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Abstract Industry 4.0 approaches have gained increasing relevance and impact
on logistics research and practical applications. However, logistics research often
focuses on the investigation of isolated concepts, which leads to a systematic
neglect of more holistic research frameworks. Therefore, this paper conceptualises
Smart Logistics as an important element within the context of Industry 4.0
approaches. Furthermore, a set of technological concepts for Smart Logistics is
identified and potential applications are outlined and discussed. Moreover, the
paper presents recent developments in the area of Smart Logistics based on both
primary and secondary data analyses and recommends further directions for
future research efforts.
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INTRODUCTION
Digitalisation can be seen as a central topic for the development of the global
economy and modern society. Successful digitalisation strategies are identified as
important drivers of continuous growth and long-term welfare. Therefore, digitalisation
strategies within enterprises are frequently supported by governmental initiatives that
aim at improved innovation power, higher productivity, lower costs, higher revenues,
better training of employees in terms of digitalisation readiness and enhanced
competitive advantages (FFG, 2019).
In general, the term “Industry 4.0” comprises a multitude of digitalisation
strategies, approaches and technologies by mainly focusing on the application in the
industrial environment. Thereby, the areas of application range from product
development, construction and manufacturing to the improvement of material flows.
These initiatives should help industrial enterprises to meet objectives such as increased
competitiveness based on transparent processes, higher agility, enhanced adaptability
and improved flexibility (Statista, 2015).
The basic principles of the Industry 4.0 approaches can be classified as 1) digital
interconnectivity approaches and 2) self-controlling systems approaches (Bosch et al.,
2017). Interconnected production networks simultaneously collect real-time
information regarding every component being produced, their storage locations and
transition points by using sensors, actors and further intelligent identification tracking
systems. Products, components and raw materials automatically contain all necessary
information regarding their condition, quality and real-time status. Every node and edge
of the production network is interconnected and, furthermore, is able to communicate
with other nodes. Partial or complete self-control is ensured by a set of process rules
and/or algorithms. Production steps, production sequences and production lot sizes can
be dynamically adapted to the new requirements. Inventory levels are monitored in
real-time leading to automatic ordering processes and enhanced control strategies, e.g.,
dynamic safety stocks (Gudehus, 2012) or supply-chain-wide inventory management
approaches (Tempelmeier, 2018). In addition, the digital interconnectivity, selfcontrolling systems, for example, autonomous material flow processes and automatic
monitoring and control systems, will play an important role in modern production
enterprises. Thereby, the intelligent monitoring and control of supply chain processes
can be regarded as an essential prerequisite for the usage of modern technologies (ten
Hompel, 2014).
This paper focuses on the digitalisation strategies in supply chains by using a set
of technological concepts for the improvement of company-internal and companyexternal material flow processes based on the conceptual framework of Zsifkovits and
Woschank (2019). Thereby, in this paper, the authors define Smart Logistics as a major
component within the Industry 4.0 approaches, identify a set of technological concepts,
discuss potential practical applications and present recent developments in the area of
Smart Logistics as well as potential directions for future research.

MATERIALS AND METHODS
Theoretical framework
In this subsection, the authors develop the theoretical framework. Therefore, the
authors outline and discuss state of the art conceptualisations and combine their
insights to a generic Smart Logistics Framework.
In this context, Kagermann et al. (2013) define Industry 4.0 as the technologicalbased integration of Cyber-Physical Systems (CPS) into production and logistics and the
application of the Internet of Things (IoT) and services in industrial processes, including
all resulting consequences for the value chain, business models, services and labour
organisation. Production and logistics are considered as core areas of Industry 4.0 while
business models and other corporate functions will only play a minor role. Following
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these classifications, the authors define Smart Logistics as a core element of the
Industry 4.0 approaches.
Based on a quantitative content analysis of relevant publications, Hermann et al.
(2016) have derived four basic formal principles for the implementation of Industry 4.0
approaches which can be operationalised as 1) the assurance of digital
interconnectivity, 2) the decentralisation of decision-making processes, 3) the
availability of transparent information and 4) the usage of technical assistance systems.
Moreover, Bechtold et al. (2014) have created a framework which consists of the
eight important value drivers based on the four pillars of Industry 4.0, namely, 1) Smart
Solutions, 2) Smart Innovations, 3) Smart Supply Chains and 4) Smart Factory. In
contrast to Kagermann et al. (2013), in this model, products and services respectively
innovation processes are conceptualised as independent elements. This framework
should be used to ensure continuous growth and enhanced efficiency based on an
organisational framework that includes an agile operating model, human resource
management, change management, corporate governance, processes and digital
infrastructure.
Based on the previously outlined models and in combination with the elaboration
of Rauch et al. (2018), the authors propose a new framework of Smart Logistics which
is displayed in Figure 1 (Kagermann et al., 2013; Bechtold et al., 2014; Rauch et al.,
2018; Zsifkovits and Woschank, 2019). Thereby, Smart Logistics includes intelligent
and smart supply chains, based on agile cooperation in interlinked networks and the
digital interconnectivity of organisations. The digital interconnectivity is assured by
state-of-the-art information and communication technologies (ICT), data networks,
sensors and actors and intelligent technologies for identification and tracking of
materials, components and/or products, respectively. Autonomous transport vehicles
in combination with automated warehouses as well as storage and handling
infrastructure enable complete or at least partial self-control of internal and external
material flow processes.

Figure 1. Smart Logistics Framework.

Conceptual framework of technologies for Smart Logistics
In this section, the authors outline a set of technological concepts for Smart
Logistics and discuss potential applications. Therefore, recent literature has developed
a multitude of divergent frameworks, models and conceptualisations. For example,
Bechtold et al. (2014) identify the following main technological concepts as the main
enablers of Industry 4.0: 1) cloud computing, 2) mobile technologies, 3) robotics, 4)
advanced analytics, 5) machine-to-machine-communication, 6) social media and 7) 3D
printing. This classification can be regarded as unspecific because of a missing
unambiguous classification of technologies as enablers for Smart Production and/or
Smart Logistics initiatives. Subsequently, the authors describe the concepts of the
Cyber-Physical Systems (CPS) CPS, the Internet of Things (IoT) and the Physical
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Internet (PI) as the core elements of the proposed Smart Logistics component within
the Smart Logistics Framework.
Cyber-Physical Systems (CPS). CPS are physical objects or structures, such as
products, devices, buildings, means of transport, production facilities and logistics
components, that include embedded systems to ensure interactive communication
(Bauernhansl et al., 2014). The systems are connected through local and global digital
networks (Broy, 2010) by using sensors and actors in closed control loops (Lee, 2010).
CPS detect, analyse and capture their surrounding environment by using sensors
combined with available information and services. Moreover, actors are used to interact
with physical objects. CPS act autonomously, decentrally, can build up a network
amongst themselves and can independently optimise themselves according to the
principles of self-similar fractal production systems. The Smart Factory interacts with
human resources and/or machines and is able to organise itself in a decentralised, realtime-based way (Bauernhansl et al., 2014).
A virtual image of the reality is permanently analysed and updated with real-time
information. Therefore, the virtual environment, often called the “Digital Twin”, is
always synchronised with information from the real environment. This can be seen as
the starting point to connect the Internet of Mankind to the IoT and to the Internet of
Services (Padovano et al., 2018).
Internet of Things (IoT). The IoT can be seen as an essential and important part
of the CPS and which is often associated with Radio Frequency Identification (RFID)
technologies. Thereby, the IoT is used to identify and track objects (e.g., products,
containers, machines, vehicles) in logistics systems and supply chains. The objects are
constantly processing information about their surrounding environment and can be
unambiguously allocated, which increases the effectiveness and efficiency of all related
monitoring and control processes (Borgmeier et al., 2017; Boyes et al., 2018).
Physical Internet (PI). The PI is an open, standardised, worldwide freight
transport system based on physical, digital and operative interconnectivity by using
protocols, interfaces and modularisation. A provider-free, industry-neutral and borderfree standardisation is one of the basic requirements for usage of the PI, which connects
and virtualises material flows, analogous to the concept of the digital internet.
Moreover, standardised containers and carriers are used to ensure a maximum
utilisation of transport vehicles and a better usage of spare capacities. These principles
can be applied in internal logistics systems, as well as in transportation networks by
using self-controlling, autonomous systems in transport and storage processes as one
of the central elements of the PI. The usage of shared transport capacities, storage
locations, hubs and delivery points will have a positive effect on both economic (e.g.,
short transportation times, lower costs of human resources) and ecological (e.g.,
reduction of traffic and emissions) effects (Montreuil, 2011; Pan et al., 2017).
As a finding from the theoretical and conceptual analyses, Smart Logistics will be
able to contribute to an enhanced efficiency of supply chains and to sustainable growth
of industrial enterprises based on new business models by taking advantage of the
following potentials:
• Enhanced control of processes based on real-time information
• Dynamic and situationally orientated design of processes in the sense of
adaptive and self-controlling systems
• Utilisation of synergies by sharing capacities on neutral and independent
platforms
• Increased decision-making processes based on extensive data analyses (Data
Analytics) in combination with closed-loop learning systems
• Ability of a flexible and customised adaptation of products, services and
processes
• Individualisation of designs, configuration options, orders, planning procedures,
production processes and ongoing operation under economic conditions
• Effective man and machine interaction by including new principles of work design
and competence utilisation
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• Realising new potentials for logistics management through the development of
new business models and innovative services.

RESULTS
Preliminary empirical evidence
In this subsection, the authors evaluate preliminary evidence for the proposed
Smart Logistics Framework based on research-subjected-related literature in logistics
management research. For this purpose, the authors focus on relevant studies
published over the timeframe from 2008 to 2018. According to the previously deducted
framework, the evaluation will be divided into the sections of: 1) Smart Solutions, 2)
Smart Innovations, 3) Smart Logistics and 4) Smart Manufacturing.
Smart Solutions. Smart Solutions are realised by the implementation of Smart
Products and Smart Services. Smart Products which are based on Product Enabled
Information Devices (PEID), such as RFID, sensors and actors, allow the interoperability
of systems by dynamically exchanging product data and additional in-depth information
regarding the lifecycle management (Kiritsis, 2011), product-based information and
manufacturing-process-related information (Filho et al., 2017).
This may also result in increased new product and process innovations. For
example, the equipping of clothes with sensors can lead to better information for the
development of new materials (Gomes et al., 2018), a better usage of production and
logistics systems through permanent condition monitoring and an ongoing optimisation
of operation settings (Schuetze et al., 2018). Moreover, Industry 4.0 approaches can
be used the create Smart Services, e.g., cloud manufacturing based on the
interconnection of manufacturing enterprises through virtual network technologies,
which enables the usage of distributed manufacturing resources (Li and Yao, 2018),
collaborative development activities (Enrique et al., 2018) and collaborative
transportation strategies (Behrends et al., 2016).
Smart Innovations. Smart Innovations can be realised by developing
cooperative innovation strategies and open innovation models which could also be
useful for small- and medium-sized enterprises (SME) to transform company-internal
innovation processes into a dynamic process within company networks (Silviana, 2018).
Smart Logistics. In the area of Smart Logistics, the usage of sensors, actors and
CPS increases the accuracy and real-time availability of information and lowers the costs
of the supply-chain-wide tracking and tracing systems (Louw and Walker, 2018).
Moreover, a consistent monitoring of products without human participation is possible.
For example, this can help food companies, to improve their logistics processes,
competitiveness and reinforce the confidence of consumers in the quality of the food
supply chain (Abad et al., 2009). Logistics systems can increase their efficiency by
internally implementing real-time planning and control systems (Qu et al., 2012) and
externally synchronising information by using cloud-based approaches (Qu et al., 2016)
or deep reinforcement learning algorithms (Waschneck et al., 2018). Moreover,
automated guides vehicles (AGV) become more and more important for industrial
enterprises. Thereby, Mehami et al.
(2018) have identified the ability of
reconfiguration, the flexibility and the customisability, as the main success factors of an
effective AGV implementation. In addition, warehousing processes are optimised by the
usage autonomous robots, intelligent carriers and advanced assistance systems for
man-machine-interaction (Glock and Grosse, 2017).
Smart Manufacturing. Smart Manufacturing uses advanced data analytics to
gain valuable insights about the manufacturing processes to increase production
efficiency, planning accuracy and achieve reduction in costs. However, the
implementation requires a significant initial investment (Mehta et al., 2018). In this
context, decision support systems can be used to allow a systematic evaluation among
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different scenarios to take better decisions (Grieco et al., 2017). Moreover, Industry
4.0 strategies can be seen as enablers of automation by reducing the time from failure
occurrence to failure notification by automatically triggering fault-repair actions through
Smart Devices. The continuous flow of materials can be supported by digital assisting
systems based on augmented reality, employees get individualised information about
necessary tasks to get along in timed productions and decentralised working stations
could negotiate cycle times and, thus, find the optimum between highest possible
capacity utilisation per working station and a continuous flow of goods (Kolberg and
Zuehlke, 2015). CPS can also be used to identify weak spots in the production process
by predicting product quality based on process data analytics (Lee et al., 2018).

DISCUSSIONS AND CONCLUSIONS
In general, based on the Industry 4.0 approaches, Smart Logistics can be
identified as a crucial element of digitalisation in the industrial value chain. Smart
Logistics is based on the usage of agile cooperation networks and on the information in
respect to organisation-based connectivity to enable intelligent and lean supply chains
(Kagermann et al., 2013; Bechtold et al., 2014; Rauch et al., 2018; Zsifkovits and
Woschank, 2019).
CPS, the IoT and the PI can be seen as integral concepts of Smart Logistics, aiming
at an increased supply chain efficiency by the creation of (partly) autonomous systems
and processes. Independent platforms for logistics services (e.g., transportation,
storage, packaging, control of material and information flow) contribute to a better
usage of resources and to the creation of new business models. Advanced data analytics
provide tools for more efficient decision-making processes Bauernhansl et al., 2014;
Borgmeier et al., 2017; Montreuil, 2011).
The consistent traceability of material flows based on new methods of automated
identification and tracking, the development of self-controlled autonomous systems for
transport and storage and the increased usage of advanced data analytics can be
regarded as the first steps on the path to Smart Logistics (Zsifkovits et al., 2020).
In this context, the following future challenges are identified: The establishment
of the provider-free, industry-neutral and border-free standardisation of systems and
interfaces in material- and information-flow processes; the definition of business cases
to evaluate the benefits of investments in new technologies; the development of
innovative organisational models for the integration of new technologies; the assurance
of the security for human resources and data (Cyber Security); the further development
and promotion of digitalisation competences in vocational education and training
incentives; and the continuing integration of emerging technologies (e.g., artificial
intelligence (AI), machine learning, etc.) into logistics processes (Dallasega et al.,
2020).
Moreover, future research should further investigate the proposed Smart Logistics
Framework by focusing on synergies and/or interconnectedness, potential effects and
risks, respectively barriers in the implementation phase of the developed subcategories.
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