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Mission Statement

ENTSO-E - the European Network of Transmission System Operators
for Electricity — brings together 40 electricity Transmission System
Operators (TSOs) from 36 countries. ENTSO-E members are responsible
for the secure and coordinated operation of Europe’s electricity system.
Together, they operate a system of around 500,000 km of power lines
- the largest interconnected electrical grid in the world — and serve
about 520 million citizens.

Electricity is not merely a market commodity, it is an essential service, and TSOs
are fully regulated public service entities whose work is essential to powering
Europe. The grid is the backbone of the electricity system and has extended over the
whole Continent, beyond the borders of the EU. TSOs working together guarantee a
functioning infrastructure that makes the trade of electricity possible, contributes
to decarbonisation goals, and ensures a reliable and efficient power supply for all
members of society.

These shared public service responsibilities need close cooperation beyond national
borders, which led to the creation of ENTSO-E. Today, the association serves two main
complementary purposes:

1. Cooperation of European TSOs

The foundations of this cooperation date back to the 1950s with the creation of
electrical synchronous areas and interconnections, which laid the groundwork for
today’s interconnected European power system. TSOs established associations to
work together on their own mandates and missions, that came together into what
today is ENTSO-E. The European electricity system is one of the most stable and
reliable grids in the world and is supported by the cooperation and coordination of
TSOs both within the European Union and closely interconnected European countries.
ENTSO-E strives to build consensus for decision-making amongst its member TSOs
as this forms the strongest foundation for cooperation.

2. Fulfilling EU legal mandates

With the adoption of the Third Energy Package in 2009, ENTSO-E’s role was formally
recognised by European institutions. ENTSO-E was granted legally mandated tasks
to further develop the European interconnected grid and to facilitate the integration
of European electricity markets. These mandates cover a large spectrum of tasks,
including system operation, system development, market integration, information
technologies, R&D and innovation.



ENTSO-E's Position on
Market Design Options for
Congestion Management

The increasing deployment of renewables in Europe, the electrification of demand
and grid buildout are essential means to ensure affordable, secure and carbon-neutral
energy. However, as Europe progresses in this transition, grid congestions are increas-
ing in frequency, variability, scale and complexity, making effective congestion man-
agement essential for system security, affordability and preserve efficient market out-
comes.

Addressing these challenges requires not only timely infrastructure delivery and a
more efficient use of existing grids, but also a closer alignment between market design
and the physical realities of the power system’. Building on this, the paper sets out
ENTSO-E's forward-looking view on market design options to reduce and better manage
congestions, so to increase efficiency while ensuring secure operation in an increasingly
complex energy system.

Underlying Causes and Emerging Challenges
in Congestion Management

As renewables, storage and new loads expand, often in a
decentralised manner, grids are increasingly strained. The
current design of European electricity markets does not
sufficiently reflect these physical constraints nor provide
accurate locational signals. The European power system is
facing growing congestion challenges due to a widening gap
between rapid structural changes in generation and demand
and slower grid build-out.

These developments lead to more frequent congestions
at transmission level and in the interface with distribution
grids, more complex and time-constrained coordination
requirements and higher redispatch needs. Significant
challenges emerge regarding peak redispatch needs and
volatile congestion patterns with substantial changes close
to real-time, leading to shorter reaction times for the Trans-
mission System Operators (TSOs). Overall, this increases
operational risks and system costs, with negative impacts
on efficiency, renewables integration and affordability.

1 To further increase an efficient use of existing grids, operational measures and technical enablers (e.g. improved forecasting, risk-based operational criteria, dynamic line
rating, phase shifter transformers, etc.) are also essential elements. However, these are not in scope of this paper, which focusses only on market design solutions.
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A toolbox of market design solutions

The drivers and operational challenges outlined above point
to structural gaps between market outcomes and system
needs. No single solution can address all congestion-
management related challenges, which may differ depending
on region, instead, a combination of measures may need to
be implemented.

Spatial granularity
in energy markets

Locational siting
incentives

Bidding zone reconfiguration

Locational elements
in support schemes

Nodal pricing

Grid connection rules
Dispatch hubs

Against this background, a coherent toolbox of comple-
mentary market design measures is needed in order to
balance market efficiency with operational feasibility. These
measures are presented in Figure 1.
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Figure 1: Overview of market design measures.

1: Spatial granularity in energy markets

Improving how markets reflect grid constraints is a key struc-
tural solution. Options such as bidding zone reconfiguration,
nodal pricing, or dispatch hubs increase spatial granularity
and provide clearer price signals. These signals guide both
short-term dispatch and long-term investment decisions,
helping align market outcomes with system needs.

While effective, these approaches require careful considera-
tion of market complexity, implementation costs, and social
impacts, including distributional effects on both consumers
and producers.

2: Locational siting incentives

Locational elements in renewables support schemes,
capacity mechanisms and grid connection rules can
guide new investments towards system-friendly locations.
Connecting new grid assets in the right locations helps
reducing congestion risks over time by encouraging assets
to be built where they contribute most to system efficiency.
However, theirimpact is primarily long-term and limited. They
should thus be seen as complementary to other measures
rather than standalone solutions.

3: Preventive measures outside of wholesale
markets

Tools such as locational and time-dependent network tariffs
and flexible connection agreements (FCAs) can incentivise
grid users to adapt their behaviour to system conditions.
As a consequence, these measures may lower redispatch
needs but require careful design to avoid unintended effects
on investment and market behaviour.

4: Congestion management tools

These include market-based redispatch, integration of
balancing and congestion management, feasibility ranges,
central dispatch, redispatch reserves, coordination of
countertrade and redispatch as well as improved capacity
allocation.

Such tools improve the ability of TSOs to manage congestion,
but may involve trade-offs related to market liquidity,
complexity, and potential gaming risks. They are therefore
most effective when combined with structural and preventive
measures.
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Possible system-specific pathways

Congestion patterns and system constraints vary signif-
icantly across Europe, reflecting differences in network
topology, generation mix and cross-border interactions.
As outlined in the previous sections, both the underlying
drivers of congestion and the effectiveness of available
tools depend on these system characteristics. This makes a
uniform approach neither efficient nor appropriate.

Against this backdrop, the paper identifies three broad
system types and explores possible combinations of solu-
tions to address the different congestion challenges they
may face. This simplified categorisation is not exhaustive
and there are undoubtedly other system configurations,
cases and potential policy pathways beyond those consid-
ered here:

> Predictable Internal Congestion Systems addressed via finer spatial granularity would correspond
to systems where congestions are generally stable in the long-term, predictable and mainly taking
place internally (i.e.: not in the interconnections). The pathways presented in the paper of potential
different strategies to cope with the associated challenges benefit from finer spatial granularity,
possibly complemented with additional locational signals or operational tools if challenges persist.

A d

Highly Interconnected Congestion Systems would correspond to systems where long-term stable
congestions exist and are additionally strongly affected by cross-zonal interactions such as loop
flows. The pathways presented in the paper reflect the need for enhanced cross-border coordination
and may combine spatial granularity with targeted operational measures.

> Limited-Interconnection Variable Congestion Systems would correspond with systems with very
limited cross-zonal interactions and where congestions are of temporary nature with variable behav-
iour in terms of location. The pathways described in the paper rely more on operational tools and
preventive measures to cope with varying congestions, supported by targeted investment signals
to mitigate the risk of new long-term stable congestions.

It should be noted that power systems can also be combinations of the three types mentioned above, or even evolve from
one system type to another over time. This highlights that there is no one-size-fits-all solution. Policy choices must be fit for
purpose, reflecting national and regional system characteristics.
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Conclusions and
Recommendations

The analysis of congestion drivers, the toolbox proposal and the system-specific
pathways all point to the same need, market design and system operation must evolve
together to reflect physical constraints more accurately.

Building on this, ENTSO-E identifies a set of priorities to ensure that energy
transition is performed in a way that safeguards system security, supports
market efficiency and contains system costs:

> To ensure system security in a cost-efficient manner,
policy makers should enable solutions to bridge the
gap between markets and physics. Such solutions
should aim at maximising trading opportunities for a
truly integrated internal electricity market, but respect
technical and operational limits as a priority.

> One current limitation to bring physics and market
closer together is the use of virtual margins in the
capacity calculation processes, as these carry significant

1: Spatial granularity in energy markets

> Recognise increased spatial granularity as a structurally
effective long-term solution from congestion minimiza-
tion perspective, while acknowledging market impact
together with implementation challenges and political
implications.

> Consider context and region-specific pathways (e.g.
bidding zone reconfiguration and/or dispatch hubs
or potentially even nodal pricing, where proven to be
feasible and efficient) depending on the significance and
variability of the structural congestions, while ensuring
internal electricity market efficiency.

2: Locational siting incentives

> Where appropriate, integrate locational elements into
capacity mechanisms, RES support schemes and
flexibility support schemes where such schemes already
exist.

> Consider using locational criteria in grid connection rules
to steer new investments toward grid-supportive loca-
tions and to ensure that investment decisions reflect part
of the congestion and redispatch costs they may impose
on the system.

collateral consequences for the power system oper-
ations. In current regulation virtual margins are a key
feature of the min. 70 % framework. The principle behind
the min. 70 % framework, i.e. make a significant part
of the grid available to achieve market integration and
hereby avoid undue discrimination between internal
and cross-zonal exchanges, remains fundamental. It is
imperative that alternative ways of aligning market and
physics are explored to which this paper contributes.

Ensure that any increase in spatial granularity addresses
market parties’ need of liquidity, risk hedging and invest-
ment certainty.

Balance the need for periodic assessment/update of
spatial granularity with predictability and stability for
market participants (i.e. avoid too frequent or unpredict-
able reconfiguration).

Acknowledge that locational incentives are complemen-
tary instruments with primarily long-term effects and
should not be expected to solve short-term congestion
challenges.

Ensure transparency, non-discrimination, cost-based
design, and consistency with EU state aid and internal
market principles.

6 / ENTSO-E Position Paper on Market Design Options for Congestion Management



3: Preventive measures outside of wholesale markets

> Promote preventive measures that reduce redispatch
volumes and uncertainty, while carefully balancing
efficiency gains against forecast errors and implemen-
tation complexity.

> Consider flexible connection agreements as a tool in
congested areas, with design choices (scope, timing,
compensation, voluntariness) taking into account
regulatory framework, system needs and market
implications. In particular, the use of voluntary flexible
connection agreements in congested areas should be
expanded building on existing national experiences.

4: Congestion management tools

> Ensure the continued availability of timely, location-
specific congestion management and redispatch
resources to safeguard operational security under
increasing uncertainty.

> Prefer market-based and integrated solutions (e.g.
market-based redispatch, integration of balancing and
redispatch) where sufficient liquidity and competi-
tion between service providers can be ensured, while
recognising their limits depending on locational conges-
tion patterns and carefully assessing overall market
impacts.

> Transmission and distribution tariffs can provide stable
and transparent locational or time-dependent dispatch
signals. More dynamic signals with locational elements
should be carefully analysed to evaluate potential
benefits against disadvantages.

> Ensure strong TSO-DSO coordination and clear
communication to market participants to limit
operational and behavioural risks.

> Apply redispatch reserves only as targeted or temporary
measures, not as permanent substitutes for less costly
structural solutions.

> In systems where it is already applied, leverage the bene-
fits of central dispatch to balance market efficiency with
the need to keep the system secure while optimising
congestion management costs. Similarly, systems
that apply or want to make use of the feasibility ranges
concept should find an appropriate balance in their appli-
cation.

> Continue improving cross-border coordination of
redispatch and countertrade, including through regional
operational frameworks, to minimise total system costs.
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