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Executive Summary
One of the objectives of the LiPLANET project is the development and facilitation of training sessions
in order to bridge skill gaps, and to facilitate knowledge transfer among the network as well as to
interested stakeholders.
During the period of one year, the LiPLANET consortium started by conducting a survey to understand
the most urgent skill gaps in pilot lines and the battery ecosystem in general, where based on the
findings, a number of training sessions and training materials were developed and delivered. The
LiPLANET training materials were developed in collaboration with multiple experts within the
consortium and comprised both of synchronous (virtual training sessions) and asynchronous materials
(video-based trainings). Specifically, this work led to the following training materials:
 Asynchronous – Video-based trainings
o Battery cell chemistries: This video lesson focuses on the different battery cell
chemistries, their advantages, disadvantages, and limitations.
o Battery cell manufacturing process: This 3-part video lesson focuses on the individual
steps of the electrode and cell production and the most important factors of each
process step.
o Battery components and pouch cell production process: This video lesson focuses on the
pouch cell prototype production process and the contribution of the individual process
steps to the overall cell performance.
 Synchronous – Virtual training sessions
o Digitalization in battery production: This virtual training session focused on the cyberphysical production system to lead through the opportunities and challenges of
digitalization in the battery production.
o Modeling and simulation of cells: This virtual training session focused on the various
strategies of modelling in battery designing and manufacturing such as atomistic
modeling, electrochemical models, continuum scale models, and ML models.
o Cell design and electrode manufacturing: This virtual training session focused on the
steps and possibilities of the electrode and cell production and the most important
factors of each process step.
o Physical and machine learning modeling of battery manufacturing processes: This virtual
training session focused on the different physics-based models and machine-learningbased modeling strategies that allow predicting the influence of manufacturing
parameters on the electrodes’ properties.
These LiPLANET training materials are available publicly here.
At the end of each synchronous training session a survey was sent out to participants for immediate
feedback.

This document reflects only the author’s view, and the Agency and the Commission are not responsible for any use that may
be made of the information it contains.
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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 battery 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, organising joint trainings as well as, favouring
collaborations between industry and academia, and facilitating the access to market.
For this purpose, different activities are pursued throughout the project:





mapping of the European lithium battery 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.

With the consent of the consortium, “Li-ion battery cells” has been changed to “Lithium battery
cell”, since it includes a wider scope of battery types, e.g., solid state batteries and lithium sulphur
batteries. These types of batteries are also relevant for the Network but wouldn’t be included in
the term “Li-ion”.
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1.2

Scope and objective of this deliverable

One of the objectives of the LiPLANET project is the development and facilitation of training sessions
in order to bridge skill gaps, and to facilitate knowledge transfer among the network as well as to
interested stakeholders.
During the period of one year, the LiPLANET consortium started by conducting a survey to understand
the most urgent skill gaps in pilot lines and the battery ecosystem in general, where based on the
findings, a number of training sessions and training materials were developed and delivered. The
LiPLANET training materials were developed in collaboration with multiple experts within the
consortium and comprised both of synchronous (virtual training sessions) and asynchronous
materials (video-based trainings).

Battery cell chemistries
•Video-based training

Battery components and pouch cell production process
•Video-based training

Battery cell manufacturing process
•Video-based training (3-part)

Digitalization in battery production
•Virtual training session

Modeling and simulation of cells
•Virtual training session (2-part)

Cell design and electrode manufacturing
•Virtual training session

Physical and machine learning modeling of battery manufacturing processes
•Virtual training session
Figure 1: LiPLANET training materials overview
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2 Methodology
This task was performed in four different phases during 2021 as seen in Figure 2.

Figure 2: LiPLANET training materials methodology

2.1

Phase 1 – Identification of skills and knowledge gas

During Phase 1 (February – April) the focus was on identifying the most urgent skills or knowledge
gaps on battery related areas that should eventually be the focus of LiPLANET training materials. This
was analysed via a survey that was distributed among the LiPLANET consortium.
Even though a limited number of completed surveys was collected, the resulting analysis provided a
first identification of topics to be tackled by the LiPLANET training materials. The following figures (3,
4, and 5) present the main results of the survey.

Figure 3: LiPLANET skills survey results - How would you rate the skills gap in the following areas?
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Figure 4: LiPLANET skills survey results - Which topics would you recommend the education content of the LiPlanet
trainings should focus on?

Figure 5: LiPLANET skills survey results - Top 3 skills to be tacked in the short term

Based on the survey results analysis, the following areas were identified as the main focus for the
LiPLANET trainings:






Cell design
Electrode manufacturing
Digital skills in battery manufacturing
Modelling and simulation of cells
Battery manufacturing process
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2.2

Phase 2 – Defining the topics and format for each training

During Phase 2 (May – June) the focus was on defining the exact format, and topics of each LiPLANET
training and training materials, in collaboration with specific experts, based on the areas identified
during Phase 1. The experts were chosen within the LiPLANET consortium based on their expertise,
and in collaboration with the respective experts, the formats of the trainings were chosen. The
formats chosen were video-based training materials and virtual live training sessions, after
considering the limitations that were caused by COVID-19 pandemic. For each training material, the
following were defined:




2.3

Short description of the training material
Learning objectives
Target audience

Phase 3 – Content development

During Phase 3 (July – September) the focus was on developing the content of the individual training
materials in collaboration with the respective experts from the LiPLANET consortium.
For the video-based training materials the process followed was:








Drafting of the content outline
Drafting of the video script
Review, feedback and iterations
Finalization of video script
Filming of video training material(s)
Post-production and creation of animations to visualize the content
Finalization of video training material(s)

For the live virtual training sessions the process followed was:






2.4

Developing the content outline
Choice of virtual environment tool to maximize interactivity
Preparation of training materials
Review and iterations
Finalization of training materials

Phase 4 – Delivery and facilitation of trainings

During the last phase, Phase 4 (October – November) the training materials were delivered in
collaboration with the respective experts and facilitated by EIT InnoEnergy according to their
respective format (Figure 6).
The video-based training materials, after finalisation became available for learners on Youtube. The
live virtual training sessions were delivered during specific timeslots (1.5 – 2 hours per session) in a
virtual environment. Participants were able to register to one or more live virtual training sessions.
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During each training a number of participants were able to join the virtual training sessions live,
engaging and interacting with the respective experts.
Table 1: LiPLANET training materials

Training

Expert and organization
Video-based
Rahul Gopalakrishnan (Avesta Battery
Battery cell chemistries
& Energy Engineering)
Robin Moschner (iPAT - TU
Battery cell manufacturing process
Braunschweig) and Iker
Boyano (CIDETEC)
Battery components and pouch cell
Katja Fröhlich (AIT Austrian Institute
production process
of Technology)
Virtual sessions
Robin Moschner (iPAT - TU
Cell design and electrode
Braunschweig) and Iker
manufacturing
Boyano (CIDETEC)
Jacob Wessel and Aleksandra
Digitalization in battery production
Naumann (TU Braunschweig)
Modeling and simulation of cells
Seddigheh Nikipar (Avesta Battery &
(Part 1)
Energy Engineering)
Modeling and simulation of cells
Elixabete Ayerbe (CIDETEC Energy
(Part 2)
Storage)
Physical and machine learning
Alejandro Franco (Université de
modeling of battery manufacturing
Picardie Jules Verne)
processes

Video-based LiPLANET training materials
Battery cell chemistries
In this video lesson, the different battery cell chemistries are exproled for both the positive and the
negative electrodes, along with their advantages, disadvantages, and limitations. The content of this
video lesson was developed in collaboration with Rahul Gopalakrishnan (Avesta Battery & Energy
Engineering). This video was designed for engineers, chemists, researchers, and scientists interested
in this topic.
Battery cell manufacturing process
In this 3-part video lesson an overview of the individual steps of the electrode and cell production is
provided, showing the most important factors of each process step as well as available machinery
and process variations. The content of this 3-part video lesson was developed in collaboration with
Robin Moschner (iPAT - TU Braunschweig) and Iker Boyano (CIDETEC). This video was designed for
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engineers, chemists, researchers, and scientists interested in or working within the battery cell
manufacturing field.
Battery components and pouch cell production process
In this video lesson, an overview of the pouch cell prototype production process is provided, as well
as the contribution of the individual process steps to the overall cell performance, while also
exploring the individual components of Li-ion batteries. The content of this video lesson was
developed in collaboration with Katja Fröhlich (AIT Austrian Institute of Technology). This video was
designed for engineers, chemists, researchers, and scientists interested in or working within the
pouch battery cell production field.

Virtual LiPLANET training sessions
Digitalization in battery production
Digitalization is a trend in the industry enabling companies to use previously inaccessible potential
and realize time and cost savings. More and more companies are approaching digital solutions and
smart factories to be successful and competitive in the future. Especially in battery production,
process steps influence each other and the final product, making digitalization a key enabler for a
more efficient production and process understanding. By digitizing the production, the process
parameters can be collected and processed timely and accurately. This virtual training used the
cyber-physical production system as a central topic to lead through the opportunities and challenges
of digitalization in the battery production.
It was designed for engineers, chemists, researchers, and scientists interested in this topic and
empowered participants to:





develop knowledge on the potential and diversity of the presented methods using the
example of a cyber-physical production system
assess challenges and opportunities associated with the battery production regarding
digitalization problems
learn the methodology to enable the realization and advancement of industry 4.0 in the
context of battery production
transfer the presented methods to their own topics and objectives

This virtual training was delivered by Jacob Wessel and Aleksandra Naumann (TU Braunschweig) on
21 October 2021 (10:00am -12:00pm). The total number of participants that attended the training
live was 27.
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Figure 6: LiPLANET training session promotional banner - Digitalization in battery production

Modeling and simulation of cells
Computational multi-scale modeling plays key roles in battery designing and manufacturing which
ranges from atomic scale to macroscale. Atomistic scale modeling produces the fundamental physical
and chemical characteristics of the materials such as diffusion pathways and coefficient, structural
evolution, and phase transition, and therefore help to modify and design the materials from the
atomic level. However, for optimizing the processing conditions to achieve the desired cell
performance the physics-based electrochemical modelling play essential role. Furthermore, recent
ML methodologies provide a platform to accelerate the modelling process and derive models to
predict the behaviour of cell on special conditions, while ML-based algorithms are employed to
discover new materials consist desired properties predict the properties of materials. The first part
of this 2-part virtual training begun by introducing various strategies of modelling in battery designing
and manufacturing such as atomistic modeling, electrochemical model, and ML. Then, the details of
atomistic modelling and its capability in battery designing and its integration with ML were explained.
Lastly, it provided the basic concepts of designing physics-based electrochemical model and the
insights they provide on the processing-performance mapping using case studies.
The second part of the training focused on the continuum scale models as well as in ML models. The
main aspects and purposes of such models were discussed. Continuum model equations, state of the
art in numerical algorithms and optimization algorithms, model parametrization aspects, and the
required parameters for each of the models were described. Similarly, the general overview of the
current ML models for battery predictions was provided, showing the advantages of these models in
computation costs. Finally, some examples of the usage cases were shared for both models.
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This training was designed for theoretical and experimental researchers as well as managers who
would like to have a basic understanding of model development and design principles, and
empowered participants to:









understand the atomistic modeling and its application in battery designing
identify ML methodologies and its application in prediction battery behavior
understand the elements in electrochemical modeling for lithium-ion batteries
identify the relation of processing conditions to electrode microstructure and cell
performance
learn how to tune the model for more realistic simulations
understand the scope and approach of continuum models
understand how model-based design can be applied to real usage
understand how models can accelerate the battery parametrization activities

Participants were expected to have a basic understanding of the working of an electrochemical cell.
This 2-part virtual training was delivered by Seddigheh Nikipar (Avesta Battery & Energy Engineering)
on 27 October 2021 (14:00 - 16:00pm – Part 1), and Elixabete Ayerbe (CIDETEC Energy Storage) on
28 October 2021 (14:00 - 16:00pm – Part 2). The total number of participants that attended this 2part training live was 28.

Figure 7: LiPLANET training session promotional banner – Modeling and simulation of cells

Cell design and electrode manufacturing
Electrode and cell production is a multistep and complex topic. A great number of parameters
influence the performance, safety, and longevity of assembled cells during the production process.
This virtual training aimed to provide an overview of the steps and possibilities of the electrode and
cell production, showing the most important factors of each process step as well as available
machines and process variations.
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It was designed for engineers, chemists, researchers, and scientists interested in or working within
the battery field and empowered participants to:




understand the electrode and cell manufacturing process
make estimates about the influence of process variations on the electrode and cell properties
develop knowledge about possible machinery for small or larger scale production as well as
measurement techniques

This virtual training was delivered by Robin Moschner (iPAT - TU Braunschweig) and Iker Boyano
(CIDETEC) on 9 November 2021 (14:00 - 15:30pm). The total number of participants that attended
the training live was 41.

Figure 8: LiPLANET training session promotional banner – Cell design and electrode manufacturing

Physical and machine learning modeling of battery manufacturing processes
The manufacturing process of lithium-ion batteries encompasses multiple steps and numerous
parameters that need to be adjusted in order to optimize the process, and ultimately the electrodes
within the battery cells. Trial and error approaches are currently used for this purpose, but they are
time-consuming and costly. The use of predictive physics-based and machine learning models is
therefore crucial in order to ease the optimization of such processes. This virtual training discussed
different physics-based models and machine-learning-based modeling strategies that allow
predicting the influence of manufacturing parameters on the electrodes properties, giving the
promise to accelerate battery manufacturing optimization. It introduced the basic concepts on how
to implement in practice such kind of models and share application examples with the participants.

D6.3 | Training materials

13 | 18

| H2020-LC-BAT-2019-2020 GA No 875479 |

This training was designed for participants with knowledge of battery science, preferably with
experimental or modeling background, and empowered participants to:




familiarize themselves with digital tools to analyze battery manufacturing data
learn the working principles of digital tools to model battery manufacturing processes
learn how to implement in practice some of these tools (software, programs)

This virtual training was delivered by Alejandro Franco (Université de Picardie Jules Verne) on 10
November 2021 (14:00 - 16:00pm). The total number of participants that attended the training live
was 31.

Figure 9: LiPLANET training session promotional banner – Physical and machine learning modeling of battery
manufacturing processes
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3 Feedback from the participants
At the end of each live virtual training session, the participants were provided with a simple survey
to share their feedback. The following are presenting the response rate and feedback received for
each virtual training session.
LiPLANET training session survey - Digitalization in battery production – Response rate: 18.5%

LiPLANET training session survey - Modeling and simulation Part 1 – Response rate: 25%

D6.3 | Training materials

15 | 18

| H2020-LC-BAT-2019-2020 GA No 875479 |

LiPLANET training session survey - Modeling and simulation Part 2 – Response rate: 25%
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LiPLANET training session survey - Cell design and electrode manufacturing – Response rate:
26.8%

LiPLANET training session survey - Physical and machine learning modeling of battery
manufacturing processes – Response rate: 12.9%
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4 Conclusion
The trainings were successfully delivered in collaboration with multiple experts within the
consortium, as the participants‘ feedback also suggests. One main conclusion was that since the
trainings received high interest that they could be delivered again at a later stage. Specifically, the
virtual training sessions could be adapted (if necessary) and delivered on specific dates with a
maximum number of participants up to 40, to maximize the possibility for interaction with the
experts. Another main conclusion was based on the fact that even though the trainings had an
adequate number of participants, the number of registrations was higher.
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