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ABSTRACT

The observed growth in the consumption level and the limited resources reserves exhaustion contradicts to the principles
of sustainable development. The latter requires re-use of end-of-life products as part of the transition to a circular
economy. This implies to develop methods and tools for building closed-loop chains in logistics systems and improving
the movement of reverse flows. A simulation model was developed for both the delivery of goods to sale points and
removal from them of accumulated products that were in use and handed over by consumers for further processing. As
a result of a computer experiment the model allows to make well-founded decisions on the selection of vehicle fleet.
Thus, we solve the third stage problem of organizing performance of a closed-loop supply chain — transport logistics’
optimization. Products transportation and storage costs are considered as the target functionality. Variable parameters
are vehicles’ number in the fleet, lots size and driving intervals. Additional restrictions are minimum allowable level of
vehicle loading and minimum required level of goods assortment in the store. The performed approbation on real data
has shown the effectiveness of the proposed approach.
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1. INTRODUCTION environmental efficiency to a new level, while preventing
the loss of significant amounts of resources during

Now the usage scale of natural resources is so great disposal of end-of-life products at landfills.

that it threatens to exceed their existing reserves. For
example, in the future, global consumption of clothing
and footwear is expected to increase by 62% to 103
million in 2035 [1]. Along with this, the amount of
garbage is also growing. So, in Russia, the volume of
solid waste is 26 billion tons, with an annual increase of
this indicator by 530 million tons. At the same time, the
percentage of solid waste recycling in most countries is
very low. According to the Ellen MacArthur Foundation,
less than 2% of textiles made from clothes are currently
recycled into new clothes, representing a missed
opportunity of over $ 150 billion annually and high
utilization and incineration costs. Thus, there is a
significant reduction in land plots for agricultural needs
and an increase in waste disposal costs. In addition, the

At the same time, in order to obtain the effects of the
principle of "take, make, reuse" it is necessary to change
the paradigm in the organization of logistics systems,
which led to the emergence of “reverse logistics”
concept, and the development of methods and tools for
building closed-loop chains in logistics systems and
improving the movement of reverse flows.

2. METHODS OF REVERSE LOGISTIC
ORGANISATION: LITERATURE REVIEW

Reverse logistics is defined by the European Reverse
Logistics Working Group as “the process of planning,
implementing and controlling the reverse flows of raw

incineration or burial of solid waste causes serious harm
to the environment.

All this testifies to the need for the earliest possible
implementation of the sustainable development
principles. In particular, this requires a transition to a
circular economy that implements the “take, make,
reuse” principle [2]. This approach allows to raise

materials, inventories, packaging and finished goods
from the point of production, distribution or use to the
point of recovery or proper disposal” [3]. In fact, it
directly includes logistics management and activities to
reduce and eliminate the loss of containers and products.
This implies a reverse distribution - the movement of
goods and information in a direction opposite to that in
which traditional logistics activities take place. To
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organize the effective functioning of this process,
methods of planning the volumes of reverse logistics
flows, the territorial distribution of the reverse logistics
system’s nodes, as well as the organization of transport
logistics in closed-loop supply chains are distinguished.

2.1. Planning and creation of reverse logistics
flows volumes

The primary task when organizing a reverse logistics
system is to create a reverse flow in the supply chain. To
do this, manufacturers must develop and implement a
take-back program. Thus, the world-renowned clothing
brand H&M pursues a targeted policy in the field of
environmental management. Since 2015, one such
program is the recycling and reusing of textiles, which is
called Recycling Revolution. All over the world, H&M
stores offer their customers to recycle old and unwanted
clothing. To increase interest in the problem of proper
environmental management, the company issues
discount coupons to customers for each package of
textiles [4].

Consumers are reluctant to waste time returning
unwanted and old things, which are much easier and
faster to throw in a landfill, therefore information
technology is actively used to popularize the principles
of a circular economy. For example, the free reGAIN app
helps customers find the closest collection point of over
25,000 UK collection points, receive a shipping receipt
and discount coupons valid for 10 days [5].

Due to the variability in the quality of returned used
products, refurbishes are required to conduct 100%
inspection of these products to assess their quality and
suitability for recycling. Quick sorting is often made
possible by the installation of simple electronic devices
(in particular RFID tags) in new products that record
basic usage data and provide information on the product
recoverability without the need to disassemble it. After
analyzing and compiling a simple analytical expression,
the authors in [6] prove that sorting before disassembly is
economically attractive when the costs of sorting,
disposal and transportation are low, disassembly costs are
high, sorting accuracy is high, and average quality
(reusability) returned used products is low.

In [7] authors proposed a new mixed integer
programming approach to maximize the benefit from the
disassembly process, which is the difference between the
income generated from the resale of remanufactured
items and the costs associated with performing
disassembly tasks. Several numerical tests using the well-
known CPLEX solver have proven that this new model
can find the optimal disassemble schedule for most test
cases in a reasonable computation time. After analyzing
the sensitivity to disassembly, set-up time, and purchase
costs, the authors conclude that if the ratio between
disassembly margin and the cost of purchasing a
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component is equal to or greater than 10, it is better to
order the component than receive it by disassembling an
end-of-life product.

Analysis of logistic processes during the transition to
a circular economy makes it possible to name such
different sources of uncertainty in reverse logistic flows,
such as quality, price, time and quantity of returned
components [8]. Article [9] provides a comprehensive
review of research published in various scientific journals
on the logistics networks’ optimization. They concluded
that current work usually does not consider the factors
affecting the characteristics of product returned in their
entirety, and in order to predict the reverse logistics
system’s parameters several methods and methodologies
are used that are adopted for predicting the direct supply
chain. When solving the problem of determining the
dynamic batch size, manufactured and remanufactured
products do not differ, it is assumed that the sums of
demand for new and remanufactured products are known
for all periods of the planning horizon, and the fact that
remanufactured products may not be of sufficient quality
for secondary use is not taken into account.

The stochastic nature of the reverse logistics system’s
parameters distinguishes the methods applied to it from
the approaches used in the construction and optimization
of traditional logistics [10-12].

2.2. Territorial location and value design of the
reverse logistics system’s nodes

Network design and sizing is one of the strategic and
complex decisions to be made in the return supply chain
after assessing flow volumes. Efficient and proper design
of the logistics network results in the economic benefits
from the use of returned products, increased customer
satisfaction and market share, reduced costs [13].

In article [14], multi-purpose planning is used to
create a recycling network. The objective is to minimize
operating costs and maximize customer service. Solution
variables include the configuration of the nodes in the
recirculation network and the traffic volume between the
nodes in the network. Customer satisfaction and
balancing the inflow and outflow of nodes are the
constraints. Multipurpose programming is transformed
into single-purpose programming using the g-constraint.
The model minimizes costs and maximizes customer
service levels while meeting their needs. The application
of this model contributes to the efficient planning of the
logistics hub and the creation of a scheme for optimizing
reverse logistics, taking into account the reduction of
costs and an increase in the level of customer service.

In [15], the authors explored the joint location and
inventory problem to optimize enterprise location and
inventory management challenges for a new business
program launched by a leading e-commerce company in
China. It should be noted that this problem belongs to the
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class of NP-hard, so they formulated it as a mixed-integer
nonlinear programming model and to solve it efficiently
developed a new heuristic approach based on differential
evolution.

In many works, the design of the reverse supply
network has been planned to reduce costs and improve
customer service without considering the environmental
impact. Therefore, the ecological aspect requires further
elaboration. Thus, in the article [16] the authors address
the problem of designing a reverse logistics network
associated with carbon emissions. The problem is
formulated as a dual-purpose, mixed-integer and non-
linear programming model for various operating
technologies and transport modes, which considers the
trade-off between profit and CO2 emissions when
designing a reverse logistics network. The analysis of the
results shows that the design decisions for the optimal
cost-effective solution and the optimal solution for
carbon emissions are different. This study lays the
foundation for work on the design of a carbon-based
reverse supply network. Due to the complexity of the
problem, only one transport mode was considered for the
reverse logistics network, but two or more modes of
transport can be selected to expand the study.

Article [17] presents an integrated approach to
designing a reverse logistics network by minimizing
carbon emissions and transport distances between
different candidate centers, while considering several
systemic and operational issues of a hybrid production
and recovery system operating in a reverse logistics
network. An attempt is made to integrate various aspects
of sustainable development inherent in the philosophy of
sustainable production, a scheme of a reverse logistics
network based on a carbon footprint is presented, which
consists of customer, collection, disassembly sites.

In [18], the authors also took into account the carbon
footprint when creating a model for optimizing the
reverse logistics network for waste recycling. A solution
method based on a multipurpose gray wolf optimization
algorithm was proposed, which solves the problems of
low convergence rate and many parameters that were
difficult to apply.

The model presented in [19] is designed to find
optimal solutions to meet demand and revenue needs by
focusing on strategic locations for collection centers,
recycling centers, remanufacturing plants and
transportation options, while achieving sustainable
development goals. The model is converted to a
multipurpose  programming model. All objective
functions are evaluated using the best worst method,
analytic hierarchy process, and fuzzy analytic hierarchy
process in order to obtain weights for integration into the
model a fuzzy linear programming. That ultimately yields
three separate results. The applied model is original and
unique for solving multipurpose problems in an uncertain
environment and seeks to find a balance between
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economic and environmental goals. The study provides a
framework for further encompassing uncertainty about
the quantity and quality of returned products.

As noted in [20], future research should focus on
building multipurpose and non-linear models, addressing
carbon caps within a rigorous environmental policy,
addressing additional uncertainties, and adopting better
methods for solving.

2.3. Organization of transport logistics in
closed-loop supply chains

At the third stage of managing the reverse logistics
system, the problem of optimizing delivery routes and
vehicle fleet used is solved. The vehicle routing problem
(VRP) is about finding optimal routes for a fixed vehicle
fleet so that they can meet customers’ needs while
traveling those routes. This problem and its numerous
extensions are one of the most important and most
relevance problems of transportation and logistics [21].
However, numerous studies on vehicle routing problem
with cross-docking (VRPCD) have considered only
forward flow, not reverse flow. The study [22], given the
ability to minimize downstream distribution costs,
includes a reverse logistics scheme in the VRPCD
network. The authors, in order to minimize the operating
and transport costs of vehicles, proposed a VRPRCD
mathematical model for a four-tier supply chain network,
which includes suppliers, cross-dock, customers and
retail outlets.

Return traffic is an increasingly interesting option for
solving real-world transport problems, and it can provide
significant reductions in overall routing costs and
improve traffic sustainability. The vehicle routing
problem with backhauls (VRPB) enables the integration
of inbound and outbound routes, which is an effective
strategy to reduce routing costs and environmental and
social impact of transport. Future directions for VRPB to
expand green logistics are: developing sustainable VRPB
models that take into account multipurpose functions
with economic, environmental and social concerns;
exploring additional and broader aspects in collaborative
VRPBs such as contracts and profit sharing among
participants; exploring the potential of different return
run strategies when possible, such as trade-offs between
priority and mixed transit, and between additional and
restrictive transit runs; development of integrated models
combining VRPB and reverse logistics, covering
deliveries and pickup from customers and pickups from
suppliers; developing effective models to incorporate
uncertainty and dynamism into VRPB models and
measuring decisions’ reliability [23].

The work [24] proposes a mathematical model, which
is the first for the simultaneous determination of the
number and routes of CLSC-PRP. Since the problem is
known to be NP-hard in terms of computational
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complexity, a decomposition heuristic based on
simulated annealing has been developed to solve large-
scale CLSC-PRP instances.

Study [25] attempted to describe the transportation
system for industrial waste in the automotive industry by
proposing a limited routing model for a heterogeneous
vehicle fleet. A hybrid multicriteria decision-making
approach has been proposed. Numerical examples have
proved that the model, taking into account a
heterogeneous transport fleet and separate waste
collection, is a safe solution to reduce logistics costs in
the presence of transportation risk criteria.

Study [21] explores the issue of routing and
scheduling of green vehicles with a heterogeneous fleet,
including reverse logistics in the form of collecting
returned goods together with weighted costs at an early
and late date, in order to find a trade-off between
operating and environmental costs and to minimize them
simultaneously. In this regard, a mixed integer nonlinear
programming model is proposed.

The study [26] improves models for calculating
carbon emissions for rolad transport, taking into account
a number of regulatory-compliant constraints, such as
driving time limits. An example of transportation route
planning from a logistics hub to a logistics demand hub
in China is used to derive a road freight transportation
route strategy (RFTRS). The results show that the
optimized RFTRS with the lowest carbon emissions does
not necessarily meet the driving time limits of local
traffic regulations, nor does it require minimum
transportation costs; it should not include too many goods
movements at intermediate nodes or plan the nodes of
logistics functions in reverse order; low carbon emissions
and regulatory requirements for RFTRS are achieved
simultaneously in the shortest expressway scenario. The
RFTRS optimization process means that high quality
roads, such as highways, offer certain benefits, including
flexibility in calculation procedures to comply with local
traffic and safety regulations, and the ability to quickly
and easily find optimal carbon reduction solutions and
planning route. According to the authors, the ability to
manage a RFTRS in an optimized and sustainable way,
taking into account not only low transport costs, but also
reduced carbon emissions and traffic regulation
requirements, is a clear competitiveness of logistics
companies in the future.

3. RESULTS AND DISCUSSION

It is rather difficult to accurately describe the reverse
logistics system using only analytical methods due to the
large number of elements, parameters and factors that
affect it. Moreover, external factors, input processes’
parameters and system’s characteristics themselves are of
a probabilistic nature. Therefore, the results of predicting
and optimizing system behavior using analytical
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functions may be completely unreliable. In contrast to
them, simulation models allow to take into account the
stochasticity of both the reverse logistic flows themselves
and other parameters (vehicle fleet reliability, deviations
in travel and loading / unloading time). Also, on the
simulation model, we can “play” several feasible
solutions. Therefore, simulation was chosen as a method
for determining the optimal number of vehicle fleets for
organizing a two-level reverse logistics system.

We investigate at a specific example. The task is to
optimize the forward and reverse logistics processes in the
clothing distribution network, numbering 14 stores in the
Russian Federation, which are the official dealers of the
factory located in Spain. The plant produces and delivers
goods by air to the central warehouse in Moscow at the
time when there are less than N units of goods. Orders for
delivery from stores are sent to the central warehouse in
the form of an order. Old and unnecessary clothes that
were handed over by consumers to the store are removed
on road transport that delivers goods to stores.

The AnyLogic package was chosen as a modeling
environment due to the fact that its modeling system is
based on an object-oriented concept, which allows
developers to organize and represent the structure of
complex systems in a very simple and natural way. In
addition, it allows for multiple modeling approaches. For
example, a discrete approach was used to model the
transportation process. An agent-based approach was
also applied. The agents are "Main" (includes a map with
a production site, a central warehouse and stores linked
to a GIS, Fig. 1), "Central warehouse" (its block diagram

Kazakhstan

Figure 1 «Main» agent.

includes the assignment of a vehicle to an incoming
order, loading, delivery of goods, unloading, loading of
end-of-life goods and return of the vehicle to the central

371



ATLANTIS

PRESS

warehouse), "Truck", "Airplane”, "Shop", (represented
by state diagrams, Fig. 2 and 3), "Factory", "Order ".
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Figure 2 State diagram of the "Airplane™ agent.
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Figure 3 State diagram of the "Shop" agent.

As a result of a computer experiment the model allows
to make well-founded decisions on the selection of vehicle
fleet. Thus, we solve the third stage problem of organizing
performance of a closed-loop supply chain — transport
logistics’ optimization. Products transportation and
storage costs are considered as the target functionality.

Advances in Economics, Business and Management Resear ch, volume 195

Variable parameters are vehicles’ number in the fleet, lots
size and driving intervals. Additional restrictions are
minimum allowable level of vehicle loading and minimum
required level of goods assortment in the store.

We carried out an optimization experiment on the model
at the given values of demand and the intensity of clothes
delivery by the population for recycling. The minimum
allowable truck load is 85%. Parameter properties: (1)
Number of trucks: minimum number - 1, maximum - 20,
variation step — 1; (2) Lot size: minimum amount of cargo
100, maximum - 1500, step — 100; (3) Delivery interval:
minimum time in days - 1, maximum 30, step - 1.

It was found that 10 trucks need to be available to
keep the logistics system running smoothly. In order to
ensure a given level of goods assortment, it is necessary
to deliver 800 units of goods from the central warehouse
in Moscow with an interval of 16.6 days.

4. CONCLUSION

In modern conditions of growing consumption and a
limited value of natural resources, the transition to a
circular economy becomes relevant, when the very
principle of building supply chains is changing. The use
of the principle “products’ reuse” makes it possible to
reduce the environmental load in terms of the amount of
resources used, as well as waste disposal and utilization.
All this makes it possible to develop the application the
concept of territories sustainable development. The
stochastic nature of the reverse logistics system’s
parameters does not allow using the methods used in the
designing of a traditional direct logistics system. A
simulation model was developed for both the delivery of
goods to sale points and removal from them of
accumulated products that were in use and handed over
by consumers for further processing. The performed
approbation on real data has shown the effectiveness of
the proposed approach.
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