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Editors' Preface

In times of global challenges, such as those presented by the climate crises, new mobility trends,
and the aging population in western countries, production engineering is essential for the sus-
tainable development of our industrialized society. The influence of individual industrial estab-
lishments on the environment and society is dependent on the utilized production resources, the
employed production processes, and the established production organizations. The full potential
of a company’s success can only be achieved through an optimal coordination of people, or-
ganization, and technology. Here, special attention must be given to resource conservation, ef-
ficiency, and resilience, as well as to operate flexibly within a volatile production environment.

In order to navigate the tension between sustainability requirements, complexity, costs, time,
and quality, production structures have to be continually reviewed and enhanced. This requires
that the complexity of products, manufacturing processes, and production systems be both re-
duced and better controlled.

The research objective of the iwb is the continual improvement of product development and
planning systems, manufacturing processes, and production equipment. A company's organiza-
tional, manufacturing, and work structures, as well as the underlying systems for order pro-
cessing, are to be developed under strict consideration of employee-related requirements and
sustainability issues. The computer-aided and artificial intelligence-based methods used and the
necessary increase in automation levels should not lead to a stiffening of work organization
structures. Thus, the consideration of ecological and social aspects in all planning and develop-
ment processes is of utmost importance.

The volumes published within this book series are based on the research fields of the iwb. This
includes a spectrum of fields, ranging from the design, development, and implementation plan-
ning of production systems to the development of manufacturing and assembly technologies.
Cross-disciplinary topics hereby include the control and operation of production systems, qual-
ity assurance, availability, and autonomy. The iwb-research reports publish new results and
insights pertaining to applied research carried out at the institute. This book series serves to
foster and promote knowledge transfer between the higher education sector and the practition-
ers.

Riidiger Daub Christina Reuter Michael Zih
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1 Introduction

“We're the first generation to feel the impact of climate change,
and the last generation that can do something about it.”
(BARACK OBAMA, former president of the United States of America)

This powerful quote by former US President Barack Obama at the UN Climate Change Summit
in New York (September 23, 2014) emphasizes that we are at a critical point in time to coun-
teract climate change, highlighting both our responsibility and the opportunity for action.

1.1 Motivation

The urgency to reduce greenhouse gas emissions has become a central challenge of our time,
driven by the need to mitigate the impacts of climate change. Internationally agreed climate
targets, such as those outlined in the Paris Agreement of 2015, must be met, aiming to limit
global warming this century to well below 2 °C compared to pre-industrial levels. (UN-
FCCC 2015) Achieving this target requires fundamental changes in energy generation and con-
sumption, focusing on decarbonizing transportation and expanding renewable energy sources.
Electrified mobility and renewable energy systems are crucial to these efforts, as they offer an
opportunity to significantly reduce emissions in sectors historically dominated by fossil fuels.
(KRISHNAN ET AL. 2024)

Lithium-ion batteries (LIBs) are a key element in enabling this transition. Besides serving as an
energy storage for stabilizing power grids that rely on intermittent renewable energy sources
like wind and solar, LIBs also power sustainable mobility solutions such as electric vehicles
(EVs). (AHMED & MARAZ 2023, pp. 272-273) To further accelerate EV adoption, it is essential
to enhance the performance of LIBs while simultaneously addressing cost and energy consump-
tion challenges. One promising approach to improving their performance is the development of
new cell chemistries, such as nickel-rich material compositions. These materials offer a higher
energy density, which is crucial for extending the range of EVs and making them more attrac-
tive to consumers. As a result, their use has steadily increased. (L1 ET AL. 2020b, pp. 26-27)

Despite these benefits, nickel-rich cell chemistries are sensitive to moisture, requiring strictly
controlled production environments to prevent degradation (XIAO ET AL. 2023, p. 3). However,
providing these dry environments accounts for up to 50% of the overall energy consumption in
production, driving operational costs (YUAN ET AL. 2017, p. 3; JINASENA ET AL. 2021, p. 12;
DEGEN ET AL. 2023). As precise moisture tolerance levels for the materials are unclear, current
production facilities often implement excessively stringent air dryness standards to ensure the
material quality. This results in the oversizing of the energy-intensive units to provide the
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required production environment, significantly increasing energy consumption and, therefore,
production costs. (VOGT ET AL. 2022b, p. 5) Hence, the unknown atmosphere requirements gen-
erate a trade-off between costs and material integrity, causing inefficiencies. Addressing this
trade-off is essential, particularly given the high prices for electrified mobility and the currently
limited availability of affordable green energy to power the energy-intensive battery production
(KRISHNAN ET AL. 2024). Overcoming the inefficiency challenge requires a deeper understand-
ing of the material-related requirements in correlation with the production system.

1.2 Objective of the Dissertation

To address the described challenge of increased energy consumption due to unclear air dryness
requirements, this dissertation aims to support identifying a material-appropriate production
system. Hence, the objective of the dissertation can be formulated as follows:

Providing a methodology for the moisture management when handling moisture-sensitive
cathode active materials, aiming to reduce costs and energy consumption in lithium-ion bat-
tery production

This objective requires a multidisciplinary approach. The first part involves planning the pro-
duction system by setting up a digital factory twin to assess production-related impacts on the
material flow. Based on that, material-specific requirements are examined, which necessitates
identifying a suitable approach. Additionally, a comprehensive economic and environmental
calculation model of the entire production system is developed to evaluate the effects of opti-
mized production environments. Hence, the overall goal of the methodology is to enable the
identification of air dryness requirements during the production system planning phase, thereby
minimizing energy consumption and reducing costs while ensuring material quality.

The proposed methodology is generally applicable holistically or partially, depending on the
user. For example, cell manufacturers in the early production system planning phase can benefit
from the entire methodological framework. In contrast, material suppliers can particularly profit
from the economic and environmental calculation model to assess acceptable costs for their
products. Therefore, the individual methodology modules (cf. Section 4.1) are designed to be
applicable independently.

1.3 Research Methodology and Structure of the Dissertation

The content of the dissertation can be structured according to the Design Research Methodology
(DRM) presented by BLESSING & CHAKRABARTI (2009). The DRM is widely used for catego-
rizing engineering research projects based on their methodological approach. It distinguishes
four specific stages: Research Clarification, Descriptive Study I, Prescriptive Study, and De-
scriptive Study II. Depending on the methods applied, the research approach can be classified
as review-based, comprehensive, or initial. This dissertation adopts a research design corre-
sponding to research project type 3, with each stage and its related chapters briefly outlined in
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the following. (BLESSING & CHAKRABARTI 2009, p. 18) The overall structure of this disserta-
tion, including the DRM stages, is summarized in Figure 1.1.

The first phase serves for the Research Clarification and aims to define a target condition based
on an initial state (BLESSING & CHAKRABARTI 2009, p. 15). In this context, Chapter 1 of this
dissertation introduces the research challenge and objective, while Chapter 2 provides a review-
based explanation of the research-related fundamentals. The Descriptive Study I marks the sec-
ond DRM stage and intends to deepen the understanding of the existing situation and its corre-
sponding challenges (BLESSING & CHAKRABARTI 2009, pp. 15—16). This stage is partially ad-
dressed through Chapter 2, in combination with Chapter 3, which highlights the current state of
the art and derives the research needs using a literature review approach. The following Pre-
scriptive Study stage focuses on developing a solution approach to address the identified re-
search needs (BLESSING & CHAKRABARTI 2009, p. 16). For this purpose, Chapter 4 presents a
cumulative description of the four embedded publications, detailing the proposed methodology
for the moisture management in LIB production. To further support the usability of this frame-
work, Chapter 5 outlines instructions for its implementation. The final DRM stage, the Descrip-
tive Study I, aims to investigate the impact of the proposed solution through its application and
evaluation (BLESSING & CHAKRABARTI 2009, pp. 16—17). Chapter 5 discusses the value and
limitations of the methodology, while Chapter 6 summarizes the overall research project and
outlines future research opportunities.

Chapter & Content DRM Stages

Introduction

1 = Motivation and problem statement
= Research objective

Research Clarification
(Review-based)

Fundamentals
2 = Explanation of relevant fundamentals to support comprehension T—_—
= Representation of connections

Descriptive Study I
(Review-based)

State of the Art

3 = Presentation of the current state of the art
= Elaboration of research need

- T—

Methodology
4 = Description of methodology structure r [
= Presentation of solution approach with

Prescriptive Study
individual publications

Lo ications (Comprehensive)
Discussion

5 = Explanation of methodology application T—

= Evaluation of developed methodology

Descriptive Study IT
(Initial)

Conclusion
6 = Summary of the thesis
= Outlook on further research opportunities

Figure 1.1: Structure and research methodology of the dissertation, including the assignment of the DRM stages
according to BLESSING & CHAKRABARTI (2009), along with the four embedded publications (Ps).
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