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Purpose
This paper aims to provide a definition for logistic 4.0 based on the historical background and literature review. This literature review will lead to find out the  links between Industry 4.0 and Logistics 4.0 and analyse  the application of I4.0 for the digital transformation of  industrial logistics and supply chains and its business impacts. 
Research approach
This research is performed doing the systematic study of the background of digitalisation of logistics and investigating the similarities between industry 4.0 and logistics 4.0. Also the research will explore the application of I4.0 to logistics and SCM. The approach includes walk through of the first, second and third logistic revolutions and shared knowledge or technologies among industry and logistics.
Findings and Originality
The originality of this work lies in the findings from the exploration of historical data and the comparison between industry 4.0 and logistics 4.0 technologies and its impacts.
Research Impact
Logistics 4.0 is gaining more popularity and importance in the current business world. It is expected that it will revolutionize the business and industrial world. However currently there is no clear definition of logistics 4.0. It is still considered as a new and expanding area. Since there is a strong link between business and industry, there is a strong link between industry 4.0 and logistics 4.0 as well. The emergence of industrial internet of things (IIoT) created new challenges in the logistics domain. This paper aims to find out those links and its wide possibilities in the business world.
Practical Impact
This paper points out the practicality and importance of logistic 4.0 technologies and its impact on the current business world.
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I. Introduction
Logistics and supply chain are the most important business aspects of any industry. Since we have seen the rise of industry 4.0, it would be curious to investigate the role of logistics and supply chain in industry 4.0. It has been referred to as Logistics 4.0 (Winkelhaus et al., 2019; Strandhagen et al., 2017; Domingo, 2016; Sternad, 2018) and this paper will discuss the definition and impacts of Logistics 4.0. 
The definition will be achieved through analysing the trends in the evolution of revolution of logistics 4.0. This is done by reviewing the literature about logistics and supply chain to identify the stages of evolution and IT revolution. The impact analysis will be achieved by identifying and reviewing the potential benefits of logistics and supply chain in the context of industry 4.0, and related technologies.
The remaining  of the paper is organised as follows: section 2 presents a historical background of logistics and supply chain and their relationships with different industrial revolutions. Section 3 identifies recent trends and characteristics of industry 4.0. Section 4 discuss about the impact of logistics 4.0 and Industrial Internet of Things on the current business world. Section 5 gives a glimpse of application of industry 4.0 to logistics and section 6 is a formal conclusion of the paper. 
II. Historical background

A. Logistics 1.0
The first industrial revolution started as a result of mechanisation where the industry changed from traditional manual production methods to machine used methods. This became a reality when steam engines were discovered during the second half of the 17th century (Strandhagen et al., 2017). 
The linguistic roots of the word “logistics” come from the French term “Logis” which means the accommodation of the troops. Logistics was introduced and defined by the military in early 19th century as the transportation of the troops (Ballou, 2006; Lummus and Vokura, 1999). Later, logistics was introduced as part of the business process then termed business logistics in the late 1960’s (Lummus, 1999). It is primarily concerned with the physical distribution of the goods. This is discussed between the 1960’s and 1970’s. 
The initial activities of logistics or logistic 1.0 since its creation was related to military activities and processes but slowly it turned out to be part of other business activities and processes during the 60’s (Ballou, 2006). It was only concerned about the movement of the goods and related transportation (physical movement and distribution not personnel which was enhanced by the then technologies and tools. Hence, logistics 1.0 complied with the industrial requirements that were created by customers in the first place. 
B. Logistics 2.0
After 1960’s there had been a change in the industrial eco system. There was huge demand for mass production which led to the development of Industry 2.0. Mass production required automation to meet the standards. Logistics required automation for more efficient cargo handling and it is considered as an evolution in the Logistics field and was called “Logistics 2.0” (Strandhagen, 2017). 
During the 1980’s companies started to cooperate each other to manage and coordinate physical flow of cargos among them. Hence the term “Supply Chain Management” came (Lummus, 1999; Amr et al., 2018). The council of supply chain management professionals adopted the following definition for supply chain management: “supply chain management encompasses the planning and management of all activities involved in sourcing and procurement, conversion and all logistics management activities. It includes all channel partners, suppliers and intermediaries, third party service providers and customers (Ballou, 2006). From a customer perspective, the managerial coordination of process that procure, produce and deliver value should include warehouse and road activities as part of the focus shift. 
As a result, there was a surge to make a focus shift from automation of goods or physical flow on roads to more enhanced ways and optimization of processes. This surge began to boost the cooperation between companies and organisations belonging to the same chain. 
C. Logistics 3.0
The third industrial revolution refers to the revolutionary shift from traditional industrial practices towards a more automated processes and practices. It all started with the new developments of machines and technologies. CNC machines and robots were prominent among those developments. On the other hand, ‘Introduction of logistics management systems’ gained attention and therefor the third logistics revolution is started. These new systems solved the issues of logistics 2.0. It is evident that logistics revolutions are strongly connected with industrial revolutions. In other words, logistics or supply chain revolutions are subsets of industrial revolutions. Figure 1 shows the timelines of these revolutions and we can see the resemblance (Amr et al., 2019).
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Figure 1, Timelines for the evolution Industry X.0  
Based on the given explanation and historical data of revolution or evolution this work finds to reach a definition which is most relevant to the trends and practices. Fig. 1 shows that the transformation of different logistical eras happens after each industrial revolution. A definition of fourth logistics revolution “Logistics 4.0” is introduced in this work. As a result, the definition starts by reviewing the literature and observing the characteristics and features of industry 4.0 to understand how it influences Logistics 4.0. Afterwards, the definition is derived through identifying the impact of the 4th industrial revolution on logistics and supply chain (Amr et al., 2019). 
III. Logistics 4.0
The fourth revolution of industry, logistics and supply chain can be characterised as a result of increased digitalization and automation. In a broad sense, we can define these concepts as cyber-physical systems (Ivanov et al., 2015). The German Committee of Experts on Industry 4.0 defines Cyber-Physical Systems as follows: “Systems, that directly link real objects and process with information processing objects and processes via open, partially global and always interconnected information networks” (Bartodziej, 2017).
The evolution of cyber-physical systems created huge possibilities for advanced logistics and supply chain. A new scope is developed within supply chain due to industry 4.0 developments. The term supply chain 4.0 (Ivanov et al., 2015) itself is an impact of industry 4.0. the new scope considered products to be trackable and manageable due to the accessibility and transparency among all related parties. This gave a full visibility of product’s life cycle. 
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Fig 2 Technologies involved in Logistics 4.0 (L. Domingo, 2016)
The concept of digitalisation or digital twins has made a revolution in the 4th industrial era. We are in a capacity to access both physical and digital systems or objects in the real time. This accessibility can provide the possibility of real time monitoring and control of cyber-physical systems with decentralised decision making process. Digital Twins consist of various technologies such as Internet of Things (IoT), Artificial Intelligence, Cloud Computing, Cyber Security, Block chains, Robotics and Automation, 5G/6G etc. which makes the revolution more digital and autonomous. Cyber-Physical consist of smart objects and as a result, that transfers the entire traditional logistics and supply chain processes into smart logistics and supply chain processes (Hompel, 2017). The decentralised decision making concept and autonomy integration changes the whole scenario from a traditional factory and its components including products, services, logistics and supply chain into smart ones. 
Table 1 shows that how manufacturing and logistics sector is benefitted through overall cost reduction of 17.6% and 34.2% respectively. Moreover the retail business will benefit from a 7.8% reduction of operating costs. On the revenue streaming side, the manufacturing sector, logistics service sector and the retail business will gain an increase of 22.6%, 33.6% and 33.3% respectively (Wolfgang Lehmacher et al., 2017; D. Ivanov et al., 2015).
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Table 1 Expected impact of digitalization on industry (Wolfgang Lehmacher et al., 2017)
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Figure 2 Distribution of Cyber Physical Systems Components (L. Domingo, 2016)
The similarity between industry 4.0 and logistic 4.0 lies in the similar technologies used by both. Use of cyber-physical systems, cloud computing and other smart technologies transformed and shaped the whole idea of being 4.0. Smart logistics can be called logistics 4.0 (Oleskow-szlapka and A. Stachowiak, 2018) which provides a highly flexible environment to meet customer needs and improve optimization eventually to cater the fluctuation in customer requirement. This will also leads to cost reduction of storage and production hence leads to an increased customer satisfaction (Barretto, 2017). Adding innovations and technologies to the existing / traditional logistics lead to the development of logistics 4.0. In other words, the cyber physical systems and smart technologies defined logistics 4.0 as a term that includes technologies and concepts in the value chain of an organization (Wang, 2016). A smart logistics also needs a smart supply chain. Since supply chain is the process of providing the raw materials for the manufacturing process, it also opens the scope of value chain management. This process basically maximize the value of delivered products by creating values at different levels. The purpose of the value chain thus derived as the improved and successful capturing of the customer needs. As a result, supply chain could be considered as a part of value chains (Ilyas, 2018)
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Fig 3 Relationship between different logistics eras (M. Amr et al., 2019).

IV. Impact of Industrial Internet of Things (IIoT) on logistics
Internet of things have proved its efficiency in logistics and supply chain management by integrating smart sensors and devices over internet to communicate each other. The application of IoT or IIoT had improved the overall efficiency of production, logistics, supply, demand, transportation, management etc. This gave a phenomenal growth of industries and raised customer satisfaction level (Pradeep, 2021). 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 (Barretto, 2017). IoT plays an increasingly important role in transportation and logistics industries. As more and more physical objects also called as physical assets are connected via internet and recognised with smart sensor technologies companies can conduct real time monitoring and control of assets from origin to destination. IoT is also offering promising solutions to automobile industry and transportation business by enhancing the performance of underutilised resources using smart technologies. An improved transportation management system for example, interacting with IoT devices can also be called as smart transportation management system is one of the key concept to validate the full potential of fourth revolution ideas. 
V. Industry 4.0 and Logistics 4.0
The benefits of actual industrial revolution brings forth tremendous opportunities to global logistics in terms of sustainability, efficiency and responsiveness. Logistics 4.0 plays a crucial role in the digital transformation of the manufacturing sector therefore the underlying vision of fourth industrial revolution. As we have discussed above, the front end technologies plays a key role to make this transformation a reality and success. The objectives of logistics 4.0 will enable new features that facilitates the optimization of resources and energy in the process. 
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Fig 4 Industry 4.0 technologies for Logistics

VI. Conclusion
Based on the available literature and historical data, it is evident that the evolution of logistics and supply chain was a result of business needs, practices and technological advancements. The economical and technological changes overtime played an important role in the business strategy and execution of products and services. The step by step revolutions gave the companies stability and sustainability through technological improvements. Business in this era are more smart and flexible. Industry 4.0 gave a different dimension to the existing business models. This is made possible through the successful integration of cyber physical systems. Logistics 4.0 revolution was always part of industry 4.0 revolution. In this paper, we addressed some reflections regarding the most important dimensions required for a full implementation of logistics 4.0 paradigm. The digital transformation will make the logistics more transparent, more efficient and smarter in every way. These refined and smart models would be the future of any businesses moving ahead.
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