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This manifesto is a  
call to launch an  

ambitious European  
programme for long-

term research on  
ultrahigh-performance 

batteries, enabling  
Europe’s leadership  
in highly demanding 

market fulfilling end 
user expectations.
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Batteries have a central role to play in Europe’s 
transition from fossil fuels to renewable energy. 
Versatile and high-performance electrochemical 
energy storage can reduce the carbon footprint 
of the transport sector, stabilise the power grid, 
and support a broad range of strategic industries, 
including medical device production, informa-
tion and communication technologies, aerospace 
and advanced robotics. In nearly all aspects of 
modern life, batteries enable innovation. Europe 
could capture a battery market of up to €250 bil-
lion a year from 2025 onwards.

The European Battery Alliance, launched by the 
European Commission Vice-President Maroš 
Šefčovič in October 2017, aims to establish a com-
petitive battery industry in Europe. The Strategic 
Action Plan on Batteries, published by the Euro-
pean Commission in May 2018, calls for preparing 
an ambitious, large-scale and long-term research 
programme on batteries as a complement and 
support to the European Battery Alliance. Accord-
ingly, the BATTERY 2030+ initiative proposes a 
10-year Flagship visionary research programme 
on future battery technologies. 

This Manifesto calls on European stakeholders 
to embrace this BATTERY 2030+ initiative for a 
long-term Flagship research programme on ultra-
high-performance, reliable, safe, sustainable and 
affordable batteries.

BATTERY 2030+ initiative  
in a nutshell

As a long-term research programme, BATTERY 
2030+ will complement the short-term industrial 
initiatives launched in the framework of the Euro-
pean Battery Alliance, as well as the short- to me-
dium-term research and innovation programmes 
implementing the SET Plan roadmap. 

The vision for BATTERY 2030+ is to invent the 
batteries of the future, providing European indus-
try with disruptive technologies and a compet-
itive edge across the full value chain. BATTERY 
2030+ will pursue ultrahigh-performance, reli-
able, safe, sustainable and affordable batteries, by 
a cross-disciplinary, transformational research 
approach, leveraging advances in artificial intel-
ligence, robotics, sensors and smart systems. The 
groundbreaking science and technology devel-
oped by BATTERY 2030+ will have an invaluable 
impact on the ongoing transition towards a car-
bon-neutral and circular economy.

The BATTERY 2030+ initiative will 
gather leading scientists in Europe, 
as well as the industry across the 
full value chain, to achieve a leap 
forward in battery science and 
technology.
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At the end of ten years, Battery 2030+ will have 
generated a new body of knowledge that will lead 
to ultrahigh performance batteries with integrat-
ed smart functionalities, and will have created 
novel research fields for future batteries – all in a 
sustainable framework.  

BATTERY 2030+ aims at achieving a paradigm 
shift in the research & development process, by 
accelerating by a factor from 5 to 10 the devel-
opment cycle of novel battery materials, inter-
phases, and interfaces. 

Battery 2030+ will target the following achieve-
ments:
 

–– �Batteries for electric cars that provide a 
driving range comparable to gasoline-driv-
en cars, for energy storage systems that 
bring flexibility to the power grid, and for 
any other applications that will improve the 
quality of life of European citizens (robot-
ics, internet of things, medical devices, etc.). 

–– Batteries that can be charged three times fast-
er than today’s technology, without compro-
mising on lifetime or performance.

–– �Batteries with considerably longer life-
time than today, thanks to smart func-
tionalities at battery cell level (among 
other things self-healing and sensing). 

–– �Safer batteries with advanced control mech-
anisms using smart functionalities and 
new cell concepts, tailored to fit the ap-
plications in which they are to be used. 

–– �Batteries designed for easy dismantling,  
better allowing recycling and second life usage. 

–– �Finally, Battery 2030+ will focus strongly on 
sustainability and achieving the lowest carbon 
footprint possible for batteries through:

	 a.  sustainably mined materials;
	 b.� higher material resource efficiency and  	

smarter functionalities; 
	 c. �greener manufacturing processes, which 

can be upscaled to enable affordable bat-
tery solutions;

	 d. �more efficient recycling and remanufact- 
uring processes. 

Where will we be after  
a ten-year Flagship period?
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Technologies to reduce greenhouse gas emissions 
and mitigate climate change are vital for Europe 
and the world, and present opportunities for the 
European research and industrial communi-
ties. Batteries are among the key technologies to 
achieve a deep decarbonization of the European 
energy system, notably in the transport sector 
(with electro-mobility) and in the electric power 
sector (with the storage of intermittent renewable 
energy sources).  

In the transport sector, Europe’s position as a 
global leader in the automotive market is being se-
riously challenged by the transition to electro-mo-
bility in which batteries are estimated to count 
for up to 40% of the value of the car. The battery 
market, dominated by lithium-ion technology, is 
clearly strategic for Europe in many aspects. 

In the near future, new generations of ultra-
high-performance, reliable, safe, sustainable and 
affordable batteries  will be necessary, primarily 
driven by the accelerating transition to electric ve-
hicles. Competition to develop future battery tech-
nologies is already high but still very much open. 

This offer a technological opportunity for Europe 
which can build on its scientific and industrial as-
sets to become a major player in a future battery 
market estimated to reach up to €250 billion a 
year from 2025 onwards. It is also an industrial 
and economic opportunity, with the possible cre-
ation of 4-5 million jobs. 

Substantial investments in research are required 
to encourage a cross-sectoral holistic approach 
in future battery technologies and can provide a 
long term competitive advantage to the European 
industry.

Developing breakthrough battery technologies 
will require truly immense multi-disciplinary and 
cross-sectoral research efforts. Europe has the 
potential to take the lead, thanks to very active 
R&I communities covering the full, wide range of 
required disciplines:

–– chemistry, electrochemistry, physics, materi-
als science, quantum chemistry, 

–– 	computational design, artificial intelligence 
and deep learning, big data analytics, infor-
mation and communication technologies

–– 	manufacturing and recycling technologies, 
mechanical/electrical engineering, systems 
engineering, industry digitisation, 

–– 	techno-economic assessment, and social sci-
ences and humanities. 

1.  
Why Europe needs  

to act now
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Europe can gain a decisive advantage by effi-
ciently linking and channelling these disciplines 
in a large-scale joint effort. The long term chal-
lenge-based approach of the BATTERY 2030+ 
initiative seeks to overcome the risk of fragment-
ed European action mostly driven by short to me-
dium term industrial priorities. 

To become a world leader in the 
battery industry across the full 
value chain, Europe needs to act 
now. It should support short- 
to-medium-term industrial and 
research initiatives, while at the 
same time launching a long-term 
ambitious research programme 
focused on highly disruptive 
battery technologies – BATTERY 
2030+, that can provide a competi-
tive advantage to Europe and open 
new industrial opportunities for 
smart high performing batteries 
‘invented and made in Europe’.
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If we act together across Europe now, we 
can become global leaders in the battery 
market and secure strategic technologies for 
the energy transition towards a low-carbon 
and circular economy.

WE NEED TO ACT NOW!
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 “Batteries are at the 
heart of the industrial  

revolution and I am 
convinced that Europe 

has what it takes to  
become the world’s 

leader in innovation,  
decarbonisation and 

digitisation.”

Maroš Šefčovic, Vice-President for Energy Union
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A long-term action over 10 years with a focus on 
disruptive technologies, the BATTERY 2030+ ini-
tiative will concentrate on low TRL transformation-
al research (TRL 1 to 3). It complements the short-
term initiatives launched in the framework of the 
European Battery Alliance to develop large-scale 
manufacturing capacities, and the short-to-me-
dium term research and innovation projects un-
dertaken within the Horizon 2020 and Horizon 
Europe work programmes. The European Battery 
Alliance will foster the development of a strong in-
dustry ecosystem in Europe, which will bring to the 
BATTERY 2030+ initiative the industrial perspec-
tive required to reach its ambitious objectives.

The BATTERY 2030+ roadmap will go well be-
yond the current SET Plan roadmap, by propos-
ing a vision for inventing the batteries of the fu-
ture. The BATTERY 2030+ initiative will exploit 
the untapped potential of radically new materi-
als, chemistries, smart functionalities and cell 
designs. Reaching and moving beyond the SET 
Plan milestones, it will improve next generations 
battery technologies, lay the groundwork for rad-
ically new future battery technologies introduced 
in the market after 2030 and secure European 
leadership in batteries for both established appli-
cations and emerging markets.

2.  
BATTERY 2030+ in the battery 

R&I landscape

Actors

BATTERY 2030 + initiativeTRL 1 to 3

SET-plan

European  
Battery  
Alliance

TRL 4 to 7

TRL 7 to 9
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The ambitious vision for BATTERY 
2030+ is to invent the batteries of 
the future. 

Our vision is broad yet concentrates on specific 
challenges. By fostering an innovative and col-
laborative community among researchers and 
industry leaders, Europe has the opportunity to 
take the lead in a market that will almost certain-
ly drive many technology developments for more 
than a generation ahead. 

Battery development is at a crossroad. The global 
demand for batteries is immense and projected to 
grow even further. At the same time, the future is 
open for new ideas and concepts, in the way we 
discover novel materials, engineer interfaces, and 
design batteries with added-value functionalities. 
BATTERY 2030+ will develop the scientific and 
high-tech advances needed to provide the Euro-
pean value chain with a competitive edge, in both 
existing markets (road transport, stationary en-
ergy storage) and future emerging applications 
(robotics, aerospace, medical devices, internet of 
things, …).

BATTERY 2030+ will rely on a flex-
ible and adaptable roadmap that 
will integrate the diverse ap-
proaches and expertise across 
Europe to support battery devel-
opment over the next decade, per-
haps even pursuing concepts that 
now only exist in the realm of 
the imagination.

3.  
BATTERY 2030+  

vision
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Europe’s energy transition and digital transforma-
tion encompass advances in a wide array of indus-
tries, including electric mobility, renewable energy 
storage, internet of things, robotics, etc. The long-
term success of these diverse activities hinges on 
the availability of ultrahigh-performance, reliable, 
safe, sustainable and affordable batteries. 

Based on ground-breaking European science, the 
objective of BATTERY 2030+ is to supply disrup-
tive battery technologies featuring:

–– energy & power densities approaching  
the theoretical limits, 

–– outstanding lifetime & reliability, 

–– enhanced safety, 

–– environmental sustainability, 

–– scalability, to enable large-scale production 
of batteries at a competitive cost. 

Batteries that meet these spec-
ifications will revolutionise 
the current energy system and 
open the way to radically new 
applications, some of which 
can only be imagined today.

4.  
BATTERY 2030+  

objectives
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Four main research areas have 
already been defined to address 
the challenge of developing 
next-generation batteries, with 
more areas to follow. The four 
research areas defined so far are: 

1.	 Accelerated discovery and design of battery 
materials, interphases and interfaces 

2.	 Smart sensing and self-healing functionalities 

3.	 Manufacturability 

4.	 Recyclability.

The proposed research directions are chemistry- 
neutral, which means that they can potentially 
be applied to any battery chemistry, creating an  
impact on both state-of-the-art and future elec-
trochemical storage systems.

The research actions will span the entire value 
chain. For example, if sensors, self-healing chemis-
tries, or other smart functionalities are implement-
ed, this will influence not only manufacturability 
and/or recyclability, but also the development of 
Battery Management System (BMS) operating 
protocols, hardware and software.

Manufacturability and recyclability are key cross-
cutting topics, which need to be taken into ac-
count from the very beginning of the research 
programme. New battery materials, engineered 
interfaces and smart battery cell architectures will 

be developed bearing in mind the manufacturabil-
ity, scalability, recyclability, and life-cycle environ-
mental footprint of the novel technologies.

The proposed research directions should be seen 
as a starting point for BATTERY 2030+. Flexibili-
ty is a key factor for the success of a long-term and 
large-scale research programme.The BATTERY 
2030+ initiative will therefore be open to new re-
search areas identified later on by the European 
research community..

5.  
BATTERY 2030+  

research areas
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Radically new approaches are 
needed to accelerate the discov-
ery and development of ultra-
high-performance battery materi-
als and interfaces.

BATTERY 2030+ proposes to disrupt the existing 
sequential battery development cycle and estab-
lish an autonomous Materials Acceleration Plat-
form (MAP) to enable the accelerated discovery 
of breakthrough battery materials, structures and 
concepts. We will specifically target the control 
of reactions and mechanisms at interfaces within 
the battery cell, as they are critical to the perfor-
mance, durability and safety of all batteries. De-
spite their importance, the fundamental under-
standing of interface processes remains poor and 
far from the point where battery interfaces can be 
proactively designed and dynamically controlled.

BATTERY 2030+ will establish the Battery Inter-
face Genome (BIG), which will enable European 
battery researchers and industry to control inter-
face formation and dynamics, and ultimately en-
able inverse design of battery interfaces directly 
for their intended operating conditions.

Our vision is to integrate the BIG into an auton-
omous Materials Acceleration Platform (MAP) to 
establish a holistic BIG-MAP infrastructure capa-
ble of accelerating the discovery and optimisation 
process for future ultrahigh-performance battery 
materials, interfaces and technologies.

The MAP will utilise artificial intelligence (AI) 
and data-driven approaches guided by physical 
understanding and models to control, orches-
trate and synchronise communication between 
all branches of the materials discovery cycle. The 
MAP will be capable of performing autonomous 
analysis and interpretation of data by bridging 
multi-scale computer simulations with in-line 
characterisation and data from synthesis and 
manufacturing to determine, for example, the 
next generation materials composition or struc-
ture, and provide suggestions for electrochemical 
testing parameters for subsequent experiments.  

Accelerated discovery and  
design of battery materials,  
INTERPHASES AND INTERFACES
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Battery interfaces like the Solid Electrolyte In-
terphase (SEI) constitute an enigma in battery 
research and establishing a fundamental under-
standing of the mechanisms and parameters con-
trolling their formation and dynamic properties is 
a key element in the development of future bat-
tery chemistries.

We will combine multi-scale physical and data- 
driven models with advanced characterisation and 
testing techniques to establish the Battery Interface 
Genome (BIG). BIG will enable researchers toad-
dress the challenging interfaces proactively and  
ultimately perform inverse design of interfaces. 

The Battery Interface Genome (BIG)  
in a nutshell

This figure describes different processes leading to  
lower life-time and capacity loss of a battery.

Source: EPG - Oxford. Copyright: Christoph R. Birkl,  
et al., J. Power Soures 341 (2017) 373 (open source paper).

Manifesto battery2030+

European scientific leadership 15



A disruption of the existing discovery, development, 
and manufacturing processes for battery materials 
and technologies is needed for Europe to leapfrog 
its main competitors. The Battery Interface Ge-
nome–Material Acceleration Platform (BIG-MAP) 
will provide an autonomous, high-throughput inno-
vation and acceleration platform capable of reduc-
ing the end-to-end discovery time for future ultra-
high-performance batteries tenfold.

BIG-MAP will establish a unique data infrastruc-
ture for battery materials, bridging all elements of 
the development cycle, and spanning the scientif-
ic and industrial battery communities in Europe. 

BIG-MAP: An autonomous  
platform for accelerated discovery 

of future batteries
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‘Smart batteries’ and intelligent functionalities 
are key to next-generation technologies. The de-
velopment of smart battery cells and intelligent 
functionalities has been a little-explored con-
cept but – if brought to fruition – would enable 
the realisation of safer and more durable battery 
chemistries. It is a holy grail of multi-disciplinary 
design and may be the effort that allows Europe-
an battery research to leapfrog to the highest in-
ternational level. 

Smart batteries are based on new high-resolu-
tion embedded sensor concepts (with a degree of 
refinement far beyond anything available today) 
monitoring complex reactions in the battery. This 
approach can draw inspiration from the field of 
medical science by developing self-healing con-
cepts to extend battery lifetime and enable the 
most challenging ultrahigh-performance batter-
ies to be realised in practice.

Real-time cell monitoring is invaluable to re-
searchers and engineers, but to truly extend 
battery lifetime and performance, degradation 
mechanisms must also be addressed as they oc-
cur. Intelligent functionalities including battery 
self-healing (BSH) capabilities are essential to 
this effort.

Smart sensing and self-healing 
functionalities
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With batteries becoming the heart of future soci-
ety, safety and smart functionalities must be in-
trinsic to future batteries. There is a crucial need 
to increase their quality, reliability and life (QRL) 
by non-invasive in operando performance moni-
toring and control of their state of health (SoH), 
state of charge (SoC), state of energy (SoE), state 
of power (SoP) and state of safety (SoS). This 
challenge must be addressed hierarchically on the 
component, cell, and full system levels.

A disruptive vision like this needs smart embed-
ded sensing technologies and functionalities that 
are integrated into the battery and are capable 
of spatially and temporally resolved monitoring. 
Our envisioned 2030+ battery will no longer be 
a black box but will have additional terminals to 
transmit and receive analytical signals. Europe 
needs to anticipate this inevitable paradigm shift 
to leapfrog its main competitors in the develop-
ment of a high QRL battery with the feasibility of 
forecasting its second life, and reducing its envi-
ronmental footprint.

Smart Batteries and sensing  
in a nutshell 
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While sensing is the natural instrument to mon-
itor and control battery quality, reliability and 
lifetime (QRL), it also serves to identify defective 
components and local spots in the cell that must 
be repaired. As in the field of medicine – which 
relies heavily on the targeted delivery of drugs 
to treat diseases – it will be essential to develop 
mechanisms within the battery for the on-demand 
administration of molecules that can solubilise a 
resistive deposit (e.g. SEI) or restore a faulty elec-
trode within the battery. This constitutes a trans-
formational change in battery science, as virtually 
nothing has yet been done on this topic. Great 
challenges await.

An ambitious long-term flagship must consider 
this futuristic view, which takes inspiration from 
advances in the medical field. Failing to capitalise 
on the benefits of sensing to detect flaws within the 
battery and envision their repair would be a signif-
icant lost opportunity. There is currently no coher-
ent European research effort on battery self-heal-
ing in spite of the foreseen emerging opportunities 
that could ensure European leadership in the glob-
al market. The BSH objective is to pursue this 
game-changing approach, which will maximise 
QRL and improve user confidence and safety.

Battery self-healing (BSH)  
in a nutshell

Manifesto battery2030+

European scientific leadership 19



How does self-healing work? 

Self-healing of scars, tissues and bones is taken for 
granted in human bodies. Modern medicine has 
found a way to leverage these processes to treat 
diseases. There is a very active underlying science, 
combining principles from biology, materials, and 
engineering disciplines, for accelerating the healing 
process, using natural or synthetic materials. New 
ideas for polymers that could self-heal cracked sur-
faces via H-bonding or chemical healing are now 
emerging. However, the battery community has so 
far neglected this field. There is great potential for 
developing supramolecular architectures, which 
could be physically or chemically cross-linked to 
heal the electrochemically driven growth of cracks/
fissures in electrode materials. 

Developing a battery self-healing process is there-
fore certainly among the most-far reaching and 
challenging issues today. Numerous approaches 
exist for administering drugs or nanomedicine 
to humans to treat diseases. Usually, during drug 
delivery and absorption, the active molecule must 
pass several biological membranes. Transport 
processes across these membranes are regulat-
ed by chemical or physical stimuli that are very 
similar to the processes in batteries. An interest-
ing conceptual analogy is to compare the solid 
electrolyte interphase (SEI), which results from 
parasitic deposits that can block the Li-ion trans-
port in a battery, to a cholesterol deposit within 
an artery that clogs blood flow. Implementing 
self-healing mechanisms in batteries will require 
strong synergies between electrochemists, biol-
ogists and biomedical researchers in the years 
to come. Battery 2030+ could be the vehicle to 
launch this revolutionary approach.

To succeed, this initiative should aim to support 
strong research and development collaborations 
on battery sensing and self-healing. By bringing the 
battery community together with academic and in-
dustrial partners with sensing expertise, a holistic 
approach could be taken to facilitate success in this 
field. It should also attract the biomedical com-
munity and benefit their practice to accelerate the 
development of novel self-healing mechanisms. An 
intimate synergy between intelligent battery man-
agement systems and self-healing capabilities will 
further secure success, and enable Europe to lead 
the world in sustainable technology development.

Failing cell resulting in a 
loss of a series of batteries

Healed cell keeping the 
performance of the pack
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THE FIRST ELEMENTS FOR A LONG-TERM ROADMAP. AN UPDATE ROADMAP WILL BE PRODUCED IN 2019.

Research pillars Milestones

3 years 6 years 10 years

Accelerated 
discovery  
of battery  
materials and  
interface  
engineering

Materials 
acceleration 
platform

- Computational 
strategies and reliable 
descriptors for inverse 
design of battery mate-
rials and interfaces

- Data-driven models 
guided by physical  
understanding

- Autonomous anal-
ysis of experimental 
and simulation results 
using artificial intel-
ligence

Fully autonomous and 
automated platform, 
integrating compu-
tational modelling, 
material synthesis and 
characterisation

Fully autonomous and 
automated platform, 
integrating compu-
tational modelling, 
material synthesis and 
characterisation, bat-
tery cell assembly and 
device-level testing

Test cases Lithium-ion Most promising lithium- 
ion and post-lithium- 
ion technologies

Most promising lithium- 
ion and NEXT GENERATION 
TECHNOLOGIES 

Smart  
batteries

Sensing  
function- 
alities

- Adaptation of existing 
sensor technologies 
and integration at the 
battery cell level

- Spatially and tem-
porally resolved 
monitoring of a few 
selected parameters 
(e.g. temperature)

- New sensor tech-
nologies specifically 
developed for battery 
cell applications

- Monitoring of INTER-
PHASE AND INTERFACE 
DYNAMICS

- Integration of both 
sensing and self-heal-
ing functionalities into 
single battery cells
- Control of self- 
healing based on cell 
monitoring (BMS estab-
lishing a feedback loop 
between sensing and 
self-healing function-
alities)

Self- 
healing  
function- 
alities

First proof of  
concept of self-healing 
phenomena

Self-healing of battery 
cell components in op-
erational conditions

Battery  
management 
system

State-function  
estimators relying on 
data collected by  
sensors at cell level

Algorithms for  
controlling self- 
healing based on cell 
monitoring

Test cases Lithium-ion Most promising lithium- 
ion and post-lithium- 
ion technologies

Most promising ION  
AND FUTURE BATTERY  
TECHNOLOGIES

6.  
First elements for  

a long-term roadmap
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Contact 
Kristina Edström  

Professor of Inorganic Chemistry at Uppsala University, 
 kristina.edstrom@kemi.uu.se  

+46 (0)70 1679006 

battery2030.eu

EUROPEISKA UNIONEN
Europeiska socialfonden
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