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FOREWORD EXECUTIVE SUMMARY
Europe’s transformation to efficient low-emission 
transport and a sustainable energy economy requires 
specific means for energy storage. Batteries provide 
some important solutions. For this reason, the 
European Commission will continue to foster battery 
research and innovation. 

To date, together with private investments, EU-funded 
projects have mobilised resources of EUR 555 million 
for battery research since 2008. Recent market trends 
demonstrate that investments to intensify battery 
development and production will rise significantly in 
the coming years due to the expected increase in the 
uptake of electric vehicles and use of energy-storage 
applications.

Increasing the deployment of batteries in the 
transport and energy sectors contributes significantly 
to achieving the EU’s environmental and socio-
economic policy goals of decarbonisation, improving 
air quality and increasing industry’s competitiveness.

Electrification of the transport system and the 
deployment of renewable energy sources will lead to 
economic benefits, including a reduced dependency 
on imported oil and a more stable electricity supply. 
Innovations and new knowledge generated from  
EU research will increase the competitiveness of the 
European industry and strengthen its position in the 
rapidly expanding global battery market — creating 

jobs and growth while improving the well-being of 
European citizens through a better quality of life and 
health benefits. 

This report addresses the three main policy challenges 
in the field of battery research:

> the transformation towards low-emission 
transport;

> the production and storage of electricity from 
renewable energy sources;

> the establishment of a sustainable and efficient 
value chain for batteries. 

First, the current socio-economic and environmental 
issues and respective policy activities are described 
for each of the above-mentioned policy challenges. 
Then, an overview of the portfolio of EU-funded 
projects is presented, followed by an analysis of 
the impacts and results of EU funding in terms of 
the added value of research and innovation (R&I) 
investments, R&I achievements, impacts for society, 
industry and environment, and for policies, too. 

Finally, policy recommendations are made based 
on the analysis. In the annex of this report, 
recommendations for future R&I programming are 
given. A list of battery-related EU-funded projects 
which were analysed in detail is provided in Annex II.
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THE MAIN POLICY 
RECOMMENDATIONS 

ARE TO:

Establish a common 
infrastructure for 

fast-charging vehicles.

Harmonise vehicle-
charging protocols 

and billing systems in 
Europe (interoperability).

E E

Support the 
transition to 

electricity production from 
renewable sources.

Stimulate the 
recycling of 

automotive and industrial 
batteries.

Facilitate the reuse 
of batteries for new 

purposes.

E E
E

Develop  
fit-for-purpose 

performance and safety 
assessment standards.

Support  
European battery 

cell production.

E E Promote research 
on new battery 

materials and chemistries.

E
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Transport and energy production play key roles 
in modern society. Citizens’ well-being, industrial 
competitiveness and the overall functioning of 
society depend on safe, secure, flexible, sustainable 
and affordable energy and transport. Sustainable 
and secure transport and energy production are 
also key issues in current environment and climate 
discussions.

To reach the Paris Agreement/COP211 and European 
targets on decarbonisation and energy efficiency 
by 2050, a profound transformation of both the 
European transport and energy systems will be 
needed. This must be driven inter alia by increased 
production and use of renewable energies. Given 
the inevitable fluctuations in renewable energy 
production, it is crucial to develop intermediary 
electricity storage systems. In particular, storage 
systems based on electrochemical devices such 
as batteries will not only address the problem of 

1 United Nations Climate Change Conference: http://www.cop21paris.org/

2 Commission’s 10 priorities: https://ec.europa.eu/priorities/index_en

renewable energy production and storage but will 
also help to enable the uptake of electrical mobility 
thereby creating new jobs and growth in this area . 

This report demonstrates how the results of recent 
EU-funded research and innovation (R&I) projects on 
electric batteries contribute to three areas of policy 
challenges in this domain. These policy challenges, 
which were selected for this report, have clear links to 
the European Commission’s political priorities2. 

Transformation towards  
low-emission transport

Production and storage of renewable energies 

Sustainable and efficient  
value chain for batteries

EUROPEAN POLITICAL PRIORITY
POLICY CHALLENGES TO WHICH R&I ON  
ELECTRIC BATTERIES CAN CONTRIBUTE

Energy Union and Climate

Jobs, Growth and Investment
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The European Commission’s Clean, Competitive 
and Connected Mobility pack presents a series of 
legislative and non-legislative mobility-related 
initiatives programmed for delivery in 2017, and 
includes research and innovation contribution, 
covering important themes for future transport R&I 
(related to decarbonisation of transport), including 
one on the electrification of transport. In addition, 
vehicle safety requirements are being developed in 
the United Nations Economic Commission for Europe 
(UNECE) Global Technical Regulation on EV safety 
which addresses unique risks associated with high-
voltage electrical safety, and safety of electrical 
components and rechargeable energy-storage 
systems (REESS)7. 

To be competitive with respect to conventionally 
powered road vehicles, electric vehicles need a long-
lasting, safe and affordable battery that can be 
rapidly recharged. The batteries and the penetration 
of recharging infrastructure determine vehicle range, 
cost and safety, and their development plays a key 
role in several policy challenges. 

Transport accounts for a large share of Europe’s 
oil consumption and is responsible for around a 
quarter of EU greenhouse gas emissions. Road 
transport alone contributes to about one-fifth of 
the EU’s total emissions of CO2. Therefore, this 
is a sector that should make a key contribution to 
greater sustainability through the electrification of 
road transport, provided that electricity stems from 
renewable energy sources. City centre pollution could 
also be significantly reduced by accelerating the 
transition towards low- and zero-emission vehicles3. 

Decarbonisation, improving air quality, reducing 
dependency on oil, and increasing efficiency are the 
major transport challenges to be addressed by 2050. 
European goals include reducing Europe’s dependence 
on imported oil and cutting carbon emissions from 
transport by 60 % by 20504. The Commission has 
identified5 the rapid development and deployment 
of next-generation electric vehicles, an innovative 
recharging infrastructure and associated business 
models and services as key elements in future low-
carbon mobility. Member States are mandated to 
deploy alternative fuels infrastructure6 with common 
standards, including a common plug for electric vehicles. 

1. TRANSFORMATION TOWARDS LOW-EMISSION TRANSPORT

2. PRODUCTION AND STORAGE OF ELECTRICITY FROM 
RENEWABLE ENERGIES

The EU has committed to cut CO2 emissions by at 
least 40 % by 2030 while modernising its economy 
and delivering on jobs and growth for all European 
citizens8. The European Commission’s Clean Energy 
for All Europeans package9 has three main goals: 
putting energy efficiency first; achieving global 
leadership in renewable energies; and providing a fair 
deal for consumers. 

The Clean Energy for All Europeans legislative 
proposals cover energy efficiency, renewable energy, 
the design of the electricity market, security of 
electricity supply and governance rules for the Energy 
Union. In addition, the Commission is proposing a new 
way forward for eco-design. 

3 A European Strategy for Low-Emission Mobility: http://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1476374593053&uri=CELEX:52016DC0501

4 White Paper - Roadmap to a Single European Transport Area – Towards a competitive and resource efficient transport system COM/2011/0144: 
http://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:52011DC0144

5 Accelerating Clean Energy Innovation: http://ec.europa.eu/energy/sites/ener/files/documents/1_en_act_part1_v6_0.pdf

6 Directive on the deployment of alternative fuels infrastructure: http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32014L0094

7 UNECE Electric Vehicle Safety (EVS): https://www2.unece.org/wiki/pages/viewpage.action?pageId=3178628

8 A Roadmap for moving to a competitive low carbon economy in 2050: https://ec.europa.eu/clima/policies/strategies/2050_en

9 Clean Energy for All Europeans: http://europa.eu/rapid/press-release_IP-16-4009_en.htm
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low-carbon energy system based on renewables, the 
full integration of storage devices into the energy 
system must be accelerated, at domestic, commercial 
and utility scale. One approach is to use batteries 
for large grid-scale electricity storage and for local, 
mostly private energy production.

The challenge for the electricity networks, resulting 
from an increase in the production of intermittent 
renewable energy, is that energy production is not 
always in phase with consumption. Thus, the energy 
needs to be stored during production and retrieved 
– during consumption. To enable the transition to a 

3. SUSTAINABLE AND EFFICIENT VALUE CHAIN FOR BATTERIES 

To make batteries more economically viable, 
sustainable and environmentally fr iendly, 
improvements are necessary along the whole value 
chain, ranging from the mining of raw materials to 
the production of components, cell manufacturing, 
pack assembly and mass production, and the final 
battery product, its reuse or recycling. Strengthening 
competitiveness, promoting the circular economy and 
recycling, as well as reducing dependency on imported 
raw materials are the main policy challenges relevant 
to the batteries value chain. 

A number of raw materials used in advanced 
batteries are expensive and rare and available only 
in certain global regions. To strengthen European 
industry it should have access to raw materials 
and the required battery components on time and 
at a reasonable market price – European trade 
agreements and strategic initiatives10 can help here. 
Another way to enhance the security of supply for 
raw materials is either by recovering and regenerating 
them at the end of their (first) service life, or by 
substituting rare materials with other more readily 
available materials. The Commission has established 
an ambitious programme11 to promote the circular 
economy, with measures covering the whole product 
life cycle: from production and consumption to waste 
management and the market for the secondary use 
of raw materials. 

The sustainable battery value chain includes 
reusing batteries and battery materials after first 

use (e.g. electric vehicles) in a second task (e.g. as 
stationary electricity storage) – the so-called ‘second 
life applications’. In this way, the lifetime of the 
materials used in the battery is extended, early waste 
or recycling is avoided, and the need for stationary 
storage production materials is reduced. 

Europe has a well-developed battery industry which 
needs to strengthen its competitiveness and adapt 
to current needs. This includes the search for better 
performance, but mainly concerns the development 
of more economically competitive and sustainable 
battery systems, starting upstream at the value 
chain through the use of advanced materials. At 
the moment, there are no significant battery-cell 
manufacturing capacities for lithium ion batteries 
in Europe12. The Annex to Accelerating Clean Energy 
Innovation Communication explicitly mentions the 
need to relaunch the production of battery cells in 
Europe and the benefits this will have on industrial 
competitiveness. Manufacturing processes must 
embrace the principles of eco-efficiency – including, 
but not limited to, reducing costs and use of materials 
and optimising production processes to lower the 
environmental impact.

The three policy challenges identified above have 
been fully realised by the Commission, which has 
dedicated a specific Key Action of the Integrated 
Strategic Energy Technology Plan (SET-Plan) to 
batteries13 . Its Declaration of Intent identifies 
a number of cost-reduction and performance-

10 The raw materials initiative – meeting our critical needs for growth and jobs in Europe: http://eur-lex.europa.eu/legal-content/EN/
TXT/?uri=CELEX:52008DC0699

11 Circular Economy Action Plan: http://ec.europa.eu/environment/circular-economy/index_en.htm 

12 Lithium ion battery value chain and related opportunities for Europe: http://bookshop.europa.eu/is-bin/INTERSHOP.enfinity/WFS/EU-Bookshop-
Site/en_GB/-/EUR/ViewPublication-Start?PublicationKey=KJNA28354

13 SET-Plan ACTION No 7 – Declaration of Intent: https://setis.ec.europa.eu/system/files/integrated_set-plan/action7_declaration_of_intent_0.pdf
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improvement targets for traction batteries as well 
as for recycling, second use and cell manufacturing, 
to reverse the foreign dominance of the battery-cell 
manufacturing industry. Since the development of 
batteries for stationary applications can benefit from 
achievements in the automotive sector, exploiting 
battery R&I synergies between both applications will 
improve performance and safety, lower production 
costs while, at the same time, avoiding duplication of 
efforts, thereby leveraging competitiveness. Lower-
cost batteries can support self-consumption for the 
benefit of consumers and provide a more stable 

14 European Technology and Innovation Platforms (ETIPs) have been created by the European Commission in the framework of the new Integrated 
Roadmap Strategic Energy Technology Plan (SET-Plan) by bringing together a multitude of stakeholders and experts from the energy sector. The 
role of the ETIP Smart Networks for Energy Transition (SNET) is to guide research, development & innovation (RD&I) to support Europe’s energy 
transition: http://www.etip-snet.eu/

electricity grid that can integrate a larger share of 
renewables.

Moreover, the recently established platform14 

involving private and public stakeholders will set out a 
vision for R&I for smart networks for energy transition 
and e-mobility, including batteries. It will also provide 
input to the SET-Plan, identify innovation barriers, 
notably related to regulation and financing, and 
develop enhanced knowledge-sharing mechanisms 
that help bring R&I results to deployment.
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PORTFOLIO OF 
RECENT  
EU-FUNDED 
R&I PROJECTS
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The projects with most relevant results, which have been used as a 
basis for the policy recommendations, were identified from this overall 
portfolio of 135 projects by assessing the impact of the results on the 
main policy challenges. As a result, 44 projects were assessed in detail 
to analyse their impact by policy area.

The portfolio of 135 projects for this analysis 
was selected according to the research performed 
on electric batteries, covering projects from basic 
research on new materials to battery management 
systems and battery integration for their use in 
applications. 

Since 2008, 135 
EU-funded projects 

on batteries have involved 
over 1000 participants 
from 36 countries and 
mobilised EUR 555 million 
in private investments and 
EU funds.

20 % of all 
participants in 

battery projects are SMEs.

E

E

The most 
established clusters, 

representing the whole 
battery value chain at 
the local level, are being 
created in regions in 
France, Germany, Austria, 
Spain, Italy, UK and 
Sweden.

E For both mobility 
and energy 

applications, the main 
emphasis in EU projects 
was on achieving cost 
reductions, improving 
energy densities, cyclic 
performance, safety, and 
enable recycling and reuse 
of batteries.

E
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Within the Commission’s Seventh Framework 
Programme for Research and Innovation (FP7; 2007-
2013) and the Eight Framework Programme Horizon 
2020 (H2020; 2014-2020), a number of projects 
were financed in a range of battery areas. Covering 
both research programmes, 135 projects were funded  
on batteries until 2016 involving more than 
1000 participants and receiving a total financial 
EU contribution of EUR 375 million, and investing 
EUR 180 million of private funds. 

Battery research is a complex process including many 
aspects along the whole value chain – from raw 
materials to battery integration in consumer products, 
meeting the electricity storage requirements. The 
first developments in batteries started early in the 
19th century. Since then, many technologies and 
battery applications have been tested, and research 
continues to improve battery performance and 
discover new chemistries to store energy. 

1. PROGRAMME AREAS CONTRIBUTING TO BATTERY RESEARCH

FP7 Nanosciences, 
Nanotechnologies, Materials 
and New Production Technologies 

FP7 Transport & Information and 
Communication Technologies 

FP7 Other areas

FP7 Energy 

H2020 Leadership in Enabling 
and Industrial Technologies

H2020 Transport 

H2020 Energy

H2020 Other areas

Framework programme 
and area of funding*

Projects 
 

Participants EU Contribution  (in €M)

FIGURE 1 Contribution of different thematic areas to Batteries research  

33
99 36

98 318 24

83 277 22

16 19
14

29
84 10

42 82 10

43 83 10

31 42
9

*H2020 funded projects until 2016
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In addition, the Commission’s Joint Research Centre 
uses its dedicated experimental facilities17 to 
perform in-house pre-normative research into safety 
and performance characterisation of batteries, the 
results of which feed into European and international 
standards and regulations.

Together with private funding, EU-funded projects 
have mobilised resources of EUR 555 million for 
batteries research. These projects worked on exploring 
basic and advanced materials, nanotechnologies, 
applications in the energy, transport and ICT sectors, 
and also included support to outstanding individual 
researchers and SMEs. 

The projects examined15 were funded by the European 
Commission’s Directorate-General for Research and 
Innovation (DG RTD), and the Directorate-General for 
Communications Networks, Content & Technology 
(DG CONNECT). Considerable funding was provided 
by the European Research Council (ERC), Marie-Curie 
Actions and SMEs programmes. Most of the projects 
on electric vehicle batteries were funded within  
DG RTD’s European Green Cars Initiative (EGCI in 
FP7) and European Green Vehicles Initiative (EGVI 
in H2020), which is a contractual public-private 
partnership (cPPP) accelerating research, development 
and demonstration of technologies allowing for the 
efficient use of clean energies in road transport16.  

2. PORTFOLIO OF BENEFICIARIES

In both research programmes, half of all participating 
organisations are private for profit, receiving funding 
of EUR 160.5 million – 43 % of EUR 375 million. 
Higher or secondary education organisations were 
granted 28 % of funds (EUR 106.6 million) and 
research organisations (EUR 105.8 million). The 
participation rate is 25 % and 23 % respectively. The 

PRC Private for profit (excl. education)
HES Higher or secondary education
REC Research organisations
PUB Public body (excl. research and education)
OTH Others

OTH : 4PUB : 5 

REC : 231

HES : 252 

PRC : 512

private organisations’ high participation rate signals 
the potential for research project results to be taken 
up for further investments and commercialisation. 
The gap from research to market is shortened when 
research organisations and private companies work 
together. SME participation rate in EU-funded projects 
on batteries is 20 %. 

15 This publication does not cover in detail ongoing projects funded by DG ENER and addressing inter alia the final use of batteries in integrated 
energy systems with a budget of EUR 200 million in FP7 and EUR 200 million in H2020 in the first two years (even if the references to major 
initiatives are provided where appropriate)

16 European Green Vehicles Initiative: http://www.egvi.eu/

17 Clean Power for Transport: A European alternative fuels strategy: http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2013:0017:FIN:E
N:PDF)

FIGURE 2 Participation and funding in EU-funded projects by type of organisations
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participants from Germany, 18 % (EUR 68.2 million) from 
France and an equal amount each – around 10 % (EUR 
35 million) by participants from Italy, Spain and the UK. 

Even though participation is focused on several 
countries leading battery research, EU projects brought 
together participants from most Member States, 
enabling strong involvement and knowledge sharing 
among all European countries.

In the H2020 projects, 8 % of participants took part 
in the European R&I Framework Programme for the 
first time. 

Thirty-six countries participated in FP7 and H2020 
projects on batteries, involving 1004 participants: 203 
(20 %) of all participants come from Germany, 157 
(16 %) from France and 120 (12 %) from Italy. In terms 
of funding, 23 % (EUR 86.5 million) was received by 

Clustering of the participants shows that research 
is concentrated around Paris in France, Munich in 
Germany, Graz in Austria, Madrid in Spain and Turin 
in Italy. Many participants come from Cambridge and 
London (UK), as well as Gothenburg (Sweden).

Participants encompass various partners representing 
the entire value chain at the local level. These clusters 
shape core groups in some specific technology fields 
and facilitate the structuring of an ecosystem.

1 1203 86 564

FIGURE 3  Number of beneficiaries by country.
in the analysed project portfolio

FIGURE 4  EU financial contribution by country 
for the analysed project portfolio
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FIGURE5 Geographical distribution of beneficiaries

11 4747

3.  PORTFOLIO OF PROJECTS AND TOPICS COVERED

The figure below highlights the main research 
areas covered within the portfolio of 44 projects 
analysed by policy area. A significant proportion of 
projects addressed advanced electro chemistries 
(new electrode materials, additives, binders, 
electrolytes, separators and cell chemistries). Most 
developments targeted batteries in the Li-ion family 
and their variants (high voltage, use of silicon, solid-
state electrolytes), but also featured post-Li-ion 
technologies such as Li-sulphur, Li-air and non-
lithium batteries. 

For both mobility and energy applications, the main 
emphasis was on cost reduction, higher energy 
densities and the enhanced cyclic performance of 
batteries. Safety aspects and recycling were also 
important considerations. 

Advanced battery management systems and the 
optimal integration of battery packs in vehicles and 

energy systems were also addressed to increase the 
autonomy, safety, security, reliability and modularity 
of battery systems. 

Improvements in the manufacturing processes and 
methodologies used for battery cells aimed to cut 
costs, improve the production quality and reduce the 
environmental impact of the manufacturing process 
(i.e. by developing eco-friendly processes for electrode 
and electrolyte manufacturing, cell design and 
assembly, looking for new technologies to improve the 
quality, and reducing the rate of defective products at 
the end of the manufacturing chain).

Projects on second-life applications for batteries 
developed new methods and technologies to assess 
the level of battery degradation before their second 
use. Moreover, aspects of recycling were covered in 
research projects to ensure a sustainable battery life 
cycle. 
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FIGURE 6 Topics covered by the EU-funded projects in the selected portfolio

MOBILITY 
APPLICATIONS

COST  
REDUCTION 

ENERGY DENSITY 
IMPROVEMENT

 CYCLABILITY AND 
SAFETY 

MATERIALS, TECHNOLOGIES AND PROCESSES  

HIGH-DENSITY /RAPID  RELEASE ELECTRICITY  
STORAGE 

FUTURE  EMERGING TECHNOLOGIES

INNOVATIVE  AUTOMOTIVE ELECTROCHEMICAL  
STORAGE APPLICATIONS BASED ON 

NANOTECHNOLOGY

ELECTRICITY  
STORAGE 

COST REDUCTION

ELECTRICITY  STORAGE SYSTEMS FOR POWER 
TRANSMISSION AND DISTRIBUTION  NETWORKS

FACILITATING THE DEPLOYMENT  OF SAFE 
STATIONARY BATTERIES 

INCREASING 
BATTERY LIFETIME

INTERFACES IN RECHARGEABLE   BATTERIES  AND 
SUPER-CAPACITORS

SMART STORAGE INTEGRATION 

FUTURE  EMERGING TECHNOLOGIES 

DYNAMICS 

RAMP-UP TIME

 HIGH-POWER  DENSITY

 SAFETY 

CYCLABILITY

VALUE CHAIN

RECYCLING & REUSE

LIFE CYCLE  ASSESSMENT 

IMPROVED  MATERIALS  

ADVANCED  ECO-DESIGN AND MANUFACTURING 
PROCESSES 

 SMART POWER ROUTING (HIGHER  EFFICIENCY  
OF THE BATTERY PACKS, INCREASED BATTERY  

LIFETIME, REDUCED MAINTENANCE) 

INCREASED  SAFETY, RELIABILITY  AND 
FLEXIBILITY OF THE POWER ROUTING 

MANUFACTURING 
PROCESS 

OPTIMISATION

BATTERY 
MANAGEMENT 

SYSTEMS

AGEING-RESISTANT BATTERIES  

SECOND-LIFE  MATERIALS AND APPLICATIONS

COST REDUCTION 
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IMPACT AND 
RESULTS OF  
EU FUNDING
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Indirect: as a result of new developments in batteries, 
increased deployment of electric vehicles and 
electricity storage bringing environmental and socio-
economic benefits, such as lower emissions and 
increased renewable energy use. 

Direct: improved battery materials and chemistries 
and developing new knowledge in this field, improved 
battery specifications along the whole value chain 
(new chemistries, materials, energy density, durability, 
chargeability, safety, cost, production technologies, 
etc.) strengthening the competitiveness of the 
research organisations and industry; or

R&I on batteries, covering the whole battery life 
cycle and value chain, can be applied to different 
sectors and thus can make a significant contribution 
to policy goals in several domains. The impact of 
battery research on these policies can be both direct 
and indirect:

EU PROJECTS ON 
BATTERIES HAVE

Contributed to the 
circular economy 

through new developments 
in recycling, reuse (second 
life) and eco-friendly 
manufacturing processes. Contributed to 

reducing resource, 
component and energy 
dependency on sources 
outside Europe.

Strengthened the 
knowledge base 

and facilitated information 
transfer across the 
batteries supply chain in 
both the research sector 
and the industry.

E

E

E

Promoted new 
business models 

and enabled the creation 
of new profiles and  
jobs in Europe.

Reinforced the 
competitiveness 

of EU research by 
further understanding 
and deepening the 
knowledge of advanced 
battery materials 
sciences and engineering, 
nanotechnologies, 
chemistry, 
electrochemistry, as well 
as aspects of reducing 
costs and improving 
battery cell design, 
safety, performance and 
manufacturing.

E

E

The conclusions in this chapter are based on an in-depth analysis of 44 
projects. 
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stage research to support companies, in particular, 
to undertake work in areas that are unlikely to be 
commercialised in the short term but which have 
significant potential, both economically and in terms 
of their contribution to EU policy goals, in the longer 
term.  

Generally, a successful project leads to follow-up 
projects at the EU or national level. This cascading 
effect is a key opportunity for stakeholders to ensure 
the consistency of their research activities and ease 
technological advancement by extracting results 
from funded projects.

European projects, in particular within the European 
Green Vehicles Initiative cPPP, involved all major EU 
industrial players in the field of electric batteries. 
Industry developed several road-maps for R&I, 
specifically a European roadmap on electrification of 
road transport18.

The excellent scientific achievements across this 
project portfolio are evidenced by the numerous peer-
reviewed scientific papers that have been published 
in well-respected journals and publications19. 

In general, one noticeable aspect of the EU-funded 
projects was that they took a value-chain approach 
and brought together many different types of 
organisations ranging from materials developers, 
at the very front end of the chain, to battery 
manufacturers and, in some cases, automotive 
original equipment manufacturers (OEMs). 
Furthermore, they included academic and research 
partners as well as industrial partners.  

These aspects are very valuable in facilitating 
knowledge transfer, both from a technical 
perspective as well as in terms of the commercial 
and competitiveness issues facing companies active 
in this area. From this, academics and researchers 
in particular gained insights into what is needed to 
convert basic research into useable products and 
processes and, subsequently, what is required to 
achieve full commercialisation.

Realistically, early, high-risk research would not 
be undertaken by many companies as their new 
product development activities tend to be much 
closer to market where there is an obvious return on 
investment. Thus, one of the key overarching results 
of these projects concerns the ‘de-risking’ of early-

1. ADDED VALUE OF EU-LEVEL R&I INVESTMENT

2. R&I ACHIEVEMENTS SUPPORTING POLICY CHALLENGES

This section analyses and gives examples of project 
achievements which have contributed to addressing 
the policy challenges linked to batteries, either on an 
individual basis or collectively as a cluster of projects. 

Project objectives were ambitious. Even projects 
where many issues and challenges were faced, 
the knowledge that was generated and a better 
understanding of materials science and engineering, 
chemistry, electrochemistry and cell design will all 
provide a strong foundation for ongoing research 
in these areas. The aim will be to advance these 
technologies towards final commercialisation.

Fundamentally, the key outcome of projects in 
the electromobility area is to increase the uptake 

and deployment of electric vehicles (EVs) across 
Europe by addressing the issues and challenges, 
in terms of driving range, performance, cost, 
safety and fast charging currently associated with 
them. These issues can be tackled by advances in  
EV battery development. This, in turn, will accelerate 
the transition to greener road transport, with all the 
benefits that this will bring, such as, for example, 
reducing CO2 and NOx emissions to improve air 
quality. 

Innovative advanced materials and nanotechnologies 
are key enablers in generating and storing energy 
for automotive applications in a more efficient 
and cost-competitive way. Post-lithium and non-
lithium battery technologies are still at a very early 

18 ERTRAC Roadmaps: http://www.ertrac.org/index.php?page=ertrac-roadmap

19 294 for 44 projects, at the time of writing
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supercapacitors to achieve results which can multiply 
the power density by five at battery-cell level. The 
expected impact is a drastic reduction in the cost, 
volume and weight of stationary storage systems. 
Project Hi-C has developed a new approach to 
detecting anomalies during battery operation so as 
to improve the lifetime and second life of batteries.

New business models involving second-life batteries 
have also been tested in demonstration/application 
projects funded by the Directorate-General for Energy. 
For instance, the READY project will demonstrate a 
130-kWh battery electricity storage system using 
second-life batteries. At the same time, the DG 
RTD-funded project ELSA combines second-life 
batteries with an innovative local ICT-based energy 
management system in order to develop a low-
cost, scalable and easy-to-deploy battery electricity 
storage system. 

Several EU-funded projects25 have demonstrated 
ways of reducing costs in the manufacturing process 
and more environmentally friendly processes in 
battery manufacturing. These projects have resulted 
in technologies that have either demonstrated proof 
of concept or have been validated at a laboratory 
scale. Moreover, some results have been commercially 
exploited very quickly26 (e.g. Li-salt manufacturing, 
cells filling, calendaring system), while others have 
very good potential to be exploited in the near future 
for next-generation batteries. Li-salt manufacturing 
in Europe partially fills the gap regarding Europe’s 
dependency on imports of Li-salt.

stage of development. However, several projects20 
were successful in proving the concept of new cell 
chemistries and identifying the many issues and 
challenges that must be addressed to develop cells 
that meet automotive specifications.

The combination of recent technological advances in 
batteries, such as cost reduction, safety improvement 
and greater endurance, together with an increasing 
need for flexibility and resilience in the electricity 
network, have provided an opportunity to expand 
the use of battery-based electricity storage systems 
at the grid or network level, as well as renewable 
energy generation for the residential and private and 
commercial buildings’ level.

New battery materials and smart management 
systems enable a more efficient and safer use of 
stored energy. A cluster of projects21 developed new 
and improved battery material chemistries, achieving 
an energy density which is significantly higher than 
that of the battery cells currently available on the 
market. The development of power systems to 
accompany batteries in electric vehicles to provide 
smart electricity storage is important with a view 
to boosting battery performance and extending 
battery life22. Prototypes exceeded the performance 
targets set and the results obtained suggest that this 
technology has real commercialisation potential.

There were major achievements by 12 projects23 on 
increasing battery lifetime through developments 
in supercapacitors and interface characterisation. 
The HESCAP project worked extensively on 

20 EUROLIS, LISSEN, LABOHR, STABLE, POLYZION and NECOBAUT

21 AMELIE, APPLES, EUROLIION, HELIOS and SOMABAT 

22 AUTOSUPERCAP and ESTRELIA 

23 BACCARA, Hi-C, SIRBATT, HESCAP, NEST, ZAS, ALION, ELSA, NAIADES, INFLUENCE, STALLION and STABALID

24 Resource efficient cities implementing advanced smart solutions: http://www.smartcity-ready.eu/category/mobility-and-batteries/

25 ELIBAMA, GREENLION, MARS-EV and MAT4BAT 

26 ELIBAMA
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the development and deployment of processes for 
the dismantling and recycling of batteries and the 
extraction of valuable components and secondary 
raw materials for reuse.

Projects on batteries enable researchers to create 
new profiles for jobs and growth to guarantee 
continuous research and science in the field. It is 
believed that one R&D job has a multiplier effect 
of about five on employment within a region29. The 
leverage effect of EU- funded research on batteries 
is leading to new innovations and developments. For 
example, automotive OEMs and research partners 
invest about three to five times the funding coming 
through European projects30.

Research opens new ways for industrial manufacturing, 
promoting new business models and further cost 
reductions. In several cases, the results of a project 
were taken up to further commercialisation, targeting 
both existing and new customers and thereby 
enhancing competitiveness. The projects have 
contributed to creating new jobs along the value chain, 
both for Europe’s existing industry base, focusing 
on the production of the new generation of Li-ion 
batteries, and in new, emerging industries associated 
with battery recycling and the circular economy.

EU-funded research projects have had an important 
impact on strengthening the knowledge base across 
the battery supply chain in both the research sector 
and industry. They have furthered understanding and 
knowledge of materials sciences and engineering, 
chemistry, electrochemistry and battery-cell design 
and performance. They have also provided industry 
with new knowledge and capabilities that can be 
used to improve existing products and processes. 

Air pollution is still responsible for more than 400 000 
premature deaths in Europe each year and continues 
to damage vegetation and ecosystems27. Projects 
on batteries are making a significant contribution 
to the transition towards higher renewable energy 
production and a greater uptake of electric vehicles, 
thereby improving the health of European citizens by 
reducing the impact on the environment.

These projects have helped to reduce the resource, 
component and energy dependency on sources 
outside Europe. Reducing dependency on imported 
raw materials and components and, thus, reducing 
exposure to price fluctuations, was achieved through 
the deployment of new materials and technologies, the 
development of eco-friendly manufacturing processes, 
and efficient and effective recycling procedures.

Projects28 have also concretely supported the 
move towards a more circular economy through 

27 European Environment Agency: http://www.eea.europa.eu/themes/air

28 Batteries2020, MARS-EV, MAT4BAT

29 Impact assessment of the European Green Cars Initiative, 2016: http://egvi.eu/uploads/EGCI%20Impact%20assessment-Full%20report.pdf

30 Ibidem

3. IMPACTS FOR SOCIETY, INDUSTRY AND THE ENVIRONMENT
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4. IMPACTS FOR POLICIES

Some of the projects have also provided support for 
policy implementation. The eLCAr project reorganised 
the International Reference Life Cycle Data System 
(ILCD) Handbook31 to provide recommendations for 
life-cycle assessment of EVs – to assess the potential 
environmental benefits of battery technologies 
and make the life-cycle assessment studies more 
comparable. 

In future, the Batstorm project32 will support the 
European Commission and the European Technology 
and Innovation Platform – Smart Networks for Energy 
Transition33 in their progress towards identifying and 
implementing R&I, as well as in the market uptake of 
battery-based electricity storage as one low-carbon 
technology for the future energy system. By end-
2017, it will deliver a ten-year roadmap and a three-

year implementation plan for organising the process 
of collecting the R&I requirements for electricity 
storage systems (mostly for stationary systems) 
based on batteries.

JRC research supports R&I policy by assessing the 
state of the art and proposing technology development 
and cost targets. It also assists in the preparation and 
implementation of sectorial legislation/regulation 
through the formulation of fit-for-purpose safety 
test methods to be included in the Global Technical 
Regulation on Electric Vehicles Safety. Together 
with industry, policymakers, regulators and the 
research community, the JRC has also prioritised pre-
normative research, standardisation and regulatory 
needs for the safety, performance, second life and 
recycling of electric vehicle traction batteries.

31 ILCD handbook – by JRC-IES in cooperation with DG ENV: http://eplca.jrc.ec.europa.eu/?page_id=86

32 Batstorm project http://www.batstorm-project.eu/

33 The European Technology and Innovation Platform Smart Networks for Energy Transition: http://etip-snet.eu/



POLICY 
RECOMMENDATIONS



28 Research & Innovation Projects for Policy

This section proposes preliminary recommendations 
for addressing selected policy challenges based on 
the results of recent R&I projects funded under 
European Framework Programmes34. More 
information on the evidence and concrete results 
underlying the recommendations can be found on 
the project websites. The projects are listed in Annex 
II in this report.

THE POLICY 
RECOMMENDATIONS 

ARE:

Establish a common 
infrastructure for 

fast-charging electric 
vehicles. 

Harmonise vehicle-
charging protocols 

and billing systems in 
Europe (interoperability).

E E

Support the 
transition to 

electricity production from 
renewable sources. 

E
Stimulate recycling 
of automotive and 

industrial batteries.

Facilitate the reuse 
of batteries for new 

purposes.

E E

Develop fit-
for-purpose 
performance 

and safety assessment 
standards.

E

Support European 
battery cell 

production.

Promote research 
on new battery 

materials and chemistries.

E E

34 These preliminary recommendations are based on the results of R&I projects and do not imply any further assessment/action by the Commission 
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alternative fuels infrastructure35. The project on 
battery cyclic performance and supercapacitors36 
demonstrated promising battery technologies which 
will make charging faster and more accessible to the 
user. 

To accelerate the uptake and deployment of fast-
charging technologies, Member States should consider 
the introduction of fast-charging infrastructures 
in their national policy frameworks in the context 
of Directive 2014/94/EU on the deployment of 

1. ESTABLISH A COMMON INFRASTRUCTURE FOR FAST-CHARGING 
ELECTRIC VEHICLES 

2. HARMONISE VEHICLE-CHARGING PROTOCOLS AND BILLING 
SYSTEMS IN EUROPE (INTEROPERABILITY)

Common technical specifications have been 
successfully set out in the Directive on the deployment 
of alternative fuels infrastructure, with a common 
EU-wide standard for charging connectors. However, 
within Europe, different charging protocols and billing 

systems have been developed and introduced for 
public recharging points. The Sustainable Transport 
Forum37 will continue to address the issue of EU 
harmonisation in these areas in order to improve EV 
user experience. 

3.   SUPPORT THE TRANSITION TO ELECTRICITY PRODUCTION 
FROM RENEWABLE SOURCES 

The recent Commission proposal on the Market 
Design Initiative38 has recognised the importance of 
electricity storage, including battery-based storage, 
for the integration of renewables in the energy mix. 
When approved by legislators, it will enable batteries 
to compete on an equal footing with other flexibility 
services, and remove double grid fees and other 
unintended regulatory barriers. It will obviously 
have a positive effect on the demand for battery-
based solutions within the EU which, in turn, should 
stimulate EU production. Therefore, this proposal will 
be supported by the policymakers.

In this regard, the cooperation of Horizon 2020 
projects through the BRIDGE initiative39 is looking 
inter alia into ways of ensuring the optimum 
integration of battery-based electricity storage in 
integrated energy systems.

In addition, benefits arising from vehicle-to-grid 
applications will be further exploited and deployed. 
This will not only ensure power and grid stability 
(availability), but will also improve energy efficiency 
and enable the postponed use of intermittent 
renewable energy. These aspects will be taken into 
account in relevant policies.

ICT standardisation work in the area of smart 
grids should continue. Harmonised communication 
protocols would provide standard components and 
interfaces enabling ‘plug-and play’ capability for 
any new entrant to the network, such as renewables, 
stationary storage (including batteries) or electric 
cars, or the use of open architectures based on global 
communication standards. 

35 Directive on the deployment of alternative fuels infrastructure: http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32014L0094

36 HESSCAP

37 Sustainable Transport Forum (STF): https://ec.europa.eu/transport/themes/urban/cpt/stf_en

38 Market Design Initiative: https://ec.europa.eu/energy/en/news/new-electricity-market-consumers

39 Project cooperation in the field of Smart smart Grids grids and Storage storage - BRIDGE initiative, established at the end of 2015: http://www.
h2020-bridge.eu/wp-content/uploads/2017/03/BRIDGE_leaflet_March_2017.pdf
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Several research projects42 identified alternatives 
to toxic and/or critical raw materials used in current 
Li-ion batteries, such as cobalt. Therefore, policy 
initiatives should not only target the better use of 
current raw materials, but should actively follow 
and recognise the new options coming from recent 
research. For instance, the Action 7 Implementation 
Phase43 is expected to include stakeholders from 
across the battery manufacturing value chain and 
to consider recent developments and guide future 
research activities in this field.     

Requirements for automotive and industrial 
batteries collection and recycling should be further 
developed and strengthened. This could enable better 
recuperation of strategic and critical raw materials, 
such as rare earths. 

Battery recyclability and reuse is also important, 
particularly with respect to existing legal 
requirements, such as those set out in the Directives 
2006/66/EU on waste batteries and accumulators 
and 2000/53/EC on end-of-life vehicles. Some of 
the projects assessed40 demonstrate that existing 
recycling processes could be further applied and 
improved to facilitate the recycling of the next 
generation of advanced batteries.  

For some post-Li-ion battery technologies, initial 
results from projects41 have indicated that, due to 
their low metallic content it will be difficult to achieve 
the recycling targets set in the batteries Directive. 
For this reason, more progressive processes targeting 
the recycling elements, such as carbon, silicon and 
sulphur, may be required, even if the value of these 
recycled materials is low. The forthcoming review of 
the batteries Directive and other related legislation 
should consider how to adapt to these emerging 
battery technologies. 

4. STIMULATE RECYCLING OF AUTOMOTIVE AND INDUSTRIAL 
BATTERIES

5. FACILITATE THE REUSE OF BATTERIES FOR NEW PURPOSES

Projects on taking used electric vehicle batteries for 
second-life use in stationary applications44 reveal 
great business opportunities in other industrial 
applications – electric car batteries can be used 
in other applications once they become unusable 
in cars. Appropriate consideration of the status 
of second-life batteries should be ensured in the 
forthcoming review of the batteries Directive, with 

the aim of providing an adequate legal framework 
for second-life applications.

A possible business case for second-life batteries 
could be explored using any available instruments, 
such as the European Commission’s Innovation Deals 
programme45.

40 APPLES, LISSEN, AUTOSUPERCAP, AMELIE, EUROLIION and STABLE

41  APPLES, LISSEN, AUTOSUPERCAP, AMELIE, EUROLIION and STABLE

42  AMELIE, APPLES, AUOSUPERCAP, EUROLIION, EUROLIS, NECOBAUT, POLYZION and STABLE

43 The European Strategic Energy Technology Plan (SET-Plan): https://ec.europa.eu/research/energy/eu/index_en.cfm?pg=policy-set-plan

44 BATTERIES2020 and MARS-EV

45 Innovation Deals for a Circular Economy: https://ec.europa.eu/research/innovation-deals/index.cfm
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ensure the timely feed-in of relevant pre-normative 
research results into standardisation and legislative 
work, as outlined in Action 2 of the recently launched 
Joint Initiative on Standardisation under the Single 
Market Strategy46.

Battery deployment critically depends on an 
enabling standardisation and regulatory framework. 
The Commission will continue to exploit its role in 
requesting standardisation deliverables from the 
relevant European standards organisations and 

6. DEVELOP FIT-FOR-PURPOSE PERFORMANCE AND SAFETY 
ASSESSMENT STANDARDS 

7. SUPPORT EUROPEAN BATTERY CELL PRODUCTION 

A number of promising technologies developed 
within electromobility projects have the potential 
for commercialisation in the future47. To ensure that 
these technologies enhance EU competitiveness, 
it will be necessary to bring together companies 
from across the supply chain to collaborate to drive 
commercialisation. Developing more experience and 
moving up the learning curve in the battery-cell 
production market will enable European industry to 
gain a competitive position in the world market. 

The Commission organised a workshop in June 
2016 with interested Member States and major 

industrial and research stakeholders on the future 
of electric-battery-cell manufacturing in Europe. As 
the outcome of the workshop was not conclusive, 
the Commission will further explore (e.g. through a 
follow-up workshop) the potential of Member States 
and industry to support, and their commitment to 
a large large-scale European initiative aiming at 
battery-cell production in Europe, in line with the 
Action 7 Implementation Phase. Depending on 
the commitments and investment decisions, the 
Commission should decide how best to support the 
development of a European competence in battery-
cell mass production. 

8.  PROMOTE RESEARCH ON NEW BATTERY MATERIALS AND 
CHEMISTRIES

The current research and innovation results have 
clearly shown that more effort is needed, especially 
on studying the opportunities and finding best ways 
to benefit from the potential of new battery materials 

46 Joint Initiative on Standardisation: http://ec.europa.eu/DocsRoom/documents/17204

47 Carbon-based superconductors (short term - AUTOSUPERCAP); advanced lithium-ion (approximately five years – AMELIE, APPLES, EUROLIION, 
HELIOS and SOMABAT), lithium sulphur (in the medium term, 8-10 years – EUROLIS, LISSEN,) and the other emerging technologies will be on a 
longer timescale (beyond 10 years – LABOHR, STABLE, NECOBAUT and POLYZION)

and chemistries. Recommendations for supporting 
further research and innovation in this area are 
presented in Annex I. 
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of storage devices into the energy system, and 
advanced manufacturing techniques remain the 
main challenges for stationary electricity-storage 
deployment. Thus, it is recommended at this stage, 
while awaiting conclusions of the SET-Plan working 
group on batteries, to support research projects on 
next-generation and post li-ion technologies, for 
instance the Na-ion or the semi-solid flow battery, 
which seem to have interesting potential for the long 
term.

Stationary battery storage (among other 
technologies) is a very attractive option because of 
its flexibility and performance which can be used in a 
wide variety of applications, including stabilisation of 
the grid and frequency and voltage control. To enable 
the uptake of the battery technologies for energy 
storage, future research should aim at the search for 
better performance as well as more economically 
competitive storage solutions.

A SUSTAINABLE AND EFFICIENT VALUE 
CHAIN FOR BATTERIES 

Cheaper, lighter, safer and higher-performing battery 
systems, together with faster charging solutions, 
are key for the shift to full electromobility, and for 
increasing the use of stationary battery-based 
electricity storage capacities (with the benefits 
associated with the market penetration of electricity 
from renewable energy sources and grid stability and 
flexibility). Here, technical know-how, particularly in 
manufacturing processes, must be gained to avoid 
potential economic bottlenecks and dependencies, 
while larger production capacities are needed to cope 
with the demands forecast for the future48. 

While significant research efforts are ongoing in 
Europe to overcome technical challenges, and 
European industry is a strong player in global value 
chains, there is no competitive European automotive 
battery Li-ion cell production, and it is entirely 
dependent on imports and international supplies for 
the European automotive industry. To reduce this 

This Annex provides recommendations for addressing 
the policy challenges concerning batteries through 
future R&I programme funding activities. The 
recommendations are targeted at those developing 
the work programmes for Horizon 2020 and the 
follow-up Framework Programme.

Research needs are identified within STRIA on 
electrified transport. Moreover, Action 7 in the 
integrated SET-Plan on batteries also calls for 
targeted Member State efforts to mobilise the 
required resources in a strategic manner. The 
respective Implementation Plan will be defined in 
2017.

TRANSFORMATION TOWARDS 
LOW-EMISSION TRANSPORT

Compared to incumbent technologies, the cost and 
low energy density of Li-ion batteries are widely 
seen as the biggest barriers to the mass adoption 
of electric vehicles; others include standardisation 
and manufacturability. Furthermore, fast charging 
is an important challenge. Significant efforts will be 
required in this area to improve the technology and 
achieve the desired breakthroughs. 

Research needs for electromobility battery cells in the 
short-to-medium term support further development 
of the current Li-ion technology which is already in 
use. In parallel, it should invest in improvements 
in the so-called ‘post Li-ion’ or ‘beyond Li-ion’ 
technologies and related chemistries, with possible 
market applications in five to ten years. This will 
provide a real opportunity to create a competitive 
European cell technology.

PRODUCTION AND STORAGE OF 
INTERMITTENT RENEWABLE ENERGIES 

Storage-system volume and weight are less of an 
issue in the energy area. Research on materials, hard- 
and software management, control and integration 

ANNEX I  RECOMMENDATIONS FOR FUTURE R&I PROGRAMMING 

48 Research into efficient and cheap power electronics to control battery systems is equally important
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dependency and become a fully equipped player in 
the growing global market in e-mobility, significant 
efforts are necessary to reach this goal.

Many EU-funded projects resulted in the demonstration 
of technologies being investigated at the laboratory 
scale.  It is clear, therefore, that significant further 
research and development is also required in the 
area upstream of production technologies, such as 
advanced materials and alternatives to the current 
Li-ion technology to address the many issues and 
challenges that have emerged and to advance these 
technologies towards scaled-up demonstration 
under representative conditions and, eventually, 
towards commercialisation. Europe has a strong 
supply industry in the related areas that will have 
to be supported and strengthened through suitable  
R&I measures.

Continued efforts in pre-normative research, 
preferentially prioritised and implemented through 
international collaboration, are required to enable 
the timely availability of appropriate standards and 
regulations to promote the market deployment of 
advanced battery systems in transport and energy 
applications, and to enable the EU to maintain and 
increase its market share. 
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ANNEX II  LIST OF PROJECTS MENTIONED 

Information on projects, and links to their websites can be obtained by entering the project number in the 
CORDIS project search at: http://cordis.europa.eu/projects/home_en.html 

FP Project number Project Acronym
H2020 646286 ALION

FP7 265910 AMELIE

FP7 265644 APPLES

FP7 266097 AUTOSUPERCAP

FP7 608936 BATTERIES2020

FP7 285571 eLCAr

FP7 285385 ELIBAMA

H2020 646125 ELSA

FP7 285739 ESTRELIA

FP7 265368 EUROLIION

FP7 314515 EUROLIS

FP7 285268 GREENLION

FP7 608575 Hi-C

FP7 314282 LISSEN

FP7 609201 MARS-EV

FP7 608931 MAT4BAT

H2020 646433 NAIADES

FP7 314159 NECOBAUT

FP7 309143 NEST

FP7 226655 POLYZION

FP7 608502 SIRBATT

FP7 308896 STABALID

FP7 314508 STABLE

FP7 265644 APPLES

FP7 266097 AUTOSUPERCAP

FP7 608491 BACCARA

FP7 608936 BATTERIES2020

FP7 285571 eLCAr

FP7 265368 EUROLIION

FP7 314515 EUROLIS

FP7 285268 GREENLION

Full list of projects included in the selected project portfolio analysed in the this report can be downloaded 
at: http://ec.europa.eu/research/p4p 
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