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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 

The paper will describe the design of a learning factory for Industry 4.0 that addresses the growing demand for future 
skills of production staff. Existing learning factories often focus on the technical skills whereas this learning factory 
also trains decision making, group work and performance monitoring skills. The paper refers to the existing 
categorizes of learning factories and unveils its numerous features. The conceptual design includes theoretical and 
practical parts, which prove to be successful in a German learning factory that was realized by the authors. Especially, 
for the industry 4.0 environment, the layout consists of three stages of a production system, from manual to 
automatized manufacturing. The practical tasks cover the introduction of smart devices, connection of information 
flows as well as monitoring of performance. The didactical design of the training program provides a sustainable 
approach by not only realizing training courses but also includes preparation with management, mid-term coaching 
and success monitoring after the training. The learning factory is a part of a whole research institute for intelligent 
manufacturing in China including consultancy and application support. One of the underlying goals of the learning 
factory is to enable production staff for change management, decision making and innovation. 
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1. Introduction  

In the last 30 years, there are three fundamental phases from CIM via lean to industry 4.0 with different training 
needs in each phase. The first phase, CIM – computer integrated manufacturing, emphases automation and information 
flow. The focus was on the introduction of computers on shop floor level connected with CAD and ERP systems. The 
second phase, the “Lean wave”, brought organizational design and segmentation of factory structures into the focus. 
After Womack and Jones´ analytical book “The machine that changed the world” in 1990, they discovered “lean 
thinking” in 1996. This changed training contents from methods and tools to additionally mind set and behaviour [13], 
[14].  

For the third phase, industry 4.0, the focus lies on the digitization in the industry [6]. The “Plattform Industrie 4.0” 
for example identified a lot of potentials and challenges which are all a part of the five fields of action: horizontal 
integration, digital end-to-end engineering, vertical integration, new social infrastructures and cyber-physical 
production systems. Additionally, they pointed out the following demands as the scope for qualification [8]:  

 Digital learning techniques 
 Job-related qualification 
 Lead and operate production systems 

 Interdisciplinary product and process 
development 

 Specific industry 4.0 competencies 
 Competency evaluation  

These demands and challenges show the importance of qualification and human resource development in the near 
future. It makes clear that industry 4.0 is more than just technology. The human resource could be probably even more 
important in times of industry 4.0. These demands are transferred into the training scheme of the industry 4.0 learning 
factory of the authors. The learning factory should cover the following three categories of skills: 

 Technical skills, e.g. install and operate IT devices: RFID-tags, tablets or automatic guided vehicle (AGV) 

 Transformation skills (e.g. propose and realize changes in all three stages of the production system; learn to 
adapt transformation principles in their home plants) 

 Social skills (e.g. team work, knowledge transfer, knowledge acquiring, collaboration for synchronization 
of processes and delivery dates and analyzing defects) 

To enable the workforce and students as future workforce with the required qualification, there are different 
approaches. From classical seminars, over business games, to practical case studies, where students have a jour fixe 
with managers from companies to solve real existing problems [7], [10].  

A very promising approach to assure these required capabilities by qualification of operators and management is 
the learning factory concept. Over the last 10 years more and more learning factories evolved over the whole world 
and especially in Europe. These existing learning factories have taken many different forms. They vary in size, topics, 
products and other factors [12], [2], [15]. A common aim of almost all of these facilities is the hands-on qualification 
of the participants. This is the case even if the trainees are not employees but students. Another function of learning 
factories especially in the academic environment is the usage as a test area for new technologies and processes. They 
vary from learning factories for production process improvement (e.g. lean management methods), over learning 
factories for production and factory planning to those for energy and resource efficiency [1]. Nowadays more and 
more learning factories and labs are concentrating on topics related to industry 4.0. A lot of them are focussing on 
research and technology transfer instead of training and education [1]. The learning concept which the authors have 
developed and will describe in this paper is a mixture of both, training and demonstration. On the one hand it is 
dedicated to train and qualify employees from several organizations. On the other hand, it should function as a 
demonstrator, where participants can get in touch with new approaches and technologies.  

This paper will introduce a learning factory concept which integrates the three categories of skills and tries to 
address the identified research demands. Therefore, the didactical design is explained first to introduce the concrete 
training concept afterwards. Finally, an outlook is given to show the plans for future training and research. 
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2. Didactical approach  

The didactical approach of the learning factory for industry 4.0 was realized in an existing learning factory of the 
authors. It was used and proved during a great number of training. The conceptual design mainly pursues the following 
goals: (i) Activation of participants, (ii) Interaction with participants and (iii) Empowerment of the participants. The 
main didactical design is detailed described in [11] and consists of an alternating sequence between observation, theory 
and practice. There are always two trainers in minimum to create a higher dynamic regarding presentation style, 
moderating and discussion. The combination of theory and practical application creates a higher learning effect as any 
other qualification concept. Theoretical knowledge is transformed into expertise. A self-learning process becomes 
active which fosters a sustainable learning effect. The realistic environment stimulates all senses [5], [3]. The running 
learning factory, described in [12] uses a wide spread and typical production process to teach the participant’s methods 
of process optimization according to the lean principles and philosophy. The training uses scenes to show real 
situations and problems from the participant´s daily working lives beside the theoretical input. These scenes are played 
by actors (students) to give the trainees the chance to stand back and reflect, since these situations are similar to 
situations in their home plant. They can watch how they and their colleagues do behave during the work. Thereby they 
are in an observer role first and will be coached to implement improvements in later rounds at a manually operated 
production line. Digitization was not demanded at that time. Thus, the concept can just be a seen as a general basis for 
the didactical design of the industry 4.0 learning factory and has to be extended now in several aspects. All adaptions 
of the new concept are described in chapter 3. 

3. Industry 4.0 learning factory  

The following part describes the industry 4.0 learning factory concept developed by the authors with its different 
layouts, development stages, roles and technologies. The product for all layouts is the same, a cube consisting of two 
halves, two pins and a filling (tablet). The material for cube halves differs between alumina and plastics of different 
colors. 

3.1 Courses in the industry 4.0 learning factory 

It is recommended to start a training program starts with a one-day management training (see figure 2). Here 
decision makers will get an overview about industry 4.0 technologies and examples. Additionally a rough training 
schedule for their staff will be created to set the starting point for a successful qualification program. The program for 
line workers and supervisors consists of a basic course, which should enable participants to understand the basics for 
an industry 4.0 implementation and a main course, which should help the participants to get familiar with industry 4.0 
technologies and how they can implement parts of the approach in their own factories. 

The basic course covers general principles and approaches which are required to have a good foundation for 
introducing smart manufacturing respectively industry 4.0 elements. This course includes short theory parts but 
especially longer practical parts, where the participants have the chance to experience the change to an improved 
production process and factory structure by their own. It is a two-day course to learn how production processes can 
be analyzed and optimized in a structured way. The learning environment consists of two production lines. Starting at 
a manual, impractical line 1, the training goal is to optimize the processes during the two-day training. The final stage 
will be a second line with a U-shaped layout and a conveyor under consideration of lean principles and ergonomics 
(see figure 1).   

So, after two days the trainees should have learned: 

 How to identify wastes and eliminate it, 
 How to organize the working environment in standardized processes to guarantee a constant performance, 
 How to measure the standardized processes, 
 How to use performance dialogues as a communication media between workers and supervisors.  
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