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Executive Summary  

Batteries are central to Europe’s transition to climate neutrality, enabling renewable energy 

integration, decarbonised transport and resilient energy systems. With global demand accelerating, 

Europe must secure a competitive, sustainable, and resilient battery value chain to support economic 

growth, industrial leadership, and strategic autonomy. 

This Thematic Vision of SET Plan Implementation Working Group 7 (IWG7) sets out a common 

ambition to develop a fully integrated and circular European battery ecosystem across the entire 

value chain, from raw materials to manufacturing, applications, and end-of-life management, aligned 

with EU energy and climate objectives. 

By 2030, Europe aims to establish a strong industrial base, including scaling manufacturing capacity 

(towards at least 750 GWh), improving cost competitiveness and deploying initial recycling capacity. 

This phase focuses on accelerating scale -up, strengthening supply chain resilience, and addressing 

bottlenecks such as raw material dependence, permitting, and skills. 

By 2040, the objective is to achieve a resilient and circular value chain, with industrial-scale recycling, 

reduced reliance on primary critical raw materials, and the commercialisation of next -generation 

battery technologies. Digitalisation and battery in telligence will play a key role in improving 

performance, safety, and lifecycle management across applications.  

By 2050, Europe aims for technological sovereignty and climate-neutral battery production, supported 

by a near closed -loop value chain and full integration of batteries into a renewable and digitalised 

energy system. 

To achieve these objectives, coordinated action is required to address structural challenges, including 

global cost competition, supply chain vulnerabilities, and skills gaps. Within the next Multiannual 

Financial Framework (2028 –2034), five priority R&I a reas are identified: 

• Resilient and diversified raw -materials value chains;  

• Sustainable advanced materials and next -generation chemistries;  

• Manufacturing scale -up, producibility, and digitalised industrial processes;  

• Competitive recycling and circularity; and  

• Battery intelligence 1, validation, and advanced system integration.  

IWG7 will continue to support coordination across Member States, contribute to the Strategic Research 

and Innovation Agenda (SRIA), and facilitate alignment of investments and actions. This Vision 

provides the strategic basis for a competitive, circular, a nd sustainable European battery ecosystem.  

 

 

1 "Battery intelligence” refers to the integration of advanced digital and computational technologies across the battery value 
chain. It includes advanced battery management systems (BMS) with predictive electrochemical models; machine learning 
algorithms for real -time estimation of state of charge (SOC), state of health (SOH), and remaining useful life (RUL); digital 
twins for simulating  cell and pack behaviour; AI-driven optimisation of battery use in grids, mobility, and buildings; tools to 
assess second-life suitability and repurposing; and interoperability frameworks that enable  communication between 
batteries and external systems such as  power grids, electric vehicles, and smart buildings. 
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1. Introduction  

With the green and digital transitions at the core of the EU policy framework, the battery value chain 

represents a critical opportunity to advance shared economic and decarbonisation objectives. Europe 

is at a decisive moment: it must anchor a globally competitive, sustainable, and resilient battery value 

chain within its borders or risk long -term dependence on imported technologies. A coherent and 

strategic approach to developing and sustaining this value chain is essential for transforming key 

sectors, including energy, transport, buildings, and industry, while strengthening Europe’s sovereignty, 

competitiveness, and innovation capacity in the years ahead. 

Recognition of the need for a domestic battery sector to support both transport and energy led to 

several key EU initiatives. These included the launch of the Implementation Working Group 7 on 

Batteries and the establishment of European Battery Alliance  in 2017, along with the EU 

Strategic Action Plan on Batteries , which set out the policy, regulatory, R&I, and financing 

measures needed to strengthen the industry. 

In research and innovation, several Coordination and Support Actions (CSAs)  were launched, 

notably Batteries Europe ETIP  and Battery 2030+  in 2019. Batteries Europe ETIP developed 

roadmaps, cross -cutting position papers, and the Strategic Research and Innovation Agenda 

(SRIA) 2020 , while also bringing together a broad range of sector stakeholders. Battery 2030+ 

created an ambitious long-term roadmap, united Europe’s academic battery research community, and 

served as a coordination platform for pioneering projects. Its roadmap also informed the emerging 

technologies sections of the SRIA 2020 and 2024 . 

As industry interest and demand grew, the Batteries European Partnership Association (BEPA)  

was established in 2020 under the Strategic Action Plan. Working closely with Batteries Europe ETIP 

and Battery 2030+, BEPA drove the joint development of the 2024 SRIA . Through Batt4EU , a public-

private partnership with EU funded budget, between BEPA and the European Commission, priority R&I 

topics were identified and translated into calls under Horizon Europe . 

In 2026, a new CSA called BATT -BRIDGE  has been established replacing Batteries Europe ETIP and 

Battery 2030+ which brings together the many actors of the European battery ecosystem and will 

also provide secretariat support to the IWG 7 on batteries.  

BEPA will lead the development of the 2026 SRIA, under the oversight of IWG 7, to ensure alignment 

with the current Thematic Vision. The SRIA will generate a range of topics to be addressed at EU, 

national, and regional levels. Beyond contributing to the SRIA, IWG 7 is mandated to shape this herein 

Thematic Vision for the European battery sector and, crucially, to develop the Implementation and 

Investment Commitments (IIC). Where relevant, IWG 7 will also collaborate with other SET Plan 

Implementation Working Groups to capture synergies, address complementarities, and strengthen 

cross-sector cooperation. 

 



 

6 July 202 6                         4  

1.1.  The technical scope of the Implementation Working Group on Batteries   

Figure 1 : Schematic view of the six segments across R&I for the battery value chain (aiming at a circular 

approach but also working in parallel).  

The scope of IWG 7 spans the entire battery value chain, which can be structured into six 

interconnected segments. This framing highlights the strategic areas where research and innovation 

can help achieve key objectives related to energy security, industr ial resilience, sustainability, and 

climate neutrality.   

At the forefront are new and emerging technologies (1) , which drive breakthrough innovations 

and lay the foundation for future battery generations. This is followed by raw materials and 

recycling (2) , which together address the responsible sourcing, sustainable processing, recovery, and 

reuse of critical resources, thereby supporting circularity and reducing external dependency on critical 

raw materials. 

The value chain also includes advanced materials (3) , where new chemistries and components 

enhance battery performance, safety, and sustainability. These advances are then translated into 

industrial practice through cell design and production technologies (4) , which focus on scalable, 

efficient, and high-quality battery production. 

On the application side, mobility (5)  represents a key focus area, where batteries play a central role 

in decarbonising transport systems. In parallel, stationary energy storage (6)  addresses the 

growing need for flexibility and resilience in energy systems, supporting the integration of renewable 

energy and grid stability. Both applications sectors include elements of dual use and batteries for the 

defence sector.  

Together, these six segments are considered here within and in the development of the SRIA which 

spans the full battery value chain, linking upstream innovation and resource management with 

downstream applications and circular end-of-life solutions. This integrated approach underscores the 

importance of continuous innovation in strengthening Europe’s competitiveness and sustainability 

ambitions. 
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1.2.  Motivation and Objectives of the Thematic Vision  

Battery demand is rising rapidly in Europe and globally, driven by growing use in stationary storage, 

mobility, defence, and other sectors. In 2024, battery demand reached 1,545 GWh globally, growing 

29% year -on-year, with electric vehicle (EV) batteries ac counting for around 1,050 GWh and 

stationary storage for 370 GWh, according to the Joint Research Centre 2. The global demand for EV 

batteries is forecast to reach approximately 2.5 TWh by 2030 and the global BESS market is projected 

at 0.5 to 0.8 TWh in 2030. Overall, global battery demand is projected to grow seven -fold by 2040 3.  

In Europe, advanced battery demand is projected by the European Battery Alliance (EBA)  to rise 

from 280 GWh in 2025  to 1,400 GWh by 2035  and 2,000 GWh by 2040 . European cell 

manufacturing capacity stood at 210 GWh in 2025  and is expected to reach nearly 750 GWh by 

2030 and 960 GWh by 2035 , with further growth thereafter. However, apart from cathode active 

material (CAM)  production, Europe’s battery value chain still lags both demand and cell production 

capacity, particularly in material production and processing. Recycling  will become increasingly 

important in the medium term as scrap from production processes and end -of-life battery volumes 

grow, providing a secondary source of raw materials.  

Figure 2 : Announced capacities vs 2035 Battery cell demand in Europe (GWh equivalent). Funded = Assets in 

operation or construction, Unfunded = Projects announced which are in development phase (i.e. pre-FID). FID = 

final investment decision. 

Source: European Battery Alliance EBA250  

Coordinated action across the EU is still necessary to support battery value chain developments and 

scale up faster, as demonstrated in Figure 2. This is essential to close the cost gap with China, 

decarbonise and future-proof Europe’s energy-intensive industries, and strengthen the EU’s position 

as a global leader in clean -tech development and manufacturing. It is also critical to build battery 

supply chains that are secure, resilient, and sustainable, while addressing the financing gap. Transport 

 

 

2 https://publications.jrc.ec.europa.eu/repository/handle/JRC145289 
3 https://www.benchmarkminerals.com/battery-gigafactory   

https://www.benchmarkminerals.com/battery-gigafactory
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& Environment4 estimates that at least EUR 50 billion in public investment will be required to support 

the EU battery value chain by 2030, while the EBA estimates total investment needs of EUR 380 

billion5 to create and sustain a self -sufficient European battery value chain. 

The objective of this thematic vision  is to provide a concise yet comprehensive snapshot of the 

current state of the European battery value chain, situating it within the broader policy, industrial, and 

innovation landscape. It seeks to highlight the strategic importance of developing a compe titive and 

sustainable European battery industry as a cornerstone for economic prosperity, European autonomy, 

energy security, and climate neutrality. In doing so, it briefly outlines both the key opportunities and 

structural challenges facing the sector, while offering a high -level perspective on how targeted 

research and innovation (R&I) efforts can accelerate progress, strengthen resilience, and reinforce 

Europe’s position in the global battery ecosystem. 

Objective of the IWG7 on Batteries  is to strengthen research and innovation (R&I) cooperation 

and knowledge sharing across SET Plan countries, maximising synergies between transnational, 

national, and regional programmes. This builds on the recognition that European countries and regions 

offer complementary strengths across the battery value chain, including talent, infrastructure, 

sustainable energy access, manufacturing capacity, proximity to industry, and raw material 

availability, which are reflected in their differing areas of focus. L everaging these strengths and 

fostering collaboration is essential to advancing European competitiveness, autonomy, job creation, 

and resilience, while avoiding gaps in the value chain. In this context, the SET Plan and IWG 7 aim to 

support the development of a fully integrated European battery ecosystem that contributes to energy 

and climate goals, as well as technological sovereignty.  

The IWG oversees the development of a Common Implementation and Investment Plan (CIIP), 

comprising a Thematic Vision, a Strategic Research and Innovation Agenda (SRIA), and 

Implementation and Investment Commitments (IIC). Through this framework, the IWG promotes a full 

life-cycle approach to batteries —from raw material sourcing and processing to advanced materials, 

design and manufacturing, system integration, and end -of-life solutions such as reuse and recycling. 

In developing the SRIA, the IWG works close ly with industry and academic stakeholders, notably 

through BEPA, while engaging with end users across sectors such as stationary storage, transport, 

and defence. Operating under SET Plan governance and supported by technical and coordination 

bodies including the JRC and BATT -BRIDGE, the IWG ensures alignment, expertise, and continuity in 

delivering its objectives, with the Thematic Vision providing the initial strategic framing for this work.  

The IWG also recognises the key role of the BEPA in bringing together diverse stakeholders across 

Europe to develop the SRIA and underscores the continued importance of a dedicated European 

battery Partnership to advance research and innovation across the value chain. 

 

 

4 Powering the EU's future: Strengthening the battery industry 
https://www.europarl.europa.eu/RegData/etudes/BRIE/2025/767214/EPRS_BRI(2025)767214_EN.pdf  
5 Joint Statement: High-Level Industrial Meeting of the European Battery Alliance – March 22 
https://8941304.fs1.hubspotusercontent-na1.net/hubfs/8941304/High-
Level%20Industrial%20Meeting%20Joint%20Statement/Joint%20Statement%20EBA%20HL%20Industrial%20Meeting%
2023%20March%202022 -Final1.pdf 

https://www.europarl.europa.eu/RegData/etudes/BRIE/2025/767214/EPRS_BRI(2025)767214_EN.pdf
https://8941304.fs1.hubspotusercontent-na1.net/hubfs/8941304/High-Level%20Industrial%20Meeting%20Joint%20Statement/Joint%20Statement%20EBA%20HL%20Industrial%20Meeting%2023%20March%202022-Final1.pdf
https://8941304.fs1.hubspotusercontent-na1.net/hubfs/8941304/High-Level%20Industrial%20Meeting%20Joint%20Statement/Joint%20Statement%20EBA%20HL%20Industrial%20Meeting%2023%20March%202022-Final1.pdf
https://8941304.fs1.hubspotusercontent-na1.net/hubfs/8941304/High-Level%20Industrial%20Meeting%20Joint%20Statement/Joint%20Statement%20EBA%20HL%20Industrial%20Meeting%2023%20March%202022-Final1.pdf
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1.3.  Key Developments influencing the battery value chain  

In addition to the market environment for batteries in Europe, there are other factors including policy 

and non-technical factors influencing the development of a European value chain.   

European Policy Framework  

The European Commission, with the support of member states, has developed a comprehensive policy 

and regulatory framework to support the establishment and growth of a competitive battery value 

chain, combining supply-side measures, demand stimulation, and b roader regulatory initiatives. 

At the core of this framework is the 2023 Battery Regulation , which sets requirements on carbon 

footprint, recycled content, material recovery, and battery traceability through the Battery Passport. 

In parallel, the forthcoming Battery Booster  is expected to provide EUR 1.5 billion in targeted EU 

funding to accelerate the scale -up of domestic battery cell production. The Battery Booster is part of 

the Competitiveness Coordination Tool (CCT) portfolio of projects which aims to develop and 

strengthen strategic  industrial value chains with EU added value, across Member States, to build a 

more competitive, prosperous and independent Europe 6. Together, these measures signal strong 

financial and political commitment to strengthening European battery manufacturing and supporting 

industrial deployment. 

These measures are reinforced by a broader set of European industrial policies aimed at 

strengthening domestic manufacturing, securing access to critical raw materials, and improving the 

competitiveness of strategic technologies, including batteries6,7,8,9. 

On the demand side, several policy initiatives support battery deployment across the energy and 

transport sectors. Recent reforms of the renewable energy and electricity market frameworks are 

expected to stimulate storage deployment, while transport decarbonisation policies continue to drive 

demand for battery technologies across road, aviation, and maritime applications 10,11,12,13,14,15. 

Finally, cross -cutting regulatory developments may also influence the future direction of battery 

technologies. These include the proposed restrictions on PFAS substances under REACH (Registration, 

Evaluation, Authorisation and Restriction of Chemicals) an d emerging European initiatives linked to 

 

 

6 Battery Regulation (EU) 2023/1542.  
7 Net-Zero Industry Act (EU) 2024.  
8 Critical Raw Materials Act (EU) 2024.  
9 Clean Industrial Deal State Aid Framework (2025) and Battery Booster (2026).  
10  Revised Renewable Energy Directive (RED III, 2023).  
11  Electricity Market Design Reform (2023)  
12  CO₂ Standards for Cars and Vans (2023).  
13  CO₂ Standards for Heavy -Duty Vehicles (2024) and AFIR (2023).  
14  RefuelEU Aviation (2023) and FuelEU Maritime (2023)  
15  Alternative Fuels Infrastructure Regulation (EU) 2024  
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strategic autonomy, defence, and industrial resilience, which are expected to create additional 

opportunities for battery deployment and innovation16,17.  

The renewed SET Plan governance includes five cross -cutting Task Forces addressing key non -

technological barriers, their priorities are addressed in the section IWG 7 and SET Plan cross -

cutting Task Forces recommendations  which highlights some future policy needs.   

Non-technical Drivers  

The European battery value chain is driven first by its strategic importance to Europe’s climate, 

industrial, energy security and defence objectives. The European Commission’s 2026 Battery 

Booster Strategy  explicitly frames batteries as central not only to zero -emission mobility and grid 

storage, but also to economic resilience, energy security and defence capabilities, while the European 

Parliament’s 2025 briefing similarly identifies batteries as a key pi llar of the EU’s clean transition, 

industrial future and strategic autonomy 18. 

A second driver is the strong alignment between industry, research, and public policy. Europe has built 

a well-structured innovation ecosystem through BEPA and the BATT4EU partnership and the SET Plan 

IWG7 on batteries, bringing together hundreds of stakeh olders to define common research and 

innovation priorities and help translate research results into market deployment.  

Thirdly, the EU is no longer relying on R&I alone and is increasingly trying to remedy structural 

weaknesses through industrial policy as shown above. In parallel, the SET Plan ’s renewed governance 

and the key outcome of Common Implementation and Investment Plans (CIIPs)  are intended to 

enhance the alignment of national and European priorities, turning the herein thematic vision and 

SRIA work into more coordinated implementation and investment commitments. 

A further driver is the rapid growth in battery demand across multiple sectors. Electrification of 

transport, increasing deployment of renewable energy, grid flexibility requirements, digital 

infrastructure, and emerging defence applications are expected t o drive strongly the demand for 

batteries over the coming decades across the European battery value chain.  

Finally, Europe has significant underlying assets: world -class research capability, strong industrial 

know-how, growing networks of integrators and manufacturers, and a shared recognition that 

batteries are indispensable to Europe’s clean and digital trans itions. This provides a solid foundation 

for a competitive and resilient battery ecosystem if it can be scaled effectively.  

Non-Technical Barriers  

Despite this progress, major barriers remain. The first is materials supply and processing capacity. 

Europe is still highly dependent on external suppliers for key raw materials and battery -grade inputs 

such as graphite, precursors and cathode active materi als, while regulatory inconsistencies around 

the definition and transport of black mass hinder cross -border recycling.  

 

 

16  REACH PFAS Restriction (2023)  
17  Industrial Accelerator Act (2026) and relevant defence -related initiatives under the MFF 2028 –2034  
18  Communication from the Commission  – Battery booster strategy https://eur-ex.europa.eu/eli/C/2026/682/oj/eng 

https://eur-lex.europa.eu/eli/C/2026/682/oj/eng
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The second barrier is the difficulty of reaching large -scale, cost -competitive manufacturing. This is 

made worse by aggressive low -price competition and heavy subsidies outside Europe. This 

competitiveness gap is one of the main reasons why targeted production support through the Battery 

Booster is seen as so important.  

A third barrier is fragmentation and insufficient coordination. Europe still lacks fully aligned action 

across funding, industrial policy, and deployment, highlighted in the joint Battery Deal for Europe19 an 

initiative of BEPA and RECHARGE association calling for more European coordination.  

A fourth barrier is the attitude of civil society on the environmental footprint of the battery industry. 

Production and recycling are resource-intensive and involve potentially harmful substances. They use 

fresh water, electricity and have a high spatial demand, which might lead to resistance from local 

communities. Finally, skills shortages remain a structural constraint, requiring continued investment 

in skills development, pilot lines, and education pathways across the battery value chain.  

1.4.  Focus areas for R&I efforts in the next multiannual financial framework 

(2028 -2034)  

The main R&I priority should be to strengthen Europe’s competitiveness across the full battery 

ecosystem, while advancing strategic autonomy, industrial resilience, and climate neutrality. To 

support this, the IWG has identified five main areas to focus on in the next MFF, aligned with its three 

core aims: expanding manufacturing capacity, improving cost competitiveness, and enhancing CRM 

circularity. The targets for these aims are set out below in Vision and Targets.  

1. Resilient and diversified raw -materials value chains  

Europe should prioritise research and industrial cooperation aimed at reducing dependence on 

imported critical raw materials by diversifying sourcing, by utilising domestic raw materials from 

known or new deposits, strengthening domestic and regional refin ing/processing capabilities, and 

accelerating the development of replacement materials and lower-CRM battery concepts. This should 

include work on cathode active materials, upstream processing, and technologies that enable more 

flexible chemistry choices a cross the value chain. This will strengthen European strategic autonomy.  

2. Sustainable advanced materials and next -generation chemistries  

A second priority should be advanced battery materials and cell chemistries that improve 

performance, safety, affordability, and sustainability, while being designed from the outset for 

circularity and scalable production. This may include research on solid-state, lithium-sulphur, lithium-

air, sodium -ion, other post -lithium concepts, hybrid battery concepts, and advanced materials 

engineered for recyclability. This will enable the implementation of a safe-and-sustainable-by-design 

framework that improves competitiveness while lowering environmental impact.  

3. Manufacturing scale -up, producibility, and digitalised industrial processes  

A third highlight area should be producibility along the full value chain, from advanced materials to 

cell design to cell and pack manufacturing, with a focus on industrial scale-up. Research should target 

high-speed, low-scrap, sustainable manufacturing, using automation, AI-driven process control, digital 

 

 

19  https://batterydeal.eu/ 

https://batterydeal.eu/
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twins, inline quality monitoring, and advanced machinery to improve yield, consistency, cost, and time-

to-scale. With the implementation of these technologies, Europe will gain more sustainable processes, 

lower energy usage and a competitive advantage.  

4. Competitive recycling and circularity  

Europe should place strong emphasis on recycling and circular -economy technologies that recover 

critical materials at high efficiency and make European recycling projects more economically 

competitive. Priority topics include black mass upgrading but also innovative recycling processes such 

as direct recycling, that reduce cost and environmental trade -offs. Furthermore, the design -for 

circularity approaches, including design for recycling, reuse, and repurposing together with automated 

disassembly processes  will facilitate second -life applications for used batteries and improve their 

economic viability. This is key as the EU Batteries Regulation and related implementation rules are 

pushing battery systems toward full-life-cycle sustainability, while Europe’s research agenda calls for 

more adaptable recycling systems and better recovery of strategic materials from existing and 

emerging chemistries.  

5. Battery intelligence, validation, and advanced system integration  

Europe should also prioritise battery intelligence at cell, pack, and system level, including advanced 

battery management systems (BMS), onboard degradation monitoring, predictive control, validation 

tools, and system -integration platforms. This should cov er cell -to-pack architectures, compact and 

efficient pack designs, advanced controllers, and software -enabled optimisation of performance, 

safety, lifetime, and reuse potential. This will not only support the battery end users, but also anyone 

with an inte rest in the battery’s history, such as those intending to use batteries in second life 

applications. In the longer term, these capabilities could be combined with embedded sensors and 

self -healing materials, to further extend battery active lifetime and re liability.  

Across all five priority areas, enabling actions will be required in skills development, pilot and testing 

infrastructures, standardisation, and sustainability methodologies to ensure successful industrial 

deployment and market uptake. 

1.5.  The working group  and the SET Plan cross -cutting task forces 

recommendations  

The input taken from the task forces of the SET Plan provide a brief insight into the cross -cutting 

issues, which need to be addressed to create a successful European battery industry. It also highlights 

the IWG 7 engagement in these factors.  

Access to market  

Europe’s competitiveness in battery technologies depends on an enabling innovation ecosystem 

capable of addressing long development cycles, high capital intensity, and scale -up challenges. 

Supportive regulatory frameworks such as the battery regulation can accelerate market entry, while 

targeted financing mechanisms, such as the Clean Industrial Deal State Aid Framework in addition to 

public–private partnerships and innovative funding instruments, are needed to reduce investment 

risks and liquidity constrain ts. Investment in pilot lines, testing infrastructure, and large -scale 

demonstrators is also critical to bridge innovation and market, ensuring that R&I outcomes translate 

into competitive advantage. However, fragmentation of the single market, uneven stat e aid 

application, and slow permitting remain significant obstacles. The IWG will monitor these framework 
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conditions and include recommendations on regulatory and market enablers in the SRIA where 

appropriate. 

Circularity and material substitution  

Europe’s R&I agenda for battery circularity will focus on the design of batteries for recyclability and 

reduced hazardous content, scale flexible and cost -effective recycling routes to supply secondary 

materials for European cell manufacturing and expand in dustrial recycling capacity to reduce import 

dependence. Harmonised lifecycle and carbon-footprint metrics for the different types of applications, 

together with a universal Battery Passport, are needed to ensure traceability, enable fair comparisons, 

and support secondary material markets while protecting sensitive data. Research should in addition 

address hazardous substances (e.g. PFAS), improved analytical methods, and safe end -of-life 

processes. The IWG will ensure that circularity principles inform R&I priorities across the value chain  

including targets for recycling efficiency and secondary material supply.  

Digitalisation  

Digitalisation and AI are expected to be transformative for the battery sector, accelerating materials 

discovery, optimising manufacturing processes, improving battery management systems, and 

enhancing predictive maintenance and second -life assessment. However, these advancements 

require high -quality data, machine -readable expert knowledge, advanced modelling, and virtual 

testing capabilities to accelerate development. Establishing shared data spaces with common 

ontologies, data structures, and interface s should be a priority to enable researchers, industry, and 

regulators to operate within a shared framework and language. Standardised tools, such as Material 

Acceleration Platforms, combined with a central knowledge base and clear IP access mechanisms, 

can strengthen collaboration, protect sensitive knowledge, and enhance European competitiveness. 

R&I for societal needs  

Societal Needs underpin the entire rationale for a European battery sector from enabling affordable 

clean mobility and energy access for citizens, to ensuring the security of critical infrastructure and 

supporting a fair transition. Responsible and socially sustainable innovation is critical, covering 

responsible sourcing, ethical mining, labour conditions, and Social Life Cycle Assessment (S -LCA) to 

address risks associated with battery production. Public trust and societal acceptance depend on safe, 

transparent, and citizen-centred battery systems, supported by research on public perception, societal 

readiness, and responsible battery infrastructure deployment. The IWG recognises that public 

acceptance of battery manufacturing, mining, and large -scale storage infrastructure is not 

guaranteed and must be actively cultivated through transparent communication, community 

engagement, and demonstration of tangible benefits.  

Education and skills  

Education and skills are critical priorities for Europe’s battery value chain to meet rising demand for 

process engineers, industrial electrochemists, quality engineers, and BMS specialists. A strong skills 

focus will boost industrial competitiveness, with over 1.5 million battery -related jobs expected in 

Europe by 2030. Priorities include aligning education and training with rapidly evolving battery 

technologies, strengthening industry –academia collaboration, expanding interdisciplinary expertise, 

and suppo rting R&D talent development. Particular attention should be given to facilitate skills 

transfer from sectors such as automotive, chemicals, electronics, and advanced manufacturing.  
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Greater investment in vocational education, hands-on training, and reskilling programmes is essential, 

particularly to support transitions from traditional industries without forgetting to train the trainers. 

New advanced curricula, certifications, and training infrastructure linked to pilot lines, testing facilities, 

and research infrastructures can improve mobility, ensure consistent skill quality across Europe, and 

provide practical industrial experience. Europe should also prioritise the development of the next 

generation of battery scientists, strengthening researc h networks, and promoting public awareness 

and educational engagement to attract talents and maintain long-term sector resilience. The IWG will 

underline skills needs as a cross -cutting issue in the SRIA and encourages Member States to develop 

dedicated education and training pathways for the battery value chain, including through coordination 

with EIT and relevant partnerships. 
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2. Vision and targets  

The focus of the IWG 7 is on R&I to strengthen the competitiveness and sustainability of the European 

battery sector with particular emphasis on reducing the use of CRM, improving security and reliability 

of supply and reinforcing the strategic autonomy of the European battery value chain. In parallel, R&I 

is expected to drive the development of significantly improved battery technologies, thereby fostering 

stronger market uptake and industrial deployment across a broad range of applications, including 

stationary storage, automotive and other strategic sectors. Achieving these three targets will require 

a significant effort on education and will lead to our technological leadership in the field of battery 

technology as stated in the long -term goals.  

Target 1 – Increased Manufacturing capacity  

European battery cell manufacturing capacity should reach at least 750 GWh by 2030, in line with 

projections from the European Battery Alliance (EBA250). This expansion must be accompanied by 

parallel development of upstream segments, particularly active m aterial production and processing 

to avoid a situation where cell capacity outpaces the availability of domestically processed materials. 

The Net -Zero Industry Act establishes a non -binding reference point of 550 GWh of domestic 

manufacturing capacity by 2 030, consistent with a 40% domestic supply target  

Milestone : By 2030, at least 50% of announced gigafactory capacity should be under construction 

or operational, with corresponding upstream investment commitments in place. 

Target 2 – Cost competitiveness   

European battery cell production costs should reach below EUR 75/kWh by 2030, in line with the 

Batt4EU Partnership KPI benchmarks (Batt4EU SRIA 2024), with a longer -term trajectory towards 

€50/kWh. Achieving this requires parallel progress on manufacturing efficiency, energy costs, yield 

improvement, and economies of  scale. R&I investment in digitalisation and AI -driven process 

optimisation is a key lever to close the cost gap with global competitors.  

Milestone:  By 2030, European battery production should demonstrate cost trajectories consistent 

with the cost targets to be set in the SRIA 2026, supported where necessary by the Battery Booster 

production support scheme. 

Target 3 – Critical Raw Material circularity  

In line with the EU Battery Regulation, Europe should by 2030 have established the industrial recycling 

infrastructure necessary to meet the first wave of recycled content and material recovery 

requirements. European recycling capacity should cover at leas t 70% of domestic battery recycling 

needs by 2030, in line with JRC projections (JRC130724, 2022), with recovery of lithium, cobalt, nickel, 

and manganese at purity levels required for re-entry into the battery supply chain and proper disposal 

of non-recyclable waste. 

Milestone:  By 2028, the regulatory classification of black mass must be harmonised across the 

EU to enable cross -border trade of recycling feedstock, removing a key barrier to scaling the 

European recycling ecosystem. 

To achieve these main targets, a non-exhaustive overview is provided of topics across the value chain 

which may be addressed to support the industry in reaching the goals.  
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2.1.  Short -term (2030) -  Build and compete  

By 2030, the overarching goal is to establish Europe as a credible, competitive player in the global 

battery market, with a functioning domestic value chain from materials processing to cell production 

and recycling, underpinned by a strong R&I base.  

Key R&I Priorities to support 2030 targets  

The emerging strategic orientation suggests that a broader portfolio of chemistries will be explored 

at lower TRLs, while higher -TRL research activities will increasingly focus on sustainable 

manufacturing, process and yield optimisation and scaling up from  pilot to industrial production; 

advanced BMS and battery intelligence tools for real -time performance monitoring and system 

integration; advanced recycling processes, including direct recycling, capable of meeting Battery 

Regulation recovery targets; reduction of PFAS dependency in production processes ahead of potential 

regulatory restrictions. Below is a brief snapshot of the short -term goals / impacts within each value 

chain areas that will be further detailed in the SRIA 2026.  

New and emerging technologies : With the development of agnostic AI enabled accelerated 

materials discovery and an interface engineering platform, we can expect to significantly accelerate 

battery materials research and shorten development cycles.  Research diversification across multiple 

battery chemistries particularly solid -state materials (Generation 4) and other lower -CRM concepts 

will support future sustainable and cost -efficient battery solutions for a broad range of applications.   

In parallel, the development of con cepts such as self -healing materials, embedding smart sensors, 

and advanced state -of-health and safety monitoring, are expected to strengthen Europe’s long-term 

leadership in advanced battery technologies.  

Raw materials and recycling processes:  R&I activities are expected to support the development 

of batteries based on materials that can either be sustainably sourced within Europe or synthesised 

from alternative feedstocks, including bio -based hard carbon and synthetic graphite in addition to 

secondary sources such as mine tailings or waste from other processes. While this will not 

immediately lead to autonomy in the battery materials supply, it will potentially reduce Europe’s CRM 

dependence.  

Moreover, Europe reliance on imported raw materials and the carbon footprint of the battery industry 

will both be reduced by focusing on recycling of production scraps and end-of-life batteries.  Projects 

will target both black mass recycling and direct re cycling in the short term.  A pre -requisite to direct 

recycling is the development of automated disassembly technologies and circularity -by-design 

approaches for battery systems. Although end -of-life battery volumes may still be insufficient by 

2030 to sup port fully mature giga -scale recycling operations, Europe must prepare the technological 

and industrial foundations required for future scale -up.  

Advanced materials : While research will maintain some focus on improving Li ion (Generation 3) 

there will be greater focus on developing solid -state batteries (Generation 4), Na -ion batteries and 

targeting ultra -fast charging capabilities, lightweight architectures, high -power batteries, and 

enhanced durability. Furthermore, the development of alternative materials to satisfy low cost, long 

lifetime, sustainability and low CRM dependence, and reliability which may be utilised in dual use and 

stationary storage applications.  This diversification of battery chemistries will better address the 

rapidly expanding range of applications and will be supported by digitalisation of materials discovery 

ensuring sustainable, cost – effective choices are made.  
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Cell design and Production Technologies : Research and Innovations regarding battery 

manufacturing are targeted at creating cost -effective, energy -efficient, streamlined processes 

supported by digital twins to facilitate real -time feedback and flexibility in the production line. 

Research involving scaling up production of any product requires sufficient resources to develop and 

maintain pilot lines.  Advancements are expected in European R&I projects based on solid state 

manufacturing, Na ion manufacturing, use of dry processes, etc.  In addition t o the research on 

production line usage, European research can facilitate competitive advantage by the development 

of “made-in-Europe” production equipment and machinery with unique abilities.  A local offer of next-

generation production equipment is crucial to ensure the resilience of the European battery industry, 

as existing factories will need retrofit and new factories will keep emerging.  

Mobility applications : European battery R&I for mobility is expected to deliver safer, more 

affordable, sustainable European-made batteries. This sector covers several applications, for example 

batteries for automotive, aviation and waterborne all have different requirements. For instance, 

targets for the automotive sector aim for approximately 400 Wh/kg and 1000 Wh/L at cell level, ~12-

minute charging to 70 –80% SoC, and ~2,000 BEV cycles, in line with the BEPA/BATT4EU SRIA 2024 

strategic direction and the underlying European SET Plan mobility KPIs it builds on. Furthermore, the 

concept of interoperability and optimisation of multi -chemistry portfolios, and next generation BMS 

systems for predictive diagnostics, AI based control and real time optimisation are expected to 

become important research topics in the next SRIA.   

Stationary energy storage applications : The use of batteries for stationary storage applications 

including renewable-energy integration, grid balancing, backup power systems, and data centres is 

expected to grow rapidly over the coming decade 2. The targets will be specific to the area of 

application and the battery chemistry employed to the task. Long -duration energy storage 

technologies will remain an important area of European R&I, particularly in support of energy-system 

resilience, flexibility, and decarbonisation. 

Other battery applications  

Beyond mobility and stationary storage, rapidly growing demand is also expected in defence, civil -

security, wearable, off -grid, specialised maritime and aviation equipment, and other specialised 

applications. An additional emerging focus area is the develop ment of high -performance batteries 

and advanced battery-management systems for drones and autonomous systems, reflecting growing 

dual-use and defence -related requirements. These emerging markets further reinforce the strategic 

importance of maintaining a c ompetitive, resilient, and technologically sovereign European battery 

ecosystem.  

Key enabling conditions:  Achieving these targets will require accelerated permitting, effective 

implementation of the Battery Booster ( EUR 1.5 billion from the Innovation Fund), coordinated state 

aid under the Clean Industrial Deal framework, and investments in skills development, pilot lines and 

testing infrastructure.  Furthermore, there is a need resolution of the black mass regulatory 

classification to enable cross -border trade within the EU.  
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2.2.  Medium-term (2040) -  Build resilience and circularity  

By 2040, the goal is for Europe to have consolidated a resilient, circular, and cost-competitive battery 

value chain, with next-generation technologies reaching commercial maturity, recycling operating at 

industrial scale, and European producers structurall y competitive in global markets without 

dependence on permanent public support. 

New and emerging technologies : Europe should consider establishing a battery hub to accelerate 

multimodal battery characterisation through large -scale facilities spanning the full value chain, 

supporting in-depth analysis through correlative multi -technique methods. Action should be tak en 

before 2040 to advance safe, stable battery technologies based on advanced electrodes materials 

(e.g., sulphur-host, multivalent-ion, metal-air, zero-excess metal anodes, new-ion systems and quasi -

solid and/or solid electrolytes), targeting >350 Wh /kg and >1,100 Wh /L while simultaneously 

addressing safety, sustainability, and cost competitiveness. These figures represent an indicative R&I 

ambition rather than a binding industrial commitment and will be further specified in the SRIA. In 

parallel, significant progress  is expected on chemistries optimised for long duration energy storage 

(LDES), targeting discharge durations of 8 hours and beyond, including iron -air, zinc-based, and flow 

battery systems prioritising low cost, abundant materials, and long calendar life.  

Goal 1 -  Next -generation battery technologies  

By 2040, Europe should have brought at least one generation of post -lithium-ion or advanced 
solid-state battery technology to commercial scale and demonstrated at least one LDES technology 
at pre-commercial scale with a clear pathway to grid deployment.  

Milestone:  By 2035, at least two next -generation chemistries should have reached TRL 6 –7 with 
clear scale -up pathways; at least one LDES technology should have reached TRL 7 at multi -MWh 
scale with validated cost trajectories.  

 

Raw materials and recycling processes : By 2040, projects on alternative feedstocks, including 

bio-based materials, are expected to have reached pilot scale. Dismantling and pretreatment 

technologies should have progressed through all TRLs, with larger -scale projects required for 

industrial vali dation. Direct recycling may require continued research support given the complexity 

introduced by new cell architectures and chemistries. Harmonised black mass quality standards 

should be in place across the EU by 2040.  

Goal 2 -  Industrial -scale circularity and CRM resilience  
By 2040, Europe should have achieved a closed -loop battery value chain at industrial scale, 
recovering lithium, cobalt, nickel, manganese, and graphite at battery -grade purity in volumes 
sufficient to supply a significant share of domestic manufacturing ne eds. 

Milestone:  By 2035, at least two next -generation chemistries should have reached TRL 6 –7 with 
clear scale -up pathways; at least one LDES technology should have reached TRL 7 at multi -MWh 
scale with validated cost trajectories.  

 

Advanced materials : Advancements in battery chemistries can for specific cases target very high 

energy densities of up to approximately 500 Wh/kg, 1,000 Wh/L, at cell level and ~4,000 cycles. The 

broader ambition is a diverse portfolio of chemistries taking into account materials availability, carbon 

footprint, processability, sustainability, and cost — including materials tuned to existing 

manufacturing infrastructure to ensure rapid translation from research to production. 
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Cell design and Production Technologies : By 2040, European battery manufacturing should 

feature a diverse portfolio of cell designs, deployed at industrial scale with substantially reduced 

scrap rates, lower energy consumption, and improved yield consistency. Scale -up of solid -state 

architectures will require dedicated R&I on dry electrode processing, thin -film deposition, and 

advanced electrolyte integration. Digitalisation and AI should be fully embedded in production through 

digital twin technologies enabling real -time process optimisation and predictive quality control. 

Sustainability gains should include substantial reduction of NMP in electrode coating through water -

based and dry processing routes, with European manufacturers demonstrating lifecycle GHG 

emissions below those of global competi tors. 

Goal 3 -  Structural cost competitiveness  

By 2040, European producers should be structurally cost -competitive without dependence on 
permanent subsidies, through combined progress on manufacturing efficiency, recycling ecosystem 
maturation, and next-generation manufacturing techniques. 

Milestone:  By 2035, the cost gap between European and leading global battery producers should 

have narrowed to within 15%. 

 

Applications: mobility, stationary storage, and emerging uses : By 2040, battery intelligence 

and system integration should be fully mature across all major application sectors. Advanced BMS, 

AI-driven diagnostics, and digital twin technologies should be standard features of European battery 

systems in mobility, statio nary storage, and emerging applications including defence, maritime, and 

aviation. In mobility, advances in energy density, cycle life, and fast charging should have enabled 

broader electrification across road, aviation, and maritime transport with next-generation chemistries 

playing a critical role particularly for heavy -duty road transport, short -haul aviation, and short -sea 

shipping. R&I should have delivered validated solutions for grid integration, Vehicle -to-Grid 

architectures, and hybrid storage syst ems.  

In stationary storage, batteries should provide a full spectrum of grid services across both short and 

long duration applications, with LDES systems covering multi -day renewable variability. In defence, 

civil security, drone, UAV, and off -road sectors, ded icated battery solutions meeting specific 

qualification standards should reduce dependence on non -European suppliers for strategically 

sensitive applications. Second life battery deployment should by 2040 have matured into a 

commercially viable and regulat ed practice, with retired EV batteries systematically assessed and 

redeployed in stationary applications, supported by standardised automated methodologies for state 

of health determination and remaining useful life prediction. A harmonised EU regulatory f ramework 

addressing liability, safety certification, and the Battery Passport interface should provide the 

necessary legal certainty for investment in second life business models. Dedicated end -of-life hubs 

integrating second -life operations and recycling facilities should optimise logistics and ensure 

batteries are directed towards the most appropriate pathway — reuse, repurposing, or recycling. 

Goal 4 -  Advanced BMS, AI -driven diagnostics, and digital twin technologies  

By 2040, batteries across all major sectors should be supported by advanced BMS, AI -driven 
diagnostics, and digital twin technologies, with full interoperability across grid, mobility, and 
infrastructure systems. 

Milestone:  By 2035, AI -driven battery management tools should be demonstrated at scale in at 
least two major application sectors, with interoperability standards established at European level.  
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2.3.  Long -term (2050) -  Technological sovereignty and f ull sustainability  

By 2050, Europe’s ambition is to have achieved full strategic autonomy in the battery sector, 

underpinned by a mature, circular, and climate -neutral value chain that is globally competitive and 

technologically sovereign. Given the pace of innovation in the battery sector — expected to accelerate 

further with the pervasive integration of AI and digitalisation in R&I — it is not possible to specify 

detailed technical targets. Instead, the IWG sets out high -level goals that define the conditions of 

success for the European battery ecosystem in 2050, and which will guide the longer-term orientation 

of the SRIA and national programmes.  

Goal 1 — A fully circular European battery value chain  

By 2050, the European battery sector should operate on a near -closed-loop basis, with recycling and 

reuse providing a substantial share of the raw materials needed for domestic production. Advanced 

and direct recycling technologies developed and scaled during the 2030 –2040 period, should by 2050 

be mature, cost -effective, and capable of handling the full diversity of battery chemistries in 

circulation. Second -life battery applications should by this point have well -established business 

models, supported by appropriate policy frameworks and standardised assessment methodologies.  

Goal 2 — Climate -neutral battery production  

By 2050, battery manufacturing in Europe should be fully aligned with climate neutrality objectives, 

with near-zero lifecycle greenhouse gas emissions, along with near zero scrap production, from raw 

material extraction and processing through to end-of-life. This will require sustained R&I investment 

in low-carbon manufacturing processes, renewable energy integration in production facilities, and the 

decarbonisation of upstream material supply chains.  

Goal 3 — Sustained technological leadership  

By 2050, Europe should be a global leader in battery science and technology, having maintained the 

momentum of investment in frontier R&I initiated in the current and next MFF periods. This means 

that European researchers and companies should hold signific ant intellectual property in the battery 

chemistries and manufacturing technologies that dominate global markets in 2050. Achieving this 

requires a consistent, long -term commitment to fundamental research alongside applied and 

industrial R&I. Europe should  also have established dedicated, large -scale battery characterisation 

and testing infrastructure, potentially in the form of a European battery hub, capable of supporting 

the full value chain from materials discovery to system integration, accessible to both industry and 

academia. 

Goal 4 — Full integration of batteries into the European energy and mobility system  

By 2050, batteries should be fully embedded as active, intelligent components of the European energy 

system, contributing to grid stability, sector coupling, and the management of a power system based 

predominantly on variable renewable energy. Vehicle -to-Grid, smart charging, and hybrid storage 

architectures should be standard practice, enabled by mature AI and BMS technologies developed 

during the preceding decades. The regulatory frameworks across all EU Member States should provide 

appropriate market signals and remuneration mechanisms for battery storage flexibility, removing a 

persistent barrier identified for the 2030 and 2040 periods.  

Key enabling conditions for 2050:  The 2050 goals are ultimately contingent on resolving the 

structural challenges identified for 2030 and 2040. Long -term success will also require maintaining 

social licence for battery manufacturing and mining activities, ensuring that the benefits of the  
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European battery sector are equitably distributed across Member States and communities, and 

sustaining public and private investment in R&I over multiple political cycles.  

Specific activities across all timeframes which the IWG will undertake to support 

the achievement of the targets  

While Member States have their own battery industry initiatives and R&I strategies covering different 

parts of the value chain, IWG 7 will help ensure coherence across these efforts by promoting clear 

communication of priorities and identifying opportunitie s for collaboration where relevant. This will 

help avoid gaps and strengthen complementarity across the European battery value chain.  

IWG members will support implementation of the CIIP at national and regional level, including through 

programmes and R&I projects that align with the SRIA and complement EU -funded initiatives under 

the Multiannual Financial Framework, including Horizon Eur ope. These commitments will be further 

detailed in the CIIP. Members will also monitor progress in national and regional activities and 

contribute to SET Plan reporting at Member State level. 

Where beneficial, the IWG may also facilitate bilateral or multilateral collaboration between countries 

working on related topics, including meetings, joint activities, or coordinated projects that create 

synergies and strengthen European impact. 

Additional information  

More detailed fiches and specific KPIs for the activities identified by the IWG will be included in the 

SRIA, which is being developed jointly by IWG 7 and the industry stakeholders engaged through BEPA. 

The SRIA is expected to be presented in autumn this y ear.  
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3. Conclusions and next steps  

This Thematic Vision sets out Europe’s ambition for a competitive, sustainable, and strategically 

autonomous battery value chain. It takes a lifecycle approach covering the full value chain and 

provides the basis for the next steps of the Common Implementation and Investment Plan (CIIP): the 

Strategic Research and Innovation Agenda (SRIA) and the Implementation and Investment 

Commitments (IICs).  

Next step: SRIA development  

In line with the IWG 7 mandate, the 2026 SRIA will be developed by the BEPA under IWG 7 oversight. 

It will translate this Vision into concrete research and innovation priorities, key performance indicators, 

and indicative funding needs across the battery va lue chain.  The SRIA is expected to be submitted to 

IWG 7 for final review and to the SET Plan Steering Group for endorsement by 15 October 2026 .  

Following endorsement, IWG 7 will coordinate the development of Implementation and Investment 

Commitments (IICs) with the European Commission, Member States, industry, research organisations, 

academia, and the Batt4EU Partnership, with the aim of agreei ng a common implementation 

approach by 31 March 2027 . 

Cooperation with other SET Plan Working Groups : IWG 7 on Batteries sees strong potential for 

synergies with other SET Plan IWGs and will actively pursue cooperation where relevant. 

Recommendations : Based on this Thematic Vision, IWG 7 recommends that the SET Plan Steering 

Group and Member States: 

1. Maintain a dedicated public -private battery partnership beyond the current MFF -  

Ensure continuity of the collaborative R&I ecosystem all along the value chain established 

through Batt4EU and provide a stable framework for implementation of the 2026 SRIA and 

future priorities. 

2. Address key structural barriers through coordinated Member State action -  

Prioritise action on permitting, skills, storage market design, harmonised black mass 

classification, and a clear EU framework for second -life batteries. 

3. Provide long -term funding across the full battery value chain in the next MFF 

(2028 –2034) -  Ensure sustained and predictable support for battery R&I at different 

maturity levels, focusing on: sustainable and competitive manufacturing, next -generation 

battery technologies, digitalisation and battery intelligence, and circularity and critical raw 

material resilience. 

4. Develop strategic demand in key industrial sectors -  Engage sectors such as defence, 

civil security, aviation, maritime, and off -road applications as lead customers for European 

batteries, including through possible demand-side commitments that strengthen the case for 

domestic manufacturing. 

5. Support a European battery hub for testing and characterisation -  Establish 

accessible, large -scale, multi -technique infrastructure for industry and academia to 

strengthen scientific and technological leadership across the battery value chain.  
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6. Build a strong European battery skills ecosystem -  Support specialised education and 

training programmes, vocational pathways, pilot -line access, and researcher mobility to 

ensure the talent base needed across the value chain.  
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