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Society, companies and institutions are involved in a digital transformation that can be pervaded in
various industries or sectors, and this also applies to communication, sales and distribution channels.
The possibilities of e-commerce have also increased and world trade has been further developed. In
2020, more than two billion people bought goods or services over the Internet. Customer satisfaction
depends on the solution of the last mile process, the method of picking up shipments as well as the
time and place of picking up the shipment. The most common forms of off-premises delivery are
automated parcel locker or machine (APM) and pick-up and drop-off delivery (PUDO). The aim of
the paper is to analyse the level of the PUDO and APM network in European countries and in the V4
countries with regard to the size of the country and the population. For this purpose, it was necessary
to focus on determining the population per 1 PUDO and the number of inhabitants per 1 APM in
individual European countries and subsequently in the V4 countries. The obtained data were processed
and recalculated in Excel. The results showed that within European countries the best values were
achieved by Finland with 526 inhabitants per 1 PUDO and Spain with 188 inhabitants per 1 APM.
Regarding the V4 countries, the Czech Republic achieved the best value in the case of inhabitants on
PUDO with 729 inhabitants per 1 PUDO and in the case of APM Poland with 3,184 inhabitants per 1
APM.

DOI: 10.30657/pea.2022.28.26

1. Introduction

JEL: L23, M11

Nowadays, companies use a combination of stone stores and
online stores, with the aim of e-commerce in particular to im-

At present, society and organizations are engaged in digital
transformation, which can be perceived in various industries,
and this also applies to communication, sales, and distribution
channels (Kawa, 2020). Thanks to the development of infor-
mation technologies (IT) such as laptops, tablets and
smartphones, and globalization, over the last few years, e-
commerce has become increasingly common and an indispen-
sable part of the global retail framework (Morganti et al.,
2014; Dobroselskyi et al., 2021). It has increased the possibil-
ities of e-commerce and allowed further development of world
trade. As Internet access and adoption are rapidly increasing
worldwide, the number of digital buyers keeps climbing every
year (Eurostat, 2021; Kvasnicova et al., 2016).
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prove the usability of websites. The combination of these two
distribution channels can give the organizations a competitive
advantage (Garbarova et al., 2017). Currently, e-commerce is
the most widespread form of commerce and is expected to be
the main sales strategy for both retailers and wholesalers in the
near future. The growing popularity and global success of e-
commerce have also meant a transformation in existing sup-
port and distribution structures. Traditional distribution pro-
cesses are also changing to suit this new business model
(Madlenak and Madlenakova, 2020). Thanks to e-commerce,
the postal sector is characterized by the existence of a highly
competitive environment (Madlenakova et al., 2017). These
changes in the structure and volume of postal items distributed
by the universal service provider, therefore, create a need for
innovation of postal transportation network (Madlenak et al.,
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2015). New network architectures are required for flexible ser-
vice provisioning (Keil et al., 2015). Slovakia has the 54th
largest e-commerce market with revenues of 1 billion USD in
2020. With an increase of 32%, the Slovak e-commerce mar-
ket contributed to a global growth rate of 29% in 2020. Reve-
nues for e-commerce are constantly increasing, new markets
are emerging and existing markets also have the potential for
further development (Ecommerce DB, 2021).

2. Literature review

Nowadays, almost all products that can be bought in brick-
and-mortar stores are sold through the Internet and also from
a geographical point of view, the possibilities for buying and
selling are even greater. This trend can also be linked to the
development of information technology and mobile applica-
tions, which have caused significant growth in e-commerce
(Sitek and Wikarek, 2019; Abraham, 2020). If consumers buy
products online, they cannot physically check their quality.
This gives the seller, i.e. companies and e-shops, the oppor-
tunity to hide low quality products. The consumer may receive
a product that does not meet the required quality. However,
consumer reviews and a larger market size can increase the
quality of products in the online market (Chen et al., 2015).
According the Eurostat data in 2020, over two billion people
purchased goods or services online. The COVID-19 pan-
demic also has a major impact on e-commerce growth. Since
the outbreak of the pandemic, e-commerce has become the
preferred choice for any type of purchase (Lakshmi, 2021).
This is also because many people have been forced to change
their way of shopping and decided to shop online, even though
they had not used it before. Especially at the beginning of a
pandemic, many products would not have been able to obtain
in other ways, so several consumers decided shop over the in-
ternet things that they used to buy mostly in a classic store. In
some cases, the limitations are language and local regulations,
but above all logistics, especially the delivery of the product
to the customer, because not all sellers offer the possibility to
deliver the product to every location. On the other hand, it rep-
resents a huge potential for the sector of logistics and postal
services (Turska and Madlenakova, 2019). Due to the lack of
geographical restrictions, there are opportunities to buy and
sell even bigger because almost anyone can be a customer. But
it is not always possible to deliver products to every location,
as not all retailers offer such an option. Thanks to online shop-
ping, customers have become accustomed to convenience and
want to decide for themselves where and when to pick up their
electronic purchases. The phenomenon of the present postal
services is the fact that customers expect the lowest price
while maintaining the availability, security, and on-time de-
livery of mail items (Drozdiel et al., 2017). It can be stated that
they require flexibility, especially for the current active life-
style and ever-longer working hours. For this reason, e-com-
merce also has an impact on logistics services (Kawa, 2020).

Today's world is characterized by the need for speed and an
ever-increasing level of services. Customers have the oppor-
tunity to shop through the e-shop in a matter of minutes at any
time of the day or night without leaving their home or office,
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and they can also order products (goods) from the other side
of the world, which can be delivered within a few days. Before
buying, they also have the opportunity to read reviews and rat-
ings of the product from other customers who have already
bought the product. The popularity of the e-commerce sector
is growing dramatically, it results in a steadily increasing num-
ber of packages sent and the delivery of a package is becoming
a challenge, as it is necessary to reconcile the delivery of
goods on the part of the carrier and their acceptance on the part
of the recipient/customer/ addressee (Faugere and Montreuil,
2016). Often customers have to adjust their daily schedule to
the wide delivery time window and wait for the shipment at
home. Often used is sending information to the customers
about the preliminary delivery time. A common solution to
this problem on the part of customers is delivery to work (cer-
tainty that the customer will take over the package), but this
may not meet the understanding of the employer (Kawa,
2020).

The connection between the recipient and the end point of
the service or product provider, is called the last mile. The last
mile, often referred to as the most important part of the supply
chain, is the last part in the supply chain where the goods are
delivered from the last point of delivery to the end point. This
is usually represented by recipient. The recipient receives the
goods at home, at a pre-determined place or at a designated
place to pick up the goods. The recipient can be a private per-
son or a company (Lu et al., 2020; Gnap and Benova, 2021;
Janjevi¢ and Winkenbach, 2020).

The main goal of last mile logistics has recently been to de-
liver goods to customers. In order to easily purchase product
alternatives, retailers and their supply chain partners must be
exceptional and have services from competitors to gain market
share and build brand loyalty. Especially in highly competitive
markets, great attention is paid to customer satisfaction in the
service sector and improving service quality and maintaining
customer loyalty. Delivery within the last mile is becoming
more important than before as a result of making online orders
(Datex, 2021; Strenitzerova and Gana, 2018). Many custom-
ers are currently looking for the widest possible selection of
delivery options directly to them within the last mile.

From the companies' point of view, last mile delivery ap-
pears to be part of the whole delivery process, which has the
lowest efficiency and highest costs. The reason is, for exam-
ple, the required level of service, which is difficult to achieve,
the small size of the order or the dispersion of destinations
over a large area. The last mile represents the most expensive
and problematic part of the entire supply chain process and
usually has a negative impact on the profits of companies as
well as the customer experience. It represents more than 30%
of the total logistics costs and part of the last mile is many of
the challenges that logistics managers have to face in their
day-to-day operations (KO et al., 2020; Honorato, 2016). The
problem can be in situation when the customer has the goods
delivered to his home by courier and he is somewhere else all
day. The courier must return the next day, which also increases
the cost of delivery. The issues of enhancing the deliverability
of consignments have become the main topic of the wide dis-
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cussion among national and international organizations in-
volved in last-mile logistics (Turska and Madlenakova, 2019).
According to some authors, however, it is necessary to focus
and improve the processes of the first mile, because it is be-
ginning to appear as another narrow place in the logistics pro-
cesses (Koncova et al., 2021).

Several years ago, products ordered over the Internet were
delivered mainly by courier companies and postal operators.
The short delivery time and the door-to-door delivery system
are a great advantage when delivered by courier companies.
On the other hand, delivery by courier companies is more ex-
pensive, the customer does not have information about the ex-
act time of delivery. There can often be problems with an in-
correct address or the absence of a recipient, which is a major
disadvantage of this type of delivery (Kawa, 2020). Another
problem is that recipients do not have time to take delivery by
courier or postman, so consignments remain stored at the post
office or other contact delivery points Bachanova et al., 2009;
Last Mile Experts, 2021).

The solution to the delivery problems related to the door-to-
door system is out-of-home delivery. Out-of-home delivery
(hereinafter referred to as “OOH”) consists of the delivery of
the consignment to the place or to the machine which is in a
suitable place for the customers. The customers are involved
in the last mile process, so they can pick up the shipment at
any time for several days, for example, on the way to work
and the like at a time that the customer chooses within the set
time frame for picking up the shipment (Kawa, 2020 and
Faugere and Montreuil, 2016). The most common forms of
OOH are parcel locker (APM) and PUDO (pick-up and drop-
off delivery). Out-of-home delivery is provided by various
players, for example national postal operators, CEP (courier,
express and parcel) companies, e-commerce giants, such as
Amazon or AliExpress, retail point owners, infrastructure
owners or IT platforms (Last Mile Experts, 2021).

As mentioned above, in an era of strong e-commerce
growth, resellers and recipients are looking for additional
forms of sales, delivery, shipping, and collection, but also re-
turn options, and customer satisfaction, among others, de-
pends on these processes. The presented article offers a look
at the PUDO and APM network in European countries, where
it compares the development of this network in terms of pop-
ulation and area. The result is the identification of countries
where it can be stated that the PUDO and APM network is
sufficiently developed here (in terms of population per 1
PUDO and APM and in terms of km? per 1 PUDO and APM)
and therefore higher customer satisfaction with the delivery
processes can be expected in these countries. In particular, the
article points to the situation in the VV4 countries, where it also
analyses the population and km?2 per 1 PUDO and APM and
identifies countries with a less developed PUDO and APM
network, where lower customer satisfaction with the delivery
process can be expected. The contribution of the article and
the novelty of the presented research is mainly a concrete view
of the PUDO and APM network in European countries, espe-
cially in the V4 countries. The submitted information can be a
basis for stakeholders in building a network of PUDO and
APM in the specific country analysed.
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The aim of the paper is to analyse the level of the PUDO
and APM network in European countries and in the V4 coun-
tries with regard to the size of the country and the population.

3. Experimental framework

The purpose of the study is to analyze key technologies in
securing the delivery of e-commerce shipments to the ad-
dressee outside his/her address and to compare the level of use
and supply on the part of companies providing last mile deliv-
ery within European and Visegrad countries (V4) that include
Poland, Hungary, Czech Republic ans Slovakia.

Approaches to evaluating and comparing the technologies
used in the delivery of shipments in e-commerce include:

a) characteristics of the most used technologies in the last-
mile delivery process
b) indicators definition for comparing the state of used tech-
nologies in individual EU and V4 countries
c) statistical analysis of indicators in terms of their desired
trend and finding a correlation between e-commerce rev-
enues and delivery solutions.
The most used technologies in last-mile delivery in e-com-
merce are:

parcel lockers or automated parcel machine (APM) and

pick-up and drop-off (PUDO).

Automated parcel machine (APM) is a parcel collection ser-
vice that allows customers to have their parcels delivered to
service point and pick them up at any time of day using digital
pickup codes (Orenstein et al., 2019). It is a form of self-ser-
vice technology that is used for autonomous customer pick up
and drop off parcels (Kawa, 2020; Vakulenko et al., 2019). In
recent years, parcel lockers became very interesting and pop-
ular solution as the efficient last mile delivery system (McKin-
sey Company, 2016). These lockers are usually located in con-
venient and public locations in living neighbourhoods, easily
accessible places and highly frequented areas, such as train
stations, malls, shopping areas, gas stations, or other public
locations, storing packages for all customers for a certain
amount of time (Kawa, 2020; Faugere and Montreuil, 2016).
Customers can choose the most suitable time for them to pick
up the shipment. They need to log in to the smart terminal,
which is connected to the delivery company's system via the
Internet of Things, using a code sent by e-mail, text message,
or otherwise. This type of takeover has an advantage for de-
livery companies, which are able to consolidate parcel deliv-
eries, reduce congestion and increase efficiency (Faugere and
Montreuil, 2016). Their great advantage is especially that they
are self-service, and thus they are available to the customer 24
hours, 7 days a week (Orenstein et al., 2019; McKinsey Com-
pany 2016). Nevertheless, according to McKinsey Company,
delivery to parcel lockers does not really appeal to consumers
despite the possibility of picking up their parcel 24/7, but if
home delivery were to cost more than a pickup at the parcel
locker, customers would prefer to use parcel lockers (McKin-
sey Company 2016).

A pick-up and drop-off point (PUDO) is a location that of-
fers a parcel pick-up and drop-off service as part of a wider
network of PUDO points. These points are located in places
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that are relatively easy to access and that are regularly visited

by customers. It might be a local shop or retail outlet. As was

mentioned before, a door-to-door delivery system can have

a problem with an incorrect delivery address or the absence of

a recipient. In this case, PUDO eliminates problems related to

determining the correct address or the recipient’s absence

from home (Kawa, 2020). The growth of the e-commerce mar-
ket has resulted in an increase in the importance of last-mile
deliveries. It has an impact on the growing demand for last
mile delivery, which could in turn create traffic problems and
cause congestion (lwan et al., 2015). The way to reduce the
number of deliveries realized by traditional transportation sys-
tems, includes alternative methods (Iwan et al., 2016) such as

APM and PUDO. Out-of-home delivery using PUDO and

APM is today the best solution to the last mile problem-related

to the door-to-door delivery. According to Last Mile Experts

(2021):

- the out-of-home delivery benefits include, in particular,
flexibility in picking up the shipment, time flexibility (espe-
cially extended opening hours for PUDO and 24/7 for APM
availability), speed of delivery, cheap and easy return, oper-
ationally and cost-effective delivery method, and the like.

- the need for a dense network is 1 point per 10,000 inhabit-
ants. This is not an optimal network but represents the min-
imum density that has any chance of success.

The study subsequently set indicators for comparing the de-
velopment of the PUDO and APM network within individual
countries, by determining the population per 1 PUDO and 1
APM and the area per 1 PUDO and 1 APM in a given country.
The same procedure was chosen when comparing the V4
countries.

The evaluated and compared indicators have a minimizing
character, which follows from the assumption that a higher
penetration of PUDO and APM in the country, or lower pop-
ulation and territory per unit of PUDO and APM is preferred.
A smaller area per PUDO and APM unit presupposes better
accessibility for the inhabitants, as well as a smaller number
of inhabitants per PUDO and APM unit is associated with an
increase in the use of technologies in the last mile delivery
process.

The study used data from the Last Mile Experts, Out-of-
home delivery in Europe 2021 study as well as the data of e-
commerce revenues in 2020 from www.statista.com and Eu-
rostat 2021. All figures are the result of own data processing
from the above mentioned study and statistics.

The obtained data were processed and recalculated for the
needs of analysis and comparison in Microsoft Excel. Subse-
quently, the correlation dependence between the volume of e-
commerce revenues and solutions for the delivery was inves-
tigated.

4. Results and discussion

To achieve the main goal of the study, it is necessary to fo-
cus on determining the number of inhabitants per 1 PUDO and
the number of inhabitants per 1 APM in individual European
countries and subsequently in the V4 countries.
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The results of European countries are shown in the follow-
ing figures (see Figure 1-5) and we can state the following:
the minimum in the number of inhabitants per 1 PUDO in
individual European countries is Finland, where there are
526 inhabitants per 1 PUDO. At the bottom of the ranking
is Malta, where there are 6,703 inhabitants per 1 PUDO.
In Slovakia, there are a total of 1,441 inhabitants per 1
PUDO (Fig 1).
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Fig. 1. Number of inhabitants per 1 PUDO

- the minimum in the area per 1 PUDO in the European coun-
tries is Belgium where there are 3.15 km? per 1 PUDO. At
the bottom of the ranking is Lithuania, where there is 1
PUDO per 138.03 km?. In Slovakia, there is 1 PUDO per
12.94 km?. (Fig. 2)
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Fig. 2. Number of square kilometres per 1 PUDO

- the minimum in the number of inhabitants per 1 APM in
individual European countries is Spain where there are
1,188 inhabitants per 1 APM. At the bottom of the ranking
is Greece, where there are 712,170 inhabitants per 1 APM.
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In Slovakia, there are a total of 47,477 inhabitants per 1
APM (Fig. 3).
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Fig. 3. Number of inhabitants per 1 APM

- the minimum in the area per 1 APM of the European coun-
tries is Denmark where there is 9.96 km? per 1 APM. At the
bottom of the ranking is Greece, where there is 1 APM per
8,803.27 km?. In Slovakia, there is 1 APM per 426.39 km?

(Fig. 4).
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Fig. 4. Number of square kilometres per 1 APM

The obtained results indicate significant differences be-
tween individual countries in the facilities of PUDO and APM,
both within the EU28 comparison and within the V4 countries.
The differences between the lowest and highest values accord-
ing to the monitored indicators are shown in Table 1.

In terms of comparing the Visegrad countries (V4), the fol-
lowing can be stated:

- the minimum in number of inhabitants per 1 PUDO in V4
countries is Czech Republic where there are 729 inhabit-
ants per 1 PUDO. The second is Poland where there are
993 inhabitants per 1 PUDO and third is Slovakia where
there are 1,441 inhabitants per 1 PUDO. At the bottom of
the ranking is Hungary, where there are 1,506 inhabitants
per 1 PUDO (Fig. 5).
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Table 1. Minimum and maximum value of inhabitants and area size

per PUDO and APM in EU28 countries

min

max

difference

Number of inhabitants per 1
PUDO

526

6,703

6,177

Number of square kilometres
per 1 PUDO

3.15

138.03

134.53

Number of inhabitants per 1
APM

1,188

712,170

710,982

Number of square kilometres
per 1 APM

9.96

8803.27

8793.31

Number

of inhabitants/

PUDO
inVv4
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Fig. 5. Number of inhabitants per PUDO in V4 countries

- the minimum in area per 1 PUDO of the V4 countries is

Czech Republic where there is 1 PUDO per 5.37 km2. The
second is Poland where there is 1 PUDO per 8.21 km? and
third is Slovakia where there is 1 PUDO per 12.94 km>.
At the bottom of the ranking is Hungary where there is 1
PUDO per 14.40 km? (Fig. 6).
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Fig. 6. Number of square kilometres per 1 PUDO in V4 countries

- the minimum in number of inhabitants per 1 APM in V4

countries is Poland where there are 3,184 inhabitants per
1 APM. The second is Hungary where there are 31,189
inhabitants per 1 APM and third is Slovakia where there
are 47,477 inhabitants per 1 APM. At the bottom of the
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ranking is Czech Republic, where there are 100,961 in-
habitants per 1 APM (Fig. 7).
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Fig. 7. Number of inhabitants per 1 APM in V4 countries

- the minimum in area per 1 PUDO of the V4 countries is
Poland where there is 1 APM per 26.31 km?. The second
is Hungary where there is 1 APM per 298.11 km? and third
is Slovakia where there is 1 APM per 426.39 km?2. At the
bottom of the ranking is Czech Republic where there is 1
APM per 744,040 km? (Fig. 8).
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Fig. 8. Number of square kilometres per 1 APM in V4 countries

As in the case of the EU28, differences were also recorded
in the V4 countries, while the situation in the density of PUDO
and APM is always in the opposite ratio. The technological
solutions and strategies that have been chosen in the area of
securing the last mile in individual countries determine the po-
sition of these countries in the context of comparability. Both
technological solutions represent new elements in the business
models of postal and courier service providers in the V4 coun-
tries. They are related to elements of a shared economy, when
several providers use APM together.

In 2020, there was a significant growth in the field of e-com-
merce. Within Europe, it represents an increase of up to 26.7%
compared to 2019. Of the European countries, Spain recorded
the fastest overall growth, namely 36%. In second place was
the United Kingdom with a gain of 34.7%. The importance of
e-commerce is also a matter of increased shopping on e-shops,
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which represents how important this way of shopping is for
customers. The importance of e-commerce in 2020 increased
by 12% and progress was recorded in all European countries.
For comparison, in 2019 the increase in the importance of e-
commerce was at the level of 9% and in 2018 it was 8.5%. In
addition to more and more regular customers, a large number
of new customers have been added in the field of e-commerce,
with a total of up to 15 million e-shoppers across Europe. The
absolute number of e-shop customers thus reached a value of
up to 381.6 million (Macko, 2021). The volume of revenues
from e-commerce in 2020 per 1000 inhabitants is shown in
Fig. 9 and in comparison with Fig. 1, it can be assumed that
these indicators will interact.
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Fig. 9. e-commerce revenues per 1000 inhabitants by countries in
2020

Based on the determination of the correlation dependence
between the volume of e-commerce revenues and new techno-
logical solutions for the delivery of shipments, it can be stated
that:
the correlation coefficient between the volume of e-com-
merce revenues and the number of PUDO was at the level
of R =0.836, which indicates a strong dependence
the correlation coefficient between the volume of e-com-
merce revenues and the number of APM was at the level of
R =0.165
the correlation coefficient between the number of PUDO
and APM was at the level R = 0.301
It follows from the above that securing the last mile in e-
commerce logistics is predominantly addressed through
PUDO, but due to the growth in e-commerce volume, APM is
also growing, as these two technologies show a certain degree
of substitution and complementarity. In terms of business
models in securing the last mile, with the current significant
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growth in the volume of e-commerce, both technologies can
be considered as complementary solutions.

5. Summary and conclusion

Some e-commerce operators and deliverers are now moving
away from traditional business models. Delivery strategies are
thus increasingly creative in response to more demanding and
specific customer requirements and expectations, but also the
emergence of new technologies in the delivery process (Uz-
zaman, 2019). In this way, traders form partnerships with in-
novative start-ups or association companies in order to deliver
goods to customers as efficiently as possible. According to
Lebaron, 2021 these delivery companies subsequently provide
the specific traders with whom they have a partnership with
the delivery of goods made through their own vehicles to the
customers of a particular e-commerce. Some make their facil-
ities for delivering goods to customers available to partners
upon request, others operate on the basis of predetermined
agreements.

The logistics industry is coping with many challenges and
problems at the same time, forcing the industry, in addition to
developing innovations, to address things in new ways. Logis-
tics service innovations apply to basic as well as complex lo-
gistics services. Specific examples of logistics innovations in
recent decades include: electronic data interchange (EDI),
cross-docking, radio frequency identification (RFID) and joint
planning, prediction and implementation (CPFR). However,
new innovations, models and concepts are also being imple-
mented specifically within the last mile. Rapid growth and ur-
ban development are forcing the optimization of goods distri-
bution processes through efficient last mile models.

The growing trend of e-commerce and the associated
growth in orders that need to be delivered to end customers
every day has meant that several new last mile solutions have
been implemented in recent years. However, the trend of in-
creasing the number of orders also has its negative conse-
quences in the context of environmental protection and the
safety of shipments while securing the last mile to the cus-
tomer.

The result of the article is the identification of countries with
more and less developed PUDO and APM networks and at the
same time, our research assumes that customers in countries
with more developed PUDO and APM networks are more sat-
isfied with the delivery processes than customers in countries
where PUDO and APM are not sufficiently developed. How-
ever, the present article did not address the identification of
the relationship between the PUDO network and APM and
customer satisfaction, which can be considered the main limi-
tation of the submitted research, but also the possibility for
further research and direction of scientific work in this area.
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