequency stability in long-term scenarios
and relevant requirements”2 – identified the relevant trends
and created awareness of the challenge related to the de-
crease of system resilience in the case of system splits. This
report took the first step in enabling a vitally important dis-
cussion and establishing the framework for the necessary
follow-up studies.

The following report – “Project Inertia – Phase II: Updat-
ed frequency stability analysis in long-term scenarios,
relevant solutions and mitigation measures” 3 – demon-
strates the progressive decline of system resilience against
system splits in the Continental Europe Synchronous Area
(CE SA). System splits potentially leading to a total blackout
of both split subsystems, called global severe splits (GSS),
are expected to be the most critical situation as there is
no healthy energised system to support the restoration of
the blacked-out system. The updated results show that the
number of theoretical system split cases where both subsys-
tems exceed the operational threshold of rate of change of
frequency (RoCoF) of ±1 Hz/s – potentially leading to a total
blackout – significantly increases from the 2030 to 200
scenarios.

The updated report³ emphasises the urgent need to address
the progressive decrease in system resilience. It presents
possible solutions and mitigation measures in a structured
approach, defining and characterising foundational and en-
hanced response measures.

Transmission system operators (TSOs) and all relevant
stakeholders and institutions agreeing on an acceptable
level of grid resilience and accepted risk of blackout is
imperative due to its considerable economic and societal
impact. Therefore, broad understanding and support for the
solution measures in CE SA are necessary at the technical
and regulatory/political levels. The conclusions for the public
debate focus only on CE SA since other synchronous area
challenges and solutions lie beyond the report’s scope.

The present position paper and supporting technical report
propose decision-making information and a roadmap to
the foundational measures as part of a step-by-step, non-
regret approach to deliver secure and efficient operation for
a future-ready decarbonised system.
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ENTSO-E proposes a step-by-step approach, aiming at no-regret and realistically
achievable steps to gradually and sustainably recover system resilience while
continuously reassessing system needs and suitable solutions.

The proposed requirement of ensuring a minimum inertia
constant (Hmin) of 2 sMW/MVA at 0 % of the time during
the year in each country is a realistic first no-regret step to
be reached by 203. This would serve as a noticeable step in
recovering the resilience level in terms of manageable splits
and additional kinetic energy. Regular monitoring would be
necessary to ensure the actual yearly duration curve of Hmin
meets the desired targets.

An ensemble of synchronous condensers (SCs), static syn-
chronous compensators (STATCOMs) with grid-forming ca-
pability and storage, and power park modules with grid-form-
ing capability and storage will be necessary to deliver kinetic
energy to the system. It will not be possible to meet long-term
kinetic energy targets without the contribution of all founda-
tional measures. The decision on the best mix of solutions
should be made at the national level, including own assets
and exhaustive grid connection requirements for system
users’ assets to meet their targets.

In addition to SCs which are effective but cannot be consid-
ered the single solution to the kinetic energy needs due to
limitations resulting from total costs, manufacturing capa-
bility, and available building space – inertia can be provided
by inverter-based resources, e. g. RES power park modules
(PPMs) with grid-forming capability and storage. Generators
should still be part of the solution to the challenge of iner-
tia and system resilience, while ensuring increased RoCoF
withstand capability, as local RoCoFs can exceed the system
design criteria of ±1 Hz/s.

It is essential to gain experience about the actual perfor-
mance and mutual interaction of large-scale grid-forming
technologies with storage. Pilot projects are necessary for
this purpose. As grid-forming technology is not yet widely
available on the market and no larger related demonstra-
tion projects exist, a “trial period” is strongly recommend-
ed for the smooth introduction of such devices to gradually
increase the capacities installed and collaterally observe the
performance of the power system. At the same time, estab-
lishing a common SA-level implementation framework to
define explicit storage capacities required for certain types
of generators to provide kinetic energy could help ensure an
even distribution of inertia across the system.

Market incentives and transparency regarding system needs
can encourage investments in relevant power park module
capabilities. Due to the nature of system split events, mar-
kets on inertia would have to be essentially implemented in
local control areas, creating risks for market liquidity and
prices if not properly designed.

As part of the step-by-step implementation, future reas-
sessments of the methodology should also reconsider the
investigated split cases –relevant regional split lines rather
than only national borders – to ensure that realistic worst-
case splits are captured. Future reassessments should also
consider further refinements of the inertia allocation meth-
ods by considering additional parameters such as system
balance or system load. Such refinements should strive to
maintain an efficient and balanced kinetic energy distribution
across CE SA.
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It is necessary to establish a framework to implement theminimum inertia targets
and continuously monitor its implementation and effectiveness. This will support
the necessary TSO investment decisions in terms of necessary assets (e. g. SCs
or STATCOMs), the specification of non-exhaustive grid connection requirements,
and the mandatory application of such requirements, e. g. grid-forming conver-
tors (GFCs) with stored energy requirements for generators.

ENTSO-E proposes establishing an ex-post assessment of
yearly inertia levels in CE countries. This assessment would
not affect operational decisions and is intended to monitor
the evolution of the overall resilience level and provide in-
formation on the need for additional means. Following the
ex-post assessment, each TSO shall takemeasures to enable
the minimum inertia level in its own control area, ensuring
the efficient use of system defence plans in case of system
splits.

A feasible and agreed roadmap with policy and regulatory
decision-makers and further stakeholders is necessary and
urgent. Resilience targets should be defined for the short/
medium and long-term. ENTSO-E proposes:

a. As soon as possible, any device that is technically capable
of providing inertia – such as PPMs, STATCOMs, and SCs
connected for system strength/voltage needs – that will
be connected to the CE SA transmission system shall in
practice be equipped to provide inertia.

b. Regarding future connection requirements to be enforced
by the revision of the connection network codes, dedicat-
ed implementation guidance documents should support
TSOs in defining adequate specifications for non-exhaus-
tive requirements for the identified needs, which should
be specific for each SA. This also ensures a level playing
field across Europe.

c. In parallel, the optimisation and development of enhanced
response measures and preventive measures should
always be pursued.

d. By 2035, a minimum inertia constant of 2 sMW/MVA
for 0 % of the year should be reached in CE SA. For the
first steps, part of the targets can be largely ensured with
technologically available TSO assets.

e. As a subsequent long-term target, subject to reassess-
ment based on the return of experience, efficiency of grid
forming, progress on foundational measures, and evolu-
tion of assets’ RoCoF withstand capability, all countries
shall ensure a minimum inertia constant of 2 sMW/MVA
for 90 % of the year. The total kinetic energy resulting from
the long-term target implementation still remains below
the total kinetic energy levels available in CE in the past.

Long-term needs and global resilience levels should be
reassessed every two years in the regular TYNDP identifi-
cation of system needs (IoSN) to ensure a focused assess-
ment of the inertia needs leading to feasible mitigation plans
implemented at the national level. Country needs – actual
coverage of the equivalent inertia year duration curve –
should be reassessed every year via ex-post operational
monitoring.

It is necessary to monitor and check the fulfilment of
minimum inertia needs among all countries on a comparable
basis. As such, all CE SA TSOs should develop and agree
on a common methodology for “measuring” inertia. This
will enable the ex-post operational monitoring of minimum
equivalent inertia constant.








