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Jakub Grabowski

Last-mile logistics: between consumer expectations  
and the illusion of sustainable development

The article addresses the issue of last-mile logistics in the context 

of the dynamic growth of e-commerce and the influence of economic, technolo-

gical, and social megatrends. The starting point is the identification of the gro-

wing role of e-commerce in shaping new patterns of consumption and the related 

consumer expectations – concerning the speed and flexibility of delivery, process 

transparency, as well as the ecological character of services. The subsequent sec-

 

cluding fleet electrification, the introduction of electric bicycles, the development 

-

rials. It is emphasized that these activities are of both operational and reputational 

significance, becoming an important element of building competitive advantage 

discrepancies between corporate declarations and actual environmental outco-

mes. In this context, the phenomenon of greenwashing is examined, understood 

as the ostensible engagement in environmental issues that is not reflected in ope-

rational practice. It is underlined that growing consumer awareness necessitates 

the transparent reporting of activities and the presentation of measurable indicators 

of emission reduction and environmental impact mitigation. The conclusions drawn 

from the study indicate that the future of last-mile logistics will depend on the abi-

lity of enterprises to translate pro-environmental strategies into tangible, measur- 

-

washing and to establish the foundations for genuinely sustainable development 

in the e-commerce sector.

last-mile logistics, e-commerce, e-consumer, megatrends, sustainable 

development, greenwashing

Jakub Grabowski  
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Introduction

E-commerce represents one of the most dynamically developing segments of the con-

temporary economy. Its expansion is the result of the synergy of several processes – 

the widespread availability of Internet access, the growing digitalization of everyday con-

sumer practices, as well as social and demographic changes that foster greater openness 

to new forms of shopping. Online purchases are becoming not only a convenient alterna-

tive to traditional sales channels but, in many cases, the primary form of acquiring goods 

and services. Increasingly, e-commerce is no longer regarded as a supplement to the retail 

-

els, and customer service standards are being shaped.

This phenomenon is accompanied by growing consumer awareness, with individu-

als attaching increasing importance not only to the product itself but also to the qual-

ity of the entire purchasing process. Crucial factors include the speed and timeliness 

of delivery, the possibility of choosing a flexible place and time of receipt, service trans-

parency, and compliance with environmental and social values. The last-mile delivery 

stage becomes particularly critical – it closes the logistics chain and directly influences 

the final consumer experience. It is precisely at this stage that both opportunities for 



Last-mile logistics: between consumer expectations...

7

These requirements pose growing challenges for enterprises operating in the e-com-

merce sector. Global megatrends – such as advancing digitalization and automation, 

the green transformation of the economy, regulatory pressure regarding environmen-

for the functioning of logistics. Companies are compelled to combine cost efficiency 

-

sifying competition and consumer pressure, declarations concerning “green logistics” 

and pro-environmental solutions increasingly fall within the scope of critical debate 

on the authenticity of corporate actions, with the phenomenon of greenwashing becoming 

The purpose of this article is to provide a critical analysis of last-mile delivery pro-

cesses in e-commerce, both from organizational and consumer perspectives. Particular 

attention is devoted to identifying the megatrends shaping delivery models, examining 

as assessing the significance of solutions associated with sustainable development.  

-

prises in order to evaluate the extent to which the green narrative of logistics is reflected 

in operational reality.

On this basis, the following research questions have been formulated:

 – What technological, social, and environmental megatrends are currently influencing 

the shaping of last-mile delivery models?

 –

service standards in e-commerce?

 – Do practices described as sustainable represent a genuine factor influencing consumer 

the phenomenon of greenwashing?

Challenges of business development in a dynamic environment – 

sectoral context

Contemporary enterprises operate under conditions of rapid volatility and unpredicta-

bility. The energy transition, geopolitical tensions, advancing digitalization of processes, 

and rising consumer expectations increasingly render classical models of organizational 

management inadequate. In their place emerges the necessity of continuous adaptation, 

flexibility, and anticipatory responses to disruptions and ongoing changes. In logistics 

into operational and strategic challenges related to costs, delivery times, supply chain 

structures, and the growing importance of the ecological dimension. The expanding share 

of e-commerce, the shortening of product life cycles, the progression of urbanization, 

2023, p. 19].

and the difficulty of unambiguously predicting the direction of change. This is commonly 

referred to as VUCA conditions – volatility, uncertainty, complexity, and ambiguity [Gao 

et al. 2021, p. 467]. Enterprises must operate in the context of ongoing transformations 
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change effects impacting transport infrastructure.

The ongoing digital transformation is also of considerable significance. It repre-

sents one of the main currents of change, introducing technologies such as the Internet 

automation into the economy – including logistics sector. Their application enables route 

optimization, inventory management, real-time temperature monitoring, and forecasting 

of delivery disruptions. These technologies also open broad opportunities for managing 

-

-

erate new challenges. They require investment, process redesign, digital competencies, 

transformation leaders and entities with limited flexibility. The ability to meet the demands 

potential of enterprises providing logistics services, especially those catering to individ-

ual consumers. This approach assumes an understanding of a company’s competitiveness 

in a dynamic dimension – the fundamental capacity to perceive changes both in the exter-

nal and internal environment and to adapt to them in such a way that the resulting profit 

flows ensure the long-term functioning of the enterprise [Garelli 2003, p. 5].

Another element determining the operating conditions of enterprises, including those 

in the logistics sector, is regulation. The European Union is implementing ambitious cli-

sector is one of the main sources of greenhouse gas emissions, which results in pressure 

for decarbonization and the adoption of a circular economy model. Operators must adapt 

-

context, rising consumer environmental awareness may also be of significance, as it often 

compels producers or service providers to adopt specific behaviors. In the broadly under-

stood logistics industry, consumer expectations are increasingly driving the provision 

2020, p. 1177].

With the digitalization and automation of logistics, there also arises the necessity 

ready to respond immediately to environmental changes. The capacity for experimenta-

tion, iterative development, and real-time testing of solutions is becoming one of the fun-

damental competencies of future-oriented firms [Senge 1990, pp. 4–5, 17–18]. Although 

such aspects may be invisible from the customer’s perspective, they nonetheless shape 

involve the need to develop so-called green competencies, which, depending on the sec-

Parallel to the transformational challenges of ecology and digitalization, serious social 
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-

eries translates into cost pressure on employees.

Importantly, individual customers are increasingly guided by social and environ-

mental values when choosing service providers. Transparency, ethical certifications, 

-

sive criteria for consumer loyalty [infuture.institute 2024].

In summary, it can be indicated that logistics enterprises, operating in a dynamic envi-

ronment, must redefine their roles by transforming from operators of physical processes 

-

ment in this sector is not about geographical expansion – it is about profound adaptation 

to megatrends, social expectations, and standards of responsibility.

Megatrends as determinants of business decisions

the future. One of the fundamental analytical tools used for this purpose is the identi-

of megatrends is particularly significant, as this industry constitutes the direct interface 

between technology, the economy, and the consumer.

[infuture.institute 2024], the most important trends influencing logistics include: digital-

transparency, the economy of time, personalization, urbanization, and the green transfor-

mation. These are systemic factors that permanently alter companies’ operational models 

One of the most dominant technological megatrends is digitalization. In the logistics 

sector, it signifies not only the introduction of digital technologies into selected processes 

but, above all, the transition to real-time data management, system integration, and event 

prediction. Technologies such as AI, IoT, machine learning, and predictive analytics en- 

into dynamic route planning, warehouse automation, inventory optimization, the identi-

-

transparency and an element of building trust with customers.

A second important trend is automation. This aspect can influence various indus-

tries to differing degrees, depending on the technological processes applied. In logistics, 

sorting stations are particularly significant. These technologies increase efficiency 

and reduce errors, but also require a redesign of warehouses’ physical and process archi-
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tecture [Ellithy et al. 2024, p. 16]. Examples of implementing such solutions can be found 

of shipments daily while maintaining high quality standards. Automation may also extend 

to customer service processes, enabling clients to manage deliveries without the involve-

ment of employees, for instance, by selecting delivery locations or scheduling delivery 

times.

The third pillar of technological transformation is data integration and security. 

-

in logistics enhances the security and immutability of information while also enabling 

-

tation of these technologies is not free from challenges. It requires substantial investment, 

new expertise, the transformation of management models, and the reorganization of entire 

in organizational culture and the absence of a strategic vision for integrating megatrends 

into corporate activity.

-

ingly influencing business decisions in the logistics sector. These processes affect the val-

ues, expectations, and attitudes of both consumers and employees – redefining the foun-

is the transformation of consumption. Consumers increasingly expect fast, inexpen-

sive, and environmentally friendly deliveries, while at the same time becoming more 

socially and environmentally conscious. There is growing acceptance of de-consumption 

models based on minimalism, reuse of resources, and localism, as well as of strategies 

 

p. 420]. In logistics, this may translate into customer expectations that deliveries be car-

-

tions that reduce the carbon footprint.

-

tually every sphere of life, epitomized by the common phrase that “the world has accel-

erated”. In the logistics context, the economy of time manifests itself in consumers val-

forcing logistics operators to invest in predictive systems, real-time communication, 

 

is reinforced by urbanization and changes in household structures. Last-mile delivery  

process. Challenges such as restricted access to city centers, increasing traffic congestion, 

legal constraints, and environmental pressures necessitate new solutions – such as micro-

hubs, bicycle deliveries, shared vehicles, and logistics models based on shipment consol-

idation [Fegde 2025, p. 1].

Environmental megatrends, such as climate change, rising air pollution, and the need 

for decarbonization, directly influence the investment priorities of logistics firms. Com-



Last-mile logistics: between consumer expectations...

11

panies are implementing CO2 reduction strategies, transitioning fleets to electric or hydro-

gen vehicles, utilizing renewable energy in warehouses, and investing in zero-emission 

 

pp. 57–59].

 

is changing under the influence of automation, demographics, and new generational 

diversity, and transparent employment conditions. Logistics companies must respond 

to these needs by offering new models of collaboration, investing in organizational cul-

 

pp. 35–37].

At the intersection of technological, social, and environmental megatrends, new busi-

ness models are emerging. Increasingly, logistics is described as a hybrid service – com-

bining physical transport, digital experiences, and ethical values. The future of the industry 

and responsibility toward the environment. Dynamic technological, social, and environ-

mental transformations are redefining the foundations of logistics enterprises. Whereas 

competitive advantage was once primarily based on scale, costs, and delivery speed, 

today it depends more on operational flexibility, the capacity to absorb innovation, open-

ness to megatrends, and sensitivity to consumer needs. From the end customer’s perspec-

and with what environmental and social consequences. Consumers expect the logistics 

process to be not only fast and inexpensive but also transparent, environmentally respon-

sible, and consistent with their values. The phrase “fast, cheap, sustainable” is therefore 

not merely a slogan – it represents the actual matrix of expectations within which logistics 

companies must now operate.

An integrated approach to megatrends requires that companies’ strategic decisions are 

-

sis of long-term processes. Critical here is the implementation of foresight mechanisms 

– that is, the systematic identification and interpretation of signals of change and their 

that successfully integrate megatrends into their operational models – both technological 

and organizational – gain not only a competitive advantage but also systemic resilience. 

Examples can be found among operators that have transformed their distribution centers 

into automated predictive logistics hubs, deployed zero-emission fleets, or established 

this approach should not be reserved exclusively for large corporations. An increasing 

number of medium-sized firms and local operators are implementing micro-innova-

tions – for example, flexible delivery slot systems, integration with e-commerce plat-

forms, route optimization based on weather data, or infrastructure sharing with other 

entities. The future of logistics lies not in centralization but in the intelligent distribution 

Finally, we observe a transition from logistics being perceived as a technical service 
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the most crucial touchpoint with a brand. Negative experiences in this area may under-

6–7]. Therefore, adaptation to megatrends cannot be selective. Only enterprises that treat 

them as an integrated system of interdependencies – encompassing technology, people, 

 

As one of the sectors most exposed to change and social expectations, logistics today 

faces a choice: either become a creator of sustainable, fast, and inclusive solutions, or be 

pushed aside by more flexible and attentive players.

The consumer in the e-commerce market

with online shopping becoming a daily practice for a significant portion of society. E-com-

merce is no longer a complement to traditional sales channels – it has become an equiva-

lent and, in many areas, a dominant model for the exchange of goods and services. Global 

of the digital economy, contributing to the redefinition of relationships between provid-

ers and consumers. In Poland, similar tendencies are observed: broader Internet access, 

growing digital competencies, and changing lifestyles mean that online shopping now 

spans diverse social groups and is becoming an element of everyday consumption [GUS 

2024, pp. 109, 124].

One of the evident patterns is that e-consumption is most strongly associated with 

the level of educational capital. Individuals with higher education are significantly more 

-

nological innovations as well as better financial conditions enabling access to devices 

and stable Internet connections. At the same time, there is a gradual increase in par-

ticipation among those with lower educational attainment, suggesting that e-commerce 

is becoming increasingly inclusive, although it still does not fully eliminate the barriers 

of digital exclusion [GUS 2024, pp. 109, 124].

Equally clear is the relationship between consumer age and the intensity of online 

shopping. Younger generations – raised in a digital world and treating online shop-

ping as a natural way of acquiring goods – are the most strongly represented. This 

also to introduce solutions that enhance the convenience, speed, and personalization 

points to the growing universality of e-commerce in society. Older age groups remain 

less active; however, even within this segment, participation is gradually increasing – 

partly due to simpler shopping tools and partly as a result of social and family pressures 

[GUS 2024, p. 124].

Occupational activity is another factor differentiating consumer behavior online. 

The most active participants remain employees and students, for whom the Internet 

-
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more traditional business models or preferences for direct purchasing. Among the econom-

ically inactive and retirees, interest in e-commerce is noticeably lower, confirming the the-

 

of consumption [GUS 2024, p. 124].

Interesting regularities can also be observed with respect to the place of residence. 

While city dwellers have long been the natural target group for e-commerce, the growing 

availability of the Internet and logistics infrastructure means that residents of smaller 

towns and rural areas are increasingly engaging in online shopping. This phenomenon 

to be the domain of urban centers and is becoming a standard accessible nationwide. 

At the same time, regional differences persist, which may result from varying levels 

of development in local courier services, logistics, or consumer awareness [GUS 2024,  

pp. 125–126].

The structure of online purchases highlights further characteristic features of the e-con-

sumer. The greatest interest is shown in products that are easy to present online and rel-

atively simple to handle logistically, such as clothing, footwear, cosmetics, or household 

accessories. Consumers simultaneously expect convenience, flexibility in the choice 

in the importance of non-price factors: transaction security, transparency of the purchas-

ing process, and the alignment of seller practices with social and environmental values. 

E-consumers are becoming more conscious – treating a purchase not only as the acqui-

sition of a product but also as an experience that should align with their expectations, 

processes deeper than the mere growth in the number of transactions. Educational, 

age, and occupational factors, as well as place of residence and digital competencies, 

 

to goods, while on the other hand, it reveals disparities in the adoption of new forms  

of consumption. Enterprises operating in this field must therefore not only invest in tech-

nology and logistics but also understand the complex needs and preferences of diverse 

models, logistics processes, and communication methods. Addressing these expectations 

is a prerequisite for maintaining competitiveness in an increasingly demanding digital 

environment. 

The specificity of the last-mile delivery process  

and consumer trends

-

tions, that is, between enterprises. With the growth of online commerce, however, the ser-

of this stage is the final segment of the supply chain – from the moment an order is placed 
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to the delivery of the product at the location chosen by the consumer [Lim et al. 2018,  

p. 310].

This process is considered the most demanding element of logistics service. This results 

from the diversity of shipments, the growing intensity of orders, and the need to adapt 

services to the individualized expectations of recipients. Logistics experts emphasize 

that last-mile delivery generates the highest costs within the entire logistics chain and, 

Gevaers 2009, p. 4]. This stage involves specialized courier companies and express parcel 

In the scientific literature, last-mile delivery is primarily analyzed in three dimen-

p. 4]. Consumer expectations toward this stage of the process are constantly increasing – 

they now encompass not only delivery speed and flexibility but also convenience, ecolog-

ical responsibility, and alignment with a particular lifestyle. Dissatisfaction at this stage 

in e-commerce.

of convenient delivery options. The most popular solutions are those that provide flexibil-

-

place and collections at partner points. Solutions that require the customer’s presence 

Among additional factors motivating online purchases, consumers primarily high-

-

ity regarding delivery times and days, and the option of managing shipments through 

-

venience, is also gaining importance. Although mentioned less frequently, the ecological 

aspect has its place in the hierarchy of expectations – most often in the form of prefer-

[Gemius 2024, pp. 121, 145–146].

-

ers remain the most frequently selected solution, developing extremely dynamically 

in Poland and becoming a part of the everyday landscape. The popularity of this option 

stems both from its widespread availability and from the ability to align parcel collection 

with one’s daily schedule. Consumers are increasingly reluctant to treat a personal receipt 

hours prevent them from being at home at the time of delivery [Gemius 2024, p. 115].

Another area of growing expectations is delivery speed and cost. Customers expect 

free or low-cost shipping while simultaneously demanding that orders be fulfilled 

pressures creates significant challenges for logistics companies, which must reconcile 

economic efficiency with high service quality.



Last-mile logistics: between consumer expectations...

15

experience. In an era of rising environmental awareness, consumers increasingly expect 

-

for building customer relationships and confirming the values that guide the company  

-

nology, logistics, ecology, and consumer expectations converge. This stage is particularly 

sensitive – even small shortcomings can determine customer satisfaction and future brand 

loyalty. The ability to shape this process in a flexible, convenient, and sustainable way 

e-commerce sector. 

Research methodology

The article has a theoretical-analytical character and is based on the method of content 

analysis and literature synthesis. The starting point was the identification of the conditions 

shaping the functioning of logistics processes in e-commerce, with particular empha-

statistics, and consumer research findings published by institutions such as the Central 

The research procedure comprised three stages. The first involved a review of aca-

demic and industry literature, with particular attention to publications on economic meg-

atrends, urban logistics, digitalization, and sustainable development. The second stage 

consisted of an analysis of statistical reports and empirical research results on e-consumer 

influencing consumer loyalty. In the third stage, a synthesis of the collected data was con-

ducted, combining conclusions from quantitative studies with a qualitative interpretation 

A critical approach was applied in the analysis, meaning that not only the declared 

practices and strategies of logistics companies were verified, but also their consistency 

-

munication and the actual level of process sustainability, with the phenomenon of green-

washing analyzed in this context. This made it possible to identify situations in which 

full reflection in operational practice.

The selection of source material was purposeful – focusing on publications and reports 

that present the latest trends in e-commerce in Poland and worldwide, as well as those 

that allow the capture of transformational processes in logistics. A comparative analysis 

of international and domestic data made it possible to place Polish experiences within 

the broader context of global megatrends.

The adopted methodology enabled the formulation of conclusions at both the practical 

-

ical level, addressing ecological and social consequences. Thus, the article combines 
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processes in building competitive advantage and corporate credibility in the eyes of con-

temporary consumers.

Practical ecological solutions in the last-mile delivery process 

to end consumers

In this part of the analysis, the focus is placed exclusively on the ecological aspects 

of last-mile logistics. Earlier sections of the article also addressed other megatrends, such 

environmental issues were selected for in-depth analysis, as in recent years they have 

been particularly emphasized both in the strategies of logistics enterprises and in con-

sumer expectations. Ecology is also an area where the discrepancy between corporate 

-

sion, therefore, allows not only the examination of specific actions but also a critical 

of logistics enterprises. A strategic orientation toward sustainable development stems not 

only from environmental and regulatory requirements but also from economic and repu-

tational considerations. Companies strive to present their positive environmental impact 

as an element of building competitive advantage and a source of customer loyalty. For 

strategies of many operators.

One of the most important ecological solutions in last-mile logistics is the reduction 

of transport-related emissions. In practice, this translates into the electrification of vehi-

cle fleets and experiments with alternative means of transport, such as electric bicycles. 

In recent years, Poland’s largest logistics companies have been consistently implement-

ing such investments. For instance, InPost currently operates nearly 1,300 electric vehi-

being tested – five pilot routes have been selected to examine how bicycles may facilitate 

1.

The development of electric fleets, however, requires significant financial investment, 

-

ual companies are electric. Nevertheless, most companies’ strategic documents highlight 

2 emissions and investing in eco-friendly transport 

solutions. It should also be stressed that the real environmental impact of electric vehi-

cles depends on the energy sources used for charging. Only when powered by renew-

able energy can they be considered fully zero-emission. Logistics companies increas-

1

Fordow_E_Transit.pdf; ; https://

;  https://www.dpd.com/pl/pl/o-dpd/o-dpd-

[accessed: 16.09.2025].
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ingly report data on the share of renewables in their energy mix. InPost, for example,  

declared that in 2024 renewables accounted for 45% of its energy consumption, repre-

senting a 10-percentage-point increase compared to the previous year. The company also 

reported that its absolute greenhouse gas emissions had decreased by 15% compared 

to 2021, with a long-term goal of achieving climate neutrality across the entire value 

chain by 2040 [InPost 2025, pp. 8, 28, 138]. Similar commitments are announced by other 

-
2 

[Geopost 2024, p. 11].

-

and delivered to a single location, thereby reducing the number of courier trips and, con-

CO2 emissions by as much as 75% compared to direct home deliveries [InPost 2025, 

3

role, they must be used appropriately – shipments should be collected “on the way”, for 

the consumer’s home should allow for access on foot or by bicycle. InPost reports that 

figure reaching nearly 90% in urban areas [InPost 2025, p. 26].

-

4

wholly or partly from recycled sources [InPost 2025, p. 153].

Pro-ecological solutions also include other operational measures, such as reducing 

energy consumption in sorting centers through process automation or the use of ener-

gy-efficient lighting. Additional initiatives worth mentioning serve both environmental 

-

-

-

5. InPost, within its sustainable 

development programs, implements initiatives such as eco-returns, the InPost Green 

2 https://group.dhl.com/en/sustainability/sustainability-roadmap.html [accessed: 16.09.2025].
3 accessed: 20.07.2025].
4 [accessed: 16.09.2025].
5 Ibid.
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return systems, and other activities. The company also holds ISO 14001:2015 certifica-

tion for environmental management6.

To systematize the examples of environmental activities presented and indicate their 

summarized below. The table organizes both the main directions of change in the tech-

nological, social, and environmental spheres, as well as their practical implications for 

the logistics sector. It also includes examples of solutions implemented by companies 

-

tation, including the phenomenon of greenwashing, which increasingly undermines 

the authenticity of pro-environmental declarations. This overview shows that last-mile 

-

tives, and their effectiveness depends on both technological innovation and the credibility 

The summary presented in the table confirms that pro-environmental activities in last-

mile logistics should be analyzed in the broader context of technological, social, and envi-

ronmental megatrends. The solutions implemented – from fleet electrification to the devel-

of last-mile logistics on the environment, but their actual effectiveness depends on their 

consistency with the company’s long-term strategy and the scale of implementation. 

In many cases, green initiatives are fragmented and focus on areas that are most visible 

to the customer, which helps to build a positive image but does not always translate into 

measurable environmental results. Therefore, when assessing the effectiveness of pro-en-

vironmental measures, attention should be paid not only to their communicative appeal, 

but above all to actual data on emissions reduction and resource consumption. Only such 

an approach will allow us to distinguish genuine sustainable development practices from 

those that are part of greenwashing rhetoric.

When considering the environmental aspects of logistics, it is therefore essential 

actions must encompass not only the operational phase but also production and subse-

quent disposal. At the same time, consumer behavior plays a critical role, such as collect-

-

aging, or its reuse.

In summary, the range of ecological initiatives in last-mile logistics is broad, covering 

sures implemented on a scale sufficient to bring about genuine environmental improve-

ment, or do they primarily serve a communication function? To avoid accusations 

of greenwashing, logistics enterprises must demonstrate not only appealing initiatives 

but, above all, measurable effectiveness in reducing emissions and lowering their envi-

ronmental footprint.

6 https://inpost.pl/strategia-esg; 

InPost_w_szpitalach.pdf; 

iso-14001-2015-922272.pdf [accessed: 20.09.2025].
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Conclusions

The analysis of last-mile logistics processes shows that the shaping of delivery mod-

els is now largely determined by technological, social, and environmental megatrends. 

Ongoing digitalization and automation of transport processes, urbanization, and increas-

practices

logistycznych

area

 

 

  

of solutions  

Potential  

Technological Digitalization 

of processes, inter-

artificial intelligence 

predictive analytics, 

Improved route plan-

ning and monitoring, 

warehouse automa-

tion, real-time data 

integration, enhanced 

customer service

InPost – automated 

sorting centers;  

systems;  

DPD – parcel  

interoperability, 

cybersecurity threats, 

dependency on tech-

nology providers, 

“innovation”

Social Urbanization, time 

economy, service 

personalization, 

lifestyle changes, 

Growing demand 

for fast and flexible 

deliveries, develop-

better customer 

communication

Partner points 

-

lect; mobile parcel 

management apps

Cost pressure, couri-

er over-exploitation, 

“green consumer 

paradox” – eco-dec-

larations without 

behavioral change

Environmental Green transition, 

decarbonization, 

circular economy, 

ESG reporting

Fleet electrification, 

expansion of parcel 

carbon footprint 

reduction initiatives

InPost – 1,300 

electric vehicles, 

Green City program; 

DPD – 500 electric 

program, ISO 14001 

and 50001 certifi-

cates

-

of unified emission 

measurement meth-

ods, selective report-

ing of achievements

Consumer 

 

Growing environ-

mental awareness, 

demand for transpar-

ency, personalization 

of shopping expe-

rience

Shaping standards 

of “fast, cheap, 

and eco-friendly” 

delivery, focus 

on convenience 

and delivery control

Widespread use 

options, development 

of eco-returns

Inconsistency be-

tween declarations 

and actual behavior 

instead of parcel 

rather than substan-

tive change

Source: own elaboration
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ing regulatory pressure regarding climate protection compel enterprises to redefine their 

strategies. Fleet electrification, the testing of electric bicycles, and the development 

time serving as tools for building competitive advantage and shaping the image of com-

panies as socially responsible entities.

In this process, the preferences of e-consumers play an increasingly important role. 

Expectations regarding the speed and flexibility of deliveries, as well as growing empha-

actual consumer choices – such as the preference for free home deliveries instead of con-

translate into real behavioral changes that support sustainable development.

Finally, the analysis exposes a tension between corporate declarations and the actual 

activities, whose environmental impact is difficult to measure. In such cases, ecological 

-

claims are not supported by transparent data and long-term emission reduction strategies.

In conclusion, the future of last-mile logistics will depend on the ability of enter-

prises to authentically integrate sustainable practices into operational models, along with 

a parallel shift in consumer attitudes. Only then will green logistics cease to be an ele-

as a tangible contribution to environmental protection.
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Organizational adaptability through artificial intelligence 

inteligencji 

 

as a tool to support the operational flexibility and crisis resilience of businesses. 

The purpose of this study was to identify how AI affects the adaptability of companies 

and what benefits and challenges are associated with its implementation. The study 

is based on an analysis of quantitative data obtained from a survey of company repre-

sentatives from various industries and positions. The respondents assessed the degree 

of implementation of AI solutions, the scope of business processes supported, 

and the barriers encountered. The results indicate that AI most often supports deci-

increased adaptability for organizations. The main benefits are streamlined processes, 

AI can significantly enhance an organization’s adaptability, provided it is properly 

implemented and strategically aligned with business goals. 

intelligent systems, flexibility of enterprises, digital transformation, 

innovation 

-

-

-
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-

-

Introduction

-

new tools to increase their resilience and flexibility of operations [Gasz 2024]. One 

of the most promising directions for supporting an organization’s adaptability is the use 

-

Previous research indicates that AI is applied in many areas of business operations 

– from human resource management and financial analysis to customer service and mar-

Despite the growing number of publications in this area, there is still a research gap 

regarding a comprehensive assessment of both the benefits and barriers surrounding 

dents from different levels of management.

The purpose of this article is to examine the impact of implementing AI-based solutions 

on an organization’s adaptability, with a focus on perceived benefits, areas of application, 

and difficulties accompanying implementation. The paper contributes to the existing state 

various economic sectors.

Materials and methods

The article uses a quantitative research method, based on analysis of data from a sur-

vey of 192 respondents representing various industries and positions. The survey was 

-

-

pleted surveys were received, corresponding to a return rate of 76.8%. The study was 

exploratory in nature; therefore, an equal number of respondents from individual occupa-
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tional groups was not assumed. The structure of the sample presented in the charts reflects 

the actual responses obtained in the survey rather than the proportions of invitations sent. 

The aim was to capture the real opinions and experiences of those who chose to participate 

in the study, particularly those directly involved in the processes of AI implementation.

N

panies actively using digital technologies in Poland, the maximum estimation error 

is 7 p.p. at a confidence level of 95%, so the results can be considered representative 

of the analyzed segment.

-

ducted on 10 respondents, which served to clarify the instructions and eliminate unclear 

wording.

The purpose of the paper was to identify the impact of implementing AI-based solu-

associated with their implementation.

Two research hypotheses were posed: 

in perceived operational benefits.

the most important barriers to the implementation of AI in organizations.

To verify the hypotheses and response distributions, chi-square tests of concordance 

were used to assess the statistical significance of deviations from random distributions. 

The tests were conducted for such variables as: position, industry, implementation of AI 

in the organization, benefits and difficulties of implementing AI, and business processes 

supported by the technology. In addition, tests for the significance of differences in pro-

z -

ferent from expectations.

The research results were presented in the form of tables and graphs, which ena-

bled the clear presentation of statistically significant trends. The analytical methods used 

allowed for the identification of areas where AI contributes to an organization’s adapt-

-

The entire analysis was based on an empirical approach, enriched by the interpretation 

of quantitative data in an organizational and technological context. As a result, the study 

provides both specific statistical conclusions and practical implications for companies 

considering implementing AI as a tool to support their adaptation capacity.

Research results and discussion

In the first step of the analysis, the consistency of the distributions of responses 

to the question about the position held was verified. For this purpose, a chi-square test 

of concordance was performed. The results obtained indicated that the distribution 

of positions in the s 2
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= 16.56; p

Z = 2.65; p Z = 

–2.83; p

other positions. The analysis results are illustrated in Figure 1. 

N

N

Source: own research
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Next, the concordance of the distributions of responses to the question about 

the industry was analyzed. For this purpose, a chi-square test of concordance was per-

formed. The results indicated that the distribution of industries in the study group differed 
2 p -

Z = 4.08; p  

Z = 2.04; p -

Z p

Z = –2.04; p

In the next step of the analysis, the concordance of the distribution of responses 

to the question about the implementation of AI-based solutions in the organization was 

verified. For this purpose, a chi-square test of concordance was performed. The results 

indicated that the distribution of responses in the study group differed significantly from 
2 -

nificantly more people indicating that AI-based solutions should be implemented in their 

N

N

Source: own research

The consistency of the distributions of responses to the question about the benefits 

of implementing AI was then verified. For this purpose, a chi-square test of concordance 

was performed. The results of the analysis are shown in Table 1.

process execution time, reduced human error, optimized operating costs, and automation 

-

-

further noted that improvements in customer service were indicated with a frequency 

close to random. 
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The next step in the analysis was to verify the concordance of distributions of responses 

to the question about business processes supported by AI. For this purpose, a chi-square 

test of concordance was performed. The results of the analysis are shown in Table 2.

processes such as office process automation and personalization of customer service, 

-

-

ing and optimization of production processes, supporting innovation and new product 

development, and others. It also showed that optimization of logistics and supply chain 

management was indicated with a frequency close to random.

The final stage of the study was to determine the concordance of the distributions 

of responses to the question about the difficulties encountered in implementing AI. For 

this purpose, a chi-square test of concordance was performed. The results of the analysis 

are shown in Table 3.

-

N

N 

Yes No
2 p

N % N %

Accelerating the execution of business operations 151 78.57% 41 21.43% 63.02

137 71.43% 55 28.57% 35.02

142 74.11% 50 25.89% 44.08

Improving standards and efficiency in dealing with 

customers
86 44.64% 106 55.36% 2.08 0.149

53 27.68% 139 72.32% 38.52

122 63.39% 70 36.61% 14.08

Streamlining employee recruitment, evaluation,  

and development processes
41 21.43% 151 78.57% 63.02

Providing greater ability to adapt to change 51 26.79% 141 73.21% 42.19

50 25.89% 142 74.11% 44.08

33 16.96% 159 83.04% 82.69

No noticeable effects 3 1.79% 189 98.21% 180.19

Source: own research
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N

-

N

Applications of artificial intelligence in enterprises
Yes No

2 p
N % N %

135 70.54% 57 29.46% 31.69

Effective transportation and delivery planning 87 45.54% 105 54.46% 1.69 0.194

Customization of services to meet individual 

customer needs
129 66.96% 63 33.04% 22.69

79 41.07% 113 58.93% 6.02

Customer relationship management 41 21.43% 151 78.57% 63.02

Support in the selection and evaluation of employees 57 29.46% 135 70.54% 31.69

55 28.57% 137 71.43% 35.02

Designing of campaigns and promotional activities 72 37.50% 120 62.50% 12.00

Overseeing production efficiency and quality 77 40.18% 115 59.82% 7.52

Stimulating the creation of innovative solutions 45 23.21% 147 76.79% 54.19

Others 3 1.79% 189 98.21% 178.26

Source: own research

-

N

-

N

Challenges of implementing artificial intelligence
Yes No

2 p
N % N %

118 61.61% 74 38.39% 10.08 0.001

91 47.32% 101 52.68% 0.52 0.470

Difficulty integrating with existing systems 111 58.04% 81 41.96% 4.69

Limited acceptance among employees 63 33.04% 129 66.96% 22.69

Insufficient data to train AI models 106 55.36% 86 44.64% 2.08 0.149

Problems with adapting AI to industry specifications 48 25.00% 144 75.00% 48.00

Source: own research
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-

ficulties such as high implementation costs and difficulties integrating with existing sys-

of competence in the team and insufficient data to train AI models were indicated with 

a frequency close to random. The results of the analysis are illustrated in Figure 4.

N

N

Source: own research

The results of the survey provide important information on how AI is perceived 

and implemented in various sectors of the economy. Statistical analysis showed that 

the structure of respondents’ positions and industries was not a coincidence – IT pro-

fessionals and representatives of the service and trade industries dominated, which may 

indicate that these environments are more open to technological innovation.

implemented in their organizations. This indicates the growing adoption of this technol-

-

mentation of AI is associated with a number of specific operational benefits – in par-

ticular, speeding up process execution, reducing human errors, and lowering operational 

in the literature, which indicates that AI acts as a catalyst for organizational productivity 

and efficiency.

At the same time, data shows that not all of the expected benefits of AI are widely 

-

-

zational flexibility. This may indicate that AI implementations often focus on operational 

rather than strategic aspects of the business. Another possible explanation is the imma-

turity of implementations – organizations may still be in the early stages of adaptation, 

which limits the full potential of AI.



Organizational adaptability through artificial intelligence

31

The results on AI-supported business processes are also interesting. Automation 

-

ing strategies, or supporting innovation. This may suggest that companies are primarily 

In turn, the analysis of barriers to AI implementation confirmed the significant 

challenges faced by organizations. The most common reasons cited were the high 

cost of implementation and the difficulty of integrating with existing IT infrastruc-

ture. Although the literature also often emphasizes the importance of team competence 

suggest that these factors are not perceived as critical to the same extent. This may be due 

to the fact that respondents mainly represented sectors with higher levels of digitization, 

where cultural and competence barriers are lower.

In conclusion, the analysis of the results indicates that AI is an important tool to sup-

port the development of organizations, especially in operational areas. At the same time, 

both technological and organizational aspects. In the future, it is worth conducting further 

comparative studies to assess the differences between industries and the maturity stages 

of AI implementations, depending on the size and type of organization.

Conclusions

The results of the survey clearly confirm that AI plays an important role in strength-

ening the adaptability of organizations, especially in operational and analytical areas. 

Identified benefits, such as process automation, reduction of human error, and cost opti-

mization, indicate that AI can realistically increase the efficiency of companies’ opera-

data analysis reveals that the strategic capabilities of AI – such as supporting management 

decisions, enhancing competitiveness or organizational flexibility – are still being used 

to a limited extent. This may indicate that organizations are at an early stage of digital 

Although the survey was based on a representative sample of 192 respondents 

from various industries, some limitations should be noted. First of all, representatives 

of the service industry and IT departments dominated among the respondents, which 

may have influenced the perception of both the benefits of and barriers to AI implemen-

tation. In addition, the cross-sectional nature of the study does not allow for the analysis 

of the long-term effects of implementing this technology.

-

ture by providing empirical evidence of the relationship between AI implementation 

to AI implementation remain the high cost of implementation and the difficulty of inte-

grating new solutions with existing IT systems. These results are important both in theo-

retical terms – confirming the assumptions of dynamic capability theory – and in practical 
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into account in the implementation process.

implementation barriers and areas with the greatest potential for adaptation can be used 

to shape effective strategies to support the development of innovation and the competi-

tiveness of companies.

It is recommended that further research focus on observing the long-term impact 

of AI on the development of organizations. It is also worth conducting an in-depth anal-

ysis of cross-industry differences and analyzing the impact of the size of an organization 

and its level of digital sophistication on the effectiveness of using AI.
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Uniwersytet 

Q-commerce w Polsce – model konceptualny 
funkcjonowania ultraszybkich dostaw  

w warunkach wysokiej konkurencji detalicznej

Q-commerce in Poland – a conceptual model  
of ultra-fast delivery operations  

in a highly competitive retail environment

 

-

-

-

-

-

model platformowy, model hybrydowy, omnichannel, e-grocery

Q-commerce operations require demanding last-mile logistics that dis-

tinguish them from traditional e-commerce. While international literature empha-
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such pure play strategies succeed in Poland’s exceptionally dense retail environ-

store approaches?

Analysis of eight enterprises operating between 2020–2025 – active operators 

The study identifies three models distinguished by IT infrastructure ownership and 

-

tions, hybrid combining retail stores with proprietary apps, and platform-based 

resilience – nearly all pure play operators ceased operations while infrastructu-

re-leveraging models persist. Paradoxically, “pure” q-commerce proves the most 

-

 

The study shows that international q-commerce typologies require adaptation 

-

guishing criterion alongside physical logistics.

model, hybrid model, omnichannel, e-grocery

-

-

-

 

[Gund i Daniel 2024].

-

-

-

-
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-

-

 

q-commerce w Polsce.

 

-

-

stycznych – model platformowy, personal shopping oraz pure play, czyli model oparty 

-

-

-

-

-

-

-

-

-

wych [Van Campenhout 2023]. 

Cel i metodyka

-

-
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-

-

-

 –

 – -

-

 –

 – -

 –

-

-

-

nieniem trzech modeli: pure play, hybrydowy i platformowy; 

-

-

poszczególnych modeli.
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Modele biznesowe w q-commerce

-

-

 –

Opis i uwagi

Pure play  

-

Carrefour
 

 

-

-

Glovo, Wolt
Platformowy  

-

 

Pure play  

 

wycofane  

 

 

-

 

Source: own study
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 – -

-

 –

-

-

-

 – -

 – -

-

Tabela 2. Porównanie modeli biznesowych e-commerce

Table 2. Comparison of e-commerce business models

 

stores

 

handlowe

transportowe

 

 

i samochody dostawcze 
dostawcy partnerów  

 

Scentralizowany  

 

Zdecentralizowany system 

Kontrola  -

-

Ograniczona  

 

Standardowe  

 

Standardowe procesy  

 
Standardowe procesy  

realizowane  

przez partnerów

Monitoring 

transportowymi

  

Source: own study
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-

 

Sorce: own study
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-

-

-

-

-

Dyskusja

-

-

-

-

-

-

-
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-

-

-

Wnioski

-

-

-

-

-

-

 

-

-

-
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-

-

-

-

ces poszczególnych strategii.
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Poland as a strategic logistics hub on the New Silk Road

Jedwabnym Szlaku

The aim of the study is to identify contemporary challenges and pro-

spects of transport and logistics between China and Poland, with particular empha-

-

ated between the East and the West, it acts as an important bridge connecting Asia 

with Europe, which is conducive to the development of transport and logistics. 

Poland is a central point for many transport corridors, and its role in internatio-

nal trade, especially with China, is growing significantly. The article discusses 

the development of transport infrastructure, including rail and sea connections, 

and plans for the development of logistics centers in Poland. Challenges related 

to customs procedures and international cooperation aimed at simplifying forma-

lities and improving logistics efficiency are also discussed. The future of Poland 

-

structure, the development of intermodal transport, and the improvement of customs 

and administrative processes.

-

-

-
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-

Introduction

China is a growing economic and manufacturing power that is trying to find attrac-

-

but in terms of logistics, it is attractively located on the way to richer and more developed 

-

opment of transport and logistics, Poland can use its location, not only in developing trade 

relations with China, but also in becoming a significant hub on a European scale. Poland 

-

-

2022]. Economic relations between China and Poland have been revived since President 

are also advanced technologies, supply chain optimization, and international cooperation 

that support the economic development of both countries. The dynamic development 

of these areas is a foundation for further trade expansion, contributing to the growth 

-

portation of cargo that exceeds standard dimensions and/or weight limits. Its importance 

is growing in China–Poland logistics, especially for goods such as wind power plant 

2021]. Oversize transport requires detailed planning – from permits and pilot escorts 

and the development of infrastructure dedicated to oversize transport has become one 

It is also important to note the obstacles facing oversize transport, including infra-

and adapt routes and terminals for oversize cargo handling.
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Research aim and methodology

The aim of the study is to assess Poland’s role in the transport system connecting 

China and the European Union, with particular emphasis on the conditions and devel-

-

The research is based on a review of academic literature, strategic policy documents, 

and statistical data on rail, sea, and road transport between China and Poland. A compar-

ative assessment of selected efficiency and cost indicators was also conducted, enabling 

the formulation of both theoretical and practical conclusions.

Analysis results

the development of transport infrastructure and trade agreements. Poland is investing 

of goods between the two countries.

-

ture development strategy. The initiative aims to improve trade connectivity between 

-

as the name suggests, on the development of sea routes. It focuses on ports and infra-

structure in Southeast Asia, East Africa, and Europe.

1. Infrastructure development,

2. Facilitating international trade,

3. Strengthening cooperation with participating countries in many fields,

4. Diversification of routes.

Asia, Europe, Africa, and Latin America. The participants include both developing 
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location as a gateway to Central and Western Europe. It is an important point on the trans-

port map connecting Asia with Europe, which has a positive impact on the development 

of the economy, infrastructure, and international relations.

Trade relations between Poland and China have been developing dynamically since 

greater importance. Currently, China is one of Poland’s most important economic part-

2017]. This includes not only the exchange of goods, but also cooperation in various 

sectors, such as technology and innovation. Currently, Poland cooperates with China not 

-

tive is a cooperation of 16 European countries with China, which supports the develop-

[tons]

 

of transport
Main routes

Industrial machinery 112 45 rail-road

Wind turbine parts 48 32 road

Construction modules 67 28 intermodal

Source: own study

Ensuring smooth logistics connections also includes addressing customs and regula-

-

itate trade. In order to fully exploit the potential of trade cooperation between Poland 

and China, it is necessary to simplify customs and administrative procedures. Complex 

formalities, as well as differences in regulations and lengthy customs clearance processes, 

can lead to delays and increased logistics costs, thus reducing trade profits. Streamlining 

customs and other regulations would allow for faster flow of goods, reducing bureau-

cracy and improving the efficiency of the entire supply chain. Introducing uniform stand-

ards and digitalizing customs processes, along with mutual recognition of certificates 

and trade documents, could significantly increase the competitiveness of Polish and Chi-

support increased investment and the creation of new business opportunities for compa-

nies operating in the transport and logistics sector [Antonowicz 2023].



Poland as a strategic logistics hub on the New Silk Road

51

segment, it is often marginalized in the literature, even though oversize transport pre-

sents significant infrastructural and procedural challenges. It requires special approaches 

in route planning, customs clearance, and international cooperation.

Freight train connections between China and Poland have developed dynamically 

-

The expansion continued in October 2013, when another rail connection between 

-

transport from China to Poland has proven to be cost-competitive, a result of flexible 

and well-adapted logistics planning. Furthermore, rail transport is perceived as a reli-

able and safe mode of shipping, unaffected by current geopolitical conflicts, thus ensur-

ing stable supply chains [Gan 2022].

Sea transport also plays a crucial role in the movement of cargo between China 

and Poland. Goods shipped from the eastern coast of China to Western Europe typically 

-

-

enced a significant increase in transshipment, underlining its expanding role in European 

logistics. Notably, in 2021, the port achieved a record throughput of 53.2 million tons 

in its history.

-

-

transport. The increasing emphasis on expanding e-commerce across Europe has drawn 

Chinese companies to invest in Polish logistics connections, and further Chinese invest-

ment in logistics services in Poland is expected to grow in the coming years.

Countries such as Poland, due to their central location in Europe, serve as important 

-

port infrastructure and logistics facilities that facilitate the flow of goods. There is another 

logistics center of great importance for the trade connection between China and Poland. 
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for the Chinese, and it is necessary to prepare the infrastructure to improve transship-

of establishing logistics centers to improve the flow of goods. These centers can serve 

writes about their potential development:

Despite trade difficulties of a political nature, transshipment at the border railway 

station reached 7 million tons of cargo per year. The excellent geographical location 

4, currently results in increased interest of large logistics companies in the border infra

structure of this area. A terminal capable of handling 100 thousand containers (TEU) 

per year, belonging to a Czech operator, was built. PKP Cargo purchased a 30 ha plot 

prehensive infrastructure supporting transport in relations with the Far East. Talks with 

nese authorities 

As the author of the text predicts, Polish logistics centers have their future in coopera-

tion with China. The current situation, despite certain difficulties, offers many promising 

of road infrastructure in the eastern part of Poland. The creation of new logistics centers 

alone will not be sufficient to use the full potential of this region.

account the specific cost structures and efficiency indicators characteristic of rail, sea, 

and road transport, as these modes constitute the main arteries of the Sino-Polish logistics 

corridor.

Rail transport stands out for its balanced ratio of operational cost to delivery speed. 

The primary cost components include infrastructure access fees, locomotive and wagon 

-

der crossing fees. According to recent operational practices, the rail transport of con-

routes, is competitive largely due to flexible route planning and high cargo consoli-

dation, which optimize train utilization. Cost per container decreases with increased 

train load and frequency. Additional expenses are related to transshipment at border 

-

dures. While geopolitical tensions may affect route selection, they do not significantly 

increase direct costs, as rail remains less exposed to sudden price fluctuations than road 
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Sea transport is generally the most cost-effective option in terms of unit price 

-

an 11% year-on-year increase in cargo throughput, indicating growing economies of scale 

, while offering the greatest flexibility, is typically the most expensive 

 

nated by fuel, driver wages, tolls, vehicle maintenance, insurance, and administrative per-

-

sibility is highly dependent on full vehicle utilization, regulatory restrictions, and infra-

structure conditions across transit countries.

transport currently achieves average transit times of 14 days from China to Poland, with 

Sea transport, despite lower costs, offers less predictability due to possible port conges-

is less scalable and more susceptible to delays at borders [Pugacewicz 2022].

Comparing the three main modes, rail is often the preferred solution for balanced 

shipments that prioritize both time and cost. Sea transport remains unrivaled for large-

of standard intermodal units.

of goods between China and Poland more efficient and smoother, in particular, through 

the following measures:

1. Investing in infrastructure.

Poland should continue to invest in and modernize its transport infrastructure, includ-

ing roads, railways, and ports. It is particularly important to support the development 

of infrastructure in eastern Poland to facilitate transport to and from the borders with 

-

modal terminals, i.e., platforms enabling transshipment, connected to TEN-T transport 

2. Promoting intermodal transport.

Intermodal transport is one that combines rail, road, and sea transport, allowing 

for more efficient management of the flow of goods. Poland should develop a net-
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fast transshipment between different means of transport. These actions may include 

the introduction of uniform operational standards, raising the standard of warehouse 

infrastructure, and digitalization of logistics processes, which will reduce downtime 

The focus should be on developing efficient logistics solutions to support cross-border 

e-commerce between Poland and China. The dynamic development of e-commerce 

between Poland and China requires efficient logistics solutions. Investing in the devel-

opment of distribution centers and warehouses supporting e-commerce will ensure 

fast order processing and delivery. It is also important to streamline customs proce-

dures through automation and digitalization, which will shorten the clearance time 

of goods and reduce operating costs for companies [Wiewiór 2021].

4. Promoting technology integration.

to increase visibility, traceability, and overall efficiency in the supply chain. These 

technologies support real-time monitoring of shipments, giving the possibility of bet-

of logistics processes and warehouse automation contribute to increasing the effi-

Engaging in regular dialogues between countries, along with Poland’s active par-

-

transport and logistics policies, supporting the development of integrated transport 

corridors and facilitating trade.

-

important ways companies compete is through investment in modern, specialized equip-

ment capable of handling heavy and non-standard cargo. This includes extendable trail-

ers, modular platforms, cranes, and escort vehicles, all of which are essential for the safe 

and efficient movement of oversize loads. The ability to offer tailored transport solutions 

– such as designing optimal routes, arranging for special permits, and managing pilot car 

escorts – provides companies with a significant competitive advantage.

Another crucial aspect is the development of strong relationships with local author-

ities and border agencies. Navigating the complex regulatory environment for oversize 

shipments requires not only deep expertise but also established connections that can help 

expedite permits and border crossings. Companies that are able to streamline administra-

tive processes and minimize delays are better positioned to attract clients with time-sen-

sitive cargo.

Leading operators utilize advanced route planning software, real-time cargo monitoring 

systems, and digital document management platforms to enhance transparency, safety, 
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documentation online builds trust and adds value to the service.

Finally, many companies compete by offering comprehensive, door-to-door logistics 

-

A comprehensive analysis of China–Poland freight transport from the Polish perspec-

tive reveals a set of unique opportunities and challenges that are often underrepresented 

in broader, internationally focused studies. Poland’s geographical position as a gateway 

to the European Union gives it a strategic advantage, enabling the country to play a pivotal 

-

transit of Chinese goods into the EU but also have substantial local and national economic 

From the Polish point of view, logistical investments are not solely about accom-

modating growing East-West trade volumes. They also serve as a catalyst for domestic 

innovation and capacity building within the logistics sector. Polish transport and logistics 

companies face the dual challenge of meeting international service standards while simul-

-

ernment’s efforts to streamline customs procedures, invest in intermodal infrastructure, 

and foster the digitalization of logistics processes demonstrate a commitment to strength-

ening Poland’s role as a regional logistics leader.

-

ence on geopolitical stability in Eastern Europe and the need for continuous infrastructure 

trade with the development of value-added services and domestic supply chains.

Summary

Transport and logistics cooperation between Poland and China plays an important 

Poland, due to its geographical location, connects the East with the West. This means 

that Poland is playing an increasingly important role as a transit hub, facilitating the flow 

of goods on a large scale.

This is associated with numerous development opportunities that can contribute 

-

ever, this potential requires consistent actions, including further investments in transport 

-

minals, and smoothing of customs processes. Openness to international dialogue should 

also not be forgotten, which serves to build lasting trade relations and allows for effective 

diplomatic and economic cooperation, Poland will be able to fully develop and become 
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Oversize transport is currently one of the most important segments in the expanding 

logistics exchange between China and Poland. The growing number of infrastructure 

-

ments. Proper modernization of infrastructure, digitalization of procedures, and effective 

-

only to be a transit country but also to become a center for oversize transport services for 

the entire Central and Eastern Europe.
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Green transformation of logistics through technological 
innovations to reduce CO2 emissions  

in courier companies – case study

2  
w firmach kurierskich – case study

The study aimed to evaluate how technological innovations drive 

the green transformation of logistics in courier companies and reduce CO2 emis-

and InPost – representing different operational scales and technological maturity. 

2

of ESG reporting, climate policies, and technology integration. The analysis cov-

ered 2023–2024 data from verified corporate and institutional sources, including 

sustainability reports and EU databases. The results show that companies achiev-

ing the highest emission reductions are those integrating technological, organiza-

-

eries. Company size proved less significant than the coherence between digitaliza-

electrification indicators with technological and organizational maturity, creating 

-

tics transformation. Practically, the findings can support logistics operators, city 

scalable technologies, data-driven fleet management, and standardized ESG report-
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ing. Future research should include life-cycle assessments and explore emerging 

solutions such as hydrogen propulsion, autonomous delivery systems, and AI-based 

route optimization to advance climate-neutral logistics by 2040.

green logistics, CO2 reduction, last mile delivery, ESG, electric vehi-

cles, digital transformation, sustainability 

2

-

-

2e 

-

-

-

-

-

-

-

-

-

2

Introduction

of e-commerce and increased consumer expectations for speed and delivery availabil-

-
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especially the so-called “last mile” segment, which is characterized by high fragmenta-

solutions to maintain service efficiency and meet increasingly stringent environmental 

2023].

In response to these challenges, increasing attention is being paid to the green trans-

formation of logistics, with technological innovation at its core. The deployment of elec-

tric delivery vehicles, innovative route optimization platforms, real-time data-driven fleet 

supporting emission reductions. Despite the dynamic development of these technologies, 

their actual environmental impact, efficiency of deployment, and scalability of solutions 

in different business models remain issues that require in-depth analysis [Erdem, Dogan 

2023; Liu et al. 2024; Dzwigol et al. 2021].

The issues addressed in this paper focus on assessing how technological innovations 

contribute to CO2 reduction in courier companies and comparing decarbonization strate-

include the effectiveness of the solutions used, the level of technology integration with 

existing operational systems, and the implementation barriers encountered by companies 

operating locally and globally.

Despite the growing interest in sustainable logistics, the current state of research 

shows several important gaps. First, there is a paucity of comparisons between companies 

factors for green transformation. Second, analyses to date are often limited to declarative 

data in ESG reports, omitting quantitative assessment of deployed technologies’ effec-

tiveness in real emission reductions.

-

izing regional or national companies that can implement more flexible, locally tailored 

provide the most valuable insights into optimal decarbonization strategies in the logistics 

sector.

-

ronmental strategies, fleet structure, technology investments, and measurable emissions 

reductions between 2023 and 2024.

The aim of the study was to identify how the integration of modern technological 

and organizational solutions within courier companies supports the reduction of green-

house gas emissions, and to determine the factors that enhance or limit the effective-

ness of green transformation in last-mile logistics. The research was intended to pro-

vide practical insights into how different business models and environmental strategies 

influence the real outcomes of decarbonization efforts in the courier sector. The research 

-

tems with varying levels of technological advancement. The analysis includes data from 

2023 and 2024, sourced from the latest publicly available environmental reports as well 

-
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-

pean Environment Agency. The use of these data enables an assessment of the current 

level of implementation of decarbonization strategies and a comparison of the outcomes 

of innovation deployment in last-mile logistics. 

Materials and methods

The study was based exclusively on publicly available, primary and secondary insti-

2024], as well as studies by the European Environment Agency [2024], ICCT [2021; 

-

liography were used as source material for indicator extraction, data verification, 

in line with “accessed” notes in the bibliography.

-

-

-

The substantive scope covered CO2 reduction technologies in last-mile deliveries 

-

-

-

tive-quantitative analysis:

1. Identification of indicators and definitions – a standard set of measures was derived 

from the bibliography and article content: CO2e/parcel, total CO2e, number of EVs, 

2. Data extraction – numerical and declarative values were drawn from company reports 

source did not provide complete information, triangulation with other cited sources 

was used.

ensured for cross-company comparisons.
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4. Normalization and calculations – to ensure comparability, the following procedures 

were applied:

 – “per parcel” standardization: if only total emissions and parcel volumes were 

reported, the indicator CO2e/parcel = total CO2e/number of parcels was calcu-

lated; when company indicators were available, reported values were used;

 – generalization of EV share: calculated as EVs/last-mile fleet vehicles on the given 

 –

-

and shares, emission indicators, ESG declarations and verifications, and differences 

in last-mile models. 

 – Quantitative – comparison of CO2e/parcel, total CO2e, EV numbers and shares, y/y 

-

 – Qualitative – assessment of climate policy maturity through: presence of neutrality 

-

These criteria and assignments were reflected in comparative tables.

-

mated values. 

Assumptions and limitations:

-

metric model. 

the tables clearly noted such cases. 

sources. 

The concept of ecologistics in sustainable logistics management

The term ecologistics refers to an integrated approach to logistics that combines oper-

defined as waste logistics, disposal, reuse, recycling, as well as the post-sale supply chain 

environmental impact of logistics processes while maintaining efficiency and compet-
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itiveness. Ecologistics, understood as a set of multidirectional and complex initiatives 

-

mentally friendly procedures in the areas of collection, storage, transportation, recovery, 

 – electrification of the transport fleet,

 – delivery route optimization,

 – automation and digitization of logistics processes,

 – integration with renewable energy sources,

 – waste and emission minimization within the supply chain,

 –

In the literature, ecologistics is considered part of the broader concept of green 

2023, p. 155], particularly in the area of last-mile delivery, which has the highest envi-

ronmental impact. 

The last mile is the final stage of the logistics process within the supply chain, encom-

passing the physical delivery of a parcel from a warehouse, distribution center, or trans-

stage is considered one of the most complex and costly logistics phases due to the neces-

sity of fulfilling individualized deliveries to a broad and thus highly diverse customer 

or rural areas characterized by significant dispersion. The last mile includes not only par-

cel delivery but also handling of returns, complaints, or misdeliveries. From the perspec-

tive of courier companies, it is a crucial area for building customer experience and com-

petitive advantage, especially in light of increasing expectations regarding the speed, 

Legal and regulatory framework

The green transformation of logistics is strongly supported and driven by interna-

 – European Green Deal – an EU strategy aiming to achieve climate neutrality by 2050 

 –

 –

-

 – 2 emission standards for commercial and light-duty vehicles.

At the national level, many countries are introducing additional incentives to support 

ecological restructuring: subsidies for electric vehicles, tax reliefs, funding for charging 

infrastructure development, clean transport zones in urban areas, and subsidies for renew-

able energy.
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Technological progress forms the foundation for achieving environmental goals 

to adapt to new requirements include:

 – electric and hydrogen vehicles, which reduce CO2 emissions at the operational level, 

especially in urban last-mile transport;

 –

route optimization, driving style monitoring, and fuel and energy savings [Potdar, 

 – -

2021, pp. 9–18];

 – -

vidual deliveries and thus significantly reduce emissions from the so-called last mile 

 –

 –

supporting automated demand forecasting, load optimization, and delivery scheduling 

 –

-

tainable development. These technologies also play a crucial role in meeting increasingly 

2 fleet regula-

tions, and ESG reporting obligations.

Research results

The development of electric vehicle fleets in Europe in the years 2020–2025 reflects 

the response to the escalating climate crisis. The European Union implemented the Euro-

pean Green Deal strategy, which includes achieving climate neutrality by 2050 and reduc-

ing greenhouse gas emissions in high-emission sectors such as transport [The European 

Green Deal 2020]. A particular focus has been placed on urban deliveries, which contrib-

-

rier fleets, supported by public policies and logistics operators’ private investments,  

-

 

-

ber of electric vans in Europe exceeded 200,000 and their share in new registrations 

-

structure expanded significantly, with public charging points increasing from 130,000 

in 2020 to over 700,000 in 2023 [European Environment Agency 2024, pp. 15–17].
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Emission reductions were particularly notable among newly registered delivery vehi-

cles – the average CO2 emissions in the EU decreased by over 10% within three years 

[ICCT 2023, pp. 11–12]. Leading courier companies support this transformation: Ama-

its proprietary electric StreetScooter vehicles and plans to operate 80,000 zero-emission 

Year

fleets

of EVs 

fleets

 

 

 

 

2020 < 50,000 < 1%
No significant 

reduction

~130,000 public 

charging points

Amazon: 1,800 e-vans;  

 

2021 ~70,000 ~1%
~350,000 

charging points

Amazon: continued development; 

 

InPost: 500 EVs in Poland

2022
~100– 

–120,000
~1.2%

–5%  ~520,000 

charging points

Amazon: €1 billion investment 

InPost: expansion to France

2023 >200,000 ~1.5–2%
–11%  ~700,000 

charging points

vehicles in Germany, 45 million 

parcels delivered emission-free; 

over 1,000 EVs and hybrids

2024*

~300– 

–400,000 ~2%

Continued 

reduction 

expected

~1 million 

charging points 
>20,000 EVs; InPost: expansion 

program

2025*
>500,000 

3–5%
Target: –15% 

compared to 2021

>1.2 million 

charging points 

Amazon: implementation of 10,000 

InPost: last-mile carbon neutrality

Source: own elaboration based on data from [European Environment Agency 2024; ICCT 2021, 2023;  

-

Case studies: Amazon, DHL, InPost

As one of the most prominent e-commerce players in the world, Amazon operates 

an extensive logistics infrastructure, handling millions of orders daily. In 2019, the com-

pany announced “The Climate Pledge” – a commitment to achieve climate neutrality by 

2040, ten years ahead of the target set in the Paris Agreement.



Green transformation of logistics through technological innovations...

67

The company invested in over 100,000 electric vans to reduce transport-related emis-

of parcels using electric vehicles, gradually introducing autonomous robots and drones 

in test locations [Alverhed et al. 2024].

In 2023, Amazon achieved an annual 13% reduction in CO2 emissions despite increased 

order volume. The electric fleet primarily serves countries with a well-developed charging 

logistics. The company was the first in Europe to begin the mass production of electric 

-

pany reduced its emissions to 33.27 million tonnes of CO2, representing a decline 

of over 11% compared to previous years. Despite its smaller operational scale, InPost, 

a leading Polish courier company, has achieved significant success in emission reduc-

the company achieves up to 75% lower CO2 emissions per parcel than traditional door-

to-door delivery. InPost operates the largest electric vehicle fleet among courier compa-

program in 54 cities.

in fleet

CO2

sions  

 

Amazon
> 5 billion 

globally

Deployment 

of 100,000 EVs 

EV vans  

drones, delivery 

robots

–13% CO2 

per parcel 

YoY

AI-based route 

optimization, 

regionalization 

> 1.8 billion 

parcels 

globally

StreetScooter, 

hydrogen vehicle 

pilots

33.27 

million 

tons CO2e 

In-house EV 

production, use 

of renewable energy 

in warehouses, 

automation

InPost 891.9 million
30% of urban fleet 

solar-powered 

–75% CO2 

emissions 

per parcel 
AI-based location 

forecasting, Green City 

programme
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Comparison of the environmental policies  

of the analyzed companies

transformation of logistics, a comparison of their environmental strategies was conducted 

and the integration of strategy with the management system.

of the first signatories of the Climate Pledge initiative. The company invests in electric 

-

-

the “GoGreen” strategy and aims to achieve net-zero emissions by 2050. The company 

Despite operating on a smaller scale, InPost has implemented a comprehensive 

“Green Vision 2040” strategy, aiming to achieve climate neutrality by 2040. The com-

-

-

eco-depots, and the “Green City” program.

Table 3. ESG commitments and climate strategies of selected courier companies 

Criterion InPost

Climate neutrality target 2040 2050 2040

ESG strategy
Yes – proprietary 

strategy
Yes – “GoGreen” Yes – “Green Vision 2040”

No Yes Yes

ESG reporting Partial, internal
Comprehensive  Comprehensive  

None Partial Yes

for achieving climate neutrality, the existence and nature of ESG strategies, approval 

-
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It was indicated that both Amazon and InPost plan to achieve climate neutrality by 

strategy, Amazon has not obtained such certification. The scope of ESG reporting var-

ies significantly among the companies – Amazon limits itself to internal documentation, 

level of integration of ESG strategy with corporate governance.

Table 4. ESG reporting standards, verification and transparency of environmental goals

Amazon
No unified standard;  

own ESG report

General declarations;  

limited measurability

 Clearly defined  

and measurable goals

InPost
 

parcel-level LCA assessments

Significant differences between the companies were identified. Amazon does not 

in the generality of its declarations and the limited measurability of its targets. In con-

life cycle assessments for individual shipments.

CO2

Amazon 80.8 g CO2

~120 g CO2

InPost <50 g CO2
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Table 4 compares CO2 emissions per parcel and the number of EVs operated by Ama-

-

ations at the unit level and the scale of low-emission fleet deployment.

The lowest carbon footprint per delivery was recorded by InPost – below 50 g CO2 per 

delivery system. This indicates that environmental efficiency per delivery unit depends 

on the number of low-emission vehicles, the adopted operational model, and the degree 

of last-mile optimization.

In the face of increasingly stringent climate regulations, the logistics sector faces 

the challenge of reducing greenhouse gas emissions. Analyzing pro-environmental initia-

strategies for implementing low-emission solutions and the prospects for their further 

development.

As a global leader in parcel volume, Amazon focuses on electrifying its deliv-

the United States is expected, along with the continued deployment of advanced drone 

and robot technologies to reduce CO2 emissions in last-mile deliveries. Furthermore, 

developing artificial intelligence algorithms will enable more precise route optimization, 

-

ume and material usage. Another important development area may be the construction 

of zero-emission logistics centers powered by renewable energy. In the context of its 

environmental policy and the goal of achieving climate neutrality by 2040, the company 

-

ESG reporting system.

strategy based on diversifying transport technologies. The company’s future develop-

ment may focus on deploying hydrogen-powered heavy vehicles, which can signifi-

cantly reduce emissions in long-haul transport. The further expansion of zero-emission 

anticipated direction. The company is expected to invest in its own renewable energy 

-

print at the level of individual shipments will play a significant role. The next stage will 

-

ing climate neutrality by 2050. The company has a well-established reporting structure 

and approved climate targets, which provide a solid foundation for further development. 

It is expected that low-emission solutions will be scaled globally, ESG management will 

become increasingly automated, and new initiatives will be implemented in line with EU 

taxonomy requirements.
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InPost demonstrates considerable potential for further CO2 emission reductions per 

-

deliveries, particularly in densely populated urban areas. The company may also inte-

using data and artificial intelligence to optimally deploy vehicle fleets, charging points, 

and other infrastructure elements, reducing its carbon footprint and lowering operational 

costs. InPost has the broadest scope of ESG activities among the companies analyzed 

and a target of achieving climate neutrality by 2040, positioning it advantageously for 

continued growth. 

Discussion

The research presented in this study on the green transformation of logistics in courier 

-

yses on sustainable development and transport decarbonization, providing a significant 

contribution to the empirical understanding of the effectiveness of technological inno-

vations in reducing CO2

on a comparative analysis of actual reporting data from 2023–2024, enabling the identi-

fication of relationships between operational scale and the effectiveness of low-emission 

-

2

to determine differences between the analyzed operators but also to verify the practical 

outcomes of transformation at the unit level.

The results confirm that company size alone does not determine the effectiveness 

of decarbonization—what matters most is the consistency of the technological-organiza-

tional strategy and the degree of integration between ESG reporting systems and oper-

Climent [2021], who demonstrated that innovations in transport yield measurable envi-

ronmental effects only when fully integrated with service-oriented models and digital 

confirms that sustainable last-mile logistics development requires synergy between tech-

nology, organization, and ecological awareness among both enterprises and consumers—

The results concerning varying levels of corporate engagement in formalizing ESG 

-

tal maturity is not always proportional to global scale. Amazon, despite its vast delivery 

of reporting transparency, whereas InPost, as a regional operator, maintains a high level 

were made by Nagy and Szentesi [2024], who emphasized that the effectiveness of eco-

logical transformation depends more on internal management culture and pro-environ-

mental leadership than on an organization’s financial potential.
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An important element of the discussion is also the confirmation of the findings 

of Larina et al. [2021], indicating that transport accounts for approximately one-quar-

ter of global CO2 -

lyzed study confirms that the courier sector, as one of the most energy-intensive seg-

ments of urban logistics, requires the implementation of multidimensional strategies 

that combine fleet electrification, process automation, and the use of renewable energy 

sources. The examples analyzed demonstrate that only the parallel realization of these 

three components leads to real emission reductions, which aligns with the conclusions 

in the spirit of Industry 4.0.

The comparative approach adopted in this study, combining both quantitative data 

-

prehensively characterize different decarbonization models within the courier sector. 

-

ery aggregation are among the most effective ways to reduce emissions in the final 

stage of the supply chain.

The discussion also leads to the conclusion that the effectiveness of the green trans-

formation of logistics cannot be considered solely in terms of technology implementa-

tion, but rather as a systemic reorganization of the entire logistics chain. This conclusion 

who assert that real carbon footprint reduction results from the synergy between digiti-

zation, organizational innovation, and infrastructural adaptation. The research presented 

and InPost combine technological transformation with management process reorganiza-

tion, reporting transparency, and the integration of ESG strategies with corporate deci-

In summary, this study not only confirms the findings of earlier international research 

but also expands them with an empirical and comparative dimension that is particularly 

relevant for the European courier sector. It constitutes a significant contribution to the dis-

cussion on the effectiveness of decarbonization tools and provides concrete evidence that 

the green transformation of logistics requires the simultaneous integration of technology, 

environmental policy, and organizational culture – factors that determine its durability 

and real impact on reducing emissions in both urban and global transport systems.

Conclusions

The conducted study confirms that the green transformation of logistics depends not 

solely on the scale of operations, but on the degree of integration between technology, 

and InPost clearly demonstrates that courier companies combining the electrification 
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of emission reduction per parcel.

-

vations support the reduction of greenhouse gas emissions in last-mile logistics – has 

been fully achieved. The analysis indicates that emission efficiency is a function of three 

interdependent components:

1. Technological innovation – the adoption of electric and hybrid vehicles, hydrogen 

prototypes, and intelligent fleet management systems based on AI and IoT.

2. Digital transformation – the use of predictive data analytics, real-time optimization, 

-

ernance, incentive systems, and ESG reporting structures verified by international 

From a technological standpoint, the study highlights that automation, artificial intel-

The synergy between these tools allows for real-time monitoring of the carbon footprint, 

intelligent allocation of vehicles, and predictive route optimization that collectively 

reduce total CO2 -

ery model exemplifies the most energy-efficient and scalable pathway for sustainable 

In conclusion, green transformation in logistics should be understood as a systemic 

process that integrates technological advancement, infrastructure adaptation, and digital 

-

targets. Future research should focus on measuring life-cycle emissions across logistics 

-

to achieve full climate neutrality in the courier sector by mid-century.
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The application of information systems in passenger-car 
operation management: an analysis of the performance 

of start-stop and cruise control

i tempomatu

The article addresses the issue of applying modern information systems 

in the automotive industry. The aim of the research was to determine the effective-

ness of two driver-assistance systems – start-stop and cruise control – in the con-

text of average fuel consumption. The study was conducted under real conditions 

on three passenger cars of different brands and production years. The analysis 

covered driving in urban and extra-urban traffic, with measurements of fuel con-

indicate that the application of the start-stop system in urban traffic contributes 

to fuel consumption reduction, while the use of cruise control in extra-urban traffic 

supports fuel savings in selected vehicles. The obtained results confirm the validity 

of implementing modern information solutions in the automotive sector, both from 

an economic and environmental perspective. The article fits into the research trend 

concerning the use of information technologies in managing the quality of logistics 

processes related to vehicle operation and in improving driver-assistance systems.

information systems, automotive industry, start-stop, cruise control, 

fuel consumption, management, logistics, vehicle operation

-

 

-

-
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-

 

-

-

-

 

-

-

Introduction

The dynamic development of information technologies in recent decades has substan-

tially reshaped the operations of contemporary enterprises and fostered new management 

models. The automotive industry – one of the most innovative sectors of the economy 

– has been a particularly intensive field of implementation for modern ICT solutions. 

-

The literature emphasizes the dual nature of this digitalization. First, it concerns 

the optimization of intra-organizational logistics processes, such as production planning, 

logistics, and quality management. Second, it pertains to the integration of advanced  

in-vehicle systems whose role is to enhance safety, comfort, and fuel economy. The grow-

ing prominence of onboard systems is aligned with the Industry 4.0 paradigm and the tran-

sition of automotive transport toward sustainable mobility, in which data and process 

management play a pivotal role [Albrecht et al. 2024].

-

tance. They not only raise the level of active safety but also affect vehicle operation 

and user experience. Among these solutions are the automatic engine start-stop system, 

which shuts down and restarts the engine during brief halts, and cruise control, which 

widely implemented in passenger cars and exemplify the practical application of informa-

tion technologies in the automotive domain, with direct implications for the management 

of in-service vehicle operations [Tortorelli 2025].

From the standpoint of management and logistics sciences, investigating the effec-

tiveness of such solutions is highly consequential. Verifying the actual impact of start-

stop systems and cruise control on fuel consumption enables an assessment not only 

of their economic effects but also of their environmental consequences and their influence 

-

agement and the advancement of vehicle technologies.
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The aim of this article is to examine the influence of the start-stop system and cruise 

and model years. The empirical study was preliminary in nature and focused on differ-

ences between urban and extra-urban driving conditions. The contribution situates itself 

within the stream of research on the use of information systems in managing logistics 

processes associated with vehicle operation and on the refinement of driver-support tech-

nologies in automotive practice [Gao 2024].

The development of information systems in enterprise management, including 

-

-

tems have been framed in the literature in various ways, including as “management 

support systems” and “information systems for management”. Their overarching goal 

is to acquire, store, and process information in such a way that it can serve as a basis for 

-

mation systems in management stems from their ability to combine data from differ-

 

Today, the most advanced form of enterprise digitalization remains integrated sys-

tems, which encompass many functional modules and provide comprehensive support 

for management processes.

emphasizes that their purpose is the full integration of financial data, human resources, 

and production processes, which allows not only for the optimization of a company’s 

-

duction, enabling the planning, monitoring, and control of process flows. 

-

of relationships with customers and suppliers and increase the transparency of processes 

-

tribute to improving customer service quality by better aligning operational activities 

In the context of Industry 4.0, Gunia notes that contemporary information systems 

-

ticularly important in the automotive industry [Gunia 2019]. Also relevant in this area are 

industry certifications such as VDA and ITA, as well as early-warning systems imple-

[Prudhomme et al. 2022].

-

ning, synchronization of purchasing, warehouse management, time reporting, and full 
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directly translates into shorter production cycles, minimized downtime, and improved 

quality stability.

in Figure 1.

-

motive electrical and electronic systems as the foundation for the operation of modern 

-

cate methods for assessing the impact of safety systems on vehicle operation and user 
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Within this domain, systems such as start-stop and cruise control are of particular 

importance. The start-stop system automatically shuts down and restarts the engine 

depending on driving conditions, which helps reduce fuel consumption and carbon diox-

ide emissions, while simultaneously raising questions about the durability of serviceable 

The literature also emphasizes the usefulness of microscopic traffic simulations 

as a tool for supporting transport management and reducing pollutant emissions in medi-

iterative refinement of the study scope and model parameters under resource constraints. 

it possible to achieve smoother flow, shorter travel times, and measurable reductions 

2, NOx -

-

In this area, research on telematics and information systems that support continuous 

improvement processes is also important. Telematics systems implemented in trans-

port enterprises enable not only improved service quality but also more effective fleet 

 

Studies on vehicle operation increasingly employ an indicator-based approach that 

transport companies revealed significant variation in fleet management strategies, 

-

tors allows transport processes to be monitored, areas requiring improvement to be iden-

tified, and strategies to be developed that are oriented toward rational fleet management 

and enhanced service quality.

The literature increasingly underscores the role of computer simulations as tools 

-

and forecast long-term impacts on costs and the environment. They are used, among 

other things, for route planning, fleet management, warehouse optimization, and assess-

can test new technologies and processes without incurring the costs of real-world imple-

mentation, which supports both economic efficiency and the achievement of sustainable 

The body of literature demonstrates that the development of information systems, 

that strengthens enterprises’ capacity for quality management, process optimization, 

and building competitive advantage. Nevertheless, questions remain open regarding 

the actual impact of selected driver-assistance systems on the economics of vehicle oper-

ation and the qualitative aspects of their use.
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1. To what extent does the application of the start-stop system affect average fuel con-

sumption under urban traffic conditions?

2. Does the use of cruise control under extra-urban driving conditions allow for a signif-

icant reduction in fuel consumption?

3. What differences in the effectiveness of start-stop and cruise control systems can be 

Materials and methods

The purpose of the conducted research was to determine the impact of selected mod-

ern information systems used in passenger cars – the start-stop system and cruise control 

– on average fuel consumption under diverse traffic conditions. The study was empirical 

in nature and focused on analyzing the effectiveness of these systems in real operating 

In formulating the research assumptions, a main hypothesis was adopted according 

to which the use of driver-support information systems contributes to reducing fuel con-

sumption, and thus to improving the economics and ecology of vehicle operation. Within 

the study, specific hypotheses were also advanced. 

The first assumed that the use of cruise control under extra-urban driving condi-

tions leads to a decrease in average fuel consumption. The second hypothesis concerned 

the impact of the start-stop system and assumed that its operation in urban traffic, char-

acterized by frequent stops, results in a reduction of average fuel consumption. The third 

hypothesis related to differences between particular vehicle brands, indicating that 

the effectiveness of the systems under investigation may vary depending on the design 

solutions employed.

purposively selected due to their varied levels of technical advancement and equipment. 

II from 2012. Each vehicle was equipped with a set of safety and driver-assistance sys-

tems, yet differed in terms of the implementation of the solutions under study. This made 

it possible to carry out a comparison under controlled conditions while simultaneously 

The research experiment was conducted in two traffic environments. Extra-urban con-

In each variant, average fuel consumption was measured both with the examined sys-

computers that enabled real-time monitoring of fuel consumption values. Each run was 

repeated twice in order to limit the influence of random factors and increase the reliability 

of the data obtained.
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In the research process, an experimental method was applied, the essence of which 

was to compare results obtained under controlled conditions differing only in the use 

of the given system. To maintain result consistency, the driver participating in the study 

also recorded additional circumstances that could affect the measurements, such as traffic 

-

ysis, relating mean values to catalog data provided by manufacturers.

-

ferences between fuel consumption with the systems engaged and the values achieved 

in their absence. The analysis also made it possible to determine the extent to which 

the examined solutions contribute to improving the efficiency of vehicle use. It should be 

emphasized that the research was preliminary in nature and was limited to a small number 

of vehicles, which constitutes a certain limitation on the generalizability of the findings. 

Nevertheless, the results provide important empirical material that allows conclusions 

to be drawn regarding the potential benefits arising from the implementation of start-stop 

and cruise control systems in passenger cars. Given the preliminary nature of the study, 

a simplified measurement model was adopted, focused on analyzing differences in fuel 

consumption when using the start-stop and cruise control systems.

Research results

The conducted research aimed to verify the adopted hypotheses regarding the impact 

of the start-stop system and cruise control on fuel consumption in selected passenger cars. 

-

ern systems, together with the year of manufacture, is presented in Table 2. These vehicles 

differed in their level of technological advancement, which made it possible to capture 

potential divergences in the effectiveness of the systems under study.

Figure 2. Schematic diagram of the research methodology for the start-stop and cruise control 

systems

Source: own study
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The research was carried out in two operational environments. The first was 

 

-

-

quent vehicle stops. Each run was performed twice: with the examined system engaged  

 

Audi A4 6.2 7.0 6.5

7.4 8.5 7.6

6.5 6.7 6.8

Source: compilation based on the author’s own research
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-

fuel consumption. Under urban driving conditions, the start-stop system proved most 

a lower level of advancement of the applied solutions. The average fuel consumption 

for this section with the start-stop system applied is presented in Table 2. These results 

confirm the hypothesis that the start-stop system, particularly under urban conditions, 

contributes to reducing fuel consumption, although the magnitude of this effect depends 

on the vehicle’s design.

Under extra-urban driving conditions, the impact of cruise control operation was 

-

Wyzwolenia
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exhibit significant differences, which may result from design constraints and the absence 

of advanced algorithms governing system operation. The results indicate that cruise con-

trol supports driving economy, particularly in newer-generation vehicles; however, its 

Discussion

The comparative analysis confirmed that both the start-stop system and cruise control 

can have a real impact on reducing fuel consumption, and thus on the economics of vehi-

cle operation. The effects of both systems, however, are differentiated and on both traffic 

conditions and the design specifics of the vehicle under study. The research also showed 

that actual savings are lower than the values declared by manufacturers, which indicates 

From the perspective of management and logistics, the results confirm the importance 

of implementing information systems not only for driving safety and comfort, but also 

in fleet management and for enhancing solutions aimed at improving energy efficiency 

and reducing emissions.

The research results obtained confirm the thesis that modern information systems used 

in passenger cars can perceptibly affect the economics of operation. The start-stop proved 

particularly effective under urban driving conditions, which is consistent with literature 

data indicating the potential to reduce fuel consumption and CO2 emissions by shutting 

off the engine during stops. At the same time, it should be noted that the scale of savings 

in real conditions was smaller than that declared by manufacturers, which is confirmed 

by earlier observations of researchers analyzing mechatronic systems in the automotive 

domain [Caban et al. 2017].

-

tiveness under extra-urban driving conditions. The results of the present study indicate 
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7.4 8.8 8.6
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et al. 2017]. It is worth emphasizing, however, that in older-generation vehicles this sys-

tem did not yield significant savings, which demonstrates that its effectiveness depends 

on the vehicle’s design and on the algorithms that govern its operation.

An important conclusion arising from the research is that the impact of the systems 

These results are consistent with the literature, according to which modern information 

systems must be analyzed in the context of interoperability and the degree of integration 

with other electronic subsystems of the vehicle [Gunia 2019]. In practice, this means 

that potential savings depend not only on the mere application of the system but also 

on the quality of managing its implementation across vehicles of different classes.

Verification of the actual impact of start-stop and cruise control systems on fuel con-

sumption provides information not only on potential economic benefits for individual 

directly translates into lower operating costs, improved energy efficiency, and progress 

toward sustainable development strategies.

The results obtained fit within the broader context of the energy-climate transi-

[2023] emphasize, implementing sustainable development policies and the assump-

tions of the European Green Deal requires not only moving away from conventional 

energy sources, but also consistently reducing emissions in the mobility domain. Techni-

cal and organizational solutions that enable the rational use of energy and the reduction 

of CO2 emissions are of particular importance here, aligning with broader low-emis-

sion economic strategies. The findings of this study show that even seemingly minor 

innovations, such as the start-stop system or cruise control, can contribute to achieving 

-

Information systems in the automotive sector can constitute an important component 

of quality management for operational processes. They confirm the potential of tech-

nology to improve the economics of driving, while at the same time drawing atten-

tion to the need for further empirical studies that include a larger number of vehicles 

and a broader spectrum of road conditions.

It is worth emphasizing that the significance of information systems in the automotive 

industry should also be analyzed in the context of Industry 4.0. This concept is based 

on technologies such as the Internet of Things, big data, digital twins, cyber-physical 

systems, and artificial intelligence, which enable full integration of production and oper-

ational processes. In practice, this entails a shift from simple driver-support solutions 

to comprehensive systems for managing logistics and operational processes at the scale 

digital technologies become tools for identifying, modeling, and improving processes, 

-

ing, but also to optimize costs, emissions, and service quality at the fleet scale [Dostatni, 
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Summary and conclusions

The conducted study made it possible to verify the adopted hypotheses concerning 

the impact of the start-stop system and cruise control on average fuel consumption 

in passenger cars. The analysis of the results showed that the start-stop system, par-

ticularly under urban driving conditions, contributes to a reduction in fuel consump-

-

and model year, which indicates the important role of technical design and the quality 

of system implementation.

From the perspective of fleet management in enterprises, these observations translate 

-

ban and motorway routes, benefits are provided by a constant-speed strategy supported 

as these best reflect the effects of technology for a given vehicle-use profile. Incorpo-

it possible to sustainably reduce costs and emissions while simultaneously increasing 

The research results confirm the importance of modern information systems as tools 

supporting the process of optimizing operations. The data obtained can be used in the pro-

cess of fleet management, where reduced fuel consumption directly translates into lower 

operating costs and increased energy efficiency. They also have an environmental dimen-

sion, supporting the implementation of sustainable development strategies and corporate 

social responsibility.

The conclusions drawn from the study allow several practical implications to be 

formulated. First, the implementation of start-stop and cruise control should be treated 

as an element of a broader process of managing the quality of vehicle operation, in which 

not only costs are analyzed, but also user comfort and environmental impact. Second, 

and purchasing strategy to actual utility effects. Third, vehicle manufacturers should 

their effectiveness is as high as possible under different road conditions.

In summary, the study confirms that the application of modern information systems 

in the automotive sector has not only a technological dimension but also a managerial 

one. These systems fit into processes of quality management, cost reduction, and building 

competitive advantage in the automotive industry. The conducted research is prelimi-

nary in nature and covers a limited sample of vehicles. Therefore, the results should be 

regarded as a starting point for further analyses involving a larger number of cars rep-

resenting different brands, classes, and operating conditions. Future studies should also 

extend the scope of analysis to include environmental aspects in order to obtain a com-

prehensive picture of the effectiveness of driver assistance systems.



The application of information systems in passenger-car...

89

References

 

Insights on affordances from intralogistics processes, Information Systems Frontiers 

org/10.3390/en14113007

-

-

-

1–13.

-

s. 28.

-



90

systems in management of operational activities in road transport enterprises, Energies 

-

Transportowe 5.

-

DOI:10.33226/1231-2037.2024.1.5

synthesis and biological evaluation of conformationally – restricted analogues of E7010 

-

-

peenrantaensis 1213, Lappeenranta-Lahti University of Technology LUT, LUT Univer-

sity Press. 

-

al dissertation, Politecnico di Torino, https://webthesis.biblio.polito.it/36449/ [accessed: 

24.08.2025].

 



91

 

Wykorzystywanie modelu Customer Relationship 
Management 

Using the Customer Relationship Management (CRM) 
model in business management

-

-

-

-

-

-

-

 

-sized businesses. The research aimed to identify the benefits and limitations 

-

 

10 (2), 2025, 91–104 

DOI: 10.22630/EIOL.2025.10.2.14



92

-

mer relationships, increases satisfaction and loyalty, enhances the effectiveness 

-

only an IT tool but a business philosophy that, when properly implemented, can 

increase competitive advantage and long-term company success.

and medium-sized enterprises, IT systems implementation 

-

-

-

-

-

-

-

-
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-

biorstw

 

-sized enterprises

Zakres

42%

35%

33%

32%

30%

28%

27%

Przychód/wzrost firmy 27%

21%

19%

18%
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Ranking systemów CRM 

-
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Table 2. 

89

Pipedrive 85

Salesforce 83

Creatio 82

Dynamics 365 82

Firmao 81

73

Livespace 70

70

67

Source: own elaboration based on [Sellwise 2025]
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-

-

przedstawiony w tabeli 2.

Podsumowanie i wnioski 

-

-

-

ich odbiorców, a tym samym do wzrostu przychodów.

-

-

-
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