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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.  
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the Manufacturing Engineering Society International Conference 
2017. 

Keywords: Cost Models; ABC; TDABC; Capacity Management; Idle Capacity; Operational Efficiency 

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 
Digitalization and Industry 4.0 have a strong impact on today’s production environment. The established methods of lean 
production are also affected and can be further improved through new technologies. The following paper addresses how and 
whether digitalization enhances shop floor management (SFM) as a key element of the philosophy of lean production. Based on 
the Darmstadt shop floor management model, it will be discussed where digitalization is expected to be value-adding or bearing 
risks in which elements of SFM and how the transition to a digital system opens up new possibilities. The potential of digital SFM 
systems are evaluated through a literature review and interviews with experts. Based on the results a digital SFM prototype is 
evaluated and further developed and applied to the learning factory Center for industrial Productivity (CiP) and its underlying 
process control system. The versatile environment of the learning factory is consequently being used for evaluation of digital SFM 
in different working situations like manual labor or machining. 
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1. Introduction 

The lean production system, which has been developed by Toyota for the last decades and is wildly spread especially 
in the automotive sector, is a system of continuous learning and improving based on standards, values and qualifying 
every employee to become a better problem solver to continually reach more ambitious target states [1]. Industry 4.0 
as a mainly technical improvement approach cannot replace the value based mind set of lean but it offers various 
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Fig.1: The SFM feedback loop [4] 

opportunities to bring a lean system to the next level of excellence. Any digitalization should thereby address waste 
and reduce it more effectively then a classic lean approach could [2]. One of the key challenges is to determine the 
appropriate fields for digitalization to access all possible benefits of digitalization without the creation of new waste 
through disadvantages of digitalization. This area of conflict is addressed in the production environment of the process 
learning factory CiP by implementing new technologies in the brownfield of old machines and established lean value 
streams to continually improve and broaden the teaching content for students and partners.  
One of the approaches is the digitalization of SFM as it is a central element to establish and maintain a lean production 
system. A software prototype for a digital SFM (dSFM) has been developed and connected to the IT-infrastructure of 
the CiP over the last two years building up on the research on analogue SFM. To improve the teaching content, identify 
the most important next features and to develop an implementation strategy for the dSFM it is now essential to look 
at the potentials and risks of such a system from the customer viewpoint.  

2. State of the Art 

The literature on digitalization of SFM is rather scarce. Few authors have tried to systemize the topic of classical 
analog SFM. Peters [3] has been one of the first to define SFM’s objectives and fields of activity. Based on his work 
Hertle et al. [4] developed an advanced model structuring SFM, the Darmstadt shop floor management model. The 
structure of his work follows the SFM process (pic. 1). 

 
The SFM feedback loop is supported through five fields of activity [4]: 

• Performance management 
• Problem solving management 
• Leadership on the shop floor 
• Further elements, which are not discussed in this paper 

Possible benefits of digitalization are described by various authors. These will be matched with the fields of activity. 

3. Methodology of research 

To evaluate potential benefits and pitfalls of dSFM a literature review is conducted. As there are only few sources 
for dSFM the review contains mainly data about digitalization in general and this data is linked to the fields of activity. 
The result of the literature research process is a list of benefits and risks each assigned to one of the fields of activity. 
The assumptions made to link the general statements about digitalization to the fields of activity are validated through 
expert interviews. 
The interviews are also structured according to the fields of activity and contain questions concerning benefits and 
pitfalls of SFM’s digitalization. The objective of the questions is to identify the expert’s opinions on the current state 
of SFM and to capture positive as well as negative expectations from digitalization. The experts have not been 
introduced to the findings of the literature to eliminate that bias. 
The expert interviews were conducted at one of the partnering companies in the research project Teamwork4. Seven 
persons with extensive experience in the use of SFM participated in the interview. Six of the respondents have staff 
management responsibilities and use SFM for a successful leadership on the shop floor. The experts represented the 
business units of manufacturing, assembly, logistics, operational excellence and production management. The 
opinions were summed up and compared to the benefits and potentials of a dSFM. 
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4. Chances and risks of dSFM 

The results of the study are structured according to the fields of activity. For each field the prerequisites are 
mentioned briefly, followed by tables showing the benefits and disadvantages. Elements in italic are mentioned in 
literature but not confirmed by the experts. Elements printed in bold were confirmed by at least five the experts. Due 
to space limitations only the fields of performance management, problem solving and leadership are presented in 
detail. 
Performance management 
Key Element to SFM is the performance measurement through suitable key performance indicators (KPI’s), e.g. actual 
output vs. planned results. Besides basic requirements for this like a stable standardized production process to 
recognize abnormal conditions [5,6,3] a digital system requires a suitable infrastructure [7,8]. A fail-proof and highly 
available network has to be set up [9]. Technical requirements have to be met in order to record and store relevant 
process data. A structure to store recorded data needs to be generated [10,11]. Furthermore a way to analyze the 
recorded data is to be found. Methods of descriptive analytics are hereby helpful, allowing the analysis of huge and 
complex amount of data to observe deviations [12,13]. However, the demand for know-how and processing power for 
the implementation of big data methods has to be considered [14,15]. Besides the mentioned requirements it is 
important to select appropriate KPI’s [16,17] and to create a level of understanding for digital performance 
management’s benefits among the employees [18]. 
         Table 1: Benefits and disadvantages of digital performance management 

Benefits of Digitalization: Disadvantages of  Digitalization: 

Automated acquisition of production data saves employees 
and managers time [19] 
 

Incorrect data can be recorded through the system [13,[20] 
 

The merging of information becomes less complex [18] 
 

Information is available in higher resolution [7,18] 
 

Wrong interpretation of recorded data gives wrong picture 
of production processes [21],[22] 
 
The risk of tracking too many KPIs is given through high 
data availability [23],[21] 
 

Information on the board is updated automatically [5] 
 
Diverse possibilities to evaluate data [10] 
 

Data can be pre-processed depending on different target 
groups [18] 
 
User Experience and „Gamified Design“ increase employee 
engagement [24] 

Automated acquisition and merging of data may cause the 
employees to not identify with the data anymore [25,26,27] 

Most benefits, like more efficient and powerful data processing, were confirmed by the experts. However the benefit 
of gamified Design increasing employee engagement was not confirmed, which is one aspect were literature suggests 
benefits that are not found in real working environments. Despite all its benefits, digitalization of performance 
management also bears some risks and disadvantages which have to be considered. The most important risk is that 
automated and impersonal recording, processing and visualization of production data may lead to workers alienation 
from performance management and from SFM. 
Problem solving management 
Requirements for successful digital problem solving management are basically the same as for an existing analog 
system. First, the culture of problem solving has to be widespread among the workers [28]. Emerging problems are a 
valuable resource for continuous improvement. Every occurring problem has to be analyzed in order to identify the 
root causes and the sustainable solution. Therefore workers must be familiar with methods and theory of problem 
solving, such as the Deming cycle [28]. Frontline Staff should be able to conduct a problem solving procedure 
themselves. This would create a broad basis, on which the exchange of knowledge and experience between teams or 
even business units can thrive [10,29]. To achieve most of the benefits of digital problem solving and secure user 
friendly design, workers have to be included in the tool development process [28,27]. 
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