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Abstract

This paper presents an overview of challenges related to information management in reverse logistics
and an overview of selected disruptive technologies (Internet of Things, Blockchain, Cloud computing
and Artificial intelligence) that improve information management and information flow in the reverse
logistics chain. The theoretical background of reverse logistics and selected disruptive technologies is
provided. The goal of this paper is to research how information management in reverse logistics can
be improved through the use of disruptive technologies. The research problem results from increased
costs and insufficient prediction accuracy in the reverse logistics chain.
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1. Introduction

Reverse logistics is an increasingly discussed subject both under the supply chain
management literature and the environmental theme [44]. According to Rehman,
Zhang & Khan, [29], the concept of reverse logistics has gained immense popularity
in the recent times and it basically means the reutilization of products and materials.
Reverse logistics is considered to be one of the most complicated and costly process in
e-commerce logistics according both to literature and industry interview outcomes [46].
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Reverse logistics is a part of the total logistics of a company and deals with the
handling of the goods that are being returned to the manufacturer by the customer,
covering all the activities that determine the fate of these returned goods [28]. In
addition to the forward flow of products, most firms have reverse flows of products
that are either returned by customers or actively taken back by the firm itself, often for
the purpose of reuse or resale [23].

The reverse logistics process consists of a series of activities required to collect an
obsolete, unused, or disposal product, in order to generate revenue through recycling or
resale in the secondary market, but also to guarantee environmentally correct disposal
[44].

According to Nicolau, J. J. N. [27], “reverse logistics provide two major sources
of benefits: environmental and economic benefits. In terms of the environment, supply
chain with reverse logistics can collect and use the returns from the end-user market.
This action reduces the amount of materials deposit to landfill or incinerators which in
turn protects our ecosystem. In terms of economics benefits, the returns are assumed
to cost less than raw materials. Therefore, the overall procurement cost of the supply
chain can decrease with the attainment of higher amounts of returns.”

The conventional view is that reverse logistics imposes costs, slows productivity
growth and hinders competitiveness [15]. Reverse logistics and their associated
activities result in additional costs in the supply chain when compared to forward
logistics regardless of the additional potential associated revenue. The forward chain
involves traditional conditions: purchasing from suppliers, producing products, and
distribution to end customers. On the other hand, reverse logistics is anything that goes
the opposite way of the traditional forward supply chain in the form of returns [6].

The biggest planning problem in remanufacturing and reselling is the uncertain
number of collected items from the customer [39]. It is necessary to obtain as much
accurate and well-timed information on status, location and condition of products as
possible in order to reduce these uncertainties. Furthermore, effective performance
management is an important aspect of the reverse logistics initiative in corporations.
Organizations are dealing with many uncertainties when facing their market,
characterized with a high rate of return due to the expansion of portfolios and shorter
life cycles of products, which generates a decisive impact on the strategies of companies
[44].

The authors will analyze challenges in reverse logistics as well as technologies
that can facilitate information management in reverse logistics. The goal of the paper
is to analyze how information management in reverse logistics can be improved, taking
into consideration new technologies that are being applied in reverse logistics. The
research problem stems from increased costs and insufficient prediction accuracy of
reverse logistics operations. This paper presents a review of research papers dealing
with this topic. The research results contribute to a better understanding of information
management in reverse logistics.
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2. Theoretical background

According to Badenhorst & Nel [5], “some authors define reverse logistics as a set
of logistics management tasks or activities, while most of them define it as a process.
Secondly, some definitions contain the inputs in reverse logistics, which, most authors
agree, include discarded products, used products, products or parts previously shipped,
and hazardous and non-hazardous waste. Others look at reverse logistics as a broader
concept that includes the entire reverse flow of information, raw materials, inventories
and goods through the supply chain”.

According to [8], reverse logistics deals with the process of product return from
the customer to the manufacturer. Besides, reverse logistics may be also defined as
“The process of planning, implementing, and controlling the efficient, cost effective
flow of raw materials, in-process inventory, finished goods and related information from
the point of consumption to the point of origin for the purpose of recapturing value or
proper disposal”[13]. Reverse logistics may also be defined as “all efficient processes
for planning, implementing and controlling the flow of raw materials, manufacturing
assets, finished products and information relating to this flow, both upstream and
downstream, in order to satisfy the end customer / consumer” [18].

Sanchez et al. claim that “studies have focused on describing and analyzing
reverse logistics system planning, reverse channel activities and problems that firms
encounter in the reverse logistics process [34]. Another line of research examines the
ways different elements in the reverse logistics process interact and share information;
development of and relationships among members of the supply chain; collaborative
production models for planning returns; governance policies; warehousing and
environmental sustainability (green reverse logistics) among others.”

Figure 1 shows the main processes in forward supply chain and in reverse logistics.

Forward Supply Chain

Sourcingand Manufacturi Distribution Castomen
Procurement : ne (Pre Consumption)

Sorting and : W v
Classification Market

(Post Consumption)

Transformation < Distribution <

Reverse Logistics

Figure 1: Forward Supply Chain and Reverse Logistics
Source: [27]
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The activities in reverse logistics can be summed up into the collection of the
returned product, the evaluation of the product, the sorting and disposal of the products,
remanufacturing the product, the act of moving the product and to resale the product
in the second-hand market [19].

In addition to the traditional definitions, reverse logistics is often used to describe
the efforts to reduce the overall environmental impact of logistics. The terminology
is closely related to the term green shipping. Green shipping and reverse logistics
can overlap in certain areas, but cannot be used interchangeably [31]. While reverse
logistics deals with product returns and the secondary market, green shipping focuses
on reducing air emissions and the overall environmental impact. Both terms overlap
in recycling, reusing and remanufacturing of products and materials [31].

Disruptive technologies may play an important role in reverse logistics. According
to [40], “Disruptive innovations are initially characterized by significant limitations
compared with existing technologies but have the potential for dramatic improvements
in efficiency, cost reduction or other highly significant benefits”.

According to [24], Big Data, Blockchain, and Artificial Intelligence (Al) are
identified as some of the most promising and potentially disruptive digital technologies
globally. According to [30], disruptive technologies are Big Data, the Internet of
Things (IoT), and Cloud Computing, as well as Machine Learning (ML). After the
preliminary literature review, the authors have decided to focus on the following
disruptive technologies: Blockchain, Internet of Things, Cloud computing and Artificial
intelligence.

Blockchain consists of two terms: the “block” and the “chain”. “Block” represents
transactions, while “chain” links these transactions into one chain. Block is the basic
blockchain unit. Each block contains a list of transactions and links to the previous
block in the chain. The principle of blockchain technology is accomplished through
a decentralized peer-to-peer network. The peer-to-peer network is defined as a data
sharing network between many working units [7]. Blockchain is designed as a basis
for applications that involve transaction and interactions. These can include smart
contracts (smart contracts are automatically carried out when a specific condition is
met, for instance regarding the conditions of goods or environmental conditions) or
other smart applications that support specific Internet of Things processes. In this way,
blockchain technology can improve not just compliance in the IoT but also IoT features
and cost-efficiency [16].

Internet of Things is considered one of the disruptive technologies and has attracted
lots of research attention in the recent past [41], [42], [35]. The IoT can be considered as
“the novel generation of Wireless Sensor Networks (WSN) and it represents a network
composed of heterogeneous sensing devices, connected together over the Internet, to
acquire information and forward it to a center of collect (base station)” [10].

Artificial intelligence (Al), also known as machine intelligence, is a branch of
computer science that aims to imbue software with the ability to analyse its environment
using either predetermined rules and search algorithms, or pattern recognizing machine
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learning models, and then make decisions based on those analyses [3]. Cloud computing
may be defined as the delivery of computing services—including servers, storage,
databases, networking, software, analytics, and intelligence—over the Internet (“the
cloud”) to offer faster innovation, flexible resources, and economies of scale [25].

3. Methodology

Based on the literature review, authors have analyzed the challenges in reverse
logistics and singled out and analyzed the following disruptive technologies in transport:
Blockchain, Internet of Things and technologies that enable Predictive analytics (Cloud
computing and Artificial intelligence).

Blockchain technology is a potential solution to numerous problems such as:
insufficient availability of cargo monitoring and lack of transparency (resulting from
poor data handling), relying on paperwork in 21 century [20]. Internet of Things, as
another innovation, facilitates planning and management of business processes by
implementation of modern information technologies [21].

Artificial Intelligence is identified as one of the most promising and potentially
disruptive digital technologies globally [24]. Furthermore, Cloud computing is
empowering supply chain managers with new-age solutions which are aiding in
performance management [11].

The authors started with the inclusion criteria by using a combination of keywords
connected with logical operators - “Reverse logistics challenges” and “Reverse logistics
technologies” and alternative keywords “Reverse logistics Blockchain™ and “Reverse
logistics Internet of Things”, “Reverse logistics and Predictive analytics” (title, abstract
and keywords). Web of Science, Google Scholar, ResearchGate and SpringerLink’s
databases were used for this purpose. The search mostly included journal articles and
conference papers. To ensure that possible useful findings from various fields were not
excluded, the authors did not limit the queries to a specific field or index.

4. Challenges in reverse logistics

According to [32], successful implementation of reverse logistics networks
requires many decisions relating to different hierarchical levels: strategic, tactical,
and operational. In practice, numerous reverse logistics networks can be observed that
depend on the nature of the returned product (end-of-life, etc.), the recovery process
(remanufacturing, reuse, recycling), or the forward channel structure (centralized,
decentralized). In this respect, it is actually difficult to find a supply chain where reverse
logistics is not present at least to some degree.

The challenges in the reverse logistics may be divided into: customers’ negative
perception of returning the products ranked as the biggest challenge, high cost associated
with reverse logistics, uncertainties relating to product returns, lack of collaboration
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with supply chain partners in reverse logistics, and lack of top management awareness
of the importance of reverse logistics [2]. In this paper, the focus will be on the
following challenges: high cost associated with reverse logistics, lack of collaboration
between supply chain partners in reverse logistics, and insufficient prediction accuracy
in the reverse logistics chain.

Most organizations’ supply-chain managements, and enterprise resource
managements, focus only on forward logistics. The result is poor data visibility,
decisions support for returns and disposition policies which leads to low customer
satisfaction regarding the reverse channel [19]. The lack of information is a reoccurring
problem through the whole process of Reverse logistics [19].

According to [22], lack of information and technological systems represent of
one the challenges in reverse logistics. Reliable information is necessary for individual
tracking and tracing of the returns so that the returned goods can be distributed
according to their condition. Furthermore, the data collection helps to understand the
reason for the customer’s return and reveal trends as well as root causes.

Efficient information technologies are supportive for individually tracking and
tracing the returns of the product, linking with the previous sales. Furthermore, the
success of any large business or enterprise in achieving its goals depends on the ability
of IT systems to effectively communicate with each other. However, IT systems from
different vendors or suppliers often use different hardware and/or software platforms
and services, thus creating the need for systems integration [12].

Reverse logistics requires specialized operations and information technology since
it is very time-sensitive and includes a variety of tasks like inspection of returned goods,
crediting customer accounts and resale of returned goods [19]. Adequate information
infrastructure and appropriate software are needed for this purpose [39].

Another vital aspect of reverse logistics information systems is the extended time-
tracking period. The information system needs to overlook the whole product life cycle,
which can include years. These long periods are creating complex problems, on how
the continuous data record can happen.

The information about the product attributes is critical for the reuse and recycling
of the product [14]. To cope with these massive amounts of data, managers must have
the right decision support from an IT system. The lack of an adequate information
infrastructure can potentially slow down the efficiency of reverse logistics and lead to
dissatisfied customers [19]. Furthermore, products conditions and other characteristics
can vary (for example, the broad range of possible locations and different states of
arriving products) [14]. This can lead to vast amounts of costs for recovery of the
product and for the re-evaluation of the product. The information system should help
to organize the information [19].
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5. The impact of disruptive technologies on information management in
reverse logistics

Companies across the supply chain have started to invest in new and disruptive
technologies in order to derive more benefits and to save costs. The following
technologies, used to enhance reverse logistics processes and information management,
have been analyzed.

Blockchain

Blockchain technology is a digital and distributed ledger which enables
decentralization, real-time peer-to-peer operation, transparency etc. It is based on a
method by which previously unknown parties can jointly generate and maintain almost
any database on a fully distributed basis [20]. Blockchain has also been adopted as a
technology for logistics management using RFID chips to encompass the whole logistics
channel from the manufacturer to the reseller, so that there is seamless exchange of
goods and information, high security, transparency and traceability amongst all parties.
The customer also has an opportunity to view the history of the purchased items and
are able to track the items along the supply chain. This technology is believed to be
capable of altering reverse logistics management [36].

By speeding turnaround, increasing efficiency and improving partner connectivity
via digital platforms, Blockchain will lower barriers to entry across the supply chain —
driving innovation and dynamism in the industry and enabling reverse logistics without
any extra cost [12].

ShipChain, as a Blockchain solution, is a platform for the global monitoring
of goods. With the support of the ShipChain platform, there will be a possibility of
monitoring cargo and status points globally, i.e. on all geographic points. Each point
will be encrypted and available for interpreting and only involved stakeholders will see
all the cargo data. Carriers will have more visibility through their supply chain and will
communicate easily. Information on loads, geographic points, and basic compliance
information will be recorded and publicly validated within the “sidechain” [33]. When
distributed ledger technology joins supply chain management, companies can make
reverse logistics more efficient, better track product history, generate trustworthy freight
invoices, etc. [9]. Data held in the blockchain can confirm that returned products are
genuine, identify the retailer that sold them, and then track items as they are refurbished
for resale, liquidated, or sent for disposal [9]. Online orders are subject to a 30-percent
return rate, which is a pretty significant percentage. The introduction of blockchain in
reverse logistics can help reduce instances of over and under-ordering, track and verify
returns against original transactions, and minimize costs [38].
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Internet of Things

Internet of things (IoT) gives a clear coverage of visibility when storing and
sharing information between departments which creates allowances for them to
implement tracking, planning, and the control of all processes [37], [45]. Some enabling
communications of IoT is done via radio-frequency identification (RFID) technology
and this is aided by the Wireless Sensor Network (WSN) technology. This technology
can control all devices through a centralized network or cloud system in co-ordination
with RFID, global positioning system (GPS) and sensors that receive information from
the Internet of Things to initiate certain functions [37]. Logistics management will
become smarter, more advanced and efficient throughout all of its working functions
[37].

The Smart Reverse Supply Chain (SRSC) is a concept in green manufacturing
management engineering that enables intelligent combination of various systems (e.g.
recycling, supply chain management systems, etc.) in a business. As RFID electronic
tags and sensors are becoming increasingly widespread, it utilizes advanced information
system to enable real-time management of product information during its entire
lifecycle. The following Figure shows the integration of SRSC [45].

Product Recycling Recycling /Detecting/ Tnventory
Tracking Predicting Categorizing Management
Reversze . . upport/ Evaluation

Logistics Remanufacturing Rezdling Services Svstem

EPC Information Applications Business Decision
Recognition Middleware Intelligence Support

GSAICDMAMLA GPS Real-time Protocol Mezh
NWiFiZighee RILS Tranzmiszion Converzion Nawork

- =

RFID Barcodes Sensors Inte[h_gent W lrelessf‘Cnl?le

Terminals Communication

Figure 2: The integration of Smart Reverse Supply Chain
Source: [45]

The integration of SRSC consists of three layers. Based on sensing and information
network technology of 10T, it integrates product tracking systems, predicting systems,
recycling/detecting/categorizing systems, reverse logistic and inventory management
systems, re-manufacturing execution systems, re-manufacturing sales system and
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evaluation system etc. [45]. This integration is not only able to realize integrated
information management within a business, but also product recycling and re-
manufacturing [45].

Predictive analytics

Predictive analytics is the use of advanced analytic techniques that leverage
historical data to uncover real-time insights and to predict future events [17]. Authors
have focused on Cloud computing and Artificial intelligence in the context of Predictive
analytics. Many businesses rely on Artificial intelligence and Predictive analytics to
improve their service, streamline operations and predict customer churn so it can be
stopped before it occurs [4]. The use of analytics can be applied to gain an insight of
what is likely to happen, what needs to happen to avoid low outcomes, and why certain
events may lead to a given outcome.

According to [1], at the operational level, the artificial intelligence can provide:
improved predictive management of assets, maximizing its use and avoiding
interruptions in supply chains due to the shutdown of machines and equipment;
improved monitoring and visibility of the operations carried out in the supply chain,
allowing decision making and optimizations much more dynamic.

Cloud computing technology has enabled a new generation of analytics which can
be applied to reverse logistics [43]. Cloud analytics is a service model where one or
more components of analytics are implemented in the cloud. The cloud model allows
organizations to scale analytics capabilities as their company grows. It also processes
large volumes of Big Data, as it is ingested into a data warehouse [26].

Although analytics are a revolutionary way to improve warehouse operations, such
improvements may not be possible or may be severely limited when analytics in reverse
logistics are ignored. Warehouse Managers should begin the process of implementing
systems to leverage the power of analytics in reverse logistics [43].

According to Association of Supply Chain Management, companies that have
incorporated predictive analytics into their reverse-logistics operations have seen an
improvement in service levels with fewer phone calls and reported issues. They’ve also
realized freight savings between 5% and 10% by reducing last-minute load requests [4].

6. Conclusion

Reverse logistics is part of the overall logistics which deals with the management
of goods that the customer returns to the manufacturer. After increasing demand for
returnable products, many challenges occurred. The challenges in reverse logistics
can be divided into the following: the customers’ negative perception of the returning
products, high costs associated with reverse logistics, uncertainties regarding product
returns and lack of cooperation between supply chain partners in reverse logistics.
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This paper has focused on the following challenges: high costs associated with
reverse logistics, lack of cooperation between supply chain partners in reverse logistics
and insufficient predictive accuracy in the reverse logistics chain.

Most organizations focus only on forward logistics, resulting in poor data visibility.
The lack of information and technological systems in reverse logistics is one of the
challenges. Reliable information is necessary for the individual tracking and tracing
of returns so that the returned goods can be distributed according to their condition. In
addition, data collection helps to understand the reason for the customer’s return and
to uncover trends and causes.

Companies across the supply chain have started to recognize benefits of new and
disruptive technologies in order to derive more benefit and to reduce costs. In this paper,
authors have focused on the following disruptive technologies: Blockchain, Internet
of Things and two technologies that enable Predictive analytics: Cloud computing and
Artificial intelligence.

Blockchain can increase reverse logistics efficiency, better track product history,
create trustworthy freight invoices, and more. Data stored in the Blockchain can confirm
that returned products are genuine, identify the retailer who sold them, and then track
items as they are prepared for resale, liquidated or sent for disposal. The introduction
of Blockchain in reverse logistics can help reduce over-ordering and under-ordering,
track and verify returns against original transactions, and minimize costs.

Internet of Things provides a clear visibility when storing and sharing information
between departments and facilitates tracking, planning, and the control of all processes.
Furthermore, Internet of Things can control all devices through a centralized network
or a cloud system in coordination with RFID, a global positioning system and sensors
that obtain information from the IoT.

Companies can also use Artificial intelligence and Cloud computing which enable
Predictive analytics, in order to improve their services, streamline operations and
predict customer churn. At the operational level, Artificial intelligence can provide:
improved predictive asset management, maximizing asset utilization and avoiding
supply chain disruptions due to machine and equipment shutdowns. Furthermore,
Artificial intelligence can provide improved monitoring and visibility of operations
performed in the supply chain, making decision-making and optimization much more
dynamic. Cloud computing enables a new generation of analytics that can be applied
to reverse logistics and process large volumes of Big Data.

This research is based on the literature review and considers three selected
disruptive innovations (which is also the main limitation of the research), and as such
offers the initial overview of the importance of disruptive technologies in reverse
logistics. Future research will include other disruptive technologies in order to obtain
a broader insight of disruptive technologies impacts on information management in
reverse logistics.
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