
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. 
Peer-review under responsibility of the scientific committee of the Manufacturing Engineering Society International Conference 
2017. 
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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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of days to those where operations are suspended indefinitely. These situations underline the necessity to consider 
disruption effects at the strategic decisions level. Hence, an assessment of how resilient the SC is can be carried out. 
Based on this result, top management has to make cost-benefit decisions.  

Models for SC disruptions have been developed in the last decades. The available methods divide the approaches 
to deal with and evaluate the problem. On the one hand, some researchers are focusing just on the SC performance 
as a measure of resilience. On the other, analysis of the SC structure is carried out. Hence, the objective of this paper 
is to present a framework to analyse the resilience and topology of the SC jointly.  

2. Supply chain resilience 

In SC, resilience was defined in [1] as the adaptive capability of the SC to be prepared for unexpected events, to 
respond and to recover to its original state. Some approaches to quantify the resilience in the SC are available in the 
literature. Barroso et al.[2] presented a quantification of the SC resilience using each company delivery performance 
impact. Individual indices for companies were used as a proxy to assess the individual companies’ resilience. Vugrin 
et al. [3] proposed the resilience costs. They defined the resilience costs as a function of the sum of the system 
impact (SI) plus the total recovery effort (TRE) multiplied by a weighting factor, α, to assign relative significance.  

Uncertainties in SC will always exist. Hence, we have to learn to handle this kind of situations. But we need to 
balance the desired performance and the cost to achieve this resilient SC within specified limits. The available 
approaches for measuring resilience in SC are evaluating resilience and/or its enablers. But some of these 
approaches are not considering the economic system impact and/or the economic recovery effort. 

3. Supply chain topology 

Supply chains are graphically represented as networks, where nodes represent an entity in the SC. Links represent 
the flow of material, information or money. The SC structure or topology is what portrays or configures a network. 
In the paper presented in [4], empirical research to analyse the severity of disruptions was presented. As a result, 
they derived three SC characteristics (density, complexity and node criticality) and mitigation capabilities of 
recovery. Later, based on these design characteristics the work presented in [5] provided a descriptive framework 
that includes the resilience concept and SC design. They added the dimension of time with the resilience triangle in 
order to get a measure of SC resilience. Despite the fact that the framework is just descriptive, it provides insights 
into the necessity of impact minimization. But they left aside the resources needed to get the impact minimization. 

4. The supply chain resilience framework 

The literature available to quantify SC resilience considers some strategies and enablers to represent the resilient 
behaviour, and/or just the impact of the SC. However, most of them are not done in conjunction with the network 
topology analysis. In contrast, the proposed framework is intended to evaluate the economic system impact and 
recovery effort, and the network characteristics. The result is intended to facilitate comparison between network 
configurations and strategies costs. The implementation of this framework can guide managers to choose the best 
network configuration and mitigation strategy according to their needs and available resources.  

The proposed framework is described in Fig. 1. This framework uses the resilience index and the topology to 
assess SCs. These two factors are considered for the following reasons: the resilience index helps managers to 
consider and quantify the trade-off between proposed strategies and their associated cost. Additionally, analysing the 
network topology can unveil configurations that can be more severely impacted by a disruption. 

In the first phase, a SC simulation model is developed as a base model. This model will be run and provide the 
performance of each company in different scenarios. Then, identification of potential disruptions and possible 
mitigation strategies and configurations is carried out. Disruptions that have the most significant impact on the SC 
should be the scenarios that must be analysed. The framework includes two evaluation dimensions. The first 
dimension evaluates the supply chain resilience index (SCRI). It measures throughout the system impact and 
recovery effort how the SC operations are affected and the cost of each strategy. The second dimension comprises 
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of days to those where operations are suspended indefinitely. These situations underline the necessity to consider 
disruption effects at the strategic decisions level. Hence, an assessment of how resilient the SC is can be carried out. 
Based on this result, top management has to make cost-benefit decisions.  

Models for SC disruptions have been developed in the last decades. The available methods divide the approaches 
to deal with and evaluate the problem. On the one hand, some researchers are focusing just on the SC performance 
as a measure of resilience. On the other, analysis of the SC structure is carried out. Hence, the objective of this paper 
is to present a framework to analyse the resilience and topology of the SC jointly.  

2. Supply chain resilience 

In SC, resilience was defined in [1] as the adaptive capability of the SC to be prepared for unexpected events, to 
respond and to recover to its original state. Some approaches to quantify the resilience in the SC are available in the 
literature. Barroso et al.[2] presented a quantification of the SC resilience using each company delivery performance 
impact. Individual indices for companies were used as a proxy to assess the individual companies’ resilience. Vugrin 
et al. [3] proposed the resilience costs. They defined the resilience costs as a function of the sum of the system 
impact (SI) plus the total recovery effort (TRE) multiplied by a weighting factor, α, to assign relative significance.  

Uncertainties in SC will always exist. Hence, we have to learn to handle this kind of situations. But we need to 
balance the desired performance and the cost to achieve this resilient SC within specified limits. The available 
approaches for measuring resilience in SC are evaluating resilience and/or its enablers. But some of these 
approaches are not considering the economic system impact and/or the economic recovery effort. 

3. Supply chain topology 

Supply chains are graphically represented as networks, where nodes represent an entity in the SC. Links represent 
the flow of material, information or money. The SC structure or topology is what portrays or configures a network. 
In the paper presented in [4], empirical research to analyse the severity of disruptions was presented. As a result, 
they derived three SC characteristics (density, complexity and node criticality) and mitigation capabilities of 
recovery. Later, based on these design characteristics the work presented in [5] provided a descriptive framework 
that includes the resilience concept and SC design. They added the dimension of time with the resilience triangle in 
order to get a measure of SC resilience. Despite the fact that the framework is just descriptive, it provides insights 
into the necessity of impact minimization. But they left aside the resources needed to get the impact minimization. 

4. The supply chain resilience framework 

The literature available to quantify SC resilience considers some strategies and enablers to represent the resilient 
behaviour, and/or just the impact of the SC. However, most of them are not done in conjunction with the network 
topology analysis. In contrast, the proposed framework is intended to evaluate the economic system impact and 
recovery effort, and the network characteristics. The result is intended to facilitate comparison between network 
configurations and strategies costs. The implementation of this framework can guide managers to choose the best 
network configuration and mitigation strategy according to their needs and available resources.  

The proposed framework is described in Fig. 1. This framework uses the resilience index and the topology to 
assess SCs. These two factors are considered for the following reasons: the resilience index helps managers to 
consider and quantify the trade-off between proposed strategies and their associated cost. Additionally, analysing the 
network topology can unveil configurations that can be more severely impacted by a disruption. 

In the first phase, a SC simulation model is developed as a base model. This model will be run and provide the 
performance of each company in different scenarios. Then, identification of potential disruptions and possible 
mitigation strategies and configurations is carried out. Disruptions that have the most significant impact on the SC 
should be the scenarios that must be analysed. The framework includes two evaluation dimensions. The first 
dimension evaluates the supply chain resilience index (SCRI). It measures throughout the system impact and 
recovery effort how the SC operations are affected and the cost of each strategy. The second dimension comprises 
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