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Abstract 

Under the concept of "Industry 4.0", production processes will be pushed to be increasingly interconnected, 
information based on a real time basis and, necessarily, much more efficient. In this context, capacity optimization 
goes beyond the traditional aim of capacity maximization, contributing also for organization’s profitability and value. 
Indeed, lean management and continuous improvement approaches suggest capacity optimization instead of 
maximization. The study of capacity optimization and costing models is an important research topic that deserves 
contributions from both the practical and theoretical perspectives. This paper presents and discusses a mathematical 
model for capacity management based on different costing models (ABC and TDABC). A generic model has been 
developed and it was used to analyze idle capacity and to design strategies towards the maximization of organization’s 
value. The trade-off capacity maximization vs operational efficiency is highlighted and it is shown that capacity 
optimization might hide operational inefficiency.  
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1. Introduction 

The cost of idle capacity is a fundamental information for companies and their management of extreme importance 
in modern production systems. In general, it is defined as unused capacity or production potential and can be measured 
in several ways: tons of production, available hours of manufacturing, etc. The management of the idle capacity 
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Abstract 
Increasing digitalization of manufacturing leads to new competence requirements for mechanical engineers. In recent years, 
learning factories have proven to be the ideal learning concept for acquiring skills. However, the teaching of IT skills is missing in 
the current training courses. Therefore, this paper will present a holistic approach in form of a learning factory module, starting 
from the conception and development right up to the operation of a Cyber-Physical-Systems (CPS) in the production environment. 
Within the training module, the participants will have to develop a Cyber-Physical-Production-System (CPPS) for an assembly 
line. The participants are trained how to select the hardware and software components for a modular, decentralized and transferable 
solution in four consecutive learning units. In each unit, the selected technologies will be combined to a web-technology-based 
prototype, which is then tested in the real world environment of the LPS-learning factory. 
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1. Introduction 

Digitization is the megatrend of recent years. In Germany the digitization efforts have been summarized under the 
term “Industrie 4.0”, which is strongly promoted by the Federal Government since 2013. Industrie 4.0 integrates many 
different perspectives in companies. [1] The product becomes a Cyber-Physical-System (CPS) and the production 
system becomes a Cyber-Physical-Production-System (CPPS). In addition, processes and workflows as well as the 
previous business models are changing. [2] Everything gets a computing unit and is networked to reach the traditional 
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aims. The goals of maximizing the transparency of processes, increasing flexibility and increasing productivity while 
reducing costs and resources shall be reached by using digital tools. The path to Industrie 4.0 is defined and many new 
concepts and technologies from research have already been put into operation, but employees with required skills are 
missing. 

According to a study by the institute for SME (small and medium sized enterprises) in Bonn [3] SME represent 
99.7% of all companies in Germany in 2009. However, SME are only rudimentarily prepared for the changing 
conditions. This is also proven by the study from [4]. The companies have historically grown expertise and the 
employees seldom have the necessary competences to implement digitization in their companies. There is a lack of 
digital skills, especially IT skills. Smaller companies are thus less prepared for the digital change process then the 
global player. In addition to all digitization efforts, the human being with its flexibility and decision-making ability 
remains in focus in Industrie 4.0 and keeps staying an important element in production systems. Therefore, employees 
have to be trained in the use of new technologies but also to be able to implement digitization projects as well as to 
carry out own implementations or customizations. For this purpose, the article shows a holistic approach from the 
pure digitization of data acquisition to visualization and data usage up to a full IT integration with simple and cheap 
hardware. In order to train new techniques with a direct relevance to reality, learning factories (LF) have proven to be 
an excellent training environment in recent years. Therefore, this new approach is bundled in a new module of the LF 
at the chair of production system (LPS) in Bochum. 

The paper is structured as followed. Chapter two presents an overview of the current situation of LF. This leads to 
the motivation for the new approach and the specific aim of the new learning module, which is described in chapter 
four. Finally, the concept is summarized and an outlook for integration with other approaches is given. 

2. Current state of learning factories 

In preliminary work for the new learning module, a review of current LF was done. The currently available learning 
approaches were examined to see if these enable the learner to implement digitization concepts. As a differentiation 
to other LF the definition of [5] was used, which represents after [6] the complete consideration. According to [5] a 
LF must include manufacturing processes with technical and organizational aspects, the setting must present a physical 
value chain, which creates a physical product. And all is capsuled in a didactical concept. Additionally, the purpose 
of a LF can be teaching, training or research. These are the main purposes so that a LF can be an experimental or 
validation environment. [6] The results from [7], [8] and [6] show the diversity of LF. Besides the LF at schools and 
universities, LF become very popular in the industry (e. g. LF at BMW or Chrysler; compare [6]). It was analyzed 
how digitization was integrated. As mentioned in [5] the review also results in a general clustering into two groups 
the teaching-oriented LF in contrast to installation or rather test environments. Like [6] mentions, the current teaching-
oriented LF can be clustered in the following categories: LF for production process improvement; LF for 
reconfigurability, production and factory layout planning; LF for energy and resource efficiency; Applied teaching 
factory concept; LF for sustainability; LF for product emergence processes; LF for logistics optimization; LF for 
management and organization; LF for business administration; LF for automation technology. The research results 
show that digitization aspects are not focused on LF with teaching (excluding research) purpose in detail. In literature 
to LF e. g. in the proceedings to the “CIRP Conference on Learning Factories” Industrie 4.0 or digitization as a core 
technology are called for the first time in 2015 (e. g. [9] or [10]). In addition, LF concepts since then are pure research 
objects or showcases for digitization. New technologies are adopted for new learning scenarios, but only teaching the 
research results in use is focused and not the development of own creative solutions. The current purposes in 
digitization are the demonstration of new potentials (e. g. [11] or [12]) or the use of new information and 
communications technology (ICT) as delivery mechanisms (e. g. [13]). 

3. Motivation and purpose of the new learning scenario  

The review of the present status exposes that there is a lack of student and industrial training that focuses on base 
technologies, general concepts, development and implementation in the field of digitization. Teaching how CPS work 
in general or how they can be handled is not enough. Current LF trainings focus on the application of new concepts, 
technologies and solutions. Sensors, data-processing and visualization are assumed as given. The previous steps for 
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conceptual design, implementation and commissioning are not considered in the current teaching-oriented learning 
modules. The current learning modules do not enable the learners to transfer the concepts into new areas. It is important 
to teach the skills for developing CPS, because engineers with skills for realizing digitization projects are missing in 
today’s companies. Above all, the development and implementation of new digital solutions in industry are 
increasingly supported by software technology. However, most mechanical engineers lack IT skills for design and 
programming. Only if someone knows how something works, this knowledge can be transferred to new things. Similar 
to the results from [6] it can be stated, that there is a lack in mechanical engineering education that focuses on modeling 
processes, cross-domain integration of systems and teams, simulation, work with data and design interfaces between 
physical and digital elements. 

Therefore, a cross-domain basis, in which mechanical engineers, computer scientists and electrical engineers can 
work together and learn from each other, is needed. First of all, this leads to the motivation to develop a new holistic 
approach for teaching IT skills for mechanical engineers in a production environment, which are very diverse. The 
learner’s engineering skills such as abstraction, understanding, mapping or modeling processes should be expanded 
and transferred to the IT domain. Learners should receive fundamental IT skills that empower them to understand 
what is happening in the background or often mentioned as “black box” and let them communicate about technology, 
ideas and concepts. Therefore, learners should get to know the tools that are needed to implement digitalization in 
small boundaries like a machine, a cell or an assembly line. The purpose of this LF module is teaching how to 
implement digitalization projects with easy to learn and primarily free tools or hardware from low-budget range. The 
simplest configuration is the implementation via a drag and drop based configuration instead of hard coded 
programming, whereby the entry into a new domain should be simplified. This and the provided theory shall encourage 
students to self-study and become active in teams. This in turn, shall enable them to work independently in e. g. maker-
spaces, where new ideas can be developed. A further purpose of the exercise is to empower participants to assess how 
complex or simple certain technologies are in the application to achieve strategic goals. 

From the technical perspective, basic techniques should be the web-technology, which has developed rapidly in 
recent years and enables the implementation of many solutions. HTTP (Hypertext Transfer Protocol), HTML 
(Hypertext Markup Language), CSS (Cascading Style Sheets), JS (JavaScript), XML (Extensible Markup Language) 
and JSON (JavaScript Object Notation) will be the tools for an IIoT (Industrial Internet of Things) solution. The 
importance and impact of web-technologies can be seen by a developer survey, which were taken from the internet 
platform StackOverflow [14]. Especially JS as the logic component will be the fundamental technology of the 
presented teaching approach. JS is a versatile programming language for browser-based web-applications or 
standalone software. With frameworks (e. g. Cordova) JS can be used to develop mobile applications for mobile 
devices. Also some device manufacturers directly allow the programming of apps with JS for hardware (e. g. mobile 
devices on the operating system Tizen). Furthermore, JS is already used to program microcontroller (e.g. Espruino). 
A good introduction to JS, which also goes beyond the exercise, is presented in [15]. In this way, participants learn 
important skills of offering a range of applicable technology. The learning outcomes can thus be easily transferred to 
new fields of application. 

4. Holistic approach for teaching IT skills 

To fulfill the conditions of an LF exercise by [4] the boundary conditions setting, processes, product and didactical 
concept have to be defined. As a setting an assembly scenario in the value creation chain of the LPS product UniLokk, 
which is a self-produced multifunctional bottle cap, is focused. The considered processes are manifold and will be 
described in more detail below. Based on the third round of the “Lean meets Industrie 4.0” training by [16] a further 
digital focused module was developed. For this purpose, the didactic concept from [17] was adopted. Generally, the 
concept contains four phases which are geared to the expansion of stages of an integrated digitization strategy. The 
four levels are similar to the approaches from [18], [19] or [20]. 

The first phase is data acquisition, which is the basis for further digitization. In current LF approaches, it can be 
found in [21]. The second phase focuses on the transparency by visualizing recorded or real-time data. This should 
help employees to make processes more transparent and increase the reactivity. The current problem is that 
commercial systems like ERP (Enterprise-Resource-Planning) and MES (Manufacturing Execution System) are very 
complex so far. Therefore, new raw data from step one is used in this case. Phase three concentrates on the further use 
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