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Introduction
The present volume, “Competitiveness and economic development – microeconomics aspects and challenges”, contains a collection of seven papers addressing selected issues in economics and finance. The monograph concerns the
current problems and challenges in the field of international economic relations,
economics, and finance. The authors identify and assess the complexities of competitiveness and economic development, taking into account both theoretical
and practical aspects.
The first article explores the issue of corporate social responsibility in the beverage industry. Its authors, Aleksandra Nowotarska, Marianna Tomaszewska,
Arletta Piotrowska, and Agnieszka Ch³êdzik, discuss this problem based on a case
study of Carlsberg. Their research shows that the Danish culture significantly influences the perception of CSR concepts in Denmark and that in the last 10 years
Carlsberg intensified its CSR initiatives.
In the second article, Anna Czarnomska assesses the importance of Gazprom
for the Russian gas sector in the context of the changes that have been taking place
in the Russian and world economy. The author concludes that due to sanctions
imposed on Russia, the pandemic, and increased competition, the importance of
the gas sector is clearly on a downward trend in Russia.
In the next article, Daniel Boehlich conducts a mediation analysis of performance differences between family and non-family businesses and discovers that
small and medium-sized family businesses have better financial performance
compared to non-family businesses. Furthermore, the author shows that the positive relationship between family business ownership and financial performance is
mediated by goal setting.
Jaros³aw Brach discusses the problem of using gas as a fuel in long-distance road
freight transport, presenting the opportunities, challenges, and threats it carries
for the Polish consumer. The author points out that under certain conditions, especially when cargo weight does not exceed 70–80% of nominal payload and transport takes place mainly on flat roads, the use of gas becomes economically viable.
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The subject matter of the fifth article, written by Miros³aw Antonowicz, is the
current situation of freight transport in the Eurasian space. The author’s research
indicates that the pandemic period was treated there as an opportunity to develop
and implement new solutions with the aim to facilitate cooperation and harmonize border-crossing procedures, revealing the need to increase rail transport digitalization and improve the digital transport management system.
In the last article, Grzegorz M³ynarski studies consumer perception of shared
mobility services in the light of global climate challenges. The results of the
author’s analysis indicate that consumers’ attitudes change depending on two factors: economic incentives and ease of access to vehicles available in a shared mobility model.
The diversity of microeconomics issues of competitiveness and development
show a holistic approach to composing this volume, which offers a novel view on
those aspects of the world economy.
We hope you find this publication interesting and useful.
We wish you pleasant reading!
Editors
Sopot, 2021
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Agnieszka Ch³êdzik
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Corporate social responsibility in the beverage industry
– a case study of Carlsberg
The article explores how the Carlsberg Group understands corporate social responsibility and
what measures it takes to implement it within the company. The case study is based on an analysis of a number of academic sources and qualitative research in the form of individual in-depth interviews. In total, 15 valid interviews with high- and low-ranking CG employees were conducted.
The results show that in the last 10 years Carlsberg has intensified its CSR efforts, which it seems
to be treating strategically rather than instrumentally, and that the way it conceptualizes and implements this idea strongly reflects the spirit of Danish national culture. They also give insight
into how CG employees perceive those initiatives. The article thus contributes to the sparse literature on CSR and the relatively small body of case studies in the beverage industry.
Keywords: beverage industry, corporate social responsibility, Carlsberg, national culture
JEL classification: J8, Q56, Q58

Introduction
The concept of corporate social responsibility is relatively recent, originating
around the 1950s and rapidly evolving since then [Low, 2016]. Literature provides
numerous definitions of CSR, which shows the vast development of this idea
throughout the years; from a purely philanthropic endeavor, it evolved into an attempt to integrate environmental, social, economic, and ethical considerations
into business practice [Jones et al., 2013]. Among the various companies actively
involved in CSR initiatives, increasingly many operate in the beverage industry;
one of them is the Carlsberg Group – famous brewing company headquartered in
Denmark.
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The purpose of the article is to explore how the CG perceives CSR and what
measures it takes to implement it within the company. The study also aims to
broaden the knowledge on CSR in the beverage industry. As the research addresses only descriptive questions, a case study was carried out [Yin, 2014] on the
CG and its approach to CSR. In addition, individual in-depth interviews with
high- and low-ranking CG employees were conducted and transcribed by one of
the authors, an employee of the Polish subsidiary of Carlsberg. The study attempts to answer the following research questions:
RQ1: How do Carlsberg management and non-managerial employees perceive
its CSR initiatives?
RQ2: How has Carlsberg’s CSR strategy evolved over the last decade?
RQ3: How does Danish national culture affect Carlsberg’s conceptualization
of CSR?
The structure of the paper is as follows. First, a theoretical background is provided, reviewing the empirical literature on the concept of CSR, the Danish culture, and the beverage industry. In subsequent sections, the focus is on the chosen
company and its CSR initiatives, which are discussed from a theoretical and
a practical point of view, drawing on the individual in-depth interviews. Finally,
conclusions are presented.

1. Theoretical background
1.1. Conceptualization of corporate social responsibility
The concept of corporate social responsibility is widely discussed in the literature. Countless explanations have already been proposed, and many of them offer
different interpretations [McWilliams et al., 2006]. One of its popular early definitions came from Carroll [1979], who placed CSR within a broader concept of corporate social performance, i.e., an integration of “corporate social responsibility,
corporate social responsiveness, and social issues”, and identified its four main
components: economic, legal, ethical, and discretionary (philanthropic), which
can be depicted in the form of the Pyramid of Corporate Social Responsibility
[Carroll, 1991; Wartick, Cochran, 1985; Swanson, 1995].
Companies may treat CSR either instrumentally or strategically. Those that
take the latter, holistic approach, place social responsibility at the core of their
operations and strategic planning [Werther, Chandler, 2005]. This entails a longterm commitment to creating business value not just for shareholders but for all
stakeholders. In turn, the instrumental approach treats economic gain as the only
reason for engaging in socially responsible actions and focuses on short-term initiatives that maximize profits [Garriga, Melé, 2004].

Corporate social responsibility in the beverage industry...
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Two distinct aspects of practicing and reporting on CSR can be identified – explicit and implicit. The former comprises corporate policies, strategies, or programs that address chosen social issues for which companies propose to take
responsibility, whereas the latter refers to the underlying values, norms, and rules
that inform the role that companies take on “within the wider formal and informal
institutions for society’s interests and concerns” [Matten, Moon, 2008].

1.2. Danish national culture
Since the first World Happiness Report was released in 2012, Denmark has
been consistently ranked among the top three happiest countries of 155 countries
surveyed [Country Economy]. Some of the factors contributing to the general
happiness of Danes may be government stability, low perceived levels of public
corruption, or broad access to education and health care [Helweg-Larsen, 2018].
Denmark is also among the most gender-equal countries globally, with one of the
smallest pay gaps. Moreover, it strongly encourages a healthy work-life balance;
the official workweek is 37 hours long, and every employee is entitled to five
weeks of paid vacation per year [Denmark].
Another factor contributing to the general content of the Danish citizens may
be the popularity of hygge – practices promoting a mood of coziness, wellness, and
contentment, also understood as the very experience of joy and comfort, which
finds its expression in an intimate form of socialization reflective of Denmark’s
egalitarian culture [Linnet, 2011]. Community involvement is a significant part of
the Danish way of life, and at its core lies equality among all citizens. The societal
norm prescribed by the law of Jante, or a “code of modesty”, which states that one
should not consider oneself more valuable than others, is still observed by many
Danes; as a result, the needs of the group are generally put before those of the individual [Cappelen, Dahlberg, 2017].
Among the Scandinavian countries, Denmark is considered to be a “first
mover” when it comes to CSR [Vallentin, 2015]. This may be a reflection of its long
tradition of active involvement of the state and strong social capital [Persson,
2008]. Moreover, of the various norms imposed by the Danish government, placing value on trust and networks plays a crucial part both in building social capital
and in CSR [Putnam, 2007].

1.3. The beverage industry
The beverage industry manufactures drinks products, such as bottled water,
soft, energy, and alcoholic drinks, as well as milk, nutritional, coffee, and tea products.
It consists of two major subcategories: the alcoholic beverage industry (which
includes distilled spirits, wine, cider, and beer) and the non-alcoholic beverage
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industry (which includes soft drinks, juices, water, coffee, tea, and syrups) [Fluid
Handling]. The whole industry employs several million people worldwide, and each
kind of beverage grosses several billion dollars of revenue annually [Franson, 2012].
The beverage industry is continuously growing, and it is constantly challenged by its customers, who demand more functional and healthy products
[Grumezescu, Holban, 2019, p. 19]. This makes it an industry ripe for CSR opportunities, which is especially true for the brewing sector, currently under pressure
to adopt a policy of responsible use of resources in the production process (minimizing water and energy use, wastewater discharge, and gas emissions, introducing sustainable packaging, etc.) [Kawa, £uczyk, 2015]. CSR initiatives undertaken
by beer producers include commitment to foster responsible drinking and address the industry’s repercussions on the market, the community, the environment, and the workplace [Jones et al., 2013].

2. Carlsberg Group
The Carlsberg Group is a multinational brewery established in 1847 by J.C. Jacobsen. It owns more than 140 brands of beer, employs over 40,000 people across
Europe and Asia, and is one of the largest brewery groups in the world. It is widely
recognized for its CSR actions, epitomized by the motto “brewing for a better today and tomorrow” [CG, 2020]. Its core CSR initiative is the “Together towards
zero” program, launched in 2017 and based on four fundamental targets: zero carbon footprint (limiting carbon emissions), zero water waste (reducing water use),
zero irresponsible drinking (providing alcohol-free brews), and zero-accident
culture (reducing accident rate) [CSR, 2020, p. 7].
In order to eliminate carbon emissions from the breweries, the CG has undertaken various initiatives, such as switching to fully renewable electricity, eliminating coal use, and adopting new production technologies [CSR, 2020, p. 12]. It is
also limiting the climate impacts of packaging by investing in innovative solutions
and promoting recycling. From 2015 to 2019 it cut emissions from cans by ca. 17%,
by reducing their weight and using more recycled materials [CSR, 2020, p. 16].
Moreover, it supports bottle return systems and recycling initiatives. In 2019, their
Baltika brewery launched a program to operate 10,000 recycling containers all
over Russia. Another interesting example of an environmentally friendly initiative
is the Snap Pack technology, which cuts the use of plastic by almost 76% per multipack by replacing plastic rings or shrink-wrap with glue dots that hold packs of
cans together. The CG is also working on a sustainable alternative for beer bottles –
the Green Fiber Bottle made from wood fiber [CSR, 2020, p. 17].
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The CG is also actively working to limit the amount of water used at the breweries. In order to do so, it combines continued efficiency upgrades with investments in recycling wastewater. Some of the highlights of its efforts in 2020 include
installing new bottle washers in a brewery in Vietnam, which helped to significantly cut water use, and implementing better water management practices in
a brewery in China. In 2020, it began constructing a new water-recycling plant in
Denmark, which will halve water consumption at the brewery and cut the amount
used to produce each hectoliter of beer from 2.9 hl to 1.4 hl [CSR, 2020, p. 22].
Another part of the CG’s ambitious CSR plan includes eliminating irresponsible drinking. The group strives to enable, inform, and encourage its customers to
drink responsibly. It uses its product labels to warn against drinking while driving, pregnant, or underage, and constantly increases its offer of alcohol-free
brews. On the Global Beer Responsibility Day in 2020 in Malaysia, in cooperation
with ride-hailing services, it launched an annual campaign to discourage drunk
driving by offering discounted rides home from 7 pm to midnight. It also uses alcolocks (locks preventing people from driving when over the legal blood alcohol
limit) in almost half of the company vehicles [CSR, 2020, pp. 27–32].
The CG treats the health and safety of its employees very seriously, which is
why it strives to have zero accidents by 2030. By introducing its life-saving rules, it
distilled safety standards into five simple principles concerning road traffic, work
at height or in confined spaces, and work with machinery with moving parts or
with electricity. By ensuring that the rules are widely communicated and applied,
it significantly decreased accident rates. From 2015 to 2020, its employee accident
rate dropped by 55% [CSR, 2020, pp. 37–38].

3. Qualitative study
3.1. Methodology and research sample
Individual in-depth interviews were conducted with 15 employees of the
Carlsberg Group who work in various positions either in Polish or Danish
branches. The participants included data protection analysts, senior managers responsible for business development, sustainability managers, an IT legal director,
corporate affairs department employees, internal financial control representatives, customer-to-cash representatives, source-to-pay department members, legal and compliance officers, and interns. The interviews were not anonymous.
The interviews were conducted by telephone between June and December
2020. For convenience purposes, they were transcribed and analyzed using
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MAXQDA, a program for qualitative data analysis. The interviews revolved
around 10 main questions:
1. How do you understand the concept of corporate social responsibility?
2. How do you perceive the implementation of particular CSR practices?
3. What are the obstacles to the implementation of CSR practices?
4. Do you perceive any changes in the perception and implementation of CSR
practices in the last decade?
5. How do low-level employees react to CSR initiatives?
6. Do you identify with the CSR strategy?
7. What motivates you to take part in CSR initiatives?
8. Have you ever offered your own suggestions regarding CSR practices?
9. Do you see an influence of Danish culture on CSR practice?
10. Do you think that Carlsberg embodies Danish national values?

3.2. Results
All study participants were able to easily describe in their own words the
meaning CSR has for them (e.g. “responsibility of a corporate entity to its environment”, “responsibility that goes beyond compliance with strictly legal requirements and encompasses both ethical corporate conduct at the level of employees
and corporate strategy and engagement with various stakeholders”, “awareness
and going the extra mile on the part of the corporation and the people connected
to it”). Many participants stressed that engaging in CSR initiatives should entail
doing more than is required – “going the extra mile”.
Most of the participants agreed that the CG implements CSR practices rather
smoothly; however, a few of them pointed out that there is still room for improvement (“[We have achieved] a partial success, we are still on the road to spectacular
breakthroughs, the awareness has increased but it still could be better”, “There is
more and more awareness around these topics and depending on the location
and aspect, CSR is more or less advanced. The same company operates differently
in developed versus developing countries. In developed countries, child labor
and health and safety regulations are more advanced than in developing ones.
[…] In my view, there is still a lot to do everywhere when it comes to the use of resources, environmental impact, and gender and racial discrimination”).
When asked about obstacles to the implementation of CSR practices, most
participants pointed to high costs and insufficient resources (“It is always difficult
to assess the financial impact of implementing all new practices, not only CSR, and
money plays a very big role in any business”). Another factor mentioned several
times was the attitude of employees, who may not understand the purpose of CSR
initiatives and thus be unwilling to engage in them (“CSR is about awareness, and
people in the organization are aware of certain initiatives, but I am not sure they
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know why we do that and what CSR actually is”, “Sometimes it is difficult to
change the way our employees think”, “Opposition to change among employees
is difficult to overcome”). According to many participants, low-level employees
show mixed reactions to various CSR initiatives, as some do not fully comprehend
the reasons behind them (“They are mostly happy to participate. The only issue is
that some might not understand why the initiatives even exist”, “Low-level employees are often engaged in low-key initiatives that in my opinion are rarely
worth the trouble, but it gives them a feeling of contribution to something bigger,
as well as reinforces the bond with the company and colleagues. I am afraid that
high-level initiatives are either unknown to or not understood by them”).
The majority of participants have seen significant changes in perception and
implementation of CSR initiatives between 2010 and 2020. Many noticed social
changes, especially in customer expectations (“Customers are more and more conscious; it is no longer possible to thrive if the company is supporting beliefs that
are contrary to what is expected by society”, “I see that CSR initiatives are now
‘fashionable’. With the advent of social media, it has become an easy way for companies to advertise and show their human side after years of being demonized in
films, books, video games, and the like. On the other hand, social awareness and
the regulatory landscape have changed and many CSR activities are no longer initiated by companies themselves, but rather in response to a social or legal demand”). Some participants notice a very complex change in CSR practice (“It is
massive. Couldn’t be bigger! Action on sustainability has turned from a ‘lowhanging fruit’, an easy win that also brings cost benefits, into complex technical
and cultural challenges which are often costly and difficult to implement. […] CSR
has evolved from the right thing to do, led by a handful of individuals, into something that excites our marketers, to which everyone contributes, and which is
proving to be the most compelling reason for attracting talent”).
The vast majority of participants identify with the CSR strategy, even if they
are not directly involved in any CSR initiatives. Some even treat it as their obligation to lead by example (“I believe I have a responsibility aside from my job description to portray Carlsberg in a way that commends its corporate values
regarding stakeholders and the environment in general”). Most claim to have personal motivation for engaging in CSR actions (“Many points related to CSR are
close to my ethical values and moral core and I am glad to support them”, “I believe
everyone has social, economic, and environmental responsibilities to the world
we live in. This is why we commit to philanthropic initiatives when we can, constantly educate ourselves about how to be kinder to our planet, and so on”).
However, not many employees admit offering their own suggestions regarding CSR, as they see themselves primarily as participants. As a result, most lowlevel employees either have not had the opportunity to offer their own sugges-
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tions, or had their suggestions disregarded. This is well explained by one of the
employees directly involved in CSR policies (“I have been addressing the issues of
sustainability for the past six years and during that time we asked our employees
for ideas. This can be tough, as without technical expertise or the budget to buy expensive, cutting-edge equipment, those ideas can bring relatively insignificant
gains in terms of, e.g., carbon or water efficiency. But you have to look beyond that
and celebrate every idea that comes forward, because it signals something deeper –
the embeddedness of the concept of sustainability within the company, a burning
desire to contribute, and a change of culture”).
The last two questions concerned the perceived influence of Danish national
culture and values on Carlsberg and its attitude toward CSR. Many participants
think that the company and the way it practices CSR is a reflection of Danish culture (“Through our work culture, environmentally conscious practices, approach
to customers and employees, but also through our beers we promote the Danish
‘way of life’. As Denmark ranks as one of the happiest countries in the world, it is
something we should do on every possible occasion”, “I think that Danish people
are very environmentally conscious, so it has a big impact on us, being a Danish
company. Even if most of our employees are not Danish now, the core, the ‘soul’of
Carlsberg, is still very much Danish. It can be seen in our approach to employees,
their well-being, development, sense of belonging. And the same goes for CSR
practices”, “I think Carlsberg is one of Denmark’s biggest exports to the world.
Over the years, it has immersed itself in the global market as not just an alcohol
producer, but a Danish alcohol producer in every possible sense. The simple
rebrand of the trademark beer as ‘Danish Pilsner’ refers to its importance as a pioneer in the brewing industry and to its place in Danish culture”). Some participants, however, see Carlsberg as a global rather than a national company (“I actually don’t perceive the CSR initiatives as ‘typically Danish’, but rather reflecting
Carlsberg’s strategy or values as a global company”, “[Danish national values] certainly have an impact, but I think every country Carlsberg is present in adds some
of its culture and values to it”, “I believe Carlsberg aims to be [an embodiment of
Danish national values] as well as a global brand”).

Conclusions
The way corporate social responsibility is practiced at Carlsberg has undergone significant changes from 2010 to 2020. Customer expectations of the entire
beverage industry have been continuously growing over the last decade; as a result, the practices of beverage producers have evolved as well. The CG invests
more and more capital and resources in its CSR initiatives, and since 2017 it has
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been making steady progress towards the targets of its “Together towards zero”
program. The qualitative study indicates that it is taking a strategic approach to
CSR, placing it at the heart of its values, and that the way it understands and implements it strongly reflects Danish national culture and values, such as enjoyment of simplicity in life and social interactions, or hygge, respect for employee
rights, or environmentally conscious practices. Being a global brand, however, it
also strives to be inclusive of all cultures.
The interviews – all the more so as they were conducted by an employee of
Carlsberg equipped with an insider’s knowledge – provided a significant contribution to the existing literature. However, although the study yielded some insightful results, it is important to point out its limitations. As all interviewees were
CG employees, they may be considered not entirely objective. Moreover, the
length of the article allowed to discuss only some of Carlsberg’s CSR initiatives.
Nevertheless, it is the sincere hope of the authors that this article will add value to
the existing knowledge base.
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The importance of Gazprom for the Russian
gas sector against the backdrop of changes
in the Russian and global economy
The years 2014–2021 were a time of rapid changes in the Russian economy, resulting not only
from its foreign and internal policy – introduced, i.a., in the pursuit of development – but also
from the pandemic. This article presents the importance of the gas industry for the economy of
the Russian Federation against the backdrop of those changes as well as the shifts that have been
taking place in the world economy. An analysis of available literature and of the macroenvironment of Gazprom shows a clear decline in the relevance of the gas industry in recent years
brought about by sanctions, the pandemic, and increased competition.
Keywords: gas sector, Russia, Gazprom, PEST, Russian economy
JEL classification: F23, K23, O12

Introduction
Rapidly changing conditions, increasing globalization, technological progress, geopolitical transformations, economic crises, and now the pandemic are
among the driving factors behind the development of new enterprise management strategies in all most important sectors of the economy. For the Russian Federation – the largest country in terms of territory – that means the energy sector
(incl. the gas industry) [Ru-Stat, 2021]. The share of the actively developing gas industry in Russia’s GDP is around 17%. Moreover, Russia is in the top 10 countries
with the largest natural gas reserves – and the demand for hydrocarbons from
European and Asian consumers is rapidly growing. All these considerations demand a closer examination of the issues of gas industry management.
Based on a literature review and a PEST analysis for Gazprom, this study aims
to assess the importance of the gas industry for the economy of the Russian Federation against the backdrop of changes that have been taking place not only in
the Russian economy, but also in the world economy.
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1. The gas industry in Russia
About one-third of the world’s natural gas reserves is concentrated in the
Russian Federation. Most of the fields are located in the eastern part of the country, accounting for 84% of total gas production. To facilitate transport, Russia has
created a gas supply system that connects compressor stations, pipelines, raw material storage facilities, and fields [Neftegaz]. Russia is also the world’s leading gas
exporter, exporting 217.2 bcm of compressed natural gas and 39.4 bcm of liquefied
natural gas in 2019 [Statista, 2020].
There are several legal frameworks regulating the Russian gas sector, including:
– Federal law of the Russian Federation on natural monopolies of 17 August 1995
(no. 147-FZ),
– Federal law of the Russian Federation on gas supplies in the Russian Federation of 31 March 1999 (no. 69-FZ),
– Decree of the Government of the Russian Federation on state regulation of gas
prices and tariffs for gas transport services in the territory of the Russian Federation of 29 December 2000 (no. 1021),
– Resolution of the Government of the Russian Federation on the sale of natural
gas through organized tenders and amendments to the laws of the Government of the Russian Federation on state regulation of gas prices and on the access to the common gas transmission system for the open joint-stock company
Gazprom of 16 April 2012 (no. 323).
In addition, in March 2021, the Ordinance on the long-term program for the
development of liquefied natural gas production in the Russian Federation was issued. The program analyzes, i.a., main trends in global energy consumption and
current schemes supporting LNG production, defines the raw material base for
prospective LNG production projects, and includes:
– basic data on future gas market development in Russia and the world,
– LNG production projects,
– action plan for the implementation of the multi-annual LNG production development program.
The Russian gas market can be characterized as developing, as evidenced by
the number of already existing LNG production projects: Sakhalin 2 (2009), the
large Yamal LNG project in the Arctic (2005), and the Vysock LNG project in the
Baltic Sea Region (2019). Moreover, Arctic LNG 2 and LNG Port projects are still
under construction. According to Russia’s Energy Strategy, the key to the development of LNG extraction is to further liberalize LNG exports while introducing a
control mechanism and excluding competition that violates its economic interests
in the global CNG and LNG markets. Successful implementation of Nord Stream 1,
Nord Stream 2, Power of Siberia, Power of Siberia 2, and Altai projects, taking into
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account the increase in domestic demand for gas, will thus make it possible to fully
use the potential of gas fields in the Unified Gas Supply System.

2. Monopoly in the Russian gas market – Gazprom
Russia’s largest gas extraction and processing companies include Vietsovpetro, Itera, Novatek, Nortgaz, Samaraneftegaz, Surgutneftegaz, and – first and foremost – Gazprom. Ranked 1st in the energy sector, 1st among Russian companies,
and 55th among all companies included in the Fortune Global 500 ranking, in 2019
it accounted for 64.9% of total gas production in Russia.
The history of one of the largest energy suppliers dates back to 1989, when the
Soviet Ministry of the Gas Industry was reorganized into the Gazprom State Gas
Concern. Subsequently, in November 1992, the Decree on the transformation of
PKG Gazprom into the Russian Joint-Stock Company Gazprom was signed by the
President of the Russian Federation, followed by the relevant Resolution of the
Government of the Russian Federation on 17 February 1993. Five years later, the
Russian Joint-Stock Company Gazprom was transformed into the Gazprom Open
Joint-Stock Company, whose organizational and legal form has not changed to
this day. Noteworthy, Gazprom has the exclusive right to exploit the entire Russian gas network and export gas from Russia [Paszyc, 2011]. Figure 1 (volume of
gas exported) and Figure 2 (value of gas exported) show the exports of natural gas
from Russia to other countries.
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Figure 1. Volume of gas exported from Russia in 2010–2020 (bcm)
Source: Own elaboration based on: [Rosstat].
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Figure 2. Value of gas exported from Russia in 2010–2020 (USD million)
Source: Own elaboration based on: [Rosstat].

According to Figures 1 and 2, there were noticeable declines in the quantity
and value of exported raw gas in 2020 compared to 2019. As a result of the crisis
caused by the pandemic and the decline in demand, pipeline gas exports to nonCIS countries decreased by 10% [RBC, 2021], which had an impact on Gazprom’s
share in Russia’s GDP, as shown in Figure 3.
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Figure 3. Gazprom’s share in Russia’s GDP in 2015–2020 (%)
Source: Own elaboration based on: [Gazprom, 2019; 2021].
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The consequences of the pandemic are not the only challenges facing the Russian gas company. Increased competition may limit the markets to which Gazprom is able to export. According to a PwC report, in coming years competition
will increase in one of Russia’s important export markets – Europe. In October
2020, the Trans-Adriatic Pipeline was launched, and already there are plans to
double its initial capacity of 10 bcm to 20 bcm per year [Energetyka24, 2020]. The
gas will be extracted from the Shah Deniz field in Azerbaijan and delivered to
Southern Europe through the Southern Gas Corridor, 878 km long, crossing the
territories of Greece, Albania, and Italy, and running along the bottom of the Adriatic Sea.
The undertakings of American LNG producers, which include increasing the
capacity of the Corpus Christi gas terminal in Texas (5 million tonnes per year), the
Rio Grande gas terminal (27 million tonnes), and the Annova terminal (6.5 million
tonnes), may also bring consequences unfavorable for Gazprom [PwC, 2021].
The challenges presented above and those that may face Gazprom in coming
years call for the development of an appropriate strategy. Gazprom’s strategy has
been published on its website. The main strategic goal of the largest Russian gas
company is to maintain a leading position among global oil and gas concerns by
diversifying sales markets and supplies of natural gas and its processed products,
ensuring reliable gas flows to customers, and increasing the efficiency and scale of
operations. An important goal set in the strategy is to focus on human resources
and innovation, including the development of scientific, technical, and technological potential. In addition, the company specifies its strategic priorities and
projects in the areas of mining and production, transport, underground storage,
and processing.
A strategy is essential for enterprises because it allows for the effective use of
resources in the changing environment and thus helps them achieve their goals.
One of the methods used to study the macro-environment is the PEST analysis.
The remainder of the article is devoted to an analysis of the macro-environment of
the Russian company Gazprom.

3. PEST analysis as a method of analyzing the macro-environment
of a gas company – the case of Gazprom
The PEST analysis consists in examining the main directions of changes in the
macro-environment as well as developments and trends affecting long-term
decision-making processes. It is a strategic tool for explaining the causes of growth
or collapse of markets and determining the company’s potential. Its name is an ab-
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breviation that uses the first letter of each factor group analyzed in terms of their
impact on the chosen enterprise:
– political (geopolitical circumstances),
– economic (national or regional macroeconomic indicators),
– technological (technological development level, use of technology in production),
– social (national or regional population characteristics).
The PEST analysis for Gazprom is presented in Table 1.
Table 1. PEST analysis for the Russian company Gazprom
Political factors

Possible impact

1. Introduction of economic
sanctions against Russia and
weakening international relations
with, i.a., the EU and the US.

1. The sanctions have a negative impact on the economic
performance of the whole country and individual big Russian
companies. The US bans the export of technological equipment to the Gazprom-operated Yuzhno-Kirinskoye gas and
condensate field in the Sea of Okhotsk.

2. Implementation of the import substitution program.

2. Under the import substitution program, Gazprom and
all its gas production, storage, and distribution subsidiaries
switched to using exclusively domestic large and smaller
diameter pipelines.

3. Cooperation with the BRICS
and the EEC.

3. The establishment of the Customs Union of Russia, Belarus, and Kazakhstan contributes to integration processes and
strengthening international relations in the Eurasian space.
Cooperation with the BRICS also positively affects the gas
industry, strengthening trade ties between Russia and Brazil,
India, China, and South Africa.

4. Exclusion of foreign enterpri4. Gazprom has monopoly on gas production and export.
ses from the gas industry.
Economic factors

Possible impact

1. Increased taxes for natural
monopolies.

1. Higher tax rates for monopolists lead to an increase in business costs and to unfavorable developments in the domestic
market as a result of reduced rates on raw materials.

2. Poor investment attractiveness.

2. Attracting foreign investments gives a new impulse to the
development of the gas transmission system. Poor investment
attractiveness leads to the collapse of the industry.

3. Lower contract prices for
Russian gas.

3. The average price of gas exported by Gazprom to the
post-Soviet states falls by ca. 27% and to Europe by ca. 42%
in 2017 compared to 2015, mainly due to the instability of the
ruble against the dollar and the euro.

4. Pace of economic growth.

4. Unstable, expanding and shrinking market outlets.

5. Degree of globalization and
economic openness.

5. Competition is affected by whether and to what extent
the markets are open or closed.

Social factors

Possible impact

1. Education level of the population.

1. Highly qualified personnel increases production efficiency.
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2. End service user preferences.

Technological factors
1. Use of new equipment and
technologies in oil and gas extraction.
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2. Gazprom changes its approach to the end consumer,
which requires adjustments in its offer in terms of quality,
service, and price.
Possible impact
1. In order to cut costs, Gazprom raises money for science
and technology development to further modernize equipment.

2. Financing R&D.

2. Optimized costs of identifying gas drilling sites.
3. Technology use, implementa- 3. Higher profits with reduced losses.
tion, and transfer.
Source: Own elaboration based on: [Kislitsyn, 2016; Loktionova, Kurenkov, 2018; Spiridonova, Šarapova, 2017].

The results obtained during the study and the PEST analysis findings make it
possible to conduct a timely assessment of the current commercial and production
situation of the Russian gas company and identify potential threats. They may also
serve as an introduction to further research on the future direction of its strategy.

Conclusions
The gas industry based on raw gas is a critical element of the Russian economy. Gazprom has by far the largest, monopolistic share in total gas extraction,
production, and export. As such, it is in need of reform and requires effective management, all the more so as the industry’s growth rate is quite high, and there are
several hindrances to its further development. In addition to economic, technological, and social factors, the company’s Achilles’ heel may turn out to be the
country’s political situation, resulting from both its foreign policy and the imposed sanctions, which weakened its image in the international arena and crippled Russian enterprises. This brought a slowdown in foreign trade (incl. gas
exports) and in technological development (due to, i.a., reduced supply of modernized equipment). In light of dynamic geopolitical changes, it is essential to implement appropriate strategic management methods to make effective decisions
and quickly solve problems caused by negative factors slowing down the pace of
development of the industry and Gazprom itself. The results obtained from the
PEST analysis may serve as a starting point for further research and for the formulation of an effective strategic plan of development for the gas industry.
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A mediation analysis of performance differences
between family and non-family businesses
The article analyzes the connection between business ownership, goal setting, and financial performance. Understanding this relationship is essential to deepen the comprehension of the family’s effect on business and its financial performance. Research in this particular area is steadily
growing, but many significant questions remain unanswered, and disputes continue. This article
answers the following research question: In what way does family ownership influence goal
setting and financial business performance? It also seeks to identify items of goal setting and financial performance that are significantly influenced by business ownership. The analysis is performed using a single-mediator structural model based on survey data. The dataset consists of an
ownership variable according to the EU definition of family business, goal setting items, and subjective performance measures. The results show that small and medium-sized family businesses
achieve superior financial performance compared to non-family businesses, and that the positive
relationship between family business ownership and financial performance is mediated by goal
setting.
Keywords: family business, goal setting, business performance, mediation analysis
JEL classification: D22, G38, L22, L25

Introduction
In the last 20 years research on family businesses has accelerated. In the 1980s
scholars started to not only take family businesses for granted, but treat the overlap between business and family as worthy of a much more detailed examination.
A large number of studies show that family businesses account for a significant
share of global economic growth and job creation. According to a study by de Bruin
and Lewis [2004], 67–90% of all businesses worldwide are both owned and managed by families. Furthermore, according to Flören [1998], family businesses provide half of the jobs and half of the total economic growth for many European
countries. Klein [2000] estimates that in Germany ca. 60% of all companies are family businesses, and those businesses account for 55% of GDP and 58% of private
employment. Generating most of the jobs, investments, and value, family busi-
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nesses are clearly the foundation of welfare in Germany and the backbone of the
German economy, and as such their further scientific examination can only be of
utmost interest.
Many family businesses ensured their survival through crises, economic
downturns, and two world wars. This remarkable achievement makes them an
important part of the global economy. Consequently, a question arises as to the secret of their excellent financial performance. What management decisions and factors allowed them to persevere and brought them to their present success? In
order to find an answer, this article investigates the impact that the form of business ownership, and the resulting process of goal setting, have on financial business performance.

1. Definition and characteristics of small and medium-sized
enterprises and family businesses
Researchers have not yet come up with one universally accepted definition of
a family business. Having analyzed 238 articles written in the years 2002–2011 devoted to the subject, Steiger et al. [2015] concluded that no definition dominates in
the literature. One possible explanation is that this strand of research is relatively
young and the concepts behind definitions require further refinement and investigation.
The specific characteristics of family businesses result from the unique overlap
of family relations, ownership, and management [Lansberg, 1988] that transforms. Under these conditions, family, hitherto a purely social unit, starts working
as an economic unit as well [Basu, 2004], which gives it several advantages. “Family altruism” fosters cooperative behavior that maximizes the family’s business resources and reduces agency costs [Blanco-Mazagatos et al., 2007]. Additionally, it
helps to improve efficiency and lower costs by putting monitoring and control in
the hands of family members, who enjoy a higher degree of trust compared to
outsiders. These gains are very valuable especially in the long run and in terms of
sustainability. Positive economic effects are further reinforced when external
stakeholders do not apply leverage in order to secure short-term returns [Sirmon
et al., 2003].
According to the EU definition, companies are considered to be SMEs if they
employ fewer than 250 persons, their turnover does not exceed EUR 50 million,
and their annual balance sheet total does not exceed EUR 43 million [CEC, 2003].
This means that SMEs constitute 99.5% of Germany’s businesses, employ 66% of
the German workforce, and have a 58% share in the GDP [D’Imperio, 2015;
OECD, 2017].

A mediation analysis of performance differences between family...

29

SMEs cannot be thought of as scaled-down versions of larger businesses, for as
they grow, they undergo an evolution that leads to significant changes in management structure and financing mechanisms. Research identifies the following main
differentiators between SMEs and larger businesses [Ates et al., 2013]:
– limited resources, lack of human capital, funding, time, and information,
– short-term priorities, less formalized decision making, focus on internal operations, lack of external orientation,
– high level of tacit knowledge and emotional intelligence,
– lack of entrepreneurial, managerial, and leadership skills.
The above-listed characteristics translate into a number of advantages and disadvantages for SMEs. The former include flat hierarchies and informality, which
encourages the formation of stronger bonds between management, employees,
stakeholders, and the business. The same informality, however, draws focus towards internal operations and away from the business environment. Noteworthy,
it is also associated with less frequent use of information sources and a higher degree of tacit knowledge on the part of the owner and employees. On the downside, they tend to have poor leadership and managerial skills and generally suffer
from lack of various resources. A look at these characteristic features of SMEs may
help to identify potential areas for improvement in their financial and nonfinancial performance.
Even irrespectively of the family aspect, SMEs, due to their prevalence, constitute a very interesting research subject. Family SMEs exhibit an additional, unique
mix of features, especially with regard to non-financial business operations and
behavior. Since most of them do not disclose financial or other data, they have,
thus far, been under-investigated due to the resulting difficulty in applying research methods and measures.

2. Business performance and goal setting
Research analysis is a valid approach to the comparison of family and nonfamily business performance that allows to take into account the impact of management structure. Those structural components, along with the form of ownership and degree of management control, have been examined in order to identify
performance differences. Hansen and Block [2020] analyzed a sample of 1,095
primary studies into large, medium-sized, and small family and non-family businesses and found empirical evidence that family businesses record better performance compared to non-family businesses. In turn, Villalonga and Amit [2006]
show that the correlation between family ownership, control, and management
on the one side and business performance on the other is heavily dependent on
the applied definition of family business.
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Goal setting is a process informed by organizational-environmental interactions. An organization consists of individuals who form groups, or coalitions, that
share similar goals. Next, organizational goals are negotiated, set, fixed, and operationalized through budgets. Eventually, when finalized, they become organization policy and translate into actions [Cyert, March, 1963; Stevenson et al., 1985;
Williams et al., 2019]. Although extensive research has been conducted into the
process of goal setting, it has brought no thorough conceptual model. Organizational goals reflect the final outcome of goal setting and align with the position of
top management. More importantly, they clarify the mission, facilitate planning,
performance assessment, and control, and motivate employees [Barney, Griffin,
1992; Gagné et al., 2014], i.a. by providing them with direction and guiding them
through the decision making process.
The goal setting process and the resulting organizational goals may be regarded as important explanatory factors for the performance differences between
family and non-family businesses.

3. Methodology
In order to further explore the issues discussed here, a study was conducted
into the impact of the form of business ownership and the goal setting model it favors on financial business performance. The sample was selected, contacted, and
emailed a questionnaire using the private database of Splendid Research GmbH.
It included family and non-family SMEs (as defined by the EU), of which 298 returned completed questionnaires. The survey was addressed to people in management positions and comprised wide-ranging questions about their current
situation of their business, including goal setting and organizational performance.
The data was analyzed in two steps. First, the measurement model’s unidimensionality was assessed by exploratory factor analysis, and its reliability measured using Cronbach’s alpha. Once this was done, the hypothesis was tested with
a single-mediator structural equation model.

4. Variables
4.1. Dependent variable
This study measures organizational performance by the amount of resources
allocated for achieving financial goals.
Family business research suggests numerous reasons why family control could
improve or weaken financial performance. Arguments for its beneficial impact
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include lower agency costs [Ang et al., 2000; Savitri, 2018], long-term stakeholder
management strategy [Palia et al., 2008], and the importance attached to business
survivability [Bertrand, Schoar, 2006; Casson, 1999; Stafford et al., 2013]. Conversely, factors that negatively affect the financial performance of family businesses include family conflicts [Harvey, Evans, 1994], exploitation of private
benefits by family members [Bennedsen et al., 2007; Zellweger et al., 2012], focus
on non-financial goals [Chrisman et al., 2012], and favoritism [Liu et al., 2015].
Moreover, organizational performance is the most important dependent variable in management research [Richard et al., 2009]. It can be divided into two
areas: financial and non-financial [Dossi, Patelli, 2010]. The former, multidimensional area can be further broken down into accounting profits and stock market
values to provide a complete picture [Villalonga, Amit, 2006].
As a dependent variable, financial performance will be determined based on a
subjective performance measure, i.e., answers the respondents provided when
asked to compare performance constructs with their main competitors [Santos,
Brito, 2012]. Objective performance measures are often found inaccessible, which
lowers response rates [Dubihlela, Sandada, 2014; Runyan et al., 2008]. Meanwhile,
subjective performance measures have been repeatedly, and successfully, used by
many scholars [Alves, Lourenço, 2021; Kellermanns et al., 2008; Sciascia, Mazzola,
2008]. Furthermore, literature has verified the correlation between subjective and
objective performance measures for the purposes of their application in surveys
[Dawes, 1999; Ling, Kellermanns, 2010; Vij, Bedi, 2016].

4.2. Independent variable
The form of business ownership – family and non-family – serves as the independent variable. Conventionally, studies on family business were emphasizing
that family ownership results in underperformance and low or no profits [Chu,
2011]. More recent findings reveal a slight performance edge of family businesses,
but remain inconclusive due to the heterogeneity of definitions adopted in family
business research [Astrachan et al., 2002; Chua et al., 2012; Villalonga, Amit, 2006;
Werner et al., 2018; Zahra et al., 2007]. The independent variable is therefore
treated as a dichotomous dummy variable that assumes the value of 1 for family
businesses and 0 for non-family businesses.

4.3. Mediator variable
Goal setting, which is the mediator variable, refers to the process of discussing
goals and to the outcome of this process, i.e. the set of goals the business ultimately
pursues [Kotlar, 2012]. This process moves to the next stage when the mission
of the business and the activities it undertakes find their way from the level of the
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organization to the level of the individuals. Literature characterizes the process of
goal setting in non-family businesses as professional, and in family businesses as
familial. The goal setting framework is shaped by the environment in which the
process takes place, including the perceptions of the internal and external stakeholders it comprises, and by the adopted goal setting theory [Kotlar, De Massis,
2013].
Family businesses tend to exhibit particularistic behaviors and attach great importance to family-centered goals; however, family involvement in matters of
ownership and management means greater goal diversity [Chrisman et al., 2012].
Goal diversity sparks the process of interactions during which family-centered
goals are weighted against non-family-centered goals. Three steps of this goal setting process have been distinguished [Cyert, March, 1963; Fang et al., 2013]:
– formation of coalitions, which establish their goals by means of bargaining and
side payments,
– stabilization of goals, which take the form of a policy and become a control
mechanism,
– regular adjustments of the goals based on new experience.

4.4. Control variables
Several control variables were used to assess other potential influences on the
dependent variable and to reduce the risk of misleading explanations. Several
scholars posit that financial decision making and performance in family businesses is affected by a variety of business factors [Greve, 2008; Koropp et al., 2014].
For this reason, business industry, size, age, and location were selected as control
variables. Only businesses operating in the manufacturing industry and located in
Germany were accepted in the study. Moreover, natural logarithm transformation was applied to all control variables in order to avoid statistical distortions in
numerical edge regions for multivariate analyses [Simarasl et al., 2020; Molly et al.,
2010; Sciascia, Mazzola, 2008].

5. Hypothesis development
The positive link between family ownership and overall business performance can be explained by the goal setting model observed in family businesses,
which differs significantly from the model adopted in non-family businesses in
terms of behavior and stakeholder influence [Kotlar, De Massis, 2013]. On the behavioral level, in family businesses the goal setting framework is more informal
and guided by mutual trust, customs, and moral concepts [Uhlaner et al., 2012].
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The established goals are as challenging as in non-family businesses, but the pervasive informality leaves employees more freedom to work towards their goals,
which has a positive impact on financial performance. With respect to stakeholders, family businesses focus more on human and social capital, which over the
long term gives them a financial edge over non-family businesses. As such, the influence of stakeholders also adds positively to organizational performance.
The hypothesis is therefore proposed that the superior financial performance
of family businesses is mediated by the behavioral framework of goal setting.

6. Sample
The descriptive data regarding the businesses participating in the study are
presented in Table 1. They show that family businesses in the sample are younger
than non-family businesses (M = 73.14 years, M = 78.19 years, resp.). They are also
smaller than non-family businesses in terms of the number of employees
(M = 94.21, M = 120.78, resp.) as well as in terms of turnover (M = EUR 20,300
billion, M = EUR 28,218 billion, resp.). The sample is homogenous with regard to
age, but not business size. Statistical differences are accounted for by the control
variables in the structural equation model.
Table 1. Descriptive data
Item
business age
number of employees
turnover (EUR billion)
external stakeholders
schedules and defined roles
irregularity and non-defined roles
social control
return on asset growth

Group

Max.

Min.

Mean

SD

No.

FB

191

3

73.14

58.39

298

NFB

199

4

78.19

54.74

298

FB

249

8

94.21

70.96

298

NFB

248

8

120.78

64.72

298

FB

48,440

1,100

20,300

13,790

298

NFB

49,890

1,200

28,218

10,261

298

FB

6

2

4.4

1.30

NFB

6

2

3.6

1.16

FB

6

1

4.2

1.22

NFB

6

2

4.6

1.03

FB

6

1

4.2

1.19

NFB

6

2

3.8

1.12

FB

6

1

4.3

1.29

NFB

6

2

4.2

1.19

FB

6

2

4.3

0.89

NFB

6

2

4.4

0.67

296
298
297
298
298
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Group

return on sales growth
market value growth

Max.

Min.

Mean

SD

FB

6

2

4.5

0.87

NFB

6

2

4.1

0.73

FB

6

2

4.4

0.79

NFB

6

2

4.0

0.75

No.
298
297

Notes: FB – family businesses, NFB – non-family businesses; 6-point Likert scale: 6 – “fully applicable”, 5 – “largely
applicable”, 4 – “rather applicable”, 3 – “rather not applicable”, 2 – “largely not applicable”, 1 – “not applicable at all”.

Source: Own elaboration.

7. Analysis
The exploratory factor analysis shows that the goal setting items load into one
factor and explain 56% of the variance, and the financial performance items also
load into one factor and explain 60.16% of the variance, which testifies to the
unidimensionality of the measures. Additionally, both goal setting and financial
performance show Cronbach’s alpha of over 0.70, indicating reliability.
Due to problems with the mediation approach of Baron and Kenny [1986], this
study takes the approach to test mediation proposed by Hayes [2017]. Bootstrapping is used to calculate indirect effects by resampling the gathered data 5,000
times, and generates a representative sample distribution which is then used to
calculate indirect effects with 95% confidence intervals. The hypothesis was thus
tested with OLS regression techniques using the R software (v. 4.1.0).
c = 0.313**

Ownership

a = 0.254*

Framework
of goal setting

b = 0.343**

a ´ b = 0.087*
-0.046 (ns)
Business age

-0.052 (ns) -0.103 (ns)k
Turnover

c’ = 0.226**

Number of employees

Figure 1. Mediation model
Notes: *** p £ 0.001, ** p £ 0.01, * p £ 0.05, † p £ 0.10; all coefficients standardized.

Source: Own elaboration.

Financial performance
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The results of the mediation analysis are presented in Figure 1. They show
a significant positive impact of family business ownership on financial performance
(c = 0.313, p £ 0.01).
As proposed in the hypothesis, the form of business ownership exerts an influence on financial business performance through the framework of goal setting.
The indirect effect can be regarded as significant (a × b = 0.087, p £ 0.05). The
effect of control variables (business age, turnover, and number of employees) on
the form of business ownership is not significant and can therefore be ignored.

Conclusions
This paper raises the question of why family businesses achieve better financial performance than non-family businesses. A literature review suggested that
family ownership underlies a complex pattern of factors which affect strategic
business processes, and which result from a set of characteristics that a family dynamic adds to the business. Scholars have recently started to mention goal setting
as this potential “fingerprint” a family leaves on the business.
The first methodological step taken in this study, which is based on a deductive approach to management theory, was to hypothesize that performance differences between family and non-family businesses result from the adopted goal
setting model. The concept of goal setting thus acquired new dimensions. The second methodological step was to conduct an empirical analysis of the multidimensional concepts of business ownership, financial performance, and goal setting.
The explanatory power of goal setting for financial performance differences between family and non-family businesses was put to the empirical test, which confirmed that goal setting mediates the superior performance of family businesses.
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Using compressed and liquefied natural gas as a fuel
in long-distance road freight transport – opportunities,
challenges, and threats from the Polish perspective
The development of road transport, including freight, is inextricably linked with the attempt to
find a fuel optimal in terms of costs, distribution, and operation, as well as environmental impact.
For decades, the most commonly used fuels have been products of crude oil processing – gasoline
and diesel oil. As such, they have powered road transport from the very beginning of their practical use. However, nearly all that time attempts have been made to find other propellants, including electricity and various types of gases. The main aim of this article is to analyze whether in
today’s Polish reality it is profitable to introduce gas (mainly LNG) as a fuel for long-distance road
freight transport. The analysis is based on real data obtained from companies that use LNG trucks
in normal road traffic. The data indicate that under certain conditions, especially when the weight
of the load does not exceed 70–80% of the nominal load capacity and the roads are largely flat, the
use of gas becomes economically viable. Nevertheless, there are still some unknowns related to,
i.a., higher operating costs of gas vehicles, which are of great practical importance – for besides environmental considerations, each carrier must also take into account the purely economic aspect
of its operations.
Keywords: gas, fuel, long-distance road freight transport
JEL classification: R40, R42

Introduction
For over 100 years, in fact from the very beginning of their practical use, motorized road transport has been based on petroleum refining products – gasoline
and diesel oil. However, almost immediately people started looking for an alternative, i.a. in electricity and various types of gases. As a fuel for vehicles, the former
are available as natural gas and biogas, and can be either liquefied or compressed
(LNG and CNG). For many years, however, the use of gas a fuel in road freight
transport was limited by a number of factors, including low power and low torque
of gas engines and the relatively short range of gas-powered vehicles. As a result,
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gas trucks were usually operated in short-haul transport – in distribution or municipal services.
It is only in the last few years that a significant breakthrough has taken place in
this area. On the one hand, it was somewhat “forced” by the EU’s proenvironmental policy to reduce emissions of harmful substances, including those
generated by road transport, which at this stage relates mainly to CO2. On the
other hand, the EU – primarily for strategic and political reasons – wants to be as
independent from oil imports as possible. Additionally, transport vehicles that
meet the parameters required by customers in key areas, such as performance,
range, and weight, must be available on the market. In addition, they must be absolutely profitable in terms of operation compared to their traditional counterparts – they must pass economical muster even without fees and subsidies. In our
system, these potential fees and subsidies should only constitute an additional
stimulating factor and not the main criterion for choosing the alternative fuel.
This article aims to determine whether with the current condition of the Polish
long-distance road freight transport sector it makes sense for the companies operating in it to purchase gas-powered vehicles. Its primary goal is thus to ascertain
the profitability of introducing gas as a fuel for long-distance road freight transport in today’s Polish reality. This goal is achieved by means of analysis and inference. The analysis is based on the results of official tests carried out in our country
by suppliers of gas trucks and takes into account such important factors as the
costs of building and operating various types of gas filling stations. It is presented
in the main section of the article and complemented by the author’s conclusions
and assessments.

1. General conditions for introducing gas as a fuel
in long-distance road freight transport
When considering the development of a new type of vehicle powered by alternative fuel, the target must be a drive system with low or even no CO2 emissions [Scania, 2016, p. 22]. Accordingly, battery-electric drive and fuel cell
technologies are advanced [Grumbach et al., 2021]. All the more so as vehicle
manufacturers and politicians agree on one thing: they want to reduce dependence on oil and, by 2030, cut greenhouse gas emissions by an average of 30% compared to 2005. This is a highly ambitious undertaking; as agreed, long-term
reduction goals can only be achieved by developing and using carbon-free or
low-carbon fuels, low- or no-CO2 combustion fuels, and alternative drives. As a result,
a multi-faceted approach should be adopted, tailored to the specific areas of application. In such a reality, in which today electric drives are the focus of attention,
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suppliers will likely increasingly concentrate on such drives in the future, as they
are almost ideally suited for distribution and, in part, long-distance transport.
Heavy urban distribution transport is a typical initial field of application. In its
case, in addition to load capacity and cargo volume, the main requirements concern sustainability and quiet operation. Considering frequent stopping – the
number of start-and-stop operations, braking and acceleration – this is also where
the advantages of battery-electric drive technology can be fully exploited, as the
electric motor can recover energy during the braking phase.
However, it should be emphasized that in the medium term, long-haul transport will still depend on the combustion engine. At the same time, for users, reducing fuel consumption is one of the most effective ways to lower the total cost of
ownership and disposal of the fleet and thus to reduce the overall operating costs.
The same applies to both large fleets and smaller carriers. Consequently, even the
slightest potential savings can significantly impact the overall cost of transport
equipment when it comes to fuel economy. Equally important, fuel consumption
and CO2 emissions are linear variables – they are wholly correlated with each
other. Therefore, lower fuel consumption automatically means lower emissions.
As a result, the more stringent emission limits of the future can only be met by reducing fuel consumption. However, the variety of combinations and areas of application makes it difficult to accurately calculate this consumption for trucks.
In addition, with regard to ecologically clean transport, it should be stressed
that the internal combustion engine is not in itself dirty, while alternative power
units do not always turn out to be so clean. Transport generates 24% of global
energy-related CO2 emissions, making it a major contributor to anthropogenic climate impacts, and freight trucks account for 25% of those emissions. At the same
time, however, between 1965 and 2014, i.e., by the time the Euro 6 exhaust gas
cleanliness standard came into force, their fuel consumption per tonne transported was reduced by as much as 60%. A further reduction of CO2 emissions by
20% required an integrated approach covering the complete vehicle, i.e. the tractor, trailers, and tires, as well as operations, infrastructure, and the process of fleet
renewal. With a typical trailer combination, fitting the appropriate tires, improving the aerodynamics of the entire train, and using predictive cruise control
should translate into a reduction of fuel consumption and CO2 emissions by an average of 12–14%. Using extended trains – two heavier and longer vehicles instead
of three normal ones – would further increase this value to 17%. Furthermore, an
important role is played by driver behavior, i.e., energy-efficient driving that combines the time aspect (shortest possible time) with the cost aspect (lowest possible
costs). In addition to driver training, introduction of advanced driver assistance
systems also promotes fuel-efficiency. However, the dissemination of autonomous driving encounters a substantial legal obstacle in the form of the Vienna
Convention on Road Traffic and EU regulations (specifically ECE R79).

42

Jaros³aw Brach

Based on these fundamental considerations, companies develop reasonable
offers. Scania’s offer is based on the following components: high energy efficiency, alternative fuels and electrification, as well as intelligent (smart) and safe
transport [Scania, 2019, p. 12]. For many decades now Scania has been relying
heavily on the use of alternative fuels and alternative drive units in road transport,
seeking the best solutions. Reality, however, does not make it easy. Unfortunately,
thus far there is no optimal substitute for crude oil as a fuel base. The company
therefore has to rely on a highly individualized approach that can be described as
market by market, user by user, fuel by fuel. Worse still, some proposals it considered turned out to be development dead-ends. Such was the case of, e.g., ethanol
and bioethanol.
At the same time, constant technological progress means that some of the previously analyzed alternatives, once marked by a number of key disadvantages, are
now slowly starting to present a more sensible solution. This applies primarily to
natural gas (CNG or LNG) used as a fuel in road transport. For decades, the main
accusations raised against it concerned the following spheres:
– poor performance of gas engines compared to their diesel counterparts (insufficient maximum power output and torque),
– relatively small tank capacity, essentially limiting non-stop range and usefulness (suited at best for domestic distribution and transports),
– relatively space-consuming tanks,
– higher purchase price (although partially or fully compensated over many
years of operation, depending on the mileage and the amount of taxes and local fees for specific types of transport, including possible preferential treatment
of more environmentally friendly vehicles).
Considering the above, for gas to be used as a fuel in trucks intended for longdistance traffic, the following boundary conditions have to be met:
– engine with sufficient power and torque (over 400 HP and at least 1,700–2,000 Nm),
– mounted tank technology allowing for a non-stop range of at least 1,200–1,500 km
(calculated for a road train combination with a total weight of 36–38 t, i.e., up to
80% of weight capacity),
– driving quality indistinguishable from that of classic vehicles (comfort, handling, etc.).
The following key issues remain:
– higher purchasing and operating costs of gas trucks (TCO, TCM, and TOE),
– limited availability of gas refueling stations,
– possible discounts or subsidies for the purchase and use of gas-powered vehicles.
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2. Gas as a fuel – a sensible alternative
Now, however, for political, economic, and purely practical reasons, there is a
growing interest in gas. First of all, its reserves are more evenly distributed worldwide than those of oil, and unlike them from today’s perspective they appear
highly future-proof. Taking into account the currently known sources or locations
and extraction technologies on the one hand, and the current and future demand
on the other, in 50 years oil reserves might be depleted, but there is enough natural gas for up to 250 years. In addition, natural gas consists mainly of methane – it
does not emit odors, it does not contaminate soil or water, and its combustion produces fewer particles as well as less nitrogen oxides and carbon dioxide. Although
also a fossil fuel, it is therefore much more environmentally friendly than regular
diesel. Moreover, unlike crude oil and its alternative substitutes, it can be replaced
with renewable biogas, which is a product of the decomposition of organic particles and thus easily obtainable worldwide wherever any organic waste is fermented (although naturally in limited amounts). Generally speaking, agricultural,
meat, and paper producers as well as sewage management agencies may act as
biogas suppliers.
Biogas and natural gas find the same applications. They can be both used to
power vehicles, and they both allow them to run much quieter (72 dB) than their
diesel counterparts. But their advantages go beyond all those already mentioned.
The most important of them include:
– high consumption substitutability between NG, BG, and a NG/BG mixture,
– wide possibility of use in transport as well as heat, energy, and fuel production,
– availability in both compressed and liquefied forms (NG/BG, CNG/LNG, and
CBG/LBG are commonly used acronyms and trademarks),
– safety of gas as a fuel in general1 and renewability of biogas in particular.
Moreover, the use of biogas is expected to not simply reduce CO2 emissions,
but reduce them by over 100% (surpassing diesel fuel by up to 90%). This excess of
100% is due to the fact that organic waste from agriculture that is subjected to anaerobic digestion in order to produce biogas, would otherwise be used as fertilizer
1

Noteworthy, a NG/BG explosion can only occur when there is 5–17% of gas in the gas–air mixture; the mixture is too lean if it contains less than 5% of gas and too rich if it contains more than 17% of
gas. Moreover, LNG is non-toxic when inhaled (although it poses a risk of suffocation in closed spaces),
odorless, and non-flammable as a liquid. To ignite, the liquid must first evaporate and come into contact with fire within the narrow flammability limits of 5–15%. Touching LNG can, however, cause frostbite. Nonetheless, contrary to popular concerns, gas accident rates remain low, and natural gas
vehicles are allowed to travel on ferries and through tunnels as well as to transport ADR substances. As
for the enclosed spaces of NGV facilities, provided they meet the relevant criteria, first and foremost
with regard to proper ventilation, LNG vehicles may use them, but should stay away from areas with
fire sources, inflammables, and explosives (no such restrictions are imposed on CNG vehicles).
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on farmland, where during decomposition it would emit methane, a greenhouse
gas much more harmful than CO2.
The infrastructure and the means for transporting gas are constantly evolving.
The global network for the distribution of compressed gas is well-developed and
relatively reliable, and liquefied gas is carried by a fleet of carrier ships owned by
countries such as Qatar, Saudi Arabia, and the US, the latter heavily benefiting
from the so-called shale revolution.
There are several reasons for increasing the use of LNG/LBG. In the process of
liquefaction, it reaches the temperature of –162oC. As a result, it has higher energy
density and occupies seven times less space than an equivalent amount of
CNG/CBG, which makes its storage and transport more efficient and extends the
non-stop range of vehicles that use it as fuel. A smaller amount of LNG than of
CNG is thus enough to reach operating conditions similar to those ensured by
conventional fuels and vehicles.
The following considerations further support the use of gas as a fuel [Korus,
Dawidczyk, 2019]:
– gas is readily available from transmission pipelines and does not necessarily require liquefaction,
– it would contribute to the diversification of energy sources and their substitutability,
– it has a high methane content (ca. 97.4–99.7%),
– it shows no significant impurities and allows for a high degree of compression,
– its price is not imposed by regulations but established freely in the market,
making it possible to buy it cheaply,
– the price of 1 m3 of gas is consistently 40% lower than the price of 1 l of diesel
(hydration cost = PLN 1.20/1 m3, compression cost = PLN 0.50/1 m3).
It also generates no additional costs as a result of “excess pressure”.
In addition, when it comes specifically to road transport, gas-powered vehicles could easily replace diesel-powered units and use the network of existing refueling stations, without the need for any changes in the logistics process.
The interest of European – mainly Western-European – consumers in gaspowered passenger cars and freight vehicles, including long-distance ones, is
growing at a pace that encourages investments from truck suppliers. At the same
time, methane fuel, including biogas, which is regarded as the fuel of the future, is
also rapidly gaining popularity and is already prevalent in several markets, most
notably in Italy, Germany, Norway, Sweden, and France. This is due to its greater
availability, constantly developed infrastructure, and accessible cost of ownership
of methane-powered vehicles.
It is now possible to propose a basic vision of a sustainable strategy for gas-based
transport [Korus, Dawidczyk, 2019], This strategy rests on the following pillars:
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– as the fuel of the future, gas serves as a bridge between today’s needs and future technology,
– using gas allows to reduce CO2 emissions by 15–90%, NOx by 40–60%, and PM
by 95%,
– gas engine technology limits noise pollution,
– gas fuel system is easily installed in vehicles with a permissible total weight
above 18 t,
– basing transport on gas does not necessitate a change in goods distribution.
Until now, most gas engines were not powerful enough or gas-powered vehicles had insufficient range to be useful in heavy-duty transport, but this vital barrier is slowly disappearing. Since 2016, Scania, Volvo, and IVECO have made
available gas trucks with engines achieving over 400 HP and 1,700–2,000 Nm or
even more. Everything indicates that gas engines will lead to breakthroughs in
long-haul transport and the construction industry. Since consumers are no longer
faced with inadequate engine power or discomfort, the development of refueling
infrastructure in several European countries is accompanied by a growing willingness to use gas in transport, informed also by issues of sustainable development.
With that in mind, driving support systems have been introduced to improve engine efficiency. These include, first and foremost, advanced gear shifting systems,
adaptive cruise control, and free rolling functions, which allow to lower fuel consumption by up to 10%.

3. Polish conditions for introducing gas as a fuel
Our country has recently started to see more initiatives aimed at popularizing
gas production and electromobility, which are being undertaken in response to
EU and internal regulations [Brach, 2020, pp. 39–43]. Those are:
– EU low-emission law,
– Act of 11 January 2018 on electromobility and alternative fuels, which deals
with, i.a., the use of natural gas as a fuel in transport,
– Regulation of the Minister of Infrastructure and Construction of 11 December
2017, which states that in the case of a vehicle powered by alternative fuel, the
permissible total weight may be increased by an “ecological weight” of up to
1,000 kg.
Other provisions of the Polish law favoring alternative low-emission fuels,
concern, e.g., lower taxes on gas, better availability of refueling stations, various
privileges for low-emission vehicles, aid funds for purchase subsidies, and reduced road tolls. Additional benefits of driving low-emission vehicles include the
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use of a bus lane, free parking spaces, entry to zero-emission zones, reduced road
tax, and exemption from excise duty.
EU low-emission law comprises several executive acts, chief of which sets an
obligation to reduce CO2 emissions in all sectors of the economy, including transport, in order to stop the rise of global temperature as a result of anthropogenic
greenhouse effect. Excluding the issues surrounding the derogation situation,
particular ministries have a responsibility to ensure that these executive regulations are reflected in the domestic legal order of the member states. To help with
that, of particular importance are the bills on:
– excise duty on LNG and CNG fuel,
– subsidies for the purchase of low- and zero-emission vehicles,
– subsidies for the construction of refueling and charging stations,
– targeted loans from the low-carbon fund.
An example of the implementation of EU low-emission law is the already
mentioned electromobility act, which sets targets for the public vehicle fleet (10%
green by 2021, 20% by 2023, and 30% by 2025). Taking any steps to meet these specific and other more general objectives in the area of transport requires to first
choose which gas variant to introduce. This decision must take into account related important economic and operational factors. Particularly, it must allow to
maximally optimize the efficiency of vehicles. This can be achieved by:
– tailoring every solution to the individual client based on a thorough interview
about the intended use of the vehicle,
– providing detailed technical advice with regard to each solution, including its
strengths and weaknesses,
– carefully explaining the rules of use.
Undertaking these measures should ensure higher TCO, lower TOE, and
maximized use of vehicles in the logistics process, thus boosting their overall costeffectiveness. Ecological considerations, such as the level of CO2 emissions, also
play a significant role; however, no project to implement more environmentally
friendly means of transport will be successful if their exploitation does not prove
economically viable – altruism alone will not inspire sufficient investments.

4. Operating costs of gas-powered vehicles in long-distance
road transport
In 2019, Scania Polska conducted a series of tests to determine the advisability
of introducing gas-powered trucks in long-distance road transport [Korus,
Dawidczyk, 2019; Brach, 2020]. The unit they used was a 2-axle LNG tractor
equipped with an extended cab with a raised roof and powered by a gas engine
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with a maximum power of 410 HP and torque of 2,000 Nm. The idea was to prove
the profitability of purchasing and using CNG- and LNG-powered trucks despite
their much higher purchase price as well as higher costs of maintenance (as a result of, i.a., reduction of service intervals to 45,000 km, compared to 60,000 km for
diesel), financing, and insurance (see Table 1). For LNG units, another disadvantage is the assumed 10-year period of physical depreciation (compared to 12–14
years for CNG and diesel). Cost-efficiency is also affected by factors such as tank
supervision requirements (every year for LNG, every three years for CNG, and
a pressure test every ten years), the boil-off rate of LNG, refueling, and licenses
(noteworthy, all necessary licenses and certifications are issued at Scania’s service
stations).
Table 1. Costs associated with the purchase and use of a gas truck compared to a diesel
counterpart
Costs

CNG / LNG

vehicle price

EUR +18,000 / EUR +30,000

service costs

+25% / +40%

financing costs

+20% / +35%

insurance costs

+10% / +15%

fuel price

PLN –2.66 (–40%) / PLN –2.80 (–40%)

eco-costs

–? / –?

Maut toll

EUR 0.187/km

Source: [Korus, Dawidczyk, 2019].

The main components of a CNG installation kit are a two-stage pressure reducer, a gas filter, gas tanks, manual valves, and solenoid valves. Depending on
the wheelbase, different tanks are available (8 × 80 l, 8 × 95 l, and 8 × 118 l). Vehicle range with a 118 l tank is assessed based on CNG mass at a pressure of 200 bar
(0.126 kg/l), total tank capacity (8 × 118 l = 944 l), and average gas consumption
(22 kg/100 km). This allows to calculate gas weight (944 l × 0.126 kg/l = ~120 kg),
and finally theoretical range (120 kg / 22 kg × 100 km = ~540 km). In practice,
range will depend on actual gas consumption (e.g. ~667 km for 18 kg/100 km or
480 km for 25 kg/100 km).
The basic components of a LNG installation kit are a tank, a pressure reducer,
a pressure gauge, electric valves, a venting system, and a gas filter with a separator. Depending on the wheelbase, different vehicle-mounted tanks are available
for the tractor (406 l and 352 l) and for the chassis (406 l, 550 l, 406 l + 352 l, and 550 l
+ 550 l). Vehicle range for the tractor is assessed based on LNG mass at the pressure of 10 bar (0.45 kg/l), real tank capacity (454 l + 386 l = 840 l), and average gas
consumption (22 kg/100 km). This allows to calculate gas weight (840 l × 0.45 kg/l
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= 378 kg), and finally theoretical range (378 kg / 22 kg × 100 km = ~1,720 km).
For the chassis, given its tank capacity (550 l + 550 l = 1,100 l) and gas weight (1,100 l
× 0.45 kg/l = 495 kg), theoretical range can be similarly calculated (495 kg / 22 kg ×
100 km = ~2,250 km). In practice, however, tractor range and chassis range are
considerably lower (1,200 km and 1,500 km), but can be improved with more efficient gas consumption (e.g. 1,890 km for 20 kg/100 km in the case of the tractor).
During the tests, the reference vehicle traveled 18,171 km at an average speed
of 65 km/h. The total weight of the road train combination was 28 t, and average
fuel consumption 22 kg/100 km (Table 2).
Table 2. LNG tractor test results
Start date

Distance
covered
(km)

Average fuel
consumption
(kg/100 km)

Average
weight
(t)

Average
speed
(km/h)
60

15 July 2019

3,303

21.7

24

1 August 2019

5,303

24.0

31

61

28 September 2018

5,670

21.6

30

68

7 October 2019
Total

3,895

20.8

27

69

18,171

22.0

28

65

Source: [Korus, Dawidczyk, 2019].

Based on the above results and assuming annual mileage of 120,000 km and
gas consumption of 22 kg/100 km, Scania expects that the CNG variant will pay for
itself within 4 years, and the LNG variant within just 2.7 years. After that, the overall operating costs will be no different for a gas fleet than for a diesel fleet.
An important factor in the analysis are the costs of acquiring or building a gas
station. A slow-refueling 750 m3 CNG station for four trucks and two delivery
vans is an expense of PLN 150,000–180,000 (all in 2019–2020 prices). A quickrefueling CNG station for ten trucks refuels two trucks per hour, but costs
PLN 500,000. A 45 m3 LNG station with a cylinder without a cooling system and
with a cryogenic pump outside the main tank requires an expenditure of PLN
0.98–1.26 million, and a cylinder with a cooling system and a pump in the cylinder
takes it up to PLN 2.6 million. A 80 m3 C-LNG station with a cylinder with a cooling
system, two distributors, and a CNG gas vapor recovery system costs up to PLN
3.8 million. Servicing a fleet of 50 vehicles therefore requires an investment of PLN
2.5–4 million.
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Conclusions
At this stage of development of the automotive industry, when the electrification of heavy commercial vehicles still poses many problems, gas is a good, relatively widely available, and environmentally friendly alternative solution. Gas
extraction, distribution, and application are based on well-established technologies. Gas-powered engines already have parameters sufficient to power heavyduty trucks used in long-distance transport, and what is equally important, are
ecologically, operationally, and economically viable.
Even correcting for potentially biased interpretation of the data presented
above and multiplying the result by 150%, the period needed to recuperate the investment is no longer than 6 years – which is the de facto minimum lifespan of
a truck in westward long-distance traffic. And today, especially with Western
European countries introducing numerous incentives for using gas-powered vehicles (e.g. German Maut toll), this period could be extended to 8–10 years. Given
their improving availability, also in Poland, this will bring on a rise in the popularity of gas trucks in long-distance freight transport.
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Freight transport in the Eurasian space
of the Organization for Co-Operation between Railways
in the era of the pandemic
This article analyzes the state of container transport in the Eurasian space at the time of the pandemic based on selected statistics in comparison to the preceding period. It also references a study
by the World Customs Organization and research into institutions involved in intermodal transport carried out by the author jointly with the IntermodalNews team. The findings indicate an increase in rail services in the Eurasian space and the need to further standardize transport and
customs documentation. Moreover, recognition of the importance of cooperation and harmonization of border crossing procedures for further development revealed the need to increase
rail transport digitalization and improve the digital transport management system. The analysis
suggests that the pandemic period was treated as an opportunity to develop and implement new
solutions in these areas.
Keywords: Organization for Co-Operation between Railways, Eurasian space, electronic consignment note, international transport corridors, New Silk Road
JEL classification: L91, L92, N75

Introduction
Established in 1956 in Sofia and headquartered in Warsaw, the Organization
for Co-Operation between Railways (OSJD) is an international body that aims to
expand and facilitate international rail transport, as able to face up to the challenges of mobility and sustainability, through the unification of transport laws
and the development of railway corridors in the Eurasian space1. The corridors
play an essential role in the planning and organization of container train transport, and the OSJD undertakes initiatives to modernize them by improving their
technical and operational parameters, thus increasing the competitiveness of railway in freight transport. Furthermore, it constantly strives to simplify cross1

tries.

In this article, “Eurasian space” is taken to mean the area that comprises OSJD member coun-
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border procedures and standardize transport documentation, recognizing the
challenges posed by the different requirements applicable in Asia and Europe,
resulting from the systems of regulations developed and adopted by OSJD member states on the one hand and the International Rail Transport Committee on the
other.

1. OSJD activity – an overview
The OSJD currently has 29 member countries, 6 observers, and 40 affiliated enterprises. Figure 1 shows its scope of impact.
The transport policy of the OSJD is informed by its strategic goal of increasing
and improving international railway traffic between Europe and Asia by making it
more competitive and efficient, and thus strengthening the position of railway in
international transport markets. In ensuring commercial interaction and integration of its associated railways with the global transport system, it strives for a common transport space and concentrates its efforts on resolving strategic matters
and overcoming specific difficulties arising in relation to particular transport directions, corridors, or border crossings.
The OSJD’s principal activities include [OSJD, 2021a, p. 1; Antonowicz, 2021,
pp. 3–4]:
– development of international rail transport between European and Asian
countries,
– cooperation in the fields related to transport policy (incl. law and environmental protection),
– administration of the agreements in force,
– formulation of the general principles of unified international rail transport law,
– development of measures to increase the competitiveness of railways against
other modes of transport,
– development of cooperation for the improvement of operating procedures and
technological modernization of international railway lines,
– assistance in removing obstacles to international communication encountered
by OSJD railways.
A very special role in the OSJD’s efforts to improve Eurasian rail transport is
played by the 13 international corridors and border crossings, such as those between China and Kazakhstan or between Poland and Belarus (Ma³aszewicze).
Their importance stems predominantly from their location along the main
East–West railway axis, on the extension of the Trans-Siberian Railway, as illustrated in Figure 2.

Source: [Aspaeva, 2021b].

Figure 1. The OSJD in the Eurasian space

total area: 37 million km2
population: 2 billion
total length of railway lines: over 290,000 km
rail transport staff: 2 million
annual freight traffic volume: ca. 5.6 billion tonnes

Source: [CARGOTOR, 2021].

Figure 2. Transport corridors from China to the Ma³aszewicze border crossing
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In this context, the freight flow from the Far East alone is an important factor2
[UPU, 2021a]. By necessitating a response on the part of the OSJD, it contributes to
the development of rail transport corridors and significantly improves the technical, legal, and administrative aspects of the border crossing process, largely reducing stopover time and, as a result, the overall transport time.

2. The pandemic as an unprecedented challenge
for the railway sector
In 2020, the global economy was seriously affected by the pandemic and the
introduction of restrictions, suffering a significant reduction in both supply of and
demand for goods and services. Whole branches of the economy were forced to
change operating models and revise production plans. These developments did
not leave the railway sector untouched, having the strongest impact on passenger
traffic. Due to the state of epidemic emergency, international connections were
suspended and the number of passengers in domestic traffic significantly decreased. At the same time, however, the importance of rail freight transport
started to increase due to its role in maintaining stable and uninterrupted deliveries of the most essential pandemic-related goods between Asia and Europe.
The dynamics of changes in the volumes of traffic through the Eurasian space are
illustrated in Figure 3.
Despite the difficulties the pandemic caused for global transport systems in
2020 and at the beginning of 2021, the OSJD and its associated railways continued
to ensure uninterrupted domestic and international supplies. Activities aimed at
increasing railway traffic volume as well as efficiency and competitiveness were
maintained3. Especially important for the stability of freight traffic were the joint
declarations of international organizations – demonstrations of cooperation and
agreement in a time of crisis:
– OSJD/OTIF/WCO joint statement on global supply chain continuity during the
COVID-19 pandemic,
– UNESCAP-OSJD joint declaration on strengthening international rail transport operations on the Trans-Asian railway network and beyond in response to
the COVID-19 pandemic.
2 In 2020, transit volume from Japan through the port of Vladivostok was expected to increase by
22% within just a year. To cope with increased freight flow, the OSJD recommends that border stations
have an adequate reserve of throughput capacity.
3 In order to facilitate cross-border freight transport and reduce the risk of spreading the pandemic, the Resolution no. 307 of the Government of the Republic of Kazakhstan of 20 May 2020 suspended customs controls of container trains in transit connections through the territory of Kazakhstan and
import controls at target stations until the end of 2020.
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Figure 3. Recent dynamics of changes in traffic volumes
Source: [OSJD, 2021b].

International organizations also made attempts to develop standard unified
transport and customs documents, which contributed to the fact that air freight
transport, courier deliveries, and rail freight transport between China and the EU
managed to “benefit” from the pandemic [Ojala, 2020]. An example of such an endeavor was the launching of the WCO “Rail guidance” project in 2019. In October
2020, during one of the workshops on rail transport, an online survey was conducted in order to better understand the current situation and problems and examine the key elements of customs procedures.
The survey included 33 closed questions. Out of 51 participating countries
29 (56.9%) provided their answers. Some of them are illustrated in Figures 4–7.
The obtained results show, e.g., that a transit declaration is preferable to a consignment note, and indicate the need to further standardize commercial and customs
documentation with that in mind, as well as for railways and the authorities to cooperate in conducting border controls.

57

Freight transport in the Eurasian space of the Organization for Co-Operation...

Do you accept commercial documents as a transit declaration
to Customs in cases where they include all the necessary information?
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Figure 4. WCO survey results, question 1
Source: [Park, 2021].

What kinds of supporting documents are required to submit
with a declaration to Customs?
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Figure 5. WCO survey results, question 2
Source: [Park, 2021].
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Do you accept transit declaration electronically?
What is the format of the electronic transit declaration?
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Figure 6. WCO survey results, question 3
Source: [Park, 2021].

How can Customs enhance cooperation with railway operators and companies?
What is the cooperation mechanism with them?
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Figure 7. WCO survey results, question 4
Source: [Park, 2021].
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3. Common consignment note as a way to develop railway
traffic in the Eurasian space
The existence of two systems of transport regulations and requirements in
Asia and Europe – the Agreement concerning International Goods Transport by
Rail, or SMGS, and the Contract of International Carriage of Goods by Rail, or CIM
– is a reflection of two different geopolitical, economic, and legal realities. Both
systems concern the same subject matter, but differ significantly both in terms of
form and adopted principles [Hudojorov, 2021]. To overcome this obstacle to the
development of international railway traffic, a common CIM/SMGS consignment
note was developed as a joint OSJD/CIT/OTIF project. It facilitated cooperation
between Asian and European countries, playing a significant role in goods transport (also intermodal and multimodal) on the China – Baltic Sea – Europe and
China – Caspian Sea – Black Sea – Europe routes. Regarded as a customs document, it is issued for the whole route, eliminating the need to re-register the transports as they enter an area where different transport law applies. The CIM/SMGS
consignment note is currently used by railways in 17 OSJD member countries4. Its
area of application is presented in Figure 8.
Although not obligatory, the use of the CIM/SMGS consignment note did, by
eliminating the need to re-register transports at borders (and the numerous mistakes made when doing so), bring positive effects for rail transport, including significantly reduced stopover time at cross-border stations, and thus shorter
transport time, improved service quality, reduced transport costs, and high level
of compliance with legal norms.
With the launch of an electronic version of the consignment note on 1 July
2019, OSJD railways are actively working on its implementation as the basis of
cross-border freight transport on the China – Europe route. Moreover, the Universal Postal Union “Railway mail transport between China and Europe” project indicates additional possibilities for its application and further popularization in
international rail transport. It may also be introduced in other countries, e.g. Turkey [UPU, 2021b, pp. 2–3].

4 Azerbaijan, Belarus, Bulgaria, Hungary, Georgia, Kazakhstan, China, Latvia, Lithuania, Moldova, Mongolia, Poland, Russia, Slovakia, Ukraine, Estonia, and Iran.

SMGS
CIM + SMGS

Figure 8. CIM and SMGS application areas – legal duality
Source: [Evtimov, 2021].
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4. Freight transport as the basis of railway operations
in the Eurasian space during the pandemic
In recent years, the number of regular container trains running between
China and Europe has been systematically increasing, reaching nearly 300. The
geography of container traffic expands as it spreads to new countries. The increasingly common use of the CIM/SMGS consignment note expedites cross-border
transport, and the dynamic development of e-commerce gave an impulse to provide high-speed transport of small deliveries and less-than-container loads not
only in containers but also in postal wagons. The process of digital transformation
brings changes in many areas of transport and logistics, starting from electronic
customs transit registration and consignment notes and ending with promising
Eurasian projects in such fields as electronic exchanges or digital trains.
Despite the restrictions and economic difficulties caused by the pandemic, in
2020–2021 OSJD railways not only did not cease to work, but in many ways
achieved significant success, ensuring the development of international rail transport5. In 2019, they transported 5,577,837,300 tonnes of goods from 24 countries,
and in 2020, according to preliminary statistical data, 5,217,227,000 tonnes from
22 countries6. These achievements were facilitated by, i.a., the OSJD’s purposeful
and precise efforts in the following areas:
– amendment of the Agreement on Organization and Operating Aspects of
Combined Transport between Europe and Asia,
– development of the Agreement on the Uniform Transit Tariff and the Agreement on the International Railway Transit Tariff with updated tariffs for transit
transport of goods,
– organization of uninterrupted container freight traffic on international railway
routes and in the Eurasian space,
– organization and development of international railway mail deliveries,
– implementation of the CIM/SMGS consignment note in freight transport,
– coordination of timetables for international freight trains,
– cooperation with international organizations for the development of transport
and logistics services and the improvement of rail transport efficiency and
competitiveness,
– simplification of transport, customs, and cross-border procedures.
Rail freight transport indeed proved to be highly competitive in the restrictive
conditions of the pandemic. Thanks to the joint work of OSJD member countries,
5

As was well-illustrated by the LHS company, which in the first half of 2021 demonstrated an
increase by 185% compared to the same period of 2020.
6 Correcting for the results achieved by countries not included in the dataset shows that traffic
volumes are being maintained (e.g. Polish rail transported 223.2 million tonnes of goods).
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observers, and affiliated enterprises on the development of infrastructure, technology, and organization of freight transport, positive results were achieved in international container traffic. The main factors contributing to the competitiveness
and further development of railway transit transport were travel time and train
speed of ca. 900–1,000 km/day7. Examples of routes and parameters of container
trains are shown in Table 1.
Table 1. Examples of container train routes and parameters
Route
Chongqing – Duisburg
Duisburg – Chongqing
Chengdu – £ódŸ / Nuremberg
£ódŸ / Nuremberg – Chengdu
Zhengzhou – Hamburg
Hamburg – Zhengzhou

Distance
(km)

Average
speed
(km/day)

Travel time
(days)

10,137

958

15–16

9,600 /
10,000

890

12 / 16

10,214

890

16–17

Number
of trains
(2019)

Number
of trains
(2020)

457

522

208

192

360 / 14

626 / 4

166 / 55

170 / 41

202

221

197

278

Source: [Aspaeva, 2021a].

An analysis of railway freight traffic during the pandemic in OSJD member
countries selected for their role in the Eurasian space showed that freight trains on
the China – Europe route transported not only cross-border e-commerce shipments and goods previously delivered by sea or air, but a significant amount of indispensable anti-epidemic and medical products. Their reliability in the face of the
introduced restrictions significantly contributed to the joint international fight
against the pandemic, help to restore production in Europe and Asia, and stabilized the supply chains between the countries of the Belt and Road Initiative8.
Medical products were delivered from China to several European countries, including Germany, France, and Finland9.
In 2020, as a consequence of a global demand and supply imbalance caused by
the pandemic, the share of railway container traffic on the China – Europe route
7 In 2020, as transport of Chinese goods into Lithuania increased, so did container transport (its
volume amounted to 51,509 TEU, nearly four times the 2019 value). High-quality infrastructure of
Lithuanian Railways allowed transports to be made by long trains that run from Asia to Europe, carrying mail, medical protective products, and other goods not only to Lithuania, where they arrive after
10–12 days, but also to other countries.
8 On 14 June 2020, a container train from Xi’an (China) delivered to Pardubice (Czech Republic)
through the territories of Kazakhstan, Russia, Ukraine, and Poland as many as 46 containers with
disposable hazmat suits, face masks, gloves, and other medical products. They were delivered predominantly to hospitals in Prague and Pardubice.
9 On 20 November 2020, a new freight train route Zhengzhou (China) – Helsinki (Finland) was
launched. The train carrying 43 containers transported mainly disposable medical masks, anti-pandemic
medical equipment, hazmat suits, lamps, etc.
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increased to 6–8% of total traffic, and it is expected to reach ca. 10% in the nearest
future due to growing transport volumes in some segments (medicines, hazardous freight, etc.), as well as due to the instability of sea freight rates. The number of
trains running the China – Europe route nearly doubled from 2018 to 2020, as
shown in Table 2.
Table 2. Number of container trains on the China – Europe route
Year

Number of trains

2020

12,406

2019

8,225

2018

6,300

Source: [Aspaeva, 2021a].

Although the pandemic affected nearly all global transport sectors, the railway routes between China and Europe, thanks to their increasing reliability, capacity, and competitive rates, became a guarantee of stability for consignors,
consignees, and forwarders alike. This resulted in a record increase in the demand
for railway services in 2020. As many as 927,000 containers were transported that
year (an increase by 54% compared to 2019), with a total load factor of 98.3% on
the route in both directions.
Poland also became a stage for pandemic-driven change. This prompted a research team, which included the author of this article, to assess its impact on Polish intermodal transport based on an analysis of companies operating in this
sector [Kuœ, Stefaniak, 2020, pp. 19–32]. One of the findings of this research was
that, regardless of measurable results and traffic, many of the analyzed companies
saw the pandemic period as an opportunity to undertake previously postponed
activities, and to some it revealed previously unconsidered solutions (e.g.
digitalization of various processes). The researchers concluded that these circumstances created new possibilities for development in, i.a., Eurasian relations10.

Conclusions
The impact of the pandemic put the global economy at severe risk. Factories
were shutting down, production was delayed, air transport suspended, and sea
transport destabilized. At that time the importance of rail transport became manifest and the New Silk Road started to attract significant domestic and foreign
10 This is suggested by the fact that 17.5% of the surveyed companies plan to enter new markets,
12.5% plan to launch new products or services, and 20% undertook other activities (e.g. cross-border
transport, incl. launching new intermodal traffic routes).
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interest. Broadly speaking, this shows that with growing distance, the competitiveness of railway also increases. Legal, economic, and technical interoperability combined with reliability and safety can further strengthen its position in the area of
long-distance transport. Additional advantages can be gained by improving exploitation parameters related to travel time and cost-efficiency. Moreover, the pandemic showed that it is not only possible, but profitable to operate in the market
using electronic documents, thus setting the path to further digitalization of rail
transport processes and development of the digital transport management system.
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Consumer perception of shared mobility services
in the light of global climate challenges
This article identifies factors affecting the decision to use shared mobility and presents the attitudes of its users towards the environment and its protection, drawing on the results of quantitative research carried out in August 2021 in Poland using computer-assisted Web interviewing.
First and foremost, it allowed to pinpoint the two factors that have by far the greatest influence on
the decision to use shared mobility services: distance to vehicle and cost per minute. Thus far,
environmental concerns are of secondary importance. Moreover, although Polish drivers at present have no intention of giving up their cars, in the future, given appropriate economic incentives
and easy access to shared vehicles, they might be convinced to do so.
Keywords: shared mobility, passenger transport, purchase decisions of transport users
JEL classification: R4, R42, D12, O44

Introduction
Never before has man had such a significant impact on the natural environment – anthropopressure, rising every year, has now become so great that it will
leave a visible mark in the fossil record [Stobiecka, 2018, p. 14]. This new epoch of
increased human activity, dubbed the Anthropocene, or the “Great Acceleration”,
is a period of significant geographical changes occurring over an extremely short
time, manifested by rapid urbanization and depletion of fossil fuels, which have
been accumulating in nature for hundreds of millions of years, environmental
contamination, and increased emission of greenhouse gases [IPCC, 2020]. It is estimated that by 2050, due to the high CO2 emissions, global warming may raise the
temperature by 1.5–2°C compared to its level before the Industrial Age [IPCC,
2021]. Such an increase would constitute a threat to the climate, and thus to human health and life. Because of these and other observations, environmental and
climate issues have become central elements of internal and international policies
in Europe and the world [Cholewiñska, 2020, pp. 3–5].
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Most CO2 emissions into the atmosphere are generated by five sectors of the
economy: energy (combustion of fossil fuels), industry, deforestation, buildings
and construction, and transport, which accounts for 22–24% of total CO2 emissions, of which the majority (17%) is produced by road transport [Rabiega, Sikora,
2020]. At the same time, transport services and systems play a substantial role in
the social and economic growth of the contemporary world [Paradowska, 2013,
p. 353], each day enabling unrestricted movement of commodities and people.
However, today’s reliance of transport on petroleum [Bachorz, 2017, p. 46; EU,
2019, p. 22] has multiple political, economic, and environmental repercussions
(e.g. sensitivity to oil price fluctuations and threats of supply suspension, high
greenhouse gas emissions). These are the main reasons why efforts to reduce reliance on petroleum and transport-related emissions are being made under European policies (e.g. the European Green Deal of December 2019, or the new Fit for
55 climate package). Fit for 55, adopted on 4 August 2021 by the European Commission, specifies that by 2030 emissions should be reduced by at least 55% compared to the 1990 levels. Such a reduction within the next decade is a fundamental
prerequisite for Europe becoming the world’s first climate-neutral continent by
2050 and implementing the European Green Deal [EC, 2021].
The desired changes, which are supposed to help counterbalance the adverse
effects of human activity on the environment, tend to require a shift to sustainable
consumption and production as a response to excess mass production of goods
and the associated overconsumption (see e.g. 2030 Agenda for Sustainable Development and Treaty on the Functioning of the European Union, Articles 191–193).
This requirement is being increasingly applied not just to the consumption of
fast-moving consumer goods, but also to services such as passenger transport,
whose sustainability transformation would most considerably contribute to the
reduction of negative externalities affecting other areas of life [Moon-Miklaucic
et al., 2019, pp. 2–5]. For people living in today’s economy, this presents a unique
challenge, which entails, i.a., a re-evaluation of the concepts of gain, benefit, or
profitability. The economics of sustainable development emphasizes that in order
to ensure stable growth for current and future generations, national economic policies, organizational strategies, and business practices must better reflect the environmental limitations [WEF, 2018]. Europe’s transformation into an economy
based on such principles would reduce environmental costs and its ecological
footprint [EC, 2018, p. 2].
Figure 1 presents an approach that could be adopted to implement a sustainable transport system, thereby alleviating the negative impact of passenger transport on human health and the natural environment in urbanized areas. Shared
mobility is a solution with countless applications, and as such can promote a shift
towards sustainability in many different areas and ways. But it is also based on
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a very different mobility pattern. Employing specific shared mobility strategies allows to affect desired changes in consumer attitudes and decisions. As new mobility behaviors are shaped, environmental impacts lessen [Karbaumer, Metz, 2021,
p. 19].

shared mobility strategies are implemented

consumer attitudes and behaviours change

environmental impacts of passenger transport are reduced

Figure 1. Effect of shared mobility on environmental costs
Source: Own elaboration.

As a model of socio-economic relations, shared mobility constitutes a part of
a broader system of the sharing economy [Moon-Miklaucic et al., 2019, p. 5; Shaheen, Cohen, 2020] or, as some researchers call it, collaborative consumption [Botsman, Rogers, 2010]. Solutions based on joint resource utilization have the potential
to tap previously unused assets and promote more economically, socially, and environmentally sustainable consumption patterns [Karbaumer, Metz, 2021, p. 19].
It should be emphasized that an assessment of environmental costs gives no
grounds for replacing private or – especially – public vehicles with shared ones
[Tikoudis et al., 2021]. On the contrary, shared mobility, especially shared micromobility, can be the perfect complement to public transport [Arndt et al., 2019,
p. 24; Karbaumer, Metz, 2021, p. 21].
Since some shared mobility strategies have been implemented in Poland, it is
worthwhile to examine them and verify their economic and social validity. To this
end, the next sections of this article present an analysis of relevant consumer
attitudes and behaviors, as well as the factors that affect them.

1. Data description
1.1. Survey overview and questionnaire design
A quantitative research was conducted in August 2021 in Poland into the consumer preferences of shared mobility users, with two main aims: to identify and
analyze those components of the shared mobility strategy that have the greatest
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impact on consumer decisions, and to present the attitudes of shared mobility users towards the environment and its protection. The survey also examined the respondents’ attitudes towards shared mobility and ownership, preferred modes of
transport for getting around the city, use of other transport services, as well as
positive experiences with shared mobility solutions.

1.2. Sample characteristics
Respondents were recruited for the survey using purposive and accidental
sampling. Thanks to the use of computer-assisted Web interviewing, the respondents were easy to reach and could complete the questionnaire from the comfort
of their own homes. In total, 348 persons participated in the survey. Given that
11.5 million people in Poland have access to shared mobility services [Mobilne
Miasto, 2019, p. 11], for a sample this size the maximum error is 6%, with a confidence level of 95%.
A little over a half of the respondents were female (51%), and just below half
were male (49%), comprising three age groups: 18–30 (29%), 31–50 (43%), and over
51 (28%). The sample was designed to over-represent shared mobility users – people who at that time or in the past used shared mobility solutions (83%); in order to
verify some of the results, non-users were also recruited (17%). The users included
people who shared bicycles (54%), scooters (38%), cars (24%), and mopeds (3%).
Due to the small size of the last group, it is only considered in aggregated analyses.

1.3. Analysis method
The respondents were divided into two groups – shared mobility users (N =
270) and non-users (N = 78). Based on that, we ran a multivariate logistic regression model to identify the simultaneous impact of age, gender, education level,
city size, salary, and sharing one’s own car. The indicators are regarded as statistically significant when p < 0.05. This was the only analysis on the whole sample.
All further analyses only involved respondents who had used shared mobility
more than once. This was to ensure that their views on shared mobility were based
on their own experience, as opposed to, e.g., reflecting popular opinion. Users of
moped-sharing solutions were also excluded due to their small number (N = 10).
Applying Spearman’s coefficient, the degree of correlation between the frequency of sharing a vehicle and the knowledge of the companies operating in the
city was evaluated. Motives for using shared mobility solutions for different types
of vehicles – cars, bicycles, and scooters – were also examined. Additionally, because the respondents did not put the environment high on their list of reasons to
use shared mobility, they were asked about their attitude towards the environment as such and the environmental impact of shared mobility in general.
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Nonparametric statistics were used to check the research questions, because
data were nominal or not normally distributed. Following Hui et al. [2019], SPSS
was used to fit the regression. All statistical analyses were performed using SPSS
Statistics 26.0.

2. Main observations and findings
The main observations are divided into three parts. The first one concerns the
respondents’ motives for using shared mobility services, the second one their willingness to give up their cars in favor of shared transport, and the third one their
awareness of the impact of transport behaviors on the environment. The analysis
of motives focused on two vital questions that seem to be the most relevant factors
behind changing consumer behaviors.

2.1. Motives for using shared mobility services
Noteworthy, most interviewed shared mobility users owned at least one vehicle – 46% both a bicycle and a car, 16% only a car, 9% only a bicycle, and 9% a car,
a bicycle, and a scooter. Only 8% did not own any vehicles.
Table 1. Results of logistic regression
B

SE

p

Exp(B)

95% CI

age

–0.05

0.01

0.001

0.960

0.93–0.98

sex

–0.55

0.34

0.104

0.580

0.30–1.12

education 1

–

–

0.691

–

–

education 2

–0.56

0.68

0.410

0.570

0.15–2.17

education 3

–0.40

0.67

0.555

0.670

0.18–2.50

0.00

0.00

0.537

1.000

1.00–1.00

city size 1

–

–

0.113

–

–

city size 2

1.28

0.67

0.057

3.600

0.96–13.46

city size 3

0.98

0.54

0.072

2.650

0.92–7.69

city size 4

0.18

0.38

0.629

1.200

0.57–2.53

–0.24

0.38

0.531

0.790

0.37–1.66

3.97

0.90

0.000

53.093

–

salary

car
constant

Notes: education 1 – secondary education, education 2 – undergraduate, education 3 – higher education, city size 1 –
25,001–100,000 residents, city size 2 – 100,001–250,000 residents, city size 3 – 250,001–500,000, city size 4 – more than
500,000.

Source: Own elaboration.
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As noted by Andreotti et al. [2017, pp. 8–9] in reference to previous research
[Eurobarometer, 2016; Smith, 2016], “people with a higher level of education are
more likely to engage in the sharing economy, either as providers or as consumers.
[…] Analogous to education as a key indicator of social status, the aforementioned
literature also indicates that the sharing economy is used primarily by employed
and wealthy people”. This, however, seems not to be the case in Poland. A statistical analysis of the simultaneous effect of age, gender, education level, city size,
salary, and sharing one’s own car showed that only age is significant predictor of
the willingness to use shared mobility. The chi-square test showed that the tested
model was statistically significant (c2(9) = 27.34; p = 0.001). Data was checked for
multicollinearity, revealing no impact on our results.
Applying Spearman's coefficient showed a positive correlation between the
frequency of sharing a vehicle and the knowledge of companies operating in the city
(cars: r = 0.758, p < 0.001; bicycles: r = 0.504, p < 0.001; scooters: r = 0.468, p < 0.001).
The main motives for using shared mobility were identified by calculating the
mean for each statement. Tables 2–5 list the motives in the order of their significance.
Table 2. Shared mobility
Motives

Mean

Med.

SD

Min.

Max.

distance to vehicle

6.18

6.0

1.04

1

7

cost per minute

6.04

6.5

1.26

1

7

convenience of use

5.99

6.0

1.17

1

7

sense of security

5.95

6.0

1.15

1

7

quality of vehicle

5.88

6.0

1.14

1

7

cost per kilometer

5.84

6.0

1.38

1

7

environmental impact

4.95

5.0

1.81

1

7

number of vehicles to choose from

4.84

5.0

1.59

1

7

Source: Own elaboration.

Table 3. Car sharing
Mean

Med.

SD

Min.

Max.

cost per minute

Motives

6.23

7

0.999

3

7

cost per kilometer

6.20

7

0.992

4

7

distance to vehicle

6.10

6

1.008

4

7

sense of security

5.92

6

1.118

3

7
7

comfort of use

5.78

6

1.227

1

number of vehicles to choose from

5.32

5

1.515

1

7

environmental impact

5.22

6

1.744

1

7

Source: Own elaboration.
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Table 4. Bicycle sharing
Mean

Med.

SD

Min.

Max.

distance to vehicle

Motives

6.05

6

1.134

2

7

comfort of use

5.91

6

1.282

1

7

cost per minute

5.87

6

1.112

2

7

sense of security

5.68

6

1.314

1

7

cost per kilometer

5.63

6

1.400

1

7

environmental impact

5.55

6

1.560

1

7

number of vehicles to choose from

5.10

5

1.533

1

7

Mean

Med.

SD

Min.

Max.

Source: Own elaboration.

Table 5. Scooter sharing
Motives
distance to vehicle

5.96

6

1.23

1

7

cost per minute

5.93

6

1.38

1

7

cost per kilometer

5.78

6

1.42

1

7

convenience of use

5.77

6

1.35

1

7

sense of security

5.64

6

1.40

1

7

environmental impact

5.30

6

1.77

1

7

number of vehicles to choose from

4.97

5

1.77

1

7

Source: Own elaboration.

The decision to use shared mobility services is primarily motivated by:
distance to vehicle,
cost per minute,
convenience of use,
sense of security.
These results show that Polish shared mobility users attach much importance
to “instrumental motives (economic/monetary, sometimes in combination with
functional motives, such as convenience)”, while being less than users from other
European countries motivated by “normative motives (primarily geared towards
sustainability, but also altruism)” [Andreotti et al., 2017, p. 12].
–
–
–
–

2.2. Willingness to give up owning a car
Most of the respondents (53%) would not give up their car in favor of shared
transport, 25% do not have an opinion, only 22% would consider it, and only 10%
are already convinced and willing to do it (p < 0.001). Table 6 lists possible motives
for owning a car in the order of their significance.
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Table 6. Giving up a car
Mean

Med.

SD

Min.

Max.

free parking in the city

Possible motives

5.98

7

1.47

1

7

location close to place of residence
or work

5.68

6

1.55

1

7

ready availability

5.66

6

1.55

1

7

possibility to reserve a vehicle for
a specific time

5.55

6

1.62

1

7

vehicles of various sizes (also more
spacious models)

5.26

6

1.62

1

7

regularly modernized fleet (no old
vehicles)

5.19

5

1.62

1

7

electric vehicles

4.96

5

1.84

1

7

Source: Own elaboration.

Here, too, considerations of money and convenience are at the top of the list,
leaving the environment far behind.
Most (66%) car sharing users agree that car sharing has a positive impact on
the environment, 22% do not have an opinion, and 16% are not convinced. The
chi-square test shows that the result is statistically significant (p < 0.001).
Most (79%) bicycle-sharing users agree that bicycle sharing has a positive impact
on the environment, 15% do not have an opinion, and 6% are not convinced. The
chi-square test shows that the result is statistically significant (p < 0.001).

2.3. Awareness of the impact of transport behavior on the environment
A little over a half (56%) of the respondents acknowledge that choosing to
commute daily in one’s personal car would have a negative impact on the environment, 62% believe that using public transport is more environmentally
friendly, 44% like the idea of minimizing the number of one-person trips in cars
powered by an internal combustion engine (petrol, diesel), 46% think those
should be replaced with alternative fuel vehicles, 66% agree that electric cars are
more environmentally friendly, and 63% believe that their choice of a mode of
transport can affect the environment.
A positive, weak, and statistically significant Spearman correlation was observed between agreeing that using shared mobility services reduces the negative
impact of transport on the environment, and the frequency of using bike sharing
services (r = 0.26, p < 0.001).
No correlation between age and environmental awareness was found.
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Conclusions
The results of the survey allowed to identify three key takeaways.
Firstly, distance to vehicle and cost per minute are significantly more important for consumers than other factors (e.g. number of different vehicles on offer or
vehicle use convenience). In consequence, if shared mobility vehicles are really to
become part of a larger transport ecosystem, city authorities – working together
with the business sector – should ensure that accessibility zones are expanded and
vehicles are more densely distributed.
Secondly, Polish drivers have no intention of giving up their cars. What could
convince them to do so in the future is, above all, ready availability of vehicles
close to their place of residence or work, free parking in the city, and lower rates
for economical or accident-free driving. This confirms the first conclusion.
Thirdly, thus far environmental concerns are of secondary importance in the
decision-making process. There is a strong correlation between a deep sense of
responsibility for the environment and using bicycle sharing solutions, but it has
no bearing on the decision to share a car. Nevertheless, it seems that the bike, also
shared, remains a symbol of ecological responsibility.
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The effects of transport service quality
on the financial condition of companies –
a methodology proposal
Transport companies, which, even if privately owned, often operate in markets and in an environment determined by the principles of the functioning of the public sector. On the one hand,
they are inclined to maximize the effectiveness of their functioning, including financial efficiency.
On the other hand, they are obliged, usually under longterm contracts, to provide services of an
appropriate quality and, consequently, to contribute to passenger satisfaction. The aim of the article is to identify the planes of potential correlation, including the negative correlation between financial efficiency and the quality of provided transport services. Measures for both categories are
identified. However, due to the fact that within both categories there are measures that are potentially internally correlated, it becomes necessary to use factor analysis to isolate key latent variables and, consequently, to avoid collinearity. For such identified variables, it is advisable to
perform canonical analysis to identify correlation groups. Ultimately, this should allow for the
construction of a universal model for the analysis of longterm relationships between financial and
qualitative performance of transport companies, especially in a panel approach.
Keywords: transport companies, factor analysis, financial analysis
JEL classification: R4, L9, G3, M4

Introduction
Public transport companies, by their nature, must pursue a complex set of objectives related to, on the one hand, ensuring high quality, which contributes to
passenger satisfaction with the services received, and, on the other hand, the need
to maintain an appropriate financial condition, in particular the profitability of the
economic activity of the company. It is commonly accepted that activities aimed at
increasing the quality of services and, consequently, passenger satisfaction are
cost-intensive and, consequently, deteriorate the financial position of enterprises
[Anderson, 2005]. However, it is justified to verify the exact direction and strength
of this relationship, also with a breakdown into individual service quality assessment criteria. Nevertheless, due to the high complexity of the problem, classical
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statistical and econometric methods are not adequate to such a research problem
[Kicova, Kramarova, 2013]. Consequently, the aim of the article is to propose
a methodology based on factor analysis and canonical analysis that could be used
to determine the strength of the impact in question.

1. Passenger satisfaction in public transport
From an economic point of view, a rational behaviour is one aimed at maximizing the satisfaction of the decision-maker. In practice, however, consumers
decide according to the principle of limited rationality, i.e. they strive to achieve
a satisfactory result, not an optimal one [Szmelter, Suchanek, 2021].
The preferences of consumers of public transport companies should be of interest to those who sell these services [Hansson et al., 2019]. This is an area where
enterprises can look for a competitive advantage over other economic entities that
operate in the same scope.
The most common mobility preferences indicated by the passengers include
[Bro¿yna, 2018]:
– travel time,
– comfort,
– cost,
– safety.
Del Castillo and Benitez, in their article devoted to the methodology of modeling and identifying passenger satisfaction in public transport, proposed the division of criteria influencing passenger satisfaction into blocks (Table 1).
Table 1. Criteria for assessing the satisfaction of passengers using collective public transport
Block
Convenience
of connections

Detailed criteria
1. Convenience of connections between lines of the same operator
2. Convenience of connections between lines of different operators
3. Differentiation of lines
4. Accessibility of the communication network (number of stops)

Accessibility

5. Facilities for the disabled
6. The adequacy of the location of the most used bus stops
7. Availability of information
8. Availability of timetables and line plans

Information

9. Precision of information
10. Information screens at depots and stops
11. Information screens in buses
12. Information on price lists and season tickets
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Detailed criteria
13. Punctuality
14. Frequency

Reliability

15. Travel time
16. Reliability
17. Service downtime

Frequency of use

18. The kindness of the drivers
19. Friendliness of service
20. Technical condition of vehicles
21. Cleanliness of vehicles
22. Convenience of vehicles
23. Vehicle lighting
24. Temperature in the means of communication

Comfort

25. Number of passengers
26. Driver skills
27. Construction of stops (weather conditions)
28. Technical condition and cleanliness of the stops
29. Lighting of the stops
30. Appropriate marking of vehicles and stops
31. Technical safety of vehicles

Safety

32. Safety in vehicles
33. Safety at stops

Environmental effect

34. Noise
35. Impact on road traffic flow

Source: Own elaboration based on: [Del Castillo, Benitez, 2012].

The above list presents an exhaustive set of criteria for assessing the level of
transport services, and allows for a comprehensive assessment of passenger satisfaction.

2. Companies’ financial results
The financial result is one of the most important categories used to assess the
effectiveness of business entities. It is the financial dimension of the results
achieved by the enterprise in a specific unit of time [£ach, 2020]. Simply put, the financial result is the effect of subtracting costs from revenues.
The financial result in Polish conditions is determined in two ways, which is
reflected in the possibility of preparing the profit and loss account in two variants,
namely: comparative and calculation-based [Seredyñski, Szaruga, 2015].
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The following are the different layers of the company’s financial result:
sales result,
operational result,
gross financial result,
gross financial result.
Regardless of the level at which we consider the obtained result, it may take
the form of profit (a positive financial result) or loss (a negative financial result).
The result on sales is the one that distinguishes between two variants of determining the financial result. In the comparative variant, operating costs are recognized by type groups, namely [Siewierska et al., 2011]:
– depreciation,
– use of materials and energy,
– external services,
– taxes and duties,
– salaries,
– insurance and benefits,
– other costs.
The above approach to determining operating costs causes the violation of
one of the main accounting principles, i.e. the principle of matching costs and
revenues. This is due to the fact that not all costs that occurred in the reporting period can be assigned corresponding revenues in the same period. For this reason,
in the comparative variant, there is an item of changes in the state of products, correcting the differences – it can take both a positive and negative value. In the calculation variant, on the other hand, the following are distinguished within costs:
the cost of manufacturing the products sold and the value of goods and materials
sold. Therefore, there is no need to make any adjustments. In this way, the gross
result on sales is generated, which should be deducted by two categories of costs:
sales costs and general and administrative costs. The use of this procedure leads to
a sales result. Regardless of the variant used to determine the result on sales, its
value should be the same.
In terms of determining the remaining levels of the financial result, there are
no differences between the comparative and calculation variant of profit and loss.
The operating result is generated by including other operating activities in the
calculation of revenues and costs. It is an activity that includes events not related
to the core business of the enterprise. This includes events such as sale of fixed assets, costs or revenues related to created or released provisions or the effects of
write-downs.
The gross result is created after taking into account financial revenues and
costs. Financial activities include various types of interest, results from the sale of
financial assets, dividends or shares in profits.
–
–
–
–

The effects of transport service quality on the financial condition...

79

From January 2016, in determining the financial result of entities other than
those referred to by the Accounting Act: banks, insurance companies, reinsurance
companies and credit unions, no extraordinary gains and losses are distinguished.
If such events occur in the course of the company's operations, they are included
in other operating activities. Due to this change, enterprises do not distinguish
separately the result from economic activity [Kaczmarczyk, 2021].
The net financial result is created by reducing the generated profit (if any)
by the income tax due to the state. Taxable profit cannot, however, be directly
equated with gross profit. The gross profit shown in the profit and loss account is
calculated on the basis of the balance sheet law. The tax base is determined on the
basis of the provisions of the tax law by deducting from the tax income those costs
that qualify as tax deductible costs. It should be additionally noted that enterprises
have the right to reduce the tax base by settling losses achieved in previous years.

3. The concept of the economic effectiveness of the companies
The principle of rational management has two dimensions: maximizing the
effects with given inputs or minimizing the inputs serving the achievement of the
assumed goal. Both dimensions of the above principle lead to the optimal use of
the available resources, and the degree of achievement of the assumed goal compared to the expenditure incurred for this purpose is determined by the measure
of management efficiency [Eklof et al., 1999].
Tools helpful in assessing the financial aspect of management efficiency are
provided by the financial analysis, with particular emphasis on the ratio analysis.
The analysis of the company's liquidity is aimed at assessing its ability to pay
its liabilities on time. The liquidity of economic entities is assessed using three basic indicators [Rashid, 2018]:
– current ratio,
– quick ratio,
– cash ratio.
The current liquidity of an economic entity is understood as the ratio of current assets to current liabilities. The optimal value of the indicator should be at the
level of 1.2–2.0. It tells whether the company has enough current assets to cover its
short-term liabilities. Quick liquidity narrows the current ratio indicator and does
not include inventories. The exclusion of inventories is due to the fact that it is the
least liquid current asset and it may take time for the enterprise to convert it into
cash. The cash liquidity of the enterprise is calculated by including only the cash
resources of the enterprise in the numerator. This indicator shows what part of its
liabilities the company is able to repay immediately.
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Rotation analysis is also called performance analysis. The study of this area allows for the assessment of the effectiveness with which the enterprise manages its
assets. This area includes indicators such as [Lin, Lin, 2021]:
– assets turnover ratio,
– inventory turnover ratio,
– receivables turnover ratio.
The asset turnover ratio is calculated by relating sales revenues to total assets.
It informs about the amount of revenues generated by the unit of assets. This ratio
can be modified by taking into account only the fixed or current assets. The
inventory turnover ratio is calculated as the ratio of sales revenue to the average inventory, while the receivables turnover ratio is the ratio of sales revenue to
the average amount of receivables. Both indicators indicate the effectiveness of
the management of the selected asset and should be of optimal size, adequate to the
type of business.
In assessing the financial condition of the company, it is also important to analyze the debt. It allows to determine the degree of indebtedness of the enterprise
and to assess whether the structure of financing sources is not too risky.
The basic indicators calculated in this respect are [Baraja, Yosya, 2019]:
– general debt ratio,
– equity debt ratio,
– tangible fixed assets debt ratio.
The overall debt ratio is the ratio of liabilities to the company’s assets. Thus, it
shows what part of the property is financed from external sources. Equity debt is
counted as the ratio of external capital to equity, which allows to determine the
amount of external capital that is attributable to the monetary unit of equity. The
tangible fixed assets debt ratio is calculated as the ratio of the company’s tangible
fixed assets to its long-term liabilities.
In addition, the long-term debt ratio is also important, reflecting the ratio of
long-term liabilities to the company’s equity.
The assessment of the company’s profitability allows for the determination of
the ability to generate financial results by various economic categories. The basic
measures of profitability are [Madushanka, Jathurika, 2018]:
– return on sales,
– return on assets,
– return on equity.
The above ratios are calculated by referring the financial result to individual
categories (sales revenues, total assets, equity). Depending on the purpose of the
analysis, the denominator may include the net financial result, but also the result
on sales or gross financial result. If the achieved result takes the form of profit,
profitability ratios are obtained, if losses – deficit ratios.
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Profitability ratios do not have specific values that they should achieve, but in
the case of enterprises whose purpose is to maximize their own market value,
expressed, inter alia, by generating profit, these should be profitability ratios. It is
also important to compare the results achieved with the competitive companies
and with own results from previous periods. The trend in profitability indicators
should be increasing.

4. The use of factor analysis and canonical analysis in studying
the relationship between quality of service and financial
condition of enterprises
It is possible to identify and study the relationships between complex aggregates, such as the quality of services and the financial condition of enterprises,
with the use of various statistical tools. Classically, to determine the direction and
strength of the relationship between phenomena, correlation analysis is used, and
then to determine precise measures of impact, linear regression analysis or multiple regression analysis. However, these methods are based, as a rule, on a number
of assumptions that are difficult to meet in this problem: the presence of one
explained variable, the lack of collinearity of the variables, the measurement of
variables on ratio scales or the normal distribution of the variables.
Consequently, to describe the relationship between the analysed characteristics
of transport companies, the use of a sequence of two adequate research methods
was adopted: factor analysis and canonical analysis.
As a rule, factor analysis is used to reduce the number of variables and to detect structure in relationships between variables. Therefore, it can be used to reduce dimensions, which plays a significant role in the research problem in
question, due to the multitude of parameters reflecting both the quality of services
provided and the financial condition of the enterprise [Quader, Abdullah, 2020].
An important condition for the verification of statistical hypotheses is the lack of
collinearity of the predictors, because by introducing strongly correlated explanatory variables into the model, its predictive power is lowered, due the construction of OLS estimator. If there is a high correlation between a pair of explanatory
variables, it can be concluded that they are redundant. It becomes possible to combine such two variables into one factor – variable scatter plots are created and then
principal components analysis is performed, which leads to the generation of
a new variable, which is a linear combination of the previous variables. It is possible to perform an analogous procedure for more than two collinear variables,
using rotation that maximizes the variance of the output variable space.
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Within the analyzed problem, both in the case of the quality of services and
the financial condition, there is a suspicion of the presence of redundant variables
within individual blocks. In the case of passenger satisfaction criteria, it becomes
advisable to carry out the Cattell scree test inside the blocks due to the desire to
simplify the data collection procedure itself [Shrestha, 2021]. In the case of the financial condition of the enterprise, it is advisable to select variables that have
a similar direction and the return of model values. As a rule, liquidity ratios have
specific benchmark levels, but due to their financial nature, it is possible to initially
reject them when examining the company’s financial condition. This leaves three
groups of factors determining the financial condition: turnover, profitability and
debt, within which three basic indicators for which the multicollinearity is suspected were identified. Consequently, at the pre-test stage, it is advisable to repeat
the study of redundant variables for financial indicators, using the Cattell test,
similarly to the satisfaction indicators or using the Guttmann–Kaiser eigenvalue
criterion [Rojas-Valverde et al., 2020]. Conducting a factor analysis should lead to
obtaining a reduced number of independent variables in both categories (Table 2).
Table 2. Independent variables for financial position and service quality after factor
analysis
Financial position

Service quality

1. Asset turnover ratio

1. Differentiation of lines

2. Return of sales

2. Accessibility of the communication network

3. Return on equity

3. Information screens at depots and stops

4. Overall debt ratio

4. Travel time
5. Reliability
6. Technical condition of vehicles
7. Convenience of vehicles
8. Number of passengers
9. Driver skills
10. Technical condition and cleanliness of the stops
11. Technical safety of vehicles
12. Safety in vehicles
13. Impact on road traffic flow

Source: Own elaboration.

Conclusions
In order to estimate the strength of the impact of qualitative factors on the
financial condition of enterprises, it is advisable to use canonical analysis for such
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a defined set of independent data. The canonical correlation analysis procedure is
an additional procedure for estimating the relationship between the variables that
enables the study of the relationship between two sets of variables, as in the problem at hand. It consists in determining the canonical roots that allow to determine
the strength and direction of the relationship between individual variables from
both sets, which in turn allows for economic control of qualitative parameters in
order to ensure the appropriate financial condition of enterprises. When extracting canonical roots, eigenvalues are calculated. They can be interpreted as the
proportion of the variance explained by the correlation between the relevant
canonical variables. It should be noted that this proportion is calculated in relation
to the variance of canonical variables, that is, weighted sum values of two sets of
variables; The eigenvalues do not say how much variability is accounted for in any
of the sets of variables. The number of eigenvalues is calculated as there are canonical roots, i.e. as many as the minimum number of variables in either of the two
sets. In canonical correlation analysis terminology, weighted sums define a root or
canonical variable. It can be assumed that canonical variables describe some hidden variables. If for a set of differentiated quality indicators after a previous factor
analysis, a weighted sum with high weights for all indicators related to financial
condition is obtained, it can be concluded that the relevant canonical variable
measures in fact the relationship between condition and quality of services.
The methodology understood in this way allows, according to the authors, to
effectively and adequately recognize the strength and direction of the relationship between passenger satisfaction and the financial condition of public transport enterprises. Furthermore, this methodology allows for an adequately comprehensive treatment of the complex issues of both the quality of services and the
financial condition of enterprises.
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