
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 

The aim of this article is to establish an organisational model based on 12 management areas. Each area in it is represented by a 
bookshelf with the aim of organising the content of the management areas according to the needs of the companies using the 
model. The model has been developed for implementation by SME type companies. We believe that the model can help companies 
that use it to boost their national and international competitiveness in their business sectors. 
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1. Introduction 

A loss of competitiveness in SMEs (small and medium enterprises) in Spain is currently apparent in the industrial 
sector owing to their poor organisation. This poor organisation is determined by their failure to establish: 

- a minimum set of basic management areas 
- the indicators needed to measure the efficacy of the SMEs’ different processes 
- management policies that allow all of their human resources to follow the strategies set by management.  

This management model is suggested as a means of reducing the loss of competitiveness and helping SMEs to 
follow the continuous improvement method.  
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The proposed management model has been developed with the aim of facilitating the international or national 
certification that clients or industrial sectors require of the SMEs that provide products and services at an industrial 
level. 

This model enables the integration of various certification schemes, for example ISO 9001, ISO 14001 and 
OHSAS 18001. It also permits the integration of other certification schemes such as ISO/TS 22163 and EN 15085 
(railways), TS 16949 (automotive), UNE-EN 1090 (construction and civil engineering) and UNE EN 9100 
(aeronautical). 

2. Methodology 

2.1. Outline of the management model 

The method to follow is based on the creation of the 12 management areas established in the proposed model, as 
shown in figure 1.  

Fig. 1. 12 bookshelves. 

In order to implement the 12 management areas, an “organisational handbook” must be written to indicate how 
the SMEs are organised by establishing the organisational chart and the human resources assigned to each 
management area. It is important to emphasise that this proposed scheme would be of great help to SMEs in boosting 
their competitiveness. 

The “organisational handbook” is the document that integrates all of the management areas, and it is applicable 
to all of the activities carried out by the SMEs. 

The aim of the “organisational handbook”is to indicate how the company is organised by its corresponding 
specific management procedures, establishing the strategies to be pursued by the company based on the management 
policies defined and approved by the management and on the indicators for measuring the different processes that 
are carried out in the company. 

Each management area must have:  

- A management policy. [1] 
- People in charge of management. [2] 
- Process indicators. [3] 
- A management procedure or procedures. [4] 
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The table of the 12 management areas in figure 1 resembles a bookcase where each shelf make it possible to 
integrate the policies, management procedures and requirements established by the regulations of the ISO, UNE, 
EN, DIN, etc., by the legislation applicable or by the organisation’s clients. The degree of development in each 
management area will depend on the activities carried out by the SMEs, how critical these areas are and the volume 
or size of the organisation (human and technical resources, client portfolio, etc.), as well as on the requirements to 
be fulfilled based on the certification demands of the clients and the different standards systems. 

The model obliges us to “fill” all of the shelves on the bookcase with the amount of documentation and depth of 
the shelves depending on the activities carried out by the company.  

All SMEs that wish to be competitive must consider all of the management areas identified. 
For example, an industrial company needs to implement and certify ISO 9001 and so the following will appear in 

its quality management space: 

- Standard ISO 9001 
- Quality Policy 
- Quality Management Handbook 
- Quality Management Procedure 
- Indicators 
- Registers 

2.2. Integrating Regulations 

The company’s management and its heads of department must, for each management area, identify all of the 
certifiable management, production and monitoring standards, and also identify the requirements of other models 
such as Lean Manufacturing or the general rules and regulations applicable to SMEs (Occupational Risk Prevention 
Act, Machine Safety Directive, etc.).  

We will now provide examples of some of the management areas where the regulations to be implemented will 
depend on the company’s needs and on the requirements of the market in which the company is located. 

Quality Management Area 

- ISO 9001 
- ISO TS 22163 (this has replaced IRIS) 
- TS 16949 
- UNE EN 9100 

Environmental Management Area 

- ISO 14001 
- EMAS regulation 

Occupational Risk Management Area 

- Occupational Risk Prevention Law 
- OHSAS 18001 (to be replaced by ISO 45001) 

These three management systems are the classic integrated system for quality, environment and occupational risk 
prevention management. The “organisational handbook” enables the three systems listed to be integrated so that the 
certifying bodies can perform integrated certification in SMEs, thus leading to a reduction in the time and cost of the 
integrated audit.  
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