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EXECUTIVE SUMMARY
Context

At the Paris climate conference (UNFCCC COP21) in December 2015, 195 countries adopted
the first-ever universal, legally binding global climate deal. The deal has been ratified by
over 180 countries, and has entered into force in November 2016. The EU has been a key
player in reaching this agreement, which aims at keeping temperature increase to well
below 2°C above pre-industrial levels and pursue efforts to keep it to 1.5°C. The EU’s
nationally determined contribution (NDC) reflects its objective to reduce EU’s greenhouse
gas emissions by 40% by 2030 compared to 1990, and is consistent with the then-objective
to reduce emissions by 80 to 95% by 2050 (in the context of necessary reductions of the
developed countries as a group).

As a response to its commitments under the Paris Agreement, and in order to pursue its
objectives of modernising the design of electricity markets, the European Commission has
published a number of policy proposals in November 2016, the so-called Clean Energy
Package for all Europeans (CEP). The political compromise that has been reached, which
includes updated objectives for 2030 (at least 32% renewable energy target, at least
32.5% energy efficiency target) and governance mechanisms to plan, report and monitor
as well as coordinate how the efforts shall be distributed and objectives achieved amongst
Member States through National Energy and Climate Plans (NECPs), results in new rules
that progressively enter into force from 2019 on.

In December 2019, the European Commission has presented the “European Green Deal”?,
a set of policy initiatives aiming at ensuring the EU becomes climate neutral by 2050. In
March 2020, the EC has proposed to enshrine this objective into the “"European Climate
Law"?. The Climate Law includes measures to keep track of progress of the decarbonisation
of Member States and includes proposals on the way to analyse the pathway to meet the
2050 target.

In line with the objective of reaching carbon neutrality by 2050, the European
Commission’s Long-Term Strategy? describes a number of pathways that reach between
80% and 100% decarbonisation levels. All of them have strong implications for the energy
sector, and for the electricity sector in particular. Indeed, in every pathway, a high level of
direct and indirect electrification is envisaged, supported by a large-scale deployment of
RES. The level of renewable energy sources (RES) varies considerably from one pathway
to the next since indirect electrification, enabled by power-to-gas (P2G) technologies,
requires substantial amounts of electricity to produce hydrogen and/or methane to
decarbonise sectors such as industry, heating and some mobility applications. All pathways
have in common that they require a more flexible energy system, in order to integrate
variable RES technologies (mostly solar photovoltaic, and onshore and offshore wind
power) cost-efficiently while maintaining adequate levels of security of supply.

A strong deployment of flexibility solutions is required to provide the power system with
the ability to adapt to the dynamics of the residual load, on all timescales: from frequency
response to inter-year flexibility. The main candidate solutions to provide flexibility are
networks, demand-response, dispatchable and flexible power generation technologies, and
energy storage. Furthermore, the very coupling of the industry, heating and mobility
sectors to the power sector makes their flexibility potentials available to the power
markets. These new flexibility sources are the flexibility of the demand of the various end-
uses and of the processes involved in their direct and indirect electrification (e.g.
electrolysis, interaction between gas and electricity infrastructure, etc.).

1 https://ec.europa.eu/info/strateqy/priorities-2019-2024/european-green-deal _en
2 https://ec.europa.eu/info/files/commission-proposal-requlation-european-climate-law_en
3 https://ec.europa.eu/clima/policies/strategies/2050 en
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Energy storage will participate in the provision of flexibility on all timescales. Indeed, the
typical discharge time of batteries is measured in hours, the one of pumped-hydro storage
and seasonal hydro storage in a few hours to several months, and system integration
(when seen as a storage solution) has a discharge time allowing it to contribute to meeting
seasonal flexibility needs.

Therefore, an appropriate deployment of energy storage technologies is of primary
importance for the transition towards an energy system that heavily relies on variable RES
technologies to be a success. It is key to understand which of the technologies are the
most likely to have an important role to play in the future, to detect the potential barriers
to their development (regulatory, lack of innovation programmes, etc.), and finally to
propose an updated regulatory framework and policy actions to allow the relevant flexibility
solutions to successfully penetrate the market.

Objectives of the study

The study is organised in three main parts: we begin by presenting the current state of
play of storage technologies (deployment in Member States and key characteristics), then
proceed to identify the need for various types of flexibility solutions at the 2030 and 2050
horizons, and finally examine the regulatory conditions that should be put in place to enable
the market to deliver the appropriate level of energy storage technologies.

The three objectives can be summarised as:

e The first objective of this study is to provide a picture of the European energy
storage environment, in terms of (i) existing facilities and projects and (ii) policies
and regulatory frameworks so as to identify barriers and best practices.

e The second objective is to explore deployment potentials and actual needs for
energy storage, at EU and Member State level, in order to design a cost-efficient
flexibility portfolio to ensure adequate levels of security of supply for all Member
States at the 2030 and 2050 horizons, in the context of a total decarbonisation of
the energy sector by 2050.

e Finally, based on the identified barriers and best practices, given the role for
energy storage in the decarbonisation of the electricity sector of the Member
States, a set of recommendations are proposed to update the regulatory
framework that applies to energy storage technologies and to design a set of
policy actions to speed up the market penetration of storage technologies, at EU
and national level.
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Main findings of the study
1. Data collection of current energy storage facilities and future projects*

Throughout our data collection work, we have noticed some important points that can be
summarised as follows:

e The main energy storage reservoir in the EU is currently, and by, far Pumped
Hydro Storage. As their prices plummet, new batteries projects are rising.

e Lithium-ion batteries represent most of electrochemical storage projects. The
recycling of such systems should be strongly taken into consideration, as well as
their effective lifetime: such theoretical specifications submitted to grids may be
relatively optimistic compared with their use at nominal conditions.

e In the EU, the segment of operational electrochemical facilities is led by UK and
Germany. We have noticed an important number of projects in the UK, and to a
lesser extent in Ireland.

e Behind-the-meter storage is still growing. It is quite heterogeneous, depending on
local markets and countries: as a new market, it is still driven by political aspects
and/or subsidies. Overall data availability is relatively poor.

A recommendation emerging from our work is to ensure an appropriate monitoring and
follow-up of storage facilities at both Member States and European level is put in place.
We have noticed through the study that data about energy storage are sometimes difficult
to obtain or with a level of precision lower than for power generation databases. A
convergence, both in terms of quality and coverage, of storage facilities public data and
databases towards power plant existing public data could be define as a key objective.

2. Quantification of the contribution of energy storage to the electricity security of
supply

The objective of the quantitative assessment was to determine what would be the optimal
flexibility portfolio for the power system in different prospective scenarios, and analyse the
place of storage technologies among other flexibility solutions, taking into account the
specificities of the power system in each Member State. Three different scenarios adapted
from the pathways designed by the EC in the context of its Long-Term Strategy are used:
one 2030 scenario (METIS-Baseline ) which is in line with the policies already agreed as
today, and two long-term scenarios for 2050 (METIS-1.5C and METIS-2C-P2X), with an
objective of a deep decarbonization, in order to keep the temperature “well below 2°C by
2100".

In order to determine the optimal flexibility portfolio, the methodology proposed in the
Mainstreaming RES study® has been extended to cases with system integration (and thus
P2G) and applied to the three aforementioned scenarios. It consists in the following steps:

4 Stakeholders have been consulted regarding the national and EU-level data and analysis. A number of national
stakeholders, including national contact points of the European Commission Electricity Coordination Group
(ECG), have provided inputs for the storage project database and the Member States storage policy fiches. A
stakeholder policy workshop was held in December 2019, and further comments on the policy analysis draft and
national policy fiches were received through written feedback afterwards, including from the ECG national
contact points.

5 https://ec.europa.eu/energy/sites/ener/files/mainstreaming_res_- artelys - final report - version 33.pdf
9



https://ec.europa.eu/energy/sites/ener/files/mainstreaming_res_-_artelys_-_final_report_-_version_33.pdf

e Quantification the flexibility needs on different timescales (hour, week, season),
e Identification and characterisation of potential flexibility solutions,

e Determination of the optimal deployment of energy storage capacities and other
flexibility solutions at the MS level in light of the Long-Term Strategy scenarios,

e Quantitative assessment of the contribution to the provision of flexibility and
security of supply by energy storage technologies and other flexibility solutions on
different timescales at the MS level.

Our results reveal that in 2030 a large share of the required levels of flexibility can still be
provided by conventional power plants and by using the power networks to trade electricity
between the different European countries. However, for the provision of daily flexibility,
storage technologies such as batteries or pumped storage appear to be relevant solutions
in our scenarios. Up to 108 GW of electricity storage (batteries and pumped hydro storage)
would be necessary for the EU-28 (97 GW for EU-27), with a large development of
stationary batteries. At the 2030 horizon, electrolysers do not appear to be competitive
solutions to provide flexibility to the power system. However, if a deployment of
electrolysers were to materialise already in 2030 (e.g. driven by indirect electrification of
end-uses in the industry or heating sectors), they could provide flexibility on all timescales.

In the assessed 2050 scenarios, the deep decarbonisation of the different sectors, such as
industry, mobility and heating, the Long-Term Strategy assumes that an important amount
of “decarbonised” hydrogen (produced by water electrolysis with decarbonised electricity),
and synthetic fuels® will be produced. This hydrogen is generated from electricity coming
for large-scale wind and solar power plants, and then converted into hydrogen with
electrolysers. To satisfy this demand, around 550 GW of electrolysers would be required in
our different 2050 scenarios. Combined with the flexibility offered by the end-users’ of
hydrogen and e-fuels, or with direct use of hydrogen or gas storage facilities, electrolysers
will able to provide important levels of flexibility to the power system. The potential
deployment of electric vehicles using smart charging strategies and of space heating
combined with short-term thermal storage also enable the demand-side to provide daily
flexibility to the power system. Due to the competition between various flexibility sources,
the need for pumped hydro storage and batteries is found to be lower in 2050 than it is in
2030, and reaches around 50 GW in our 2050 scenarios.

To recognise the high level of uncertainty surrounding the configuration of the 2030 and
even more so, of the 2050 energy systems, different sensitivity analyses have been
designed to assess the impacts of some of the assumptions on the deployment of flexibility
technologies. Based on the analysis of the results of the three scenarios (METIS-Baseline,
METIS-1.5C and METIS-2C-P2X), three topics have been selected for further analysis since
they might substantially impact the optimal mix of flexibility solutions:

e Demand-response: Electricity storage technologies compete with demand-side
response, since they both provide daily flexibility services to the power system. In
2030, an optimal use of the flexibility of electric vehicles and of decentralised space
heating could reduce the need for stationary batteries by half (67 GW vs 34 GW).

e Costs of electrolysers: In the 2050 scenarios, the large deployment of electrolyser
leads to an important drop of their investment costs. In a sensitivity where the
prices of electrolysers are significantly higher, the need for pumped hydro storage
and batteries rise from 50 GW to 73 GW.

e Flexibility of hydrogen demand: the 2050 scenarios assume an important flexibility
of end-uses on the P2X side (hydrogen and e-fuels), that can be provided by direct

6 e-gas and e-liquids, produced from hydrogen with methanation plants and the Fischer-Tropsch process.
10
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hydrogen storage but also via some flexibility in the end-users consumption (for
example for the e-liquids provision for vehicles can be flexible, thanks to current
infrastructure for petrol). In a sensitivity with lower flexibility on the hydrogen side,
additional investments in methanation plants would be required to benefit from the
flexibility offered by the current gas infrastructure.

3. Policy recommendations for energy storage

In order to enable storage technologies to effectively deliver this contribution,
different barriers should be addressed, for example regarding public guidance and
support, the design of electricity markets or grid aspects. The most important barrier is
the lack of a viable business case for many energy storage projects. The cost and technical
performance of storage technologies gradually improve their viability, which in the long-
term will significantly improve the business case, and already has for several technologies.
But in the shorter term, various policy barriers still hamper the development of energy
storage in the EU and lead to uncertainty concerning the revenues streams to cover the
project costs and risks.

The main responsibility of policymakers is to provide an enabling environment
and level playing field to storage. The adequate implementation of the clean energy
package should be a priority, in order to enable storage to participate in energy and
ancillary services markets as well as in eventual capacity mechanisms, and to be
remunerated in a transparent, non-discriminatory way. Positive externalities provided by
storage, such as system flexibility and stability, as well as environmental benefits, should
be adequately valued, primarily through appropriate remuneration in the different markets,
and through cost-reflective network charges and appropriate taxation rules (discussed
further below). Adequate energy price signals should also guide the investment and
operational decisions of private actors.

The European Commission, ACER and other EU authorities should prioritise policy
measures that address barriers to storage identified in the majority or all Member
States, and that hinder the deployment of several storage technologies and applications.
Relevant barriers specific to only a few Member States should be addressed at the national
level. At the EU level, upcoming revisions of EU instruments relevant for energy storage
provide an opportunity to address barriers where EU action would be adequate. Actions
under the European Green Deal should also consider storage, where appropriate.

Measures addressed by the CEP, but requiring monitoring at EU level to ensure

adequate and timely implementation by Member States:

¢ Member States should ensure that storage is coherently defined across the
national legal framework. An appropriate definition of storage is provided in the
new Electricity Directive. But at present, most EU Member States do not have yet a
coherent definition of storage nor have transposed the Directive, and definitions in
secondary legislation often are not aligned with the rest of the legal framework.

e Member States should eliminate the double charging of grid tariffs. Double
imposition of grid tariffs (that is, during storage charge and discharge) on stored
energy are especially detrimental and should be eliminated. The current tariffication
practices across Member States are still quite diverging, and even if eliminating double
charging, do not address all possible cases. For example, concerning the application
to existing and new storage facilities, the inclusion of conversion losses, whether the
energy is traded in wholesale markets or supplied to end consumers, and the
application of tariff rebates on all volumes or only for electricity providing specific
services (e.g. balancing).

Measures partially addressed by the CEP, and requiring further actions at EU and/or

MS level:

e Member States should assess barriers and develop a policy strategy for
storage. National (or regional where applicable) authorities should develop a policy
strategy for storage based on an assessment of the system flexibility, adequacy and

11



stability needs, and of gaps in national regulatory frameworks. Such assessments of
policy gaps have been developed by some Member States. An appropriate
identification of the flexibility needs per country and per timescale is key to assess the
possible contribution of storage technologies in the future. However, there is still the
need to develop robust methodologies to assess and differentiate short- to medium-
term flexibility from long-term adequacy needs, complementing the methodology
being developed by the ENTSO-E for the European Resource Adequacy Assessment

e Organisations at the EU level and Member States should weigh network
investments vs the procurement of flexibility from other resources. Additional
efforts will be required to develop appropriate methodologies for this, as there is not
a robust and widely accepted method at the moment. Network investments and
security of supply standards (e.g. N-1 requirements) should be assessed considering
the possibility of storage deployment. The procurement of ancillary services should
also be conducted in a non-discriminatory way, starting with (more mature) balancing
markets and moving onto non-frequency ancillary services. It is also needed to
improve the consideration of electricity-gas-heat interlinkages in National
Development Plans, the TYNDP and the PCI selection process, and to ensure that
investment options are equally considered across sectors.

e EU organisations (especially the Commission, ACER and ENTSOs) as well as
Member States should develop non-discriminatory procurement of non-
frequency ancillary services. At the moment, the possibility of storage to provide
non-frequency ancillary services is rare across Europe, especially batteries, which in
most Member States cannot provide voltage control nor black-start services.
Participation of storage in grid congestion management is at present limited to pilot
projects focusing on battery systems, but albeit limited in scale, these projects are
taking place in multiple countries. Member States need to provide a level playing field
for the procurement of such services. The Commission and Member States should also
guarantee locational information in congestion management and other products to
foster market-based procurement.

¢ Member States should foster dynamic electricity prices and time-of-use grid
tariffs. These are crucial to increase the responsiveness of consumers and the
development of behind-the-meter storage, including electric vehicles. Presently,
locational grid tariff signals are limited given the zonal approach for European energy
markets, while the use of time-of-use grid tariffs or dynamic electricity price signals
for residential consumers are still also limited. However, demand-response to
electricity prices enabled by heat storage (in e.g. CHP, water gas boilers and heat
pumps) is relevant in an increasing number of Member States.

e Member States should phase out net metering, in other words, to fully account
separately for the electricity fed into the grid and the electricity consumed from the
grid. Net metering is another important grid-related barrier to the deployment of small-
scale storage, still existing in at least 9 Member States. There is also an opportunity
for improving price signals through network tariffs. The EU could further assess
approaches to develop locational grid tariff signals, and weigh the advantages and
disadvantages of such signals at transmission and/or distribution level.

¢ EU organisations and Member States should guarantee the interoperability of
flexibility resources and access to data. Specific EU action is to be considered to
encourage/develop EU-wide harmonised standards for device communication and
system operation. Currently, the digital layer of battery management systems, notably
application programming interfaces, is often based on proprietary solutions, and a
move to open interfaces would be desirable. In addition, access to data of battery
management systems is often limited, depending, among other things, on how data
encryption is done. The standards or protocols currently being developed for data
encryption and communication (so-called Public Key Infrastructure) between the
vehicle and the charging point are proprietary, and created according to specific
interests. The relevant developments should be followed to prevent data hoarding and
ensure EVs and stationary batteries can be used in “plug-and-play mode”.

Finally, energy taxation was not addressed by the Clean Energy Package. EU
institutions and Member States should increase the energy and GHG-
reflectiveness of taxation, and eliminate the double taxation of stored energy

12
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(that is, when the energy is stored and again when it is consumed). The upcoming revision
of the Energy Taxation Directive (ETD) is pivotal, not only for the development of energy
storage, but also to foster low-carbon energy technologies in general. The increasing
system integration will also require the elimination of diverging taxation levels across
energy sectors and carriers, in order to avoid cross-sectoral distortions regarding taxation
or the internalization of carbon costs, and to seize the synergies between the electricity,
heat and gas sectors. Full or partial imposition of electricity consumption taxes and other
levies to stored energy is still common in a majority of Member States. Only storage losses
should be subject to taxes (as well as losses in energy production and transport across all
energy carriers), in order to stimulate highly energy-efficient processes.

Structure of the report
Section 1: Data collection of energy storage and database for the EU-28

Based on a literature review, this section describes the methodology and the key results
of the creation of a database on energy storage. This database is divided in three different
parts: the characterisation of the different energy storage technologies, the description of
“front of the meter” facilities, and some insights for behind the meter energy storage. The
database itself is provided in an accompanying spreadsheet.

Section 2: Quantification of the contribution of energy storage to the security of
electricity supply in the EU-28

Based on selected pathways of the European Commission Long-term Strategy, this section
details the role of various flexibility solutions at the 2030 and 2050 horizons. A dedicated
modelling work at the Member State level and using an hourly time resolution is used to
determine the optimal flexibility portfolio for different scenarios. The analysis also provides
quantitative results on the contribution of the relevant flexibility solutions to the provision
of flexibility, and the contribution to security of electricity supply in Europe.

Section 3: Assessment of energy storage policies, barriers and best practices

This section identifies current barriers and best practices for the deployment of energy
storage technologies and assesses the impact of the new market design at the EU and
Member States levels. It also provides complementary measures to address the barriers
which remain even after the implementation of EU legislation.

Section 4: Policy recommendations for energy storage

Finally, the study provides conclusions and policy recommendations for energy storage at
the EU and MS levels to address the identified policy barriers.

Disclaimer

The current study has been elaborated without taking into account the effects of the
Coronavirus disease (COVID-19), first identified in December 2019 and resulting in the
ongoing worldwide 2019-20 health crisis. However, in view of the results presented in
this study, it is important to highlight the relevance of storage as regards security of
supply issues that could arise in unforeseeable circumstances, for instance crisis
situations such as COVID-19. In addition, the strong investment needs for storage
identified in this study could be considered as a supporting element for the recovery of
the economy and the creation of high-quality employment.

13



1. DATA COLLECTION OF ENERGY STORAGE AND DATABASE FOR THE
EU-28

1.1. DATA COLLECTION METHODOLOGY

1.1.1. SOURCES CLASSIFICATION

The first step of the task was the classification of the sources: it consisted in collecting all
the reports about energy storage that could add some value to the study. The Terms of
Reference (ToR) provided a large range of documents, and an additional bibliographical
research has been led to gather potentially interesting documents.

On this basis, a deep literature review (including all the references mentioned in the ToR)
has then been conducted. The data contained in these documents were classified in a table,
that list for each report the source, title and date and the technical data that were useful
for the development of the various databases. These technical data are:

e The type of energy storage technologies treated.

e The type of data, either general data on technologies, or factual data about
energy storage facilities.

e The geographical area covered.

14
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IREN&-ETS Thermal energy storage janw-13| Données générales et factuelles (installations existantes) | Germany TES
IREMA-ETS Electricity Storage av-12| Données générales ® STEP, CAES, Batteries, Flywheel, Supercapacitors, SMEY
ESTMAP | Public project summary féur-17 H H H
ESTMAP  |ESData collection report déc-16 S ® STEP, CAES, Batteries, Flyw heel, TES, Supercapacitors
ESTMAP | Cauntry evaluation jarw-17 H Europe H
EASE European market manitor an £S5 mars-13 H H H
EASE Hictivity report 2018 2018 H H H
_ EASE European EStechnology development roadmap 2017 | Données générales ® STEP, CAES, Batteries, Flyw heel, TES, Supercapacitars,
BINE CAES Power plant: ? Dornées genérales et factuelles GemanulUS4 CAES
CE ES - the role of electricity féwr-17| Données générales ® STEP, CAES, Batteries, Flyw heel, TES, Supercapacitars,
CEM ES zystem: challenges and opportunities mai-14| Dornées générales et factuelles GermarylUSAKarea STEP, CAES, Batteries, Flyw heel, TES, Supercapacitars,
DEMA P25z system zalution 2015 Données générales et factuelles Gemany Electroysis, Methanation
O0E ES Handbook 2015 Données générales H STEP, CAES, Batteries, Flywheel, TES, Supercapacitars,
EMEA Cons|Energy Storage mars-12| Dornées générales H H
CE Energurezearchin Europe mars-13 H H H
ES World FES World Forum mai-18| Données bactueles [par pays] LS4 ELURIFrancelGema &
Eurelectric |Factz of hudropowerin the E1 juin-18| Dornées Factuelles [par pays] Europe STEP
FCHIU | Commerciglisation of ESin europe mars-15| Données générales H STEP, CAES, Batteries, TES, LAES, P25
JEFE Rerew able Energy Based Grid Connected Battery 20137 | Dornées factueles (par pays) Eurape US#A China STEP, Batteries
JRC Casze study on the impact of cogeneration and thermal storage on the fexibility of 20177 | Données générales X TES.P2H
KTH Costs models for battery energy storage systems 2018, | Données générales X STEP, CAES, Batteries, TES
Sandia  |ES Overview 20157, | Données générales et factuglles (installations et pays] | Global STEP, CAES, Batteries, Flywheel, TES, Supercapacitars,
SETIS ESin the power sector »2ll3 Données générales X STEP, CAES, Batteries, Flywheel, TES, Supercapacitars,

Figure 1 - Extract of the literature review table

15



This first step allows us to summarize the content of the various sources and to prepare
the development of databases on energy storage technologies and facilities.

Based on this initial step, it has been decided to split all the data into three different
databases dealing with:

Energy storage technologies: All existing energy storage technologies with their
characteristics.

Front of the meter facilities: List of all energy storage facilities in the EU-28,
operational or in project, that are connected to the generation and the transmission
grid with their characteristics.

Behind the meter energy storage: Installed capacity per country of all energy
storage systems in the residential, commercial and industrial infrastructures.

1.1.2. TECHNOLOGIES DATABASE

The purpose of this database is to give a global view of all energy storage technologies.
They are sorted in five categories, depending on the type of energy acting as a reservair,
and are listed below:

Mechanical

Electrochemical Electrical

By crossing various data sources, all types of energy storage technologies have been
covered. Moreover, relevant types of data for each technology have been highlighted:

Sub-technology.

Energy capacity (in kWh, represents the maximum of energy storable in the
system).

Power capacity (in kW, represents the maximum power output of the storage
system).

Storage duration at full power.

Capex / Opex (€/kW & €/kWh).

Round-trip Efficiency (in %, represents the ratio of the energy input in the storage
facility (before storage) and the energy output of the storage facility (after storage).
Conversion efficiency (in %, represents the efficiency of the transformation from an
energy vector to another).

Services provided.

Major technological issues experienced.

Following DG ENER first feedbacks, additional research activities have been carried out, to
add characteristics about response time and level of maturity of storage technologies.
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1.1.3. FACILITIES DATABASE

The purpose of this database is to register all storage facilities across Member States of
the European Union, both operational and in project.

The parameters implemented in the database allow an exhaustive description of an Energy
Storage System and include data availability limitations. Each facility is described by the
following characteristics:

Country

City

Facility name

Status (Operational, Under Construction, Project)
Technology

Sub-technology

Power installed capacity (MW)
Energy capacity (MWh)

Grid connection level

Grid operator

Date of commissioning
Operator

Front of the meter facilities that were targeted for this database are facilities that have a
power installed capacity higher than 100 kW. This limit has been set in relation to the lack
of data about systems under 100 kW.

Data collection has been conducted through three major steps: first, an integration of
national sources & existing databases has been conducted. When they exist, national
registers of energy storage facilities have been added to the database. Furthermore, we've
used datasets covering a worldwide perimeter, such as the Global Energy Storage database
of the US DoE, or Power Plant Tracker, which is one of the main products proposed by
Enerdata, and lists power plants (Operational and Projects) across the world, including
Pumped Hydro Storage infrastructures.

The second step was a country-by-country follow up on press updates & articles, in order
to have a database that is the most complete possible, by including the last updates on
projects, or new facilities that were not included in the previously mentioned databases.
This is a well-known process for Enerdata, which is used to conduct power markets
monitoring: this methodology has been replicated to track information about energy
storage facilities.

Finally, the third step has been to contact ministries and/or TSO for each Member State’,
on the base of a contacts list provided by DG ENER. An extract of the database has been
sent to each country, for cross-checking and validation purposes. We have received
numerous feedbacks® and added them to the facilities database.

The main issue faced for this dataset was the creation of duplicates in the database that
results from gathering data from multiple sources. To avoid such duplicates, a verification
work has been carried out.

" Norway and Switzerland have been contacted later in the process, in order to get a global overview on
European countries.
8 The feedback rate is 85% (26 out of 30 countries: 28 Member States + Norway + Switzerland). Only Bulgaria,

Denmark, Netherlands and Switzerland have not answered as of 2020-03-13.
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1.1.4. BEHIND THE METER DATABASE

The purpose of this database is to give an overview of Behind-the-Meter storage across
Member States of the European Union.

Behind the meter energy storage regroups all energy storage systems that are connected
to the residential, commercial and industrial infrastructures. As the name indicates, these
systems are placed behind energy meters, and are used to maximise self-use of energy.
Because of the diffuse nature of this kind of storage, consisting in very small
infrastructures, it is very difficult to compile data and only a few sources are available. As
a result, it has been decided to focus on installed capacity at country level.

The data collection has been completed by contacting directly Energy Storage experts and
Ministries / TSO of Member States.
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1.2. DATABASE RESULTS

1.2.1. TECHNOLOGIES DATABASE

The final deliverable for the Technologies database is a table that gathers all technologies
/ sub-technologies with all relevant characteristics.

A B = D E F G
1 Technologies Sub-technologies Use Energy Capacity Power installed capacity Storage duration at full power CAPEX [€/kW)
2 Pumped Hydro Storage (PHS) FTM 1-100 GWh 100 MW-1 GW several hours 500-1500
3 Pumped Heat Electrical Storage (PHES) FTM 500 kWh-1 GWh 100 kW-200 MW 3-6 hours 350
4 . . Adiabatic Compressed Air Energy Storage (ACAES) FTM 10 MWh-10 GWh 10-300 MW several hours 1200-2000
5 Compressed Air Energy Storage (CAES) FTM 10 MWh-10 GWh 10-300 MW several hours 400-1200
6 Liquid Air Energy Storage (LAES) FTM 10 MWh-8 GWh 5-650 MW 2-24 hours 500-3500
7 Flywheel FTM 5-10 kWh 1-20 MW 5-30 minutes 500-2000
8 Sodium Sulphur batteries FTM <100 MWh <10 MW 6 hours 2000-3000
9 Lead Acid batteries FTM/BTM up to 10 MWh Some MW several hours 100-500
10 sodium Nickel Chloride batteries FTM 4 kwh- 10 Mwh Several MW 2-to several hours 150-1000
i Lithium-ion batteries FTM/BTM <10 MWh <50 MW 10 min to 4 hours 150-1300
12 Lithium-§ batteries R&D FTM/BTM
13 I Lithium-Metal-Polymer batteries FTM/BTM
14 | ElectroChemical Metal Air batteries R&D FTI
15 Ni-Cd batteries some MWh some MW some hours 500-1500
16 Ni-MH batteries some MWh some MW some hours 500-1500
17 Na-ion batteries R&D FTM/BTM
18 Redow flow batteries Zn Fe FTM <100 MWh <10 MW some hours
19 Redox flow batteries Vanadium FTM <100 MWh <10 MW some hours 500-2300
20 Redox flow batteries Zn Br FTM <100 MWh <10 MW some hours 500-2300
21 Electrical superconducting Magnetic Energy Storage (SMES) FTM 1-10 kwh 100kW-5MW 1-100 seconds 700-2000
22 Supercapacitor FTM 1-5 kwh 100kW-5MW <30 seconds 1500-2500
23 Power to Gas (H2) FTM up to 100 GWh 1kW-1GW several hours-several months 2000-5000
24 Chemical Power to Ammaonia - Gasoline FTM 1 MWh-several GWh 1MW-16W
25 Power to Methane FTM 1 MWh-several GWh 1MW-1GW
26 Power to Methanol + Gasoline FTIM 1 MWh-several GWh 1 MW-16W
27 Molten salts FTM 3G6Wh 300 MW 6-10 hours 100-300
28 Thermal Sensible Thermal Energy Storage (STES) FTM 10-50 kWh/t 0,001-10 MW 1-12 hours 3000-4000
28 Phase Change Material (PCM) FTM 50-150 kwh/t 0,001-1 MW some weeks 5500-15000
30 ThermoChemical Storage (TCS) FTM 12-250 kWh/t 0,01-1 MW some days Thermal

1.2.2. FACILITIES DATABASE

The final deliverable for the Facilities database gathers more than 800

facilities.

Figure 2 - Extract of the Technologies database

19

energy storage




Country i ity Name Technology ti - | Sub-techi - | Power installed capac|~ |Energy Cap Grid io - | Grid Op Date of commi. Operator ~ | Source |
Belgium Krafiwerke TheBattery Electrochemical n 2 2 Peleman http e w energustoragejo
Bulgaria Sestiima Belmeken Mechanical PHS 3rs 640 1374 MEK Power Plant Tracker
Bulgaria Sestrimo Chaira Mechanical PHS 864 27340 1335 - 1333 MEK Power Plant Tracker
Bulgaria Krichim Orpheus Mechanical PHS 160 13150 15Ts MEK Power Plant Tracker
Bulgaria Y adenitsa Announced Mechanical PHS 64 5200 2025 - 2030 MEK, Power Plant Tracker
Croatia Elata Operational Mechanical PHS 4.2 HEFP Power Plant Tracker
Croatia Busco Operational Mechanical PHS 15 HEFP Power Plant Tracker
Croatia Diuibrourik || Announced Mecharical PHS 304 2022 - 2028 HEP Power Plant Tracker
Croatia Fuzine Operational Mecharical PHS 4.6 HEP Pow er Plant Tracker
Croatis Kosinj Annourced Mecharical PHS 337 2022 - 2028 HEF Power Plant Tracker
Croatis Orlovac Orlovac Operational Mecharical PHS 237 1973 HEF Power Plant Tracker
Croatia Obrova ‘elebit Operational Mechanical PHS 276 2340 13684 HEP Power Plant Tracker
Croatia i Vinodol-1 Operational Mechanical PHS a0 1352 HEP Power Plant Tracker
Craatia Vinodal-2 Announced Mechanical PHS 150 2022 - 2028 HEP Power Plamt Tracker
Croatia Siplit-Dalmatia ‘Wrdowo PHSP Announced Mechanical PHS 540 2022 - 2025 MCLC Ekskluzivne Power Plant Tracker
Cuprus Micosie Micosie Announced Electrochemical Unkniown 5 2.35 httpe: Mwww pu-magazine o

Czech Pepublic Dalesice Dalesice-1 Operational Mechanical PHS 120 575 1578 CEZ Power Plant Tracker

Czech Republic Dalesice Dalesice-2 Operational Mecharical PHS 120 575 13vs CEZ Power Plant Tracker

Czech Republic Dalesice Dalesice-3 Operational Mecharical PHS 120 575 13vs CEZ Pow er Plant Tracker

Czech Republic Dalesice Dalesice-4 Operational Mecharical 120 575 13vs CEZ Pow er Plant Tracker

Czech Republic Jesenik Dlouhe Strane-1 Operational Mecharical 325 1336 CEZ Power Plant Tracker

Czech Republic Jesenik Dlouhe Strane-2 Operational Mecharical 325 1336 CEZ Power Plant Tracker

Czech Republic Mydlovary Mydlowvary Operational Electrochemical 1 175 Mot connected 2015 Sbkubat

Czech Republic Obafigté Obaigté Operational Electrochemical 1 13 Mot connected 2015 Akubat

Czech Republic Ochoz Ochoz Announced Electrochemical 10 hips:falfen comteninews!g

Czech Republic Praksice Praksice Operational Electrochemical 1 1.z Mot connected 2017 Alten ! Solar Global hitps:falfen comteninews!g

Czech Pepublic Stechovice Stechovice-2 Operational Mechanical 45 1345 CEZ Power Plant Tracker
DOenmark Barnhalm BOSS Announced Electrochemical Unknown 1 1 htpefwww ces elektin dig
Denmark lance - Air Liquide Advanced Busi Habro Operational Chemical P2G 125 Air liquide hitpe: M w . energustorages
Denmark 'estaz Lem Kaer ESS Dema 400 I Lem Kaer Operational Electrochemical 0.4 0.1 Westas hitps:lwww energustorages
Denmark 1.2 M ESS Demo - Yestas 'wind Lem Kaer Operational Electrachemical 12 03 Vestas https: [} nergusiorages
Estonis Alutaguse Estoris PSPP Announced Mecharical 50 350 Elering 45 2030 EestiEnergia AS EestiEnergia A5
Estonia Paldiski Paldizki Hydra Announced Mechanical 500 4000 2028 Energiasaly Paki OU | Power Plant Tracker

Owner: Fortum Oyj;
Operatar: Fartum Oyj !
Finland Koy K Operational Electrochemical 0.3 0.2z 050 oso G013 Elenia Oy Battery provider: | Energu Suthority § Fortam Oy
Finland Lempaals LEMEME Under construction) 2.4 16 Local micro-grid (71 2013 Siemensz hittps: v w w businessfinland
Finland Javenpss LIDL Distribution Centre Operational 26 16 2019 LIDL | Merus Pawer hitpe: o w meryspow e filn
Finland Ezpoo Sello Shopping Centre Operational Electrochemical | LiNMRCoO2Z 2 21 Building's intemnal grid 12013 Operator: Siemens; Battery | Energu Sutharity { Siemens
Owret and operator:

Firland Sima inamki [wind Farm) Under construction| Electrochemical E EE 150 150 1212013 Tuulit'atti Oy; Battery [ £ i i 2tti
Firland Jamnenpss Jamvenpss Batcave Operational Electrachemical 2 1 D0 0so 32017 Owner and operator:
Firland Helsinki Suwilahti Operational Electrachemical 12 0g 00 0so si201e Ownier and operator: Helen | Energy futharit { Helen Cy
France Coise Alata Operational Electrochemical Unknown 2.4 4.32 IJarznie hitps: !y ww lemonitew frlart
France Ham-sur-Meuse BARRAGE HvDRALLIGUE DE HAM Operational Mechanical PHS 0.3 RTE 2017 0 Power Plant Tracker
France GRID Primary Substation Battery (H Carros Operational Electrochemical Li-ion 1.1 0.572 Alztom Grid https:iiwww energustarages
France Aime CEMTRALE DE POMT THIERET Operational Mechanical PHS 0.6 RTE 2001 0 Prower Plant Tracker
France 5 7 M Storage by Saft and Schry Corte Announced Flectrochemical Limion z H Schneider Electic hitpefwww energusiorages
France Carbonne EDF DPIH CAREONNE Operational Mechanical PHS 0.4 RTE 1337 0 Power Plant Tracker
France Llo 2LLD Solar Thermal Project Operational Thermal Malken salts E] 36 IM202018 SUMCHIM hitpe:eolarpaces, nrel gowlt
France Alba Mova 15olar Pawer Plant Ghisonacaia Operational Thermal STES 12 1z Solar Euromed hitps: M w i energustorages

Figure 3 - Extract of the Facilities database
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The energy capacity is rarely mentioned: it can be explained by a possible general
unawareness of the data describing an energy storage system. Facilities must be described
by their power and their energy capacity. A description using only one of these two values
is incomplete.

In the Facilities database, we have added a section on “Key Projects”, gathering a few
facilities that are remarkable by their technology, size, or geographical locations:

Huntorf, Germany, 290 MW / 580 MWh: this is the first Compressed Air Energy
Storage (CAES) operational facility, and still the only one in Europe.

Cottbus (BigBattery Lausitz), Germany, 50 MW / 53 MWAh: this is a recent and major
Li-ion battery project, to be commissioned in July 2020. Located next to the
Schwarze Pumpe power plant, it will help to protect the power grid against
fluctuations.

Drax Re-Power, United Kingdom, 200MW / Capacity TBD: this Li-ion project,
authorized in 2019, presents an important power capacity. It is associated with
the repowering of a power plant which would be switched from coal to gas.

Cremzow, Germany, 22 MW / 31.6 MWAh: this is a recent battery project,
commissioned in May 2019. It provides frequency regulation services.

Wartsila (Budapest), Hungary, 6 MW / 4 MWh: one of the few Li-ion projects in
eastern Europe and outside big European countries.

1.2.3. ANALYSIS

Technology type ® Chemical ®Electrochemical © Mechanical ® Thermal

Country

United-Kingdom

Spain =
Germany ==

ltaly =
Austria
France »
Switzerland !
Portugal !
Ireland m—
Bulgaria
Greece |
Belgium *
Croatia
Poland
Norway
Luxembourg
Czech Republic !
Lithuania
Romania !
Slovakia !
Slovenia
Estonia
Netherlands *
Sweden !
Finland
Hungary '
Cyprus '
Denmark '

Power capacity (MW)
Figure 4 - Power capacity by technology and country (Operational + Projects)
(values in Annex 1)
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As expected, the majority of energy storage in the EU (90+% of Power Installed)
is brought by the Pumped Hydro Storage (PHS, in blue on this histogram): indeed,

these systems present huge capacity and power, due to their mechanical characteristics
(size, water volumes).

As shown in Figure 5, the number of entries in the database by country is quite
heterogeneous. In terms of capacities, pumped hydro storage dominates the
database but the total amount of facilities per country depends also on smaller facilities,
typically electrochemical facilities. In Figure 6 we can see that more than half of the
facilities in the database are electrochemical and for UK electrochemical accounts for more
90% of the total facilities.

United-Kingdom Ireland

60

“al)’ |
56 pre——

Romani
Austria
Croatia 9
28
O

. Netherlands "
Czech Republic
10

Figure 5 - Entries in the database (Operational + Projects), by country
(values in Annex 1)

. Ge[many

Italy Norway  [Belgium

29 11 10

Netherlands Greece

|

Figure 6 - Entries in the database (Operational + Projects, PHS excluded), by country
(values in Annex 1)
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The figure below focuses on electrochemical facilities (both operational and in project),
which are a rising energy storage alternative. United Kingdom presents the most
important Power Capacity, followed by Ireland and Germany.

Technology type ®Electrochemical

United-Kingdom I, S 99
Ireland NN 1337
Germany [ 509
Spain Il 196
ltaly ll 81
France | 72
Belgium | 59
Netherlands | 41
Slovenia | 28
Switzerland |
Greece
Finland
Hungary
Portugal
Cyprus
Sweden
Czech Republic
Denmark

9
116
114
|
I
I
|
I

Austria |
|
I
|
|
0

Country

1
1
1
7
)
5
5
3
3
3
Poland | 1
Lithuania | 1
Romania | 1
Slovakia | 1
1 000 2 000 3000 4 000 5000 6 000
Power capacity (MW)
Figure 7 - Electrochemical Storage - Power capacity by country (Operational + Projects)
(values in Annex 1)

The analysis of the data collected reveals that Germany & United Kingdom lead the
Batteries Energy Storage Systems (BESS) current market in Europe (Figure 8).
Furthermore, the UK has a very important BESS projects pipeline compared to other

countries (followed by Ireland, Figure 9).
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Technology type ® Electrochemical

United-Kingciom |, - 7 0

Germany |G, /0 5
Italy [ 56
Netherlands I 37
Belgium M 34
France || 19
Switzerland | 19
Slovenia |} 13
Ireland ] 11
Spain [l 11
Hungary | 7
Portugal | 6
Finland || 6
Sweden | 5
Czech Republic | 3
Austria | 3
Denmark | 2
Poland | 1
Romania | 1
0 100 200 300 400 500
Power capacity (MW)

Figure 8 - Electrochemical storage - Operational Capacities by Country
(values in Annex 1)
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Figure 9 - Electrochemical storage - Planned Capacities by Country
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1.2.4. BEHIND THE METER DATABASE

The final deliverable for the Behind the Meter database displays the installed capacity per

country, when available, based on numbers and assumptions, provided by experts from
Ministries and Energy Storage associations.

It is important to note here that behind-the-meter storage is a growing market with
important mid-term potential, but currently presents very poor data availability.
Indeed, we were unable to provide data for an important number of countries, due to lack
of data. However, this should be possible to do in the future, with a more mature market.
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1.3. CONCLUSION AND KEY MESSAGES RELATED TO THE DATABASE

Energy transition and deep decarbonisation of the power mix will require a strong
integration of intermittent renewable sources of power generation. More generally, the
main constraint of electricity as an energy vector is that it has always been technically very
difficult and relatively costly to store it compared to other vectors such as liquid (oil) or
gas. As a result, development of power sector and electricity consumption have been based
on massive transmission and distribution networks that account for around one third of the
end user bill in most countries.

However, things are changing as batteries technologies becoming more and more mature
with significant reduction in their costs. This could facilitate the integration of intermittent
power generation and create a large market for electricity storage.

Throughout this data collection work, we have noticed some important points that we would
like to summarise with these key messages:

e The main energy storage reservoir in the EU is currently and by far Pumped Hydro
Storage. As their prices plummet, new batteries projects are rising. This type
of facilities can be coupled with renewable (wind or solar) farms.

e Li-ion batteries represent most of electrochemical storage projects. The recycling
of such systems should be strongly taken into consideration, as well as their
effective lifetime: such theoretical specifications submitted to grids may be
relatively optimistic compared with their use at nominal conditions.

e In the EU, the segment of operational electrochemical facilities is led by UK
and Germany. We have noticed an important number of projects in the UK, and
to a lesser extent in Ireland.

¢ Behind-the-meter storage is still growing. It is quite heterogeneous,
depending on local markets and countries: as a new market, it is still driven by
political aspects and/or subsidies. Overall data availability is relatively poor.

A recommendation from this study would be to ensure a monitoring and follow-up of
storage facilities at both Member States and European Commission level. We have
noticed through our study that data about energy storage are sometimes difficult to obtain
or with a level of precision lower than for power generation databases. A convergence,
both in terms of quality and coverage, of storage facilities public data and databases
towards power plant existing public data could be define as a key objective.
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2. QUANTIFICATION OF THE CONTRIBUTION OF ENERGY STORAGE
TO THE SECURITY OF ELECTRICITY SUPPLY IN THE EU-28

2.1. INTRODUCTION

In December 2019, the Commission has presented the “European Green Deal”, a set of
policy initiatives aiming at achieving a climate-neutral Europe by 2050. In early March
2020, this objective has been addressed by a proposition of the Commission: the European
Climate Law. The draft Climate Law includes measures to keep track of progress and to
define and update the pathway to get to the 2050 target.

Today, the European Union energy system still heavily relies on fossil energies, and is the
main contributor to the overall greenhouse gases emissions (with around 80%? of the total
emissions, the rest being caused by agriculture emissions, industrial processes and waste
management). In order to reach a net-zero system by 2050, the whole energy system will
have to be radically transformed. This includes important efforts to increase the level of
energy efficiency (e.g. in buildings) and a large-scale deployment of renewable energy
sources to enable the direct and indirect electrification of all sectors of the economy.

Ahead of this objective, the European Commission had set out its vision for climate-neutral
EU in November 2018, looking at all the key sectors and exploring pathways for the
transition. The 2050 visions reflect different possible orientations for the energy system
(circular economy, deep electrification, important development of hydrogen), but share a
common element to decarbonise the energy system of the European Union: relying on
direct and indirect electrification technologies, supported by an important development of
electricity generation from renewable energy sources such as solar photovoltaics (PV) and
wind power.

The large share of variable energy sources (VRES) in the production will significantly
change the dynamics of the power system. The way the flexibility currently being provided
by conventional thermal generation technologies (that currently provide a large part of the
flexibility on all timescales) will be replaced while ensuring a secure provision of electricity
is one of the key questions that has to be addressed. In order to keep the balance between
the production and consumption and avoid RES curtailment, additional flexibility solutions
will be needed. In this context, storage solutions could play a key role to ensure the
integration of renewable energy sources can materialise at the lowest cost, by shifting the
consumption to the moment when electricity is available.

The objective of this section is to provide a quantitative assessment of the role of different
energy storage technologies at different stages of the energy transition. This analysis is
grounded on power systems development plans consistent with the European
Commission’s Long-Term Strategy and considers all available flexibility solutions (demand
and supply sides, storage, interconnectors) in order to robustly meet security of supply
criteria.

The methodology of this assessment is based on the recommended framework to establish
flexibility portfolios defined in the Mainstreaming RES study of the European Commission1°,
The first step is the definition of the different scenarios and the evaluation of the flexibility
needs, then the identification of the possible flexibility solutions and finally the description
of the optimal portfolio for each scenario. Three scenarios have been considered in this
study, one for 2030 (METIS-Baseline) and two for the 2050 horizons (METIS-1.5C and
METIS-2C-P2X). All of them are derived from the pathways described in the Long-Term
Strategy, and include the energy and climate objectives of the EU.

9 Source : Eurostat : https://ec.europa.eu/eurostat/statistics-explained/pdfscache/1180.pdf

10 European Commission, “Mainstreaming RES - Flexibility portfolios”, 2017.
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Step 1 — Evaluation of the flexibility needs

+  Analysis based on the demand and generation of
variable RES-e technologies

+ Indicators computed on several timescales to
reflect the structure of the underlying dynamics

p
Step 2 — |dentification and characterisation
of local flexibility solutions

* Identification of the technologies that can provide
flexibility to the system

* Techno-economic characterisation (costs,
potential, technical parameters)

Step 3 — Optimisation of flexibility portfolic

* Based on a whole system analysis in coordination
with neighbouring countries

» Joint optimisation of investments and operations to
capture the synergies between flexibility solutions

p- r

Figure 10 - Recommended framework to establish flexibility portfolios (source: Mainstreaming RES
study??)

In addition to the results of the three central scenarios, different sensitivities have been
designed and performed to capture the uncertainties of the evolution of some key elements
of the European energy system. Three topics have been selected, based on their potential
impacts on the deployment of storage technologies:

e Demand-response: different assumptions were evaluated for the flexibility offered
by electric vehicles and smart heating for buildings, since this short-term flexibility
directly competes with storage technologies such as batteries.

e Cost of electrolysers: electrolysers were found to provide an important share of the
required flexibility services. This sensitivity is designed to understand how the
landscape would change if electrolysers were to be more expensive.

Flexibility offered by P2X: this final sensitivity assumption aims at capturing the effect of
various levels of flexibility in the consumption of hydrogen (and derived gases and fuels).

11 https://ec.europa.eu/energy/sites/ener/files/mainstreaming_res - artelys - final report - version 33.pdf
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2.2. DESIGN OF THE DIFFERENT SCENARIOS
2.2.1. DESCRIPTION OF THE SCENARIOS
2.2.1.1. Three scenarios adapted from the EC’s Long-Term Strategy

The EC Long-Term Strategy has analysed different pathways that can lead the European
Union’s economy to reach the Paris agreement target of keeping the temperature increase
since the pre-industrial era “well below 2°C by 2100”12,

A first pathway called Baseline includes the recently agreed policies, such as a reformed
EU emissions trading system and different target for energy efficiency and renewable
production. In 2050, this pathway reaches a 60% reduction of greenhouse gas emissions,
which is not sufficient to meet the objectives of the Paris Agreement. Five different
pathways have been created to meet the objectives of the Paris Agreement, each of them
being based on different technological choices on how to decarbonise the EU economy:

e Energy efficiency (EE): Pursuing deep energy efficiency in all sectors, with higher
rates of building renovation.

e Circular economy (CIRC): Increased resource and material efficiency, with lower
demand for industry thanks to higher recycling rate and circular measures.

o Electrification (ELEC): deep electrification in all sectors, with large deployment
of heat pumps for building heating and faster electrification of all transport modes

e Hydrogen (H2): Hydrogen is used in all sectors, and injected into the distribution
grids to be used in the building for heating, and for freight transport.

e Power-to-X (P2X): Large development of e-gas and e-fuels to decarbonise the
different vectors without changing the energy supply type

Based on these different options, three additional pathways are described in the LTS. The
first one, COMBO, is a cost-efficient combination of the five options described above.

The two additional ones are more ambitious, with a goal of keeping the temperature
increase to “around 1.5°C by 2100”. Including carbon sinks, these two scenarios reach
carbon neutrality by 2050. The 1.5TECH scenario combines the technologies used in the
five different pathways defined above to reach net zero greenhouse gases emissions in
2050. The 1.5LIFE scenario is also based on the different technological pathways, but with
a stronger focus on lifestyle changes leading to a lower energy consumption.
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Figure 11 - Power installed capacities in the different pathways of the Long-term Strategy

12 For more information about the Long term strategy, please refer to the available documentation on the EC
website : https://ec.europa.eu/clima/policies/strategies/2050 en
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For this study, three scenarios have been selected at different time horizons:

e Baseline (year 2030)
e 1.5TECH (year 2050)
e P2X (year 2050)

The rationale behind this choice was to have a first 2050 scenario that reaches carbon
neutrality in 2050. 1.5TECH scenario was selected against 1.5LIFE since it was more
conservative in terms of behavioural change. P2X was then selected because it was the
most ambitious pathway in terms of storage potential according to the modelling exercise
realized for the definition of these different scenarios. Finally, Baseline was selected for
the year 2030 since it reflects the currently agreed policies, allowing a comparison of the
power flexibility needs between 2030 and 205013,

2.2.1.2. Evolution of the energy mix in 2030 and 2050

In the Long-Term Strategy pathways, the decarbonisation of the EU energy system
mainly results from a large integration of power renewable energy sources, such as solar
and wind capacities, that enable direct and indirect electrification of end-uses. As can be
seen on
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Figure 11, solar and wind capacities soar between 2030 and 2050, rising from 670 GW to
2 140 GW in the P2X scenario and 2 240 GW in the 1.5TECH scenario.

This important decarbonised power production is used to switch from burning fossil fuels
to using electricity, both in a direct way and via an indirect electrification route (i.e. via
power-to-gas technologies and end-uses using decarbonised gases and fuels). Between
today and 2030, this fossil-to-RES switch is driven by direct electrification leading to an
increase of the total power production from 2750 TWh in 2015 to 3030 TWh in 2030. From
2030 onwards, the Long-Term Strategy considers an important development of P2X
technologies for indirect electrification, leading to the production of synthetic fuels such as
e-gases'* and e-liquids!® from electrolysis, replacing their fossil counterparts in the
industry, heating and mobility sectors.

13 At the time of writing, the impact assessment of the 50 to 55% reduction of GHG emissions by 2030 was not
available. This scenario has therefore not been included in this analysis.

14 e-gas refers to e-CH,, which can be used instead of natural gas in all its applications

15 e-liquids refers to a large range of complex synthetic hydrocarbons, that could be used instead conventional

fuels derived from petrol (gasoline, unleaded, oil, kerosene, etc.)
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Figure 12 - Share of energy carriers in final energy consumption (TWh)

As a consequence of the large volumes of e-gases and e-liquids being required to
decarbonise these sectors, the demand for electricity drastically increases between 2030
and 2050. In 2050, more than a third of the power production is dedicated to electrolysis,
in order to produce carbon free fuels (hydrogen, e-gas and e-liquids). Direct electrification
also contributes to an increase of the total power demand, raising above 4 000 TWh in
both P2X and 1.5TECH scenarios. The combination of direct and indirect electrification leads
to a total power demand that will be more than twice higher in 2050 than it is projected to
be in 2030. The demand in the 1.5TECH scenario is a little higher than the one of the P2X
scenario, since the more ambitious target in terms of reduction of greenhouse emissions
requires a deeper decarbonisation of the energy sector.
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Figure 13 - Power demand of the different scenarios'® (TWh)
2.2.1.3. Integration of the LTS scenarios in METIS

In order to assess the optimal flexibility portfolio of the European power sector for the
different scenarios of the Long-Term Strategy, the main characteristics of these scenarios

16 The power demand includes the losses of the transmission and distribution grids
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have been taken into account in the modelling exercise, carried out using METIS'’. We
present below the list of assumptions that have been directly taken from the LTS scenarios:

e Installed capacities
- Solar fleet
Wind fleet
Nuclear
Lignite and Coal
- Geothermal
- Biomass and waste
- Other renewables
e Power demand
- Direct power demand, with a specific distinction of electric vehicles and
heat pumps consumption (which can provide flexibility and demand
response)
- Indirect power demand (i.e. electricity dedicated to P2X, in order to
produce synthetic hydrogen, e-gas and e-fuels)
e Commodity prices
- Fuel prices (gas, coal, oil)
- EU-ETS carbon price

The LTS pathways have been developed and published at the EU level. This study follows
this approach, providing EU-wide aggregations of assumptions and results in the following
sections.

Note on the scenarios used in the modelling

As explained above, the scenarios that we have built to assess the role of storage are
partly based on the LTS pathways, and some structural datasets are directly taken from
the LTS assumptions (see list above). However, the modelling of the power system
behaviour (described in Section Error! Reference source not found.) and the
identification of the optimal flexibility portfolio relies on additional assumptions (e.g.
potential, capital costs, etc.). Therefore, results can differ from those of the Long-Term
Strategy pathways, especially in terms of installed capacities of the flexibility solutions
that are optimised in our work (gas-fired power plants, pumped hydro storage, batteries,
interconnectors, P2X facilities).

To distinguish the scenarios created during this study from the underlying LTS scenarios,
we adopt the following convention throughout this report:

Scenario Underlying LTS scenario
METIS-Baseline (2030) 2030 - Baseline
METIS-1.5C (2050) 2050 - 1.5TECH
METIS-2C-P2X (2050) 2050 - P2X

In addition to the European Union, 7 neighbouring countries have also been modelled to
capture their interactions with the EU member states. These 7 countries are the following:
e Bosnia-Herzegovina
e Montenegro
e Norway

17 https://ec.europa.eu/energy/data-analysis/energy-modelling/metis_en
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North Macedonia
Serbia
Switzerland
United-Kingdom

For all these countries, their power production capacities and demand are extracted from
scenarios developed by the ENTSOs in the context of the elaboration of their respective
TYNDP 2018 .

The following scenarios have been selected, as they were assessed to be the closest to the
selected EC pathways:
e METIS-Baseline (2030): “Sustainable Transition” (ST) 2030 scenario has been
selected, as it was in line with the 2030 objectives of the European Union
e METIS-1.5C and METIS-2C-P2X (2050): “Global Climate Action” (GCA) 2040 has
been selected, since it relies as the LTS scenario in large-scale power renewable
for both direct and indirect electrification of the EU energy system

2.2.2. EVOLUTION OF THE FLEXIBILITY NEEDS

As mentioned above, we have adopted the flexibility framework developed in the context
of the Mainstreaming RES study!8. The first step is to assess the flexibility needs of the
power system, on different timescales. The daily, weekly and seasonal flexibility metrics of
the study are used here to evaluate the needs in 2030 and 2050 scenarios.

2.2.2.1. Flexibility needs definition

In the following we define daily, weekly and seasonal flexibility needs by analysing the
dynamics of the residual load on several timescales, so as to take into account all the
underlying phenomena that drive the need for flexibility.

Flexibility is defined as the ability of the power system to cope with the variability of the
residual load curve at all times. Hence, flexibility needs can be characterised by analysing
the residual load curve.

Daily flexibility needs

On a daily basis, if the residual load were to be flat, no flexibility would be required from
the dispatchable units. Indeed, in such a situation, the residual demand could be met by
baseload units with a constant power output during the whole day. In other words, a flat
residual load does not require any flexibility to be provided by dispatchable technologies.
We therefore define the daily flexibility needs of a given day by measuring by how much
the residual load differs from a flat residual load. The daily flexibility needs computed in
this report are obtained by applying the following procedure:

1. Compute the residual load over the whole year by subtracting variable RES-e
generation and must-run generation from the demand.

2. Compute the daily average of the residual load (365 values per year).

3. For each day of the year, compute the difference between the residual load and its
daily average (the light green area shown on the figure below). The result is
expressed as a volume of energy per day (TWh per day)

4. Sum the result obtained over the 365 days. The result is expressed as a volume of
energy per year (TWh per year).

18 Source : European Commission, “Mainstreaming RES - Flexibility portfolios,” 2017.
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Figure 14 - Illustration of daily flexibility needs (the solid purple line measures the deviation of the
residual load from its daily average for a given day). Source: RTE, Bilan prévisionnel de I"équilibre

offre-demande, 2015

Weekly flexibility needs

The same reasoning is applied to evaluate the weekly flexibility needs. However, in order
not to re-capture the daily phenomena that are already taken into account by the daily
flexibility needs indicator, we define weekly flexibility needs as follows:

1.

2.
3.

Compute the residual load over the whole year by subtracting variable RES-e
generation and must-run generation from the demand with a daily resolution
Compute the weekly average of the residual load (52 values per year)

For each week of the year, compute the difference between the residual load (with
a daily resolution) and its weekly average (the light green area shown on Figure
15). The result is expressed as a volume of energy per week (TWh per week).
Sum the result obtained over 52 weeks. The result is expressed as a volume of
energy per year (TWh per year).
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Figure 15 - Illustration of weekly flexibility needs (the solid purple line measures the deviation of
the residual load from its daily average for a given week). Source: RTE, Bilan prévisionnel de

I’équilibre offre-demande, 2015

Seasonal flexibility needs

Finally, the seasonal flexibility needs are defined in a similar way:

1.

wWN

Compute the residual load over the whole year by subtracting variable RES-e
generation and must-run generation from the demand with a monthly time
resolution

Compute the annual average of the residual load

Compute the difference between the residual load (with a monthly time resolution)
and its annual average. The result is expressed as a volume of energy per year
(TWh per year).
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2.2.2.2. Evaluation of the flexibility needs

Daily flexibility assessment

The daily flexibility needs at the EU28 level are shown for the three reference scenarios on
Figure 16 below. From METIS-Baseline in 2030 to METIS-1.5C in 2050 the flexibility needs
almost triple, going from 270 TWh in 2030 to 780 TWh in 2050. A small difference can be
seen between the two 2050 scenarios, the flexibility needs vary from 780 TWh in METIS-
1.5C to 730 TWh in METIS-2C-P2X.

This significant increase from 2030 to 2050 is directly related to the increase of RES
installed capacity, in particularly solar power. In all three scenarios most of the flexibility
needs is concentrated in a few countries, who have the highest RES installed capacities.
Together Germany, France, Spain, United-Kingdom and Italy account for the majority of
the daily flexibility needs in all scenarios. The slight difference between the daily flexibility
needs in METIS-1.5C and METIS-2C-P2X can be explained by the difference in solar
installed capacity in the two scenarios, 1055 GW in METIS-1.5C and 1000 GW in METIS-
2C-P2X.
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Figure 16 - Daily flexibility needs at EU28 level

A high penetration of solar power can substantially increase the flexibility needs due to
hourly generation variability during the day. However, in some cases a smaller amount of
solar generation can in fact help decrease the flexibility needs as the daily production is
generally correlated to the demand and thus tends to smoothen the residual demand curve
throughout the day. This phenomenon, also known as the duck curve, is illustrated by
Figure 17, which shows the demand (solid blue line) and residual loads for different solar
capacity deployment.
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Figure 17 - Illustration of the impact of solar capacity deployment on the residual load*®

Figure 18 below illustrates the net demand and total generation from a typical summer
week in a country with high solar installed capacity.
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Figure 18 Residual demand and hourly generation
(total load in blue, and residual load in red)

It is possible to see the effects of solar installed capacity on the daily flexibility needs by
further analysing a few countries individually. Figure 19 shows the installed capacity of two
countries with high solar penetration and two with lower solar capacity and below, Figure
20 shows their respective daily flexibility needs. We can see the correlation between solar

19 Source: Mainstreaming RES study
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capacity and daily flexibility needs, countries with higher solar production have
proportionally higher daily flexibility needs.
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Figure 19 - Solar installed capacities for countries with high and low solar capacity
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Figure 20 - Daily flexibility needs for countries with high and low solar capacity

Weekly flexibility assessment

Similarly, weekly flexibility needs are also found to be s