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Abstract

Despite the claim that blockchain will revolutionize business, existing research so far is limited regarding frameworks that
categorize blockchain application potentials and their implications. In particular, the academic literature is not well-defined
on how to adopt this technology for reverse logistics management. In response, this article uses a brief review of the
scientific literature and the fundamentals of blockchain technology to discuss about the benefits of implementation of this
tool in a reverse logistics flow to obtain greater control and security between the actors of the reverse logistics network in
all material collected and directed. Five actors were listed: industry, transport, traders, waste picker cooperative, and
recycler. Develop and structure a RL management model, making use of blockchain technology, has potential to enable
greater transparency of the tailing’s life cycle, increasing the traceability and reliability of the data obtained, and providing
lower costs related to the monitoring of disposal.
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Introduction

One of the great concerns regarding sustainability is the increasing amount of urban solid waste.
According to volumes mapped and measured in Brazil, for example, more than 81 million tons
of solid urban waste were discarded in 2022, and its collection reached 93% of this total, which
represents approximately 76 million tons. However, of these only 46.4 million tons were
discarded in landfills (IPEA, 2020; ABRELPE, 2022) and 39% (29.7 million tons) were disposal in
irregular places, demanding urgent action to change this scenario of lack of landfills.

In this context, reverse logistics (RL) is a mean to performance efficiency in urban solid waste
management, refers to planning and implementing the flow of materials and information from
the point of consumption to the point of origin, also including intermediate point for
remanufacturing or recycling selection when necessary. It includes the collection of end-of-life
products and recapturing their value through repairing, remanufacturing, recycling, or by
ensuring proper disposal (Govindan and Soleiman, 2017; Prajapati et al., 2019; Jraisat et al.,
2022). It is important to highlight that RL is usually associated with private companies'
initiatives, involving obligations to collect waste or certain substances from their own products.
This tool can significantly impact the urban waste management for the wastes included in RL
chains. The adoption of digital technologies in RL activities enhances capabilities such as
monitoring, controlling, optimization, and automation (Nasiri et al., 2017). One of these
technologies that have been studied is the blockchain (Abed et al., 2021; Berdik et al., 2021).
According to Mougayar (2018), blockchain offers a new paradigm to implement traditional trust
in peer-to-peer computational transactions, which can be proven at any time, through
operations configured in contracts and smart properties according to their validity and
functionality.

Among the reasons for the increased adoption of blockchain in the logistical processes in
organizations are the ability to mitigate risks and the transparency in transactions (Dasaklis
et al., 2020; Christodoulou et al., 2019; Abu-elezz et al., 2020). As a distributed ledger that
ensures transparency and security, blockchain is considered to be an important tool to fix
current supply chain problems (Dickson, 2016). There are several other blockchain
applications like smart contracts, insurance, supply chain, healthcare (Shahnaz et al., 2019),
registry, identity management, banking (Monrat et al., 2019), stock market, loT (internet of
things), energy (Andoni et al., 2019), intellectual property and more (Benisi et al., 2020; Chen
etal., 2020; Liu et al., 2020).

Therefore, this work aims to provide a concise overview and discussion of the reverse flow in solid

waste logistics, aiming to understand the implementation of blockchain by analyzing the actors
involved in the reverse chain.
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Reverse logistic

The task of planning a RL network is important in managing a supply chain and its project is
composed of a series of activities and involves several decisions. Among them, there is the
determination of the number of necessary logistics facilities, their capacities, and respective
locations, whose planning constitutes a complex problem to solve. These decisions directly affect
the total costs of the reverse logistics network (Pishvaee et al., 2010) and the adoption of
blockchain technology can play a crucial role to facilitate the transition among the players (Rejeb
et al., 2019; Rejeb et al., 2022; Chidepatil et al., 2020; Ranjbari et al., 2022).

The motivators of RL discussed in this paper were two: economic, and legal, which has a socio-
environmental component. The economic aspects refer to the potential financial gains expected
after the implementation of the network, through the revenue obtained in the sale of the
collected waste. The legal aspect is related to the obligation imposed by the government, with
supervision by a competent agent that will certainly motivate the practice of RL. Legal motivators
also refer to the jurisdiction that indicates that the company must recover the product and the
consumer must return it. In Brazil, there is the National Policy on Solid Waste - PNRS (Brasil, 2010),
but its implementation and inspection are still timid. For some specific types of waste, there are
laws or agreements that impose limits or somehow encourage reverse logistics (Mol et al., 2022;
Gongalves, 2021; Gongalves et al., 2022).

Blockchain

Legally, the blockchain validates transactions, replacing previously trusted entities. Blockchain is
a mechanism for replicating, sharing, synchronizing, and processing data spread across different
geographic locations such as multiple websites, countries, or organizations. Thus, the main
property of blockchain technology is the lack of a central administrator or centralized storage of
data (Walport, 2016). Consequently, various commercial and proof-of-concept solutions based
on blockchains have emerged in domains such as energy, supply chain, property, food, health,
waste, identity management, elections, and collectibles (lansiti & Lakhani, 2017; Underwood,
2016; Efanov & Roschin, 2018). The application of blockchain depends a lot on the engagement
of all the links involved in the network formed. However, it is important to ratify that the
technology is multifunctional, generating the possibility of application in different segments,
causing changes in behavior, and procedure, and validating an adequate standard to be
experienced by society (Guedes et al., 2021).

The reuse and recirculation of products and materials are the basis of the concept of the circular
economy. Blockchain technology has been used to integrate waste management and circular
economy, applying emergent concepts that target minimizing waste generation and
fluctuations of resource commodities. Blockchain can support a circular economy and green
principles by enabling information transparency, reliability, and automation (Xavier et al., 2021;
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Bhubalan et al., 2022). Blockchain presents a technological capability to improve control of
waste movement and waste management activity. Blockchain is an emerging distributed ledger
technology that offers many benefits of data security, autonomy, transparency, auditability,
privacy, immutability, efficiency, speed, and cost savings. It shares authority and responsibility,
facilitating the creation of autonomous, secure, and transparent systems by providing trust
between entities participating in the chain (Oropallo et al., 2021; Sanka & Cheung, 2021). As
described by Jraisat et al. (2022), blockchain technology had good results in industries in these
areas: food, pharmaceutical, electronic, and toys. It also may be applied in health, education,
business, financial, governance, and several areas associated with management demands,
increasing transparency of processes, security, efficiency, and trust.

Metodology

This work make a brief review of the scientific literature on RL and blockchain structures including
their properties. The delineation of the problem consists of identifying how blockchain
technology can be implemented in RL and its respective actors. This research contributes by
leveraging information that can be useful for further in-depth studies, highlighting the potential
of the technology in question. The study can be considered exploratory, since, in the course of
the text, the form of operation of the blockchain will be explained, clarifying more details about
the mechanism and architecture, expanding its use, in addition to exploring segments of activity.
This work focused on a qualitative approach, outlining possible horizons of application.

According to the PMBOK (Project Management Body of Knowledge) guide, a process can be
considered as a set of actions and activities that are performed to achieve a predefined result,
which can be a product or a service. The visual presentation of the activities of a process is very
important. The AS IS and TO BE processes mapping allows the organization to demonstrate the
scope of an activity, being able to compare the real and the expectation, after suggested changes.
AS IS process mapping is the definition of the current situation of the organizational or business
process. TO BE process mapping, on the other hand, is the definition of the future situation of the
organizational or business process.

A brief simulation was performed to monitor and evaluate the established parameters, as well as
the behavior of the inserted variables. The simulation of the network on the blockchain had as
structure a TypeScript to generate an application in Angular within the Stackblitz platform,
starting to structure “nodes” of the chain and a private network, to interact in the network
understanding the concept of wallets, addresses, and transfers (Xavier et al., 2021). The analysis
of this network on the blockchain also included the traceability of the RL chain. Inspections and
records were also carried out to update the progress of the blockchain network, to validate the
following information:
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a) Quality of published data;

b) Distribution of RL among the actors involved;

c) Effect of the use of blockchain technology on the result;
d) Possibility of identifying a waste disposed of incorrectly.

Results and discussion

Current reverse logistic model

The RL in Brazil usually follows a system composed of at least 5 actors, namely the industry,
transport, traders, waste picker cooperative, and recycler. The industry is responsible for the
generation of waste and/or purchase of treated inputs; transport to the plant where the
collectors' cooperative operates; traders have the responsibility of receiving waste and directing
it to manufacturers; waste picker cooperative separates materials by type and color, prepares
them for sale through processes such as compaction/baling, shredding, allocation in buckets for
transport; recycler receives batches of waste for treatment, which can be reused.

As a proposal, a structure capable of relying on blockchain and loT technologies was created,
aiming at transparency, auditability, and immutability of the records stored. The idea would be
to rely on blockchain as a layer of our system allowing the framework to also be integrated with
existing traditional software systems (such as CRM and ERP). As mentioned in the literature
review, it would be interesting to take advantage of modern edge devices like gateways that can
be used directly as full nodes of blockchain implementation, thus increasing the resilience,
decentralization, security, and trust of the entire network.

Proposed reverse logistics model

As mentioned before, the RL process represents one of the main challenges: the need to achieve
a management process that is transparent, reliable, and auditable within the supply chain. These
challenges are found in the great capillarity of involved actors, stakeholders, and business models
and the lack of clear data regarding governance. In general, RL is in the consolidation phase in
Brazil, with numerous actions still underway due to the complexity of the various chains proposed
in national policy. As previously mentioned, a significant amount of waste is still being sent to
irregular places in Brazil, posing a major challenge. Additionally, the current state of waste
management services is characterized by informality. Consequently, industries are working on
structuring ways to implement RL and enhance the organization of these chains. This underscores
the significant opportunity for blockchain to be incorporated into these processes.

In the proposed model, we would have the actors connected to the platform, so that they can
transact the waste lots through the application of the blockchain, making the process available to
the entire chain, and making visible the cases where there is no cooperation to take the package
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to a correct destination. Within this context, the proposal is to have a structure capable of relying
on blockchain and IoT technologies to provide immutable and tamper-proof records, along with
its potential to allow trust and reliability in the environment.

The idea would be to rely on blockchain as a layer of our system allowing the framework to also
be integrated with existing traditional software systems (such as CRM and ERP). The Figure 1
shows the blockchain interaction diagram.

Blockchain Interaction Diagram
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Figure. 1. Blockchain interaction diagram proposed.

Thus, to provide users with a complete history of the products and waste produced and disposed
off correctly, it will be necessary for all participants to be registered users of the blockchain, which
means that they have the correct public/private key pairs to digitally sign each transaction on the
blockchain ledger. In the form of the RL chain, we would have the following nodes, according to
Figure 1:

e API: An application interface containing a set of established routines and standards, so that
other applications can use the features of this application, without needing to know the details
of the software implementation. Allowing interoperability between applications (facility to link
to public network application systems for example).
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e Blockchain: Component of the system, implemented through smart contracts, powered on Etherium,
where the complexity can vary depending on the client interfaces for that blockchain.

e Delivery to the carrier: The city hall transfers ownership of the waste to the carriers, directly
through the blockchain. Note: sensors and smart contracts can automate this process, or create
logs whenever anomalies are detected during the delivery phase (e.g. sensor values outside
certain thresholds).

e Transporters: Transport companies store data on the blockchain about the amount of waste
received, and eventually the amount of waste lost during the transport phase. Note: Sensors
can automate this data entry process (e.g. connected weighing scales), while smart contracts
can trigger autonomously, creating records whenever anomalies are detected (e.g. quantity
packed is greater than the received amount).

e Solid Waste Sorting Center (cooperatives and associations): carriers transfer ownership of the
waste to the sorting center, through the blockchain, which in turn stores data on the amount
of waste received, the amount prepared, and the type of process used.

e Recycler: Recyclers, in turn, store data on the amount recovered and, eventually, the amount
of waste lost during the processing phase.

e Disposal: Recyclers store details about processed waste on the blockchain. Quantities and
types of wastes discarded, while users across the board are able to transparently check the
entire history of a batch of waste.

The need for precise planning to measure the volume required to store information should be
determined before using blockchain technology (Batubara et al., 2018). Blockchain dumps central
authorities and facilitates the creation of secure, autonomous and transparent systems by providing
trust between untrusted entities. Many companies, consortia and countries have currently
incorporated blockchain into their systems for its benefits after successful testing (Sanka & Cheung,
2021). The significant impact can come from the large-scale deployment of smart contracts, which
could transform existing logistics systems and eliminate the need for paper-based administrative
procedures and could serve as a means to reduce costs and virtually remove the possibility of
human error. These smart contracts can facilitate improving the efficiency of agreements between
parties throughout the reverse chain. The identification of these potential applications and
categorization of usage scenarios according to their novelty and coordination effort can help
managers identify suitable business opportunities and corresponding departure points.

Therefore, it is important to research the application of blockchain in RL to identify the behavior
of variables concerning control mechanisms. The interface of waste with industry 4.0 can promote
cost reduction, and predictability and allow gains between the links in the RL chain (Dantas et al.,
2021). Blockchain and the IoT have accelerated e-commerce growth and empowered online
businesses to create value even in a globally competitive environment (Prajapati et al., 2022).
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Also is important to highlight the possibilities of applying blockchain technology. Since the
beginning of the process, as identification of waste generation refers to the primary identification
of different types of wastes and their classification. This first step is essential to ensure risk
management and guarantee the segregation of waste based on the present toxicity
characteristics. The waste separation and packaging are the next stage and refers to the packaging
of waste according to various conditions. The next stage is the waste storage containers, refer to
cases of temporary storage of waste. Finally, the waste collection, treatment, and final disposal
of waste (can include disposal, washing, recycling, etc., on the waste to be managed effectively),
being necessary waste management regulations, including rules and regulations related to the
many types of waste (these may consist of in laws).

Mechanisms designed not to manipulate information in the blockchain allow different users to
inappropriate use the information contained in databases (Werbach, 2018). To improve the
speed of access to information, the user is always provided with the information of the needed
nodes, which is due to the nature of blockchain technology, which somehow connects all nodes
(Ahram et al., 2017). Despite the larger possibility of application and robustness, the diversity of
various software used by users of blockchain technology can be a problem. The high volume of
information within the chain makes it necessary to use an operating system with a very high
processing capacity, which can be challenging for the proper use of blockchain technology
(Bamakan et al., 2022).

Conclusion

It is necessary to expand knowledge about the potential of blockchain in RL chain, highlighting
the existing possibilities in the use of this technology. There are several efforts and proposals for
improving the scalability of blockchain, however, it is difficult to solve the blockchain scalability
issues without compromising either the security, decentralization, or trust of the blockchain.
Develop and structure a RL management model, making use of blockchain technology, has
potential to enable greater transparency of the tailing’s life cycle, increasing the traceability and
reliability of the data obtained, and providing lower costs related to the monitoring of disposal.
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