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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. 
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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 

Waste reduction for assembly products is essential for Circular Economy in not only European Unions but also all over the world. 
It is also known that recycling contributes to the waste reduction. In order to build the recycling process in a product lifecycle 
effectively and efficiently, a process integration should be required among manufacturing planning, modularity design and 
multivariate process validation. This study proposes a process integration concept for the waste reduction among the 
manufacturing planning, modularization and validation. 
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1. Introduction 

The environmental protection to save natural resources, avoiding waste is a key competence for the future 
development of products [1] and planning of manufacturing processes [2]. Product recycling [3,4] is one way to 
contribute the waste reduction and protect the environment for Circular Economy [5]. The integration of recycling 
requirements within the product development and manufacturing planning becomes increasing importance in the last 

 

 
* Corresponding author. Tel.: +81-42-443-5269; fax: +81-42-443-5821. 

E-mail address: tyamada@uec.ac.jp 

 

Available online at www.sciencedirect.com 

ScienceDirect 
Procedia Manufacturing 00 (2017) 000–000  

  www.elsevier.com/locate/procedia 

 

2351-9789 © 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 15th Global Conference on Sustainable Manufacturing.  

15th Global Conference on Sustainable Manufacturing 

Process integration concept for waste reduction among 
manufacturing planning, modularization and validation 

Tetsuo Yamadaa*, Shota Hasegawa a, Yuki Kinoshitaa, Shuho Yamadab, Masato Inoueb, 
Christoph Rosebrockc, Stefan Brackec 

aThe University of Electro-Communications, Department of Informatics, 1-5-1 Chofugaoka, Chofu-shi, Tokyo, Japan 
bMeiji University, Department of Mechanical Engineering Informatics, 1-1-1 Higashi-Mita, Tama-ku, Kawasaki, Kanagawa, Japan 

cUniversity of Wuppertal, Chair of Reliability Engineering and Risk Analytics, Gaußstraße 20, Wuppertal, Germany 

Abstract 

Waste reduction for assembly products is essential for Circular Economy in not only European Unions but also all over the world. 
It is also known that recycling contributes to the waste reduction. In order to build the recycling process in a product lifecycle 
effectively and efficiently, a process integration should be required among manufacturing planning, modularity design and 
multivariate process validation. This study proposes a process integration concept for the waste reduction among the 
manufacturing planning, modularization and validation. 
 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 15th Global Conference on Sustainable Manufacturing. 

Keywords: Recycling, Upgrade desgin, Disassembly parts selection, Cluser analytics, Data envelopment analysis 

1. Introduction 

The environmental protection to save natural resources, avoiding waste is a key competence for the future 
development of products [1] and planning of manufacturing processes [2]. Product recycling [3,4] is one way to 
contribute the waste reduction and protect the environment for Circular Economy [5]. The integration of recycling 
requirements within the product development and manufacturing planning becomes increasing importance in the last 

 

 
* Corresponding author. Tel.: +81-42-443-5269; fax: +81-42-443-5821. 

E-mail address: tyamada@uec.ac.jp 

© 2018 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 15th Global Conference on Sustainable Manufacturing (GCSM).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.promfg.2018.02.129&domain=pdf


338 Tetsuo Yamada et al. / Procedia Manufacturing 21 (2018) 337–344
2 Tetsuo Yamada et al. / Procedia Manufacturing 00 (2017) 000–000 

years [6]. Therefore, engineers for technical complex products should consider the recycling requirements during the 
first development of a new product generation to ensure a recycling phase after the first usage phase of the product 
[6]. Base of the product development process are the following phases: Concept phase, development phase, 
production phase and usage phase. The concept phase has a very important impact on sustainable engineering (cf. 
also section 3) [1]. In this phase, the decision regarding different fundamental recycling strategies is state of the art: 
product recycling strategy (including three different decision possibilities) versus material recycling strategy 
(including two different decision possibilities); cf. Fig. 1. The outputs of the different strategies are the base of 
operations for the product concept. The development engineer has to know the influences of design (e.g. material) 
regarding the chosen recycling strategy (cf. section 4). The manufacturing designer has to know the production 
influence parameters (e.g. disassembling parameters), cf. Furthermore, the reliability engineer has to know product 
and process parameters to find an optimum (e.g. using tools like cluster analytics or data enveloping analysis) 
between the goal variables reliability, recycling rate, efficiency and effectiveness (cf. section 5).  

 
 

 

Fig. 1. Different strategies and subsequently different outputs for intended product life cycle end [7]. 

This study proposes a process integration concept for the waste reduction among the manufacturing planning, 
modularization and validation. The structure of this paper is as follows: Section 2 addresses the goal of the research 
project and the overview design procedures. Section 3 describes ideas of the designing process of an assembly 
product. Section 4 explains the recycling effected by the manufacturing phase. Section 5 analyzes the recycling 
manufacturing process. Finally, Section 6 summarizes this study. 

2. Goal of research project: Overview Design Procedure 

An assembly product has a life cycle from the product designing process, manufacturing planning process and 
End-of-life (EOL) process such as recycling or disposal [8]. Recycling is the recovery of scrap materials from the 
EOL assembly products [3]. In order to reduce the wastes for the assembly products, the recycling process instead of 
the disposal should be built effectively and efficiently by integrating the product lifecycle such as the product 
designing process and the End-of-life (EOL) process. Our goal of this study is to propose a process integration 
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