ISSN: 2029-2341/elSSN: 2029-2252

VILNIUS
TECH

Vilnius Gediminas
Technical University

2025
. SCIENCE - FUTURE ArticIeID'mIaZ\(/)Zl:anSeoz
of LITHUANIA s

https://doi.org/10.3846/mla.2025.25017

Economics and management
Ekonomika ir vadyba

REVERSE LOGISTICS AS A MEANS OF REDUCING THE ECOLOGICAL FOOTPRINT

Monika LINKEVIC

Vilnius Gediminas Technical University, Vilnius, Lithuania

= received 07 October 2025
= accepted 28 November 2025

Abstract. Rapid technological development and related global challenges encourage the industrial sector to
seek innovative solutions that would allow it to adapt to increasingly stringent environmental requirements
and, at the same time, ensure the sustainability of its operations. Research shows that the industrial sector
is experiencing the most significant impact due to growing requirements to reduce negative environmental
impacts; therefore, the need to implement environmentally friendly processes is increasing. One of the most
promising directions in this area is the integration of reverse logistics into the supply chains of industrial
enterprises. Reverse logistics creates the prerequisites for reducing the ecological footprint, rational use of
natural esources, reducing waste disposed of in landfills, and optimising energy costs. This article aims to
analyse the possibilities of applying reverse logistics and its contribution to reducing the ecological footprint
of different industrial sectors. The study is based on a systematic analysis of scientific literature and secondary
data. The results of the study can be significant in shaping sustainable industrial policies and helping compa-
nies make strategic decisions related to the use of secondary raw materials, waste reduction and management
of return product flows. The results of a Life Cycle Assessment (LCA) analysis comparing forward and reverse
logistics processes showed that the application of reverse logistics has the potential to improve environmental
performance. By modeling different situations, it was determined that reverse logistics is more efficient from
an environmental point of view than traditional direct logistics.
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1. Introduction

Rapid technological progress and global environmental
challenges are driving industrial companies to seek inno-
vative solutions to help them adapt to increasingly strin-
gent environmental requirements. International commit-
ments, such as the European Union’s Green Deal and the
Paris Climate Agreement, set ambitious goals for reducing
greenhouse gas emissions, conserving natural resources,
and developing a circular economy (European Commis-
sion, 2020). In the context of these initiatives, the industrial
sector, as one of the most significant sources of environ-
mental pollution, must radically restructure its business
processes to reduce its ecological footprint. Statistical data
show that the industrial sector is responsible for over a
fifth of the European Union’s carbon dioxide emissions,
generating a significant share of waste in landfills or in-
cinerators (Agency, 2022).

To address these problems, more and more attention is
being paid to circular economy solutions, and reverse lo-
gistics is becoming one of its key components. Reverse lo-
gistics is defined as a set of processes involving the return

of products, materials or components from the consumer
back to the supply chain to reusing, recycling, upgrad-
ing or properly disposing of them (Kirchherr et al., 2023).
Such an approach not only creates the prerequisites for
reducing environmental pollution and conserving natural
resources but also contributes to the competitiveness of
companies and the promotion of innovation in the field of
sustainability (Govindan et al,, 2015).

Reverse logistics is one of the key elements of circular
business processes, and its importance is widely empha-
sized in the literature. Its main objective is to reduce waste
by increasing the value of products that have reached the
end of their life cycle, thereby redirecting the flow of goods
in the opposite direction. Reverse logistics also represents
the starting point for product recycling and highlights the
cyclical nature of production processes. The effective man-
agement of reverse logistics depends on several factors.
One is a company culture oriented toward process sustain-
ability, which encourages greater efforts for the efficient
and careful handling of reverse logistics. This, in turn, im-
proves the quality of returned goods and reduces costs
related to waste management. Another important factor
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is technological progress, which makes it possible to opti-
mize different waste flows (Dore & Gallo, 2023). The meth-
odological framework of this study followed a structured
and logical sequence. Initially, a comprehensive literature
analysis was conducted to define the concept of reverse
logistics, examine its environmental implications, and ex-
plore its integration within the circular economy and waste
management contexts. Based on insights from the litera-
ture, the Life Cycle Assessment (LCA) method was selected
to evaluate and compare the environmental impacts of re-
verse and forward logistics systems. The modelling process
involved defining key parameters, including transportation
mode, product type, transportation distance, and waste
disposal methods. Finally, the outcomes of the assessment
were analyzed to identify the environmental advantages
and implications of reverse logistics practices.

This article aims to assess the role of reverse logis-
tics in reducing the ecological footprint and analyse the
possibilities of its application in the activities of industrial
companies. To achieve this aim, an analysis of scientific lit-
erature will be presented covering the theoretical aspects
of reverse logistics and its significance in the circular econ-
omy context. An analysis of the contribution of reverse
logistics to reducing the ecological footprint will be per-
formed. Also, in order to achieve the research objective —
to assess the impact of reverse logistics on environment —
a life cycle assessment (LCA) methodology was applied.
The analysis was performed using SimaPro software, which
is a widely used tool for modeling and assessing the envi-
ronmental impact of various systems at various stages of
the life cycle. The data required for the modeling process
were obtained from SimaPro integrated databases, ensur-
ing data reliability. The results of the modeling confirm
the effectiveness of reverse logistics processes, revealing
their positive impact on environmental indicators and the
overall level of system sustainability.

2. Analysis of the theoretical aspects of
reverse logistics

The rapidly increasing public attention to sustainable de-
velopment and the circular economy, together with stricter
environmental requirements, oblige companies to accept
responsibility for the entire life cycle of their products.
The goal of reverse logistics is to maximise residual value
recovery from obsolete products by properly designing,
exporting, controlling and maintaining them in efficient
and economically significant flows, starting from custom-
ers and moving to primary suppliers and manufacturers.
Products whose life cycle ends must be appropriately dis-
posed of (Sun et al, 2022). Butt et al. (2024) define re-
verse logistics as the process of planning, implementing
and regulating the transfer of raw materials, manufactured
goods, inventories obtained during production and related
information from the point of consumption to the origi-
nal place of origin, to recover the original value (Butt &
Govindan, 2024). Reverse logistics also helps to reduce,
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reuse and recycle waste, thus promoting the creation of an
environmentally friendly and socially responsible company
image, contributing to greater demand for products and
services (Kurniawan et al., 2023). However, the develop-
ment of this activity is limited by specific challenges, such
as complex process management, high costs and insuf-
ficient infrastructure development, which complicate the
transition from a linear economic model to a more ef-
ficient circular economy (Salas-Navarro et al., 2024). De-
spite these obstacles, a systemic approach that includes
internal actions of organisations, favourable state policies,
and the implementation of new technologies creates the
prerequisites for effective reverse logistics integration. This
integration not only optimises resource use and reduces
waste but also increases the resilience and flexibility of
supply chains, thereby contributing to the implementation
of more sustainable and responsible production practices
(Agrawal & Singh, 2019).

He et al. (2024) argue that the circular economy can be
treated as a tool to eliminate high levels of resource con-
sumption and waste generation. As the circular economy
grows, the waste recycling industry must move to a circu-
lar model. Unlike the linear economy, which causes envi-
ronmental pressures, such as CO, emissions, the circular
economy promotes waste prevention, reduction and recy-
cling to reduce the impact of solid waste on the interface
between the environment, society and the economy. This
can be one of the measures to solve problems related to
resource scarcity, climate change and environmental pollu-
tion (Shahidzadeh & Shokouhyar, 2022). Ding et al. (2023)
note that both the circular economy and reverse logistics
are oriented towards economic and social aspects. The
application of reverse logistics principles does not mean
the need to abandon or fundamentally change the ex-
isting direct logistics system. On the contrary, to achieve
maximum efficiency and sustainability, the compatibility
of these two systems — direct and reverse logistics — is
necessary (Lee & Lam, 2012). Their integration allows for
a holistic approach to supply chain management, where
both the delivery of products to the consumer and their
return or reuse are coordinated and strategic.

Products are often returned for two reasons: they do
not work correctly or are no longer needed (Ramos et al.,
2014). These reasons for returns can be divided accord-
ing to the supply chain stages: manufacturing, wholesale,
retail and end-user. Based on this, three main types of
returns are distinguished (Abbasi et al., 2025). Manufactur-
ing returns include excess raw materials, quality control
non-conformities and unprocessed or leftover products
(Dabees et al., 2023). Distribution returns relate to prod-
uct recalls, commercial returns (e.g., incorrectly delivered,
damaged or unsold products), inventory adjustments and
functional returns such as the return of vehicles, packag-
ing or other logistical elements. Consumer returns include
money-back guarantees, warranty repairs, spare parts or
services returns, and products that have reached the end
of their useful life or end of life (Hashemi, 2021). Such
return flows not only contribute to more efficient use of
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resources but also have a significant impact on the envi-
ronment by reducing waste and promoting reuse.

Many countries have set national greenhouse gas
(GHG) reduction targets and strategies in response to
growing environmental restrictions in recent years (Mo-
hammadkhani & Mousavi, 2022). European industrial
sectors provide significant economic and social benefits:
goods and products are produced, jobs are created, and
taxes are paid. However, the largest European industrial
installations are responsible for the largest share of emis-
sions of key air pollutants and greenhouse gases into the
ambient air and other, but no less significant, environmen-
tal impacts, including water and soil pollution, waste gen-
eration and energy use (Alnoor et al., 2019). Industry is one
of the most critical components of the European economy,
but it is also a source of pollution. Increasing environmen-
tal requirements are also driving companies to integrate
reverse logistics into their supply chains as a means of en-
hancing profitability while reducing environmental impact.
This shift is linked to a growing culture of organizational
responsibility across the supply chain. Such accountability,
shaped by both legal obligations and social expectations,
has generated strong incentives for companies to adopt
reverse logistics, with economic, social, and environmental
sustainability as its core pillars.

From an economic perspective, reverse logistics can
yield significant benefits. The cost of returned products
is typically lower than that of raw materials, which helps
reduce the high expenses associated with producing new
goods. Companies adopt reverse logistics not only for di-
rect financial gains, but also as a strategic response to
strengthen competitiveness and prepare for stricter regu-
lations in the future. At the same time, reverse logistics
supports brand positioning by fostering a sustainable
corporate image. Demonstrating responsibility for envi-
ronmental impact enhances a companys reputation in the
eyes of consumers, contributing to a positive green image
and, ultimately, higher sales (Ni et al., 2023).

Reverse logistics is essential to improve resource uti-
lization by circulating products and materials and reus-
ing, repairing, recycling or remanufacturing them instead
of generating waste and filling landfills. By implement-
ing reverse logistics in conjunction with advanced logis-
tics, it is possible to close the production-consumption
cycle, thereby reducing waste and conserving resources.
The benefits of implementing reverse logistics go beyond
economic incentives, as it also supports sustainability and
helps reduce our environmental impact (Malmgren &
Motsch Larsson, 2020).

Figure 1 illustrates the steps that a product goes
through in a reverse logistics flow. Collection is the first
stage, which involves the collection, transportation, and
storage of returned products. Inspection is a subsequent
activity, during which returned products are inspected and
the quality of the product is measured by testing them. In
the separation activity, products are selected based on dif-
ferent characteristics determined by the previous inspec-
tion. Separation is used to make the most profitable and

Figure 1. Circularity for reverse logistics process

appropriate disposal decision and includes sorting and
storage. Recycling refers to the recovery of a product and
includes reuse, repackaging, repair, refurbishment, reman-
ufacturing, and recycling, depending on the inspection and
separation. Finally, redistribution involves the reintegrating
of reused products into the market through sales, rental,
transportation, storage, and marketing (Fu et al., 2021).

Although the concept of sustainability is new, sustain-
able production emerged from sustainable development,
which was introduced in the 1980s to address the envi-
ronmental impacts of economic growth, globalisation and
other factors (Zaloznova et al.,, 2018). Thus, it is a process
of change in which resources and investments are used for
technological development and institutional changes that
ultimately meet the needs of the people.

3. Analysis of the impact of reverse logistics
on the ecological footprint

The ecological footprint describes the overall impact of
human activities on the environment, measured in terms
of natural resources consumed, greenhouse gas emissions
and the amount of waste generated. The industrial sector
is one of the most significant sources of the ecological
footprint — according to the European Environment Agen-
cy (EEA, 2022), industrial activity in the European Union
generates about 20-25% of all carbon dioxide (CO,) emis-
sions, as well as a significant amount of industrial waste,
a large part of which still ends up in landfills or incinera-
tors (EEA, 2022). In this regard, international and national
strategic documents increasingly emphasise the need to
implement the principles of the circular economy, which
would allow for the creation of sustainable resource use
and waste management models. Reverse logistics, as an
integral part of the circular economy, plays a vital role in
reducing the ecological footprint in the industrial sector,
as it includes processes by which products, their compo-
nents or materials are returned to the supply chain for re-
use, recycling, renewal or proper disposal. This reduces the
demand for natural resources and significantly contributes
to reducing emissions and improving waste management.
As Govindan et al. (2015) point out, effectively operating
reverse logistics can reduce greenhouse gas emissions by
up to 25%, depending on the industry and the type of re-
turned products or materials. These processes also reduce



the amount of waste disposed of in landfills, optimise
energy consumption and reduce environmental pollution
associated with the extraction of raw materials and the
production of new products.

One of the main contributions of reverse logistics to
reducing the ecological footprint is resource conservation.
Returned goods and their components can be refurbished
or recycled, reducing the need for primary raw materials.
For example, in the electronics industry, returned device
components — batteries, screens, metal housings — are of-
ten refurbished or recycled, and the resulting materials are
used to produce new products. This practice reduces the
need for metals, plastics and other materials, and the CO,
emissions and energy costs associated with their extrac-
tion (Mtetwa, 2024).

Waste management is a fundamental component of
reverse logistics, and its effectiveness largely depends on
the capacity of organizations to manage waste. Waste
management can be approached from both a process
perspective and an object perspective. From the process
perspective, the key elements are as follows (Starostka-
Patyk & Grabara, 2010):

1. Waste prevention — through the rationalization of

production and consumption;

2. Waste generation — including product design that
accounts for the remaining amount of recyclable
waste after use;

3. Separate collection — primarily by sorting waste at
the point of generation;

4. Utilization — recovering materials and energy con-
tained in waste, or recycling it in whole or in part;

5. Recycling — reusing materials to obtain a resource
for the original or an alternative purpose;

6. Waste disposal — applying biological, physical, or
chemical treatment to render waste harmless to hu-
man life, health, or the environment.

Importantly, the application of reverse logistics princi-
ples does not require abandoning or fundamentally alter-
ing the existing direct logistics system. On the contrary,
achieving maximum efficiency and sustainability depends
on the compatibility and integration of both direct and
reverse logistics systems (Lee & Lam, 2012). Their inte-
gration allows for a holistic approach to supply chain
management, where both the delivery of products to the
consumer and their return or reuse take place in a coor-
dinated and strategic manner (Salas-Navarro et al., 2024).
Traditionally, forward logistics is the process of delivering
finished goods to customers. The Logistics Management
Council states that logistics is that part of the supply chain
process that plans, implements, and controls the efficient
flow and storage of goods, services, and related informa-
tion. This activity is also included in reverse logistics, but
is performed in the opposite direction from the consumer
to the manufacturer or supplier (Ali et al., 2018).

Products are most commonly returned for two main
reasons: they either fail to function properly or are no long-
er needed (Ramos et al., 2014). These reasons for returns
can be categorized by supply chain stages: manufacturing,
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wholesale, retail and end-user. Based on this, three main
types of returns are distinguished. Manufacturing returns
include excess raw materials, quality control non-conform-
ities and unprocessed or leftover products (Dabees et al.,
2023). Distribution returns include product recalls, com-
mercial returns (e.g., misdelivered, damaged, or unsold
products), inventory adjustments, and functional returns
such as the return of transportation vehicles, packaging,
or other logistical elements. Consumer or user returns in-
clude money-back guarantees, warranty repairs, returns
for parts or services, and products that have reached the
end of their useful life or end of life (Hashemi, 2021). Such
return flows not only contribute to more efficient resource
use, but also have a significant impact on the environment
by reducing waste and promoting reuse. In response to
growing environmental pressures, in recent years more
and more countries have set national greenhouse gas
(GHG) reduction targets and strategies (Mohammadkhani
& Mousavi, 2022). Europe’s industrial sectors deliver many
important economic and social benefits: goods and prod-
ucts are produced, jobs are created and more taxes are
paid. However, Europe’s largest industrial installations are
responsible for the largest share of emissions of key air
pollutants and greenhouse gases into ambient air, as well
as other, but no less significant, environmental impacts,
including water and soil pollution, waste generation and
energy use (Alnoor et al., 2019). Industry represents one of
the most significant pillars of the European economy, yet
it also remains a major source of pollution.

In the textile sector, reverse logistics solutions, such as
the recycling of fabrics or textile fibres, reduce the need
for raw materials, such as new cotton, and reduce the wa-
ter consumption and chemical use associated with textile
production (Leal Filho et al., 2024). Studies show that us-
ing recycled cotton can reduce water consumption by up
to 90% compared to producing new cotton. In addition,
reverse logistics solutions in the textile industry contribute
to reducing the amount of textile waste going to landfills,
which significantly impacts soil and water pollution (Fak-
fare et al., 2024).

Waste reduction is another crucial advantage of re-
verse logistics in reducing the ecological footprint. Waste
disposed of in landfills accounts for a large part of envi-
ronmental pollution, as its decomposition often releases
methane and other greenhouse gases. Reverse logistics
processes allow returning products and materials to be
directed into the recycling, reuse or renewal cycle (Fidan
et al., 2021). According to the European Commission
(2020), effectively operating reverse logistics can reduce
waste by 30-50% depending on the sector. For exam-
ple, returnable packaging collection systems can reduce
single-use packaging waste by up to 35%. Another im-
portant aspect is the reduction of greenhouse gas emis-
sions. Recycling returned products requires less energy
than producing new products from virgin raw materials.
For example, recycling aluminium uses only about 5% of
the energy needed to produce aluminium from ore. Similar
relative distributions apply to most other materials, such as
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steel, plastic or glass. Guide and Van Wassenhove (2009)
note that closed-loop supply chains that integrate reverse
logistics can reduce the total CO, emissions of the supply
chain by 10 to 25%, depending on the industry and the
scale of the solutions. This result is determined not only by
the lower energy demand for raw material processing, but
also by shorter transport chains, optimised logistics flows
and more efficient warehousing.

The benefits of reverse logistics are not limited to en-
vironmental indicators — they also create social and eco-
nomic benefits. The development of return, recycling and
renewal processes promotes the creation of new jobs in
recycling, sorting, logistics and innovation. In addition, it
increases consumer awareness and involvement in sustain-
ability initiatives and encourages the development and im-
plementation of new technological solutions. Kazancoglu
et al. (2021) emphasise that reverse logistics is strength-
ening environmental protection, social responsibility, and
corporate reputation.

In this era of significant ecological change and uncer-
tainty, highlighted by the wide-ranging impacts on ener-
gy consumption, resource depletion, water waste, global
warming and sustainable material consumption and pro-
duction, industrial ecology gains significant appeal in the
context of the broader Sustainable Development Goals.
Sustainable development tools and practices can be used
to address global sustainability challenges related to sus-
tainable consumption and production. According to the
Sustainable Development Goals, the benefits of SDG 12 lie
in implementing industrial ecology initiatives in strategic
management, supply chain, marketing, industrial econom-
ics and consumer behaviour by 2030 (Awan, 2022).

Environmental requirements require complete neu-
trality — CO, emissions are zero. However, reducing CO,
emissions alone cannot contribute to carbon reduction.
Although climate change adaptation is a new business
opportunity in the waste sector, discussions on climate
change action are still focused on traditional waste man-
agement (Sonar et al, 2024). Figure 2 shows trends in

Figure 2. Managed waste by manufacturing sectors (source:
U.S. Environmental Protection Agency, 2025)

waste management volumes and economic value in the
manufacturing sector from 2013 to 2022.

The data shows the total volume of waste treated (in
billions of US dollars), broken down into different waste
management methods. In addition, the black line shows
the economic value in billions of dollars, which has in-
creased over the period under analysis, even with fluctua-
tions in the overall trend in waste volumes. It is noted that
the presented waste volumes managed by the manufac-
turing sector have increased slightly from 2013 to 2018.
Since 2018, a decrease in waste volumes has been ob-
served. The generation and treatment of chemical waste
has decreased, while recycling and incineration for energy
production have increased. It is essential to consider how
the economy affects waste generation in facilities. This fig-
ure includes the trend in value added in the manufacturing
sectors.

Since 2013, the value added in the manufacturing sec-
tors and the waste managed by these sectors have in-
creased by 14 percentage points. The amount of waste
handled and the added value increased, indicating that
manufacturing facilities dealt with approximately the same
amount of waste per unit of product in 2022 compared
to 2013. Although the data in the diagram is not directly
related to reverse logistics used in industry, it can be as-
sumed that the industrial sector applies the principle of
reverse logistics in practice. The manufacturing sector,
guided by these principles, has undoubtedly improved
waste management quantitatively (higher recycling rate)
and qualitatively (lower disposal rate, increased added val-
ue). This indicates a positive transformation of the industry
towards more sustainable operating models.

4. Methodology

A comprehensive assessment of the environmental im-
pacts associated with circular economy strategies and lo-
gistics management processes is essential to prevent ad-
verse outcomes. Life cycle assessment constitutes the most
widely adopted methodology for evaluating the potential
environmental impacts of products and processes, encom-
passing all stages from raw material extraction to end-
of-life management. When applied to logistics manage-
ment systems, this approach facilitates the identification
of solutions that minimise environmental burdens. This
method requires identifying and quantifying the materials
and energy used, emissions released, and waste generated
at each stage of the life cycle. Such assessment supports
resource optimisation and reduces environmental burdens.
Consequently, organizations pursue two key objectives—
preventing and reducing environmental impacts. Achiev-
ing these goals requires tools capable of identifying and
quantifying the impacts associated with any product, pro-
cess, or activity. Among the available methodologies, life
cycle assessment stands out as one of the most compre-
hensive approaches for evaluating environmental perfor-
mance (Kaynak et al., 2025).



In the life cycle assessment conducted in this study, six
principal stages were included. The first stage, raw mate-
rial acquisition, covers the extraction and pre-processing
of materials and associated energy requirements, along
with the environmental burdens linked to emissions, land
degradation, and resource toxicity. For this analysis, raw
materials were selected from the SimaPro database, with
cardboard identified as the primary input. The second
stage involves the production and manufacturing pro-
cesses, where environmental impacts arise mainly from
energy consumption and process waste; in this case, the
system includes the production of 24 tonnes of cardboard
boxes. The third stage encompasses packaging, distribu-
tion, and transportation, during which design choices and
logistics efficiency influence overall impacts; for this study,
a transportation distance of 200 km was considered. Un-
der forward logistics, the product moves directly from use
to disposal, while in reverse logistics it is returned to the
manufacturer for recycling. The fourth stage, use, reuse,
and maintenance, includes the resources required during
the product’s functional lifetime; cardboard products gen-
erally have low direct energy use but may have reuse po-
tential depending on handling. The fifth stage, recycling,
begins when the product has fulfilled its primary function
and may re-enter either a closed-loop or open-loop mate-
rial cycle; in the reverse logistics pathway the cardboard is
returned for recycling. The final stage, waste management,
applies to materials that cannot be reused or recycled and
are therefore directed to disposal processes such as land-
filling, incineration, or energy recovery.

M. Linkevic. Reverse logistics as a means of reducing the ecological footprint

5. Analysis of examples of the simulated
situation

In light of the growing global concern about the deple-
tion of natural resources and climate change, a study was
conducted that compared life cycle analyses (LCA) to as-
sess and compare the environmental impacts arising from
two different stages of the cardboard box supply chain:
(1) when the boxes are produced from virgin (unpro-
cessed) raw materials and are incinerated after use, and
(2) where waste collection, paper recycling processes and
product manufacturing from recycled raw materials are
included.

In both cases, a situation was modelled under equiva-
lent conditions: a 24-ton load is transported 100 kilome-
tres with a EURO6-compliant freight truck. The assessment
was performed using SimaPro software, one of the rec-
ognised and widely used LCA tools that allows detailed
modelling of environmental aspects and comparison of
different supply chain scenarios.

The environmental assessment is based on the CML-IA
baseline method (EU25, version 3.10), which covers many
of the most critical impact categories at a medium level,
including: depletion of non-renewable resources, green-
house gas emissions, human health effects (toxicity), as
well as impacts on freshwater and marine ecosystems and
other significant environmental indicators. Figures 3 and 4
present normalized datasets of evaluation forward emis-
sions and normalized datasets of evaluation reverse logis-
tics emissions, respectively.

Figure 3. Normalized datasets of evaluation forward emissions

Figure 4. Normalized datasets of evaluation reverse logistics emissions

6
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The results of characterised and normalised data show
that the direct logistics scenario has a significantly higher
environmental impact in almost all assessment catego-
ries. In particular, higher consumption of non-renewable
resources, greenhouse gas emissions and human health
effects (toxicity) stand out. This result is obtained precisely
because primary raw materials are used (their extraction)
to produce cardboard packaging, and the used packaging
is incinerated. In contrast, the reverse logistics scenario,
based on recycling waste paper, has a significantly lower
environmental impact. This system eliminates energy and
resource intensive stages of primary material production,
replacing them with recycling processes.

The most significant difference is in fossil resource
consumption and greenhouse gas emissions — in the re-
cycling scenario, emissions are almost insignificant. This
is also in line with the general trend in the LCA (life cycle
analysis) literature, which emphasises the efficiency of a
circular material economy compared to a linear consump-
tion model.

One significant aspect of the insights emerges when
comparing the results of characterisation and normalisa-
tion. While characterisation shows absolute quantities, the
normalised data presented in Figures 3 and 4 shows the
impacts of the scenarios in a general context, which allows
us to understand which impact category is the most sig-
nificant within the overall background of implications. The
Table 1 provides a detailed analysis of the environmental
impact of reverse logistics processes, comparing it to the
impact of direct logistics.

The comparison shows that direct and reverse logistics
have the most significant impact on water pollution. In the
case of direct logistics, this impact is mainly due to emis-
sions related to the primary cardboard production pro-
cesses. Although this impact is reduced by about 25 times
in the reverse logistics system, it remains the most sig-
nificant relative factor. This means that even recycled raw
materials pose a risk to water bodies, likely due to emis-
sions from processing plant effluents into water bodies.
This comparison and assessment are essential to show the

nuance of the interpretation of life cycle analysis — even if
the absolute amount of emissions decreases, this does not
necessarily mean that the impact becomes insignificant on
a normalised basis.

6. Conclusions

Based on a comprehensive analysis of scientific literature
on reverse logistics topic, covering reverse logistic as a
tool for footprint reducing, reverse logistic in circular
economy context and statistical data on the volume of
emitted emissions across three industrial sectors, as well
as corporate waste management and reduction practices,
it is clear that reverse logistics is an effective way to re-
duce the environmental impact of the industrial sector. It
allows for more efficient waste management by collecting,
reusing or recycling it, thus contributing to developing a
circular economy. Instead of destroying used products,
they become raw materials for a new production cycle.
This not only reduces the need for raw materials, but also
allows companies to form an image of an environmentally
friendly and socially responsible business. Although recy-
cling processes are often not very profitable — they require
a lot of time and labour - their significance in resource
saving and environmental protection is undeniable.

Recycling is becoming a waste management solution
and a strategic tool that increases the efficiency of raw
material use and reduces overall costs in the long term.
This trend is visible in the continuous investment of com-
panies in recycling technologies and equipment, renew-
able energy sources, and cleaning and filtering equipment.
These investments are often not costs for companies, but
the currency of creating added value, which reduces com-
pany costs over time.

The study confirms that recycling and using recycled
materials in product production significantly reduce emis-
sions. The life cycle assessment results show that reverse
logistics significantly reduces impacts in key catego-
ries: the depletion of fossil abiotic resources is reduced
by more than 80%, and the global warming potential is

Table 1. LCA analysis results on how reverse logistics reduces ecological footprint

Environmental impact category

Reverse logistics impact on environment comparing to forward logistics processes

(results provided approximately)

Abiotic depletion

Abiotic depletion (fossil)
Global warming (GWP100)
Ozone layer depletion

Human toxicity

Fresh water aquatic ecotoxicity
Marine aquatic ecotoxicity
Terrestrial ecotoxicity
Photochemical oxidation
Acidification

Eutrophication

Impact reduced about 40%
Impact reduced about 45%
Impact reduced about 50%
Impact reduced about 30%
Impact reduced about 40%
Impact reduced about 50%
Impact reduced about 57%
Impact reduced about 60%
Impact reduced about 50%
Impact reduced about 50%
Impact reduced about 50%



reduced to an almost negligible level compared to direct
logistics. However, the study also showed that recycling
and reuse of materials do not reduce emissions to zero,
but are superior to waste incineration.

References

Abbasi, S., Damavandi, S., RadmanKian, A., Zeinolabedinzadeh, K.,
& Kazancoglu, Y. (2025). Designing a green forward and re-
verse logistics network with an loT approach considering back-
up suppliers and special disposal for epidemics management.
Results in Engineering, 26, Article 104770.
https://doi.org/10.1016/j.rineng.2025.104770

Agrawal, S., & Singh, R. K. (2019). Analyzing disposition decisions
for sustainable reverse logistics: Triple Bottom Line approach.
Resources, Conservation & Recycling, 150, Article 104448.
https://doi.org/10.1016/j.resconrec.2019.104448

Ali, A. H., Zalavadia, S., Barakat, M. R, & Eid, A. (2018). The role
of sustainability in reverse logistics for returns and recycling.
Archives of Business Research, 6(7), 12-33.

Alnoor, A, Eneizan, B.,, Makhamreh, H. Z., & Rahoma, I. A. (2019).
The effect of reverse logistics on sustainable manufacturing.
International Journal of Academic Research in Accounting, Fi-
nance and Management Sciences, 9(1), 71-79.
https://doi.org/10.6007/IJARAFMS/v9-i1/5768

Awan, U. (2022). Industrial ecology in support of sustainable develop-
ment goals. In Responsible consumption and production (pp. 370-
380). Springer. https://doi.org/10.1007/978-3-319-95726-5_18

Butt, A. A, & Govindan, K. (2024). The role of reverse logistics in a
circular economy for achieving sustainable development goals:
A multiple case study of retail firms. Production Planning &
Control, 35(12), 1490-1502.
https://doi.org/10.1080/09537287.2023.2197851

Dabees, A, Barakat, M., Elbarky, S. S., & Lisec, A. (2023). A frame-
work for adopting a sustainable reverse logistics service quality
for reverse logistics service providers: A systematic literature
review. Sustainability, 15(3), Article 1755.
https://doi.org/10.3390/su15031755

Ding, L, Wang, T., & Chan, P. W. (2023). Forward and reverse lo-
gistics for circular economy in construction: A systematic litera-
ture review. Journal of Cleaner Production, 388, Article 135981.
https://doi.org/10.1016/j.jclepro.2023.135981

Dore, S., & Gallo, A. (2023). Circular economy and reverse logistics:
An analysis of sustainable business models. In Computational
science and its applications — ICCSA 2023 workshops (pp. 495—
511). Springer. https://doi.org/10.1007/978-3-031-37123-3_34

European Environment Agency. (2022). Greenhouse gas emissions
by sector. https://www.eea.europa.eu/en

European Commission. (2020, March 11). First circular economy
action plan. https://environment.ec.europa.eu/topics/circular-
economy/first-circular-economy-action-plan_en

Fakfare, P, Manosuthi, N., Lee, J. S., Promsivapallop, P., Kang, H.,
& Han, H. (2024). Eliciting small island tourists’ ecological pro-
tection, water conservation, and waste reduction behaviours.
Journal of Destination Marketing & Management, 32, Arti-
cle 100900. https://doi.org/10.1016/j.jdmm.2024.100900

Fidan, F. S., Aydogan, E. K., & Uzal, N. i. (2021). An integrated life
cycle assessment approach for denim fabric production using
recycled cotton fibers and combined heat and power plant.
Journal of Cleaner Production, 287, Article 125439.
https://doi.org/10.1016/j.jclepro.2020.125439

Fu, R, Qiang, Q. Ke, K., & Huang, Z. (2021). Closed-loop supply
chain network with interaction of forward and reverse logistics.

M. Linkevic. Reverse logistics as a means of reducing the ecological footprint

Sustainable Production and Consumption, 27, 737-752.
https://doi.org/10.1016/j.spc.2021.01.037

Giude, D., & Van Wassenhove, L. (2009). The evolution of closed-
loop supply chain research. Operations Research, 57(1), 10-18.
https://doi.org/10.1287/0opre.1080.0628

Govindan, K., Soleimani, H., & Kannan, D. (2015). Reverse logistics
and closed-loop supply chain: A comprehensive review to ex-
plore future opportunities. International Journal of Production
Research, 53(20), 6133-6159.

Hashemi, S. E. (2021). A fuzzy multi-objective optimization model
for a sustainable reverse logistics network design of municipal
waste-collecting considering the reduction of emissions. Jour-
nal of Cleaner Production, 318, Article 128577.
https://doi.org/10.1016/j.jclepro.2021.128577

He, M., Li, Q.,, Wu, X., & Han, X. (2024). A novel multi-level reverse
logistics network design optimization model for waste bat-
teries considering facility technology types. Journal of Cleaner
Production, 467, Article 142966.
https://doi.org/10.1016/j.jclepro.2024.142966

Kaynak, E., Piri, I. S., & Das, O. (2025). Revisiting the basics of life
cycle assessment and lifecycle thinking. Sustainability, 17(16),
Article 7444. https://doi.org/10.3390/su17167444

Kazancoglu, Y., Ekinci, E, Mangla, S., Sezer, M., & Kayikci, Y. (2021).
Performance evaluation of reverse logistics in food supply
chains in a circular economy using system dynamics. Business
Strategy and the Environment, 30(1), 71-91.
https://doi.org/10.1002/bse.2610

Kirchherr, J., Yang, N. H., Schulze-Spintrup, F., Heerink, M. J., &
Hartley, K. (2023). Conceptualizing the circular economy (re-
visited): An analysis of 221 definitions. Resources, Conservation
and Recycling, 194, Article 107001.
https://doi.org/10.1016/j.resconrec.2023.107001

Kurniawan, T. A, Meidiana, C., Othman, M. H.,, Goh, H. H., &
Chew, K. W. (2023). Strengthening waste recycling industry in
Malang (Indonesia): Lessons from waste management in the
era of Industry 4.0. Journal of Cleaner Production, 382, Arti-
cle 135296. https://doi.org/10.1016/j.jclepro.2022.135296

Leal Filho, W., Dinis, M. A, Liakh, O., Paco, A., Dennis, K., Shollo, F.,
& Sidsaph, H. (2024). Reducing the carbon footprint of the
textile sector: an overview of impacts and solutions. Textile Re-
search Journal, 94(15-16), 1798-1814.
https://doi.org/10.1177/00405175241236971

Lee, C, & Lam, J. (2012). Managing reverse logistics to enhance
sustainability of industrial marketing. Industrial Marketing Man-
agement, 41, 589-598.
https://doi.org/10.1016/j.indmarman.2012.04.006

Malmgren, K., & Motsch Larsson, K. (2020). Reverse logistics in the
transition towards circular economy-a case study of customer
returns at IKEA. Chalmers University of Technology.

Mohammadkhani, A., & Mousavi, S. M. (2022). Assessment of
third-party logistics providers by introducing a new stochas-
tic two-phase compromise solution model with last aggrega-
tion. Computers & Industrial Engineering, 170, Article 108324.
https://doi.org/10.1016/j.cie.2022.108324

Mtetwa, C. (2024). Reverse logistics and waste reduction alterna-
tives. In S. Munuhwa (Ed.), Contemporary solutions for sustain-
able transportation practices (pp. 345-373). IGl Global Scientific
Publishing.
https://doi.org/10.4018/979-8-3693-3755-4.ch013

Ni, Z,, Chan, H. K., & Tan, Z. (2023). Systematic literature review
of reverse logistics for e-waste: Overview, analysis, and future
research agenda. International Journal of Logistics Research and
Applications, 26(7), 843-871.
https://doi.org/10.1080/13675567.2021.1993159


https://doi.org/10.1016/j.rineng.2025.104770
https://doi.org/10.1016/j.resconrec.2019.104448
https://doi.org/10.6007/IJARAFMS/v9-i1/5768
https://doi.org/10.1007/978-3-319-95726-5_18
https://doi.org/10.1080/09537287.2023.2197851
https://doi.org/10.3390/su15031755
https://doi.org/10.1016/j.jclepro.2023.135981
https://doi.org/10.1007/978-3-031-37123-3_34
https://www.eea.europa.eu/en
https://environment.ec.europa.eu/topics/circular-economy/first-circular-economy-action-plan_en
https://environment.ec.europa.eu/topics/circular-economy/first-circular-economy-action-plan_en
https://doi.org/10.1016/j.jdmm.2024.100900
https://doi.org/10.1016/j.jclepro.2020.125439
https://doi.org/10.1016/j.spc.2021.01.037
https://doi.org/10.1287/opre.1080.0628
https://doi.org/10.1016/j.jclepro.2021.128577
https://doi.org/10.1016/j.jclepro.2024.142966
https://doi.org/10.3390/su17167444
https://doi.org/10.1002/bse.2610
https://doi.org/10.1016/j.resconrec.2023.107001
https://doi.org/10.1016/j.jclepro.2022.135296
https://doi.org/10.1177/00405175241236971
https://doi.org/10.1016/j.indmarman.2012.04.006
https://doi.org/10.1016/j.cie.2022.108324
https://doi.org/10.4018/979-8-3693-3755-4.ch013
https://doi.org/10.1080/13675567.2021.1993159

Mokslas — Lietuvos ateitis / Science — Future of Lithuania, 2025, 17, Article ID: mla.2025.25017

Ramos, T. R, Gomes, M. |, & Barbosa-Pévoa, A. P. (2014). Planning
a sustainable reverse logistics system: Balancing costs with en-
vironmental and social concerns. Omega, 48, 60-74.
https://doi.org/10.1016/j.omega.2013.11.006

Salas-Navarro, K., Castro-Garcia, L., Assan-Barrios, K., Vergara-
Bujato, K., & Zamora-Musa, R. (2024). Reverse logistics and
sustainability: A bibliometric analysis. Sustainability, 16(13),
Article 5279. https://doi.org/10.3390/su16135279

Shahidzadeh, M. H., & Shokouhyar, S. (2022). Toward the closed-
loop sustainability development model: A reverse logistics
multi-criteria decision-making analysis. Environment, Develop-
ment and Sustainability, 25, 4597-4689.
https://doi.org/10.1007/s10668-022-02216-7

Sonar, H., Sarkar, B. D., Joshi, P, Ghag, N., Choubey, V., & Jag-
tap, S. (2024). Navigating barriers to reverse logistics adoption
in circular economy: An integrated approach for sustainable
development. Cleaner Logistics and Supply Chain, 12, Arti-
cle 100165. https://doi.org/10.1016/j.clscn.2024.100165

Starostka-Patyk, M., & Grabara, J. K. (2010). Reverse logistics pro-
cesses in industrial waste management as an element of sus-
tainable development. Annales Universitatis Apulensis Series
Oeconomica, 12(2), 698-707.
https://doi.org/10.29302/0economica.2010.12.2.22

Sun, H., Yu, H, & Solvang, W. D. (2022). Towards the smart and
sustainable transformation of Reverse Logistics 4.0: A concep-
tualization and research agenda. Environmental Science and
Pollution Research, 29, 69275-69293.
https://doi.org/10.1007/s11356-022-22473-3

U.S. Environmental Protection Agency. (2025, August 20). Manu-
facturing waste management trend. https://www.epa.gov/trina-
tionalanalysis/manufacturing-waste-management-trend

Zaloznova, Y., Kwilinski, A., & Trushkina, N. (2018). Reverse logis-
tics in a system of the circular economy: Theoretical aspect.
Ekonomichnyi visnyk Donbasu, 4(54), 29-37.
https://doi.org/10.12958/1817-3772-2018-4(54)-29-37

REVERSINE LOGISTIKA KAIP EKOLOGINIO PEDSAKO
MAZINIMO PRIEMONE

M. Linkevi¢

Santrauka

Sparti technologiné plétra ir su ja susije pasauliniai isSakiai skatina
pramonés sektoriy ieSkoti novatorisky sprendimy, kurie padéty
prisitaikyti prie auksty aplinkosaugos standarty ir uztikrinti veiklos
tvaruma. Tyrimai rodo, kad aplinkosauginiai reikalavimai vercia
pramonés sektoriy pereiti prie tvaresniy procesy diegimo. Viena
perspektyviausiy krypciy Sioje srityje yra reversinés logistikos inte-
gravimas j pramonés jmoniy tiekimo grandines. Reversiné logistika
sudaro prielaidas mazinti ekologinj pédsaka, racionaliau naudoti
gamtos isteklius, mazinti j savartynus patenkanciy atlieky kiekj ir
optimizuoti energijos sanaudas. Sio tyrimo tikslas — i$analizuoti
reversinés logistikos taikymo galimybes ir jos indélj mazinant
jvairiy pramonés sektoriy ekologinj pédsaka. Tyrimas grindziamas
sistemine mokslinés literatdros ir antriniy duomeny analize. Gauti
rezultatai gali bati reikSmingi formuojant tvarig pramonés politika
ir padedant jmonéms priimti strateginius sprendimus, susijusius su
antriniy zaliavy naudojimu, atlieky mazinimu ir grjztamuyjy produk-
ty srauty valdymu. Gyvavimo ciklo vertinimo (LCA) analizé, kurioje
lyginami tiesioginés ir reversinés logistikos procesai, atskleide,
kad reversinés logistikos taikymas gali pagerinti aplinkosauginius
rodiklius. Modeliuojant jvairius scenarijus nustatyta, kad reversiné
logistika aplinkosauginiu pozidriu yra efektyvesné nei tradiciné
tiesioginé logistika.

ReikSminiai Zodziai: atvirkstiné logistika, ekologinis pédsakas,
situacijy modeliavimas, pramoné, gyvavimo ciklo analizé.
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