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Abstract

Energy storage technologies are crucial for a secure, resilient and low-carbon energy system, but
their implementation is hindered by a range of challenges. This report provides an analysis of the
deployment of energy storage technologies in Europe, identifying the current status and the policy
framework. Key findings highlight the growing expectations of lithium ion battery storage, the
continued importance of pumped-storage hydropower and the significant potential of energy
storage to support the integration of renewable energy sources. Case studies from Germany,
Greece, the Iberian peninsula and the United Kingdom illustrate successful policies and best
practices. The report provides a comprehensive overview of the energy storage landscape in Europe,
highlighting key insights for policymakers and industry stakeholders.
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Executive summary

This report is in the framework of an administrative agreement with the Directorate-General for
Energy with the objective of developing the European energy storage inventory [1], a platform
designed to map and monitor the energy storage facilities across Europe, shown in Figure 1. The
platform enables systematic tracking of deployment status, technologies and project developments.

The report also provides a detailed overview of the technologies, with an emphasis on those that
have the largest numbers of operational facilities and planned installations. It includes assessments
of technology maturity and future trends, and analyses the evolving policy and regulatory context.

Figure 1. Geographical distribution of energy storage projects in Europe (left) and in south-east Europe (right)
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Source: European energy storage inventory [1].

Policy context

Energy storage systems are key enablers of the energy transition. They support the integration of
renewable energy sources, contribute to grid stability and improve the overall quality and security
of energy supply. The EU has introduced multiple directives and initiatives aimed at facilitating the
roll-out of energy storage systems.

This report outlines the EU-level requlatory framework and policy drivers for storage and evaluates
the adoption of storage policies or targets by EU Member States in their national energy and
climate plans (NECPs). Delivered together with the monitoring platform, the report also serves as a
reference tool for policymakers and stakeholders to design and refine energy storage strategies.

Key conclusions

A total of 2 356 energy storage projects have been identified, with a combined power of
170.92 GW. Of these:

— 70 GW are operational;
— 97.26 GW are expected to be online by 2030;
— 3.66 GW are currently inactive.

Taking into account these amounts of operational and expected power, we can affirm that Europe is
at a pivotal stage in the deployment of energy storage systems.



The report offers a technology classification of energy storage systems. Pumped-storage
hydropower continues to dominate the installed power, while lithium ion battery systems
are rapidly emerging as the leading technology in upcoming installations. These expected
installations highlight growing market confidence in batteries as flexible and scalable solutions for
renewable energy integration.

Energy storage is essential for achieving zero-carbon power systems. There are several policies and
initiatives led by the EU to accelerate the energy storage installations. In particular, two upcoming
policy measures are expected to have significant influence.

— By 2025, a new methodology will require transmission system operators and distribution
system operators to assess national flexibility needs, including energy storage
requirements, helping to shape long-term investment and planning.

— By February 2027, all energy storage batteries over 2 kWh must be electronically registered
under new EU legislation, supporting transparency, safety and life-cycle traceability.

Regarding the implementation of policies by the Member States, this report presents a summary of
the assessment of the NECPs focused on energy storage. It is based on the assessment of the
NECPs published by the Commission on 28 May 2025 [2], which is accompanied by a staff working
document with individual assessments of 23 final updated NECPs that have been submitted and
evaluated [3].

Main findings

Energy storage projects span multiple life-cycle stages, as shown in Figure 2. A major roll-out of
storage technologies, particularly batteries, is expected in the next five years. Declining capital
expenditure (CAPEX) and improved market conditions are enhancing profitability, creating a
favourable environment for investment.

Figure 2. Number of storage projects in Europe, by status
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Source: European energy storage inventory [1].



This report includes case studies from Greece, Germany, the Iberian peninsula and the United
Kingdom, offering insights into national policy frameworks, auction mechanisms and
implementation strategies.

The evaluation of the NCEPs published on 28 May 2025 includes 23 Member States. Considering
the results published and analysing them by the Joint Research Centre (JRC), Figure 3 shows the
number of Member States incorporating energy storage in their plans (6) and those that include
energy storage policies but without specific targets (17).

Figure 3. Number of NCEPs including energy storage targets or policies
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Source: JRC, based on European Commission [2].

Related and future Joint Research Centre work

The JRC continues to support Europe’s transition to a resilient and carbon-neutral energy system.
This report is part of a broader initiative to maintain a publicly accessible platform tracking the

deployment of storage technologies, providing actionable data to support evidence-based
policymaking.



1. Introduction

The European Green Deal sets ambitious targets: a 55 % reduction in greenhouse gas (GHG)
emissions by 2030 (compared with 1990 levels), climate neutrality by 2050, and the establishment
of a resource-efficient economy. Achieving these goals requires a significant increase in the share
of renewable energy sources in the energy mix. However, the inherent intermittency of renewables
introduces challenges for grid stability, underscoring the need for enhanced system flexibility to
manage fluctuations in supply and demand.

Energy storage plays a critical role in addressing this challenge. Whether deployed as standalone
units or in hybrid configurations, energy storage systems enable the reliable integration of
renewable electricity into the grid. In addition to providing flexibility, they help mitigate price
volatility, reduce peak-time electricity costs and allow consumers to optimise their energy use in
response to dynamic pricing. Energy storage also supports the electrification of other sectors,
particularly transport and buildings.

According to the European energy storage inventory, battery storage systems are expected to
experience the most significant growth across Europe. This trend is driven by the rapid
growth of renewables, the expansion of electric mobility, supportive policy frameworks and
continuous technological innovation.

The implementation of energy storage solutions presents both technical challenges and economic
opportunities. Increasingly, investors, developers and utilities view energy storage as a strategic

asset within Europe’s evolving energy landscape. Unlocking its full potential will require innovative
business models and cross-sectoral strategies to maximise system value.

This report addresses the policy challenge of accelerating the deployment of energy storage
systems in the EU. The European Commission has issued recommendations outlining concrete
actions that EU Member States can take to promote broader adoption [4]. While roll-out has
progressed, the energy storage market remains significantly underutilised. Falling costs and
maturing technologies are expected to further drive the roll-out of large-scale stationary systems.

The objective of this report is to provide a comprehensive overview of the status and policy
framework for energy storage in Europe. It examines technological progress and operational
and planned facilities, and compares developments across Member States.

This report is produced under an administrative agreement with the Directorate-General for Energy.
The primary objective of the agreement is the development of the European energy storage
inventory platform. Developed by the Joint Research Centre (JRC), the platform aggregates recent
data from a range of public and private sources. Drawing on insights from the platform, this report
provides a comprehensive and up-to-date analysis of the evolving energy storage landscape in
Europe.



2. Progress in energy storage deployment

The European energy storage inventory [1] is a platform developed to map and monitor the energy
storage facilities across Europe. The information provided by the platform is used in this section to
present the progress in energy storage deployment. The analysis is made by statuses, by countries,
by technologies and by services.

2.1. Analysis by status

Energy storage projects in Europe represent 70 GW of power already operational. However, the life
cycle of a project has several statuses before becoming operational, as shown in Figure 4.

Figure 4. Status considered in the development of storage facilities
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Source: JRC.

In Figure 5 the power of energy storage projects that are expected represents 97.26 GW (including
those announced, awarded permits and under construction), while the operational power is 70 GW.
This quantity of power expected represents a clear interest in energy storage projects.

Figure 5. Power of the projects in Europe, by status
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Source: European energy storage inventory [1].
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2.2. Analysis by country

Based on the European energy storage inventory platform, the assessment of projects and facilities
includes the following countries, representing both Member States and neighbouring countries;
Austria, Belgium, Bosnia and Herzegovina, Bulgaria, Croatia, Cyprus, Czechia, Denmark, Estonia,
Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, the
Netherlands, Norway, Poland, Portugal, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden,
Switzerland, Ukraine and the United Kingdom (Figure 6).

Figure 6. Countries considered in the European energy storage inventory

v

B 27 Member States
B Other countries

Source: JRC.

The inclusion of neighbouring countries is justified by the cross-border integration of energy
systems and the relevance of significant deployments, such as those in the United Kingdom.

According to this list and in terms of the distribution by countries, the 15 countries with the highest
energy storage power are shown in Figure 7.
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Figure 7. The 15 countries with the highest energy storage power, by status
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Source: European energy storage inventory [1].
2.3. Analysis by energy storage technology

2.3.1. Classification of technologies

The energy storage market has two main segments, differentiated by the location of the energy
storage systems:

— behind the meter, customer-sited stationary storage systems that are connected to the
distribution system on the customer’s side of the utility’s service meter [5];

— front of the meter (FoM), energy storage systems installed on the grid side, typically utility-
scale systems [5][6].

There is also a classification in terms of duration [7].

— Short-duration energy storage (SDES) can discharge at full power for up to eight hours. It
encompasses technologies that can instantly increase power output, thereby supporting
system stability and balancing supply and demand across various time frames.
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— Long-duration energy storage (LDES) dispatches energy or heat for extended periods of
time, ranging from 8 hours to days, weeks or seasons. LDES technologies are essential for
the decarbonisation of energy systems, including the power system and industrial heat.

However, the technologies of the energy storage systems are mainly classified depending on their
charging principles. We have analysed the following sources and the classifications of energy
storage technologies shown in Table 1.

Table 1. Sources of and options for the classifications of energy storage technologies

Source Number of Main technologies Number of
main subtechnologies
technologies

Wood Mackenzie [8] 5 Mechanical 45

Batteries
Electromagnetic
Thermal
Unspecified

Study on energy 6 Mechanical 29

storage, Publications Electrochemical

Office of the European

Union, 2023 [9] Thermal

Chemical
Undefined
Hybrid

Clean Energy 3 Mechanical 25

Technology Observatory Electromagnetic

reports [10]-[13] Thermal

S & P Global [14] 4 Mechanical 19

Electrochemical
Thermal
Other

European Association 5 Mechanical 33

for Storage of Electrochemical

Energy (15] Thermal

Chemical
Electrical
Ricardo [16] 4 Mechanical 10
Electrochemical
Chemical
Electrical

Source. JRC, based on the sources mentioned.
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Considering these approaches, in this report we propose a classification of the energy storage
technologies with five main categories: mechanical, electrochemical (or batteries), thermal, chemical
and electrical, as indicated in Table 2. For the category electrical there are not any facilities with a
relevant power linked to the grid. Therefore, the electrical technology is not included in the European
energy storage inventory.

Table 2. Classifications of energy storage technologies

Technology Subtechnologies

Mechanical Pumped-storage hydropower
Compressed-air energy storage
Flywheels

Liquid air energy storage (*)

Electrochemical Iron air battery

Lead acid batteries
Lithium ion batteries
Lithium—other batteries
Redox flow batteries
Sodium sulphur batteries

Sodium nickel chloride batteries

Thermal Latent thermal energy storage (*)
Thermochemical storage (*)

Sensible thermal energy storage

Chemical Power to ammonia (*)
Power to gas -hydrogen
Power to methanol (*)

Power to methane (*)

Electrical Supercapacitors (*)

Superconducting magnetic energy storage (*)

(*) Subtechnologies without projects in the European energy storage inventory.

Source. JRC.

In terms of this classification of technologies, the total storage power by status is shown in Figure
8.
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Figure 8. Distribution of power, by storage technology and by status
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Source: European energy storage inventory [1].

Considering just the operational power, the distribution is shown in Figure 9.

Figure 9. Distribution of operational power, by storage technology

Project status

B Operational

Mechanical

Electrochemical

Thermal 2.12
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0 5 10 15 20 25 30 35 40 45 50 55

Power (GW)

Source: European energy storage inventory [1].
Mechanical technologies predominate due to the maturity and widespread deployment of pumped-
storage hydropower systems.

However, for projects that are not yet operational but are in earlier stages (e.g. announced,
permitted, or under construction), the dominant technology is electrochemical: primarily lithium ion
batteries. The power expected is shown in Figure 10.
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Figure 10. Distribution of expected power, by storage technology
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2.3.2. Mechanical

We analyse two types of mechanical storage that are mature and operational:

— pumped-storage hydropower

— compressed-air energy storage (CAES).

2.3.2.1. Pumped-storage hydropower

Key aspects and principles

The principle of pumped-storage hydropower (PSH) is a renewable energy source that converts the
hydraulic (water) power (potential and kinetic power) into mechanical power by means of a rotating

turbine, and into electricity through the connection to an electric generator [10].

Figure 11. Charging principle of PSH

Maximum dam level

Minimum level

]

Upper reservoir

j 4+——— Energy Transfer —p |:

Turbining Mo;\\‘
(Power generation)

Maximum dam level

Minirmum level

Pumping Mode
[Power storage)

£

Underground Lower reservoir
Power Plant

Source: European Association for Storage of Energy (EASE).

The main components are the following:
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— two water reservoirs / ponds (upper and lower),

— power waterway to connect the reservoirs/ponds,

— hydro power station equipped with ternary machine sets or pump-turbines.
Deployment in Europe

PSH is the most mature storage concept in respect of installed capacity, and a quarter of the global
installed capacity is in the EU [10].

The assessment is made in terms of power (GW) because the reliability of the data is higher. In
Figure 12 the PSH power is presented by status.

Figure 12. Power in PSH technology, by status

Project status
Operational 53.44 W Operational
Announced

Under construction

Inactive

Expected 4.2

Inactive | p.34

Power (GW)

Source: European energy storage inventory [1].

Period of commissioning

Since this technology is already mature and has been deployed since the beginning of the 20th
century, Figure 13 shows the decades in which projects using this technology were installed,
considering only the projects still operational. The decade in which the largest number of PSH
projects were commissioned was the 1980s.
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Figure 13. Number of new PSH projects installed in Europe, by decade
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Source: European energy storage inventory [1].

Installations by country

The number of projects concerning this technology depends on the natural resources available and
the geography of the country. In Figure 14, we show the 15 countries with the most operational
power, in order.
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Figure 14. The 15 countries with the greatest amounts of PSH operational power
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Source. European energy storage inventory [1].

With the common target of 20 % renewable energy use by 2020 and 42.5 % by 2030, many
Member States have introduced economic support programmes for renewable generation. In this
context, PSH systems could facilitate their expansion. The new projects expected are located in nine
countries, which are shown in Figure 15.
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Figure 15. The 9 countries with expected PSH power, by status
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Source. European energy storage inventory [1].

2.3.2.2. Compressed-air energy storage

Key aspects and principles

CAES encompasses two primary subtechnologies:
— diabatic compressed-air energy storage (D-CAES)
— adiabatic compressed-air energy storage (A-CAES).

D-CAES involves compressing air into underground geological formations, such as salt caverns,
using excess electricity, and then heating the released air with natural gas or fuel to drive a gas
turbine and generate electricity when needed. In contrast, A-CAES stores the heat generated during
the compression cycle using thermal energy storage (TES), allowing for a more efficient and cleaner
process, as the compressed air is expanded in a turbine to produce electricity while recovering the
stored heat, thus eliminating the need for additional fuel combustion.
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Figure 16. Charging principles of CAES systems ‘D-CAES’ (left) and ‘A-CAES’ (right).

Power IN Power OUT Power IN Power OUT
during charging during discharging during charging during discharging

Source: EASE.

The main components are the following:
— compressor driven by an electric motor,
— air storage — salt cavern, hard rock cavern, depleted gas field or aquifer,
— turbine,
— generator,

— fuel/gas combustion system to preheat the released air for D-CAES, or TES system for A-
CAES.

Deployment in Europe

There are three operational projects in Europe using the D-CAES subtechnology. The oldest, and the
one with the highest capacity, is the Huntorf plant in Germany, commissioned in 1978. It uses
natural gas as a heat source for the discharging process. A-CAES systems are in the process of
demonstration and are not yet commercially available.

2.3.3. Electrochemical
Key aspects and principles

Electrochemical is the technology that has been deployed most in recent years, and several battery
technologies may be included in this category.

The dominating battery technology is lithium ion (lithium iron phosphate (LFP), nickel manganese
cobalt oxide (NMC) and nickel cobalt aluminium oxide). In the future, lithium ion will still
predominate, but there will be a shift to low- or zero-cobalt chemistries (LFP, lithium manganese
iron phosphate, among others). The role of sodium ion batteries and other advanced technologies
will increase significantly [12].

A lithium ion battery system is an energy storage system based on electrochemical
charge/discharge reactions that occur between a positive electrode (cathode) that contains some
lithiated metal oxide and a negative electrode (anode) that is made of carbon material or
intercalation compounds, among other options. The electrodes are separated by porous polymeric
materials that allow for electron and ionic flow between them, and are immersed in an electrolyte
that is made up of lithium salts dissolved in organic liquids.

20



When the battery is being charged, the lithium atoms in the cathode become ions and migrate
through the electrolyte towards the carbon anode, where they combine with external electrons and
are deposited between carbon layers as lithium atoms (Figure 17). This process is reversed during
discharge.

The main components are the following:
— elementary cell composed of an assembly of electrodes, electrolyte and separators,
— modules composed of serial or parallel assembling of cells,

— battery systems composed of a large assembly of modules, a battery management system
and a thermal management system,

— power conversion system.

Figure 18. Charging principles of lithium ion batteries
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NB: SEl: solid electrolyte interphase

Source: EASE.

Deployment in Europe

As shown in Figure 19, the electrochemical projects expected represent 84.72 GW of power,
showing that installations of new projects will continue.
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Figure 19. Power in electrochemical technology, by status
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Source: European energy storage inventory [1].

Looking at the subtechnologies, we present the details of number of projects and power in Table 3.
Lithium ion batteries represent the majority of the projects identifies in the European energy
storage inventory.

Table 3. Number of projects and power of the electrochemical subtechnologies in the European energy
storage inventory

Subtechnology Projects Power (GW)
Lithium lon batteries 1940 99.87
Lead acid batteries 15 0.11
Vanadium redox flow batteries 10 081
Sodium sulphur batteries 6 0.06
Sodium nickel chloride batteries 3 0.00905
Lithium titanate batteries 1 0.004
Iron air batteries 1 0.01

Source: JRC.

Period of commissioning

The deployment of the electrochemical technology in Europe is growing. Figure 20 shows the
power installed in Europe since 2011.
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Figure 20. Number of projects commissioned every year in electrochemical technology
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Source: European energy storage inventory [1].

Installations by country

In Figure 21 we see the 15 countries with the highest operational power in electrochemical
technology. The United Kingdom leads, with more than 6 500 MW. In terms of distribution among
the Member States, Germany is leading, with more than 2 000 MW operational power installed,
followed by Italy with around 1 500 MW.
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Figure 21. The 15 countries with the highest electrochemical operational power
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Source: European energy storage inventory [1].

Analysing the expected power shown in Figure 22, the leading country is the United Kingdom, with
more than 40 GW expected, followed by Poland, Germany and Italy with more than 5 GW each.
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Figure 22. The 15 countries with the highest amounts of expected electrochemical power, by status
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Source: European energy storage inventory [1].

2.3.4. Electrical

Electrical storage can be referred to as electromagnetic storage, and there are two main
subcategories: superconducting magnetic energy storage (SMES) and supercapacitators.

The implementation of these technologies is very low, with no relevant big facilities. Instead of the
several aspects analysed for other technologies, a short description of each subtechnology is
provided.

— SMES is a technology used to store energy in the magnetic field created by an electric
current in a superconducting coil. When an electric current flows through a superconducting
coil, it generates a magnetic field. In an SMES system, this magnetic field is used to store
energy. The coil is made of a superconducting material, which can carry high currents with
zero electrical resistance, resulting in very low energy losses. SMES is a promising energy
storage technology that offers high efficiency, fast response times and a long lifespan.
However, it still faces challenges related to cost, complexity and scalability.

— A supercapacitator, also known as an ultracapacitor or electrochemical capacitor, is a type
of energy storage device that stores electrical energy through electrostatic double-layer
capacitance or electrochemical pseudocapacitance. It has three main types: electrostatic
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double-layer capacitors, electrochemical pseudocapacitors and hybrid supercapacitors: This
technology offers high power density, a long lifespan and high efficiency. While
supercapacitators have limitations, they are suitable for applications that require rapid
energy discharge and high power density, such as uninterruptible power supply (UPS)
systems as backups for short power failures and to cover peak power demands, or safety
electronics as maintenance-free power backup.

2.3.5. Chemical

Key aspects and principles

Chemical energy storage technologies (CESTs) are defined as means of energy storage through the
conversion of electricity to hydrogen or other chemicals and synthetic fuels [13].

In this category, we can include several subcategories:
— power to ammonia
— power to gas -hydrogen()
— power to methanol
— power to methane.

In particular, in the category power to gas (H,) the electrical energy is stored by electrolysing water
to produce hydrogen and oxygen. The oxygen is released, and the hydrogen is then stored. For grid
electrical energy storage applications, the hydrogen is then re-electrified (e.g. via fuel cells), thus
recombining hydrogen with oxygen to produce electricity. Heat and water are released as a by-
product. Alternatively, gas turbines or engines can reconvert hydrogen to produce electricity as well.

Figure 23. Charging principles of hydrogen storage
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Source: EASE.

Global hydrogen demand reached more than 97 Mt in 2023 and could reach almost 100 Mt in
2024. However, this increase should be seen as a consequence of wider economic trends rather
than the result of successful policy implementation. Hydrogen demand remains concentrated in
refining and industry applications, where it has been used for decades. Its adoption in new
applications where hydrogen should play a key role in the clean energy transition — heavy industry,
long-distance transport and energy storage — accounts for less than 1 % of global demand, despite
40 9% growth compared with 2022 [17].
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Deployment in Europe

Regarding implementation in Europe, according to the European energy storage inventory, based on
the IEA[18], there are 64 operational projects using power to gas (H,), but 39 projects are expected.

Figure 24. Projects using CEST, by status

Announced Project status
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Source: European energy storage inventory [1].

Period of commissioning

The first project in Europe was commissioned in 2020, and the new projects announced are
expected to start by 2030.

Installations by country

There are 14 countries where this technology is operational. The country with the highest amount of
operational power is Germany, followed by Austria, as shown in Figure 25.
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Figure 25. The 14 countries with CEST operational power
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Source: European energy storage inventory [1].

Considering expected power, there are 11 countries with projects, shown in Figure 26.
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Figure 26. The 11 countries with expected CEST power, by status
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2.3.6. Thermal
Key aspects and principles

TES is a means of deferring the final use of thermal energy (or of electrical energy through thermal
means) to later than when it was generated, or the conversion of any form of energy into a form of
energy that can be stored, the storing of such energy and the subsequent reconversion of such
energy into electrical or thermal energy.

There are three main energy storage thermal subcategories [11].

— Latent TES operates by utilising the latent heat absorbed or released during a phase change
in the storage material. Latent heat is usually much higher than the sensible heat of the
material.

— Thermochemical storage usually stores thermal energy by using reversible chemical
reactions. These reactions are endothermal, meaning they need energy to start. For this
reason, heat sources that could be considered free, such as solar energy or waste heat,
could create these reactions and store thermal energy without thermal losses. Metal oxides
are considered some of the chemical compounds that are more promising for these types
of reactions that allow us to store thermochemical energy.
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— Sensible TES stands as the most widely used TES system, storing heat energy by raising the
temperature of a solid or liquid without phase change.

For this last subtechnology, one of the main operational technologies is molten salts, and the
principle of use is shown in Figure 27.

Figure 27. Thermal energy storage principle
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Source: SolarPaces [19].

Deployment in Europe

According to the European energy storage inventory dataset [1], the roll-out of TES in Europe
remains limited, with only 70 projects accounting for 3.28 GW of operational power.

Period of commissioning

According to the dataset [1], the first nine projects commissioned were in Finland, from 1982 to
2006.

Installations by country

There are eight countries with operational projects, as shown in Figure 28. Spain stands out as a
leader in this technology, hosting 14 operational facilities that account for 1.07 GW of power.
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Figure 28. The eight countries with thermal operational power
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There are seven countries with projects expected. Greece leads, with 0.5 GW expected, as shown in
Figure 29.
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Figure 29. The seven countries with expected thermal power, by status
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2.4. Analysis by energy storage service

Energy storage is fundamental to support the energy transition. It offers many services that can be
complementary and additive to the needs of the system at all voltage levels. In Figure 30 the
forms of energy storage are organised according to the segment of the energy system that benefits
from a given service.
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Figure 30. Energy storage services, focused mainly on the electricity system

Source: EASE.

Regarding some of the Member States where services are offered and the data available in the
European energy storage inventory, we can mention as examples that energy trading and ancillary
services are the main applications for the German market but for Belgium or Poland capacity is the
main application.

In Table 4, some of the services that can be provided are defined, to understand needs and
capabilities:

Table 4. Definitions of services offered by storage systems

Service Definition Category

Arbitrage, daily or | Practice of taking advantage of an electricity price difference in the Supporting

seasonal wholesale electricity market; the use of storage to buy energy at a low | generation
price and sell it at a high price

Support to Optimising generator response to bridge load needs on de-

conventional synchronisation, ramp up support, hedge imbalance charges and

generators provide frequency support when needed

Capacity support | Providing peak support service to extend the life of generators

Support to Extending usability by providing ancillary services, capacity firming to
renewable energy | overcome intermittency and minimise curtailment losses

source

generators

Grid upgrade Avoiding grid reinforcement by covering peak needs, daily or seasonal
deferral
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Continuity of
energy supply

Backing up support to essential services during outages and loss of
supply

Vehicle to grid
services

Use of the flexibility options offered by electrical vehicles in optimally
managing energy needs and contribute to the grid balancing

Contingency grid | Covering the loss of grid lines/sections to enhance reliability and avoid | Supporting
support duplication in grid resources transmission and

: ) . . L distribution
Quality system Improving the quality of supply in support of grid infrastructure to
support effectively contain voltage sag, sub-synchronous resonance, power

oscillations and power quality

Reactive power Offering stability services by meeting reactive needs as and when
compensation required
Cross-sectoral Optimising energy needs by using the lowest-cost options in balancing
storage supply and demand
Intentional Taking over the load of a feeder during switched works, for improved Supporting
islanding service distribution
End user peak Covering peak needs of users to reduce overall energy costs Supporting
shaving customers
Time of use Improving the self-consumption options of users to optimise energy
optimisation costs

Ancillary services

Covering various services through optimal bidding: black start,
frequency services of all needs and requirements, voltage support,
synthetic inertia and dynamic reactive response

Ancillary services

Source: JRC using information published by EASE.

Indeed, the use of the offered services varies across different Member States depending on

market maturity in the specific state. Since the European energy storage market is not

homogeneous, some applications may exist in one country (self-consumption in Germany, for
example) and be emerging in other countries (Italy) or expected to emerge in yet others (Spain,

France).

Regarding the vehicle to grid services mentioned in Table 4, it is important to highlight the role of
aggregated electrical mobility and bidirectional chargers, because they can offer flexibility to

manage the grid.

The storage system can serve several purposes at the same time, making it difficult to identify the
most used service. However, ancillary services have an important role in the services provided, and
we can highlight the penetration of this service in the UK market.

In the UK market, ancillary services are particularly relevant because of the country’s high
penetration of renewable energy sources, such as wind and solar power. These sources are
intermittent and can cause fluctuations in the grid’s frequency and voltage, which can lead to
stability issues. To mitigate these issues, the UK market relies heavily on ancillary services, such as:

— frequency response, which involves adjusting the output of generators or storage facilities
to match changes in the grid’s frequency;

— reserve services, which involve providing additional capacity to the grid to ensure that there
is enough power available to meet demand;

— reactive power services, which involve providing reactive power to the grid to maintain the
grid’s voltage and stability.
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The UK market has a well-developed ancillary services market, with a range of products and
services available to support the grid’s stability and reliability. These services are typically procured
by the National Energy System Operator, the United Kingdom’s transmission system operator (TSO),
through a series of auctions and tenders. To illustrate the significant role of these services in the
United Kingdom, Figure 31 compares the storage capacity dedicated to ancillary services in the
United Kingdom and in the rest of the countries considered in the assessment.

Figure 31. Power storage (MW) identified as ancillary services in the United Kingdom and in the rest of the
countries considered, in periods of two years
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Source: European energy storage inventory [1].
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3. Policy and requlatory framework in the European Union

The policy and regulatory framework for energy storage in the European Union is complex and
multifaceted. The general framework of these policies is as follows.

— In 2019, the European Commission presented the European Green Deal (}), setting out
Europe’s strategy to achieve climate neutrality by 2050, including a 2030 target of reducing
net GHG emissions by at least 55 % compared with 1990.

— This objective is included in the European Climate Law (?) published in 2021. Climate
neutrality by 2050 means achieving net-zero GHG emissions for Member States as a whole,
mainly by cutting emissions, investing in clean technologies and protecting the environment.

— InJuly 2021, the European Commission presented the fit for 55 package (°), setting the EU
on a path to reach its climate targets by 2030 in a fair, cost-effective and competitive way.

— In response to the hardships and global energy market disruption caused by Russia’s
invasion of Ukraine, in May 2022 the European Commission launched its repowerEU plan (*)
to phase out Russian fossil fuel imports.

Considering this framework, this chapter provides some background on policies related to energy
storage systems and how the electricity market reform has a role in their implementation. There is
also a subsection with an overview of some of the key policies and how the energy storage is
considered by Member States in their NCEPs.

3.1. Background

Some of the pieces of requlation related to the energy system and energy storage are the following.

3.1.1. Directive (EU) 2019/944: common rules for the internal market
for electricity

This directive is a key piece of legislation that aims to create a well-functioning, integrated and
competitive electricity market in the EU (). The directive sets out rules for the organisation and
functioning of the electricity market, including the role of TSOs, distribution system operators and
market participants.

The directive promotes demand response and flexibility, which are essential for the integration of
energy storage into the electricity market. Article 15 of the directive requires Member States to
ensure that consumers have the right to participate in demand response programmes, and

(*)  https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal en.

(3  https://climate.ec.europa.eu/eu-action/european-climate-law en.

(®)  https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal/delivering-european-
green-deal/fit-55-delivering-proposals en.

(%) https://commission.europa.eu/topics/energy/repowereu_en.
(®)  https://eur-lex.europa.eu/eli/dir/2019/944/oj/eng.

36


https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en
https://climate.ec.europa.eu/eu-action/european-climate-law_en
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal/delivering-european-green-deal/fit-55-delivering-proposals_en
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal/delivering-european-green-deal/fit-55-delivering-proposals_en
https://commission.europa.eu/topics/energy/repowereu_en
https://eur-lex.europa.eu/eli/dir/2019/944/oj/eng

Article 16 requires Member States to ensure that distribution system operators provide access to
demand response services.

The directive also promotes the development of energy storage facilities, including requirements
related to ownership and market participation. Article 33 of the directive requires Member States to
ensure that energy storage facilities are treated as non-generation facilities, and Article 34 requires
Member States to ensure that energy storage facilities have access to the grid on non-
discriminatory terms.

3.1.2. Regulation (EU) 2019/943: internal market for electricity

This regulation aims to create a more integrated and efficient energy market in the EU (°). It sets
out rules for the design of the electricity market, including the rules for trading, balancing and
congestion management.

The requlation promotes the use of energy storage in the EU’s energy system, including the
requirement for Member States to ensure that energy storage facilities have access to the grid on
non-discriminatory terms.

3.1.3. Regulation (EU) 2019/941.: risk preparedness

This regulation aims to promote the resilience of the EU’s energy system and to ensure that
Member States are prepared to respond to potential risks and crises (7).

The requlation sets out rules for the development of risk-preparedness plans, including the
requirement for Member States to identify potential risks and to develop measures to mitigate
them. It also sets out rules for the development of energy storage, including the requirement for
Member States to ensure that energy storage facilities are available to provide balancing services in
case of an emergency.

3.1.4. Regulation (EU) No 1227/2011: wholesale energy market
integrity and transparency

This regulation is a key piece of legislation that aims to ensure the integrity and transparency of the
wholesale energy market in the EU (8). It sets out rules for the prevention and detection of market
manipulation and insider trading and requires market participants to report suspicious transactions
to the relevant authorities.

The regulation also requires market participants to provide transparency regarding their trading
activities, including the disclosure of information about their energy storage facilities. Article 8
requires market participants to disclose information about their energy storage facilities, including
the location, capacity and technology used.

(6)  https://eur-lex.europa.eu/eli/req/2019/943/oj/eng.
(7)  https://eur-lex.europa.eu/eli/req/2019/941/oj/eng.
(8)  https://eur-lex.europa.eu/eli/req/2011/1227/oj/eng.
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3.2. Electricity market reform

The new electricity market design rules consist of an amending directive and an amending
regulation.

3.2.1. Directive (EU) 2024/1711

The directive aims to promote a more integrated and competitive internal market for
electricity, amending Directives (EU) 2018/2001 and (EU) 2019/944 (°). The directive addresses
the challenges posed by high electricity prices and volatility, largely due to high gas prices and
geopolitical tensions. It outlines a series of measures to enhance the electricity market’s resilience,
promote renewable energy and protect consumers.

Key aspects include the following.

Market reform. The directive proposes changes to ensure that the benefits of renewable
energy deployment and the energy transition as a whole reach consumers, aiming to shield
them from energy crises and avoid energy poverty. It emphasises faster deployment of
renewable energy and clean technologies to reduce reliance on fossil fuels.

Consumer protection. Measures are introduced to protect consumers from high and
volatile energy prices, including access to various contract types and preventing
disconnections for vulnerable customers.

Right to energy sharing. The directive promotes energy sharing among active consumers
and mentions storage facilities.

Supplier obligations. Suppliers are required to hedge against wholesale price changes and
offer a range of contract options to consumers. A supplier-of-last-resort regime is
established to ensure continuous electricity supply.

Crisis management. Temporary public interventions in price setting during electricity price
crises are allowed, to protect small and medium-sized enterprises.

3.2.2. Regulation (EU) 2024/1747

The regulation regarding improving the Union’s electricity market design reinforces market
surveillance in the EU and ensures open and fair competition in the wholesale energy markets (*°).

Transparency. The regulation sets the basis for increased market transparency and
integrity, enhancing the public’s trust in the functioning of wholesale energy markets.

European Union Agency for the Cooperation of Energy Regulators (ACER). The new
regulation gives the agency the right to investigate cases with a cross-border dimension,
where at least two Member States are affected. The requlation introduces new tools for

(°)  https://eur-lex.europa.eu/eli/dir/2024/1711/oj/eng.

(1°)  https://eur-lex.europa.eu/eli/req/2024/1747/oj/eng.

38


https://eur-lex.europa.eu/eli/dir/2024/1711/oj/eng
https://eur-lex.europa.eu/eli/reg/2024/1747/oj/eng

ACER to use for conducting investigations: for example, it will be able to conduct on-site
inspections and issue requests for information, and it will be authorised to take statements.

— Flexibility. The regulation emphasises the integration of flexibility, including demand
response and energy storage, to adjust to the variability of generation and consumption
patterns. An assessment of flexibility needs is mandated, conducted by designated national
authorities using a common European methodology approved by ACER.

— Support schemes. Member States are allowed to implement non-fossil flexibility support
schemes, which include payments for the available capacity of non-fossil flexibility
resources like energy storage. These schemes should be designed to avoid market
distortions and promote efficient operation and integration into electricity markets.

— Dedicated measurement devices. The reqgulation allows for the use of data from
dedicated measurement devices, with customer consent, to facilitate the observability and
settlement of demand response and flexibility services, including those provided by energy
storage facilities. This is particularly relevant in cases where smart meters are not yet
installed or do not provide sufficient data granularity.

— Indicative national objective for non-fossil flexibility. Member States are required to
define indicative national objectives for non-fossil flexibility, including contributions from
demand response and energy storage, to be reflected in their NECPs.

— Peak shaving. The regulation introduces peak-shaving products to manage electricity
consumption during peak hours, potentially involving energy storage systems.

3.3. Key European Union policy updates related to energy storage

From the above amended requlations and directives, policies are emerging that will play a critical
role in the adoption of energy storage systems in Member States. These policies are presented in
Table 5 and serve as key drivers that will influence investment decisions.

The impacts of the effective implementation of these policies will determine the installation of
energy storage and batteries in the EU. It is important to note that these policies set out deadlines
and future milestones, for which further assessments addressing the potential barriers will be

necessary.

Table 5. Policy drivers caused by the electricity reform and their implications for storage

Policy driver

Description

Implications for storage

TSO flexibility
assessments
mandatory by 2026

By June 2026, TSOs must assess system flexibility
needs and set national targets for non-fossil
flexibility, which includes quantifying energy
storage needs, to be included in NECPs. Funding
for flexibility schemes is also available to support
energy storage deployment to meet these targets.

Clear signal to investors
and developers.

Funding will help kick-start
emerging storage markets.

Dynamic tariffs for
commercial and
industrial
consumers

The electricity market reform will ensure better
consumer protection from severe price spikes and
more widespread access to dynamic tariffs and
energy sharing schemes. For example, it has been

Strong incentive to add
energy storage to optimise
time of use with existing
photovoltaic generation,
especially at large load
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Policy driver Description Implications for storage

mandatory for energy suppliers to offer dynamic centres with high electricity

tariffs since January 2025 in Germany. usage and bills in the
commercial and industrial
sector.
EU battery passport | By February 2027, all energy storage batteries Strict supply chain
mandatory by 2027 | (> 2 kWh) must be electronically registered with a | traceability, carbon
battery passport featuring a QR code, including footprint and waste
data on carbon footprint, sourcing, composition, material requirements that
recycled content and state of health, ensuring will drive innovation and
transparency and traceability throughout the competition among
battery’s life cycle. suppliers to meet

requirements.

National energy Some Member States are already developing Clear signal to investors
storage targets and | national storage targets and strategies trying to and developers, lowering
strategies remove barriers and accelerate permit issuing. financing risks, incentivising

storage for reduced
renewable curtailment.

Source: JRC.

3.4. National energy and climate plans and the storage systems

In 2019, the clean energy package introduced the need for NECPs.

The NECPs are the main strategic policy-planning tool for Member States to describe how they will
meet the objectives and targets set in the energy union and stay on track to achieve climate
neutrality and resilience by 2050. These NECPs provide short-, medium- and long-term investment
predictability, and are a key tool to mobilise the massive investment needed to achieve the
collective goal of climate neutrality. In addition, the plans should help to ensure that the EU’s
transition is socially just and provides energy security and affordability.

In March 2023, the European Commission issued a recommendation on energy storage [4] with 10
recommendations. This document was accompanied by a comprehensive staff working
document [20], which presented the following considerations, among others.

— Energy storage is important for enhancing the flexibility, stability and reliability of future
energy systems.

— If the share of variable renewable energy increases, substantial investments in energy
storage technologies are necessary.

— Although there are EU regulations and financial instruments that support the development
of energy storage, for greater adoption it is necessary to improve legislation and establish
stable requlatory frameworks to attract private investment.

— Network operators can increase energy storage use by integrating it into network planning
and operations.

— Challenges include lengthy permit-issuing procedures, critical raw material supply chains
and varied market conditions across Member States.
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— There are some opportunities for development: flexibility services and new market products
(e.g. fast-frequency response services), capacity mechanisms, the potential of electric
vehicles and the development of standards for behind-the-meter storage.

On 28 May 2025, the Commission published its EU-wide assessment [2] of the final updated NECPs,
accompanied by a staff working document [3] with the individual assessment of the 23 final
updated NECPs that had been submitted and evaluated to that date. As indicated in the staff
working document, the assessment of the final plans of Belgium, Estonia, Poland and Slovakia will
be published in a separate document.

Some of the key aspects of this assessment related to storage are presented in Table 6.

Table 6. Conclusions related to energy storage included in the Commission’s assessment [2]

electrification

Framework Actions and recommendations Objectives pursued | Reference

Renewable Streamline and simplify EU legislation and Increasing energy European grid

energy reduce permit-issuing times (including storage capacity to package
environmental legislation) to remove create a favourable (planned for
barriers to renewables projects, framework for publication
infrastructure development and energy investments in before the end
storage. renewables-based of 2025)

Regarding the medium- to longer-term
actions, other measures are proposed, like
scaling up power purchase agreements,
supporting flexibility solutions like storage
and demand response

Acceleration of
electrification

Electrification
action plan (to
be published in
2026)

needs and objective in terms of non-fossil
flexibility, including the specific contribution
of energy storage and demand response.
Investments in flexibility solutions, such as
storage and demand response, are
recommended.

energy infrastructure
prepared for
accelerating climate
change and other
risks

Internal energy Member States are encouraged to address Further integration of | Affordable
market and existing market barriers that prevent markets energy action
interconnectivity | demand response, storage, congestion plan
management and ancillary service providers (COM(2025) 79
from participating in wholesale markets by final)
implementing the EU rules on market access
in these areas. They are also invited to
promote flexibility on the retail market and
provide consumers with the opportunity to
participating in the market.
Autonomy and The revised electricity market design Achieving a more Revised
security requires Member States to assess their secure and resilient electricity

market design
(Regulation (EU)
2024/1747)

Source: JRC, based on European Commission [2].

Considering the EU-wide assessment [2] and staff working document [3], Figure 32 shows the
NCEPs that give details of storage policies and that include storage targets.
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Figure 32. NECPs with details of storage policies or with storage targets

M Not evaluated
B With energy storage targets

With details on storage policies

Source: JRC, based on European Commission [2] and [3].
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4. Current situation of the market

In this section, we look at various aspects of the energy storage market. They include the role of
energy storage systems in supporting the development of renewable sources and the capital cost
trends. Another aspect covered is energy density. Finally, we present an initiative of the EU to
promote energy storage projects and how to evaluate their benefits.

To provide these insights, we refer to several geographical scopes, depending on the characteristic
presented.

4.1. The evolution of renewable energy source systems with storage

Renewable electricity generation in Europe has experienced rapid growth in recent years, with solar
photovoltaic (PV) and wind technologies continuing to expand. However, their intermittent nature
and their generation profiles present significant challenges for grid stability and system integration.
Figure 33 illustrates the development of solar and wind electricity production as percentages of
total electricity generation across the EU-27 from 2013 to 2022.

Figure 33. Solar and wind production of electricity as proportions of total electricity production, EU-27 (%)
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Source: JRC’s own elaboration based on Eurostat.

Rapid decarbonisation of the global energy system is critical for addressing climate change and the
energy transition. In Figure 34, Europe’s cumulative renewable power is forecast to increase by
700 GW, from 894 GW in 2023 to nearly 1 600 GW by 2030. Solar PV is expected to account for
the largest share of this growth [21].

The repowerEU plan advocates faster progress towards a net-zero economy, boosting EU’s energy
self-sufficiency and reducing dependence on international energy markets.

One of the key mechanisms supporting renewable roll-out in Europe has been competitive auctions,
typically organised by Member States. These auctions allocate support to developers through
funding, development rights or both. The European Commission has also issued guidance on auction
design for renewables [22]. Notably, auctions are expected to remain the primary driver of
renewable energy growth, with 76 % of new projects expected to be procured through this model by
2030, as shown in Figure 34.

43



Figure 34. Europe renewable electricity forecast summary and procurement, 2024-2030
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The rapid scale-up of energy storage is critical to meet flexibility needs in a decarbonised electricity
system. Meeting rising flexibility needs while decarbonising electricity generation is a central
challenge for the power sector, so all sources of flexibility need to be tapped, including grid
reinforcements, demand-side response, grid-scale batteries and PSH. Grid-scale battery storage in
particular needs to grow significantly [23].

4.2. Technology cost forecasts

In line with trends in wind and solar development, energy storage systems are also expected to see
significant reductions in capital costs. As illustrated in Figure 35, the CAPEX for LFP batteries

declined by 37 % between 2022 and 2025, accelerating deployment across Europe [24].

Specifically, the CAPEX for lithium ion battery energy storage systems (BESSs) fell from over

USD 300/kWh in 2022 to below USD 200/kWh in 2025 delivery in Germany. While installation and
development costs remain region-dependent, system prices continue to decline, with stabilisation
expected by 2030.
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Figure 35. Energy storage system outlook
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In 2023, the average global battery price per kWh decreased by 14 %, returning to a long-term
trend of decreasing prices. It is also expected that in 2026-2027 the average pack price should fall
below USD 100/kWh depending on raw material costs, competition and pressure from alternative
technologies [12].

Return on investment (ROI) is also improving. Figure 36 shows decreasing ROI timelines across
some markets, driven by lower CAPEX and rising competition. Although the geographical scope
includes areas outside the EU, the figure illustrates that energy storage systems are increasingly
attractive to investors.

Figure 36. ROI ranges in selected markets (years)
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Source: S & P Global Commodity Insights, ©2025 by S & P Global Inc.

Wholesale electricity prices have shown ongoing volatility, presenting new opportunities for storage
and flexibility services. Figure 37 shows the monthly changes in average wholesale prices from
January 2020 to July 2024. In 2024, while prices remained relatively flat, high short-term
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fluctuations, as shown at the bottom of the picture, highlight the role of storage in system
affordability.

Figure 37. Monthly changes in average wholesale prices, January 2020 to July 2024

Monthly average wholesale power prices
600
500
400
300
200
100

0

——Great Britain

France == Spain Germany =|laly

€MWh

Monthly average within-day wholesale price spread as a percentage of wholesale power price

400%
350%
300%
250%
200%
150%
100%

50%

0%

N O O N P NN NN N N Vo Y Y D DD DD DD D ™ :- ™ ™
< j‘ & W 4 g g g cQ.'» L g g %.{” & g S wqf» & & Q*ft Ky
W F P VI P EFRP VFE PP VI P I VFE F PN

Source: Wood Mackenzie.

For the commercial and industrial sector, falling system costs enhance business cases for storage,
enabling savings by means of peak shaving, demand charge reduction and avoided grid upgrades.
Major players are increasingly offering standardised commercial and industrial products, often
bundled with smart energy management software to optimise use under dynamic tariffs. The
forecast in Figure 38 shows a reduction of 30 % by 2030 compared with 2022.

Figure 38. Change in cost for a two-hour commercial and industrial storage system’ (USD/kWh)
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Source: S & P Global Commodity Insights, ©2025 by S & P Global Inc.

While innovation in lithium ion batteries continues, further cost reductions depend on critical mineral
prices. The price of lithium ion batteries has fallen substantially since 2015, but it is now becoming
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evident that further cost reductions rely not just on technological innovation, but also on the rate of
increase in battery mineral prices. The leading source of lithium demand is the lithium ion battery
industry. Lithium is the backbone of lithium ion batteries of all kinds, including LFP, nickel cobalt
aluminium oxide and NMC batteries. The supply of lithium therefore remains one of the most crucial
elements in shaping the future decarbonisation of light passenger transport and energy storage.
Moreover, the impacts of Russia’s invasion of Ukraine are also apparent in the battery metal
market. 2022 saw the first increase in the price of lithium ion batteries since 2010, with prices
rising by 7 % compared with 2021 [23].

4.3. Energy density also affects prices

Energy density has been crucial for the performance of electric vehicles. Once utility-scale storage
systems become more common, the density of each system becomes a priority The annual installed
battery capacity in Europe highlights the increasing share of utility-scale systems, which accounted
for 21 % of the market in 2023, as presented in Figure 39.

Figure 39. Annual battery storage installed capacity, Europe (GWh)
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Source: Solar Power Europe 2024 [25].

Currently, energy density is also becoming a top priority to drive cost reduction in grid scale
BESSs, leading to products with new record capacities and innovative types of design. Higher
energy density enables more energy to be stored within a smaller physical footprint, allowing
developers to minimise land use and reduce infrastructure costs. Recent containerised designs offer
capacities ranging from 5 to 6.43 MWh in standard 20-foot units, setting new benchmarks for
compactness and scalability [24].

This shift has made modular container-based solutions increasingly popular. These offer not
only high density but also logistical flexibility — an advantage as energy projects move closer to
urban centres where space is limited. Modularity also supports faster deployment and easier
integration with other grid infrastructure [23].
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Although land availability was not historically a limiting factor for large-scale BESS projects, the
growing demand for suitable sites near transmission infrastructure is creating new
constraints. In response, developers are focusing on optimising energy density per unit area.

To meet these evolving needs, battery manufacturers are improving the density of designs, taking
care of other aspects as well, such as durability and degradation performance. Among
available technologies, LFP batteries — a subset of lithium ion chemistry — remain the preferred
option for grid-scale applications, thanks to their balance of cost, safety and energy density.

Considering thermal technology, the low energy density of sensible-heat storage materials requires
large volumes of material for large-capacity energy storage, which increases the overall storage
cost [26].

4.4. Supporting the development of the European market: projects of
common interest

Recognising the importance of energy storage, the revised Trans European Network —
Energy (TEN-E) Regulation (Regulation (EU) 2022/869 ('')) includes energy storage
facilities as an energy infrastructure category in Annex Il

(c) energy storage facilities, in individual or aggregated form, used for storing energy on a
permanent or temporary basis in above-ground or underground infrastructure or geological
sites, provided they are directly connected to high-voltage transmission lines and
distribution lines designed for a voltage of 110 kV or more. For Member States and small
isolated systems with a lower voltage overall transmission system, those voltage thresholds
are equal to the highest voltage level in their respective electricity systems.

In this context, the JRC, in compliance with the requirements set in the TEN-E Regulation, has
developed a dedicated societal cost—benefit analysis methodology for candidate energy
storage projects to be included on the list of projects of common interest (PCls) [27]. The
methodology is to be used by project promoters and provides for an analysis utilising monetised,
quantified and qualitative indicators. This methodology will feed into the assessment of candidate
PCl energy storage projects to assess whether their potential overall benefits outweigh their costs.

This methodology identified the main benefits of energy storage in accordance with the specific
criteria of sustainability, market integration and security of supply in the revised TEN-E Regulation.
Specific monetised, quantified and qualitative indicators have been developed for the assessment
of these benefits, which can be summarised in 10 main categories:

1. variation of socioeconomic welfare in electricity markets,

2. variation of GHG emissions,

3. variation in curtailment of electricity from renewable energy sources,
4

variation of non-GHG emissions,

(}!)  https://eur-lex.europa.eu/eli/req/2022/869/oj/eng.
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5. variation in grid losses,

6. variation in electricity balancing markets,

7. variation in other ancillary services markets,
8. adequacy to meet demand,

9. generation capacity deferral,

10. transmission capacity deferral.

The methods to quantify and monetise such benefits are described for cases with and without
detailed modelling instruments available. Key parameters for quantification are presented, with
potential data sources.

As a result of the submission and assessment procedure, the projects identified as PCls are
available on the PCl transparency platform [28], as shown in Figure 40.

Figure 40. Storage projects shown on the PCl transparency platform
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The 10-year network development plan (TYNDP) is the pan-European electricity and gas
infrastructure development plan, which provides a European-wide vision of the future power system
and investigates how power links can be used to make the energy transition happen in a cost-
effective and secure way.

The 2024 TYNDP assessed how 177 transmission projects and 33 storage projects respond to the
TYNDP scenarios. The information is detailed on the ENTSO-E platform [29], offering an opportunity
to better understand the main characteristics, impacts and benefits of the projects.
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Figure 41. Storage projects shown on the ENTSO-E platform
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5. Case studies of energy storage implementation

The case studies included in this section aim to cover several technologies, countries and initiatives.
Greece launched a series of auctions for energy storage projects, and Germany consulted about
long-duration energy systems. In the United Kingdom, the energy storage system has a significant
role in the market, and for the Iberian peninsula we present the role of pumped-storage
hydropower. Each case study includes some lessons learned.

5.1. The auctions of Greece

The EU has established recommendations for supporting developers of renewable energy projects,
including energy storage, through auctions [22], [30]. One of the EU mechanisms for offering’direct
price support schemes is two-way contracts for difference (CfD). CfD projects receive revenue top-
ups if market revenues are below their CfD price, but pay back excess profits if revenues are higher.
This limits the possibility that funds will go towards developers making excessive profits, a key
concern for the EU.

Greece has taken a significant step towards promoting renewable energy and reducing its reliance
on fossil fuels by launching a series of auctions for energy storage projects, using the CfD
approach [311-[35] . The auctions are designed to provide a stable and predictable revenue stream
for developers.

5.1.1. How the auctions work

The auctions are designed for stand-alone battery systems and work similarly to renewable energy
auctions. A price ceiling is set, above which no offer can be submitted, and the lowest bids are
accepted for a total power of projects as close as possible to the offered power. Investors also
benefit from a grant from the government to build their projects, but they must submit a letter of
guarantee to participate in the process.

5.1.2. Results of the auctions

The first auction, held in August 2023, saw 12 projects selected, with an average offer of around
EUR 50 000 per MW per year. The second auction, held in February 2024, saw 11 projects selected,
with an average offer of around EUR 46 680 per MW per year. The third auction, held in February
2025, saw nine projects selected, with an average offer of EUR 52 580 per MW per year. The
results of the three auctions are compared in Table 7.

Table 7. Description of the three auctions in Greece

Auction [Date Power (MW) |Number of projects [Number of Average offer (EUR per
companies MW per year)

First August 2023 400 12 7 49748

Second |February 2024 300 11 8 46 680

Third February 2025 189 9 8 52.58

Source. JRC.

51



5.1.3. Conclusions and lessons learned

The auctions have demonstrated the effectiveness of the CfD approach in promoting investment in
energy storage. The use of a price ceiling and the provision of grants to investors have helped to
reduce the risk of excessive profits and encourage competition.

Greece’s energy storage auctions have set a positive precedent for the EU. The auctions have also
highlighted the importance of clear rules and guidelines, as well as the need for transparent
communication and stakeholder engagement. As the energy storage market continues to evolve, the
lessons learned from Greece’s auctions will be valuable for policymakers and developers alike.

5.2. Long-duration energy storage in Germany

5.2.1. Consultation

The German government has opened a public consultation on new frameworks to procure energy
resources, including LDES. Under that consultation, it will seek resources, including 12.5 GW of new
power plants and 500 MW of LDES.

The strategy will see the procurement of a combination of ‘hydrogen-ready’ gas power plants, a
handful of power plants running on hydrogen from their start of operation, a fleet of gas plants and
the LDES technologies.

The 500 MW LDES procurement will take place as part of a first tranche, alongside 5 GW of
hydrogen-ready power plants, 2 GW of modernisations to make existing plants run on hydrogen and
500 MW of pure hydrogen plants. For the second and final tranche, the government will call for
competitive tenders for a further 5 GW from gas-fired power plants.

It is important to highlight that this set of procurements comes ahead of the introduction of
Germany’s new capacity market mechanism, planned to start in 2028. In fact, it represents a new
approach in a country where the presence of domestic batteries is massive, as shown in Figure 42.

Figure 42. Battery energy in Germany
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However, according to the plan for battery storage systems in Germany, the cumulative battery
energy might be more than 9 GWh by 2028, with large-scale storage systems predominant, as
shown in Figure 43.

In any case, the duration of the LDES has been discussed. The German government plans to require
the provision of a discharge duration of up to 72 hours with a minimum 1 MW power rating.
Developers will receive a government contribution to CAPEX costs, with bids awarded on the basis
of the lowest cost of storage per MW/MWh.

Figure 43. Cumulative planned battery energy in Germany
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5.2.2. Conclusions and lessons learned

Germany’s approach to LDES procurement offers preliminary insights that could inform those of
other countries. Firstly, it highlights the importance of planning ahead and introducing new
procurement frameworks to support the development of LDES technologies. Secondly, it
demonstrates the value of combining different technologies, such as hydrogen-ready power
plants and LDES, to create a more resilient and efficient energy system. Finally, it shows that clear
requirements and incentives might help attract developers and drive investment in LDES
technologies. By providing a government contribution to CAPEX costs and introducing a competitive
bidding process, Germany is creating a favourable environment for LDES development. However, the
ultimate effectiveness of Germany’s approach will depend on the outcomes of its implementation
and the ongoing adjustments based on real-world feedback.

5.3. Impact of storage on the UK market

5.3.1. Description

The United Kingdom is at the forefront of energy storage, with a substantial growth trajectory in
installing and operating energy storage systems. Considering the European energy storage
inventory [1], the United Kingdom has more than 300 new projects of electrochemical technology
expected. This growth is driven by a series of positive reforms, including updates to grid connection
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queues, battery dispatching and ancillary service market designs, which have created a favourable
environment for the FoM market.

The UK energy storage market has seen significant interest, with over 30 GW of BESSs applying for
grid connection. While only around 16 GW are expected to be commissioned by 2030, this still
represents a substantial increase in power. However, the saturation of historically attractive
ancillary service revenue streams may weaken the business case for BESSs, potentially deterring
investment in the FOM market in the coming years.

FoM installations have grown exponentially every year since 2020, but the number of
commissioning projects is likely to peak in the next two years due to saturating ancillary service
markets and limited grid connection availability [37]. To address these issues, improvements to grid
connection queues, new ancillary service markets, increased procurement volumes and advanced
dispatching are expected to be implemented, which should help maintain the United Kingdom’s
position as one of the largest energy storage markets in Europe.

The annual storage power and capacity forecast are reflected in Figure 44.

Figure 44. Electrochemical storage market forecast in the United Kingdom
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5.3.2. Big project pipeline

The number of energy storage system projects, considering all technologies, is 547, which
represents a significant pipeline of projects. In Figure 45, the distribution of these projects by
status is shown.
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Figure 45. Number of storage projects in the United Kingdom, by status
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5.3.3. Conclusions and lessons learned

The UK energy storage market growth demonstrates that a well-designed regulatory framework,
combined with a strong project pipeline, can drive significant investment in energy storage.
However, the market’s growth is not without challenges, and policymakers must be prepared to
address issues such as saturation of ancillary service markets and limited grid connection
availability.

5.4. Pumped hydro in the Iberian peninsula

5.4.1. Description of the Iberian peninsula power system

The Iberian peninsula power system, encompassing mainland Spain and Portugal, operates as a
deeply interconnected and integrated energy market. The two countries’ grids have been connected
since 1961, and the establishment of the Iberian Electricity Market in 2007 formalised the
framework for efficient electricity exchange. In 2023, the net import—export balance between the
two countries amounted to 10.7 TWh, representing approximately 20 % of Portugal’s electricity
consumption [38], [39].

Hydropower is a key component of the energy mix in both countries. Portugal has 8.2 GW of
installed hydropower capacity, including 3.6 GW of pumped-storage hydropower. Spain hosts 17 GW
of conventional hydropower and 6.2 GW of PSH. Table 8 summarises the installed power of several
energy sources in Spain and Portugal and highlights the significant contribution of hydropower.

Table 8. Power installed for PSH and other renewables technologies in the Iberian peninsula

Member Wind (GW) [Solar Hydropower PSH Proportion of hydropower in the total
State (GW) (GW) (GW) electricity power installed (%)

Portugal 5.8 39 8.2 36 333
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Spain 30.2 20.2 17 6.2 147

Source: JRC.

As the energy landscape continues to evolve, the role of hydropower generation in the Iberian
peninsula is likely to remain significant, particularly in the context of the region’s transition to a
more sustainable and low-carbon energy future.

The most recent pumped hydro project installed in the EU is the Alto Tamega hydroelectric complex
in northern Portugal, developed by Iberdrola. There are several units planned, in three subsystems:

— Alto Tamega, 160 MW (two units)
— Daivoes, 118 MW (three units)

— Gouvaes, 880 MW (four units ).

Figure 46. Pictures of the Alto Tamega PSH
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Source: Iberdrola [40].

The complex contributes over 6 % of Portugal’s total installed capacity, offering both generation
and storage functions, and significantly enhancing grid flexibility in the region.

5.4.2. Hydropower behaviour

In the Spanish system, hydro generation in 2024 was 35.5 % higher than in 2023, reaching 34912
GWh. This accounted for 13.3 % of total national production in 2024, higher than the 9.8 % in 2023.
Hydro generation in Spain is highly variable, reaching over 40 000 GWh in wet years, while this
volume is reduced by more than half in dry years. This technology ranks the fifth among generating
technologies.[38].

Considering the systems of Spain and Portugal, demand coverage by hydropower technology is
important, as shown in Figure 47, based on information from OMIE [41], the nominated electricity
market operator for managing the Iberian peninsula’s day-ahead and intraday electricity markets.
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Figure 47. Demand coverage, by technology

% 11% 32% 46% i
T2 18, 4.6 o
. ' ‘ ' . " s
Spain Portugal ‘7

2024

2024

242 %

23.5% 13.1% 28.1% Mini hydroelectric and geotherma

Source: OMIE [41].

Hydropower plants deliver low-carbon flexibility, which is essential not only for grid stability and
security of supply, but also for reducing electricity price shocks and volatility. Hydropower’s unique
ability to deliver dispatchable power across a wide range of timescales — from seconds to months -
makes it a leading source of low-carbon flexibility [42].

The role of hydropower technology was particularly important in the process of restoring supply
after the blackout of the power systems in Spain and Portugal on 28 April 2025 [43]. The first step
taken by the TSOs in the restoration process was to request black-start mode start-ups for a
hydropower plant and a combined cycle gas turbine power plant. Afterwards, the interconnection
between Spain and France was re-energised. The hydropower plant mentioned was the first to be
connected to a substation of the power system. The next step was to re-energise the
interconnection between Morocco and Spain. Afterwards, several hydropower plants in Spain with
black-start capability launched their black-start processes to initiate the restoration of the system.

5.4.3. Conclusions and lessons learned

Hydropower generation depends on water availability and may suffer from water shortages in long
dry periods. The optimal management of hydropower reservoirs, along with a better inflow and
weather forecast, can help in mitigating droughts and can act as a flood control system [10]. The
rainfall pattern and water availability have affected Spanish hydropower generation.

However, the demand covered by hydropower is significant in the Iberian peninsula and the pipeline
is still growing.

PSH plants will play a crucial role in stabilising the grid, as PSH enhances the flexibility and security
of the electricity system, maximises renewable energy integration and optimises the use of
interconnections between electrical systems. Considering the importance of the blackout of the
power systems in Spain and Portugal on 28 April 2025, the PSH plants demonstrated their role in
the restoration of supply.
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6. Conclusions

The deployment of renewable electricity in Europe has growth significantly in recent years,
with wind and solar PV leading the way. This expansion is driven by ambitious EU targets under the
European Green Deal, enhanced by repowerEU and supported by increasingly competitive auctions.
As a result, renewables now account for a growing share of total electricity generation across the
EU. However, this rapid growth also introduces challenges to the stability and flexibility of the
electricity system, especially due to the intermittence and generation profile of solar and wind
power.

At the same time, the energy system is evolving in response to broader technological and market
changes. Increased electrification across sectors and digitalisation are reshaping energy
consumption and production patterns. This creates a new set of requirements for grid planning,
market design and flexibility solutions. The market is adapting to these trends, with new business
models emerging in the commercial and industrial sector, improved ROl and declining costs for key
technologies such as batteries.

Energy storage plays a dual role in responding to these evolving needs. It mitigates the
intermittency of renewables, enhances grid stability and enables better use of variable generation.
This report identifies that the expected power in energy storage projects is higher than the
operational power, indicating a healthy pipeline of projects in development. Pumped-
storage hydropower is currently the dominant technology, but batteries are expected to be
massively deployed in the coming years. Therefore, a combination of mature and novel energy
storage technologies is expected to address both challenges mentioned (stability and flexibility),
supporting renewable energy sources and offering new capabilities required for the market

From a policy perspective, energy storage is gaining recognition, but more progress is needed. The
revised TEN-E Regulation now includes storage as a category of eligible infrastructure, and several
Member States have updated their NECPs to include targets and measures for storage deployment.
However, gaps remain in implementation, market access and investment incentives. The European
Commission has made efforts to provide guidance and standard methodologies, and there are
some initiatives ongoing that can reinforce the energy storage systems deployment. Still, stronger
coordination and national-level action are needed to create a supportive environment for scaling up
energy storage.

Finally, the report presents real-life examples from Greece, Germany, the Iberian peninsula
and the United Kingdom, with different technologies and approaches, showcasing the benefits
of storage installation and the lessons learned from these experiences. They also show the
importance of clear regulatory signals, stakeholder collaboration and flexible support schemes
adapted to specific market conditions. The diversity of national approaches highlights the value of
tailored policy design, while underlining the need for a shared EU-level vision on energy storage
adoption.
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adiabatic compressed-air energy storage

European Union Agency for the Cooperation of Energy Regulators
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