
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.  
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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 systematic investigations on the structural, morphological and electrical properties of Zn1-xNixO (x = 0.00, 0.03 and 0.05) 
nanoparticles synthesized via sol-gel auto combustion technique. The prepared samples were characterized by X-ray diffraction 
technique (XRD) and scanning electron microscopy (SEM). X-ray diffraction pattern shows the formation of single phase with 
hexagonal wurtzite structure. The lattice parameter of Ni doped ZnO is slightly greater than that of un-doped ZnO nanoparticles. 
The crystalline size of prepared nanoparticles is found to be in 30 to 32 nm. SEM image shows that the grains are in nanometre 
range which confirms the nanocrystalline nature of present samples. The temperature dependent DC electrical resistivity 
measurements have been carried out in the temperature range of 303-573 K. The DC electrical resistivity was found to increase 
with increase in Ni2+ concentration into ZnO matrix. The resistivity decreases with increasing temperature which interpreted 
semiconducting nature of ZnO nanoparticles. 
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1. Introduction 

Zinc oxide is a promising candidate belonging to II-VI semiconductor for many applications in the field of solar 
cells, gas sensors, acoustic devices, piezoelectric transducers, high frequency electronic devices etc [1-3]. ZnO is an 
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n-type metal oxide semiconductor having large band gap of the order of 3.37 eV and a large excitation binding 
energy, which makes them useful for optoelectronic device applications [4, 5]. Doping of transition metal ions such 
as Ni, Co, Fe, Cu etc. form dilute magnetic semiconductor which are technically most important for spintronic 
device applications. Doping of transition metal ions into ZnO lattice can lead to modification in optical, electrical 
and magnetic properties. The electrical properties, piezoelectricity, etc. can be tailored to desired applications by 
doping different amounts of dopant in ZnO lattice. However, the electrical behaviour of Ni doped ZnO nanoparticles 
is not systematically reported in the literature [6]. Ni has a unique chemical stability on zinc sites considers it as one 
of the most important doping element to tune the optical and electrical properties of ZnO [7, 8]. Therefore, the 
structural, morphological and electrical properties of Ni doped ZnO (Zn1-xNixO with x = 0.00, 0.03, 0.05) 
nanoparticles synthesized via sol-gel auto combustion technique were investigated and results are presented in this 
work.  

2. Experimental 

The samples of Zn1-xNixO (x = 0.00, 0.03 and 0.05) were prepared by standard sol-gel auto combustion 
technique. The high purity analytical grade chemicals such as zinc nitrate hexahydrate (Zn (No3)2 6H2O), Nickel 
nitrate tetra hydrate (Ni (No3)2 4H2O) were used as a raw material. Citric acid monohydrate (C6H8O7 H2O) was used 
as a fuel. The metal nitrate to fuel ratio was taken as 1:3. The obtained powder was ground and sintered at 600 °C 
for 5h in air and used for further characterizations. The samples were characterized by X-ray diffraction (XRD) 
using Bruker D8- Advance diffractometer (Cu Kα radiation, λ = 0.15149 Å). The morphological analysis was 
carried out using Scanning electron microscopy (SEM) technique (JEOL JSM-636). The DC electrical resistivity 
was measured as a function of temperature by using two probe techniques in the temperature range of 303 K to 573 
K.  

3. Results and Discussion 

3.1. X-ray Diffraction study (XRD) 

The XRD pattern of the Zn1-xNixO (x=0.00, 0.03, 0.05) nanoparticles are shown in fig.1. The analysis of XRD 
pattern confirms the single phase with hexagonal wurtzite structure of ZnO lattice. The XRD pattern shows the 
formation of strong and narrow diffraction peaks which shows good crystallinity of prepared samples. Using the 
XRD data various structural parameters were obtained. 
 

 

Fig. 1. XRD pattern of undoped and  Ni doped ZnO nanoparticles. 
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