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Executive summary
The R&I roadmap 2017-2026 is a deliverable of the BATSTORM project, focused on stationary battery
based energy storage in Europe.
Chapter 1 presents an introduction stating the setting of the BATSTORM project and objectives of the
roadmap as well as providing a reader guidance to the report. Chapter 2 deals more with the
background on the current policy context and market in which this roadmap is set, also describing
current and future roles of battery storage and related EU industry. Chapter 3 presents the actual
roadmap, indicating its goals and milestones, describing the related actions and providing an
overview of priorities and planning.
Figure 1 summarizes the overall objectives (vision) and goals of this roadmap.

Figure 1: Overall strategic objectives and accompanying goals of the roadmap
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For these goals, milestones as well as actions to reach those goals and related milestones have been
defined. The high and very high priority actions as defined within the roadmap are shown in Table 1.
Table 1: Overview of actions rated with ‘very high’ and ‘high’ priority

#

Action

Priority

3

Develop alternative materials for BESS

high

5

Develop advanced battery management solutions (thermal, electrical)

high

8

Propose duty cycle and testing standards and performance certification

high

15

Adapt regulation to stimulate recycling

high

20

Create and maintain knowledge sharing platform

high

21

Initiate Expert Group on battery connection rules

very high

30

Develop safety standards

32

Propose measures to increase industry collaboration (consortia)

34

Determine the market potential/demand for BESS

high

35

Exploit synergies with (auto)motive sector

high

39

Focus research on cutting edge battery technologies

high

high
very high

This draft document Roadmap 2017-2026 is intended to collect feedback from stakeholders. June 6 th
a workshop will be held to discuss this draft roadmap with relevant stakeholders. Feedback provided
on the roadmap (either at the workshop or bilaterally before or after) will be taken into account in
finalizing the BATSTORM roadmap 2017-2026. Publication of the final roadmap is foreseen for July
2017.
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Abbreviations
aFRR

Automatic Frequency Restoration Reserve

BESS

Battery Energy Storage System

BMS

Battery Management System

BMWI

Federal Ministry for Economic Affairs and Energy Germany

DSO

Distribution System Operator

EFR

Enhanced Frequency Response

ENTSO-E

European Network of Transmission System Operators for Electricity

EOL

End Of Life

FCR

Frequency Containment Reserve

FRR

Frequency Restoration Reserve

IEA

International Energy Agency

IP

Intellectual Property

ISO

International Standardisation Organisation

KPI

Key Performance Indicator

LCOS

Levelized costs of storage

LFP

Lithium Iron Phosphare batteries

Li-ion

Lithium Ion batteries

LTO

Lithium titanate batteries

mFRR

Manual Frequency Restoration Reserve

RES

Renewable Energy Sources

R&I

Research and Innovation

RT&D

Research Technology and Development

SET Plan

Strategic Energy Technology Plan of the European Commission

SOC

State of charge

TSO

Transmission System Operator
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1

Introduction

1.1

Intended audience

This 10 year R&I roadmap 2017-2026 (D10) is intended for policy makers, funding institutions,
manufacturers, grid operators, energy market actors, research institutes and other stakeholders. It
provides an overview of goals, milestones and actions with respect to the introduction of batterybased energy storage in the EU energy system.

1.2

Background and objectives

This 10 year R&I roadmap 2017-2026 is a deliverable of the BATSTORM project, a service project
initiated by the European Commission in order to support the prioritization of R&D topics to be funded
on the topic of battery-based energy storage. It is complementary to the roadmaps and
implementation plans developed in the Grid+Storage project 1 that mainly focused on the integration
of non-battery energy storage systems in distribution and transmission grids. It covers the full RT&D
chain from applied research to demonstration projects. The selection of topics is based on a thorough
analysis of finalized and ongoing research projects and inputs from a varied set of stakeholders. The
interaction with stakeholders has been an iterative and flexible process throughout the entire project.
This roadmap also builds upon deliverables and work earlier developed in the BATSTORM project.
Especially the socio-economic analysis of [BATSTORM D7] and its stakeholder consultation response
are a solid basis for many of the goals and actions provided for in this roadmap. Note that no further
explicit references are made to this deliverable in the roadmap.
There are several other initiatives active in the field of storage and battery-based storage. For
example the ETIP SNET Working group (with a broader focus on storage in general) and the SET Plan
Action 7 Temporary Working Group (covering both stationary as well as mobility related battery
storage). Also several associations have developed position papers, roadmaps or action plans in
various levels of detail, and most often with clear focus on part of the industry they represent.
Throughout the BATSTORM project there have been continuously consultations with these various
parties to exchange ideas and use their work as input for our roadmap. (see also Appendix A:
Stakeholder interaction).

1.3

Document structure

In chapter 2 background information is presented relevant for the roadmapping process: a summary
of the EU policy context and introduce some important market drivers, the current and future
expected role for battery-based energy storage in the EU energy system and finally a sketch of the
current situation of the EU battery industry. In chapter 3, the general road mapping process within
the BATSTORM project is described. Next, the core content of the roadmap is described. First an
introduction of the goals and milestones which contribute to reaching the two main strategic
objectives which are the starting basis for this roadmap. Next actions to reach the goals are proposed
and prioritized. Finally conclusions are drawn in chapter 4.
1

http://www.gridplusstorage.eu/
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2

Background

2.1

EU policy context

Europe is one of the leading regions when it comes to the introduction of renewable energy sources
into the electricity grid in order to counteract climate change and to reduce the dependency on
energy imports. The European Commission has clearly communicated its ambition in the SET plan
[EC 2016a] as well as the 2030 clean energy package [EC 2016d]. It has also implemented several
instruments to stimulate research and technology development to cope with the challenges that
result from this paradigm shift towards low-carbon energy such as the Horizon 2020 Work
Programme on ‘Secure, Clean and Efficient Energy’ [EC 2017]. Energy storage (including battery
energy storage) can play a vital role in coping with the intermittent nature of most renewable energy
sources. This will require the improvement of existing storage technologies, the development of new
more cost-effective and better-performing technologies and the installation of markets and regulation
to stimulate the integration of storage systems in the distribution and transmission grids. In its
communication ‘Towards an Integrated SET Plan’ [EC 2015], the European Commission set forward
10 targets of which topics #4 (“Increase the resilience, security and smartness of the energy
system”) and #7 (“Become competitive in the global battery sector to drive e-mobility forward”) are
directly related to the topic of this roadmap. In addition the European Commission has published
issue papers linked to these 10 actions with more specific and quantified targets. In particular, the EC
has set targets for stationary batteries in its issues paper 7 [EC 2016a]; According to this paper, R&I
should aim at “developing and demonstrating technology, manufacturing processes, standards and
systems, which have the potential of driving high-efficiency (>90%) battery based energy storage
system cost below €150/kWh (for a 100kW reference system) and a lifetime of thousands of cycles
by 2030 to enable them to play an important role in smart grids”.
The BATSTORM roadmapping process will take into account the initiatives as sketched above and
translate them into specific battery related R&I goals and milestones for the coming decade to
overcome the gaps and barriers which have been identified during the course of the project
[BATSTORM D8]. An overview of the identified challenges and related actions can be found in
Appendix B: Overview of identified challenges and actions. The EU’s Clean Energy Package, which
was issued end of 2016 [EC 2016d], is instrumental for continuing to open up energy markets and
secure access for energy storage, including battery systems, and already addresses some of the gaps
and barriers which were identified within the BATSTORM project. The most important measures
proposed in this package which will improve the environment for energy storage, and by extension
battery storage, include [EC 2016b]:

2

•

The introduction of a definition of energy storage2

•

Clarification of the role of TSOs/DSOs with respect to storage3

•

The requirement to consider storage in the network planning process

“Energy storage means, in the electricity system, deferring an amount of the electricity that was generated to the moment of use, either as

final energy or converted into another energy carrier” [EC 2016b]
3

TSOs/DSOs shall in principle not be allowed to own, develop, manage or operate energy storage facilities, unless a) a market based

approach for storage services fails; b) the storage facility is needed for the efficient, reliable and secure operation of the transmission,
respectively distribution system AND c) it is approved by the regulator. [EC 2016b]
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•

Requirement for DSOs to procure services (non-frequency ancillary services) through markets
ensuring effective participation of all market participants including storage facilities

•

Requirements for TSOs to procure ancillary services (especially frequency reserves) through
markets ensuring effective participation of all market participants including storage facilities

•

The introduction of efficient and future-proof connection requirements for energy storage to
the system via new network codes.

2.2

External market drivers

Besides the policy context as sketched in the previous section, there are also external market drivers
influencing the development of battery based energy storage. External market drivers are not the
focus of our BATSTORM project, but in some cases they can have an extremely large influence on the
actual deployment of batteries or on EU industry development. There are two external market
drivers, which are briefly touched upon in this section to indicate their presence and sketch their
possible influence on the stationary battery market, but they will not be explored in detail.
The first external market driver is the electric vehicle market. Recent developments in the field of
electric vehicles have accelerated, with large reductions in battery costs, improvements in
performance and increased production of batteries for EVs in Europe [EC 2016c]. These continuing
developments could impact the stationary battery market. For example with learnings from cost
reduction, searching for joint storage functions or technology improvements which could spill over to
the stationary market. Also, some stakeholders indicate that there could also be ambivalent
influences (e.g. actors focusing on the stationary battery market being pushed out of the market by
large EV battery players or reduced attention for battery technologies which might be more suitable
to perform stationary storage services). A detailed analysis of the possible impacts that the electric
vehicle market and its swift developments can have on the stationary battery storage market is not
an explicit part of this roadmap. Nevertheless several milestones and actions have been set with the
e-mobility synergy in mind.
A second external market driver is the effect that other storage technologies or other flexibility
options can have on the role of battery based storage. The need for flexibility in the energy market
can be fulfilled by batteries, but also by competing types of energy storage (e.g. pumped hydro
storage, flywheels, compressed air energy storage, ultra-capacitors, fuel cells) or other flexibility
options (such as supply-side and demand side flexibility options). Some of these technologies are
already mature, but there are many still in various stages of development (research, demonstration,
pilot etc.) or of life time (e.g. gas-fired power plants which are being mothballed). The growth and
progress of these alternative technologies, their costs in comparison to battery storage and the types
of services they can provide, will impact the eventual role and deployment of battery storage in
Europe. An in-depth analysis of alternative technologies is not within the scope of this roadmap, nor
the BATSTORM project. Earlier work in the BATSTORM project gave projections of how well these
competing technology can provide certain energy services in comparison to battery based energy
storage and how battery deployment for some applications could evolve [BATSTORM D7]. Other
projects could provide more insights in the potential of competing flexibility options, like the ESTMAP
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project4, the EASE/EERA draft updated roadmap (currently being finalized [EASE/EERA 2017]) or the
broader sketch of the electricity system in the GRID+Storage project.

2.3

The current and future role of BESS in the EU energy system

The value of energy storage for the energy system lies in the application they can provide within the
system. A selection of some battery applications has been made which is considered as the ones with
the highest potential for the EU energy system, both at short and longer term.
The first application is self-consumption of electricity from distributed renewable generation and
buffered by battery based energy storage. Note that this can both be a residential battery system as
well as a feeder- or district-level battery storage system. The self-consumption use of battery storage
experienced a strong increase over the last couple of years and was mainly driven by the German
market [Agora 2014], [RWTH 2016], [Fraunhofer 2015a]. In other European markets residential
storage systems are on the edge of profitability and therefore the number of installed systems is
expected to raise considerably the coming years, especially when hampering factors such as netmetering for local generation will be abolished. It is envisioned that these systems will also be used
for other services such as energy cost management and the provision of ancillary services via
pooling, but these are not the primary drivers behind the installation of these systems.
A second promising application is fast frequency response provided by BESS as alternatives to the
current provision of frequency control in the energy system by conventional power plants will be
required. Batteries are seen as one of these alternatives, especially for shorter term frequency
response services with a limited energy capacity proportion i.e. Frequency Containment Reserves
(FCR), Automatic Frequency Restoration Reserve (aFRR) as applied across Europe, and even faster
response variants such as Enhanced Frequency Response (EFR) as defined in the UK [National Grid
2016a]. Additional commercial battery-based applications were announced or already set up for FCR
in Germany, the Netherlands, Belgium and Ireland. Both larger battery systems or a pool of smaller
battery systems could be used to reach the minimum bid sizes for these services. Also these
installations could be used to deliver other services, although these are not the main reason for
installing these systems.
In addition to the above, two other applications showing longer term potential have been selected.
Distribution grid services provided by battery based energy storage for grid congestion relief is
one of them. With rising integration of both distributed electrical generation and loads, it is estimated
that the market for grid congestion relief by means of battery storage will grow significantly, mainly
within the distribution grid. The integration of renewable electricity generation on islands and into
micro-grids with battery based energy storage is the final selected application, as a substitution of
fossil-based backup generation.
Table 2 shows an overview of these four applications, including the projected EU capacity and the
main reason for selecting these four applications. As can be seen for the first two applications
installed capacity in the EU energy system is estimated to be already considerable in 2025, while the
4

http://www.estmap.eu/
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other two applications are expected to develop mainly after 2025 when higher levels of RES are
integrated in the energy system. Each of these applications can have specific technical requirements
and call for specific (regulatory, market-related, societal…) measures. It should be stressed however
that batteries will probably be offering multiple services.
For delivering the envisioned services, several battery storage technologies can be used. For this
roadmap no specific technology selection or prioritization is made. All battery technologies could be
considered for the applications if they meet qualification criteria and are at competitive levels.
Table 2: Overview of main applications

Application

Original application
names from BATSTORM
deliverable D7
[BATSTORM D7]

Projected EU
BESS capacity
(2025)
[BATSTORM
D7]

Reasons for selection

Self-consumption of electricity
from distributed renewable
generation and buffered by
battery based energy storage

•

4,080 MW

•

Fast frequency response
provided by battery based
energy storage

•

•

•
•

Distribution grid services
provided by battery based
energy storage

Self-consumption

•
•

Enhanced Frequency
Response (EFR)
Frequency
Containment Reserves
(FCR)
Automatic Frequency
Restoration Reserve
(aFRR)

1,300 – 4,000
MW

Grid congestion relief
Grid upgrade deferral

400 MW

•
•

•

•

Integration of renewable
electricity generation on islands
and into micro-grids with
battery based energy storage

POWNL16059

•

Island operation
capability

100 MW

•
•

5

Market readiness and
viable business case
expected in many
countries
Effective integration
of distributed
renewable electricity
generation

Market readiness and
viable business case
in many countries
Ideal applicability of
battery based energy
storage

High added value to
distribution system
operators in many
cases
Facilitation of high
renewable energy
shares in distribution
grids

Ideal substitution of
fossil-based backup
generation
High potential for
decarbonization
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2.4

The current EU battery industry development

For the different battery technologies, strengths or presence of EU industry can differ. For example
EU industry is quite well established in most of the elements in the value chain of lead acid batteries,
while for other battery technologies, only some elements of the value chain are present (e.g.
integration).
Based on the analysis, the following parts of the value chain have currently been selected as focus of
our roadmap (compare Figure 2). This selection is based on where there is already a good position of
the current EU industry, or where there is a lot of potential for growth or where we feel it is essential
to gain a position to enable competition on other levels.

battery
materials

cell
production

grid
integration

recycling

Figure 2: Selected value chain elements that are assessed in this roadmap

The first part of the value chain selected for further assessment in this roadmap is the development
and production of battery materials. The selection of the right materials and the way of producing
these materials have a high impact on the overall footprint and economics of the battery. The
expansion of the current position of EU industry in this part of the value chain can strengthen
Europe’s influence on the environmental impact of batteries, the economics of batteries and the
security of supply of material production. There is already quite some advanced research ongoing in
Europe in this field, complemented with existing competitive companies, which provides a good
starting position for further expansion. Most resources necessary for the production of battery cells
and components are sourced outside of the EU. However, research is ongoing to substitute those
scarce materials with others that might even be sourced within the EU. [Universität Jena 2015]
The second part of the value chain selected is cell production. Currently Europe does not have a
very strong position in cell production especially for the technologies where the greatest increase in
demand is expected. But increasing the position of the EU in this part of the value chain does have
important advantages. A strong increase in the demand for cells is foreseen, which first of all brings
potential for the development of a market position. Also this growth in demand increases risks of
supply shortages and dependencies on external supply. Expanding Europe’s cell production capacities
could strongly reduce these risks, while increasing EU industry capacity and opportunities for
employment. Furthermore cell production is the central part of the value chain, influencing all other
parts. An increased role in cell production would thus also mean opportunities for overall cost
reduction and increasing sustainability, quality and performance of the batteries. In Europe there is a
solid basis in engineering knowledge and production experience in related sectors like electric
vehicles and lead acid batteries, which could be building blocks for the expansion of cell production.
The third element of the value chain which would be a good focus point for European industry is the
integration of battery systems. The EU currently has a strong position in this part of the value
chain with existing networks and a range of market players. This part of the value chain is closely
linked to the actual application of the batteries. It requires the involvement of local industries and

POWNL16059
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therefore it is also essential to maintain and further develop this part with increased battery
deployment.
The fourth focus point in the value chain is recycling. While for lead-acid a collection and recycling
rate of over 95 % has already been achieved, the recycling for newer battery technologies still needs
to be scaled up and further developed [EUROBAT 2015]. The scarcity of materials for those
technologies combined with an increasing demand sets the scene for recycling. Furthermore
increased attention within Europe related to the sustainability of the production process and overall
better use of materials and resources pave the way for more emphasis of EU industry on the
recycling part of the value chain. Efficient production cycles, including recycling options nearby, could
also on the longer term lead to cost reductions, reduced environmental impacts and reduced
dependence on external materials.
Table 3: Overview of the parts of the battery value chain which have been selected for the roadmap

Selected part of
the value chain

Current role of EU in
international
competition

Reasons for selection

Battery materials

Average

•
•
•

Cell production

Weak

•
•
•
•

Integration

Strong

•
•

Recycling

POWNL16059

Average

•

7

Selection of right materials has strong impact on the
overall ecologic footprint and the economics of the
batteries
Ongoing advanced research
Existing competitive companies

Great future demand and therefore (risk of) supply
shortages and dependencies if Europe’s cell
production capacities are not increased
Cell as heart of the value chain
Great opportunity to reduce costs and increase
sustainability of cell production processes
Existing knowledge should be translated to a stronger
global role

Make use of existing networks and strong position of
market players
Local industries necessary for successful integration

Great opportunities for cost reductions and increased
sustainability with efficient processes
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3

Roadmap

3.1

Process

Figure 3 below describes the process that has been followed to develop a roadmap and two
implementation plans. The process on the left shows the generic process as described by the IEA in
its publication “Energy Technology Roadmaps, a guide to development and implementation” [IEA
2014]. As shown in the figure, the process starts from a set of goals. Based on these ultimate goals,
a number of milestones is derived that establish a credible path toward these goals. From these
milestones a number of gaps and barriers are identified that stand between today’s practice and
the achievement of the defined milestones. Finally a number of actions is defined to tackle these
hurdles, which are then prioritized and planned in time.

Figure 3: Generic (left) and applied (right) road mapping and implementation plan process

POWNL16059
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This plan defines three levels of targets:
•

•

The high level targets of the 2030 clean energy package [EC 2016d]:
o

A 40% cut in greenhouse gas emissions compared to 1990 levels

o

At least a 27% share of renewable energy consumption

o

At least 30% energy savings compared with the business-as-usual scenario.

The EC communication “Towards an Integrated SET plan” [EC 2015], which derived 10
actions to accelerate the energy system transformation and create jobs and growth as
indicated above and the accompanying issues papers.

•

The accompanying EC Issue paper No7 “Become competitive in the global battery sector to
drive e-mobility forward” [EC 2016a] with more specific and quantified targets.

From these overall SET plan targets that are aimed at the entire European energy system and
industry, two overall strategic objectives for the BATSTORM 10 year R&I roadmap 2017-2026 have
been defined. Next, for both strategic objectives a number of more specific goals and milestones for
battery energy storage system (BESS) are derived. This analysis was enriched with the stakeholder
input to come up with a definitive set of goals and milestones that is documented in the roadmap. To
reach those goals and milestones, actions have been defined (also based on an analysis of the
current state and identified gaps and barriers) through multiple iterations. Also prioritization of the
actions was included in this iteration and documented in this BATSTORM 10 year R&I roadmap 20172026.
The BATSTORM 3 year implementation plan 2017-2019 will further detail the actions of the first three
years of the roadmap5.

5

Note that the roadmap and the implementation plans have a different scope: the roadmap outlines the goals, milestones and actions for

battery energy storage systems, whereas the implementation plans defines and further details R&I topics for the timeframe 2017-2019
based on the prioritization of actions in this roadmap.
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3.2

Goals and milestones

Starting from the targets presented in the SET plan, the two overall strategic objectives for the
BATSTORM 10 year R&I roadmap 2017-2026 have been defined as:
1. Development and deployment of high-performing, cost-effective and environmentally friendly
battery energy storage in the EU energy system
2. Establishing EU industrial capacity and leadership in the global battery sector.
For both strategic objectives a set of goals and milestones have been defined which contribute to
reaching the strategic objectives. These goals are presented in Figure 4.

Figure 4: Overall strategic objectives and accompanying goals of the roadmap

In this section each of these goals is described in more detail and milestones identified in order to
reach a certain goal by introducing performance indicators. Some milestones can be specified for
particular applications, some are more general and relate to many if not all battery applications. For
the first three goals, milestones are specific per type of application. For these first three goals we
therefore explain the relevance of specific milestones for the four identified battery applications: selfconsumption, fast frequency response, distribution grid services and integration of renewable
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generation on islands and into micro-grids. For the remaining goals and milestones no reference is
made to the applications.
Also the first three goals are interlinked. There is a dependency between efficiency, durability and
cost for battery systems, which needs to be considered when setting target values. A lower efficiency
could for example be accepted if revenue losses can be compensated by a higher lifetime and/or a
lower investment costs. Although, we present specific target numbers for the three parameters in the
roadmap, other values could also be acceptable as long as the economic viability of the battery
technology can be proven for a specific application or combination of services, taking into account the
combined effects of efficiency, cost and durability. The target numbers presented in this roadmap
should thus be seen as indicative and not be used to give preference to certain battery technologies
or ignore certain technologies based on one of the presented target numbers. Different technologies
with different strengths and weaknesses can compete.
In the following section each proposed goal is described. Following the description of a goal and
related milestones, actions are defined which are needed to reach those milestones. This is done per
goal but some actions might be linked to different goals. If this is the case, it is indicated.

3.2.1 Optimized performance
To assess the performance of battery technologies, different indicators can be introduced. A lot of
them are interdependent and not all of them are crucial for a given application. The most common
performance indicators are the energy and power density as well as the efficiency of battery systems.
Energy density relates to the amount of energy which can be stored per unit of mass or volume and
is hence expressed in Wh/l (volumetric) or Wh/kg (specific or gravimetric).
The volumetric (W/l) and specific (W/kg) power density on the other hand relate to the loading
capabilities of a battery.
The round-trip efficiency of a storage technology in general is given by the ratio between total
energy storage system output (discharge) and total energy storage system input (charge) as
measured at the interconnection point. For batteries this percentage is defined by characteristics such
as the battery’s internal resistance and the efficiency of the power conversion components. For some
battery technologies the round-trip efficiency can vary due to operating conditions such as charge
and discharge rates, depth of discharge, temperature, etc. In that case usually the optimal values are
given.
The relevance of the above mentioned performance indicators for the identified battery applications is
presented in Table 3 and discussed below the table.
It has to be noted that, typically, for a given battery cell chemistry and space constraints, the cell
performance can be optimized either for energy capacity or for power. Increasing the electrodes’
surface area improves the power capabilities (and charging speeds) whereas increasing the volume of
electrolyte in the cell raises the energy storage capacity. The improvement potential is intrinsically
limited by the system itself. So there is a trade-off between power and energy capabilities for a
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battery energy storage solution which has to be tackled for every given end application. An exception
to this rule are flow batteries where the energy and power density are decoupled.
The field of electro-mobility has been requiring battery technologies with significant energy and
power densities. Large-sized cells for high energy and high power applications are already available in
the market and work is in progress in the automotive industry to close the gap with batteries for
consumer electronics. However, for stationary applications, different performance requirements are
more important such as a long lifetime and a low total cost of ownership, complemented by a safety
component.
For most stationary applications the values for energy and power density of currently available
battery technologies are acceptable because volume and/or weight constraints are not that strict like
in automotive applications. Nevertheless, since space can be scarce in some environments (cities,
inside houses,…) volumetric energy density is of some concern for the selected applications.
Especially for residential systems, this may be an issue since people are not willing to reserve
significant space for technical installations.
Additionally, cost reductions on the storage solution can be achieved by improvement on these
performance indicators. If for example the system voltage or energy density can be increased, a
reduction in the number of battery cells needed can be achieved, resulting in reduced costs.
Table 4: Impact of the performance indicators to the applications

Indicator

Selfconsumption

Fast frequency
response

Distribution
services

Island / microgrid operation

Energy density

Fair relation

Low relation

Low relation

Fair relation

Power density

Low relation

Strong relation

Strong relation

Fair relation

Round-trip efficiency

Strong relation

Low relation

Low relation

Fair relation

For most stationary applications, volumetric power density is more relevant than energy density. This
is especially true for fast frequency response and distribution grid services where batteries can be
called upon for short time intervals with high power demand. For island and micro-grid operation
applications, power and energy density are more or less on the same footing, since often longer
periods of time have to be covered with stored energy in batteries which also need to satisfy power
quality services. Possibly hybrid solutions where more energy performant storage technologies are
combined with more power performant ones can be a technical and economical solution, which in
addition has the potential to increase the lifetime of the total system.
Given the reasoning above, this roadmap focuses on the volumetric power density rather than on
gravimetric power density and energy density. For those indicators kept out of scope of the roadmap,
current and future reference indicators can be found in [EC 2016a, EMERIT 2016].
Power density values can currently be found in the range of 350-550 W/l on pack level, where targets
are set to push this to 1000 W/l by 2020 [EC 2016a]. The latter value correspond to a cell level value
of 1500 W/l.
The round-trip efficiency of a battery is more important for the self-consumption case, in comparison
to the other applications where there the focus is more on power capabilities rather than on energy
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capacity. In this case the alternative for using self-produced electricity is purchasing electricity from
the grid. This means that any losses, due to storage of electricity in the battery, will have to be made
up by price differences. Current values of round-trip efficiencies for best performing state of the art
battery technologies are in the range of 85-90% [Fraunhofer 2015]. The total efficiency of a battery
energy storage system including the power conversion components of the setup of course depend on
the efficiency of the inverter. Therefore it is important that appropriate inverters are being developed,
tailored to the right power and voltage ranges of the proposed battery packs with high efficiency over
a broad power range.
Table 5 presents the milestones and current values as defined for the performance indicators related
to optimized performance.
Table 5: Milestones defined for the goal ‘Optimized performance’

Performance
indicator
Improve power
density

Current value

350-550 W/l (pack level)

Improve round-

85-90% for best performing

trip efficiency

state of the art battery

(including inverter)

technologies

Milestone 2020

Milestone 2026

1000 W/l (pack level)

>1000 W/l (pack level)

1500 W/l (cell level)

>1500 W/l (cell level)

> 90 %

> 95 %

For the performance indicators described above the following actions have been identified. Most of
the identified actions also have positive effects on the energy density, durability, safety and/or the
cost of the battery system.
Action 1: Develop hybrid-technology solutions
Hybridization of batteries with other storage technologies (e.g. supercapacitors) can contribute to a
better power and life performance. Research should focus on which (combination of) applications are
most suited for hybrid solutions and if so, which technologies should be linked. The next step is the
interoperability check between the chosen technologies: how are they physically (e.g. power
connections) and virtually (e.g. battery/energy management systems) coupled so that they can be
seamlessly integrated in one storage solution?
Action 2: Develop integrated design (battery cells, power electronics)
To better match the different components in the battery storage solutions and in order to benefit
optimally from their capabilities, an integrated design from cell to system level is key. Focus areas for
research are connection points at cells and interconnections between them, module design and
interconnections, connection to battery management system, connection to energy management
system, cooling design and integration, power electronics dimensioning and connection.
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Action 3: Develop alternative materials for BESS
One route for improvements for stationary battery solutions in terms of energy and power density,
cost, safety and lifetime is through the development of advanced materials for different components
of a battery cell, e.g. electrodes, electrolytes, binders, separators and packaging.
With respect to battery electrodes, improvements can be made on current chemistries but also new
technologies can find their entry. Electrolyte materials will need to be stable at higher voltages and
the same prevails for novel separator materials. Solid-state developments for example by polymer or
solid electrolytes may lead to higher safety levels.
All developments focused on alternative materials need to be connected in a way so that they can
guarantee low cost, high power and/or energy density and long cycle life.
Action 4: Improve power electronics
The power electronics and the battery pack to which it is connected should in the first place be
interoperable. Some improvements can be made on this by standardisation. A second point of
improvement is a high level of efficiency of the power electronics over a broad power range. Also the
electromagnetic compatibility of the power electronics and the battery and its battery management
system (BMS) needs further attention.
Action 5: Develop advanced battery management solutions
The primary function of a BMS is to guarantee the safe operation of the storage system. Also features
can be implemented that can enhance the battery performance and lifetime: e.g. cell balancing, state
of charge/health/function estimation. Those features need to be developed for all technologies, i.e.
battery chemistries. The hardware topology of the BMS and the connection with other parts of the
storage solution is another factor that might have an influence on performance but also on the
recyclability, and so future research can be stimulated on this aspect.
Action 6: Control internal chemical reactions
A good understanding of the parameters that influence chemical reactions within the battery is vital
for a correct, performant and durable exploitation of the storage solution. When their effect is known,
proper monitoring and control features can be designed and implemented in the storage solution.

3.2.2 Optimized durability
The lifetime of battery technologies can be measured by two indicators: calendar life and cycle life.
Both indicators define the time (either in cycles or in calendar years) until a technology reaches its
end of life (EOL). The EOL is usually defined by the reduction of the initial capacity. If the usable
capacity of a battery drops below 80% (sometimes 70%) of its initially rated capacity, it reaches its
EOL criteria. It must be note that the battery can further operate after reaching this criteria. In power
applications the EOL is often defined by an increase in impedance.
The calendar life simply describes how long the battery can operate until it reaches the defined endof-life characteristics in terms of calendar years. For Lithium based batteries this depends highly on
the operating temperature and the state-of-charge. Cycle life on the other hand, is the number of
charge/discharge cycles a battery can perform before its capacity falls below the EOL criteria. The
cycle-life of lithium ion (Li-Ion) batteries is usually affected by temperature, the charge and discharge
rate and the depth of discharge [Saft 2014].
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The lifetime of Li-Ion batteries increased significantly during the last years. Different materials can
reach different results. Currently battery technology providers guarantee more than 10 years and
10,000 cycles for modern Li-Ion batteries [RWTH Aachen 2016]. In the near future next-generation
lithium batteries such as lithium–titanate (LTO) batteries with iron phosphate (LFP) or manganese
oxide cathodes show the potential for even higher cycle lifes. Prognoses expect up to 20,000 cycles
for these technologies [Thielmann et al. 2015].
Redox-Flow batteries have less installed systems and their lifetime is therefore more difficult to
assess. Producers provide numbers of up to 100,000 cycles and 20-30 years life expectancy [Taylor
et al. 2012; VIONX Energy 2017]. This high durability is explained with the fact that the electrolyte
material does not degrade [EPRI 2006]. The durability is therefore restricted mainly by the pumps
that are expected to last at least 10 to 15 years and can be easily maintained in order to prolong the
life expectancy.
For future developments after 2020 also zinc-air, metal air and lithium sulfur batteries could
potentially play a role in the energy system. However they have a significantly shorter cycle life
compared to the technologies described above. This systemic disadvantage however is not seen as
crucial for the four assessed applications [Thielmann et al. 2015].
Table 6: Relevance of the durability indicators to the applications

Performance
indicator

Selfconsumption

Fast frequency
response

Calendar life

Strong relation

Cycle life

Fair relation

Fair relation
Strong relation

Distribution
services
Strong relation

Island / microgrid operation
Strong relation

Fair relation

Fair relation

The performance indicators for durability do not have the same importance to all reviewed battery
applications. While the calendar life has an effect on the business case of all applications as the
durability is highly interlinked with the lifetime costs of the battery, the cycle life is most important
for applications with a high frequency of cycles.
For batteries providing fast frequency control, the cycle life defines the lifetime of the battery
system, due to the large number of micro-cycles. Research investment towards higher durability
during operation with micro-cycles is needed while research towards a longer calendar life is less of
an issue.
Residential batteries for self-consumption cycle approx. 200 times per year [Thielmann et al.
2015]. As current battery technologies already reach up to 10,000 cycles (equivalent to 50 years)
research on cycle stability is less relevant for this application. Considering the revenue from batteries
over the lifetime, the calendar life is crucial. Experts anticipate that with self-consumption the
investment can be earned back in 8 years in 2020 [VDE 2015]. Therefore a lifetime of 15 years would
be highly beneficiary for this application. Research on new materials or on the control and
management system could lead to an increase of calendar life. An increase of calendar life would not
only lead to an overall cost decrease but would also reduce the environmental impact of the battery
system.
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The relevance of cycle life or calendar life for distribution grid services as well as island/micro
grid operation depends highly on the operating profile. If the battery needs to operate in many
cycles per day, the cycle life defines the lifetime of the battery. If operation is seldom needed, the
calendar life becomes crucial for the business case. The challenge lies within the individual operation
pattern. Research is thus needed to increase calendar life as well as cycle life taking into account the
intended use of the battery system.
The milestones as defined in Table 7 help quantifying the goals and make the progress tangible.
Table 7: Milestones defined for ‘Optimized durability’

Performance indicator

Current value

Milestone 2020

Milestone 2026

Improve calendar life

10 years for most

> 10 years guaranteed

15 years; including

(EOL-criteria: 80% of

advanced

with sufficient experience

next-generation

rated capacity)

technologies

in relevant applications

technologies

> 10,000 cycles

15,000 cycles;

guaranteed with sufficient

including next-

experience in relevant

generation

applications

technologies

Improve cycle life

> 10,000 cycles

(EOL-criteria: 80% of

(Li-Ion, Redox-

rated capacity)

Flow)

The following list of research actions target both the optimization of cycle and calendar life but also
the development of standards that support the implementation of new solutions. Calendar life highly
depends on temperature and the management and control regarding the state of charge (SOC).
Action 7: Develop simulation and modelling tools
To improve on the control of ageing processes of batteries, there is a need for advanced simulation
and modelling tools. For current battery technologies this will lead to a better understanding of
encountered phenomena whereas for new technologies this is an important feature in the
development phase to check on future characteristics and potential calendar and cycle life.
Action 8: Propose duty cycle, testing standards and performance certification
Current standards are not representative enough for current and future applications of batteries in
the energy system, leading to incorrect projections of calendar and cycle life. This has of course a big
impact on the evaluation of the feasibility for battery deployment, given a certain use case. To
overcome this issue, application-based duty cycle standards, testing standards and performance
certificates are to be developed and agreed upon.
Action 9: Propose solutions for fault detection and protection
Batteries are typically constructed out of multiple components all prone to possible defects during the
operation of the storage solution. To ensure a safe operation and the durability of the system, a
proper fault detection and protection should be in place. In most systems, a reactive system using
fault-triggered alarm signals is present nowadays. A preventive approach which would allow to
anticipate future faults would be beneficial, so that maintenance periods can be properly timed and
unnecessary and costly replacements can be avoided.
“Action 5 Develop advanced battery management solutions” and “Action 6: Control internal
chemical reactions” also contribute to optimized durability.
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3.2.3 Minimized system costs
Battery system cost reduction is crucial so that battery technologies can play a role in the future
energy system. The lower the costs, the more batteries will be deployed that can help to efficiently
integrate more renewable energy. The overall goal of cost reduction is to reduce the costs to a point
that gives batteries the chance to compete against other flexibility technologies. The goal should not
be to create a cost environment where batteries will be installed without a benefit to the energy
system.
One parameter is used to quantify the milestones related to battery system cost reductions. Battery
system investment costs include all costs for the battery itself (cells) as well as the battery
management and control system, relevant electronic components. The boundaries are confined over
the casing or tanks. Inverters and power electronics are thus excluded.
Another relevant parameter would be the levelized costs of storage, which includes investment and
operational costs per discharged kWh. This indicator is highly dependent on the application as
different parameters such as the demand profile, the lifetime and roundtrip efficiency have an impact
on this indicator, so this parameter is not quantified.
Costs of battery systems are naturally important for all battery applications. However the different
use patterns lead to the fact that the costs for power applications are €/kW driven, while the costs for
energy applications are rather driven by the kWh costs or cost per discharged energy (Levelized
Costs of Storage – LCOS).
Lead-acid batteries are still price leaders for investment costs per kWh. They currently cost around
380 €/kWh (under the above defined boundaries) [BATSTORM D7, IRENA 2015, EPRI 2010, Roland
Berger 2012, Deutsche Bank 2015, Castillo et al 2014, Zakeri et al 2015, Lazard 2015, JRC 2014].
However, the system costs of Li-ion batteries have been decreasing drastically over the last years.
Currently the costs for stationary Li-ion systems (as defined above) are around 400€/kWh. Li-ion cell
prices can be as low as 200 €/kWh [VDE 2015, Thielmann et al. 2015]. Price estimations of flow
batteries are still difficult due to the low maturity level and the small amount of installed systems.
Also they are highly dependent on the system size. The larger the battery system, the lower the costs
per kWh. Current price details range between 500 and 700 €/kWh [BATSTORM D7, IRENA 2015, EPRI
2010, Roland Berger 2012, Deutsche Bank 2015, Castillo et al 2014, Zakeri et al 2015, Lazard 2015,
JRC 2014, Thielmann et al. 2015].
Table 8: Relevance of the cost indicators to the applications

Indicator
Investment

Selfconsumption
Strong relation

Fast frequency
response
Fair relation

Distribution
services
Strong relation

Island / microgrid operation
Strong relation

As the levelized costs per discharged kWh and cycle depend highly on the use pattern, generic
assumptions on the cheapest technology are not possible. With increasing cycles the importance of
roundtrip efficiencies, cycle life and costs of maintenance rises
The further reduction potential of battery storage is driven by economies of scale especially due to
the high penetration of e-mobility that is expected in the future. The cost reduction due to economies
of scale is especially relevant for Li-ion. Experts see cell costs decreasing up to just over 100€/kWh
until 2025 [VDE 2015]. System costs however are higher as the cell connection, housing and control
system also need to be included. Also for other technologies such as flow batteries cost decreases are
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expected due to steep learning curves and targeted research on new materials and efficiency and
durability increase.
Due to the expected learning curves and the increased penetration the milestones are set as defined
in Table 9. The cost milestones set in this roadmap are in line with the long term goal as set by the
European Commission. In its issues paper 7 [EC 2016a] they proposed a battery based energy
storage system cost below €150/kWh by 2030.
Table 9: Milestones defined for ‘Minimized system costs’

Performance indicator

Current value

Decrease system investment costs

Approx. 380

(System includes: cells, battery management,

€/kWh for

control system, casing or tanks;

advanced

not included: Inverters and power electronics)

technologies

Milestone 2020
350 €/kWh for
advanced
technologies

Milestone
2026
150-200
€/kWh

In order to reach the milestones set for cost reduction, the actions to the goals of “optimized
performance” and of “optimized durability” are to follow (thus Action 1 till Action 9 as presented in
the previous 2 sections). Research efforts towards cost reduction should also cover modularity, re‐
configurability as well as second life and recycling aspects [EC 2016a].

3.2.4 Maximized recycling
The success of battery based energy storage is depends on its environmental impact. Sustainability is
considered

one

of

the

most

important

characteristics

of

a

storage

technology.

Common

understanding is that storage technologies without closed-loop value chains cannot contribute to the
energy transition. Especially research on the recycling of Li-ion batteries has been conducted in the
past and needs to continue. Recycling is yet to reach cost-effectiveness. We have therefore chosen
the maturity of the recycling process as one of the parameters to quantify the milestone related
to recycling. The other parameter is the collection rate of batteries.
Currently 96% of lead-acid batteries are recycled. Replicating the lead-acid battery industry’s
infrastructure of independent recycling companies for other battery technologies such as Li-ion
batteries might however not be straightforward. Lead-acid batteries are easier for recyclers to
process because they are more uniform in chemistry and configuration. [EPRI 2016]
The milestones for this goal are depicted in Table 10. By the year 2020, it is envisaged to establish
recycling at the end of a battery’s life cycle as a feasible process. The target for this timeframe is a
collection rate of at least 60%, starting from the 2016 position of 45% [EC 2016c]. This rate needs to
be increased to 80% by 2026 with an established commercial recycling industry in Europe.
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Table 10: Milestones defined for ‘Maximized recycling’

Performance indicator

Current status

Milestone 2020

Milestone 2026

Maturity recycling process

Limited

Feasible recycling

Commercial recycling

Collection rate

45% (sept 2016)

60% collection rate

80% collection rate

The needed actions to reach these milestones include battery research actions, such as the design of
modular battery cells (see action 10), but also material research specifically targeted towards
improved recycling (see action 11). In addition actions related to the development and roll-out of the
recycling process and supporting regulatory measures have been identified (action 12 to 16).
Action 10: Design modular cells
In order to enable efficient and cost-effective recycling of battery cells, a modular structure of
batteries will have great advantages. Recycling processes can then be tailored to modular cells.
Research initiatives should thus include the design of such modular cells.
Action 11: Substitute materials for recycling
During recycling the materials built in batteries are separated and recovered. Using proper materials
is key to the efficiency and cost-effectiveness of recycling. While main components of battery cells,
such as lithium, are basically not interchangeable without a complete redesign and development of a
different battery technology, other components in a battery can be replaced by better suited
materials for the recycling process. Glued joints and composite materials can improve the recycling
process and hence should be researched further.
Action 12: Further develop recycling process
Few research projects on recycling have been conducted. Initial experiences with processes to fully
discharge batteries and separate their materials have been made. In order to make recycling feasible
and establish industry-wide processes, further research should be conducted.
Action 13: Build up pilot plant for closed-loop recycling
In addition to fundamental research, a pilot plant for closed-loop recycling should be developed. It
will demonstrate the feasibility of recycling on a large scale and reveal further potential for
improvement for both, the recycling processes and the cell design.
Action 14: Support to establish large-scale recycling facilities
Based on the experiences gathered in one or several pilot plants for battery recycling, more largescale recycling facilities should be established in Europe. This will achieve economies of scale and
reduce the costs of recycling.
Action 15: Adapt regulation to stimulate recycling
Incentives to deploy recycling can pose a strong driver for research and innovation in battery
recycling and should be complementary to a dedicated research programme. Putting strict regulation
on the disposal and recycling of batteries will steer market players into a beneficial direction.
Action 16: Facilitate second life battery applications
A special case of recycling is the second life use of battery systems. A specific example is that of
batteries for mobility that need to meet more demanding requirements. The frequent cycling and
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related aging causes batteries to fall below these stringent performance indicators such as capacity or
power delivery capability. Such batteries may still be perfectly capable of serving applications of
stationary storage and can have a second life use. This has the main advantages of longer lifecycles
and postponed recycling as well as lower costs. There have been demonstration projects with second
life batteries especially for self-consumption on residential level but also on larger scales for gridconnected battery storage [ELSA 2016]. Still, a real industry and structured processes for the second
life use of batteries from electric vehicles need to be developed. The technical feasibility of second life
use needs to be demonstrated. Clear standards for testing remaining lifetime, efficiency and ensuring
safety in a second life redevelopment need to be developed. Furthermore more insights and best
practices are needed on which technologies and which applications are especially suited for second
life use, especially if the industry goes towards strong cost reductions and clear recycling paths.
Finally the remanufacturing process (removing battery from first life application, dismantling and
quality analysis of the different components) still allows for cost reduction.

3.2.5 Increased interoperability
To unlock the potential benefits of battery storage, there is a need for interoperability. Not only
between the different components in the physical storage system but also between the latter and
higher lying management or control systems. A higher level of interoperability leads to an improved
scalability and eventually enables manufacturers to put the focus on the performance of their
systems.
At this moment most battery energy storage systems are project specific solutions which are built
using proprietary components. The connections of those with e.g. existing control software is often
cumbersome, time-consuming and hence expensive. Moreover, connection of proprietary pieces can
result in decreased reliability and safety. A non-proprietary set of specifications and standards are
required to address the current limitations.
Several concrete actions have been identified which will contribute to the increase of interoperability.
No specific milestones or indicators have been identified for this goal. The actions are all seen as
contributing to the goal and could be interpreted milestones on their own.
Action 17: Propose interface and communication protocol standards
Specifications should be listed and standards should be written on the level of both the components
of a battery energy storage system as well as the connection with the higher level control (e.g.
energy management systems, utility control software).
For the storage system components the focus should be primarily on the way how inverters, batteries
and electricity meters are communicating with each other and which operational requirements need
to be deployed.
At the level of the higher level control the focus should be on a framework for data exchange: which
communication standards will be used and which kind of data is to be transferred to ensure a reliable
and safe operation next to the required functionality of the storage system?
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Action 18: Propose automatic and remote control concepts
To fully exploit the opportunities for batteries in the specified applications, automatic and remote
control concepts should be designed. In those, it has to be defined which control actions are taken
care off by the battery storage systems itself and which ones are governed by remote control,
following the standards as developed in the previous action. The actual control concept used can
depend on the application case, contractual arrangements and grid codes.
Action 19: Develop interoperable BMS
The interoperability of a battery management system with other components in the total system, e.g.
inverter or energy management system, is nowadays not guaranteed. Part of this barrier will be
removed by the first action defined in this goal of improved interoperability but this action goes one
step further implying interoperability between different managements systems. In this way it will be
possible to combine different batteries, with each their own BMS, in one system if the application
requires this configuration. Also, this can reduce the time and related cost during the construction of
battery packs using second life battery modules, because those do not have to be separated first
from their BMS anymore before re-installation.

3.2.6 Increased harmonization
Europe is still going through an ongoing integration of markets (wholesale & reserves). Nevertheless
participation of small-scale storage, demand response and aggregators is not always allowed in these
markets. Also when allowed, technical prequalification rules are sometimes not existing or unclear for
the case of storage. In addition technical grid connection requirements may still differ across
European Member States or be non-existing. This makes it very complex for investors to understand
the market potential, connection procedures, replicate battery projects in different EU countries and
estimate the feasibility of investments in BESS.
Currently a number of countries have developed technical connection rules specifically for storage,
and some have specific prequalification guidance for balancing reserve products. At European level
CEN/CENELEC has started its efforts on developing standards on technical aspects for battery
storage. However, a European Network Code that tackles cross-border relevant, battery storage
related issues in a systemic European manner, still does not exist. The 2016 Clean Energy Package
[EC 2016d] does propose network codes for the use of system flexibility services, but not directly for
connection rules.
The milestones for this goal are depicted in Table 11. As there are already a lot of activities ongoing it
is expected that with increased efforts already by 2020 a favourable harmonisation can be reached.
In terms of knowledge sharing we envision a widely used best practice database that includes an
open access BESS benefit analysis tool. With continuing efforts regarding the harmonisation of
European grid code requirements we foresee that by the year 2020 European-wide technical
specifications and network codes can be generated.
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Table 11: Milestones defined for ‘Increased harmonization’

Performance
indicator

Current status

Milestone 2020

Ad-hoc for individual

sharing

publicly funded research

requirements

2026

Widely used best-practice

Level of knowledge

European grid code

Milestone

Country-specific

database with open access BESS

European-wide technical

connection rules and

specifications and network code

procedures

(N/A)

cost benefit analysis tool
(N/A)

Ongoing developments regarding EU market harmonization and integration as proposed in the
current ENTSO-E network codes and clarifying the role of batteries, would contribute to these
milestones. All actions as identified within this project are presented in the following section.
Action 20: Create and maintain knowledge sharing platform
Improved knowledge sharing on battery project outcomes would be vital to replicate success stories,
lower barriers for new market entrants and advise financing institutes on the potential of BESS. It
would also stimulate ongoing harmonization actions of grid codes and market rules. This knowledge
sharing would go beyond pure research and innovation, but also cover best practices of
understanding cost benefit analyses, engagements with stakeholders, and remaining barriers.
Action 21: Initiate Expert Group on battery connection rules
Harmonized connection rules are being established at several levels in Europe. Detailed specifications
for compliance testing of mass-market products are done within CEN/CENELEC. At the other end
European Network Codes (developed by ENTSO-E, and enforced as EU Regulation) tackle crossborder relevant issues in a systemic European manner. These EU network codes will trigger national
grid code reviews, and require international standards to allow for proper compliance tests. Currently
batteries fall out of scope of the European network codes, leaving ambiguity as to how national grid
codes will evolve on this topic. The EU Clean Energy Package [EC 2016d] already proposes a future
network code dedicated to demand response and storage usage, but not explicitly battery connection
rules as such. To avoid divergence in compliance tests and have clarity on system needs it is advised
that a voluntary Network Code implementation work stream is established to bring industry and
system operators together and make proposals for harmonized battery connection rules. The same
Clean Energy Package does already emphasize the need for storage to be able to able to compete in
a level playing field with other technologies for various services procured on reserves or wholesale
markets.
Possible tasks for the Expert Group includes clarifying existing transmission and distribution
connection processes throughout the EU and identifying barriers and inconsistencies. This action will
result in the creation of a series of connection processes and best practices, including the potential to
“fast track” the connection study of certain types of systems, especially those designed to support
transmission/distribution needs.
Action 22: Harmonize connection procedures
Procedures for connecting BESS to the electricity grid or for qualifying them to offer certain services
to the energy system are currently non-harmonized across Europe. Although, several countries have
adopted or are currently drafting specific rules and procedures for batteries to deliver one or more
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services to their grid, the integration of batteries would greatly benefit from general approaches and
common rules and procedures for field tests, use of standards, and simulation based compliance
tests, at EU level where possible.
Action 23: Simplify metering and telemetry requirements
Metering and telemetry requirements vary from one market to the next and can substantially
increase the costs of providing energy services and receiving settlements. Restrictive metering
requirements (e.g. real-time) are also viewed as a barrier to smaller distributed energy resources.
Therefore, it is necessary to clarify existing metering and telemetry requirements in jurisdictions
across the EU and research best practices in metering and telemetry configurations. This action will
be closely linked to security considerations to ensure that IP based telemetry requirements, for
example, are secure and consistent with the protection of energy infrastructure.

3.2.7 Adequate remuneration
To support the integration of renewable energy in the energy system, the need for more and
diversified flexible resources in the energy system (e.g. flexible generation, storage, demand
management, coupling with other energy sectors) is recognized. Battery storage can deliver various
services within the energy system, for both regulated and non-regulated parties. It should be able to
compete with other technologies. This requires a correct valuation of battery services, as to give the
right investment signals and focus on societal cost optimum.
In addition, batteries have certain valuable characteristics, making them especially suitable to offer
particular services. As they are typically very reliable and give fast responses they may be highly
suitable for services such as the Enhanced Frequency Response service introduced by National Grid in
the UK. As the technology has the potential, it deserves consideration whether services tuned for
batteries should be introduced. Again here it needs to be checked with real system needs and it
needs to be ensured there is sufficient competition among providers (including other technologies).
Most battery systems deployed today are used for a single application and are very often
underutilized. There is thus an opportunity to increase the utilization factor of batteries and come to a
more interesting business case for the battery owner by combining multiple services. Essentially
allowing a battery owner to switch between revenue streams with the same asset implies short-term
obligations while long-term ones may be preferred. The stacking of revenues thus implies the option
of long-term obligations with the option to use the asset for other revenues if the battery is unused.
Market rules would need to allow for that.
On a more overarching level, changing the manner of pricing in the current energy system would also
be beneficial to battery storage. Current electricity tariffs very often don’t reflect real energy costs,
certainly not for small consumers. Implementing more dynamic pricing schemes would allow battery
owners to change their consumption pattern based on these tariffs, thereby creating additional value
for themselves (through lower energy bills), but also for the energy system as a whole. The
implementation of more dynamic pricing schemes would benefit a lot of other elements in the energy
system and will therefore not be solely driven by battery storage. This change is therefore not
considered in scope of this roadmap.
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The milestones for this goal are depicted in Table 12.
Table 12: Milestones defined for ‘Adequate remuneration’

Performance indicator
Participation of distributed
resources in wholesale and
reserve markets

Current status

Milestone 2020

Different situation across

Barriers removed in all

Member States

Member States

Milestone
2026
(N/A)

All proposed actions to reach these milestones are targeted toward the creation of an appropriate
market framework so that batteries can compete with other flexibility options and can be fairly
rewarded for the offered services.
Action 24: Propose measures to value the strengths of BESS services
Batteries have certain valuable characteristics (e.g. their reliability and responsiveness), making
them especially suitable to offer specific services. If the energy system benefits from such
performance, compensation and procurement should be defined accordingly. This action entails both
the identification of the current and future need of these services, as the definition of these services
and the proposition of appropriate compensation mechanisms. Examples are those of EFR in the UK
or the “Pay for performance” regulation in the Californian ISO.
In addition to technical strong characteristics of batteries, they also have indirect benefits e.g. in the
field of grid investments, based on fast commissioning time and avoided line/cable works. The EU’s
Clean Energy Package already states grid planners need to consider flexibility alternatives for normal
asset development [EC 2016d]. It needs to be ensured that all impacts of BESS are taken into
account here. At the same time DSOs should be allowed to enter into multi-year contracts with
battery owners and have a regulatory incentive to do so. E.g. if contracting a battery service provider
to defer grid investments has lower overall costs, but is not rewarded by the regulator, it may be
nearly impossible to enforce the societal optimal case to be selected.
Action 25: Monitor market distortions and act
Although certain solutions are technically viable, several regulatory barriers and market distortions
(e.g. double taxation) still remain that prevent the economic viability. These distortion should be
identified and appropriate measures should be taken to remove them. The Clean Energy Package [EC
2016d] already takes this as a guiding principle and explicitly addresses storage as an actor that
needs to have the same right to participate in wholesale and reserve markets without barriers, and
asks for rules that allow for aggregation of decentralized providers. This also links to the need for
more harmonization as expressed in a previous goal.
Action 26: Create higher transparency for system needs
Well-functioning markets by their very nature should give clear and appropriate investment signals.
In the domain of using storage for deferral of grid investments this may be less evident. An important
step in enabling greater grid participation from distributed batteries is to require distribution
operators to conduct detailed feeder line hosting capacity analysis, to develop a transparent
stakeholder input process for distribution planning, and to create the mapping and locational value
tools on an individual circuit level that helps customers evaluate individual circuit constraints, rated
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capacities, load and load growth, generation, new generation injection capacity, needed services on
each location, and the value of those services in each location. An example of such transparency tool
of distribution hosting capacity is the Californian Distribution Resources Plan (R.14-08-013)
developed through the Californian regulator CPUC [CPUC 2014].

3.2.8 Minimized investment risk
Although some applications are on the edge of profitability, investment decisions in batteries
currently rely on highly uncertain forecasts. There is no guaranteed income since future market
circumstances cannot be predicted on the mid- and long term and contracts are very often too short
(typically one year), which also leads to difficulties when trying to get battery projects financed.
Exceptionally long-term tenders may be launched, as in the 2016 UK capacity tender giving 15-year
contracts to over 500 MW of batteries [National Grid 2016b]. With the obligation prescribed in the
Clean Energy Package [EC 2016d] for system planners to consider batteries as an alternative for
more conventional asset solutions, more of such long-term contracts may materialize. But this may
all remain relatively marginal for the overall forecasted battery deployment in Europe. A conscious
political decision may be taken to stimulate batteries much like was done with renewables during
early deployment years. An example related to this is the German low-interest KfW loans and
repayment bonuses from BMWI for residential users in combination with PV [KFW 2016].
While for other technologies (such as solar PV) an automated and even standardized investment
process is in place, such a process is currently missing for battery storage (both for small, residential
batteries as well as for larger systems). Therefore banks often react reluctantly to investment
requests. There are several reasons for this: a long-term track record of battery technologies in the
energy system is still lacking and the technologies are not yet standardized, the volume of credit for
battery systems is still too low and long-term stable cash flows are currently uncertain (e.g. due to
uncertainty on evolution of market prices).
Several (temporary) measures might be needed to minimize the perceived investment risk, gain
experience and increase the bankability of battery projects. Also the action already listed under
increased knowledge sharing (action 20) would benefit this goal of lowering investment risks.
No specific milestones have been identified for this goal. The outcomes of the actions could be seen
as short-term targets. Note also that very general energy system actions such as tools to forecast
price trends, or gaining experience with long-term PPAs, may have value in limiting BESS investment
risks, but are here not described as these are not battery specific.
Action 27: Facilitate financing options
Actions could be taken

to facilitate financing options as a temporary measure for example by

regional, national, or even European authorities. This will minimize the perceived investment risk for
future projects once the temporary measures are abolished. One example of such an action is the
German support scheme from KfW and the German Development bank which offers low-interest KfW
loans and repayment bonuses from BMWI (Federal Ministry for Economic Affairs and Energy) funds
for residential battery storage systems in conjunction with photovoltaic systems [KFW 2016]. This
action includes designing incentive programs and tax credits for energy storage.
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Action 28: Adopt standardized method for life cycle cost analyses
Aside from uncertainty on the potential remuneration of batteries (see 3.2.7), there is also
uncertainty related to the cost of a battery system during their lifetime. Different approaches exist to
estimate these costs. The existing methodologies should be analysed and an appropriate
methodology should be developed taking into account the impact during construction as well as
during operation, including the recycling phase.

3.2.9 Increased acceptance
Field projects in the residential sector have shown that while some participants welcome the
opportunity to host battery storage systems, others display reluctance towards batteries in their
homes. Safety issues are often stated as a reason, which may to some extent be caused by media
pictures of burning electric vehicles or exploded smartphones. Naturally, these rare cases are very
present in the public perception and have a negative impact on the acceptance of stationary battery
storage. Also, energy storage as unavoidable element of the energy transition is partly perceived as
future main cost driver and reason for increasing electricity prices.
Safety issues and costs involved with battery storage need to be communicated in an objective way
to the public in order to increase acceptance. Well promoted demonstration projects are a suitable
instrument to inform the public about the technology as well as its costs and benefits. The proposed
actions are therefore as described below.
No specific milestones have been identified for this goal, the actions are evident in contributing to the
goal and are difficult to group in relevant milestones. Therefore these have not been defined.
Action 29: Propose data and cyber security measures
Data and cyber security issues are still seen as a threat for all battery applications that are installed
close to the end customer and include the collection of production and consumption data in order to
control the battery system or a smart grid. Data and cyber security measures need to be further
developed and adopted to the different use cases. Different fields of research including ICT as well as
energy system expertise evolve from this need.
Action 30: Develop safety standards
High power and high energy battery applications that are installed close to humans have several risk
factors. Safety standards for battery cells as well as battery systems including the ancillary
technologies are of high relevance. The German solar association (BSW Solar) created a first
document [BSW Solar 2014] for Li-Ion home batteries that is expected to get translated into
regulation. This safety document could be used as an example for further safety standards (all
relevant technologies, all relevant applications) on European level.
Action 31: Facilitate living lab projects
Living lab projects involve all stakeholders in the innovation process and thus ensure higher user
acceptance and user interoperability. Living lab research projects could include safety demands,
innovative applications and human-machine interaction.

POWNL16059

26

European Commission - N° ENER C2/2015-410
Support to R&D strategy for battery based energy storage
10 year R&I roadmap 2017-2026 (D10) – 29 May 2017

3.2.10 Increased industrial capacity
The industrial capacity of the European battery industry has been addressed by the European
Commission, battery manufacturers and the automotive industry many times. The EU is already
home to some manufacturers, which are well positioned in the global picture especially in specialised
niche markets. However, the large majority of global cell production capacity remains in Asia and the
U.S. The automotive industry expects to be dependent to a large extent on imports of battery cells
exposing their sourcing to various risks. A local industrial capacity capable of serving the demand is
in the interest of European car manufacturers. It is understood that cell production specifically for
stationary energy storage will play a minor role compared the expected industrial capacity of
automotive battery production. Still, it plays a major role to the integration of renewable energy and
the energy transition. Cell production for stationary battery storage could be developed as a new
niche market in the EU industry. An increased industrial capacity is in the interest of battery
manufacturers, integrators, policy makers and the public.
The milestone for this goal ís depicted in Table 13. This milestone, based on the [EC 2016c], relates
to both stationary as well as batteries for electric vehicles.
Table 13: Milestones defined for ‘Increased industrial capacity’

Performance indicator

Current status

Milestone 2020

Milestone 2026

Annual EU cell production capacity

Unknown

2.2 GWh

5.0 GWh

Several actions are foreseen to enable and stimulate this increase in industrial capacity. These are
listed and described in the following paragraph. Note that actions 33 and 34 are also directly relevant
contributors to the goal of ‘adequate remuneration’. Furthermore “Action 15: Adapt regulation to
stimulate recycling” is also relevant for this goal on increased industrial capacity.
Action 32: Propose measures to increase industry collaboration (consortia)
Most European stakeholders see the need for building up industrial capacity. However, this challenge
is so large and the investment too high to be carried by one company alone. Industry consortia could
bring knowledge from different branches together and exploit synergies complementing expertise.
On-the-edge research can find its way to the market if market players all along the value chain are
included. The European Commission can push collaboration by organising and funding knowledge
sharing events and projects.
Action 33: Propose and apply support schemes
If agreed that production capacity for cell production is crucial for the battery value chain in Europe,
investments in production capacity are required. The success of the investment would depend on the
financial support. If Europe sees such an investment as relevant, a definition as a project of common
interest or of strategic relevance could be conceivable. Such label could grant the benefits of financial
leverage, direct EC funding or other stimuli.
Action 34: Determine the market potential/demand for BESS
As the main challenges for low industry capacity in Europe is connected to the uncertainty about the
future market size, research on the future market potential of different battery applications and
technologies in Europe and worldwide is proposed. The socio-economic analysis [BATSTORM D7]
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already gave small insights, however a scenario model for Europe considering all applications and
technologies is still not available. Numbers and trends could quantify the risks and push investments
in the right areas. An option is to take the uptake of BESS explicitly into account in the EC’s transport
and energy reference scenarios, as well as those scenario analysis used in impact assessments to
underpin new legislative proposals.
Action 35: Exploit synergies with (auto)motive sector
The sector for grid connected batteries needs to work closely together with the automotive sector as
this is one of the largest driver and the directing customer for batteries. Also R&D actions, legislative
proposals or support schemes for either the stationary or automotive segment of BESS needs to take
into account the impact on the other. If synergies are exploited, costs can be shared and innovations
can be commonly used. Synergies can be found all along the value chain from material research to
system integration. Especially in the field of second use synergies are relevant. Synergies are also
possible with other battery diversification markets such as forklift and marine batteries.

3.2.11 Maximized production efficiency
Initiatives to increase the efficiency of battery cell production is also mainly driven by the automotive
sector with openly addressed cost targets. A roadmap has been developed by a major industry
association [VDMA 2014]. It identifies various challenges and potential for improvement in Li-ion
battery production processes. Several actions are foreseen to improve the efficiency in production
(either improving quality or reducing time and costs of the production process). These are listed and
described in the following paragraph.
Action 36: Install or (re-)design clean rooms and drying rooms
Many steps of the cell production process require clean and drying rooms. The introduction of small
encapsulated clean and drying rooms, so-called mini environments can help to reduce the operating
costs and increase production efficiency [VDMA 2014]. Research on new designs for clean and drying
rooms can stimulate this process and help to install new processes earlier.
Action 37: Propose process adaptions towards continuous operation
The development of continuous operation increases the degree of automation in the process. In order
to enable continuous processes (e.g. in mixing) research on new machinery and materials is needed
[VDMA 2014].
Action 38: Automate the production process of BESS
Europe has many high potential companies that provide on-the-edge machinery and automatization
equipment. However this advantage has not yet been fully exploited within the battery industry and
still poses opportunities for higher efficiency within the production process and advantages against
competition from outside Europe.
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3.2.12 Increased technology leadership
The view on global cell production capacity resembles the battery patent landscape with companies in
Japan, China, South Korea and the U.S. having the largest shares of filed patents for battery
technology. The declared vision and aim of this roadmap is to establish a leadership role of Europe in
battery technology. While the technology and industry is mature in some sectors and applications,
innovations for the new applications of stationary storage can be expected. The goal is to position
European companies well in the global competition and to secure technology leadership. In 2011 [PV
Magazine 2014] the EU filed 530 patents related to electrochemical storage, in comparison to 410
from the US and 2100 from Asia. This gives a share of about 17% for the EU, while Asian countries
dominate the patents in this field. As a performance indicator for technology leadership, the share of
relevant patent filed can be used. A quantified milestone for this performance indicator has not been
set, but an increase in the share of the EU in global patent filing is targeted.
The actions required to improve the technology leadership of Europe in this field are described in the
following section.
Action 39: Focus research on cutting edge battery technologies
The European research focuses on innovative technologies such as post Li-Ion and advanced
materials. This work should further be deployed in order to prepare for future market needs such as
the arise of new applications but also to assure further efficiency increase and cost reductions. It is
also crucial to translate the research results to market readiness. Demonstration cases and pilot
projects are necessary to translate from research to deployment.
Action 40: Create bridge between research funded and patent filing
To realize the objective of the development of high performant and cost effective battery systems,
R&I activities on specific themes as defined in other actions are key. It is vital to pay a lot of
attention to generate an IP position as strong as possible in those domains. Hence IP development
should become a strong KPI for future R&I programs. This also serves the goal of boosting EU
competitiveness and innovation.
The IP policy of a R&I program needs to be clear and transparent to all possible stakeholders and well
embedded in the program’s structure, guidelines and procedures, as to ensure maximum value
creation. For example, an IP service office can be raised for advisory, operational and strategic
support which is e.g. to be notified when new foreground IP has been created, which can check for
opportunities for protection, give advice on ways of protection and which monitors independently the
compliance of the stakeholders with the IP policy.
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3.3

Priorities and planning

In the previous sections a set of actions have been defined that are required to reach the listed
milestones and goals. Not all of these actions are rated similar on impact or urgency. Impact is
reflected in the extent to which an action contributes to a goal or the overall objective. Furthermore if
an action contributes to multiple goals, this increases the impact of that action.
The second element, urgency, indicates which actions are more urgent than others, which thus
should be initiated earlier in the timeline. Of importance for urgency is also the dependency of other
actions on the implementation or start of a given action.
Furthermore duration of an action is not to be neglected. Some actions will need several years to
come to results, for example in case where substantial research is required. Others might be actions
with shorter duration, for example if they relate to harmonizing procedures or determining market
potential. This duration in combination with the set timeline of the milestones is also taken into
account when assessing urgency.
All dimensions have been rated high/medium/low (for impact and urgency) and short/medium/long
(for duration). This rating is based on stakeholder input (e.g. discussions from the BATSTORM
workshop held end of February 2017), previous work in the domain of battery technologies and
expert judgment. A combination of the dimensions impact and urgency results in an indication of the
priority of that action. The following table (Table 14) shows the actions ranked as ‘very high’ or ‘high’
priority.
Table 14: Overview of actions rated with ‘very high’ and ‘high’ priority

#

Action

Priority

Goals

3

Develop alternative materials for BESS

high

5

Develop advanced battery management
solutions (thermal, electrical)

high

Optimized Performance & Minimized
System costs
Optimized Performance, Optimized
durability & Minimized System costs

8

Propose duty cycle and testing standards
and performance certification

high

Optimized durability & Minimized
System costs

Adapt regulation to stimulate recycling

high

15
20
21
30
32
34
35
39

Create and maintain knowledge sharing
platform
Initiate Expert Group on battery
connection rules
Develop safety standards
Propose measures to increase industry
collaboration (consortia)
Determine the market potential/demand
for BESS
Exploit synergies with (auto)motive
sector
Focus research on cutting edge battery
technologies
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very high
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30

Increased acceptance
Increased harmonization
Increased harmonization
Increased acceptance
Increased industrial capacity
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Increased industrial capacity
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The full table with the ranking on the three dimensions is presented in Appendix D: Priority rating of
actions. In the table below (Table 15) we also provide the full ranking for all actions, but in this table
the actions are sorted based on the resulting priority ranking.
Table 15: Priority ranking of the actions identified

#

Action

Impact

Urgency

Duration

Priority

21

Initiate Expert Group on battery connection rules

3

3

1

very high

32

Propose measures to increase industry
collaboration (consortia)

3

3

1

very high

3

Develop alternative materials for BESS

3

2

3

high

5

Develop advanced battery management solutions
(thermal, electrical)

3

2

2

high

8

Propose duty cycle and testing standards and
performance certification

2

3

2

high

15

Adapt regulation to stimulate recycling

3

2

1

high

20

Create and maintain knowledge sharing platform

2

3

2

high

30

Develop safety standards

2

3

2

high

34

Determine the market potential/demand for BESS

2

3

1

high

35

Exploit synergies with (auto)motive sector

3

2

2

high

39

Focus research on cutting edge battery
technologies

3

2

3

high

1

Develop hybrid-technology solutions

2

2

3

medium

4

Improve power electronics

2

2

2

medium

7

Develop simulation and modelling tools

2

2

1

medium

9

Propose solutions for fault protection and
detection (sealing foil cells)

2

2

2

medium

10

Design modular cells

2

2

2

medium

12

Further develop recycling process

2

2

3

medium

13

Build up pilot plant for closed loop recycling

2

2

2

medium

17

Propose interface and communication protocol
standards

2

2

2

medium

19

Develop interoperable BMS

2

2

3

medium
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22

Harmonize connection procedures

2

2

2

medium

24

Propose measures to value BESS services

2

2

2

medium

25

Monitor market distortions and act

1

3

2

medium

26

Create higher transparency for system needs

2

2

1

medium

27

Facilitate financing options

2

2

2

medium

33

Propose and apply support schemes

2

2

2

medium

2

2

2

medium

2

1

2

low

Control internal chemical reactions

2

1

3

low

11

Substitute materials for recycling

1

2

3

low

14

Establish large-scale recycling facilities

1

2

2

low

16

Facilitate second-life battery applications

1

2

1

low

18

Propose automatic and remote control concepts

1

2

2

low

28

Adopt standardized method for life cycle cost
analyses

1

2

2

low

29

Propose data and cyber security measures

1

2

2

low

36

Install or (re-)design clean rooms and drying
rooms

2

1

3

low

23

Simplify metering and telemetry requirements

1

1

2

very low

31

Facilitate living lab projects

1

1

2

very low

37

Propose process adaptions towards continuous
operation

1

1

2

very low

38

Automate the production process of BESS

1

1

2

very low

40
2
6

Create bridge between research funded and
patent filing
Develop integrated design (battery cells, power
electronics)
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4

Conclusions

XX
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Appendix A: Stakeholder interaction
Stakeholder interaction has been an essential part of the BATSTORM project. The following categories
of stakeholders have been contacted throughout this project:
•

Technology providers

•

Market players

•

PPPs

•

Utilities

•

Financing

•

NRAs & MS

•

TSOs/DSOs

•

NGOs

•

Research

•

Associations

•

Government officials.

The consultation of these stakeholders has taken place in several manners:
•

Workshops

•

Project website

•

Survey

•

Interviews

•

Detailed/open interactions

•

Attendance of conferences, discussions and workshops.

The main source of concrete input for the development of the roadmap have been the range of
workshops held. Table 16 presents and overview of the workshop held within the scope of the
BATSTORM project, which all contributed either to the building blocks of the roadmap, or directly to
roadmap itself.
Table 16: BATSTORM workshops contributing to the roadmap

Name
Kick

Date
off

workshop
Expert
meeting
1st

Roadmap

workshop
2nd

Roadmap

workshop

workshop

POWNL16059

Location

To kick-off the
16-03-2016

project, inform about goals and

Dusseldorf

methodology of the project, interactive session on

(IRES/ESA

possibilities, challenges and hurdles.

conference)

Presentation and interactive feedback session on the
21-04-2016

draft Implementation Plan 2016-2018, progress update

Brussels

on the project overall.
20-09-2016
21-02-2017

Final
Roadmap

Description

06-06-2017

Presentation of socio-economic analysis (projections),
interactive session on barriers and actions.
Interactive session on structure of roadmap,

actions

and prioritization of actions.
Presentation

of

the

draft

roadmap,

feedback

stakeholders and discussion on proposed priorities.
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A project website (http://www.batstorm-project.eu/) was designed at the start of the project,
providing basic information on the project, contact form, and some news items. publication of results
The deliverables from the project were also published on the website which allowed stakeholders to
review them and provide feedback on the deliverables. The website was also used for announcements
on the workshops, the online survey and news items.
An online survey has been held in 2016, which provided input on the underlying fields of analysis
(socio-economic, policy, market and technical). The online survey thus did not provide detailed
questions directly on the roadmap but provide input required to develop the roadmap (e.g. input for
the socio-economic analysis and barrier analysis). A range of interviews have been performed
approaching a wide range of stakeholders to directly ask their input on a range of topics. Furthermore
there have been several detailed/open interactions. For example stakeholders who we after an
interview approached for a second set of detailed questions, requesting background information or
data or asking for detailed review on draft documents. Another example of this type of interaction is
more detailed conversations we had with associations. Lastly BATSTORM team members have
attended network meetings, conference and discussion meetings. For example interaction and
presentations during relevant conferences, but also participating in discussions on parallel roadmaps
or position papers.
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Appendix B: Overview of identified challenges and
actions

Figure 5. Overview of challenges from input during stakeholder workshop
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Table 17: List of actions derived from stakeholder consultation (workshops, interviews, online survey)

Vision

Goal

Action
Develop hybrid-technology solutions
Develop integrated design (battery cells, power electronics)

Optimized performance

Develop alternative materials for BESS
Improve power electronics
Develop advanced battery management solutions (thermal, electrical)
Control internal chemical reactions

Optimized durability

Develop simulation and modelling tools
Propose duty cycle and testing standards and performance certification
Propose solutions for fault protection and detection (sealing foil cells)

Development

Design modular cells

and

Substitute materials for recycling

deployment
of

Maximized recycling

Further develop recycling process
Build up pilot plant for closed loop recycling

High-

Establish large-scale recycling facilities

performing,

Adapt regulation to stimulate recycling

cost-effective

Facilitate second-life battery applications

and
environmentally

Increased

Propose interface and communication protocol standards

interoperability

Propose automatic and remote control concepts
Develop interoperable BMS

friendly
battery
energy

Create and maintain knowledge sharing platform
Increased harmonization

Initiate Expert Group on battery connection rules
Harmonize connection procedures

storage

Simplify metering and telemetry requirements
Propose measures to value BESS services
Adequate remuneration

Monitor market distortions and act
Create higher transparency for system needs

Minimized

investment

Facilitate financing options
Adopt standardized method for life cycle cost analyses

risk
Increased acceptance

Propose data and cyber security measures
Develop safety standards
Facilitate living lab projects

Increased

industrial

capacity

Propose and apply support schemes
Determine the market potential/demand for BESS

Established

Exploit synergies with (auto)motive sector

EU industrial
capacity and

Maximized

leadership

efficiency
Increased
leadership
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Propose measures to increase industry collaboration (consortia)

production

Install or (re-)design clean rooms and drying rooms
Propose process adaptations towards continuous operation
Automate the production process of BESS

technological

Focus research on cutting edge battery technology
Create bridge between research funded and patent filing
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Appendix C: Overview of set milestones
The following table presents an overview of all the milestones as defined in the roadmap.
Goal

Performance indicator

Milestone

Optimized performance

Power density

2020: 1000 W/l (pack level) and 1500 W/l (cell
level)
2026: >1000 W/l (pack level) and > 1500 W/l
(cell level)

Optimized durability

Calendar life

2020: > 10 years guaranteed with sufficient

(EOL-criteria: 80% of rated

experience in relevant applications

capacity)

2026:

15

years;

including

next-generation

technologies
Cycle life

2020: > 10,000 cycles guaranteed with sufficient

(EOL-criteria: 80% of rated

experience in relevant applications

capacity)

2026: 15,000 cycles; including next-generation
technologies

Minimized system costs

System investment costs
(System includes: cells, battery
management, control system,

2020: 350 €/MWh for advanced technologies

casing or tanks;

2026: 200 €/MWh

not included: Inverters and
power electronics)
Maximized recycling

Maturity recycling process

2020: Feasible recycling
2026: Commercial recycling

Collection rate

2020: 60% collection rate
2026: 80% collection rate

Increased interoperability

(N/A)-

(N/A)

Increased harmonization

Level of knowledge sharing

2020: Widely used best-practice database with
open access BESS cost benefit analysis tool
2026: (N/A)

European grid code

2020: European-wide technical specifications and

requirements

network code
2026: (N/A)

Adequate remuneration

Participation of distributed

2020: Barriers removed in all Member States

resources in wholesale and

2026: (N/A)

reserve markets
Minimized investment risk

(N/A)

(N/A)

Increased acceptance

(N/A)

(N/A)

Increased

Annual EU cell production

2020: 2.2 GWh

capacity

2026: 5.0 GWh

industrial

capacity
Maximized

production

(N/A)

technology

Share of relevant patent filed

(N/A)

efficiency
Increased
leadership
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Appendix D: Priority rating of actions

#

Action

Impact

Urgency

Duration

Priority

1

Develop hybrid-technology solutions

2

2

3

medium

2

Develop integrated design (battery cells, power
electronics)

2

1

2

low

3

Develop alternative materials for BESS

3

2

3

high

4

Improve power electronics

2

2

2

medium

5

Develop advanced battery management solutions
(thermal, electrical)

3

2

2

high

6

Control internal chemical reactions

2

1

3

low

7

Develop simulation and modelling tools

2

2

1

medium

8

Propose duty cycle and testing standards and
performance certification

2

3

2

high

9

Propose solutions for fault protection and
detection (sealing foil cells)

2

2

2

medium

10

Design modular cells

2

2

2

medium

11

Substitute materials for recycling

1

2

3

low

12

Further develop recycling process

2

2

3

medium

13

Build up pilot plant for closed loop recycling

2

2

2

medium

14

Establish large-scale recycling facilities

1

2

2

low

15

Adapt regulation to stimulate recycling

3

2

1

high

16

Facilitate second-life battery applications

1

2

1

low

17

Propose interface and communication protocol
standards

2

2

2

medium

18

Propose automatic and remote control concepts

1

2

2

low

19

Develop interoperable BMS

2

2

3

medium

20

Create and maintain knowledge sharing platform

2

3

2

high

21

Initiate Expert Group on battery connection rules

3

3

1

very high

22

Harmonize connection procedures

2

2

2

medium
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23

Simplify metering and telemetry requirements

1

1

2

very low

24

Propose measures to value BESS services

2

2

2

medium

25

Monitor market distortions and act

1

3

2

medium

26

Create higher transparency for system needs

2

2

1

medium

27

Facilitate financing options

2

2

2

medium

28

Adopt standardized method for life cycle cost
analyses

1

2

2

low

29

Propose data and cyber security measures

1

2

2

low

30

Develop safety standards

2

3

2

high

31

Facilitate living lab projects

1

1

2

very low

32

Propose measures to increase industry
collaboration (consortia)

3

3

1

very high

33

Propose and apply support schemes

2

2

2

medium

34

Determine the market potential/demand for BESS

2

3

1

high

35

Exploit synergies with (auto)motive sector

3

2

2

high

2

1

3

low

1

1

2

very low

1

1

2

very low

3

2

3

high

2

2

2

medium

36
37
38
39
40

Install or (re-)design clean rooms and drying
rooms
Propose process adaptions towards continuous
operation
Automate the production process of BESS
Focus research on cutting edge battery
technologies
Create bridge between research funded and
patent filing
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