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Abstract: The high quality of the environment, protection of natural resources, efficient use of
natural resources, and elimination of environmental burdens are the main priorities of sustainable
development. Therefore, enterprises around the world have to manage the environment wisely, while
avoiding negative effects on it. The aim of the paper was to examine the use of green and reverse
logistics in the conditions of sustainable development in enterprises in Slovakia. The intention of the
paper was to provide a theoretical overview of green and reverse logistics at home and abroad on
the basis of the elaboration of a scientific bibliographic-information apparatus. Subsequent practical
implementation of the questionnaire research and statistical verification of research results provides
a basis for practical recommendations and conclusions for enterprises operating in Slovakia. The
research topic of the paper was green and reverse logistics in companies in Slovakia. The research
problem was the implementation and use of modern logistics under the influence of the environment.
Based on these facts, statistical hypotheses were determined and subsequently tested. Descriptive
statistics and inference statistics were used to interpret the research results. Based on the research,
we found that the dominant position in green and reverse logistics in Slovakia was achieved by
large production enterprises from the automotive industry, which operate in western Slovakia.
The analysed enterprises in Slovakia use voluntary tools of environmental policy and the most
important environmental tool is corporate social responsibility. Elements of environmental policy
are used primarily in the logistics process of warehousing and storage. The biggest barrier in the
implementation of elements of environmental logistics analysed by enterprises is the lack of financial
resources. The implementation of green logistics and reverse logistics enables the analysed enterprises
in Slovakia to improve customer-supplier relations. We can say that despite the government’s efforts,
measures to minimize the environmental impact and growing public awareness of environmental
issues, environmental problems persist. Initiatives can be seen at the global and national levels of
enterprises that make quick decisions and set up new processes in environmental management.

Keywords: green logistics; reverse logistics; sustainable development

1. Introduction

Sustainability is an often inflected term at home and abroad. Currently, there is
significant environmental pollution worldwide, which increases the emphasis on the sus-
tainability of enterprises. The response and solution to the situation is to plan and set
political, social and technological priorities in order to ensure a sustainable supply chain.
Green and sustainable products are subject to high consumer demand and are increasingly
required by government regulation. Under the growing environmental considerations,
many countries have implemented environmental protection laws to reduce the environ-
mental impact of industry [1]. According Maciková et al. [2] sustainability is a central factor
limiting business behavior and awareness of the issue is sensitively perceived especially
during an economic crisis when businesses are undertaking an extensive restructuring of
their businesses and are looking for new fields of action.
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With the growing global dependence of enterprises, their responsibility for environ-
mental, social and human rights related to their activities is gradually growing. In this
context, enterprises are increasingly responsible for the social and environmental problems
that fall within the sphere of operation of their suppliers and subcontractors within the
logistics chain. Public administration and government policy should support both en-
trepreneurship and innovation, as such support is essential for organizations in developing
policies for growth and sustainability [3]. Not only businesses but also customers are
aware of the importance of the environment. They must respect stricter environmental
regulations that affect the entire supply chain [4]. Constantly growing globalization and in-
dustrialization place significant demands on ecological and sustainable logistics. Currently,
the focus is mainly on reducing negative externalities in the preparation of and improving
the performance of the supply chain [5]. Sustainable logistics can be defined as the analysis
and support of sustainable procurement, sustainable transport, sustainable packaging,
sustainable distribution, reverse logistics, and design and control of sustainable supply
chain activities [6]. Trivellas et al. [7] believe that logistics functions are interdependent
and compromises are required in all areas of sustainability. An example of dependency is a
reusable packaging system that increases resource efficiency, leading to cost savings, but
also produces more reverse logistics routes and consequently higher emissions in transport.
The aim of sustainable logistics is to provide basic arguments to persuade decision-makers
to approve initiatives in logistics with respect for the environment [8]. To ensure environ-
mentally sustainable logistics, organizations need to have an environmentally sustainable
logistics performance management process [9]. Kaur and Singh [10] draw attention in the
context of sustainable logistics to the carbon emissions that arise from the purchase of raw
materials to the distribution of finished products. The authors emphasize the need to create
an environmentally sustainable supply chain.

Many enterprises are currently promoting the concept of green or environmental
innovation. However, relatively little research attention has been paid to considering
the relationships between green product innovation, business performance and compet-
itiveness. In their study, Shaofei et al. [11] discuss the relationship between additional
services for products and the sustainability of innovation, where they found a significant
relationship between them. Manufacturers take sustainability into consideration with an
emphasis on resources. Entrepreneurship and innovation are considered to be mechanisms
for achieving the goals of sustainable development, but the literature has paid less attention
to sustainable development within entrepreneurship [12,13].

With the rapid growth of the global economy, there is scope for questions about
resources and their relationship to the environment, which are becoming a key obstacle
to sustainable economic development. How to alleviate the conflicts between economic
growth and high energy consumption, as well as environmental degradation, is a challenge
for the European Union (EU) and the world [14]. The sustainability transitions literature
thus focuses on multidimensional transformation processes (technological, institutional,
political, economic) to promote more sustainable production and consumption [15]. Gart-
ner [16] found in his survey that 30% of respondents have no sustainability or low maturity
initiatives, which means that they either do not have a formal sustainability agenda today.

The aim of the development of new technologies and innovations in logistics are
expectations that will bring a positive result in the field of sustainability and preservation
of the quality of the environment worldwide. These benefits include saving energy, re-
ducing emissions, improving recycling, reducing environmental pollution. According to
Carrion-Flores and Innes [17], it can also reduce waste and environmental damage to the
planet, provide better goods and services at a lower cost, and create jobs for people. In
contrast, Garrette et al. [18] argue that sustainable innovation and design are not necessarily
related to new technologies but to the rethinking of approaches to address the need for
growth while reducing negative environmental and social impacts. In general, innovation
can be considered a key factor in the sustainability of enterprises. No matter what kind of
innovation it is. Sustainability concerns both product and process innovations. Also if we
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talk about technological, social, environmental innovations. Green product innovation has
formed as a result of the interaction between sustainability and innovation [19]. If an enter-
prise wants to apply the principles of sustainability, it is necessary that the individual steps
be included in different areas of business activity. According to Frenken and Faber [20], en-
vironmental innovation provides an important key to sustainability. Rave et al. [21] argue
that green innovation facilities play a key role in the company’s environmental performance
results and comprehensive environmental sustainability realization. Pacheco et al. [22] ar-
gue that green institutions should be set up by municipal institutions to improve the
competitiveness of sustainable behavior. Muñoz-Pascual et al. [23] in their study used a
mixed methods approach to identify the antecedents of the adoption of environmental
practices and sustainable product innovation performance in context. Furthermore, sus-
tainable development requires a society pool approach to innovation whereby different
stakeholders (e.g., trade partners, employees, governments for innovation’s projects) are
involved. In addition, their research questions examine differences in innovation perfor-
mance between small and medium enterprises (SMEs) with different legal forms. SMEs
with different legal forms can have different sustainability aims. Elements of sustainability
can be seen in various areas of enterprises. One is also the construction industry, where it
constantly offers new products, more effective technologies and novel solutions aimed at
improving the quality of human habitats and wider distribution of technologies. Currently,
effective technologies that require less time and cost for production, installation and use
are gaining greater significance. Among them are construction materials and technologies
with increasingly popular sustainability features [24].

Emphasis is also placed on sustainable development in logistics, if we talk about
green and reverse logistics by linking to supply chain management. The development
of transport and logistics plays a crucial role in the industrial sectors and activities of
the countries’ economies. Economic development requires a well-functioning transport
system [25]. Freight transport currently faces a number of challenges, especially in the
environmental and social field, by leading to various forms of air, water and soil pollution
and noise, and contributing to global warming. Lowering the total traveled kilometers
brings extra environmental benefits in the form of reduced number of vehicles on the roads.
This will in turn lead to reduced congestion, fewer accidents and less traffic. This is why
the logistics community is turning to green logistics as a crucial concept for a sustainable
logistics operation. Seroka-Stolka and Ociepa-Kubicka [26] say that green logistics is a
development trend of modern logistics. Green logistics is the main element and basic
system of development of the circular economy. The circular economy represents a means
as the realization of a closed loop of material flows in the economic system. Green logistics is
a concept that connects resources and products, products and consumers. Jastrzębska [27]
says that the circular economy relies on closing cycles of extended product life. The
author also says that waste is a valuable recycled material. Green and sustainable logistics
represents the planning, control, management and implementation of a logistics system
using advanced logistics technologies and environmental management [28]. The main aim
of green logistics is to eliminate environmental damage caused by logistics activities. Green
logistics aims to strike a sustainable balance between economic, social and environmental
aims [29]. In green logistics, Huang et al. [30] draws attention to the direct relationship
between efficiency and cooperation. Cooperation can reduce logistics costs and the negative
impact of the bullwhip effect and increase service levels. Assessing the degree of synergy
is key to analysing cooperation, identifying weaknesses, supporting development and
is also a key step in building a green logistics system. Polychroniou et al. [31] consider
green logistics innovation packaging. This logistics process has a direct impact on the
environment. The main task of sustainable packaging design is to balance the sustainability
function with the critical packaging functions. Ni et al. [32] say that green logistics aims to
reduce environmental pollution by agricultural products. Systematic implementation of
green logistics methods and tools will ensure the achievement of sustainable development
aims [33]. Helo and Ala-Harja [34] combine green logistics with greenhouse gas emissions.
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These have been introduced into supply chain management as an additional parameter to
traditional key performance indicators such as costs, delivery times and on-time deliveries.
An important approach to green logistics is the use of alternative energy sources, the
attempt to deploy or use alternative fuels to completely or partially replace the use of fossil
fuels [35].

We are currently witnessing the introduction and implementation of sustainable de-
velopment in production enterprises through the concept of a green supply chain. Green
regulations, principles and innovative practices for suppliers and enterprises have attracted
the interest of managers and practitioners. The emergence of Green Supply Chain Man-
agement has brought the concept of eco-efficiency within the supply chain involving more
effective environmental issues throughout the production chain [36]. Combining green
logistics with digitalisation will achieve sustainability, with a number of benefits such
as reducing the carbon footprint, efficient optimization of transport routes, reduction of
transport time and costs, waste minimization, reduction and better optimization of logistics
networks. Digital logistics is the most efficient and at the same time least risky way of
implementing elements of sustainability into supply chain management. By applying
elements of sustainability to SCM, sustainable supply chain management is created, which
supports efficiency and in the long run it becomes a factor in ensuring the profitability of
logistics enterprises. Cherrafi et al. [37] talks about the green supply chain. The authors
revealed a synergistic effect between process innovations, green and lean practices, which
play a crucial role in improving the performance of the green supply chain. The research
carried out by the authors found that the performance of the logistics chain is influenced
by eco-design, life cycle assessment, ecological production, reverse logistics and waste
management. Dubey et al. [38]; Genovese et al. [39]; Govindan et al. [40] say that the
green supply chain has the task of reaching a trade-off between profit and environmental
sustainability. Author Gang [41] analyses the impact policy makers have on both energy
saving levels and the prices set by green supply chains when they set the threshold value
of energy saving levels. Then, from the perspective of the policy maker, the trade off
between energy savings and the profits of green supply chains is analysed. Green supply
chain management is a concept that is gaining popularity all over the world. Moreover,
it is a way to demonstrate commitment to sustainability and to be fully adopted by the
organizations it should contribute to better economic performances and competitiveness.
Recently there have been many incentives for more sustainable warehousing in supply
chains [42]. Lee et al. [43] emphasize the importance of support from large buying firms
for improving SME suppliers’ green management capabilities. It was also found that
implementation of green supply chain management (GSCM) practices help improve opera-
tional and relational efficiencies of supplier enterprises. The manufacturing firms should
implement environmentally sound practices in all phases of the supply chain, beginning
with the procurement of raw materials and supplies through to design, manufacture,
packaging, distribution of their products and end of life disposal. In doing so, they are
likely to perform better financially and marketwise [44]. The results of the study and
previous studies by Eltayeb et al. [45], imply that externally-oriented green supply chain
initiatives, such as green purchasing and reverse logistics, have little effect on the internal
performance of the firm. This may indicate that the benefits of these initiatives may reflect
on external parties rather than on the firm. For instance, in green purchasing the firm
focuses on improving environmental performance of its suppliers. While the benefit of
such an initiative may reflect indirectly on the firm, through obtaining green materials and
other inputs, the direct effect goes to suppliers. Authors study Mitra and Datta [46] deal
with research on GSCM or sustainable supply chain management (SSCM) has attracted
increased attention in recent years. Results of data analysis showed that supplier collabora-
tion for environmental sustainability had a positive impact on environmentally sustainable
product design and logistics, which in turn was positively related to competitiveness and
economic performance of the enterprise.
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The core of reverse logistics is derived from environmental issues. Currently, popula-
tion grows, which means increased product demand increasing requirements on natural
resources leading to growing waste. Wasteland capacity and natural resources are ex-
haustible which invokes the need to think about new possibilities of repeatable use and
disposal of industrial waste [47]. Reverse logistics is disciplined in a legal diploma officially
called the Solid Waste Act. The law reinforces the management criteria, indicating that
the generator has responsibilities over the waste generated and for the final disposal of
their product or service. The private sector should be invited to participate with invest-
ments in recycling plants [48]. Reverse logistics is gaining increasing attention. It is a
means by which products are treated ecologically during their lifetime [49,50]. Reverse
logistics focuses primarily on the return or take-back products and materials from the
point of consumption to the forward supply chain for the purpose of recycling, reuse,
remanufacture, repair, refurbishing, or safe disposal of the products and materials [51].
Reverse logistics flow is an unprecedented tool that works for the development of com-
pany activities through economic, operational and environmental practices [52]. Reverse
logistics practices are not effective if it cannot reduce transportation expenses and bounded
with uncertainty [53]. Reverse logistics encompasses the traditional logistics activities of
transportation and inventory management, but its focus is to get a product back from
customers rather than moving a product to customers [54]. Sustainable logistics practices
help manage changes that save costs, strengthen market positions and generate additional
revenue streams. The reverse logistics strategy is to carry out activities related to the reuse
of materials and products [55]. Ya-Ping [56] focused specifically on cost and benefit analysis
considering reverse logistics as an important element of an enterprise. The review on cost
analysis of reverse logistics refers to the material consumption in monetary terms to regain
the value during the process. He has further provided cost components, such as collection
costs, disassembly costs, testing and classification costs, environmental protection costs
and disposition costs that may exist in reverse logistics. Doan et al. [57] talks about the
reverse supply chain in connection with electronic waste.

Globalization aims at sustainability, but without the development of technology,
globalization would not be sustainable. In order to establish and manage the sustainability
of enterprises, it is essential to share in social responsibility, protect natural resources
and preserve the quality of the environment. The issue of green and reverse logistics
has an irreplaceable place worldwide. The proof is a comparative view of the authors’
opinions in the previous paragraphs of the article. We can state that despite government
efforts, measures to minimize the environmental impact and growing public awareness
of environmental issues, environmental problems persist. Initiatives can be seen at the
global and national levels of enterprises that make prompt decisions and set up new
environmental management processes.

2. Materials and Methods

The aim of the paper was to examine the use of green and reverse logistics in the
conditions of sustainable development in enterprises in Slovakia. The intention of the
paper was to provide a theoretical overview of green and reverse logistics at home and
abroad on the basis of the elaboration of a scientific bibliographic-information apparatus.
Subsequent practical implementation of the questionnaire research and statistical verifica-
tion of research results provides a basis for practical recommendations and conclusions for
enterprises operating in Slovakia. The high quality of environment, protection of natural
resources, efficient use of natural resources, and elimination of environmental burdens
are the priorities of sustainable development. Therefore, enterprises have to manage the
environment wisely, while avoiding negative effects on the environment. Based on the
aforementioned facts, enterprises can achieve a competitive advantage in the market.

The object of the research, which was carried out by a questionnaire, were small,
medium-sized and large enterprises in Slovakia. The categorization of enterprises by
size was based on the EU Commission Regulation No. 651/2014 (small enterprise: staff
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headcount: <50, turnover: ≤€10 million, balance sheet total: ≤€10 million; medium-
sized enterprise: staff headcount: <250, turnover: ≤€50 million, balance sheet total:
≤€ 43 million; large enterprise: staff headcount: >250, turnover: >€50 million, balance
sheet total: >€43 million).

The research tool was a questionnaire. It consisted of 25 questions and contained
open-ended, closed-ended, semi-closed-ended and rating scale questions. The Likert
scale was used to generate the rating scale questions. The questionnaire was developed
in both electronic and written forms. The questionnaire was distributed using several
data collection methods: computer-assisted web interviewing (CAWI), computer-assisted
telephone interviewing (CATI) and computer-assisted personal interviewing (CAPI).

The elaboration of the paper required utilisation of both classical and specific scientific
methods. As for the classical methods, the method of literature search, the method of
analysis and synthesis, the method of induction and deduction, the method of comparison
and the method of scientific abstraction were used. The specific methods used were: the
methods of inquiry, the method of elimination, the method of sorting, the method of con-
cretization and mathematical-statistical methods. One-dimensional and two-dimensional
descriptive statistics were used to process the data from the questionnaire.

For statistical testing, we used Pearson’s chi-square test (χ2), test of goodness of fit.
Based on a preselected level of significance α, the tests of goodness of fit allow us to test the
null hypothesis H0 versus the alternative hypothesis H1 [58]. Pearson’s chi-squared test (χ2)
is a modification of Chi-squared (χ2), test of goodness of fit, in which observed frequencies
(Oij) are compared with expected frequencies (Eij). Comparison of observed and expected
frequencies is a primary thought of the Chi-squared (χ2), test of goodness of fit. The null
hypothesis (H0)—between categorical variables A and B there is no dependence (there is
no contingency) against an alternative hypothesis (H1) - between categorical variables A
and B there is dependence (there is contingency), we verify with a test characteristic, which
is called square contingency [59]:

χ2 =
s

∑
j=1

r

∑
i=1

(
Oij − Eij

)2

Eij

where: s—number of columns; r—number of rows; Oij—observed frequencies, Eij—expected
frequencies

Under the assumption of validity of null analysis, square contingency has an asymp-
totic χ2—division with degree of freedom ((r − 1) · (s − 1)). Critical area is restricted by
inequality χ2 > χ2

1 − α ((r − 1) · (s − 1)).
Pearson’s contingency coefficient, Tschuprow’s contingency coefficient, and Cramer’s

contingency coefficient were used to assess intensity of contingency.
Pearson’s contingency coefficient is calculated based on relationship [59]:

C =

√√√√ ∅2

1 +∅2 =

√
χ2

n + χ2

where: C—Pearson’s contingency coefficient; ∅2—mean square contingency; χ2—the
chi-square statistic; n—the total number of observations

Based on this relationship it is clear that for null value of square contingency (perfect
agreement of observed and expected frequencies) Pearson’s contingency coefficient takes
the value 0. If the value of contingency coefficient is close to the value 1 it signals increasing
intensity of dependence between variables.

Tschuprow’s contingency coefficient can be calculated based on relationship [59]:

τ =

√
∅2√

(r− 1)·(s− 1)
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where: τ—Tschuprow’s contingency coefficient; ∅2—mean square contingency; r—rows in
the contingency table; s—columns in the contingency table

If the contingency table is not square, it means r 6= s, then this coefficient will never
reach the value 1.

Cramer’s contingency coefficient is calculated based on relationship [59]:

V =

√
χ2

n·h

where: χ2—the chi-square statistic; n—the total number of observations; h—number of
minimum row of column in the contingency table

If the Cramer’s coefficient achieved values between 0 and 0.3, then there is a weak de-
pendence between variables. If it reached values between 0.3 and 0.8, it indicates a medium
contingency and values between 0.8 and 1 indicate a strong dependence of variables.

3. Results

Out of the total number of respondents (165) participating in the research, the highest
percentage of enterprises (46.1%) were in the medium-sized category. The second largest
group of enterprises (42.4%) were large enterprises. The lowest percentage of enterprises
(11.5%) belonged to the small enterprise category.

The research was conducted in the Slovak Republic, which consists of eight regions.
Out of the research sample, 27.3% of enterprises were from the Trnava Region. It was
followed by the Bratislava Region with 23%. The analysed enterprises in the Nitra Region
occupied third place with a share of 14.5%. The lowest number of enterprises involved in
the research (3.6%) were from the Prešov Region.

Out of the analysed enterprises, production enterprises were the most widely repre-
sented with a share of 81.2%. The analysed enterprises providing services took a share of
12.7%. Trade enterprises were represented in the research with the lowest share of 6.1%.

The largest part of the analysed enterprises operated in the automotive industry with
a share of 23.6%. The engineering industry covered a share of 21.8% in the research sample,
while the electrical engineering industry occupied a share of 17.2%. The least involved
analysed enterprises with the share of 3% were those from the chemical industry and glass
industry (1.2%).

Climate change in the form of global warming and the soil, water and air pollution
significantly affects the environment. Environmental issues have become global, and
sustainable development, which has stimulated the emergence of an environmental strategy
for business development, has been integrated into businesses.

In the following part of the paper, the results of research dealing with green and re-
verse logistics in the conditions of sustainable development in enterprises will be evaluated
and interpreted. Out of the analysed enterprises, large enterprises enforce the environ-
mental policy most widely (47.3%). The research sample promotes environmental policy
with a share of 45.5% in medium-sized enterprises. The analysed enterprises enforce
environmental policy with a share 7.2% in small enterprises. The respondents enforce
environmental policy with a share of 76.4% in production enterprises. The research sample
utilise environmental policy achieved a share of 16.4% in trade enterprises. The respon-
dents enforce environmental policy with a share of 7.2% in enterprises providing services.
The analysed enterprises in the automotive industry promote environmental policy with
a share of 21.2%. The respondents application of environmental policy with the lowest
percentage (1.2%) were in glass industry. The analysed enterprises in the Trnava Region
achieved the highest percentage share (22.8%) in the enforcement of environmental policy.
The lowest degree (4.1%) of the environmental policy implementation was identified in the
analysed enterprises from the Prešov Region.

Authors show selected results in Table 1. The most frequently occurring value (mode)
recorded was 4. This value was achieved thanks the application of environmental policy
in the automotive industry. Within production enterprises, the automotive industry in
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the Trnava Region was recorded the highest median value (2.5). The lowest value of
standard deviation (1.398) was achieved in implementation of environmental policy in
the automotive industry. The highest value of standard deviation (2.053) was obtained in
application of environmental policy in the Prešov Region.

Table 1. Descriptive statistics.

Promote Environmental Policy
Frequency

Mean Median Mode Std. Deviation
Absolute Relative

Small enterprises 12 7.2% 3.00 1 0 2.000
Medium-sized enterprises 75 45.5% 3.19 2 2 1.791

Large enterprises 78 47.3% 3.36 2 2 1.454
Production enterprises 126 76.4% 3.91 2.5 2 1.601

Trade enterprises 27 16.4% 3.58 2 3 1.674
Service enterprises 12 7.2% 2.59 1 0 1.826

Automotive Industry 35 21.2% 4 2.5 4 1.398
Glass Industry 2 1.2% 2.38 1 1 1.995
Trnava Region 38 22.8% 4 2.5 3 1.537
Prešov Region 7 4.1% 2.75 1 1 2.053

Source: own processing.

Out of the environmental policy instruments, analysed enterprises most frequently
utilise voluntary instruments (36.5%), which are followed by legislative instruments (32.8%).
Table 2 reveals the mean value, median value, mode value and standard deviations. The
largest mean of 3.56 was achieved by the enterprises in Slovakia using voluntary in-
struments of environmental policy. The use of legislative instruments of environmental
policy recorded the mean value of 2.67. Voluntary instruments of environmental policy
achieved the highest modus value (3). Economic instruments and voluntary instruments
of environmental policy reached the median value of 2.5. The values are significantly
dispersed regarding the economic instruments of environmental policy; the standard devi-
ation reached the value of 1.806. The lowest dispersion of values was recorded in terms of
voluntary environmental instruments; the standard deviation reached the value of 1.318.

Table 2. Descriptive statistics.

Environmental Policy
Instruments

Frequency
Mean Median Mode Std. Deviation

Absolute Relative

Economic instruments 51 30.7% 3.48 2.5 2 1.806
Legislative instruments 54 32.8% 2.67 1 1 1.670
Voluntary instruments 60 36.5% 3.56 2.5 3 1.318

Source: own processing.

Out of the selected voluntary instruments of environmental policy, corporate social
responsibility was the most widely used in the analysed enterprises in Slovakia. The
research sample uses corporate social responsibility with a share 29.8%. A high share
(24.6%) of analysed enterprises use environmental management systems ISO 14001. The
research sample uses eco-management and audit scheme (EMAS) with a share of 22.7%.
Environmental technologies of voluntary environmental policy instruments recorded the
smallest percentage (11.3%).

The principles of environmental policy also affect corporate logistics. Production
logistics is the most significantly influenced by the environment. The research sample
rated this option with share 37.7%. The influence of environment in distribution logistics
covered a share of 33.9%. The lowest impact of environmental policy (28.4%) was recorded
in procurement logistics.

Authors provides descriptive statistics based on the respondents’ replies in the Table 3.
The highest value of the mean (2.88) was achieved by production logistics. The smallest
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value of the mean (1.94) was obtained by procurement logistics. Production logistics
recorded the highest value (3) of the mode and also of the highest value (2.5) of the was.
Procurement logistics reached the smallest value of mode value (1) and also the smallest
value (0) of the median value. The highest value of the standard deviation (2.380) was
obtained by procurement logistics. The lowest value of the standard deviation (1.342) was
reached by distribution logistics.

Table 3. Descriptive statistics.

Frequency
Mean Median Mode Std. Deviation

Absolute Relative

Procurement logistics 47 28.4% 1.94 0 1 2.380
Production logistics 62 37.7% 2.88 2.5 3 2.088
Distribution logistics 56 33.9% 2.40 2 2 1.342

Source: own processing.

The evaluated percentages suggest that warehousing and storage are the preferred
elements of environmental policy in the logistics process in the analysed enterprises; the
opinion achieved allotted a share of 30.3%. A high percentage (26%) was allotted to the
logistics packaging process. The least popular element of environmental policy introduced
by enterprises into logistics process was inventory management with 5.3%.

Table 4 reveals the mean value, median value, mode value and standard deviation.
The logistics process—warehousing and storage, obtained the largest mean value (2.68).
The logistics process—inventory management, achieved the smallest mean value (1.14).
The mode value achieved the highest value (2) in logistics processes—warehousing and
storage and packaging. The median value obtained a value of 2 in logistics processes—
warehousing and storage and packaging. The values are significantly dispersed regarding
the logistics process—packaging; the standard deviation reached the value of 2.497. The
lowest dispersion of values was recorded in the logistics process—material handling; the
standard deviation reached the value of 2.017.

Table 4. Descriptive statistics.

Frequency
Mean Median Mode Std. Deviation

Absolute Relative

Inventory
management 9 5.3% 1.14 0 0 2.143

Material handling 21 13.1% 1.55 1 0 2.017
Warehousing and

storage 50 30.3% 2.68 2 2 2.169

Packaging 43 26% 2.35 2 2 2.497
Traffic and

transportation 42 25.3% 2.28 1 1 2.407

Source: own processing.

When implementing elements of environmental policy into logistics processes, en-
terprises in Slovakia face barriers that do not allow all logistics processes. The analysed
enterprises in Slovakia consider the lack of financial resources for implementation of the
environmental logistics elements to be the biggest barrier. The research sample rated this
option with a share 33.7%. Respondents also expressed their opinion that the administra-
tive burden in implementing elements of environmental policy into logistics processes is
also a problem, allotting it a share of 30.5%. The least frequently (6.2%) indicated possibility
was lack of the staff dealing with the issue in the enterprise.

The authors provide descriptive statistics based on the respondents’ replies in Table 5.
The highest value of the median value (3.71) was achieved by the option—lack of financial
resources. The smallest value of the mean value (1.13) was achieved to the response—lack
of staff. The mode reached the highest value (3) in the option—the enterprise feels an
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administrative burden. The smallest value of the mode value (0) was recorded by the
response—lack of staff. The median reached the highest value (2.5) in the option—the
enterprise does not have financial resources and in the option—the enterprise feels an
administrative burden. The median value received the lowest value (0) in the response—
the enterprise does not have sufficient staff. The highest value of standard deviation (2.117)
was achieved by the option—the enterprise does not have financial resources. The lowest
value of standard deviation (1.642) was reached by the response—the enterprise does not
have sufficient staff.

Table 5. Descriptive statistics.

Frequency
Mean Median Mode Std. Deviation

Absolute Relative

Lack of financial
resources 56 33.7% 3.71 2.5 2 2.117

Lack of the staff 10 6.2% 1.13 0 0 1.642
Lack of support from

the government 49 29.6% 2.71 2 1 2.054

Administrative
burden 50 30.5% 3.55 2.5 3 1.993

Source: own processing.

Sustainability has long been one of the most important issues. The biggest contri-
bution to greater worldwide sustainability on the corporate level is green logistics and
reverse logistics. Green logistics and reverse logistics contribute to the protection of the
environment with the aim to promote ecological methods of production, distribution and
logistics processes.

The research sample uses green logistics with a share of 49.5% in large enterprises.
The analysed enterprises use green logistics in small enterprises with a share of 7.4%.
The research sample uses green logistics in production enterprises with a share of 72.3%.
The analysed enterprises of trade use green logistics with a share of 10%. The analysed
enterprises providing services use green logistics with a share of 17.7%. Most analysed
enterprises use green logistics in the engineering industry (22%). The research sample of
the electrical engineering industry also recorded a high percentage (19.8%) of the green
logistics application. The analysed enterprises of the glass industry admitted the lowest
percentage (0.8%) in the green logistics utilisation. The largest percentage share (27.6%) in
the green logistics implementation was achieved by analysed enterprises in the Bratislava
Region. The least frequent application of green logistics (4.8%) recorded in the analysed
enterprises of the Košice Region.

Table 6 compiles descriptive statistics based on the responses of enterprises in Slovakia.
The highest value of the mean value (3.23) was achieved by production enterprises in the
use of green logistics. The most common value (mode = 3) was achieved by production
enterprises when using green logistics. Production enterprises received the highest median
value (3) in the use of green logistics. The lowest value of the standard deviation (1.664)
was obtained by the use of green logistics in small enterprises. The highest value of the
standard deviation (2.295) was achieved via green logistics in the Košice Region.

The research sample uses reverse logistics with a share of 48.5% in large enterprises.
The respondents use reverse logistics with a share of 43.2% in medium-sized enterprises.
The analysed enterprises use reverse logistics with a share of 7% in small enterprises. The
respondents use reverse logistics with a share of 75.8% in production enterprises. The
research sample use of reverse logistics with a share of 11.2% in trade enterprises. The
analysed enterprises use reverse logistics with a share of 13% in service enterprises. The
analysed enterprises from the automotive industry use reverse logistics with a share of
23.9%. The research sample obtained the smallest percentage (1.2%) use of reverse logistics
in the glass industry. The largest percentage share (22.3%) in the use of reverse logistics was



Sustainability 2021, 13, 581 11 of 23

achieved by analysed enterprises in the Bratislava Region. The least frequent application of
reverse logistics (7.3%) recorded in the analysed enterprises of the Banská Bystrica Region.

Table 6. Descriptive statistics.

The Use of Green Logistics
Frequency

Mean Median Mode Std. Deviation
Absolute Relative

Small enterprises 12 7.4% 2.00 2 1 1.664
Medium-sized enterprises 71 43.1% 2.41 2 1 1.928

Large enterprises 82 49.5% 2.78 2 2 1.713
Production enterprises 119 72.3% 3.23 3 3 1.780

Trade enterprises 17 10% 2.34 2 0 1.798
Service enterprises 29 17.7% 3.08 2 1 1.9cur29

Engineering Industry 36% 22% 3.20 2 2 1.772
Electrical Engineering

Industry 33% 19.8% 2.96 2 2 1.695

Glass Industry 1% 0.8% 0,75 1 0 2.121
Bratislava Region 46% 27.6% 3.17 2 2 1.840

Košice Region 8% 4.8% 1.88 1 0 2.295

Source: own processing.

Descriptive statistics are compiled in Table 7 according to the enterprises’ responses.
The highest value of The mean value (3.5) was achieved by production enterprises in the
use of reverse logistics. Production enterprises reached the highest median value (3) in the
Bratislava Region. The lowest standard deviation value (1.140) was recorded by the glass
industry in the use of reverse logistics. The highest standard deviation value (2.431) was
obtained by trade enterprises in the use of reverse logistics.

Table 7. Descriptive statistics.

The Use of Reverse Logistics
Frequency

Mean Median Mode Std. Deviation
Absolute Relative

Small enterprises 12 7% 2.36 1 0 2.023
Medium-sized enterprises 71 43.2% 2.45 1 1 1.827

Large enterprises 82 49.8% 2.73 2 2 1.951
Production enterprises 125 75.8% 3.50 3 3 1.772

Trade enterprises 18 11.2% 2.27 1 0 2.431
Service enterprises 22 13% 2.53 1 0 2.142

Automotive Industry 39 23.9% 3 2 1 1.944
Glass Industry 2 1.2% 1.4 0 0 1.140

Bratislava Region 37 22.3% 3.0 2.5 2 2.177
Banská Bystrica Region 12 7.3% 2.13 0.5 0 1.916

Source: own processing.

According to the results of the questionnaire, the application of green logistics and
reverse logistics allows enterprises to improve their customer-supplier relationships. Re-
spondents allotted this option the highest share of 35.2%. By implementing green and
reverse logistics, 31.5% of the analysed enterprises in Slovakia also improve their relations
with the government. The lowest percentage of analysed enterprises (6.7%) utilise green
and reverse logistics to improve their image.

Authors provides descriptive statistics based on the respondents’ replies in the Table 8.
The highest value of the mean value (3.2) was for the option—improving customer-supplier
relations. The smallest value of the mean value (1.14) was obtained for the option—
improving the image of the enterprise. Modus value achieved the highest value (2) in
the option—improving customer-supplier relations and also in the response—improving
relations with the government. The median value reached the highest value of (2) in
the option—improving customer-supplier relations and also in the option—improving
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relations with the government. The highest value of the standard deviation (2.302) was
recorded by the option—improving the profile of enterprise on the international market.
The lowest value of the standard deviation (1.963) reveals by the response—improving
relations with the government.

Table 8. Descriptive statistics.

Frequency
Mean Median Mode Std. Deviation

Absolute Relative

Building sustainable development 29 17.8% 1.55 1 0 2.017
To improve the profile of enterprise on the

international market 15 8.8% 1.60 1 0 2.302

To improve image 11 6.7% 1.14 0 0 2.143
To improve customer-supplier relationships 58 35.2% 3.2 2 2 2.098
To improve relations with the government 52 31.5% 2.95 2 2 1.963

Source: own processing.

3.1. Research Hypothesis 1

The development of industrial revolutions, technical progress and consumer be-
haviour have affected the environment. The enterprises promoting sustainable devel-
opment strive to improve green logistics. The main reason is the ecological thinking of
enterprises and development of business programmes with the aim of maintaining their
competitiveness in the future.

The hypothesis is based on study by DB Schenker. The main aim of enterprise is to
reduce emissions by 20% by the end of 2020. Enterprise plans to shift 50% of land freight to
rail freight and ocean freight by 2050, with more than 5000 trains a day. Enterprise plans
to replace 40% of fuel in air freight with biofuels. Logistics in urban centers will thus be
without carbon dioxide production and ocean freight will reduce its emissions production
by 40% [60].

The hypothesis is also based on Deutsche Go DHL Group’s GoGreen environmental
program. The aim of enterprise is in the field of climate protection is to reduce all emissions
related to logistics to zero by 2050. Deutsche Post DHL Group determined the following
aims by 2025: increase carbon efficiency by 50% compared to 2007 levels; reduce local air
pollution emissions by operating 70% of first and last mile business services through clean
pick-up and delivery solutions such as bicycles and electric cars; and derive more than
50% of the company’s revenue from Green Solutions. In this way, the company wants to
ensure greener supply chains for customers; and the enterprise wants to certify 80% of its
employees as GoGreen specialists and involve them in business activities in the field of
environmental and climate protection [61].

The hypothesis is also based on IKEA’s sustainability leadership. This enterprise
uses two basic materials: wood and cotton. Since 2014, more than 85% of cotton has met
standards that have limited the use of water, pesticides and fertilizers. Today, 100% of the
cotton used is obtained in a sustainable way. Also, the wood used by IKEA is obtained
sustainably. In 2017, 75% of the wood was obtained from sustainable sources. In the
following periods it will be up to 100% [62].

The tested hypothesis is written as follows:

Hypothesis 0 (H0). There is no statistically significant between the promotion of sustainable
development and the improvement of green logistics in the enterprise at the significance level of
α = 0.05.

Hypothesis 1 (H1). There is statistically significant between the promotion of sustainable de-
velopment and the improvement of green logistics in the enterprise at the significance level of
α = 0.05.
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Based on results from the questionnaire was applied χ2—test of goodness of fit, we
created contingency table. Authors show observed values (Oij) in Table 9.

Table 9. Observed values (Oij) of hypothesis.

Observed Values Oij b1 b2 b3 b4 Total

a1 22 17 23 15 77
a2 5 3 5 8 21
a3 13 7 5 11 36
a4 16 9 2 4 31

Total 56 36 35 38 165
Source: own processing.

Expected values (Eij) from questionnaire were calculated based on relationship [59]:

Eij = n·ni•
n
·n•j

n
=

ni•·n•j
n

where: n—total table value
The calculated expected values from the questionnaire data are given in Table 10.

Table 10. Expected values (Eij) of hypothesis.

Expected Values Eij b1 b2 b3 b4 Total

a1 26.13 16,80 16.33 17.73 77
a2 7.13 4,58 4.45 4.84 21
a3 12.22 7.85 7.64 8.29 36
a4 10.52 6.76 6.58 7.14 31

Total 56 36 35 38 165
Source: own processing.

Condition that 80% of expected frequencies (Eij) must be higher than 5 was fulfilled to
81%. We can see this fact in Table 11. Subsequently, we proceeded to test the hypothesis

Table 11. Chi-squared of hypothesis.

Chi-Squared b1 b2 b3 b4 Total

a1 0.65 0.00 2.72 0.42 3.80
a2 0.63 0.55 0.07 2.07 3.32
a3 0.05 0.09 0.91 0.89 1.94
a4 2.85 0.74 3.18 1.38 8.16

Total 4.19 1.38 6.88 4.76 17.21
Source: own processing.

Was counted up all rows and columns and in the right bottom corner was identified
square contingency (chi-squared) = 17.21.

Calculated testing characteristics were compared with 95 percentile χ2—division with
(r − 1) · (s − 1) = (4 − 1) · (4 − 1) = 9 degrees of freedom χ2

0.95 (9) = 16.919. Calculation
showed that square contingency exceeds critical value, thus is reject the null hypothesis.

On the significance level of α = 0.05 there is statistically important dependence between
the promotion of sustainable development and the improvement of green logistics in the
enterprise.

Based on the verification of the hypothesis, we proceeded to measure the intensity of
this dependence. Pearson contingency coefficient was calculated on relationship [59]:

C =

√√√√ ∅2

1 +∅2 =

√
χ2

n + χ2
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where: ∅2 is an mean square contingency, it means ∅2 = χ2

n
Calculation confirmed that C = 0.3335 (medium dependence). Pearson contingency co-

efficient indicates medium dependence between the promotion of sustainable development
and the improvement of green logistics in the enterprise.

Tschuprow’s contingency coefficient was calculated based on relationship [59]:

τ =

√
∅2√

(r− 1)·(s− 1)

The calculation identified τ = 0.2043 (medium dependence). Tschuprow’s contin-
gency coefficient indicates medium dependence between the promotion of sustainable
development and the improvement of green logistics in the enterprise.

Cramer’s contingency coefficient was calculated based on relationship [59]:

V =

√
χ2

n·h

The calculation revealed that V = 0.2043 (medium dependence). Cramer’s contin-
gency coefficient indicates medium dependence between the promotion of sustainable
development and the improvement of green logistics in the enterprise.

3.2. Research Hypothesis 2

Reverse logistics is an integral part of green logistics, as together they meet the envi-
ronmental objectives of enterprises. Reverse logistics combine environmental objectives
with economic ones, as they seek to minimize the waste of resources, reuse products and
packaging, and extend the life of products and components. The enterprise’s promot-
ing reverse logistics try to streamline their logistics processes, through e.g., the return
of packaging.

The hypothesis is based on the authors Simões et al. [63], who say that reverse logistics
is a much-discussed topic not only in academia or in industry itself. With an increase in
the competition on a global scale coupled with concerns about the environment, reverse
logistics is becoming a necessity. Managers need to consider the integration of collec-
tion, inspection and consolidation of used products with forward logistics in a reverse
logistics programs.

The hypothesis is based on research by Deloitte and Arvato. This research says that
reverse logistics represents a significant part of the company’s cost structure. This company
structure ranges from 0.1% to 1% of the value of product sales and on average 0.5%. In
addition, a well-managed reverse logistics flow has, on average, the potential to recover
32% of the value of the original product [64].

The hypothesis is based on research by TATA Consultancy services, which says that
green packaging represents a reduction in material. The study says that it is important to
realize that recycling thin or light packaging is more difficult than heavy packaging. At
present, packaging represents 23% by weight of waste and 37% by volume of waste [65].

The hypothesis is based on the opinion of Lisec et al. [66], if reverse logistics is to
become a function of sustainable development, conventional efficiency thinking needs to
be adapted to the sustainability contest. The authors talk about the idea—Production or
sale more for less together with production or processing more with less consumption, but
while maintaining economic viability.

The tested hypothesis is as follows:

Hypothesis 0 (H0). There is no statistically significant relationship between the use of the logistics
process of packaging and the improvement of reverse logistics in the enterprise at the significance
level of α = 0.05.
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Hypothesis 1 (H1). There is statistically significant relationship between the use of the logistics
process of packaging and the improvement of reverse logistics in the enterprise at the significance
level of α = 0.05.

Based on results from the questionnaire was applied χ2—test of goodness of fit, we
created a contingency table. The observed values (Oij) are shown in Table 12.

Table 12. Observed values (Oij) of the hypothesis.

Observed Values Oij b1 b2 b3 b4 Total

a1 10 8 4 9 31
a2 12 7 4 11 34
a3 13 6 2 32 53
a4 12 4 10 21 47

Total 47 25 20 73 165
Source: own processing.

Expected values (Eij) from the questionnaire were calculated based on the relation-
ship [59]:

Eij = n·ni•
n
·n•j

n
=

ni•·n•j
n

where: n—total table value
The calculated expected values from the questionnaire data are given in Table 13.

Table 13. Expected values (Eij) of hypothesis.

Expected
Values Eij

b1 b2 b3 b4 Total

a1 8.83 4.70 3.76 13.72 31
a2 9.68 5.15 4.12 15.04 34
a3 15.10 8.03 6.42 23.45 53
a4 13.39 7.12 5.70 20.79 47

Total 47 25 20 73 165
Source: own processing.

The condition that 80% of expected frequencies Eij must be higher than 5 was fulfilled
to 88%. We can see this fact in Table 14. Subsequently, we proceeded to test the hypothesis.

Table 14. Chi-squared of hypothesis

Chi-Squared b1 b2 b3 b4 Total

a1 0.15 2.32 0.02 1.62 4.11
a2 0.55 0.66 0.00 1.09 2.31
a3 0.29 0.51 3.05 3.12 6.97
a4 0.14 1.37 3.25 0.00 4.76

Total 1.14 4.87 6.32 5.83 18.16
Source: own processing.

We counted up all rows and columns and in the right bottom corner identified square
contingency (chi-squared) = 18.16.

The calculated testing characteristics were compared with 95 percentile χ2—division
with (r − 1) · (s − 1) = (4 − 1) · (4 − 1) = 9 degree of freedom χ2

0.95 (9) = 16.919. The
calculation showed that square contingency exceeds critical value, thus the null hypothesis
is rejected.

On the significance level of α = 0.05 there is statistically important dependence between
the use of the logistics process of packaging and the improvement of reverse logistics in
the enterprise.
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Based on verification hypothesis was measured intensity of this dependence. Pearson
contingency coefficient was calculated on relationship [59]:

C =

√√√√ ∅2

1 +∅2 =

√
χ2

n + χ2

where: ∅2 is an mean square contingency, it means ∅2 = χ2

n
Calculation confirmed that C = 0.3148 (medium dependence). The Pearson contin-

gency coefficient indicates medium dependence between the use of the logistics process of
packaging and the improvement of reverse logistics in the enterprise.

Tschuprow’s contingency coefficient was calculated based on relationship [59]:

τ =

√
∅2√

(r− 1)·(s− 1)

The calculation identified τ = 0.1915 (weak dependence). Tschuprow’s contingency
coefficient indicates weak dependence between the use of the logistics process of packaging
and the improvement of reverse logistics in the enterprise.

Cramer’s contingency coefficient was calculated based on relationship [59]:

V =

√
χ2

n·h

The calculation revealed that V = 0.1915 (weak dependence). Cramer’s contingency
coefficient indicates weak dependence between the use of the logistics process of packaging
and the improvement of reverse logistics in the enterprise.

4. Discussion

Sustainability in industrial sectors plays a key role in implementation and develop-
ment support in new technologies, efficient resource utilisation and in business transactions
on both the local and international market. Innovations will be a driving force for the next
generation of production businesses, which are competitive and sustainable. Innovations
and technological advancement are considered essential in search for permanent solutions
of economic and environmental challenges, such as increased resources and energetic
effectiveness.

The condition of technologies, industrial infrastructure, degree of utilisation for sec-
ondary and primary materials, low devaluation of materials, raw materials and energies
as well as continuous maintenance of the fleet impacts the state of the environment in the
Slovak Republic. The foundation for development of sustainability is an implementation
of environmental politics in a country that is based on fulfilling resolutions and goals
referring to protection and repair of damage to the environment.

Based on analyses of research results we found out that 47.3% of large enterprises in
Slovakia are implementing environmental politics. Out of the research sample, 76.4% of
production enterprises enforces environmental politics and the high share of enterprises,
21.2%, is represented by the automotive industry. These results reflect the character of the
Slovak market, which is production-construction focused. One of the biggest economy
boosters is an automotive industry, resulting from the fact that in Slovakia there are four
worldwide automotive plants: Volkswagen Slovakia, PSA Peugeot Citroën Slovakia, Kia
Motors Slovakia, and Jaguar Land Rover Slovakia. The implementation of environmental
politics in Slovakia is characterised by the principle of prevention resulting in an increased
attention to questions regarding the impact of products and technologies on the environ-
ment. There are new systems being implemented securing the product to be in accordance
with the current condition parameters, minimise or even exclude harmful impacts on an
environment. The problematic of a product preference meeting all requirements of pro-
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tection and creation of an environment within their entire lifecycle is receiving increasing
attention not only from consumers, but also business subjects and associations.

Out of selected voluntary tools of environmental politics, enterprises utilise social
responsibility of businesses the most. This means focusing on customers while considering
attributes of an environment protection. Enterprises state that social responsibility mani-
fests itself in form of short delivery time, payment discipline, minimal waste and utilisation
of recycled packaging.

The principles of environmental politics also impact corporate logistics. Production
logistics is the most impacted by environmental politics. Enterprises selected this option
have a share of 37.7%. Responsible production might be expressed by certain delivery
of certified quality product to the customer. Certified products meet construction norms,
and maintain and improve management systems of health and safety regulations and
environment. The aim is to eliminate the risk of new work-related injury and harmed health,
decreased amount of waste created, increased share in their recycling and minimisation of
harmful influence on an environment. Production sustainability consists in the ability to
create such a production program where there will be such products that are demanded
on a market and at the same time that have chosen such production means, production
systems and processes that allow securing a production program from the point of a market.
Production sustainability represents a specific area which considers correct construction of
production program and sustainability from the point of demand for products.

Distribution logistics of analysed enterprises is influenced by the environment by a
share of 33.9%. Within fulfilling principles of social responsibility in sphere of packaging
and transportation there is a very important responsible selection of suppliers capable of
supplying sustainable and ecological components, materials and products. In logistics,
these are represented by more efficient transportation, more ecological packaging in form
of recyclable cartons, collection, recycling and reusing of paper.

Based on assessed percentages shares we can see that enterprises enforce elements
of environmental politics in logistics process of storage the most. Within EMAS which is
utilised by 22.7% of enterprises, this assesses for example disposing of fuels and chemicals,
product supplies, storage within the building and outside the building with an aim of
eliminating uncontrollable waste, lights in storage rooms, and automatic entrance gate via
environmental maps with an aim to save energy. Energy utilisation in individual areas of
business is influenced by different uses of technologies, processes and products, energy
resources and prices, politics, economics and the business situation. In terms of dealing
with waste, businesses focus on waste separating, storing waste outside buildings, disposal
of goods packaging. The aforementioned activities belong to the process of packaging
in researched enterprises with a share of 26%. The objective of sustainable logistics of
packaging is to secure financial efficiency, a degree of service level fulfilment, energy
consumption, resource consumption, level of emissions, effective utilisation of space, work
environment—absence rate and security—and injury rate.

When implementing elements of environmental politics into logistics processes, en-
terprises come across such barriers as lack of financial resources for implementation of
elements of environmental logistics by a share of 33.7%, and the administrative load for
businesses in implementing elements of environmental politics into logistics processes has
the share 30.5%.

Nowadays sustainable development is becoming one of the priorities in the business
sphere. The biggest contribution towards better sustainability in the world on a business
level is a green logistics and reverse logistics. Green logistics and reverse logistics con-
tribute towards environmental protection with an aim to support ecological means of
production, distribution and logistics processes. The foundation of Green logistics is con-
nection of logistics activities with ecological goals of business, which represent the result of
synchronisation and optimisation of information and material flows aimed at customer
satisfaction with consideration for soundness of expenses and minimising negative impacts
on an environment. Within logistics, we are able to see an advancement in development
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of utilising renewable energy resources, more ecological forms of packaging materials,
more ecological means of transportation and also reverse processing and recycling of used
products. Businesses, aiming at improving their competitive abilities and securing the
good name of their business in local and foreign markets, are leaning towards utilising
tools of the environment in the form of decreasing negative transportation impacts by
transferring from air transportation to truck or rail transportation, and utilisation of hybrid
and electric vehicles etc.

Green logistics is adopted mainly by large enterprises with a share of 49.5% and re-
verse logistics is utilised in a share 48.9%. In assessment of analysed enterprises, we can see
a close relation between two logistics trends such as part of the sustainable development of
enterprises in Slovakia. In an industrial sector, production enterprises implement green
logistics with a share of 72.3% and reverse logistics with a share of 75.8%. Sustainability
of green logistics can be achieved by efficient utilisation of energies in a suitable selection
of energy resources, decreased energy expenses, repeated energy use. In the preparation
process, aiming to monitor sustainable logistics there is monitoring of such criteria as trans-
portation costs, delivery time, waste of energy and materials, greenhouse gas emissions,
time delays due to traffic, human toxicity, level of absence and injuries at a workplace.
Reverse logistics is an inseparable part of green logistics which deals mainly with recy-
cling and managing products and packaging after their lifecycle. It includes activities
like claim, recycling, repeated use or disposing of product in a way that is considerate to
an environment.

Sustainability and its development have slowed down due to the continuous decrease
of global growth. Currently one of the main causes is considered to be the COVID-19
pandemic, which has disrupted global value chains, product supplies, significantly affected
production sectors and changed the business environment. Corona virus pandemics has
revealed strong points and weaknesses in innovation implementation, critical points in
infrastructure and supply chain management. The current pandemic situation creates
space for research in logistics in the future, especially in development and implementation
of innovations and introducing changes invoked by pandemic crises, which appeared in
the supplier/customer relationship in individual processes of acquisition, production and
distribution logistics.

5. Conclusions

In the future, we can see the direction of sustainable development in logistics in terms
of the continuous implementation of ecological tools, innovations and engineering into
enterprises and the production and service sectors. This is about acquiring a competitive
tool not only in the field of economic aspects, within domestic and foreign markets, but
also about the ethical responsibility of enterprises and its employees. Sustainability is
strategically achievable if enterprises and society start to think and work ecologically. We
can state that, at present, enterprises are increasingly trying to behave ecologically, not only
because of regulations and laws, but they are developing this area within the corporate
culture and as part of the code of ethics of enterprises and institutions.

The research carried out in the Slovak Republic on a sample of 165 enterprises showed
the following facts. Environmental policy is used mainly by large enterprises in Slovakia
(47.3%), which operate as production enterprises (76.4%). Of the analysed enterprises
in Slovakia, enterprises in the automotive industry use the environmental policy the
most (21.2%). Of the regions of Slovakia, the environmental policy is mostly used by
analysed enterprises based in the Trnava Region (22.8%). Of the environmental policy
instruments, analysed enterprises in Slovakia use the most voluntary instruments (35.5%).
Of the selected voluntary instruments of environmental policy, analysed enterprises in
Slovakia use corporate social responsibility the most (29.8%). Under the influence of the
environment, production logistics in analysed enterprises in Slovakia are the most used
(37.7%). Analysed enterprises in Slovakia mostly promote elements of environmental
policy in the logistics process—warehousing and storage (30.3%). When implementing
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elements of environmental policy, the analysed enterprises in Slovakia consider the lack
of financial resources for the implementation of elements of environmental logistics to be
the biggest barrier (33.7%). Green logistics is mostly used by large enterprises (49.5%) and
production enterprises (72.3%). Green logistics is mostly used by analysed enterprises
from the engineering industry (22%) and enterprises operating in the Bratislava Region
(27.6%). Of the analysed enterprises in Slovakia, large enterprises (48.9%) and production
enterprises (75.8%) use reverse logistics the most. Reverse logistics is used mainly by
analysed enterprises from the automotive industry (23.9%) and enterprises operating in
the Bratislava Region (22.3%). The implementation of green logistics and reverse logistics
enables analysed enterprises in Slovakia to improve customer–supplier relations (35.2%).

The presented results represent the current state of green and reverse logistics in
enterprises in Slovakia. These results can help at the national level—the departments
of spatial planning and the environment in higher territorial units in Slovakia in the
formation and creation of tools and strategies of environmental policy in individual regions
of Slovakia. The results of the research from the article can also be used by the Ministry of
the Environment of the Slovak Republic in creating a report on the state of the environment
and in creating studies on the environment in the business environment. Within Slovakia,
this institution formulates and sets the direction of the environment and cooperates with
the European Union in the creation of programs created by the European Commission.

Research conducted around the world shows the following facts. Simões et al. [63]
carried out a survey of 225 enterprises in Portugal. The results of the survey showed
that Portuguese enterprises consider the implementation of reverse logistics to be at a
strategic level. The survey showed that the reasons for implementing reverse logistics
include: improving customer satisfaction, reducing logistics costs, legal requirements,
recovering the value of returned products, increasing competitiveness, reducing inventory,
and product life cycle. The survey also infected obstacles in the implementation of reverse
logistics: lack of interest on the part of decision-makers, financial constraints, lack of
technological systems, lack of training. When using reverse logistics, enterprises in Portugal
(53.5%) experienced economic benefits in the form of improved logistics efficiency and
reduced logistics costs. Portuguese enterprises have invested in the development of reverse
logistics in the form of electronic data interchange (EDI), reverse logistics (RL) software and
other new logistics resources. Martins et al. [67] analysed sustainability reports published
by enterprises in Brazil. They compiled sustainable practices developed by enterprises
grouped into five macro-areas. The first area deals with the choice of mode of transport, and
use of vehicles. The second area deals with warehousing, the third area concerns suppliers
and purchasing processes. The fourth area concerns packaging processes and the fifth area
sustainable management practices and social programs. An interesting finding was the
selection of the supplier with regard to its environmental practices, compliance with labor
standards, code of conduct, anti-corruption program and sustainable certifications. This
practice was developed by 57% of enterprises in the sample. Trivellas et al. [7] conducted
the research through a structured questionnaire with 134 executives of enterprises in the
agri-food sector in Greece. Research has shown that information sharing, logistics networks
and transport are the strongest factors influencing the sustainable performance of a business
and supply chain. In addition, green packaging is related to aspects of financial and social
performance. Vazifehdan and Darestani [68] performed a case study in enterprise from
the petrochemical industry. The aim of the study was to create a model for evaluating
the green logistics of outsourcing. The results of the model showed that in the first place
are convenient and suitable logistics services, in the second place the implementation of
transport infrastructure for environmental policies, and in the third place the necessary
expertise and experience in similar sectors.

A further direction in this area can be an incentive to explore a deeper analysis of
green and reverse logistics in individual countries of the European Union and in the world.
There is currently a lack of studies and publications that address the complex state and
comparison of green and reverse logistics at the business level in the world and in the
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European Union. The studies are only partial and cover only one country. It is for this
reason that space is created for the cooperation of several countries in the creation of studies
and publications that can provide businesses with the current state of the issue.

The results of the paper give impetus for the establishment of better conditions
within the economic instruments of environmental policy and legislative instruments of
environmental policy in Slovakia. The Ministry of the Environment of the Slovak Republic,
together with the Slovak Environment Agency, should adjust these environmental tools to
make them more interesting, implemented more, and used for enterprises. It is also very
important to encourage the use of green and reverse logistics in small enterprises in Slovakia
and other types of industry in Slovakia. This can be achieved through incentives, subsidies,
government benefits and greater promotion at the national level. Small enterprises have an
irreplaceable place in the economy of the Slovak Republic. For this reason, it is essential
to involve them in the use of green and reverse logistics. It is also important that other
types of industry in Slovakia use green and reverse logistics to a greater extent. The
results of the research revealed that green and reverse logistics in western Slovakia are the
most widely used in Slovakia. The reason is the excellent transport infrastructure and the
close location between the three countries of the Visegrad Group. The results of research
can be used by enterprises in creating and innovating corporate environmental policy.
Businesses in Slovakia can also use the results to set up a circular economy. The principles
of sustainability bring differentiation of the product offer and further integration of the
entire product value chain and subsequent change of the logistics chain.
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