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Abstract
Purpose of Review Energy storage systems are becoming important agents in electricity markets. They are deployed to support
further integration of renewable energy sources and can offer various services to the network operators.
Recent Findings As the European electricity network operation moves toward market-based decision-making, it is necessary to
ensure a fair playground for all participants. This implies adaptation of regulatory framework and market rules to allow unob-
structed participation of energy storage in markets at all levels.
Summary This paper aims at providing a brief overview of the status of energy storage in European market framework,
identifying the obstacles and proposing actions to overcome them.
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Introduction

Traditionally operated in centralised way and planned robust-
ly, today’s power systems are going through a paradigm shift
caused by high penetration of renewable energy sources
(RES). Large quantities of RES installed in both the transmis-
sion and distribution networks induced changes in ways the
two systems are run and planned. To ensure stable grid oper-
ation, more and more flexibility sources are necessary, which
brought energy storage into the equation as one of the envi-
ronmentally acceptable options. However, it must be noted
that the emission-reducing property of energy storage unfolds
at high penetration of RES, while at the lower penetration
levels, it can even have the opposite effect. Energy storage is
not only now being installed at the transmission and distribu-
tion grid levels but also at the end user level to ensure high
utilisation of the energy produced by RES. Energy storage is
considered for other purposes besides RES integration, such
as an alternative to network investments, and as a congestion
management tool, changing the traditional approach to net-
work planning.

Energy storage is not a new technology. Pumped hydro-
power plants have been an important part of themodern power
systems since almost their beginning. In the past, they were
usually used for energy arbitrage—charging when consump-
tion is low and discharging when it is high. Restructuring of
the European power system, which begun in the 1990s and
continues today, made way for independent investors instead
of the traditional regulated utilities. The independent investors
are concerned with ensuring the return on their investments by
making profit in the markets. Furthermore, the latest
Electricity Directive (EU) 2019/944 [1] prohibits the system
operator’s ownership over energy storage, requiring that a
fully competitive market entity owns and operates storage. It
was proven in simulation as well as in practice that invest-
ments in energy storage cannot be justified by arbitrage only
[2]. Therefore, in order to stimulate investments in energy
storage, it is necessary to open multiple markets to energy
storage participation.

Drivers and Obstacles

In the document “A Clean Planet for all” [3], European
Commission presented a long-term strategy to direct EU to-
ward a competitive and climate-neutral economy. According
to this document, energy storage will have an important role in
reaching CO2 neutrality by 2050. The issue of competing
technologies, such as demand side management, is presented
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in the said document as well. However, the conclusion is
drawn that, in order to reach the EU-level goal of total carbon
neutrality by 2050, all the technologies will need to be
employed together.

Although it was shown that increasing the usage of RES in
combination with batteries decreases negative impacts on the
environment, it can also cause increase in fresh water contam-
ination and depletion of mineral sources [4]. Negative impli-
cations of battery storage are considered by the European
Commission’s European Battery Alliance. The main goal of
this incentive is to stimulate research and investments related
to sustainable battery technologies, accounting for environ-
mental impacts of their production, utilisation, and disposal
[5].

Long-term energy storage is a standing issue in power sys-
tems today [6]. The long-term energy storage services were
traditionally provided by hydropower plants [2]. Their main
downside is the scalability issue—it is infeasible to build
small-scale pumped-hydro facilities. This is one of the reasons
why so much effort is placed in investigating power-to-gas
(P2G or P2X) technology, e.g. hydrogen storage [3, 7].

Many European countries with weaker interconnection ca-
pacities and internal grids vulnerable to congestion are turning
to energy storage [8]. In this context, using energy storage for
ensuring the N-1 criterion was investigated [9]. Moreover,
many countries with autonomous islands are replacing diesel
generators on these islands with hybrid RES storage facilities
to avoid high costs of fuel imports and reduce contamination
in the islands [10, 11].

Legal and Regulatory Framework

Energy storage was considered in many studies a support for
photovoltaic systems and various other applications in the
distribution grids. It was shown in [12] that there is a large
potential for distributed battery storage systems, with conclu-
sion that grid planners and policymakers should start consid-
ering them a system asset. However, Electricity Directive [1]
from “Clean energy for all Europeans” legislative package
defines only special circumstances under which the transmis-
sion and distribution system operators are allowed the owner-
ship of energy storage. These circumstances include scenarios
in which it can be proven that the system operator is the only
agent ready to invest in energy storage within a specified time
frame and that the storage system is indispensable for stable
operation of the grid. As the directives are legal documents
that require implementation into the member states’ national
laws, the consequences of this provision remain to be seen.

A recent report published by the Agency for Cooperation
of Energy Regulators (ACER) [13] provides an overview of
network tariffs charged to the generators, consumers, and en-
ergy storage. The report differentiates pumped-hydro and

other storage facilities, but for the sake of brevity, we take
them as one. About half of the countries represented in the
report do not charge generators for injection charges, and
therefore, the energy storage is not charged either. However,
13 countries (Austria, Belgium, Denmark, Finland, France,
Ireland, Norway, Portugal, Romania, Slovak Republic,
Spain, Sweden, and the UK) apply injection charges to the
generators. Out of these countries, the same charges apply to
the storage as well, except for Slovak Republic and Belgium,
as well as France and the UK in some cases. Withdrawal
charges are applicable to the consumers in all the represented
countries, but there are some that explicitly exclude storage
facilities from these charges (Italy, Latvia, Lithuania, Poland,
Portugal, Slovak Republic, and Slovenia). Therefore, with
some exceptions, in the countries that have some kind of in-
jection network charge setup, energy storage is charged both
when withdrawing and injecting power into the grid (Fig. 1).
The fact that it happens in many European countries is a result
of energy storage being seen not only as a stand-alone entity
but also as a hybrid between a load and a generator. This is
problematic because it makes energy storage less competitive
to generating units and consumers, who pay the network
charges only once.

Similarly, distribution grid-connected energy storage is of-
ten considered a combination of a consumer and a producer.
For example, the Croatian Distribution grid code does not
include energy storage as a separate entity, but defines it as a

Fig. 1 Network charges for energy storage in selected European
countries
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subset of prosumers [14]. This categorisation implies that en-
ergy storage connected to the distribution grid can only trade
electricity with its supplier in the retail market and cannot gain
access to the wholesale market on its own nor through an
aggregator. A contract with a supplier entails not only energy
costs but also VAT, renewable energy support charges, and
other socialised charges that consumers pay, but not the gen-
erators. Consequently, energy storage connected to the distri-
bution grid has even more limited profit opportunities in com-
parison with the ones connected to the transmission grid.
There are, however, countries such as Italy where distribution
grid-connected energy storage systems are regulated fairly as
stand-alone entities. Potential for using energy storage for ac-
tive and reactive power regulation in Italian low-voltage grids
is explored in [15].

Techno-Economic Properties

While pumped-hydro storage is a mature technology without
forecasted cost reductions until 2030, the remaining energy
storage technologies have a potential for installation cost re-
ductions, ranging from 20% for compressed air storage to
between 54 and 61% for lithium-ion battery technologies
[16]. Such large cost reduction potential for electrochemical
storage technologies is owed to their low maturity level.
Similarly to cost reductions, improvement in technical param-
eters for all storage technologies is expected in the coming
years. Because of their maturity, large changes in technical
parameters such as energy efficiency, energy density, and cy-
cle life are not anticipated for the pumped-hydro and com-
pressed air units. On the other hand, new materials and inven-
tions are deemed to increase these properties for all other
storage technologies, especially electrochemical. For exam-
ple, cycle life is expected to double for selected lithium-ion
as well as lead-acid technologies and to increase by 50% for
sodium-based batteries [16]. A reader interested in a thorough
overview of the state of the art in energy storage technologies
and recommendations for future research directions should
refer to [6].

Energy storage technologies’ costs and benefits were in-
vestigated by many researchers, e.g. [17–19]. The general
conclusion is that the costs are currently too high to justify
the investments in energy storage for most applications.
However, various factors can influence their profitability,
e.g. political decisions or incentive schemes for other technol-
ogies [8]. Prices of batteries are mostly driven down by the
growth of electric vehicle and consumer electronics industry.
Programmes such as the World Bank’s incentive for invest-
ments in energy storage in less-developed countries [20] are
certain to push the prices even lower. By directing the research
activities and promoting recycling and reuse of old batteries,

incentives like European Battery Alliance will influence fu-
ture price trends at the EU and global level as well.

Market Participation

The “Clean energy for all Europeans” package aims through
the electricity regulation [21] at unifying the wholesale mar-
kets throughout Europe. Although organisational differences
between various day-ahead markets do exist, the issue of uni-
fied day-ahead electricity market for the entire Europe was
successfully tackled by introducing the Euphemia algorithm
[22, 23]. Nonetheless, market rules are specific to each coun-
try so the integration of energy storage remains an issue in
most of Europe. Article 8 of Regulation (EU) 2019/243 [21]
sets a rule for minimum bid size of 500 kW or less in all day-
ahead and intraday markets, which will make the market par-
ticipation a more attainable goal for many smaller system
assets. The same article sets the imbalance settlement period
at 15 min, unless regulatory authorities allow an exception.
This will be beneficial for the energy storage systems’ partic-
ipation in balancing markets.

As a market participant, energy storage is surrounded by
controversies caused by its dual nature. It was shown in [24]
that, opposite to the economic theory’s idea of imperfect mar-
ket competition, adding storage to markets in some circum-
stances actually decreases social welfare. While most re-
searchers have considered only one strategic energy storage
system and shown that it can benefit from strategic price-
setting or capacity withholding, the authors in [25] have
shown that increasing the number of energy storage systems
that behave strategically limits their respective profits, which
is in line with the economic theory. Decision-makers have
tried in various ways to overcome obstacles for competitive
energy storage, from EU’s ban on regulated entity-owned
storage systems, to the US regulators’ attempts to increase
competition in markets [26].

Rules for pre-qualification process for frequency reserve
market participation in Germany contain a specific section
dedicated to only energy storage. Specific tests are devised
for energy storage to prove the ability to perform frequency
regulation. The storage unit is tested in alternating 15-min
cycles of regulation provision and idle mode, repeating until
the storage capacity is depleted. If the entire control reserve is
called, the storage must be activated within 30 s for frequency
control reserve (FCR), 5 min for automatic frequency restora-
tion reserve (aFRR), and 15 min for manual frequency resto-
ration reserve (mFRR) [27]. The positive example of German
frequency reserve market stands out as the rest of the
European countries struggle to keep up with the new develop-
ments in the EU’s electricity sector.

In European Resource Adequacy Assessment
Methodology Proposal by the ENTSOe [28], energy storage
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is given a separate role from the generators and consumers.
However, capacity market rules in most European countries
place the minimum capacity offers at 2 GW, making it impos-
sible for the smaller assets to participate. Capacity mecha-
nisms employed in European countries are strategic reserve,
demand response schemes, and market-based mechanisms.
Market-based capacity mechanisms exist in Italy and Poland
[29]. Capacity mechanisms that allow energy storage partici-
pation are still a rarity because of the storage’s specific prop-
erties and currently only the UK capacity market admits stor-
age facilities. In order to ensure that various technologies can
provide the capacity they offer in capacity markets, UK’s
network operator attributes to all of them the de-rating factors.
For energy storage, these factors depend on their discharge
duration. For example, the current T-3 auction energy storage
with 30-min duration has a de-rating factor of 10.59%, while
the storage with longest duration (over 5.5 h) has 95.08% [30].

Conclusion

Conclusions drawn based on the information presented in the
paper are listed below.

1. It is time to introduce incentives for the storage technolo-
gies alone or in combination with RES.

Incentives did miracles for RES integration in almost all
European countries, and energy storage was for a long time
piggybacking on the RES hype. Although enabling RES inte-
gration remains the most prominent use case for energy stor-
age, without incentives designed specifically for energy stor-
age, we cannot expect to see the rise of energy storage instal-
lations, regardless of the end use. As there is a potential for
incentivising energy storage utilisation by carefully designing
retail electricity market tariffs, the incentives need not be
aimed at investment cost reductions only.

2. Legal framework must be adapted to enable market par-
ticipation of energy storage.

Legal framework at the EU level sets firm guidelines for
energy storage integration. However, many countries adapt
the European Commission’s regulations into their national
laws by translation, only to satisfy the form. Energy storage
potential varies from country to country so the national laws
should also be specific to each country, reflecting the said
potential. The latest regulations place prohibitions on system
operator-owned energy storage, limiting the potential of using
it as a system asset.

3. Regulatory framework must include energy storage as a
stand-alone agent.

Grid codes in many European countries consider energy
storage as consumers while charging and generators when
discharging, which makes them compliant to various regula-
tions pertaining to both market participants. These regulations
tend to reduce the energy storage’s potential for profit, making
them less attractive to investors. The authors of this paper
advocate the standpoint that energy storage is not an end user
of electricity and should not be charged: (i) the retail price, but
the whole sale price instead; (ii) renewable support fees; (iii)
network fees; (iv) peak power payments.

4. Market rules need to be relaxed and trading times short-
ened to enable market participation of energy storage.

This is true for energy, capacity, and reserve markets in
many European countries. There are rules in existence that
limit the minimum size of market participants, as well as the
rules that set requirements on the duration of the service pro-
vided by an agent. Those rules prevent many energy storage
systems from market participation and should be relaxed to
increase market competition.
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