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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.  
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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 

Quality demands imposed to transportation by beneficiaries might be reached in the situation that the transport means that get 
obsolete with time, are replaced with others to satisfy the need for mobility addressed to the system. Establishing the moment of 
transport means replacement is an economic equilibrium problem. As time passes, obsolescence arises and maintenance and 
operating costs rise. They increase until they exceed the acquisition cost of a new vehicle. The research methodology consists in 
establishing the most appropriate maintenance and operating costs evolution function so that, by finding its minimum and 
considering  the costs of acquiring a new transport vehicle to determine the minimum value of both cost categories. To take into 
account real situations, calculation encloses an updated value of costs in time. The theoretical considerations are supported by a 
case study where the economic moment of replacing a transport vehicle is determined for both cases, with and without updating. 
© 2018 The Authors. Published by Elsevier B.V. 
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1. General remarks 

Transport as an indispensable benefit to socio-economic life is the result of an activity of a complex system - the 
transport system. Like any system, which represents an ensemble of interdependent objects combined to achieve a 
common goal, the transport system is characterized by tasks, structure (infrastructure, equipment, means of transport 
and service personnel) and technology [1]. 
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The link between satisfying the requirements addressed to the transport system and the technological possibilities, 
ie between supply and demand, is complicated by the fact that the level of service quality is determined by the whole 
of infrastructure, means of transport and exploitation techniques. Beneficiaries and users' requirements are 
increasingly demanding in terms of sustainable transport development, which makes it necessary to operate the 
subsystems of the transport system at the projected parameters [2, 3]. Productivity and quality requirements are 
matched by flexibility and adaptability to rapid changes in the marketplace in the face of globalization [4]. In this 
context, means of transport, as an integral part of the transport system, must be maintained in good working order 
throughout their life. This poses the problem of the optimal replacement moment, ie the moment when the 
maintenance and operating costs together with the acquisition costs and the related interest have a minimum value. 

Any transport vehicle or equipment gets obsolete as to its operation and maintenance if it is not properly 
maintained and repaired. In some situations, instead of performing the necessary repairs, it is more economical to 
replace the entire equipment. Often, replacement is not made because performance has dropped significantly, but 
due to the emergence of new equipment with superior performance [5]. The life cycle of a product or system is a 
sequence of phases, each containing activities that cover the life of the system, from the initial design, to 
decommissioning. The life cycle scheme provides a framework for programming, conducting, controlling and 
supervising the system in all its aspects as it goes through different stages of development [6, 7]. 

The life cycle of a system is provided in EN 50126 and incorporated into Romanian legislation under the SR EN 
20126/2003 and aims to specify the reliability, maintainability and availability of the system. It is particularly 
applicable to the rail system and provides rail operators with a procedure that allows consistent management of 
reliability, maintainability and availability management [8]. 

Literature [9] presents several models for the renewal of the equipment. One of these is the 4 step model [10] 
applied in the process of implementing new machines and for which the stages are defined: the management team 
must try to change the organizational culture of the enterprise; the management team must accept that the new 
machines may also have negative effects; a higher level of communication between the manager and the contractor 
regarding the new machinery; a change in the company's strategy as the new machines roam the roots. The problem 
presented in this paper is not a matter of reliability or safety in operation but is related to the evolution over time of 
the maintenance costs, together with the depreciation costs of the means of transport which may or may not have an 
updated value. Solving the problem is summed up to find the most appropriate variation functions whose sum has a 
minimum in time (the independent variable). Not in all cases the problem has a solution. 

2. Mathematical modelling 

2.1. The case of not considering a new transport vehicle acquisition cost variation  

The economic replacement time is chosen so that the amount of maintenance and operating costs and the cost of 
purchasing a new transport mean is minimal [11]. Each time period, the maintenance and operating costs are known: 
C0, C1,..., Cn. For n + 1 years the total costs will be: 

K = C0 + C1 + C2 + ...+ Cn.   (1) 

The first step in modeling is to determine how these costs change over time. For this, we try to find a regression 
curve that tracks as accurately as possible the data recorded over time. The regression curves can be polynomial, 
exponential, logarithmic etc., but their type is limited by the fact that not always the extreme point (minimum point) 
can be rigorously mathematically determined [12, 13]. Once the form of cost variation has been established over 
time, the amount of annual maintenance and operating costs is determined. The total value of these costs is 
determined by recording the function within the limits t0 and tn. For costs with a linear variation: 
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