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Abstract

The increasing integration of renewable energy sources into the electricity sector for decarbonization purposes necessitates
effective energy storage facilities, which can separate energy supply and demand. Battery Energy Storage Systems (BESS)
provide a practical solution to enhance the security, flexibility, and reliability of electricity supply, and thus, will be key
players in future energy markets. Directive 2019/944, which focuses on common rules for the internal market of electricity,
provides a regulatory framework for the deployment of energy storage facilities. However, several gaps and challenges remain
regarding the implementation of the directive, particularly in insular energy systems with immature storage infrastructures
such as Cyprus, an EU Member State. This study examines these challenges and gaps by investigating the case study of
Cyprus while also presenting the handling of energy storage in other European countries such as Germany and Poland. The
primary aim of this study is to identify gaps in the legislation regarding energy storage and potential bottlenecks or monopo-
listic approaches that could hinder the widespread deployment of BESS under the liberalization of the energy market. In
light of several BESS technologies available in the market, the study focuses on lithium-based technologies, which account
for the largest share of the BESS market and are projected to grow at the highest compound annual growth rate by 2030.
Therefore, the authors concentrate on Lithium BESS. The study highlights the crucial role of storage facilities in transforming
the power generation sector by shifting toward renewable sources of energy. As such, the study emphasizes the importance
of effective regulatory frameworks in enabling the deployment of BESS, particularly in insular energy systems. Overall, this
study sheds light on the gaps and challenges facing the deployment of BESS, providing valuable insights for policymakers
and stakeholders to design effective regulatory frameworks to facilitate the widespread adoption of BESS.

Keywords Energy storage - Battery energy storage system - Electricity internal market - European Union - Transmission
system operator - Distribution system operator

Introduction smart cities outlook of the European Union, in conjunction

with advancements in battery storage technologies has made

As the share of renewable energy sources, in the energy mix
of the EU Member States (MS) in general, will continue to
grow in the coming decades, Battery Energy Storage Sys-
tems (BESS) can offer a cost-effective solution that will
enhance the security, reliability and flexibility of electricity
supply. This increasing demand for renewable sources of
energy, mainly driven by decarbonisation targets and the
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BESS a very attractive solution for the successful fulfilment
of these environmental targets (Barik et al. 2022). The inher-
ent limitation of power production via renewable sources of
energy, namely wind and solar energy is that the periods of
peak production are not matched by periods of peak demand.
With the introduction of BESS, energy produced during the
periods of peak production, can be stored and used during
the periods of peak demand, in central, decentralized or off-
grid applications. Fokaides et al. (2020a, b). As electricity
prices rise, the need for diversification of energy sources,
particularly for residential consumers, becomes increasingly
pressing. Oprea and Bara, (2023) Due to the great diversi-
fication of electricity markets to meet the requirements of
modern power systems, determining the financially optimal
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transaction structure as a producer has become difficult.
Oprea et al. (2020)

The European Commission, in line with its energy and
climate targets, seeks to facilitate the introduction of energy
storage facilities in the European energy markets. The Euro-
pean Directive 2019/944 establishes common rules for the
generation, transmission, distribution, energy storage and
supply of electricity, and consumer protection provisions,
with the purpose of creating truly integrated competitive,
consumer-centered, flexible, fair and transparent electricity
markets in the Union (European Commission 2019).

Given this background, this study aims to shed light on
the essential legislative elements relevant to energy storage,
which need to be introduced in EU MS energy markets legis-
lation in order to satisfy the provision of the European Direc-
tive. The scope of this study is the analysis of the Electricity
Market Rules of the Republic of Cyprus, an EU MS with
premature facilities for energy storage and insular energy
system (Cyprus Distribution System Operator (DSO), 2020)
regarding the necessary provisions related to energy storage
facilities as stated in European Directive 2019/944 for the
identification of gaps in the national energy storage legisla-
tion, as well as the time horizon for the transposition of the
legislation. The findings of this report will work as a tool for
the policy- makers and significant key players of the Cypriot
electricity market, to understand the importance of BESS,
but foremost to make it as easily accessible to all interested
parties in a free market.

The analyses in this report are framed by several research
questions. Particularly the study aims to address the benefits
and costs of introducing Battery Energy Storage Systems
(BESS) in the National Electricity Market as well as to ana-
lyze the related costs and charges of energy storage facili-
ties. This study also aspires to provide justified responses
related to the analysis of the European and National Leg-
islation Regarding Energy Storage Facilities, based on the
provisions of the European Directive 2019/944 for energy
storage owners and energy storage facilities. The study also
attempts to compare the Energy Storage Implementation in
European Countries, giving special emphasis on the current
version (2.2.0) of the Electricity Market Rules of the Repub-
lic of Cyprus and the rightful transposition of the European
directive. The study aims to shed light to the gaps and dis-
crepancies identified in the proposed national and European
legislation in relevance to energy storage.

In order to address these questions, the European pol-
icy and the proposed policy in Cyprus were analyzed. In
particular, this report compares the Consolidated Version
2.2.0 of the Electricity Market Rules (Cyprus Distribution
System Operator (DSO), 2020) focusing on energy storage
facilities with the European Directive 2019/944 and also
presents what prevails in other mature markets, includ-
ing Germany and Poland and how these countries have
dealt with the topic of introducing energy storage facili-
ties into their energy market. A cross-matching exercise
between the provisions of the European legislation and
the proposed national legislation has led to the identifica-
tion of the gaps and discrepancies in the elements of the
proposed national electricity market rules in relevance to
energy storage.

Materials and methods

The methodology of this study was based on field research,
consisting mainly of literature review, as well as on the anal-
ysis of relevant legislative documents, for the extraction of
the required conclusions, elaborated in the study. Personal
interviews were also conducted with competent officers.
Particularly with regard to the definition of the benefits of
BESS in electricity markets, as well as for assessing the
cost of energy storage facilities, a total of 143 studies were
reviewed and analyzed, of which 42 are cited in the end ver-
sion of the study. The studies were retrieved from Scopus,
an abstract and citation database. The search criteria were
limited to specific terms, as well as journals and years, in
order to capture the most relevant references.

With regard to the interpretation of the analyzed legis-
lative documents, information from the web portal of the
European Commission, as well as of the Republic of Cyprus
were conducted. Specifically, for the latter case, and for
confirming the defined gaps in the legislative framework,
personal interviews with competent officers were also con-
ducted, to confirm the identified gaps. The study was also
presented to competent officers of the Ministry of Energy,
Commerce and Industry of the Republic of Cyprus, the com-
petent authority for the transposition of the European Acquis
in the field of Energy, and relevant feedback and suggestions
were also considered (Fig. 1).
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Fig. 1 Study methodological approach
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Theoretical background
Battery energy storage systems (BESS)

The fastest growing battery technology is lithium-ion (Li-
ion) batteries, which refers to the material of the cathode.
Lithium-ion batteries are part of the Lithium-based battery
family as presented in Fig. 2.

A typical power range for Li-ion batteries is between
1 kW — 100 MW and a typical energy range < 200MWh.
The growing popularity of Li-ion batteries is based on
the numerus advantages they offer, which include among
others long service life combined with compact and main-
tenance-free design. In addition, Li-ion batteries offer high
energy efficiency and operation at a state of low charge
(IRENA 2017). More importantly, Li-ion batteries allow
the design of flexible storage systems as they are scal-
able and can easily satisfy any voltage, power and energy
demand. This technology is ideal for smart applications
where accurate management and control of energy storage
is required, however this comes at the cost of more com-
plex control electronics. Chen et al. (2020). The popularity
of Li-ion technology is expected to increase even further
as current research on the field is expected to increase the
available energy density and service life while the overall
price of batteries is expected to drop significantly as a
result of economies of scale due to mass production (Pali-
wal et al. 2020; Nisar et al. 2021). This will also lead to
the development of a variety of alternative system designs
(Liu et al. 2021).

Li-ion batteries satisfy the required 50% average recy-
cling rate, and recycled materials can reduce the demand
for extraction of primary metals which are on high demand
in numerus industries (Lyu et al. 2020). Due to the rapid
growth of Li-ion battery’s market share, recycled mate-
rial from volumes currently collected—sold at a period
when the Li-ion market share was insignificant—do not
match the quantities needed for the production of batteries

Fig.2 Lithium battery family

available on the market today; as a result, due to its expan-
sion, this segment is currently a net ‘taker’ of raw materi-
als (Chiang et al. 2017).

Services and benefits of energy storage facilities

Energy storage through the use of batteries is expected to
play a dominant role in future energy systems both for on-
grid and off-grid applications offering various services that
allow grid stabilization and renewable energy integration
(Fig. 3). One of the main advantages of battery systems
in general is the flexibility they offer by being able to be
installed at every grid level, i.e., generation, transmission,
distribution or self-consumption. Furthermore, battery
storage can be implemented without the need of complex
infrastructure, are easily scalable and mobile, and can be
installed in low-risk and environmentally friendly conditions
(Wakihara 2001).

The lack of flexibility is one of the main obstacles that
EU’s electricity systems will have to overcome, as a result
of the growing fraction that renewable energy sources have
on the energy mix. This issue becomes more apparent in
isolated systems, and for systems that heavily depend on
thermal power plants with limited flexibility. By making a
system more flexible, through the introduction of dedicated
storage, a significant reduction in the need for peak power
generation can be achieved as well as an increase in the
base load capacity factor (Weiss et al. 2021). An additional
advantage is the reduction of starts and ramping required of
thermal power plants, hence decreasing expenses related to
their operation and maintenance (Zhang et al. 2021).

Bulk energy services for large renewable energy
facilities

Batteries allow the owners of solar photovoltaics (PV) or
wind generators to store the energy produced—when it
is inexpensive and when it would be uneconomic to sup-
ply it to the grid—and then to release it when prices are

(Lithium Battery Systems)
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Fig.3 Range of services that can be provided by electricity storage

higher (Kebede et al. 2022). In order to be feasible, arbi-
trage requires electricity prices to be free to fluctuate (Ibra-
him et al. 2021). At times when renewable power genera-
tion exceeds local demand and there is insufficient network
capacity to export the surplus energy to another region, dedi-
cated storage can reduce the need to curtail wind and/or PV
generators (Zhang and Yang 2021). Also, in some isolated
systems—also directly relevant to insular energy system—
variable renewable generation may need to be curtailed by
the system operators to avoid instability at a system level
because a percentage of synchronous generation is required
to maintain stable operations (Smolenski et al. 2022). Over-
all, the effect is that every single PV panel or generation
system injects more energy into the grid when it has a bat-
tery. This results in a reduced need for new central station
generation capacity (Freire-Barcel6 et al. 2022). Variable
renewable generation, combined with energy storage, rep-
resent a fixed generation capacity which can be valued on
capacity markets. Additionally, storage devices can com-
pensate for the destabilizing effects of variable generation
on grid stability; they enable wind and solar generators to
contribute to primary and secondary reserves respectively
(Fokaides et al. 2020a, b). For such functions, storage can
be either associated directly with generation devices, or can
otherwise be connected to the grid.

Transmission and distribution services at grid level

Energy storage with batteries have the ability to guarantee
grid stability in various ways. The ancillary services that
storage facilities can offer are essential for the integration
of intermittent and distributed renewable energy sources
(Abbas and Chowdhury 2021). Batteries have the ability to
store or supply energy, in milliseconds, in order to balance a
grid, prevent frequency instabilities, and resolve momentary
fluctuations in generation and loads (Stanelyte et al. 2022).
Moreover, batteries offer reserve capacity to the grid that
can replace the traditional reserve power generation units.

@ Springer
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Following an event of total power supply failure or in island-
ing situations, the use of BESS is needed to restart and to
supply the required power to the grid (Venegas et al. 2021).

In addition BESS provides load leveling to low-voltage
grids and also help prevent fatal overloads (Kryonidis et al.
2021). BESS give the opportunity to grid operators to shift
load toward base load periods, thus reducing peak demand,
and to reduce the maximum currents flowing from the high
voltage grid through constrained grid assets (Badanjak and
Pandzi¢ 2021). The ancillary services provided by BESS
improve the operational conditions of the grid as well as
its stress resistance, it expands its capacity and makes its
operation more responsive, reliable as well as secure. Fur-
thermore, storage minimizes line congestion as well as line
loss by moving electricity at off-peak hours (Ortega-Arriaga
et al. 2021). Energy storage can thus prolong the life of
infrastructure which is already in operation, and remove the
need for additional investments in transmission or distribu-
tion system upgrades (Baecker and Candas 2022).

Customer energy management services

The use of energy storage can also be beneficial for smaller
systems, for example a single household, when used in con-
junction with renewable energy systems. The combination of
BESS and renewables can maximize electricity production
and self-consumption from about 30% to around 60-70%.
This optimizes the overall efficiency of renewable energy
production and minimizes the need for power use from the
grid (Ali et al. 2021). Furthermore, BESS can decrease
inverter distortion which optimizes the injection into the
grid (Aliero et al. 2021).

Utilization of BESS in energy and capacity markets

The utilization of BESS in energy markets is expected to be
focused in two main applications:
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e Ancillary services (Voltage regulation and Frequency
response)
¢ Behind-the-Meter (BTM)energy storage.

Ancillary services

Voltage Regulation is achieved by ensuring adequacy in
the static and dynamic supply of reactive power which can
be affected by a number of factors. The most suitable fac-
tors to be regulated by the Transmission System Operators
(TSOs) are the reactive power produced or absorbed by the
power generation units or the electricity storage facilities
(Kumar and Palanisamy 2020). The TSO has to ensure that
during operation, the voltage of the transmission system at
the connection points are within the desired limits and has
to maintain the required reactive power regardless of any
changes in the operating conditions, for example changes in
demand (Kylili et al. 2020). For this reason, it is necessary
to implement measures that will allow the energy storage
systems to be able to adjust their power output as well as
additional voltage adjustment measures that affect energy
storage facilities. Every energy storage facility is obliged to
operate under the constant control of the Automatic Volt-
age Regulator or other means of voltage control in order to
maintain a constant voltage at the exit of the facility (Shaw-
Williams et al. 2020).

Frequency regulation during normal operation and during
disturbance periods is essential for the safe operation of the
system (Alshehri et al. 2019). As a result, the TSO has to
operate the system in a way that ensures that the frequency
is properly controlled and maintained within the desired
limits at any moment. The total power capacity reserved for
the frequency containment during periods of disturbances
in the power balance is called the Frequency Containment
Reserves (FCR). Since frequency can deviate either upwards
or downwards, FCR can either be specified as “upward bal-
ancing” or “downward balancing” (Ribo Perez et al. 2021).
FCRs can be achieved with automatic corrections of the fre-
quency deviations by automatically adapting the power out-
put of the inverter of energy storage facilities. Specifically, a

local inverter controller adjusts the active power—frequency
curve (P-f) of the power generation units.

Behind-the-meter energy storage

In addition, one of the main applications of BESS is
expected to be their utilizations as Behind-the-Meter (BTM)
energy storage for renewable energy systems projects (Naz-
ari et al. 2022). Their main function will be to supplement
the required electrical energy from the produced or the sup-
plier to the final consumer. This will provide the benefit of
avoiding the supply of energy at the wholesale price (Gan-
dhok and Manthri 2022).

Cost and related charges of energy storage facilities

When compared to other battery types, Li-ion is a relatively
new technology with great margin for future cost reduction.
This expected reduction in cost is going to be driven mainly
from greater production volume, optimization of perfor-
mance resulting from improvement in design and material
use and finally from competitive supply chains. Barbry et al.
(2019). Table 1 presents the predicted reduction in capital
cost for Li-ion based storage facility investment.

One of the main barriers to the expansion of energy stor-
age investments are gaps in the EU legislation. Such gaps
allow the application of grid fees both during charging,
where energy is taken from the grid, as well as during dis-
charging. where energy is supplied into the grid (Fokaides
et al. 2014a, b). This problem of double grid fees is a major
factor for energy storage investors in countries where taxa-
tion is applied both for generation and consumption (Ribeiro
et al. 2017).

Given the importance of energy storage facilities in the
future of the power generation sector, the government needs
to offer incentives to attract relevant investments. In some
European countries, special tariffs have been established to
incentivize investments in storage facilities (IRENA 2017):

e Germany: For pump-storage power stations a grid fee
exemption is possible for 10 years if the amount of

Table 1 2018 findings and
2025 predictions for Li-Ion
Battery storage investment (US

Li-ion battery

Department of Energy 2019)

2018 2025
Capital cost—energy capacity [USD (EUR)/kWh] 271 (252) 189 (176)
Power conversion system (PCS) [USD (EUR)/kW] 288 (268) 211 (196)
Balance of plant (BOP) [USD (EUR)/kW] 100 (93) 95 (88)
Construction and commissioning [USD (EUR)/kWh] 101 (93) 96 (89)
Total project cost [USD (EUR)/kW] 1876 (1745) 1446 (1345)
Total project cost [USD (EUR)/kW] 469 (436) 362 (337)

Currency conversions are based on the rate 1 USD=0.93 EUR
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storage-energy has increased by 5% minimum. Addi-
tionally, there is a grid fee reduction for customer with
an exclusive usage of storage (not less than 20% of
yearly power price).

e [taly: Energy withdrawals for generation plants auxil-
iary services and for hydro pumping storage plants are
exempt from transmission and distribution fees.

e Serbia: Pump storage facilities are not subject of trans-
mission tariff for the load they consume.

Documentation and understanding of EU policy
on energy storage

The main aim of Directive 2019/944 is to ensure afford-
able, transparent energy prices and costs for consumers, a
high degree of security of supply and a smooth transition
toward a sustainable low-carbon energy system (European
Commission 2019). This is fulfilled by establishing com-
mon rules for the generation, transmission, distribution,
energy storage and supply of electricity, together with
consumer protection provisions, with a view to creating
truly integrated competitive, consumer- centered, flexible,
fair and transparent electricity markets in the Union. This
directive lays down key rules relating to the organization
and functioning of the Union electricity sector, in particu-
lar rules on consumer empowerment and protection, on
open access to the integrated market, on third-party access
to transmission and distribution infrastructure, unbundling
requirements, and rules on the independence of regulatory
authorities in the Member States. It also sets out modes for
Member States, regulatory authorities and TSO to coop-
erate toward the creation of a fully interconnected inter-
nal market for electricity that increases the integration of
electricity from renewable sources, free competition and
security of supply.

Directive 2019/944 defines ‘energy storage’ as the final
use of electricity to a moment later than when it was gen-
erated, or the conversion of electrical energy into a form of
energy which can be stored, the storing of such energy, and
the subsequent reconversion of such energy into electrical
energy or use as another energy carrier. Considering the
focus point of this report is energy storage, this section
discusses the Articles of this directive, which are directly
relevant to the provisions for energy storage and/ or refers
to the electricity market participants that own, develop,
operate or manage energy storage facilities. Energy Stor-
age is specifically referenced in the following articles, also
illustrated in Fig. 4.

In the following subsections, the adaptation of the
EU policy on the energy storage and internal market in
selected EU Member States is presented.

@ Springer

The federal Republic of Germany

The purpose of the German Renewable Energy Sources Act
(EEG 2017) (The Federal Republic of Germany, Federal
Ministry for Economic Affairs and Climate Action 2017) is
to promote sustainable energy sources with minimal envi-
ronmental impact in order to protect the environment, reduce
the use of fossil fuels as well as reduce the cost of energy
supply. The review of this Act has indicated that precondi-
tions exist for the exclusion of electricity storage facilities
from double burden of the EEG surcharge.

In the case of grid energy which is used during an off-
setting period with the intend to be temporarily stored in a
electrical, chemical, mechanical or physical storage facil-
ity, the claim to payment of the EEG surcharge is less in
this off-setting period. This reduction applies provided that
the full EEG surcharge has been paid for electricity which
is produced with the electricity storage installation to the
extent that the electricity is injected to the grid system and
supplied through a balancing group. For electricity which is
supplied to be temporary stored in an electrical, chemical,
mechanical or physical storage facility, the burden of the
EEG surcharge is not applied to the extent that the energy
stored in the storage facility is not taken out again (storage
loss). In the case where electrical energy, for which differ-
ent levels of the EEG surcharge apply, is used in the storage
facility, the obligation to pay the EEG surcharge does not
apply for energy loses during storage, in the ratio to one
another of the various quantities of electricity consumed.

The offsetting period within the meaning of the above
is the calendar year. In the case where electricity generated
with a storage facility in a calendar year is not solely injected
into the grid or if its solely used by the operator, the off-
setting period is the calendar month. The reduction in the
EEG surcharge is limited to a maximum consumption of
500 kWh in the electricity storage installation per kWh of
installed storage capacity per calendar year.

The entitlement to payment of the EEG surcharge is only
reduced according to the above paragraph if the electricity
storage operator has fulfilled the reporting requirements and
provided that the preconditions are adhered to at all times
by means of calibrated metering devices (or smart metering
systems) and a documented calculation which takes account
of the offsetting periods. The documentation of the precondi-
tions is provided to the grid system operator for each calen-
dar year for electricity which is generated with the electricity
storage installation by that electricity storage operator.

The Republic of Poland
The Polish Chamber of Energy Storage Association (PIME)

published a complete study outlining the current status of
the Polish electricity storage market which presented the
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EU Directive 2019/944 on common rules for the internal market for electricity and amending Directive 2012/27/EU (recast)

Chapter |.

Subject matter
and definitions

Chapter Il.

General rules
for the
organisation of
the electricity
sector

Chapter ll.

Consumer
empowerment
and protection

Chapter V.

Distribution
system
operation

Art. 1: Subject matter
Art. 2: Definitions

Art. 3: Competitive, consumer-centred, flexible
and non-discriminatory electricity markets

Art. 4: Free choice of supplier

Art. 5: Market-based supply prices

Art. 6: Third-party access

Art. 7: Direct lines

Art. 8: Authorisation procedure for new capacity

Art. 9: Public service obligations

Art. 10: Basic contractual rights

Art. 11: Entitlement to a dynamic electricity
price contract

Art. 12: Right to switch and rules on
switching-related fees

Art. 13: Aggregation contract

Art. 14: Comparison tools

Art. 15: Active customers

Art. 16: Citizen energy communities

Art. 17: Demand response through aggregation

Art. 18: Bills and billing information

Art. 19, 20 & 21: Smart metering

Art. 22: Conventional meters

Art. 23 & 24: Data management and interoperability

Art. 25, 26 & 27: Customer rights

Art. 28 & 29: Vulnerable customers

Art. 30: Designation of distribution system operators

Art. 31: Tasks of distribution system operators

Art. 32: Incentives for the use of flexibility in
distribution networks

Art. 33: Integration of electromobility into the
electricity network

Art. 34: Tasks of distribution system operators in data
management

Art. 35: Unbundling of distribution system operators

Art. 36: Ownership of energy storage facilities by
distribution system operators

Art. 37: Confidentiality obligation of distribution
system operators

Art. 38: Closed distribution systems

Art. 39: Combined operator

Indicates reference to ‘energy storage’

Chapter V.

General rules
applicable to
transmission
system
operators

Chapter VI.

Unbundling of
transmission
system
operators

Chapter VII.

Regulatory
authorities

Chapter VIIL.

Final
provisions

Art. 40: Tasks of transmission system operators

Art. 41: Confidentiality and transparency requirements
for transmission system operators and
transmission system owners

Art. 42: Decision-making powers regarding the
connection of new generating installations
and energy storage facilities to the
transmission system

Art. 43, 44 & 45: Unbundling of transmission systems
and transmission system operators
Art. 46: Assets, equipment, staff and identity
Art. 47 & 48: Independence of the transmission
system operator

Art. 49 & 50: Supervision and compliance

Art. 51: Network development and powers to make
investment decisions

Art. 52: Designation and certification of transmission
system operators

Art. 53: Certification in relation to third countries

Art. 54: Ownership of energy storage facilities by
transmission system operators

Art. 55: Right of access to accounts

Art. 56: Unbundling of accounts

Art. 57: Designation and independence of regulatory
authorities

Art. 58: General objectives of the regulatory authority
Art. 59: Duties and powers of the regulatory
authorities

Art. 60: Decisions and complaints

Art. 61: Regional cooperation between regulatory
authorities on cross-border issues

Art. 62: Duties and powers of regulatory authorities
with respect to regional coordination centres

Art. 63: Compliance with the network codes and
guidelines

Art. 64: Record keeping

Art. 65: Level playing field

Art. 66: Derogations

Art. 67: Exercise of the delegation

Art. 68: Committee procedure

Art. 69: Commission monitoring, reviewing and
reporting

Art. 70: Amendments to Directive 2012/27/EU

Art. 71: Transposition

Art. 72: Repeal

Art. 73: Entry into force

Art. 74: Addressees

Fig.4 Gaps identified in the national legislation with relevance to the articles of EU Directive 2019/944 regarding energy storage

needs of the market, a description of the available technolo-
gies and specific recommendations concerning the Polish
market (Central Europe Energy Partners 2019). This report
was the result of a series of workshops, where investors,

network operators and other professionals participated, that
took place between 2017 and 2019 as part of the PIME. The
study concludes that the further development of energy stor-
age technologies and the use of large-scale energy storage in
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Poland are conditioned by the adoption of legislative actions
in the following areas:

Area I—clarifying the status of energy storage
on the energy market

With regard to this area, the following solutions are
suggested:

i. Clarification of the legal definitions of "energy storage
system" and "electricity energy storage" in order to
prevent interpretation doubts and to limit the services
that energy storage facilities can provide to only the
support of unstable generation of RES.

ii. Regarding the construction of energy storage facili-
ties, priority should be granted to investors that are not
involved in the operation of distribution systems. This
objective can be accomplished by statutory specifica-
tion of locations, after which TSOs and DSOs will be
allowed to create their own energy storage.

iii. Permit the provision of services from energy storage
facilities to the network operators in a liberalized mar-
ket. In particular, energy storage operators should be
able to offer voltage regulation services to TSOs and
DSOs.

Area ll—elimination of barriers to the construction
of energy storage

Measures that enable the construction of energy storage
facilities by entities other than the DSO could include:

i. Minimizing the concession obligations when introduc-
ing of energy from storage to the network.

ii. Establishing favorable conditions for connecting
energy storage facilities to the grid, for example set-
ting clear rules for connecting warehouses to the net-
work and possible preferences regarding the maximum
processing time for applications and connection fees,
along with safeguarding storage priority for connec-
tion before other production facilities.

iii. Enabling the widespread use of storage capacity of
electric vehicles, as an energy source of the network.
A viable scenario could be that this power aggrega-
tion from numerous individual vehicles can be imple-
mented by charging service providers.

Area lll—reducing the costs of energy storage and creating
incentives for their construction

At the operational level, the following solutions should be
considered for decreasing the operating costs of energy
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storage facilities, at least in the initial development period
of energy storage infrastructure in Poland:

i. Energy which is introduced into energy storage facili-
ties should be subject to reduced or no distribution
fees. Full exemption can be applied in the case of
variable charges whereas reduction coefficients on the
based on the facility efficiency can be applied in the
case of fixed charges.

ii. Exemption of electricity introduced into energy stor-
age from financing fees.

iii. Exemption of electricity introduced in energy stores
from the obligation to submit certificates of origin for
redemption, including certificates of origin from a
RES and energy efficiency certificates.

iv. Exemption from excise tax on electricity entering the
warehouse and electricity consumed in connection
with the storage process.

v. Expanding the offer of the National Fund for Envi-
ronmental Protection and Water Management to non-
returnable forms of investment support for the con-
struction of energy storage facilities of any storage
technology (i.e., mechanical, electrical, biological,
electrochemical, thermal, chemical, etc.).

The United Kingdom

The Revised Protocol on Ireland and Northern Ireland, as
stated in Article 9 of the Withdrawal Agreement, focuses on
the Single Electricity Market. Its aim is to ensure that this
market can function smoothly despite the UK's departure
from the EU and the subsequent end of its obligation to
abide by EU regulations. The article stipulates that the UK,
specifically Northern Ireland, must continue to follow Union
law that governs electricity markets. Therefore, the UK is
responsible for incorporating these rules into its domestic
legislation. To this end, the UK government's Department
for the Economy has conducted a consultation regarding the
adoption of the 2019/944 Directive.

The UK government's consultation document, Chapter 3,
outlines proposals related to energy storage. Specifically, it
highlights that the 2019/944 Directive addresses energy stor-
age in Articles 36 and 54. These articles establish the owner-
ship requirements for energy storage facilities for DSO and
TSO respectively. Additionally, Article 8 mandates energy
storage capacity as a criterion for evaluating the level of gen-
erating capacity. Article 15 provides active customers with
storage facilities certain protections, while Articles 31, 32,
and 40 require DSOs and TSOs to ensure that energy stor-
age operators can participate effectively in the market and
guarantee the availability of services from storage facilities.

The Consultation acknowledges that the DSO and TSO in
Northern Ireland do not currently possess any energy storage



Adapting to energy storage needs: gaps and challenges arising from the European directive for... 2361

facilities. However, an increasing number of energy storage
units are being authorized for connection to the Northern
Ireland grid. As technology advances, storage is expected
to become an increasingly popular solution for energy
demands. As an emerging technology, the Department rec-
ognizes the need for a regulatory and legislative framework
for energy storage. Such a framework should be developed
through a thorough policy analysis process to ensure an
appropriate level of consideration.

The government's initial step in establishing a regulatory
and legislative framework is to make energy storage a licens-
able activity. This necessitates a legislative amendment to
prohibit unlicensed storage operations and would necessitate
primary legislation. Subsequently, the Utility Regulator can
grant necessary licenses. However, the Directive's energy
storage requirements only obligate the TSO and DSO to
ensure market access and service provision, not the energy
storage operator. Therefore, creating a licensing system for
energy storage beyond the Directive's requirements is unnec-
essary. As a result, the Department proposed that an appro-
priate policy framework should be developed as part of the
Energy Strategy and primary legislation introduced at that
stage to implement the Strategy.

The UK government recognizes that policy development
is required for Article 32, Article 36, and Article 54, which
relate to Incentives for Flexibility, Ownership of Energy
Storage Facilities by DSO, and Ownership of Energy Stor-
age Facilities by TSO, respectively. It is not possible to leg-
islate these by 31 December 2020 and will require a longer
timeframe. The government is interested in exploring bat-
tery storage's potential in implementing virtual power plants,
which aim to optimize generation and consumption by a net-
work of decentralized units and storage systems, including
wind farms, solar parks, CHP units, and flexible consumers.
The objective of a virtual power plant is to reduce the grid
load by smartly distributing power during periods of peak
demand.

Consolidated Version of Electricity Market Rules—Republic
of Cyprus

In this section the conditions of energy storage for the case
of the Republic of Cyprus are presented. Cyprus constitutes
a unique case, which needs further examination. Particularly
the Republic of Cyprus operates an insular energy system,
with no interconnection with other energy systems. Also,
the size of the system is small (peak capacity of 1,2 GW),
which does not allow the development of large scale, feasible
infrastructure (Fokaides et al. 2014a, b). At the same time,
the energy system of Cyprus is considered to be premature
in several of its aspects, related to infrastructure for energy
storage and energy management, as well as related to the
operation of an open market. Despite the fact that since the

entrance of the Republic of Cyprus the electricity market
was supposed to transpose to a free market, only in early
2022 a second supplier offered services on the island (Kylili
et al. 2015).

Cyprus has the peculiarity of being a small and isolated
energy system, as an island-state with subtropical climate
conditions, resulting to an arid environment, with less water
resources that would allow the case of hydro-pump as an
energy storage method. Also, storage facilities are mainly
required close to large RES units, such as big PV farms and
wind farms. Under these conditions, batteries seem to be the
only feasible system on the island, as they offer modular-
ity, require less infrastructure and are not environmentally
related with regard to the available resources.

For the purposes of understanding how energy storage
is proposed to be introduced in the energy system of the
Republic of Cyprus, the revised Consolidated Version 2.2.0
of the Electricity Market Rules with regard to energy stor-
age were analyzed (Cyprus Distribution System Operator
(DS0),2020). The main aspects of the framework are the
following:

e The first article sets out the general provisions of the
Rules, the control procedures and the relevant market
management system, specifies the responsibilities of the
Market Officer, the TSO and DSO, the requirements for
accession of new contracting parties to the market, the
conditions for the termination or expulsion of contract-
ing parties and in particular the provisions relating to
infringements

e The second article sets out the definitions used in the
Rules.

e The third article sets out the obligation of the Participants
to have a Generation Account, RES and CHP Account,
Responsible Balancing Body Account, Installation
of Electricity Storage Account, Response or Demand
Account, and the elements that should be included in
these accounts.

e The fourth article specifies the obligation to register
metering devices and the information to be recorded, the
obligation to notify the Responsible System Adminis-
trator when metering devices are transferred to another
Contracting Party, and the assignment of responsibility
for the Clearing of Deviations of each Responsible Bal-
ancing Entity to a Responsible Balancing Body.

e The fifth article defines the general provisions of the
Auxiliary Services and the Contingency Reserve and the
remuneration of the Balancing Service Providers for the
provision of Auxiliary Services.

e The sixth article provides general information on Bilat-
eral Contracts, sets out the submission of the Non-Avail-
ability Statements by the Producers for their generation
units, by the Storage Facility Operators for the electricity
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storage facilities they represent and by the RES and CHP
producers for their own RES units and CHP units greater
than 1 MW.

e The seventh article determines general information on the
Pre-Day Market, the link between the Forward Market
and the Pre-Day Market, the rules for submitting tenders
and the process of clearing the Pre-Day Market, as well
as the required liquidity measures in the Pre-Day Market.

e The eighth article identifies the principles of the balanc-
ing system and energy, the link between the Pre-Day
Market with the Balancing Market.

e The ninth article sets out the role of the Transmission
System Operator in the Real Time Balancing Market.

e The tenth article provides general information for han-
dling Purchase Invalidity situations in the event of non-
availability of the Market Management System

e Purchasing Insolvency situations in the event of a state
of emergency being declared by the TSO, according to
the provision of the Transmission and Distribution Rules,
are analyzed in the eleventh article.

e The twelfth article specifies the obligation to install the
metering devices for clearance purposes as well as to
register metering devices.

e Article thirteen describes the accounting records of the
Purchasing Officer, the Participant's Pre-Day market
accounts and the Participant's Purchase Accounts

¢ The fourteenth article sets out in an Annex the procedures
for the periodic conciliation of liquidation calculations
after new or revised liquidation data becomes available.

e The fifteenth article provides a summary of references
related to other chapters of the rule, the requirements
for the Market Officer to have market information avail-
able, and the requirements for the TSO to have available
information on the market and operation of the system.

e The last article determines the Forward Market and the
Pre-Day Market schedules, defined the Balancing Mar-
ket, and the schedule of deviations clearance, invoicing
and payment procedures.

Definition of gaps and discrepancies of proposed
legislation

In this section, the gaps that exist in the t Consolidated Ver-
sion 2.2.0 of the Electricity Market Rules relating to electric-
ity storage and electricity storage facilities, are identified.
The identification of the gaps is necessary for transposing
rightfully the European directive in the Cyprus law and
implementing appropriately the recent market design leg-
islation and in particular regarding system flexibility and
the uptake of different sources of flexibility, focusing on
electricity storage. Gaps in the current version of the Con-
solidated Version 2.2.0 of the Electricity Market Rules have
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been identified with reference to the following Articles, also
illustrated in Fig. 4:

According to the Article 15 of the directive, consumers
are at the center of the Energy Union and all consumers
across the EU are entitled to generate electricity for either
their own consumption, store it, share it, consume it or to sell
it back to the market. This Article gives to all customers an
“active role” instead of “protection”. With this change, the
legislative framework should make it easier for any market
participant to become more involved in the energy system.
The ‘Transmission and Distribution Rules’ provisions that
the DSO must process the customer's request (customer of
any unit) and provide connection conditions within reason-
able time limits, as published by the DSO in the document
"Citizen Map". The Consolidated Version 2.2.0 of the Elec-
tricity Market Rules also specifies that the energy storage
facility operators and the energy storage representatives, in
addition to the introduction or storage of energy can pro-
vide several services simultaneously, including acting as
wholesale suppliers, without having to obtain the respective
License from Cyprus Energy Regulatory Authority (CERA)
and can participate in the market both as receiving partici-
pants and delivering participants. However no specific or
additional reference is made in the Consolidated Version
2.2.0 of the Electricity Market Rules nor the ‘Transmission
and Distribution Rules’ for active customers that own an
energy storage facility, as specified in the revised Directive
2019/944 about:

e not being subjected to double charges, including net-
work charges, for stored electricity remaining within
their premises or when providing flexibility services to
system operators; and

e not be subjected to disproportionate licensing require-
ments or fees.

Articles 31, 32 and 40 require DSO and TSO to ensure
that operators of energy storage can effectively participate in
the market and ensure availability of services from storage
facilities. In the national legislation, this is accomplished by
introducing the rights of energy storage owners throughout
the Consolidated Version 2.2.0 of the Electricity Market
Rules and ‘Transmission and the Consolidated Version 2.2.0
of the Electricity Market Rules regarding incentives for pro-
moting the uptake of different sources of flexibility, demand
response or energy storage nor the role of the DSO has been
revised to provide them with the capability of developing
such incentives.

The Consolidated Version 2.2.0 of the Electricity
Market Rules recognizes that there is a need for a regula-
tory and legislative framework for energy storage, which
should be based on an appropriate level of policy consid-
eration. Therefore, the Consolidated Version 2.2.0 of the
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Electricity Market Rules makes energy storage a licens-
able activity. Nevertheless, the Electricity Market Rules do
not set requirements around ownership of energy storage
facilities by DSO and TSO, according to Articles 36 and
54 respectively. The only restriction made for the DSO
and TSO is that they have no production capacity or have
the right to trade energy Distribution Rules’. Yet, with
reference to Article 32, no additional provisions have been
introduced in for profit. Accordingly, the revised Electric-
ity Market Rules will require a change to the DSO and
TSO license to prevent ownership unless a derogation is
deemed appropriate under certain conditions.

The ‘Transmission and Distribution Rules’ specify that
the DSO may refuse to grant permission for the connection
of a new generating installation or an energy storage facility
or require a revision of the design and technical parameters
of the generating installation or the energy storage facility
to ensure conformation of the safety and quality standards
of supply, satisfying the provisions of Article 42. Yet, it is
not clearly stated that the DSO is not allowed to refuse the
connection of a new generating installation or energy storage
facility on the grounds of:

e possible future limitations to available network capaci-
ties, or

e because it would lead to additional costs resulting from
the necessary capacity increase in system elements in
the close-up range to the connection point. With regard
to Articles 51, 54 and 58 concerning, energy storage,
the role of CERA is also determinant as it is given the
authority to facilitate access to the network for new gen-
eration capacity and energy storage facilities by remov-
ing barriers that could prevent access for new market
entrants and is also responsible for monitoring invest-
ment in generation and storage capacities in relation to
security of supply. These responsibilities of CERA are
not updated in either in the Consolidated Version 2.2.0 of
the Electricity Market Rules nor the ‘Transmission and
Distribution Rules’.

Figure 5 resumes the gaps identified in the national
legislation with relevance to the articles of EU Directive
2019/944 regarding energy storage.

Cyprus is expected to alter its insularity with the EuroA-
sia Interconnector, the construction of which was launched
in 2022 and which is expected to be in operation in 2026.
EuroAsia Interconnector is a Project of Common Interest
of the EU, concerning a 2 GW electricity interconnector
between Israel, Cyprus, Greece and Europe. The EuroA-
sia Interconnector is a leading European, labeled as an EU
“electricity highway” connecting the national electricity
grids of Israel, Cyprus and Greece through a 1,208 km sub-
sea HVDC cable. The Republic of Cyprus is anticipated to

achieve a symbiotic environment with neighboring members
through the EuroAsia Interconnector.

Making BESS more attractive: future challenges

As Battery Energy Storage Systems (BESS) become more
widespread and essential for integrating renewable energy
sources into the grid, it is important to consider potential
limitations and challenges that may arise in the future.

One major limitation is the cost of BESS technology,
which can be prohibitive for some investors. Addition-
ally, the lack of clear regulatory frameworks and standard-
ized business models for BESS systems can also hinder
investment.

To make BESS systems more attractive for investment,
several strategies can be considered. First, reducing the cost
of BESS technology through advances in manufacturing
and economies of scale can make them more affordable
and accessible. Additionally, governments and regulatory
bodies can create clear policies and incentives to encour-
age investment in BESS, such as tax credits, subsidies, and
feed-in tariffs. Standardizing business models and contrac-
tual frameworks can also create more certainty and reduce
risk for investors.

Another potential solution is to explore innovative financ-
ing models, such as energy storage as a service (ESaaS) or
leasing models, which can help overcome the high upfront
capital costs associated with BESS installations. By adopt-
ing these strategies, BESS systems can become more attrac-
tive for investment, leading to greater adoption and inte-
gration into the grid. This, in turn, can help accelerate the
transition to a more sustainable and resilient energy system.
However, it is important to continually monitor and address
potential limitations and challenges as BESS systems con-
tinue to evolve and grow in importance.

Conclusions

The purpose of this study was the documentation of signifi-
cant aspects of energy storage policy in the EU, through the
documentation and analysis of several relevant parameters.
In its theoretical section, the study justified the benefits of
introducing BESS, as well as the related costs for this pol-
icy. The current EU policy on energy storage, based on the
analysis of the relevant directive on common rules for the
internal market for electricity, was also presented. The study
also attempted to present the current status of the adaptation
of this policy in selected member states, focusing on the
cases of Germany and Poland, as well as of Cyprus, an insu-
lar energy system with poor infrastructure on energy storage.
The analyses of this study concluded that the Consolidated
Version 2.2.0 of the Electricity Market Rules of the Cypriot
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Authorisation procedure for new capacity

Active customers

Tasks of distribution system operators

Incentives for the use of flexibility in distribution
networks

Ownership of energy storage facilities by distribution
system operators

Tasks of transmission system operators

Decision-making powers regarding the connection
of new generating installations and energy storage
facilities to the transmission system

Network development and powers to make invest-

ment decisions

Ownership of energy storage facilities by transmission
system operators

General objectives of the regulatory authority

Transposition

Draft CoEnsolldated Version 2.2.0 of the

lectricity Market Rules

Satisfied

Gap identified - Active customers that own an energy
storage facility not subjected to double charges or
disproportionate licensing requirements or fees.

Gap identified - No revision to the tasks of DSOs to
provide them with the authority to develop incentives
for promoting energy storage

Gap identified - No additional provisions regarding
incentives for promoting the uptake of energy storage

Gap identified - No requirements are set around
ownership of energy storage facilities by DSOs

Satisfied

Gap identified - Reasons for TSO not to refuse the
connection of a new generating installation or energy
storage facility

Satisfied

Gap identified - No requirements are set around
ownership of energy storage facilities by TSOs

Gap identified - Responsibilities of CERA not updated

e'e' 006000666

Satisfied

Fig.5 Gaps identified in the national legislation with relevance to the articles of EU Directive 2019/944 regarding energy storage

DSO does not transpose rightfully the European directive in
the Cyprus law, nor is expected to implement appropriately
the recent market design legislation and in particular regard-
ing system flexibility and the uptake of different sources of
flexibility, by exploiting the potential of energy storage. It
has been identified that in the Consolidated Version 2.2.0 of
the Electricity Market Rules no reference is made regarding
double charges or disproportionate licensing requirements
and fees of active customers that own energy storage facili-
ties. Furthermore, no additional provisions have been intro-
duced regarding incentives for promoting energy storage nor
has the role of the DSO been revised to provide them with
the capability of developing such incentives. In addition, no
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requirements are stated which are associated with the own-
ership of energy storage facilities by DSO and TSO and is
not clearly stated that the DSO is not allowed to refuse the
connection of a new generating installation of energy storage
facility on the grounds of possible future limitations to avail-
able network capacities or because it would lead to addi-
tional costs. Finally, it was identified that the responsibilities
of CERA need to be updated in the Consolidated Version
2.2.0 of the Electricity Market Rules to include the role and
authorities regarding energy storage facilities. Lessons learnt
from the directive assessment, resume to the need of the
adaptation of its content to the needs and requirements of
insular energy systems, with lack of suitable infrastructure
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for its swift integration, such as the case of the Republic of
Cyprus. Also, the required conditions for enabling the devel-
opment of smooth symbiosis between energy production,
storage and collaboration between member states should be
elaborated in a more specific way. Practical implications for
future use of BESS include their integration with renewable
energy systems to store excess energy and supply energy
when renewables are unavailable. The deployment of BESS
can help balance the grid by providing ancillary services
such as frequency regulation and voltage support. Innova-
tive business models and regulatory frameworks should be
implemented to ensure that BESS is financially attractive
for investors, such as offering revenue streams from grid
services and providing long-term contracts.
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