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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.  
© 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 

This investigation is focused on the Integration of Management Systems and the proposed approach is supported on available 
literature regarding Management Systems and Integrated Management Systems, as well as, one questionnaire conducted by the 
authors and sent to 843 Portuguese Organizations with two or more certified Management Systems. The 55 valid answers were 
considered towards this work. 
Attained results show that the future of the Integrated Management Systems encompasses total integration of Management 
Systems, and the main reasons provided are that Organizations Integrate their Management Systems mainly for internal reasons 
such as standardization/ simplification/ organization, resources reduction, documented information integration and reduction. 
Major difficulties for the integration of Management Systems concern the lack of specialized human resources. 
This is a pioneer investigation in Portugal since there are no similar studies in the country regarding trends pertaining to 
Integrated Management Systems. 
© 2017 The Authors. Published by Elsevier B.V. 
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1. Introduction 

All over the world Organizations are implementing different standardized Management Systems (MSs). 
According to the ISO (International Organization for Standardization) [1] the worldwide number of Organizations 
that are implementing and certifying their Organizations with the MSs has been growing in order to meet the 
requirements of their different interested parties as well as to improve their efficiency [2]. Value creation in 
Organizations depends on the ability to continuously improve and innovate products and processes [2]. 

Organizations can face some challenges when operating parallel MSs. Integrated Management Systems (IMSs) 
can provide a systematic approach to standardizing systems, such as, Quality, Environment, Occupational Health 
and Safety, Social Accountability and others [3]. 

MSs are a global phenomenon and its integration is justified by the benefits, such as, improvement of MSs 
performance and competitiveness, reduced duplication in tasks, documentation, elimination of overlapping roles and 
structures, reduction in audit time and costs, and improved transparency [3]. 

In 2012 ISO developed a new structure called Annex SL, for Management System Standards (MSSs). This 
structure suggests a new approach designed with the intent to harmonize MSSs in order to easily integrate multiple 
MSs [4]. 

The motivation for the present investigation meets the need for Organizations to continuously improve their 
products and services. Once we trace trends it is possible to anticipate and prepare for the future and consequently 
become able to increase efficiency. Organizations need to follow trends and adapt. 

The main objective of this investigation is to characterize the evolution of integration pertaining to individualized 
MSs of Quality, Environmental, Occupational Health and Safety and others in Portugal and explore trends in 
the2015-2025 period; 

2. Literature review 

Standardization started to come up in the early 19th century, but it was in the 20th century that international 
standards were formalized. In 1926, the International Federation of the National Standardizing Associations (ISA) 
was established as the global standards body, but was suspended in 1942 during World War II. After the war, ISA 
was approached by the recently formed United Nations Standards Coordinating Committee (UNSCC) with a 
proposal to form a new global standards body. In October 1946, ISA and UNSCC delegates from 25 countries met in 
London and agreed to join forces to create the new ISO [5]. Since then the domain of standardized MSs has 
expanded significantly over the last years.  

Nowadays there exist many International and Portuguese MSSs for individual MSs, which apply to different 
types of Organization. In fact, there exists a "puzzle" of MSSs inside Organizations, as well as, the related individual 
MSs, as shown in Fig. 1, at least one for each interested part, and new ones will appear [6]. 
 

Fig. 1 Many MSSs and related individual MSs inside the Organizations that shall be integrated in an efficient IMS. [6] 
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According to ISO [7], the ISO MSSs provide a model to follow when setting up and operating a MS. Like all ISO 
standards, they are the result of global, expert agreement and therefore offer the benefit of global management 
experience and good practice [7]. In particular, the MSSs can be applied to any Organization, large or small, 
whatever the product or service an of the sector of activity [7]. 

In order to create competitive advantages and achieve sustainable development, many Organizations have 
implemented QMS (ISO 9001), EMS (ISO 14001) and OHSMS (OHSAS 18001), which has become a widespread 
practice around the world in recent years [8]. 

According to Karapetrovic & Casadesús [9], due to the demand of the market itself or by other internal reasons, 
there are many Organizations that implement different MSS. Traditionally, the management of the requirements of 
that diversity of MSS and others organizational aspects is seen to be fragmented and spread across different 
personnel and managers [6].  

To meet MS requirements, each MS requires a large number of documents, written procedures, control forms and 
much other paperwork. Since each MS shares common requirements those individual MSs duplicate documents. The 
only way for Organizations to benefit from this environment is to integrate their MSs into a single IMS. An IMS is a 
set of interconnected processes that share the same resources [10]. 

In a not distant past, some Organizations in Portugal and other countries, although in a small percentage, began to 
integrate their individual standardized MSs, such as: QMS (Quality Management System); EMS (Environmental 
Management System); OHSMS (Occupational Health and Safety Management System) among others. For this 
purpose, Organizations began to conceive integrated procedures in order to enable the integration of the two systems 
(QMS and EMS or EMS and OHSMS) and whenever possible, the three standardized MSs: EMS, QMS, and 
OHSMS [2], [6], [13].   It reveals the growing interest that has been demonstrated by Organizations in the adoption 
of the MSSs ISO 9001, ISO 14001 and OHSAS 18001 [6]. 

3. Methodology 

In this study a survey method research was adopted based on a questionnaire [11, 12]. The questionnaire 
addresses key aspects concerning the status of implementation of IMS, the number of implemented MSs, 
expectations regarding the implementation of new standards, if there is integration and what are the reasons for 
integration. Table I shows the questionnaire main questions. 

          Table I: Questionnaire main questions. 

Group Question 

III From 10 identified MSSs, identify those MSS that are formally implemented, the implementation year, 
MSs that are certified/accredited, and the year of certification / accreditation.  

IV MSS that will be implemented in the future and year of implementation 

V
The situation on terms of integration in an IMS of the MS in the Organizations; From 13 given potential 
integrable points identify the existing integration level – Total Integrated, Partial Integrated or Non 
Integrated. 

VI 

The three main reasons why Organizations integrate their MSs; The future trend in terms of 
implementation – Total integrated, Partially integrated or Non Integrated; The three biggest difficulties 
in terms of Integration actually; The three biggest difficulties in terms of integration in the medium term 
- 2020-2025. 

Source: author’s construction 

In June 2016 a pretest was carried out with some IMS managers - Quality, Environment and Safety to find some 
possible improvements. In September 2016, after the pretest, the questionnaire was sent to843 Portuguese 
organizations that have implemented some of the cited MSs. To maximize the number of responses one last email 
was sent to all Organizations that didn’t answer, appealing to their involvement and importance upon their response. 
Table II synthesizes the overall results concerning the sample data. 
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