
ScienceDirect

Available online at www.sciencedirect.comAvailable online at www.sciencedirect.com

ScienceDirect 
Procedia Manufacturing 00 (2017) 000–000  

 www.elsevier.com/locate/procedia 

* Paulo Afonso. Tel.: +351 253 510 761; fax: +351 253 604 741  
E-mail address: psafonso@dps.uminho.pt 

2351-9789 © 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the Manufacturing Engineering Society International Conference 2017.  

Manufacturing Engineering Society International Conference 2017, MESIC 2017, 28-30 June 
2017, Vigo (Pontevedra), Spain 

Costing models for capacity optimization in Industry 4.0: Trade-off 
between used capacity and operational efficiency 

A. Santanaa, P. Afonsoa,*, A. Zaninb, R. Wernkeb 

a University of Minho, 4800-058 Guimarães, Portugal 
bUnochapecó, 89809-000 Chapecó, SC, Brazil  

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 

A required faster generating of concepts due to a significantly shorter pre-development time in the automotive industry 
without physical prototypes is a key factor to reach a higher product maturity more readily and quickly, especially in 
terms of reducing development costs but also environmental impacts. Therefore, and with regard to a more agile 
development process, tailored product property changes have to be considered right at the beginning. 
Concerning this matter, the contribution presents a multi-criteria and cross-component systemic and systematic 
matrix-based analysis process of property change potentials within the pre-development phase of technical products. 
Herein, and based on the development of weight-optimized systems, a continuous monitoring and tracking of certain 
modifications of diverse sustainability factors (social and environmental) can be easily made and partly be directly 
influenced by a corresponding redesign of relevant and hierarchically ordered components. 
© 2017 The Authors. Published by Elsevier B.V. 
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1. Introduction and Motivation 

Nowadays new product developments often pursue different goals. In this way, for example, an adequate technical 
performance capability along with a concomitant resource efficiency (material but also energy) is playing an ever-
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increasing role in the development of advanced systems within almost all engineering sectors, particularly in the 
tremendously cost-driven automotive industry. Thus, concerning the latter, additionally increased environmental 
regulations (e.g. the target value of 95 g/km of CO2 for 2020 of the EU CO2 emission standards for passenger cars [1]) 
are focused most keenly across the whole product lifecycle (PLC), primarily related to the regulatory restrictions and 
economic penalties, on the one hand, as well as due to the continuously rising (customer) awareness of sustainable 
aspects, on the other hand. In consequence, it is inevitable for a prospective agile development, and with it a micro-
iteration-based change management process to apply a holistic system consideration in context with appropriate 
product property changes already within the pre-development phase of technical products. Subsequently, a demanded 
quicker generating of concepts without physical or even less virtual prototypes can be realized, which, in the end, can 
lead to a significant shortening of the pre-development time, and thus to a sharper increase of product maturity.  
Concerning this matter, and with regard to the former originated secondary weight propagation (secondary lightweight 
design) [2, 3], the contribution presents an extended framework of a multi-criteria and cross-component systemic and 
systematic matrix-based analysis process of property change potentials [4] within the pre-development phase of 
technical products. Herein, apart from the development of weight-optimized and cost-effective systems, a continuous 
monitoring and tracking of certain modifications of diverse sustainability factors (social and environmental) can be 
easily made and partly be directly influenced by a corresponding redesign of relevant and hierarchically ordered 
components. Accordingly, and followed by a previous recapitulation (section 2) of appropriate state-of-the-art 
approaches regarding a holistic consideration of lightweight design along with cost and sustainability aspects as well 
as a general change propagation of product properties and a matrix-based system modelling, section 3 predefines the 
fundamental framework of the matrix-based system modelling to predict property change propagations based on 
secondary weight improvements. Finally, section 4 extends the scope of the multi-criteria system model approach to 
more sustainable aspects by highlighting a synoptically basic value. By giving a discussion and outlook in the end 
(section 5), the presented approach is critically being reviewed. 

2. State of the Art 

2.1. Lightweight Design – Economic and Ecological Interdependencies 

Weight savings in technical products are becoming more and more important, especially regarding efficiency 
aspects, and ultimately initiate new challenges for companies at the same time. Therefore, lightweight design is 
considered as one key part to sustainable products, mainly in areas of mobility [5]. In this context, however, the 
product development often deals with highly heterogeneous targets, as innovative lightweight design (e.g. strategies 
like constructive, material or process-specific measures, and/or diverse constructive techniques such as differentiated, 
integrated, hybrid or multi-material design) has to be combined with economic and ecological advantages throughout 
the entire product life cycle (PLC), see [6]. Accordingly, among others [7, 8], some studies already exist which 
combine cost and environmental aspects within the framework of lightweight engineering by using different 
calculation and assessment methods (e.g. analysis of environmental impacts by Ashby’s material indices or eco-
indicator). 

Thus, for instance, Ungureanu et al. [9] developed a sustainable model, which quantifies costs and environmental 
impacts by means of a body-in-white (BIW) structure in conventional steel (25% recycled) and lighter mass equivalent 
aluminum via the four major stages of the life cycle “pre-manufacturing” (i.e. material processing), “manufacturing”, 
“use” and “post-use”, by maintaining the same vehicle design and using the (almost) same manufacturing processes 
for body components. In the end, and based on the amount of costs and environmental impacts focused on the CO2-
emissions, this study proves the overall benefit of using lighter materials such as aluminum (75% recycled) in 
automobile body structures with respect to environment and economy (as well as society, manufacturability, 
functionality and recyclability/re-manufacturability [10]) since a break-even point of one year or about 23,000 km 
(14,250 miles) (emissions) or rather three years (costs). 

Witik et al. [11], however, calculates the costs and environmental impacts of various lightweight composite 
structures over the entire life cycle and compares them with those of magnesium and steel. For this purpose, a thin 
(rectangular) steel profile is replaced by the lighter materials in an application of the automotive industry. Due to the 
commonly longer production cycles and higher material costs, the considered lightweight materials are more 
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