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Abstract. On the path towards a sustainable society, the availability of energy
storage systems is an essential step – leading to increased demand for batteries.
To achieve a sustainable society, it is necessary to manufacture batteries also in a
sustainable way. One approach lies in virtual experiments. They aim at identifying
parameters, recipes, and technologies in the digital world, before applying them
to the physical production system. Thus, manufacturing is optimized in regard
to sustainability indicators such as material consumption, emission, and waste –
but also in regard to costs, quality, and yield. The faster ramp-up is especially
important in the production of battery cells, due to the highly complex processes
and critical materials. In this paper, we introduce a concept for virtual experiments
platform in battery cell production. It includes collection of data, data aggregation,
a simulation environment, aswell as an optimizer.Also, it is integrated into existing
production and IT systems. The virtual experiments platform functions as a service
of a digital twin. Validation is conducted by realizing the virtual experiments
platform on the electrode production of lithium-ion batteries.
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1 Motivation

The advancing climate change necessitates a shift from the use of conventional energy
sources to renewable ones, which is accompanied by the indispensability of efficient
storage of electrical energy, leading to a rapid increase in demand for battery cells [1, 2].
In the context of battery cell production, sustainability is proving to be a key challenge.
Especially the use of digital twins can offer a solution for this challenge [3]. One specific
approach that can lead to reducing the resource-intensive initial period for identifying
machine parameters is the use of virtual experiments. This is to use less of thematerials in
production that may themselves have to be sourced from non-sustainable sources. Thus,
the input/output ratio can be improved and a more sustainable battery cell production
can be achieved. The concept of virtual experiments in battery cell production based on
the digital twin is presented in this paper and the concept is evaluated in the context of
electrode production.
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2 State of the Art

2.1 Battery Cell Production

A battery cell consists of a cathode, an anode, collectors, a separator, the electrolyte, and
a housing [4]. For many applications that rely on mobile energy storage, the lithium-ion
batteries have emerged as the best solution in recent years. Production of the cells is
divided into three main segments: electrode production, cell assembly, and activation or
formation [5]. In electrode production – on which the explanations in this contribution
focus – the production for anode and cathode follows the same process steps. The
electrode foils are coated with a paste of active materials – the slurry – dried, calendered,
slitted into narrower electrode strips, and finally vacuum dried [4, 6].

2.2 Sustainability

Sustainability is broadly defined as “the ability to meet the needs of the present without
compromising the ability of future generation to meet their own needs” [7]. Today
ecosystems are exceeding the capacity for self-regulation from man-made disruptions.
Climate change, overexploitation of land and natural resources, and loss of biodiversity
are outcomes of these disruptions in ecosystems [8]. Therefore the use of resources
must be adequately planned and emissions to air, water, and soil have to be measured
and minimized. The ISO normed method of life cycle assessment (LCA) captures all
material, energy, and emission flows that occur during the life cycle of a product system.
From this ecological status-quo analysis, different scenarios for optimization can be
investigated to enhance sustainability performance. Sustainability always bases on the
three pillars of ecology, economy, and society [9]. This implies that sustainable and
economic targets are not – as often perceived – contrary concepts, but are integrated
in each other, therefore creating a strong interdependence. Nonetheless each pillar of
sustainability can be targeted individually, but consequences for the other pillars have
to be taken into account.

2.3 Digitalization for a Sustainable Battery Cell Production

Battery cell production is very energy-intensive and requires critical raw materials [10].
Digitalization can help to enable sustainable battery cell production in all pillars: eco-
nomic, environmental, and social. The basis for this is created by the digital twin, which
is a digital representation of physical objects. It includes the properties, states, and
behavior of the object via data, models, and information [11]. The data generated during
production can be aggregated in the respective digital twins, stored, and thus used for a
variety of services – e. g. for simulations, or as input data for an LCA.

Predictive maintenance or adaptive production can have a direct impact on economic
key figures in the form of cost reductions. For this, the linking and analysis of data from
the machine and product twin is essential, as this is the only way to make reliable
predictions based on the production data.

Social sustainability aspects can also be addressed by digitalized battery production.
For example, the creation of transparency regarding the entire value chain of battery pro-
duction is an essential factor in avoiding social injustice in the future. This transparency
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can be enabled by the digital twin of the product, which contains data on the type of
production or the origin of the materials. It serves also as a basis for automized LCA or
the Battery Passport which is targeted by the European Union [12].

Furthermore, to enable the goal of ecologically sustainable production, data-based
simulation use cases can be realized that increase the input/output ratios in cell
manufacturing in the long term through optimized use of resources and energy.

Simulation is intended tomimic the behavior of a physical scenario, whose effects are
applied to a physical system [13]. In the field of battery cell production, there is related
work addressing concepts for simulating impacts of the entire process chain on the battery
performance such as [13]. Moreover, they state that various interdependencies in the
complex battery cell production process are still unknown, and thus stressing the desire
for more transparency [13]. Schönemann et al. [14] focus on a holistic framework for
coupling multiple submodels of a battery cell production system, enabling transparency
on process chain level. Thomitzek et al. [15] propose a multi-paradigm simulation for
the entire process chain, focusing on energy demand. However, besides these holistic
approaches on battery process chain level, no platform has been developed so far using a
combination of simulation models that allows for optimizing machine parameters while
considering the peculiarities of the specific process step, its intermediate product quality,
and its interdependency to the final battery performance. To narrow this gap, we propose
to establish a user-friendly virtual experiments platform for realistic experiments at the
process step level. It would enable process experts to plan experiments more efficiently
and support the production of high-quality intermediate products for the subsequent
process step. The use of virtual experiments can help to reduce the resource-intensive
setting of machine parameters for production [16].

3 Conception of Virtual Experiments

3.1 Setting the Goal of Virtual Experiments

The idea of virtual experiments is to support the parameter optimization in terms of
sustainability measures in a virtual space. In other words, virtual experiments are not
simulations, but virtual representations of real experiments that can be manipulated in
the digital world to a certain extent. Thus, virtual experiments represent a special appli-
cation of simulation-based engineering of production processes that aim to decrease the
time to develop a product with optimal parameters in a virtual space before producing it
on the physical machine. [17] Therefore, among other sustainability-related measures,
the use of input materials as well as energy consumption will be decreased using vir-
tual experiments. Moreover, virtual experiments increase transparency by supporting to
understand cause-effect relationships of machine input parameters and output parame-
ters of the product. In this case, virtual experiments are applied for understanding the
process by simulating various parameter sets of the depicted machine.

3.2 Virtual Experiments Platform Design

Figure 1 illustrates the big picture of the virtual experiments platform (VEP). The bottom
layer consists of the physical assets, on which physical experiments are conducted.
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In production, these physical assets are the production machine and the product that
is crafted on the respective machine. For both, the product as well as the machine,
digital twins are used. Within the digital twin of the battery cell production, the data,
models, and information of the relevant machine and product twins are aggregated.
These aggregations are, for example, training data sets that link the machine parameters
provided by the digital machine twin (e. g. of the coater) with the quality parameters that
belong to the crafted product, e. g. the produced electrode foil. The quality parameters of
the product are provided by the digital product twin. The data-basedmodels and physical
models that represent the characteristics of the particular process step are the basis of the
VEP, which runs as a service of the digital twin of the battery cell production. The VEP
allows for setting the input boundaries of machine parameters as well as parameters to
be optimized (e. g. quality, energy, and material consumption). Based on the models,
the parameters are shown within the VEP. The following step is to apply the optimized
parameter set on the physical asset and validate the virtual experiment.

Fig. 1. Big Picture of the Virtual Experiments Platform (photos © Studio Wiegel).

3.3 Development of the Virtual Experiments Platform

In the following, an iterative development approach for theVEP is proposed. The general
procedure bases on design thinking, which is useful for addressing complex issues by
integrating the end user’s perspective [18, 19]. Design thinking has already been used
in platform development to ensure that the needs of end users are considered [20].

Similar to the design thinking methodology, the development process for virtual
experiments is executed in an iterative way so that a first version is available in early
stages, which can then be improved. The first step of the development process of a VEP is
to incorporate the perspective of the end user by identifying stakeholders and determining
the need for virtual experiments similar to theUnderstand and Observe stages of design
thinking [21]. Based on the understanding of the user needs, the platform’s scope and
requirements can be defined in the next step. For this purpose, it is necessary to assess
which experiments should be represented within the platform by identifying the critical
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cause-effect relationships for sustainability through expert interviews or quantitative
analysis. Moreover, the complexity of the experiments needs to be defined by specifying
whether the parameters within experiments should be optimized with respect to a single
optimization objective or multiple objective variables in parallel. As sustainability in
production is dependent on several factors in parallel, it can be defined as a multi-
objective optimization problem.

To establish the data basis for aVEP, physical experiments have to be conducted in the
second stage. The reason for this is two-fold. On the one hand, data-driven models such
as machine learning algorithms need data for generating well-performing models. One
the other hand, even for physical models a data basis is needed since expert knowledge
is required for these models which can only be generated through physical experiments.
Furthermore, physicalmodels have to be validated on real data. For aVEPwhose primary
goal is to increase sustainability, there exist approaches that allow the data basis to
be generated in a sustainable way by using as few input materials as possible while
maximizing the exploration of the decision space [22, 23].

Once the data basis is ensured by conducting physical experiments, the frontend
of the platform can be developed and connected with the models that are generated
and validated on the data basis. The frontend should at least allow to set the input
boundaries of the experiment and the target parameters as illustrated in Fig. 1. Based on
the prediction of the models, the optimized target parameters and corresponding input
parameters should be visualized in the platform.

Similar to the last phase of design thinking, the final process stage of VEP devel-
opment entails the validation by users to assess whether the requirements are reached.
If adjustments are necessary, the next iteration of the development cycle begins. The
iterative process that has been described in this section is illustrated in Fig. 2.

Fig. 2. Virtual Experiments Platform Design Process.

4 Application of Concept in Battery Cell Production

The developed concept of VEP was applied in battery cell production at a coating line
of Fraunhofer Research Institution for Battery Cell Production FFB. Due to its modular
structure, transferability to other production processes and environments is given.
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4.1 Coating Line at FFB Workspace

In 2021, Fraunhofer started operating a coating line with clean room technology – the
“FFBWorkspace”. Its focus lies on innovative production procedures for slurry mixing,
coating, and drying in the electrode production. The production machinery consists of
a twin-screw extruder for continuous slurry mixing and a slot die coater with attached
dryer for anode coating. As the research team experiments with continuous mixing
techniques and different materials, the production recipes are frequently changed. Each
change in the production recipe can lead to a different behavior of the machinery during
the potentially material intensive and time-consuming ramp-up phase. The optimization
of these ramp-up phases is one possible use case for which a VEP is developed via the
methods described in Sect. 3.

4.2 Implementation of the Process at FFB Workspace

As described in Sect. 3.3 the design process for developing the VEP starts with identi-
fying the users of the platform and their needs. For this purpose, interviews with experts
for electrode production are conducted to define use cases for the slurry mixing and
coating/drying process. Possible general use cases could be to find ramp-up recipes with
reduced material throughput or to find faster ramp-up procedures for configuring the
process parameters. The specific parameters to be optimized during slurry mixing or
coating/drying will be chosen, building on preliminary research on cause-effect rela-
tionships in battery cell production [24]. Based on these requirements, the scope of the
platform and the experiments can be defined. Real experiments on the extruder and/or
coater are planned and conducted to create the needed data basis consisting of the pro-
cess parameters and inline quality measurements. The data basis also includes additional
offline quality measurements – e. g. the slurry viscosity – and input material qualities.
The subsequent steps in the design process, which are the model creation, frontend
development and the platform validation follow as described in Sect. 3.3. Table 1 lists
the specific content underlying the VEP components for an example use case of the
coating/drying process focusing on optimizing the product quality.

4.3 Digital Infrastructure for the Realization of the VEP

The digital infrastructure to realize theVEP is based on the big picture presented in Fig. 1.
Themachinery is connectedvia anOPCUAinterface [31]. Theprocess parameters, inline
quality parameters, andmachine states are read out via OPCUA and stored in time series
databases as part of its respective digital machine twin. Offline quality parameters and
material data are stored in relational and document-oriented databases as part of the
digital product twin.

The relevant data out of these databases is aggregated in data sets and transformed
into suitable data formats in the combined digital twin of production. These data sets
will then be used for validating the physical models or training the data-based models.
The simulations with these models shall run as services on the combined digital twin
where the communication with the VEP will be made possible via its API. The VEP
can run outside of the digital twin, e. g. as a web service, depending on the needs of the
users. The advantages and disadvantages of the VEP are summarized in Table 2.
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Table 1. VEP content for a use case of coating/drying process with focus on product quality

VEP Component Specific Content Realization
Type

Related
Work

VEP front end Selection of target
parameters (e. g. layer
thickness and cell
capacity) and input
boundaries

Connecting target
parame-ters and input
boundaries with models
(e. g. for predicting cell
capacity and layer
thickness)

Physical model Fluid simulation of slot
die

CFD simulation [25]

Heat transfer in dryer Analytical model [26]

Data-based model Prediction of electrode
heterogeneity

Machine Learning model [27]

Assessment of cell
capacity

Machine Learning model [28]

Data aggregation for
modeling

Aggregation of machine
and quality parameters, e.
g. slot die settings and
layer thickness

Digital twin middleware

Cell-specific
aggregations

Traceability system [29]

Digital twins Semantic model of the
asset (e. g., meta data,
machine states/quality
parameters, models)

Asset administration shell [30]

Table 2. Advantages and Disadvantages of a Virtual Experiments Platform.

Advantages Disadvantages

Enabling faster ramp-up of battery cell
production
Stable platform and high availability due to
open-source software technology stack
Creation of data basis for training or
validating models
Better understanding of cause-effect
relationships

More expertise and disciplines necessary in the
ramp-up, such as computer science and
simulation
Additional effort for developing platform
Models need to be adapted if process changes
on physical side
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5 Conclusion

In this paper, the need of sustainable battery cell production processes was presented.
Digital twins were identified as enablers for a more sustainable battery cell production,
as their data aggregation can be used as the basis for many services, ranging from visu-
alization to advanced services such as the VEP introduced in this paper. The idea of
virtual experiments is to accelerate parameter optimization in terms of sustainability
measures and decrease the actual physical experiment effort. Thus, material consump-
tion can be reduced. The user sets input boundaries and target parameters to be optimized
and the platform returns the optimized parameter set which is then applied on the actual
machine. For developing such a platform, an iterative six-step development approach
based on design thinking was proposed. Similar to design thinking, an end user perspec-
tive is adopted. Finally, it was described how the virtual experiments platform can be
applied in the battery cell production using the example of the electrode production in
the “FFB Workspace”. Further research should lie on broadening the validation of the
VEP conception to increase sustainability in the battery cell production.

Acknowledgements. “FoFeBat – Forschungsfertigung Batteriezelle Deutschland” is funded by
the Federal Ministry of Education and Research. Reference number: 03XP0256, 03XP0416.

References

1. Lewerenz, S.: Pros and cons of batteries in green energy supply of residential districts — a
life cycle analysis. In: Albrecht, S., Fischer, M., Leistner, P., Schebek, L. (eds.) Progress in
Life Cycle Assessment 2019. SPLCEM, pp. 159–172. Springer, Cham (2021). https://doi.
org/10.1007/978-3-030-50519-6_12

2. Bundesministerium für Wirtschaft und Klimaschutz, Batterien “made in Germany” – ein
Beitrag zu nachhaltigemWachstum und klimafreundlicher Mobilität. https://www.bmwk.de/
Redaktion/DE/Dossier/batteriezellfertigung.html. Accessed 11 May 2022

3. Mondejar,M.E., et al.: Digitalization to achieve sustainable development goals: Steps towards
a smart green planet. Sci. Total Environ. 794, 148539 (2021). https://doi.org/10.1016/j.scitot
env.2021.148539

4. Kampker, A.: Elektromobilproduktion, 1st ed. Springer Berlin (2014). https://ebookcentral.
proquest.com/lib/kxp/detail.action?docID=1731217

5. Pettinger, K.H., Kampker, A., Hohenthanner, C.R., Deutskens, C., Heimes, H., vom Hemdt,
A.: Lithium-ion cell and battery production processes. In: Korthauer, R. (ed.) Lithium-Ion
Batteries: Basics and Applications, pp. 211–226. Springer, Heidelberg (2018). https://doi.org/
10.1007/978-3-662-53071-9_17

6. Brodd, R.J., Tagawa, K.: Lithium-ion cell production processes. In: van Schalkwijk, W.A.,
Scrosati, B. (eds) Advances in Lithium-Ion Batteries, pp. 267–288. Springer, Boston (2002).
https://doi.org/10.1007/0-306-47508-1_10

7. Brundtland, G.H.: Our Common Future: Report of the World Commission on Environment
and Development. United Nations, Geneva (1987)

8. Persson, L., et al.: Outside the safe operating space of the planetary boundary for novel entities.
Environ. Sci. Technol. 56(3), 1510–1521 (2022). https://doi.org/10.1021/acs.est.1c04158

https://doi.org/10.1007/978-3-030-50519-6_12
https://www.bmwk.de/Redaktion/DE/Dossier/batteriezellfertigung.html
https://doi.org/10.1016/j.scitotenv.2021.148539
https://ebookcentral.proquest.com/lib/kxp/detail.action?docID=1731217
https://doi.org/10.1007/978-3-662-53071-9_17
https://doi.org/10.1007/0-306-47508-1_10
https://doi.org/10.1021/acs.est.1c04158


Virtual Experiments for a Sustainable Battery Cell Production 593

9. Barbier, E.B.: The concept of sustainable economic development. Envir. Conserv. 14(2),
101–110 (1987). https://doi.org/10.1017/S0376892900011449

10. Degen, F., Schütte, M.: Life cycle assessment of the energy consumption and GHG emissions
of state-of-the-art automotive battery cell production. J. Clean. Prod. 330, 129798 (2022).
https://doi.org/10.1016/j.jclepro.2021.129798

11. Stark, R., Kind, S., Neumeyer, S.: Innovations in digital modelling for next generation man-
ufacturing system design. CIRP Ann. 66(1), 169–172 (2017). https://doi.org/10.1016/j.cirp.
2017.04.045

12. Proposal for a Regulation of the European Parliament and of the Council concerning batter-
ies and waste batteries, repealing Directive 2006/66/EC and amending Regulation (EU) No
2019/1020: 2020/0353 (COD) (2020)

13. Thomitzek, M., Schmidt, O., Röder, F., Krewer, U., Herrmann, C., Thiede, S.: Simulating
process-product interdependencies in battery production systems. Procedia CIRP 72(1), 346–
351 (2018). https://doi.org/10.1016/j.procir.2018.03.056

14. Schönemann, M., Bockholt, H., Thiede, S., Kwade, A., Herrmann, C.: Multiscale simulation
approach for production systems. Int. J. Adv. Manuf. Technol. 102(5–8), 1373–1390 (2019).
https://doi.org/10.1007/s00170-018-3054-y

15. Thomitzek, M., von Drachenfels, N., Cerdas, F., Herrmann, C., Thiede, S.: Simulation-based
assessment of the energy demand in battery cell manufacturing. Procedia CIRP 80(1), 126–
131 (2019). https://doi.org/10.1016/j.procir.2019.01.097

16. McAfee,M., Kariminejad,M.,Weinert, A., Huq, S., Stigter, J.D., Tormey, D.: State estimators
in soft sensing and sensor fusion for sustainable manufacturing. Sustainability 14(6), 3635
(2022). https://doi.org/10.3390/su14063635

17. Lemu, H.G.: Virtual engineering in design and manufacturing. Adv. Manuf. 2(4), 289–294
(2014). https://doi.org/10.1007/s40436-014-0085-y

18. Plattner, H., Eds.: Design Thinking Research: Measuring Performance in Context, 1st ed.
Springer, Berlin (2012)

19. Brown, T.: Design thinking. Harvard Bus. Rev. 86(6), 84 (2008)
20. Friedrich, M., Borkowski, M., Lieb, J.: A multi-UAS platform to accelerate situation assess-

ment in first response missions – identification of user needs and system requirements using
design thinking. In: 39th DASC - Digital Avionics Systems Conference: Virtual conference,
11-16 October 2020, pp. pp. 1–7, San Antonio, TX, USA (2020)

21. Plattner, H., Meinel, C., Weinberg, U.: Design Thinking: Innovation lernen - Ideenwelten
öffnen. München: mi-Wirtschaftsbuch Finanzbuch Verl. (2011)

22. Maier,M., Rupenyan,A.,Akbari,M., Zwicker, R.,Wegener,K.: Turning: autonomous process
set-up through bayesian optimization and Gaussian process models. Procedia CIRP 88, 306–
311 (2020). https://doi.org/10.1016/j.procir.2020.05.053

23. Solnik, B., Golovin, D., Kochanski, G., Karro, J. E., Moitra, S., Sculley, D.: Bayesian
optimization for a better dessert (2017)

24. Abramowski, J.-P., et al.: Identifikation qualitätskritischer parameter. Zeitschrift für
wirtschaftlichen Fabrikbetrieb 116(10), 695–700 (2021). https://doi.org/10.1515/zwf-2021-
0154

25. Schmitt,M.: Slot die coating of lithium-ion battery electrodes. Erscheinungsort nicht ermittel-
bar: KIT Scientific Publishing (2016). https://directory.doabooks.org/handle/20.500.12854/
59466

26. Kumberg, J., et al.: Drying of lithium-ion battery anodes for use in high-energy cells: influence
of electrode thickness on drying time, adhesion, and crack formation. Energy Technol. 7(11),
1900722 (2019). https://doi.org/10.1002/ente.201900722

27. Duquesnoy, M., Boyano, I., Ganborena, L., Cereijo, P., Ayerbe, E., Franco, A.A.: Machine
learning-based assessment of the impact of the manufacturing process on battery electrode

https://doi.org/10.1017/S0376892900011449
https://doi.org/10.1016/j.jclepro.2021.129798
https://doi.org/10.1016/j.cirp.2017.04.045
https://doi.org/10.1016/j.procir.2018.03.056
https://doi.org/10.1007/s00170-018-3054-y
https://doi.org/10.1016/j.procir.2019.01.097
https://doi.org/10.3390/su14063635
https://doi.org/10.1007/s40436-014-0085-y
https://doi.org/10.1016/j.procir.2020.05.053
https://doi.org/10.1515/zwf-2021-0154
https://directory.doabooks.org/handle/20.500.12854/59466
https://doi.org/10.1002/ente.201900722


594 J. Krauß et al.

heterogeneity. Energy AI 5(229361), 100090 (2021). https://doi.org/10.1016/j.egyai.2021.
100090

28. Liu, K., Niri, M.F., Apachitei, G., Lain, M., Greenwood, D., Marco, J.: Interpretable machine
learning for battery capacities prediction and coating parameters analysis. Control. Eng. Pract.
124(4), 105202 (2022). https://doi.org/10.1016/j.conengprac.2022.105202

29. Riexinger, G., et al.: Integration of traceability systems in battery production. Procedia CIRP
93, 125–130 (2020). https://doi.org/10.1016/j.procir.2020.04.002

30. Federal Ministry for Economic Affairs, Details of the Asset Administration Shell: Part
1 - The exchange of information between partners in the value chain of Industrie 4.0
(Version 3.0RC02). https://www.plattform-i40.de/IP/Redaktion/DE/Downloads/Publikation/
Details_of_the_Asset_Administration_Shell_Part1_V3.pdf?__blob=publicationFile&v=10.
Accessed 21 Jul 2022

31. OPC foundation, Unified Architecture. https://opcfoundation.org/about/opc-technologies/
opc-ua/. Accessed 23 Jul 2022

Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing,
adaptation, distribution and reproduction in anymedium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative Commons license and
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.

https://doi.org/10.1016/j.egyai.2021.100090
https://doi.org/10.1016/j.conengprac.2022.105202
https://doi.org/10.1016/j.procir.2020.04.002
https://www.plattform-i40.de/IP/Redaktion/DE/Downloads/Publikation/Details_of_the_Asset_Administration_Shell_Part1_V3.pdf?__blob=publicationFile&amp;v=10
https://opcfoundation.org/about/opc-technologies/opc-ua/
http://creativecommons.org/licenses/by/4.0/

	Virtual Experiments for a Sustainable Battery Cell Production
	1 Motivation
	2 State of the Art
	2.1 Battery Cell Production
	2.2 Sustainability
	2.3 Digitalization for a Sustainable Battery Cell Production

	3 Conception of Virtual Experiments
	3.1 Setting the Goal of Virtual Experiments
	3.2 Virtual Experiments Platform Design
	3.3 Development of the Virtual Experiments Platform

	4 Application of Concept in Battery Cell Production
	4.1 Coating Line at FFB Workspace
	4.2 Implementation of the Process at FFB Workspace
	4.3 Digital Infrastructure for the Realization of the VEP

	5 Conclusion
	References




