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Executive Summary
The overall objective of the LiPLANET project is to create a European innovation and production
ecosystem by forming a network of lithium battery cell pilot lines that integrates industrial
stakeholders and establishes unique selling propositions towards EU industry in support of its
market access within the cell manufacturing ecosystem. Moreover, reinforcing the position of the
European Union (EU) in the lithium battery (LIB) cell manufacturing market will be further achieved
by exploiting synergies between pilot line operators, identifying knowledge and equipment gaps,
creating common training and standardization initiatives, and ultimately jointly developing
strategies for scaling up the impact of the network.
Although LiPLANET is established based on the LIB technology, it will be closely looking at progress
of the upcoming post-lithium-ion technologies, especially activities related to research and
development (R&D) pilot line configuration. Here, LiPLANET will decide on its scope based on the
adaptability of the conventional lithium battery cell production line and the final battery type.
The survey was structured having as basis the LiPLANET Terms of Reference (ToR) described in
deliverable D1.1. The ToR set boundaries on the project by means of three levels of definitions in
order to, sequentially, (i) set the boundaries of what a pilot line is, (ii) set the minimum features
that a pilot line should include, and (iii) facilitate a detailed characterization of the pilot line. These
definitions lead to the ToR that a candidate facility must comply in order to join the LiPLANET
network, avoiding oversubscription and ensuring a base line of technical capabilities, as a first step
to further harmonization of operation within LiPLANET.
As described in deliverable D1.1 and further developed in the mapping questionnaire, the survey
was constituted by two main sections: (1) operational framework of the pilot line facility and (2)
detailed information of the manufacturing process steps and production environment.
The survey was completed by 23 organizations within the EU. Assessing the replies to the survey,
twelve pilot line facilities can be identified that fulfill the eligibility criteria set by LiPLANET project.
Those eligible facilities are additional to the five pilot lines members of LiPLANET project.
Furthermore, other four facilities were classified as potential members due to the fact that
currently they do not meet the eligibility criteria but those organizations are planning in the near
future an upgrading and further investment on their facilities increasing their eligibility. LiPLANET
network will stay in contact with those organizations following up their upgrading.
The current seventeen eligible lithium R&D pilot line facilities are based in DE, ES, RO, FR, AT, BE, SE
and UK. They are basically operated (81% of respondents) by Universities and Research and
Technological Organizations (RTO’s) concentrating their effort on the development and
characterization of products; battery technologies and validation of materials. Thus, less effort is
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dedicated to development and design of process and to industrial manufacturing simulation
(industrial R&D).

Figure 0. Identified eligible lithium pilot line facilities to join the LiPLANET network.

It was recognized that all pilot line facilities are willing to cooperate among each other through e.g.
joint R&D funded projects (R&D platform). Under this working structure the share of expert
knowledge, complementary in production processes and technological exchange, among others
could be considered or implemented through the network.
Regarding the capabilities, almost all the identified eligible pilot line operators have the key
manufacturing steps performed by machines with just a third able to manufacture double side
electrodes. In overall, those pilot lines have a median of 7 full years of operation, with a potential
throughput of about 50 cells per 8 hours of operation in average with cell capacities ranging from
0.5 to 50 Ah depending on the cell format at each pilot line (20 to 30 Ah is the most common cell
capacity). All pilot lines are capable of manufacturing pouch cells, but just about half of them are
able to produce cylindrical cell format and to a lesser extent prismatic cells.
The survey revealed that pilot line operators mostly focus on the design and engineering of LIB
processes, while some facilities also have the capabilities to manufacture all-solid-state batteries.
The implementation of a cooperative operational framework will be necessary in order to exploit
the interaction among the EU pilot line operators. The membership of industrial R&D pilot lines to
the network can be restricted due to mostly restrictive policies on access and sharing of data and
knowledge of those industrial facilities.
The mapping questionnaire is a tool that will be constantly implemented by LiPLANET as basis for
identifying potential new pilot line facilities as network members. It will be also used to keep
mapping the progress in Europe regarding exploiting synergies between pilot line operators,
identifying knowledge and equipment gaps, creating common training and standardization
initiatives, and ultimately jointly developing strategies for scaling up the impact of the network.
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1 Introduction
1.1

LiPLANET in brief

The overall objective of the LiPLANET project is to create a European innovation and production
ecosystem and reinforce the position of the European Union (EU) in the lithium battery cell
manufacturing market. LiPLANET plans to build a more competitive lithium battery cell
manufacturing ecosystem and increase the production of lithium-based cells towards industrial
scale, by bringing together the most relevant European lithium battery cell pilot lines and the main
stakeholders of the battery sector. The project LiPLANET lays the foundation for a network of
battery cell pilot lines in Europe. This network allows exploiting synergies between pilot line
operators, identifying knowledge and equipment gaps, organize joint trainings as well as, favor
collaboration with industry and academia, and facilitate the access to market.
For this purpose, different activities are followed throughout the project:
 mapping of the European lithium cell pilot lines and implementation of a network,
 creation of a standardized legal framework and a data exchange platform for the
cooperation between industry, academia and pilot lines,
 round-robin test to compare qualification methods,
 development of a roadmap for joint strategies of the network towards industrial scale
battery cell production in Europe.

1.2

Scope and objective of this deliverable

The objective of this deliverables is to map the available and forthcoming battery cell R&D pilot
lines in Europe by means of a survey. The results shown in this deliverable will help to identify
synergies, gaps and complementarities among the EU R&D pilot lines. Eventually, it assists to build
a more competitive lithium battery cell manufacturing ecosystem through the implementation of
the pilot line network.
The scope of this deliverable is to present the results of the mapping exercise, which identified
potential network members. Those potential members are invited to the implementation workshop
to initialize the network.

1.3

In brief eligibility criteria as R&D lithium battery cell pilot line

The R&D pilot line could be thought of as a flexible semi-automated sequential process, where the
manufacturing of the lithium battery cell consists of three key manufacturing process steps,
namely:
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1. Electrode (and solid electrolyte, when applicable) manufacturing
2. Cell assembly
3. Cell finishing
Each of the key manufacturing processes is constituted by several sequential steps which should be
essentially (semi-)automatic and scalable to industrially relevant size. It does not mean that all
three key processes should be integrated as a whole in a fully automated continuous manufacturing
line, but relevant key steps such as coating, calendaring, cutting, stacking or winding among others
should be at least machine-led steps.
As described in the deliverable D1.1 (section 3.3), the LiPLANET project established a set of
minimum requirements called “Eligibility Criteria” that each LiPLANET candidate organizations need
to fulfill in order to be a full member of LiPLANET. This includes a minimum demonstrable Key
Performance Indicators (KPIs) for those processes as indicated in the Table 1 below (taken from
D1.1) and will be considered in the mapping exercise.
Table 1. Eligibility criteria to assess the pilot line candidate to join LiPLANET network.
Definition
items
Cell format

Electrodes
manufacturing

Essential
machine-led
manufacturing
steps

LiPLANET appraisal






Pouch
Prismatic and/or
Cylindrical
Continuous production
Both side of current collector
coated (LIB) –sequentially or
simultaneously–








Electrode production
Electrode calendering
Electrode cutting
Electrode stacking or winding
Tab welding
Electrolyte addition (LIB) /
production (ASSB)
 Cell formation

Eligibility Criteria / KPIs


≥ 1Ah cell size




≥ 2 m/day
≥ 2 m/batch (roll)



These essential
process steps must
be at least semiautomatic
(machine
controlled)
≥ 20 cells (< 10 Ah)
/day


or

≥ 10 cells (> 10 Ah)
/day

2 Structure of the mapping questionnaire
All facility candidates willing to join LiPLANET network will need to fulfill the mapping questionnaire
as a pre-requisite to become a formal member of the network. The survey is mainly structure in
two sections as described below.
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2.1

General pilot line information

In this section, information about contact details, organization and manufacturing facilities (viz.
preliminary selection criteria) is gathered. Depending on the answers given, the respondents are
invited to the LiPLANET contact list or they are invited to complete the next section (viz. eligibility
criteria and manufacturing process steps) where a more detailed information regarding the pilot
line and manufacturing facilities are requested.

2.2

Operational framework of the pilot line facility

In this part of the survey, respondents point out their main interests in the network as well as
provide more detailed information about their facilities and capabilities (eligibility check).
The detailed mapping of the candidate facility starts with a general view of the framework in which
such facility operates. This operational framework facilitates the classification of the pilot lines in
function of their general objective as well as serves as orientation to identify potential gaps and
synergies among the pilot lines belonging to the LiPLANET network.
This part of the questionnaire includes among others information regarding processing techniques,
size/format/shape of produced cells, estimated output both in terms of electrode processing and
cell manufacturing.

3 Survey Analysis
3.1

Identification of potential network members

The survey was completed by 23 EU organizations from which five are currently LiPLANET project
partners. Besides the five LiPLANET project partners, eleven pilot line facilities were identified that
fulfill the eligibility criteria set by LiPLANET project (cf. reddish piece in Figure 1). All those eleven
organizations expressed their interest in the network membership. In that regard, they will be
invited to a follow up workshop to introduce the LiPLANET network and the process to become a
formal member. The operators of those pilot lines are mainly based in DE, ES, RO, UK, FR, AT, SE
and BE.
Out of the 23 respondents, four organizations currently do not match the eligibility criteria.
Nevertheless, in the near future (1-3 years), those organizations are planning an upgrade and
further investment in their facilities. This fact will allow them to increase their eligibility as potential
member of the network. Since those organizations expressed their interest in the network, there
will be a close follow up in order to provide, if requested, any support during their upgrading
process and hence, to assure their future membership to the network (cf. greenish piece of the pie
in Figure 1).
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On the other hand, two (2) organizations are not pilot line operators but they are interested in
following LiPLANET network activities (cf. bluish piece in Figure 1). Despite fulfilling the eligibility
criteria, one organization does not have declared their interest in joining the network (cf. cyanic
pieces in Figure 1).

Identification of potential network members

17,4%

8,7%
69,6%
Eligible pilot line facility
Follow up pilot line facility
Facility interested in activities (no pilot line)
Pilot line facility non interest

4,3%

N = 23

Figure 1. Identification of potential members of the lithium battery pilot line network.

3.2

General outputs

Based on the answers received, a comparative analysis was performed in order to outline potential
gaps, synergies, interests and complementarities among the respondent pilot line operators.
The main outputs can be summarized as follows:
1. The surveyed pilot lines are mainly operated by Universities and RTO’s (81% of
respondents) (cf. Figure 2). The main effort (ca. 90%) of those is concentrated on the
development/characterization of products; battery technologies and validation of materials
(cf. Figure 3). Less effort is dedicated to development and design of process (70%) and, to
industrial manufacturing simulation (40%).
2. All pilot line facilities are willing to cooperate among each other. The main interest is to
identify opportunities of cooperation e.g. through joint R&D funded projects (R&D
platform). Under this working structure share of expertise, connected factories, training,
complementary in production process, technological exchange, quality assurance, etc.
could be implemented (cf. Figure 4).
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Type of host organization

37,5%

43,75%

12,5%

University
RTO's
SME
Industrial R&D lab

6,25%

N = 16

Figure 2. Identification of the type of organization operating the eligible lithium battery pilot line facilities.
Pilot line main R&D focus
Manufacturing
plant simulation
(industrial R+D PL)
Product characterization
Product development

Process engineering
design and/or optimization

Battery technologies
development

Material validation

0

2

4

6

8

10

12

14

16

N = 16

Figure 3. Identification of the main activity carries out at the eligible lithium battery pilot line facilities.

Indicate your main motivation for joint Pilot Line activities
31,3%

0%
12,5%
56,3%
Development of skilled human resources
Build up complementary competences
Shared facilities
R&D Platform
Opportunity of cooperation

0%

N = 16

Figure 4. Main reason of the eligible lithium battery pilot line facilities to join the LiPLANET network.
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3. The main cell format manufactured by the pilot line operators is the pouch cell
configuration (cf. greenish piece in Figure 5) with half of the respondents being able to
manufacture cylindrical format (50%). Almost 90% of respondents have the key
manufacturing steps led by machines (cf. Figure 6).
What type of cell format is produced by your organization

Coin

Prismatic

Pouch

Cylindrical

0

2

4

6

8

10

12

14

16

N = 16

Figure 5. Type of cell format manufactured by the eligible lithium battery pilot line facilities.

Indicate in the list below the machine-led manufacturing steps in your PL
Cell formation
Electrolyte
production (ASSB)
Electrolyte addition
Tab welding
Winding

Stacking
Cutting
Calendering
Electrode application
(mixing/coating/drying)

0

2

4

6

8

10

12

14

16

N = 16

Figure 6. Machine-led manufacturing steps at the eligible lithium battery pilot line facilities.

4. In overall, the pilot lines have a median of 7 full years of operation (in the range of 1 to 10
year old). These pilot line facilities have a throughput capacity of about 50 cells per 8 hours
of operation (avg. 400 m of electrodes/day) in average with cell capacities ranging from 0.5
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to 50 Ah depending on the cell format at each pilot line (20 to 30 Ah is the most common
cell capacity). From the eligible pilot line facilities 30% have the capability to manufacture
double side electrodes.

3.3

Potential gaps

Assessing the feedback from the eligible lithium battery cell pilot line facilities it can be recognize
that


Pilot line operators dedicated to the design and engineering of processes are needed.



More competences on alternative cell formats than pouch cell configuration will be
desirable in addition to the development of the manufacturing process for all-solid-state
batteries.



The implementation of a cooperative operational framework will be necessary to exploit
synergies between pilot line operators, identifying knowledge and equipment gaps,
creating common training and standardization initiatives, and ultimately jointly developing
strategies for scaling up the impact of the network.



Integration of industrial R&D pilot lines (manufacturing plant simulation) to the network as
full members can be limited or not possible due to the restricted access and data sharing
policy of the industrial facilities. Therefore, an alternative membership, e.g. as associated
member with support to the network expert groups should be considered.
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4 Appendices
4.1

Promotion of the survey

Text included in the Newsletter and in the contact emails sent out for inviting to participate in the
survey (https://liplanet.eu/2020/08/20/take-the-liplanet-survey-on-european-lithium-battery-cellspilot-lines/).
Take the LIPLANET survey on European lithium battery cells pilot lines!
Are you operating a lithium battery cells pilot line in Europe? Are
you looking for increasing your expertise and knowledge? Are you
open to sharing your practices with your pairs to further develop
your skills? If so, the LiPLANET Network is for you…!
LiPLANET network members will benefit from
1)

being in the first row of the technological innovations to

be implemented by the industrial stakeholders who will guide the
R&D pilot lines evolution to facilitate the market access of the EU
battery cell production
2)

caring of your interests in the establishment of

manufacturing standards, validation procedures, training programs,
cooperation initiatives, etc.
3)
LiPLANET Newsletter August 2020

reinforcing your know-how and manufacturing expertise

by interacting with other R&D and industrial pilot line members

4) having a key role in the understanding and cost-effective design of cell production
5) evolving as a pilot line operator with R&I solutions to key industrial stakeholders
6) many other network initiatives …
Mapping the existing and forthcoming EU lithium battery cells pilot lines is one of the tasks of the LiPLANET
project, allowing to draw a comprehensive picture of the existing and forthcoming European pilot lines,
outlining potential gaps, synergies and complementarities within actors and identifying potential LiPLANET
network members. A survey built for this purpose is currently open. Participating in this survey is a prerequisite for stepwise becoming a LiPLANET network member.
More pilot lines will join, more the network will be able to professionalize and harmonize the knowledge of the
different pilot lines by an individual and joint evolvement of competences. So, if you are interested in this
initiative, take the survey without further delay!
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4.2

Brief presentation of the questionnaire layout
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ELIGIBILITY CRITERIA
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When a pilot line facility is identified as eligible, then the survey goes to the operational framework
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As soon as the questions regarding the operational framework of the pilot line facility are
answered, then the respondent is asked about its interest in keep in contact with LiPLANET.
Finally, authorization to reuse the information provided is requested.
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4.3

Preliminary structure of the mapping questionnaire as described in
deliverable D1.1

All organizations willing to join LiPLANET network will need to fulfill this questionnaire as a requisite
to become a formal member of the network.
The third level of definition will be then constituted by two main sections
1. Operational framework of the pilot line facility
2. Detailed information of the manufacturing process steps and production environment
along the Value Chain – Detailed Value Chain

In the following it will provide brief information about the content of each section as preamble of
the mapping questionnaire. It does not pretend to be the final structure of the questionnaire, but
at least to provide a general idea of the content. Furthermore, any criterion regarding post-lithiumion technologies is included at the present, although consideration may be taken during the
preparation of the mapping.

Table 5. Third set of Terms of Reference: Preliminary structure of the mapping questionnaire (to be
developed in D1.2)
Definition items

Operational framework
of the pilot line facility

LiPLANET appraisal

Questionnaire items

Type of host
organization







University
Research Institute
RTO
SMS
Industrial R+D lab

Fully operational
facilities (eligibility
check)



Year of establishment





Material validation
Battery technologies development
Process engineering/design and/or
Optimization
Product Characterization/development
Manufacturing plant simulation (industrial
R+D PL)
Testing facilities
Product development
Generation of new technologies
Low volume production
Scaling-up (market validation)
Innovation process
Build up complementary competences
(value chain)
Service provider
Quality assurance
Development of skilled human resources

Pilot line R+D main
focus

Operational framework
of the pilot line facility
Pilot Line production
scope
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Definition items

LiPLANET appraisal

Questionnaire items


Pilot Line joint
activities

Cell chemistries
manufactured under
Pilot Line operations
Detailed Value Chain

1. Production
Environment

Clean room
Dry room

Mixing

Coating
Detailed Value Chain

2. Electrode
Drying
Manufacturing
Calendaring
Slitting

Post-Drying

Cell format

Detailed Value Chain

3. Cell Assembly

Cell size
Cell production
Overall production
Separation
Stacking (pouch)
Winding (pris./cyl.)
Electrolyte filling
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If yes, indicate reason
 PL production activities (value chain)
 Opportunities of cooperation
 Shared facilities
 R&D Platform
 Model of joint activity
 Local
 Regional
 National
 European
 Third country
 LIB up to generation 3b
 Alternative lithium systems (gen. 4 and/or
5)




Area (m2)
Dew point (°C)
Temperature (°C)


















Type of mixing
Dry
Wet
Temperature (°C)
Coating width (mm)
Coating accuracy (± mm)
Production (m/ day)
Drying speed (m/min)
Length (m)
Temperature profile (°C)
Calendaring speed (m/min)
Cutting speed (m/min)
Batch (e.g. vacuum oven)/Continuous (e.g.
IR)
Pressure (mbar)
Drying time (h/batch)
Drying temperature (°C)














Pouch
Cylindrical
Prismatic
Ah
Cell / day
Ah / day
Pouching tool
Cutting/pouching speed (sheet / min)
Z-folding and single-sheet stacking (cycles)
Machine throughput (cells / min.)
Dosing method
Working pressure (mbar)
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Definition items

LiPLANET appraisal

Roll pressing (pouch)
Detailed Value Chain

Formation

4. Cell Finishing
Aging
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Questionnaire items



Consistent, continuous or cyclic filling
Control of the electrolyte quantity









Pressure (mbar)
Process time (s / cell)
Process duration (h)
SOC at the beginning (%)
Aging time (days)
Temperature range (°C)
Internal resistance (Ohm)
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