
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 

Wind generators are generators whose primary source of energy is wind. It is well known that this source has very fluctuating 
and unpredictable characteristics so it is impossible to predict its value for a given moment. This poses many problems for energy 
system managers in stabilizing electricity production, especially for sites not connected to the electricity grid. 
The Flywheel energy storage system (FESS) is one of the technologies developed for the storage of wind energy. The flywheel 
accumulators associated with wind generators are electromechanical storage systems, enabling the storage of energy in kinetic 
form inside a flywheel, in particular when the wind speed increases. In addition, the accumulators allow the restoration of 
electrical energy to the grid during the reduction of the wind speed. 
In this work, we chose a material with a low density and the highest breaking strength possible. We also chose a hollow cylinder 
as an appropriate geometric shape in order to increase the energy capacity of the FESS and its efficiency. 
In order to model our structure, first we used the MATLAB software to obtain the expected results. Then we made a comparison 
between three flywheels of inertia technologies: flywheel of inertia in high-strength carbon fiber (R), in Kevlar and in high-
performance glass (R) to check their deformation capacity.  
Finally, we retained the least deformed and most efficient material to use for our storage machine.  
© 2018 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 11th International Conference Interdisciplinarity in 
Engineering. 
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Fig. 1. Components of an inertial storage system. 

The term "Flywheel energy storage system" (FESS) or "electromechanical battery" is understood to mean a 
system comprising an inertial flywheel, an electric motor-generator and an electronic power converter. The figure 
below shows the operating principle of the FESS. As in most electrical energy storage systems, there is a reversible 
transformation of energy. During storage, electrical energy is converted into mechanical energy by means of the 
electric motor. Mechanical energy is stored in the flywheel in the form of kinetic energy of a rotating mass. During 
the discharge of the FESS, the mechanical energy is reconverted into electrical energy by means of the electric 
generator. Usually, there is only one electric machine that can operate as a motor or a generator, depending on the 
operating mode of the FESS. The operating mode is imposed by the electronic power converter, which imposes the 
direction of transfer of the energy through the electrical machine. 

 

 

Fig. 2. Transfer of the energy in FESS. 

Electric energy storage constitutes one of the components of a future sustainable development. There are two 
typologies of the flywheel of inertia of which one exploits the mass, the other on speed:  

• The flywheel of inertia low speed: they are the most mature systems; they bring into play important masses 
in heavy materials steel type. Their number of revolutions is lower than 10 000 rpm; 

• The flywheel of inertia high-speed: they use lighter materials carbon fiber type or glass. They have number 
of revolutions being able to go up to 50 000 rpm. 

3. Study of the mechanics of the flywheel: 

3.1. Analytical modeling: 

The operation of an inertial storage system is based on the kinetic energy of rotation Ec accumulated in the wheel: 

21
2cE Jω=

  
(1) 
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1. Introduction 

Renewable energy is nowadays an indispensable source of energy, mainly from the use of the natural 
environment. It retains an increasingly important position in industrial development strategies, especially in factories 
and large companies in the world and particularly in Morocco. 

Wind energy is an efficient and sustainable renewable energy that is rapidly emerging in terms of its use and 
development. It is a clean and environmentally friendly form of energy, because it requires no fuel and does not 
create greenhouse gases. It represents a solution for the production of clean electricity. However, relocating wind 
power production to its use requires the combination of a storage system with the wind generator to smooth wind 
power fluctuations (short-term storage) and facilitate the integration of Wind turbines in the electricity grid (long-
term storage). 

The FESS is one of the technologies developed for the storage of wind energy. The flywheel accumulators 
associated with wind generators are electromechanical storage systems, enabling the storage of energy in kinetic 
form inside a flywheel, in particular when the wind speed increases. In addition, the accumulators allow the 
restoration of electrical energy to the grid during the reduction of the wind speed. 

The design of this kind of system requires the study of several fields of mechanical engineering and electrical 
engineering. This work focuses on the development of a long term inertial energy storage system in the field of 
mechanical engineering. 

This article is to make an analytical study on the effects of materials on the resistance of the Flywheel energy 
storage for choose the material we want to use for our storage machine to be more effective. 
 
Nomenclature 

ω          the rotation speed (rad/s) 
J  the moment of inertia (kg/m²) 
M the mass (kg) 
R1 the internal radius of steering wheel (m) 
R2 the external radius of steering wheel (m) 
r the radius at point or analysis (m) 
ρ the density (kg/m²) 
Ur          the radial displacement (m) 

rrσ          the radial stress (N/m²) 
θθσ         the tangential stress (N/m²) 
rrε          the radial strain 
θθε          the tangential strain 

P1 the internal pressure (Pa) 
P2 the external pressure (Pa) 

2. The Flywheel Energy Storage System 

By definition, the FESS consists of a large inertia flywheel, coupled to a generator motor that allows electric 
power to be transferred to the steering wheel (acceleration) and then recovered (braking), with magnetic bearings. In 
order to reduce the friction, the whole is installed in a vacuum enclosure (fast flywheel) to eliminate the friction of 
the air. The bearings must allow the rotation of the assembly with a minimum of losses. 

The FESS can increase the value of electrical energy generated by wind power plants by providing energy during 
peak periods and accumulating electrical energy during periods when demand of energy is reduced. In addition, 
FESS facilitates the integration of wind energy sources. The FESS can be used to reduce peak loads in a power 
supply station. This can eliminate power plants operating only during peak periods and allow for better use of 
steady-state power plants. Also, FESSs are used to increase the quality of the electrical energy, by ensuring a better 
control of the frequency and the tension. 
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