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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 

During the last decade, the use and evolution of Information and Communication Technologies (ICT) in industry have become 
unavoidable. The emergence of the Industry Internet of Things (IIoT) promoted new challenges in logistic domain, which might 
require technological changes such as: high need for transparency (supply chain visibility); integrity control (right products, at the 
right time, place, quantity condition and at the right cost) in the supply chains. These evolvements introduce the concept of Logistics 
4.0. In this paper, it is presented some reflections regarding the adequate requirements and issues enabling organizations to be
efficient, and fully operational in Logistics 4.0 context. 
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1. Introduction  

As never seen before, technological innovation and customer demands for sophisticated technology and services 
promotes the emergence of new challenges, which is increasingly changing industry. This transformation will 
dramatically influence how organizations will be managed according to the new incentives, and environmental and 
context configuration. Although some sectors like automotive, technology and biology industry, through its  
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commitment to overall efficiency and innovation, took the lead on the platoon of industry changes, others will have to 
follow the technological evolvement because this change is being done very quickly, allowing us to refer as the new 
Industrial revolution, commonly known as the fourth industrial revolution (Industry 4.0). 

This revolution is causing profound changes, not only in industry but also in society, in the economic rhythm and 
outlook, in how work is planned and operationalized, in what way should be oriented the human-machine interactions, 
among other situations. Although, the ability to correctly interpret and perceive these changes will allow us to gain a 
higher level of awareness and a capacity to monitor and read the markets, which will promote the organizational 
alignment with this pattern of paradigm change. Therefore, the gained sensibility will potentiate the interpretation of 
the clients’ behavior towards choosing products and services, purchase vs. rental, as well as the appearance of new 
paradigms such as: shared economy, collaborative innovation, additive manufacturing, social networks, digital 
platforms among others that are contributing and enhancing the pace of change. 

During the last decade, the use and evolution of Information and Communication Technologies (ICT) in industry 
have become unavoidable, mainly by being vital for increasing the organizational efficiency and its level of 
competitivity [1].  This has promoted the adoption of ICT in most of the industry activities, but especially in logistics 
and production operations. This technological evolvement is evidenced by the well-known applications and highly 
used by most of organizations, such as Enterprise Resource Planning (ERP), Warehouse Management Systems 
(WMS), Transportation Management Systems (TMS), Intelligent Transportation Systems (ITS) [2]. Nevertheless, the 
information availability in real time and in-line, gathered through VANET Systems [3], sensor networks, drone points 
and business intelligence systems, will increase the decision-making efficiency of management and become more and 
more flexible and efficient into the near future. 

In an Industry Internet of Things (IIoT) context the logistics challenges might require something like: high need for 
transparency (supply chain visibility); integrity control (right products, at the right time, place, quantity, condition and 
at the right cost) of the supply chain [4]; dynamic ‘reconfigurability’ of supply networks, specially by re-examining 
service-level agreements with upstream and contracted suppliers; supply network design, towards achieving lean, 
agile, resilient and green supply chains [5]. In this context, logistics will be addressed under the term of “Logistics 
4.0”. In a technological and in-line processes perspective it must be noticed, the Logistics 4.0 aim is not to replace 
humans in their works, but to avoid inaccuracies and to have faster processes where the information can be shared 
effortless and in real time. It will be always needed the involvement of people controlling the processes and taking 
control of any system failure. 

In this paper, we intend to focus the discussion on some of the key challenges that will be needed to meet the 
requirements of the Logistics 4.0 era. This paper is organized as follows: In Section 2, we introduce an overview of 
Industry 4.0, its main features and its enabling technologies. In Section 3, we discuss the main implications and what 
are the basis of an efficient and strong Logistics 4.0, where Cyber-Physical System and technologies, are used to carry 
out activities, which are repetitive and automatic, with reduced human involvement. Lastly, Section 4 provides the 
conclusions and further developments. 

2. Industry 4.0 overview 

In general, Industry 4.0 encompasses the development and integration of innovative information and 
communication technologies into the industry. The main goal is to foster the intelligent networking of products and 
processes along the value chain, thus allowing it to use more efficiently the organizational processes, into the creation 
of goods and services to enhance customer benefit offering them novel products and services. These related changes 
in the industrial sector are seen as a comprehensive paradigm, currently named as the fourth industrial revolution: 
Industry 4.0 [6-8]. 

The first industrial revolution began with the development of the steam engine and the introduction of heavy 
mechanical manufacturing equipment. The second industrial revolution was characterized by the use of electricity, 
which allowed the use of the conveyor belt and the assembly line. The third industrial revolution brought the 
automation of production processes through the massive use of electronics and information and communication 
technologies. Lastly the evolvement of the cyber technologies and their integration into digital ecosystems of all 
industry value chain contributed to the emergence of the fourth industrial revolution, named “Industry 4.0”.  The first 
reference to the Industry 4.0 was introduced at the Hannover Fair of Industrial Technologies, in 2011 [8]. Since then 
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many companies started to develop solutions in compliance with the concept of Industry 4.0. Many governments are 
also supporting the development of such solutions, especially the European governments (with emphasis on the 
German government), the United States and the Japanese governments, confirming that this new Industry era is viewed 
as strategic by the major industrial powers and players.  

In general, the main purpose of the Industry 4.0 is the emergence of digital manufacturing, also named as “smart” 
factory, which means smart networking, mobility, flexibility of industrial operations and their interoperability, 
integration with customers and suppliers and in the adoption of innovative business models [9]. The defining feature 
associated to the fourth industrial revolution is the intelligent networks based on cyber-physical systems. 

Cyber-physical systems (CPS) are physical and engineered systems, whose operations can be monitored, 
coordinated, controlled and integrated by a computing and communication system. CPS involves the interaction with 
the physical world and it is composed by a set of networked agents [10]. These network agents include: sensors, 
actuators, control processing units, and communication devices (Fig. 1). The intensive use of the technological 
applications and the increase growth of wireless embedded sensors and actuators are contributing to the development 
of several new applications – in areas such as production processes, transportation system, logistics services, health 
services, autonomous vehicles, machine learning and smart structures– and consequently increasing the technological 
improvements of existing ones –such as Supervisory Control and Data Acquisition (SCADA) systems [11]. 

Fig. 1. General architecture of cyber physical systems. Source [12]. 

The “Internet of Things” (IoT), also known as “Industrial Internet of Things” (IIoT) [12] has also affected the way 
CPS can interact, be monitored, be controlled and managed.  Therefore, facilitate the integration of processes and 
systems across sectors and technologies and contributing to a better communication and cooperation with each other 
in a new intelligent way, revolutionizing production, services provision, logistics and resource planning in a more 
effective way and cost efficient manner [13, 14, 15]. These technological evolvement is evidenced, for example, by 
shortened production cycles, incorporation of customer needs in real time, maintenance is largely carried out 
automatically, orders are automatically filled in the right order, shipped and dispatched. 

Additionally, in an organizational structure point of view, Industry 4.0 includes horizontal integration through 
networks in order to facilitate an internal cooperation, vertical integration of subsystems within the factory in order to 
create a flexible and adaptable manufacturing systems and through-engineering integration across the entire value 
chain to enable customization of the product [16]. The horizontal integration across companies and the vertical 
integration of a production inside the plant are two basic building blocks for engineering integration across processes. 
This is because the product life cycle involves several stages that should be performed by different companies. The 
connection between technologies and services in the concept of Industry 4.0 factory is shown in the Fig. 2. 
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