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FOREWORD

Dynamic changes in the environment of economic organisations significantly affect their
functioning. On the one hand, these changes create opportunities for economic entities, bringing
more opportunities and perspectives for their development, while on the other hand,
they impose certain limitations and may pose a serious threat. The variability of changes in time
and space creates a constant need for organisations to adapt to such a changing environment.
This adaptability involves both the rapid identification of changing conditions and the
development of appropriate development strategies. The nature of changes, their direction,
and the intensity of their impact mean that the adaptation processes cover many aspects of the
reality: economic, socio-cultural, political, legal, and technical. The decisions undertaken not
only affect the competitive position of the organisation, but also trigger specific consequences
in the further and closer environment. The organisation's interaction with its environment means
that the strategies should assume attention not only to the achievement of economic success,
but also to social relations and the natural environment. This publication from the series Silesian
University of Technology. Scientific Papers. Organization and Management Series.
Contemporary management is concerned with such challenges faced by organisations in the
modern world. The authors of 44 articles from numerous Polish research centers focus on
a number of issues in the field of organisation, management, and decision-making strategies in
organisations in the broad sense. The papers presented in this issue concern: human resources
management, strategic management, quality management, knowledge management, intellectual
property management, production management, information management, organisational
culture management, health care management, financial management, international
management, risk management, environmental management, service management, issues of
multidimensional consequences of the COVID-19 pandemic, implementation of artificial
intelligence and IT technologies, development of renewable energy sources and smart cities,

aspects of sustainable social development and corporate social responsibility.

Joanna Rydarowska-Kurzbauer
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Purpose: The main purpose of the article is to gather important pieces of information from
different sources of renewable energy sources in Poland. That may lead to further scientific
research.

Design/methodology/approach: The article is cognitive in nature and the basic research
methods are the analysis of reference works and surveys. The reference work studies cover the
analysis of national and foreign works.

Findings: The studies presents the actual approaches for each kind of renewable energy
sources. The presented overview is based on aggregation of data from actual reports and other
scientific sources. It is base for further exploring of the research topic.

Research limitations/implications: The surveys discussed in this article may contribute to
further empirical studies, including but not limited to initiating works to improve the renewable
energy sources.

Practical implications: The practical implications of studies entail the possibility to use them
to improve application of renewable energy sources in proper places and using proper facilities.
Originality/value: The main value of this article is aggregation of data for renewable energy
sources. The presented overview is base on actual data.

Keywords: photo-voltaic; forecast; renewable energy sources

Category of the paper: General review, Research paper.

1. Introduction

The continuity of energy supply as an aspect of energy security ensures economic
development and quality of life. Nevertheless, it cannot be ignored that the rapid development
of world economies has been accompanied by irrational exploitation of natural resources,

which, in turn, has caused severe disruption to the ecological balance and precipitated the

http://dx.doi.org/10.29119/1641-3466.2022.167.1 http://managementpapers.polsl.pl/
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depletion of nonrenewable resources. In addition, the emission of greenhouse gases (mainly
carbon dioxide) has increased due to the combustion of fossil fuels, which causes a severe
imbalance in the natural environment, such as the greenhouse effect (Bednarczyk, 2021).

The currently observed significant changes in the world’s energy sector make it necessary
to adequately reconstruct local and regional development views. It applies primarily to Poland,
where when the world is experiencing an increasingly advanced energy evolution, most of the
energy produced is still obtained from non-renewable sources, including geographically
concentrated large professional thermal power plants (over 70 percent of electricity in 2019)
(Sleszynski, 2021).

Energy has been an important, influential factor in countries’ economic and political
policies and bilateral relations and the formation of legal rules as soon as it began to occupy its
irrevocable place in human life. There are different types of energy - a diversity that was not
present when energy was first discovered - due to the reduction of typical energy resources and
environmental concerns today. Countries with energy sources elaborate on some energy
policies and implement them. On the other hand, some countries with limited possibilities in
terms of energy sources develop new roles for themselves in energy and play essential roles in
leading world policy to not fall out of the world order (Shahzad, 2021). Environmental fossil
fuels were the source of as much as 83 percent of the energy consumed in Poland in 2020.
This value is five times greater than the energy obtained from RES. Poland is in the infamous
first place in Europe regarding securing energy from fossil fuels (Niekurzak, 2021).

The photovoltaic market in Poland is going through a development boom. At the end of
2020, Poland was in first place in the European Union regarding the growth rate of photo-
voltaic power. The photovoltaic capacity installed in Poland at the end of 202 was 3936 MW,
which means an increase of 2463 MW year on year and translates into an increase of 200 percent
year on year. It should be taken into account that the main driver of growth are prosumers.
Thus, according to Solar Power Europe, in 2020, Poland was in fourth place in terms of
increasing the installed PV capacity in the European Union.

This article is structured as follows. The Introduction covers the topic and the outline of
solutions. The next part deals with the basics of renewable energy sources in Poland. In the next
part, the scope is on the photovoltaic market in Poland. Then the discussion is presented in turn.
The last parts are Conclusions and References.

1.1. Related work

The proposed topic is a significant part of global politics. The connection between
renewable energy sources and sustainable economic growth is substantial (Yikun, 2021),
in Europe (Wlodarczyk, 2021) or in South Asia (Aner, 2021). The area of interest is extensive,
which may cause additional problems to be solved. There are many methods to be applied in
the field of interests, e.g., multi-criteria method (Ulewicz, 2021), stochastic scheduling (Faraji,
2021), multi-objective optimization (Ullah, 2021), Al (Boza, 2021).
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As a part of the European Union, Poland is involved in all the situations which appear in
the EU countries. That causes some problems but also gives opportunities. The main problem
of all renewable energy sources is integration into European (and each country’s) grids
(Hammons, 2008). Also, the consumption of renewable energy in economic sectors in the whole
EU countries is essential (Tutak, 2022), and also by households (Piekut, 2022).

Also, as a separate country, Poland has many specific aspects for renewable energy to be
solved. First of all, the support scheme for renewable resources should be known (Wysocki,
2022) or other support mechanisms (Mazurek-Czarnecka, 2022). After the support mechanisms
are defined, it is necessary to plan and declare settlement conditions (Sleszynski, 2021; Szyba
2021). It is also important to include determinants of the energy development in Poland
(Bednarczyk, 2021). The potential of renewable energy resources (Niekurzak, 2021).

The modernization processes of energy consumption are also in the scope of the paper
(Sobocinska, 2022). The modernization processes also meet barriers (Juszczyk, 2022).
Those topics are a part of local governments’ policies (Rakowska, 2021) or sustainable
development policy (Serowaniec, 2021). The local society may treat renewable energy sources
as truth or myth in its opinions (Wozniak, 2022).

As was shown, the problem of renewable energy sources is widely spread in the scientific
field of interest. Above mentioned articles show the importance of the topic and define the
scope of the presented paper. The specific aspect of Poland will be shown in the other parts of
the article.

2. Renewable energy sources in Poland

Technological development is inevitably related to the increasing demand for energy.
In addition, the dwindling resources of fossil fuels meant a need to obtain power
unconventionally - i.e., renewable energy sources (RES). Russia’s war with Ukraine and the
consequent lack of coal and gas supplies from Russia have shown how unfavorable the situation
of countries dependent on energy imports is. Figure 1 shows the percentage dependence of
individual European countries on energy imports in 2020. It can be noted that Poland is in the

group of countries whose dependence on energy imports is 80,01-97,56%.



12 A. Banasik, A. Czupryna-Nowak

I &,01-9756
I 018000
[ 2,01-4000
[ 00-2000

-623,06—0,1
Brak danych

Figure 1. Dependence on energy imports in 2020.
Source: (Energy, 2022).

Renewable energy sources, i.e., those whose use is not associated with their long-term
deficit. The RES resource is renewed relatively quickly - these are the so-called renewable raw
materials. Renewable resources include: sun, wind, water, biomass, biogas, biofuels,
and nuclear energy in a closed fuel cycle (Seroka, 2022).

Renewable energy sources include:

e solar energy (also known as solar radiation energy), which has the most significant
energy potential, is mainly used to generate electricity and heat,

e wind energy,

e hydro-power,

e geothermal energy,

e biomass energy,

e energy from sand.

In Poland, in 2021, according to the Energy Market Agency, electricity production was the
highest in the history of Poland and amounted to 179,4 TWh. The electricity demand was also
record-breaking, reaching 180,3 TWh. Energy production in 2021 from RES was the highest in
the history of Poland and amounted to 30 TWh. The structure and division of energy production
sources in Poland in 2021 are presented in (Figure 2). The share of renewable energy sources
in Poland’s total energy production decreased to 16,7% compared to 2020, when it was 17,7%.
Wind energy was responsible for more than half (54%) of RES production, the share of biomass
was 15%, and photovoltaic was 13%. Within ten years, production from RES increased by 80%
- from 16,8 TWh in 2012 to 30.4 TWh in 2021. Apart from photovoltaic, wind farms’ most
significant increase in production was observed (an increase of 250% in a decade) (Raport
Transformacja energetyczna, 2022).
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Figure 2. Share of the capacity of energy sources in Poland in 2021.
Source: (Raport Transformacja energetyczna, 2022).

In Poland, the actual legal act regulating the development of renewable energy sources is
the Act of 20 February 2015 on renewable energy sources. This act adjusts to the Polish legal
system Directive 2009/28/EC of the European Parliament and of the Council of 23 April 2009
on the use of energy from renewable sources, amending and subsequently repealing Directives
2001/77/EC and 2003/30/EC. The goals behind the entry into force of the RES Act were
primarily (Raport Polska energetyka, 2022):

e increasing energy security and environmental protection as a result of the effective use
of renewable energy sources rational use of renewable energy, taking into account the
implementation of the long-term economic development policy of Poland,

o fulfillment of obligations resulting from concluded international agreements and
increasing innovation and competitiveness of the national economy,

e shaping mechanisms and instruments support the production of electricity, heat or cold,
or agricultural biogas in installations of renewable energy sources.

The European Union’s climate and energy policy, including its long-term vision of striving

for EU climate neutrality by 2050, significantly shapes the national energy strategy. In 2014,
the European Council maintained the direction of combating climate change and approved four
targets for the 2030 perspective for the entire EU, which, after the revision in 2018 and 2020,
are as follows:

e reduction of greenhouse gases (GHG) emissions by at least 55% compared to 1990
emissions,

e at least 32% share of renewable sources in gross final energy consumption,

e increase in energy efficiency by 32,5%,

e completion of the internal EU energy market.
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The above objectives are the EU’s contribution to implementing climate agreements.
Of crucial importance for current policies and actions is the so-called Paris Agreement. It results
in the need to stop the increase in the average global temperature below two degrees Celsius
compared to pre-industrial levels and keep it no more than 1,5°C. During the 24th conference
(COP24) in December 2018, during the Polish Presidency, the so-called Katowice climate
package implemented the Paris Agreement. The transformation resulting from the Paris
Agreement must be fair and solid is essential. The goal of the state’s energy policy is energy
security while ensuring the competitiveness of the economy and energy efficiency and reducing
the impact of the energy sector on the environment with the optimal use of its energy resources.

Energy security means the current and future satisfaction of customers’ needs for fuels and

energy in a technically and economically justified manner while maintaining environmental
protection requirements. The present and future guarantee of the security of the supply of raw
materials, production, transmission, and distribution of energy, i.e., the complete energy chain,
is essential. The fuel cost is hidden in every activity and product produced in the economy.
Therefore energy prices translate into the competitiveness of the entire economy. At the same
time, emissions of pollutants from the 2nd energy sector impact the environment.
Thus creating the energy balance must be carried out with due regard to this aspect. Poland’s
energy policy until 2040 (PEP2040) sets the framework for the energy transformation in Poland.
PEP2040 considers the scale of challenges related to the adjustment of the national economy to
the EU regulatory conditions associated with the 2030 climate and energy goals, the economic
recovery plan after the COVID pandemic, the European Green Deal, and the pursuit of climate
neutrality as possible. PEP2040 describes the state and conditions of the energy sector.
Then, three pillars of PEP2040 were identified, on which the eight specific objectives of
PEP2040 were based, along with the activities necessary for their implementation and strategic
projects.

Poland’s energy transformation will be based on three pillars:

1. Just Transition - it will mean providing new development opportunities for regions
worst hit by the harmful effects of the transition while providing new jobs and building
new industries. Individual energy consumers will also participate in the transformation,
as they will be shielded from the increase in energy prices and encouraged to actively
participate in the energy market.

2. Zero-Emission Energy System - will be implemented through the implementation of
nuclear energy and offshore wind energy, increasing the role of distributed and civic
power while unambiguously ensuring energy security through the temporary use of
energy technologies based, among other things, on gaseous fuels.

3. Good Air Quality - will be implemented through the departure from fossil fuels, thanks
to investments in the transformation of the heating sector, electrification of transport,

and promotion of passive and zero-emission houses, using local energy sources.
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PEP2040 includes eight specific objectives:

1. optimal use of own energy resources,

2. expansion of the generation infrastructure and electricity network,

3. diversification of supplies and growth of the network infrastructure of natural gas, crude
oil, and liquid fuels,

development of energy markets,

implementation of nuclear energy,

development of renewable energy sources,

development of district heating and cogeneration,

e A

improvement of energy efficiency.
The PEP2040 adopted several detailed indicators, which were considered as a measure of
the achievement of the objective:
e no more than 56% of coal in electricity generation in 2030,
e at least 23% RES in gross final energy consumption in 2030, item implementation of
nuclear energy in 2033,

¢ reduction of GHG emissions by 30% by 2030 (compared to 1990),

e reduction of primary energy consumption by 23% by 2030 (compared to PRIMES
forecasts from 2007).

PEP2040 determines the appropriate distribution of energy sources in general production
in individual countries. An in-depth analysis is necessary to understand the detailed conditions
for individual RES. Its purpose is to define the needs and requirements of separate energy
sources.

3. A detailed overview of renewable energy sources

3.1. Wind energy

Wind, i.e., the kinetic energy of moving air, has been used by man for centuries primarily
as mechanical energy in windmills or wind pumps. The renewable nature of wind seems
obvious. You can never talk about its long-term deficiency or complete exhaustion. Wind farms
are most often built on farms located on land or offshore - at sea or in river deltas. Therefore,
we can talk about the following:

e onshore,

e offshore.

The leading countries using wind energy are China, and the United States (Energy, 2022).
In 2021, the capacity of Chinese wind farms increased by 170%. In Europe, the UK is leading
the way, investing primarily in offshore wind energy, i.e., offshore. Other countries, i.e.,
Sweden and Germany, focus on onshore wind energy. Poland is in the 12Th position.
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In July 2021, the European Commission presented a 2030 renewable energy target of 40%,
up from the current 32%. This means that to achieve this ambitious target, the EU will need to
double its annual wind capacity from 15 GW to 30 GW per year. According to WindEurope
data, wind currently meets 16% of electricity demand in Europe, and in many countries, much
more: Denmark - 48%; Ireland - 38%; Germany - 27%; Portugal - 24%; Spain - 22%.
The IEA predicts that by 2027 wind will become Europe’s number one energy source. In 2021,
the leaders in the field of onshore wind farm installations were Sweden (2.1 GW), Germany
(1.9 GW), Turkey (1.4 GW), and France (1.2 GW). Notably, the realistic scenario developed
by WindEurope indicates that nearly 90 GW of new onshore wind capacity will be installed in
Europe in 2022-2026, i.e., an average of 17.4 GW per year (Energy, 2022).

The figure 3 presents the wind energy zones in Poland.

21 22 23 24 25

15 16 17 18 18 20 21 22 23 24

Figure 3. Wind energy zones in Poland.
Source: Raport Transformacja energetyczna w Polsce. Edycja 2022.

Energy generated from wind is considered clean energy because there is no emission of
harmful pollutants during its generation. This is not the only benefit of wind energy
development. The development of wind energy will directly translate into the competitiveness
of the domestic economy in the international arena, will contribute to a decrease in energy
prices, and will additionally generate new jobs.

Starting in 2016, Poland has faced numerous barriers preventing the dynamic development
of onshore wind energy. These include, for example, the distance rule, the rules for agreeing on
the connection of investments to the national power system, or the issues of assessing the impact
of projects on the environment. All problems related to the role of the local community in the
investment procedure are also significant. By the EU target binding for Poland, a 55% reduction

in emissions in 2030 compared to 1990 will require over 18 GW of onshore wind power.
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The development of onshore wind energy in Poland is also supported by the results
achieved by the industry this year. In January, wind energy satisfied Poland’s energy needs at
the level of 30-35%, and in February, almost 50%. Moreover, the analyzes carried out by the
Jagiellonian Institute clearly show that the share of onshore wind energy significantly reduces
the price per 1| MWh on the Day-Ahead Market. As indicated by the Agency Energy Market,
in December 2021, 5 new wind installations with a total capacity of 151,94 MW were built, and
in the entire In 2021, 48 new wind installations with an installed capacity of 1071,75 MW

appeared.
pomorskie
113493 warminsko-mazurskie
zachodniopo... [ ’ 396,20
Liuray podlaskie
197,76
mazowieckie
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3 lubelskie
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Figure 4. Power of energy in wind farms in individual voivodeships as of 31.12.2021.
Source: Raport Transformacja energetyczna w Polsce. Edycja 2022.

The advantages and disadvantages of wind energy are presented in the table 1.

Table 1.
The advantages and disadvantages of wind energy

Cons Pros

breaks in the operation of windmills - performance | no harmful emissions
fluctuations depending on weather conditions
a threat to the life of bats and birds, especially in the | short construction time
case of improperly located wind turbines
intervention in the landscape (large area occupied by | low operating costs
wind farms)
low efficiency of a single windmill (approx. 2-4 MW) | possibility of running a business (e.g., growing
cereals) in the vicinity of windmills

noise (concerns older structures)
Source: Own study.
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3.2. Water energy (hydro-power)

Hydro-power is nothing more than the economically used mechanical energy of flowing
water. At present, hydro-power is usually converted into electricity. Water energy can also be
used directly to drive machines. In Poland, water energy has a very long tradition. It can be
divided into the so-called large and small hydro-power (SHP).

The principle of operation of hydropower plants is simple and consists in damming up
water using dams. The dammed water finds its outlet in pipes and hits the turbines at high speed,
causing the blades to rotate. Kinetic energy is thus converted into mechanical energy. It then
goes to a generator that converts it into electricity. The next and last element of the entire
process of electricity production in a hydroelectric power plant is the transfer of the generated
electricity to the power grid.

Water energy is an element of the energy industry of every country. Hydro-power plants
can be built both on rivers and at sea. Due to the source of energy, power plants can be divided
into:

e inland water power plants (river),

e power plants that obtain energy from sea waters (e.g., tides, waves),

e power plants using both inland and seawater.

In hydro-power, the following types of power plants are distinguished (Mikulski, 1998):

e hydro-power plants (EW): run-of-the-river (RRP) or reservoir (RP),

e hydro-power plants with a pump unit (PU-P),

e pumped-storage power plants (PSP), also known as pumped storage,

tidal power plants (TP).

Hydro-power in Poland includes all hydro-power plants that use the natural flow of rivers,
regardless of the method of obtaining the head, power, and size of the head. Renewable energy
sources do not include pumped-storage water power plants and run-of-the-river power plants
with a pump unit due to the need to purchase energy for pumping from other sources (Matuszek,
2005).

Due to their size, power plants can be divided into (Mikulski, 1998):

e large hydro-power plants with a capacity of over 10 MW,

e small hydro-power plants (MEW) with a capacity of IMW - 10 MW,

e mini hydro-power plants with a capacity of up to 1 MW,

e micro hydro-power plants with a capacity of less than 200 kW.

However, taking into account the height of water drops, i.e., the differences between the
upper level of the water reservoir and the lower one, large power plants can be divided into:

e low-head hydro-power plants (up to 15 meters),

e hydro-power plants with an average head (between 15 and 50 meters),

¢ high-fall hydro-power plants (above 50 meters).
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The potential of hydro-power is evenly distributed throughout the country. About 68%

occur in the Vistula river basin, while in the Oder basin, about 17% (Insolation, 2022). Rivers

with high energy potential include the Vistula, Dunajec, San, Bug, Odra, Bébr and Warta.

The advantages and disadvantages of hydro-power are presented in the table 2.

Table 2.

The advantages and disadvantages of hydro-power

Cons

Pros

the use of hydro-technics harms the migration of fish
- although the use of fish passes in hydro-technical
facilities, the natural process of their migration is
disturbed

water energy is an ecological source of energy

the need to interfere with the environment during the
construction of a hydroelectric power plant

free kinetic energy and low cost of electricity
production - kinetic energy are generated by water that
naturally flows in riverbeds. However, after the
construction of a hydro-technical facility, renewable
energy is very cheap to obtain

high costs associated with the construction of the
power plant - unfortunately, the initial investment in a
renewable source of water energy is much more
expensive than other ecological power plants

the need to use dams to protect against floods - with an
appropriate water drop, water damming is used,
simultaneously allowing you to regulate the level of
rivers. This is very important, especially in the event
of a flood wave

work noise

the ability to store energy - a source of renewable

energy, which is water, not only produces electricity
for current needs but also allows energy storage

changes in water levels that may generate landslides
siltation of rivers, which is very undesirable from the
point of view of creatures living in water

Source: Own study.

3.3. Solar energy

Solar energy 1s unlimited by the availability of resources, it reaches the Earth through solar
radiation. It is then processed in a photovoltaic, photo-chemical, or photo-thermal conversion
process. Solar energy comes to the Earth in the form of solar radiation. It is readily available
energy. Unfortunately, the flux density getting to the Earth depends on the geographical
location, season, and time of day. In Poland, the Institute of Meteorology and Water
Management researches solar radiation. The PN-B-02025 standard shows that the average value
of total radiation intensity for Poland during the year is 993,5 kWh/m?. The best solar conditions
exist on the Szczecin and Central Coasts and in the east of Poland - Zamojszczyzna, Polesie,

etc. The map of Poland’s insolation is shown in figure 5.
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Figure 5. Insolation in Poland in 2021.

Source: Insolation, 2022.

Solar energy can be used in three ways:

Photo-chemical conversion, i.e., the change of solar radiation energy into chemical
energy. It is not widely used in technology but occurs in living organisms.
The efficiency of this process is estimated to be around 19-34%.

Photo-thermal conversion - direct change of solar radiation energy into thermal energy.
Depending on whether additional energy sources are used for further distribution of the
obtained power, passive photo-thermal conversion and active photo-thermal conversion
are distinguished. In the case of dynamic photo-thermal conversion, the flow of the heat
carrier is carried out using pumps powered by additional energy sources. In contrast,
in the case of passive conversion, the heat carrier flow takes place by convention.
Photovoltaic conversion - it is used in photovoltaic cells. These are devices that directly
convert solar energy into electricity. The exchange is possible thanks to the use of
semiconductor p-n junctions. The photon that strikes the silicon wafer is absorbed by
the silicon, knocking the electron out of its position and causing it to move.
This movement is the flow of electric current.

The advantages and disadvantages of solar energy are presented in the table 3.
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Table 3.

The advantages and disadvantages of solar energy

Cons

Pros

relatively high cost of devices

unlimited energy resources (solar radiation) - it can
be obtained even when it is raining or cloudy

cyclicality and uneven use (available energy depends
on the time of day and year)

photovoltaic installations have a negligible negative
impact on the natural environment due to the lack of
pollution with waste and combustion products

problems with storing more electricity

the universality of this technology means that it can
be installed almost anywhere by selecting the
appropriate modules

the value of the intensity depends on the angle of
incidence of the sun’s rays

the possibility of direct conversion into various forms
of energy (heat, electricity)

quite low efficiency of photovoltaic modules

no need to use fuel and transport energy

the dependence of solar radiation on atmospheric
pollution, cloud cover

surplus energy can be collected and sold to external
suppliers

low operating costs

lack of mechanical devices for processing electricity
and noise related to their operation

allows to significantly reduce the emission of
harmful greenhouse gases into the environment
because it is a zero-emission source

allows you to significantly reduce the emission of
harmful greenhouse gases into the environment
because it is a zero-emission source

Source: Own study.

The following types of photovoltaic installations are distinguished:

e micro-installations - i.e., installations with a total installed capacity not exceeding

50 kW. These are the so-called prosumer installations. The total capacity of micro-

installations amounted to approx. 6 GW;

e small installations - installations with a capacity of 50 kW - 1 MW. The power of

facilities installed in Poland reached a value of over 1,5 GW;

e photovoltaic farms - over | MW - the total installed capacity has been estimated at

almost 200 MW.

In Poland, the largest share in the photovoltaics market is held by micro-installations,

which in 2021 accounted for less than 80% of the power installed in photovoltaics. In the entire

power structure of renewable energy sources, in 2022, photovoltaic installations account for

over 50% (Fig. 7). The total installed capacity of photovoltaics in Poland at the end of July
2022, according to the data of the Energy Market Agency, amounted to 10,586 GW.
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Figure 6. Installed power in photovoltaic installations in individual voivodships as of the day
31.12.2021.

Source: Own study.
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Figure 7. Share of the capacity of energy sources in Poland in 2021.

Source: Own Study.

The development of the photovoltaic market in Poland is highly dynamic. At the end of
2021, Poland was ranked second in Europe with an increase in installed capacity of 3,7 GW. In

Europe, the most significant increase was recorded in Germany, which recorded an increase of
5,3 GW (Fig. 8).
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Figure 8. Increases in installed capacity in individual countries in 2021.
Source: Own study.

The installed capacity of photovoltaics in Poland is mainly due to prosumer micro-
installations, which account for about 76% of all installations in the country. 2021 was a record
year for new connections of prosumer photovoltaic installations. According to ARE, at the end
of 2021, it amounted to over 845,000 units, which means an increase of over 89% compared
to 2020. Such an increase was mainly due to the change in the settlement system from net
metering to net billing. The "Clean Air", "My Electricity", and "My Heat" programs also
provided great support for prosumers. Since 2018, there has been a noticeable increase in the
installed photovoltaic capacity in small RES installations, while other renewable sources
remain almost constant. Since 2019, new additions have reached several hundred megawatts
per year in photovoltaics.

At the same time, since this year, PV has been indisputably in first place, and its outlook
for the coming years is also optimistic.

The key market segment that uses small installations is business prosumers or self-
producers of energy from RES. These include any company or enterprise that, thanks to its own
RES installation, produces electricity for its own needs, thus reducing the cost of purchasing

energy from the grid.
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Table 4.
The largest photovoltaic farms in Poland in 2022
Localization Power Year of commissioning Owner

Zwartowo 204 MW 2022 Stigma Sp. z 0.0.
gm. Brudzew 69,999 MW 2021 ZE PAK
gm. Witnica 64,600 MW 2021 Alternus Energy Group
gm. Wielbark 62 MW 2022 Energa Wytwarzanie
Stepien (gm. Braniewo) 58 MW 2022 Wento
Zydowo/Polanow 29,999 MW 2021 Better Energy
Postomino 29,961 MW 2021 Better Energy
Bogucice 8,054 MW 2022 SOLAR-R
Borki Wielbarskie 7,987 MW 2021 Energa OZE
Jaworzno 5,000 MW 2020 Tauron
Prochowice 4,677 MW 2021 EWG Elektrownie Wiatrowe
Czernikowo 3,770 MW 2015 Energa OZE

Source: Own study.
3.4. Biomass energy

According to the content of the amended Art. 2 point 3 of the Act of 7 June 2018 on
renewable energy sources, the term biomass should be understood as: "The biodegradable part
of products, waste or residues of biological origin from agriculture, including plant and animal
substances, forestry and related industries, including fisheries and aquaculture, processed
biomass, in particular in the form of briquettes, pellets, torrefied and biochar, as well as the
biodegradable part of the industrial or municipal waste of plant or animal origin, including
waste from waste treatment installations and waste from water treatment and sewage treatment,
in particular sewage sludge, following the provisions on waste in the scope of qualifying part
of the energy recovered from the thermal treatment of waste".

Biomass is an attractive alternative to coal, mainly due to the lower amount of pollutants
produced. It is characterized by a zero balance of CO2 emissions and lower emissions of sulfur
dioxide, carbon monoxide, or nitrogen oxides than fossil fuel combustion. Biomass can be used
in three ways (Janowicz, 2006):

e combustion in boilers (straw, pellets, wood chips, wood),

e cooperation with conventional energy carriers (coal, gas, and others),

e combustion of products resulting from the processing of biomass (biogas, biodiesel,

etc.).
The following types of biomass are most often used for energy purposes:

e wood of low technological quality and waste,

e sewage sludge,

e municipal waste,

e animal excrements (manure, liquid manure and slurry are the raw material for biogas

production),

e straw, cake, and other agricultural waste,

e energy crops (including seaweed grown specifically for energy purposes).
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The advantages and disadvantages of biomass energy are presented in the table 5.

Table S.
The advantages and disadvantages of biomass energy
Cons Pros
low energy value biomass is safe for the environment
dioxin emission low costs
emission of nitrogen oxides during the combustion of | unlimited access
biofuels
reducing biodiversity risk independence from weather conditions

products from which biomass is produced can also be
grown on wasteland

many biomass fuels - such as wood and plants - can be
regenerated

Source: Own study.

In the European Union, the energy industry must use biomass as fuel. However, due to the
insufficient supply of this green fuel in Europe and its high prices, the practical consequence of
these regulations is the import of biomass from Asia or Africa, which naturally negates the
benefits of reducing emissions. Biomass is also imported in Poland, mainly from countries such
as Russia, Ukraine, Hungary, Bulgaria, and Latvia (about 85% of biomass comes from imports).
Biomass in Poland has excellent potential for development, which should not be neglected.
Poland has a solid agro-sector; unfortunately, it is difficult to discuss a particularly favorable
situation regarding soil quality. Because in Poland, the most fertile chernozems (I valuation
class) occupy only 0.75%, while 40% of soils belong to class IV, 23% to class III and V,
and 11% to class VI lands. Therefore, it is necessary to fertilize lower-quality agricultural land
to obtain high yields.

This situation may therefore be beneficial for producers of energy crops, which, as we
already know, do not require high-quality land (soils with low valuation are used for biomass
crops - class V and VI). In addition, biomass in Poland can be obtained from the forest,
agricultural and production waste, or garbage. The most effective model for the operation of
biomass energy is its use, especially in local heating. However, to make biomass the leading
source of green energy in Poland, systemic support is necessary, thanks to which it will be
possible to build local logistic chains covering producers and recipients. Installed capacity in
biomass power plants in individual voivodeships as of 31.12.2021.

Biogas can be used for energy purposes locally by coupling the generated fuel with a biogas
burning unit or, after cleaning, introduced into the gas network and, after transmission, further

used for energy purposes.



26 A. Banasik, A. Czupryna-Nowak

pomorskie
2,35 warminsko-
mazurskie

kujawsko-

. . mazowieckie
lubuskie

3,47 °

lubelskie
& 2,60
y Swietokrz...
“ opaolskie : 243,21

podkarpa...

malopolskie 57.80

3,36

Figure 10. Installed power in biomass power plants in individual voivodships as of 31.12.2021.

Source: Own study.
3.5. Energy from biogas

Biogas is a gas from processing organic compounds contained in biomass. It is a secondary
source resulting from biomass processing using various processes. The most common biogas
production technique is methane fermentation, where in anaerobic conditions, physicochemical
processes supported by methane bacteria decompose organic matter into gaseous form.

Biogas is a combustible gas, so it can be used as a fuel to drive a gas turbine to produce
electricity, as a fuel used in a boiler to generate heat, or, more often, as a fuel for a cogeneration
system engine, where electricity and heat are produced in one process.

Biogas can be compressed adequately after cleaning and used as fuel for motor vehicles in
transport. Such solutions are well known in Sweden, as well as in Germany and Austria.

Biogas can be characterized as:

e Composition of biogas - The volumetric composition of biogas strongly depends on the
type of biomass from which it was produced, and it consists only of components made
of organic matter. Biogas (raw) consists of approx. 50-65% methane (CH,), 30-45%
carbon dioxide (CO,) and other components in trace amounts such as water vapor
(H20), hydrogen sulfide (H,S), nitrogen (N), hydrogen (H), oxygen (0,).

e Mass of biogas - Knowing the volumetric composition of biogas, we can determine the
mass of biogas with a high approximation. Under normal conditions (pressure and
ambient temperature respectively 1013,25 hPa and 273,15 K), the mass of biogas is
approx. 1,2 kg/m.
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Calorific value - The calorific value of biogas results directly from the methane content
in the biogas. A typical biogas has a calorific value of 19-23 MJ/m3. Knowing the
calorific value and biogas production, we can determine the amount of primary energy
generated in a given time unit, and then, after taking into account the efficiency of the
primary energy conversion system in the final one, we can determine the amount of
electricity and/or heat that can be produced. Assuming conversion efficiency at the level
achieved by cogeneration systems (CHP) currently on the market, we can obtain approx.
2,2 kWh of electricity and approx. 8 MJ of heat from one m3 of biogas.

Other parameters of biogas - colorless, odorless. It consists of combustible and non-

combustible gases; only methane gives energy gain.

The following types of biogas can be distinguished:

landfill biogas - it is created from the decomposition of organic compounds stored in
landfills;

sewage biogas - it is produced as a result of the decomposition of organic compounds
of sewage sludge;

municipal biogas - it is made as a result of the decomposition of organic compounds of
biodegradable municipal waste (e.g., collected leaves from parks);

agricultural biogas - is produced as a result of the decomposition of raw materials of

agricultural origin.

The list of advantages and disadvantages of biogas is presented in the table 6. And the power

installed according to the use of biogas is shown in figure 11.

Table 6.
Advantages and disadvantages of biogas

Cons

Pros

methane is a rather dangerous gas due to its
instability

itis 100% clean energy

biogas production technology still causes large heat
and energy losses at the production stage

for this biogas production, methane-fermentable
organic waste is first used

biogas is a fuel that is difficult to produce on a large
scale

getting rid of organic waste and distributing fertilizer
ingredients

reduces the amount of soil and water contamination

Source: Own study.
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Figure 11. Installed capacity in biogas power plants in individual voivodeships as of 31.12.2021.
Source: Own study.

4. Discussion

The presented types of renewable energy sources in Poland differ from each other.
The differences lie in the technologies used, the complexity of generating installations, and the
availability (conditions) of particular energy sources. A careful selection of RES is needed.
It depends on organizational and technical issues.

Each renewable energy technology has its advantages and disadvantages. As part of the
investment implementation, it is necessary to include them in the implementation project.
The development of individual RES in Poland is still ongoing. The most common is
photovoltaics and obtaining energy from wind and water, partly due to technology and issues
related to terrain and weather conditions.

The development potential of RES is growing along with the energy crisis in Europe and
the world. Reviewing the RES development potential in Poland is the starting point for

forecasting the development of these energy sources.
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5. Conclusions

The article presents an overview of Poland’s types of renewable energy sources. Analyzing
individual RES’s potential, advantages, and disadvantages allows you to familiarize yourself
with the subject and is a starting point for further research.

Analyzing technological conditions and implementation possibilities of individual energy
sources is essential in determining the further development of unique technologies and the
possibility of creating a prognosis of their development potential.

The direction of further development of this publication is determined by creating forecasts

for using particular RES in the future, considering the guidelines of the European Union.
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Purpose: The main aim of the study is to build a decision support system for the development
of territorial communities.

Design/methodology/approach: The study includes linear multifactor regression for agro-
industrial complex. The module for optimizing garbage collection consists of clustering
garbage collection points using the k-means algorithm and the salesman's task to find the
shortest path. The method of hierarchy analysis was used to choose the direction of
development of territorial communities. For the development of tourism, PLS-PM modeling
was used.

Findings: The system of decision support for the development of territorial communities has
been implemented. The results of the program experiment were analyzed, and the scientific and
practical significance of the developed program was shown. The study helps managers to make
decisions for the development of territorial community. The separate components of the
functioning of the decision support system which consists of four parts (modules) are analyzed.
Each module can be used separately if necessary. Therefore, the methods of operation for each
part were described using UML diagrams or a simple visualization of the steps of an algorithm
or method.

Originality/value: The added value of the article is the support in the decision-making process
of leaders for the development of local communities.

Keywords: territorial community, decision support system, mathematical model.

Category of the paper: Research paper.

1. Introduction

Today, several foreign countries are in the process of profound changes in the system of
regulation of public relations. In terms of prospects for local development, decentralization has
become an effective way to change the essential characteristics of society. The experience of
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developed countries shows that the main prerequisite for successful community development
is the unification of territories and resources, in which the state creates the necessary conditions
for community development, and they must choose the priorities they need. Therefore,
the question arises for each community "Which sector of the industry from the available
resources can bring the most benefit to the community?".

Let us consider this issue on the example of the development of territorial communities of
Ukraine, as in Ukraine there is also a tendency to decentralize power and unite several
settlements, thus forming a prosperous territorial community. To effectively implement certain
regional or local policy steps, community political forces need to have a few required skills.
Such several managerial characteristics includes the ability to form compliance and unity
between goals. Prioritization of tasks and activities at different levels of government of local
governments (central, regional, and local) or executive authorities is also an important element
of the above. This element plays an important role both in addressing key development
challenges and in achieving long-term strategic goals.

Capable united territorial communities should be the main contenders for an effective
system of government in Ukraine. Therefore, when creating new territorial communities with
new legislative and financial functions, the relevant authorities have several responsibilities.
They should form and explain to the newly created community the main priority areas of
development, determine its route, and announce the means and methods needed to overcome it.
The stage of creating new territorial communities also has several challenges, among which are
the following:

e difficult adoption by the newly formed community of general priorities for the provision
of basic services to its residents. This is since before the merger, each body had its own
management methods and priorities;

e lack of understanding of the management and use of new resources available after the
merger (land, territorial, budget);

e increasing the number of members of government with whom you want to coordinate
certain management decisions.

Given such complications, the question of proper planning of the development of the
territorial community is critical. The adopted strategy should include all the existing advantages
of the united territorial community (natural, material, territorial, etc.). Then, with the proper
organization of government work, you can achieve the most effective level of local
development.

Over the last decade, a number of works have been devoted to solving the problem of
development of territorial communities, which are based on the construction of efficient
algorithms using natural systems (swarm algorithms, etc.) for various applications.
Feldmann and Foschini (2012) used the problem of graph partitioning to construct balanced
trees. Such mathematical models are also used for clustering problems (Alzate, Suykens, 2010).
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Successful development of the regions requires certainty and the presence of consolidating
ideas about the future. These are important needs of business and society, which are met through
the mechanism of territorial socio-economic planning, especially strategic planning. Borbasova
(2020) considered the concept of strategic management and described the differences between
strategic and current management on the example of management of branches of the social bloc.
The essence of management of territorial economy of the region, and questions of realization
of life support and social service of the population, improvement of territorial economy,
acquisition by it of new qualitative characteristics of higher level is investigated also.

On the example of Latvia, Lonska (2021) analyzed the structural scheme of assessment of
the territorial state of development, developed earlier, assessing the territorial state of
development of statistical regions of the country. The analysis showed that it is impossible to
draw unambiguous conclusions about the level of their development, as each region of Latvia
has its own quality or essence of development.

Filippetti, Sacchi, (2013) and Oates (2006) revealed a wide range of issues, including the
study of the essence of the concept of "decentralization of public power", its types and forms,
principles of implementation, evaluation of decentralization models, an algorithm for reform,
and more. At the same time, some issues remain unresolved in both theoretical and
methodological aspects, and therefore necessitate further research and finding ways to solve
problems in this area.

Thoening (2006) analyzed the development and current state of reforms of state and local
self-government in France and Germany.

Thus, the results of the analysis allow us to conclude that the development of territorial
communities is a very important topic. This will better shape local budgets and improve the

country's economy.

2. Materials and methods of research

The decision support system consists of four elements: agro-industrial (Bihun, Lytvyn,
Oleksiv, 2022), optimization of garbage removal (Bihun, Lytvyn, 2022), choice of direction of
development and tourism development (Bihun, Lytvyn, Oleksiv, 2021).

The structure of software for the decision support system of territorial communities consists
of three categories: system programs, applications, and tools.

System programs include those that play a supporting role, such as the operating system.
In our case, the operating system was Windows 11 Pro, version 21H2.

Tool systems, in other words, programming systems, provide the creation of new programs
for the computer. In our case, for the garbage disposal optimization module, it was the Python

programming language, the programming environment - PyCharm Community, because
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Python has many useful libraries for working with data analysis, machine learning and others
(Lutz, 2003). The C# programming language and the Windows Forms application programming
interface were chosen to build the development direction selection system, as it is convenient
for writing graphic applications and easy to use (Sells, 2003).

Applications are programs that directly provide the necessary work, such as building tables
or databases, processing information arrays, and so on. In our case, such programs are Excel
and SmartPLS.

3. The results of the study of the decision support system
for the development of territorial communities

3.1. Building a decision support system for the development of territorial communities

All modules (elements) of the proposed decision support system: agro-industrial (Bihun,
Lytvyn, Oleksiv, 2022), optimization of garbage removal (Bihun, Lytvyn, 2022), choice of
direction of development and tourism development (Bihun, Lytvyn, Oleksiv, 2021) are written
in those programs that best suited their functions and capabilities.

The diagram of components (Fowler, 2004) of decision support system is presented

in figure 1.
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Figure 1. Diagram of components of decision support system for the development of local communities.
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The block diagram of the decision support system for the development of territorial

communities is presented in figure 2.

( Start )

A
Optimize
export
rubbish

Choice of direction
of development

Development Build a model for the
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potential tourism development

communities?

No

End

Figure 2. Block diagram of decision support for the development of territorial communities.

All modules can be used separately for any territorial community, except agricultural,
as it depends on whether the community has agricultural land.

First, an algorithm for optimizing garbage collection is used. Then the direction of
development of the territorial community is chosen. If in the process of calculation, the direction
"Development of agro-industrial production and agricultural processing” is chosen, then the
agrarian model is used, which analyzes the factors that affect the agro-industrial complex.
If the direction "Development of the tourist potential of the community" was chosen, then we
build a model of tourism development. Since there are several areas of development, both

modules - tourism development and agro-industrial complex — can be used.
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The first step in building a decision support system for the development of local
communities is to optimize garbage collection. Next is the choice of direction of development.
Depending on the calculated direction, the agro-industrial module (Bihun, Lytvyn, Oleksiv,
2022) or the tourism development module (Bihun, Lytvyn, Oleksiv, 2021) will be used (or both,
depending on the number of selected areas). So, in the beginning we need to have data on
landfills. To verify the decision support system, we will choose the Solonitsy settlement
territorial community. First, it is necessary to import data that represent the location of garbage
collection points. The tonnage of the garbage truck is 10 tons. The capacity of garbage

collection points and their coordinates are given in the table (Table 1).

Table 1.
Capacity and coordinates of garbage collection points
Number Position x Position y Garbage collection capacity
1 2 4 1,5
2 2,2 5,2 1
3 3,3 2,3 1,5
4 1,5 6 2
5 5,2 8 1
6 8 12 2
7 10,1 16,7 1
8 15 21 1
9 18 19,7 1,5
10 19,7 24 2
11 22 22 2
12 23,1 27 1
13 26 18,4 1
14 292 23.8 1.5
15 39 17,1 1
16 37,8 21,9 1
17 42,1 27,8 1
18 46,2 30,1 1.5
19 48 36,2 1.5
20 51,4 34,6 2
21 54,4 38 2

Source: own studies.

Using the algorithm of optimization of garbage removal, we get the result, which is
visualized in figure 3.

That is, first, all garbage collection points are divided into the optimal number of clusters,
which are highlighted in red. Next, we found the optimal route between clusters, which is
indicated by green dotted arrows. After that, the first and last points in each cluster were found
and dummy points were added, which were eventually deleted. Next, the optimal route within
each cluster is constructed. The proposed location of landfills is any permitted location on the
route represented by the green dotted arrows. The length of the shortest path by one garbage
truck according to this algorithm is 23 km. The garbage truck must be unloaded 3 times.
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Figure 3. The result of clustering and the shortest way to collect waste.

To choose the direction of development, it is necessary to import data on available resources

for the local community. The result is shown in table 2.

Table 2.

Available resources and their scales in Solonytsivska settlement territorial community

Ne | Resource

Scale: 1 - very little or very unsatisfactory,
9 - very much or very satisfactory,
2-8 - intermediate results

1 | Minerals, oil, gas

1

2 | Cultural heritage 4
3 | Brownfields and Greenfields (investment attractive 3
areas of the region)
4 | Natural and recreational resources 5
5 | Railway connections 3
6 | Forests 7
7 | Lakes, ponds, rivers 4
8 | Tourist potential 7
9 | Agricultural lands 8
10 | Industrial enterprises 4
11 | Land plots for individual development 5
12 | Workforce 5
13 | Recreation areas 4
14 | Schools 7
15 | Cultural institutions 5
16 | Health care facilities 8
17 | The level of medical care 4
18 | Leisure networks 3
19 | Creative cultural industry 4
20 | Centralized water supply and sewerage 8
21 | Sports infrastructure 6
22 | Level of public activity 5
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Cont. table 2.

23 | Street lighting 3
24 | Public transport 3
25 | Logistics development 5
26 | Efficiency of household waste management 3
27 | Condition of roads 4
28 | The state of engineering networks 4
29 | Quality of mobile and internet coverage 6
30 | Centralized water supply and sewerage (reverse) 9-8+1=2
31 | Level of public activity (reverse) 9-5+1=5
32 | Road condition (reverse) 9-4+1=6
33 | Quality of mobile and internet communication 9-6+1=4
coverage (reverse)

Source: own studies.

After applying the module for choosing the direction of development, we obtain a list of

priorities, which is given in table 3.

Table 3.
Global priorities of alternatives (level 3)

. The value
Identlfie.r of Alternatives (directions of development) of global
alternatives oL

priorities

al Creating a favorable investment climate 0.075
a2 Forming a positive community image and marketing 0.072
a3 Development of community tourism potential 0.081
a4 Development of agro-industrial production and agricultural processing 0.074
as Improving land management and their efficient use 0.062

Transition to innovation-oriented and high-tech production, development of 0.070
a6 clusters and industrial parks, creation of a coworking center, youth business

incubator, technology park
a7 Development of culture and sports 0.072
a8 Comprehensive development of children and youth 0.066
a9 Creating conditions for housing investment 0.069
al0 Preservation of historical identity and cultural traditions 0.060
all Modernization of the coal and oil industries. construction of modern mines 0.059
al2 Construction and reconstruction of water supply and sewerage networks 0.059
al3 Increasing the level of public activity and social cohesion in the community 0.061
al4 Repair of roads and roadside infrastructure 0.063
als Improving, expanding, improving the quality of communication and the Internet | 0.060

Source: own studies.

Thus, the highest priority is direction a3 — the development of tourism potential of the
community. That is what you need to focus on. If you need to choose several areas of
development, for example, three areas, the following areas will be:

e al — formation of a favorable investment climate,

e a4 —development of agro-industrial production and agricultural processing.

If we implement all three areas of development, we can apply the module of tourism
development and agro-industrial module. To apply the tourism development module, it is
necessary to isolate indicators, find the necessary statistics and import them into the program.
To apply the agro-industrial module, it is necessary to import into the system statistics of

agricultural development in previous years to identify factors of production.
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3.2. Operation of individual decision support system modules

Garbage removal optimization module

This module uses a correlation-regression model, which was built (Bihun, Lytvyn, 2022)
for the agro-industrial complex. Since correlation and regression analysis is the construction
and analysis of economic and mathematical models in the form of equations and tables —
the agro-industrial module consists of a single component - Microsoft Excel - a spreadsheet for
working with spreadsheets and data analysis. The use of Microsoft Excel spreadsheet allows
you to create not only a correlation-regression model, but also to make predictions about the
general indicators of the economic process and determine the development of enterprises in the
future.

To model the algorithm of the agricultural module, we use UML (Unified Modeling
Language) activity diagram (Fowler, 2004), which is presented in figure 4.

Collection of Construction of a Construction of
key and P system of studied »]  acorrelation
resulting factors indicators matrix

A 4

Construction of a Determining the
vector of estimates of |« Multicollinearity check [+ degrx?e of influence
regression coefficients of factors on the

result

y

Assessment of the
adequacy of the
model

o | Analysis of regression
Ll .
equation parameters

Figure 4. Activity diagram for correlation-regression analysis for agro-industrial complex.

In other words, it is a set of steps that need to be taken to build a correlation-regression
model. The result will be a mathematical regression model, as well as an assessment of the
adequacy of the model. All steps are taken by the researcher.

When adding or changing factors, as well as when new statistics appear, it is necessary to

re-list all the steps of the algorithm.

Garbage removal optimization module
To model the garbage collection module (Bihun, Lytvyn, 2022) we use UML (Unified
Modeling Language) precedent diagram (Fowler, 2004), which is presented in figure 5.
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Figure 5. Garbage collection precedent diagram.

First, the researcher finds data on the location of landfills and their capacity. This data is

then imported into a program that calculates the shortest garbage collection path. This result
can be used by the local community to optimize garbage collection.

Module for choosing the direction of development

territorial

community

To model the module for choosing the direction of development, we also use the diagram
of precedents (Fowler, 2004), which is presented in figure 6.
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Figure 6. Diagram of precedents of the module for choosing the direction of development.

First, the researcher finds and fills in the data on the available resources of the territorial
community on a scale: 1 — very little (if the number) or very unsatisfactory (if the state),
9 — very much (if the number) or very satisfactory (if the state), 2-8 — intermediate results.
Then the data is used by the program to build matrices of pairwise comparisons and construct
local and global priority vectors. At the end of the program gives a list of priorities of
operational objectives. The united territorial community can choose one goal (the first from the

list, which has the highest priority) or several (respectively, the first from the list of the highest

priorities) to implement the development of the territorial community.

Tourism development module

The stages of PLS-PM modeling for the tourism module (Bihun, Lytvyn, Oleksiv, 2021)

are presented in figure 7.
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Figure 7. Stages of PLS-PM modeling.

Therefore, some steps cannot yet be automated programmatically. These steps need to be
done by the researcher. The program calculates the parameters of the model and optimizes the
model. The researcher needs to identify variable models, find the necessary statistics, and then
build an initial model. In the end it is necessary to interpret the result by the researcher.

To model the algorithm of the tourist module, we use the block diagram of the algorithm
PLS-PM, which is shown in figure 8.
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latent variables)

y

External model research
(recalculation of external
scales for reflective or
formative type)

Degree
convergence
sufficient?

Figure 8. Block diagram of the PLS-PM algorithm.
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SmartPLS program was used to implement the algorithm. First you need to initialize the

internal scales. Next, the cycle is the recalculation of internal and external weights, which will

be carried out until the degree of convergence is sufficient. Then we get the key factors that

characterize the level of tourism development.

4. Discussion of the results of building a decision support system
for the development of the territorial community

Analysis of the results of the software experiment will be allocated for each module

separately:

the result of the garbage collection optimization module will be a streamlined list of
clusters and coordinates of garbage collection points, i.e., the garbage collection route,
the reduction of which shows a reduction in costs allocated to the operation of the
vehicle and reduce the total time spent on one route;

the initial result of the module of choosing the direction of development will be the
operational-strategic goal (or several goals if desired) of the territorial community,
which best characterizes the development of the community based on its available
resources;

for the tourism module, the result will be data on key factors that characterize the level
of tourism development, and the improvement of which will lead to positive changes in
the tourism industry of the local community;

the result of the agro-industrial module will be data on key factors, the regulation of
which can have a positive impact on the growth of the economic component of the

territorial community.

The scientific and practical value of the developed software can be divided according to the

modules:

the proposed module of optimization of garbage removal allows to facilitate the
formation of financial solutions for the united territorial communities in the field of
solving the problems of garbage collection and disposal in a certain area. This is possible
due to the integration into the study of modern methods of machine learning in the
section "learning without a teacher", one of which is the method of clustering, which is
called k-average. To optimize the construction of clusters, namely their number in the
area, an improved method of k-means was used, which includes consideration of the

priority of garbage removal from certain clusters.
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the strengths of the agro-industrial module are that on the basis of representative
economic indicators of the agricultural sector, key factors have been identified, the
regulation of which can have a positive impact on the growth of the economic
component of territorial communities. An important step in building a mathematical
model is to consider the specifics of agriculture. Remember that natural conditions are
an extremely important factor in production. That is why we need strategic planning
that would formulate and implement community development strategies based on
continuous monitoring and evaluation of change.

the tourism development module allows to analyze the main factors influencing the
development of the tourism industry, based on the PLS-PM model. This analysis can be
used to successfully solve the problems of sustainable development of the tourism
industry of local communities.

the module of choosing the direction of development allows to prioritize the directions
of development of territorial communities based on their resources, which allowed to
analyze in detail these resources, as well as their impact on the direction of development

of the territorial community.

5. Conclusions

The system of decision support for the development of territorial communities has been

implemented. The results of the program experiment were analyzed and the scientific and

practical significance of the developed program was shown. The separate components of

functioning of the decision support system which consists of four parts (modules) are analyzed:

development of the agro-industrial sector,
tourism development,
optimization of garbage removal,

choosing the direction of development.

Each module can be used separately if necessary. Therefore, the methods of operation for

each part were described using UML diagrams or a simple visualization of the steps of

an algorithm or method.
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1. Introduction

Designing an organization is the process of defining system components, defining the
functions of these components, and establishing relationships between them. The result of the
design process should be a system enabling a smooth implementation of the strategy and proper
adaptation of the organization to the environment. In designing the organization, situational

conditions should be taken into account, i.e., the subject of activity, the company's strategy,

http://dx.doi.org/10.29119/1641-3466.2022.167.3 http://managementpapers.polsl.pl/
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organizational culture, stakeholder expectations and many other factors. A well-designed
organization answers a number of important questions. What organizational units should be
distinguished in order to achieve strategic goals? How will these units be related to each other?
What roles should we assign to members of the organization? How to coordinate work between
separate units?

Designing an organization is based on specific assumptions. N. Stanford lists five such
assumptions. 1. The basis for design should be a business strategy consistent with the
operational context (environment). 2. Designing requires a holistic view of the entire
organization. 3. Designing an organization is about the future, not the present. 4. Designing
an organization involves a significant use of resources. 5. Designing an organization is
a fundamental process, not a set of corrective actions (Stanford, 2007, pp. 8-19). In practice,
the fulfilment of these assumptions encounters a number of barriers related to a widely
understood design process.

There are two different interpretations of the design process in the theory of organization.
According to the first one, designing an organization comes down to the decision-making
process (Nadler, Tushman, 1997). According to the second interpretation, the design process
represents the sequence of activities related to shaping the components of the organization
model (Burton, Obel, DeSanctis, 2011). Regardless of the adopted interpretation, this process
includes two phases - organization diagnosis and basic design.

The aim of the article is to show the importance of barriers in the process of designing
an organization. Based on the analysis of the literature on the subject and interviews with
experts and practitioners, six typical barriers in the design process were identified. Barriers are
understood here as certain limitations, difficulties or challenges. The study assumes that the
occurrence and intensity of these barriers are related to specific stages in the process of
designing an organization. Therefore, three interrelated research hypotheses were formulated:

HI - the intensity of barriers at different stages of the organization design process varies.

H2 - obtaining the necessary information, communication problems in the project team and

the use of experts' knowledge are barriers characteristic of the initial stages of design
(organization diagnosis).

H3 - the complexity of the conducted analyses, difficulties with the selection of appropriate

research methods and techniques, as well as tensions and conflicts between project

stakeholders are barriers characteristic of the basic design phase.
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2. Methods

The research was based on the opinions of people directly related to the design of the
organization. The subjects were divided into two groups. The first group consisted of people
holding managerial positions in enterprises (202 people), the second group were people holding
the positions of external experts (56). In total, 258 people were surveyed, including 51% of
respondents with technical, 33% with economic and 11% with humanities education.
Out of 258 respondents, 76% were men and 24% were women. Two groups were dominated
by people with relatively extensive experience in designing an organization; in the first group,
people with seniority over 5 years accounted for approx. 76%; in the second group, people who
acted as external experts in more than 5 projects of the organization accounted for approx.
62% of all 56 respondents. Opinions were expressed by people employed in 185 enterprises of
various size and operating in various industries. Out of the surveyed enterprises, 45% are
companies with 10 to 49 employees, 27.5% are companies with 50 to 249 employees and 27.5%
- more than 249 employees. The dominant activity of the surveyed enterprises was services
(39.4%), production (37.2%) and trade (23.4%). The vast majority of these enterprises are
companies with their headquarters in the region of south-east Poland’.

The aim of the research was to identify barriers in the organization design process.
As mentioned in the introduction, the issue of design in the theory of organization is considered
in two ways. In one of these approaches, design is treated as a decision-making process.
We can also find such a general approach to design in engineering sciences. For example,
E.V. Krick in the process of technical design, lists the following stages: problem formulation
(general problem definition), problem analysis (problem definition with the necessary details),
search for solutions (gathering a certain number of variants), decision (evaluation of the
collected variants and selecting the best one) and documentation, i.e., the development of
detailed documentation for the selected variant (Krick, 1975, p. 129). Based on this approach,
five stages of designing an organization were formulated. The research tool was a questionnaire,
which listed the following stages in the design process:

I. Identification of the organizational problem.

II. Analysis of the situation and formulation of the project goal.

III. Development of variants of organizational solutions.

IV. Assessment of variants and selection of the optimal variant.

V. Detailed design of the selected variant.

! The presented results are a fragment of broader research, which for the purposes of this article has been
supplemented and expanded (Stabryta, 2014).
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Respondents were asked to assign at least one of the above-mentioned stages to the
following statements:

A. Obtaining the necessary information is critical in the stage/s.

B. The high complexity of the analyses carried out is characteristic of the stage/s.

C. Problems with communication in the project team most often occur in the stage/s.

D. Tensions and conflicts between project stakeholders emerge at stage/s.

E. Difficulties with the selection of appropriate research methods and techniques occur in

the stage/s.

F. Using the knowledge of external experts is the best in the stage/s.

The task of the respondents was to assign the stages of the design process (I, II, III, IV
or V) to specific barriers (A, B, C, D, E and F). The respondents could assign more than one
stage to a given barrier. As a result, a specific "map" was created, reflecting the distribution of
challenges related to the implementation of subsequent stages of the design process in terms of

the distinguished categories.

3. Results

The respondents most often assigned one or two stages to the statements given in the
questionnaire (65% and 25% of all indications, respectively). It is interesting that in the case of
the statement referring to the importance of obtaining the necessary information (barrier A),
eight respondents mentioned all of the five distinguished stages of the design process. These
indications are fully understandable due to the importance of information in the diagnosis and
design of an organization. In most cases, however, the respondents tried to point to the dominant

connections. The list of indications of all the people surveyed is shown in Table 1.

Table 1.
Distribution of indications of all respondents

. Stages in the design process
Barriers I I I v v Sum

A. Information gathering 175 126 51 36 29 417
B. Complexity of analyses 31 107 105 63 65 371
C. Team communication 50 60 77 122 61 370
D. Tensions and conflicts 37 40 80 144 76 377
E. Choice of methods 44 105 76 69 64 358
F. Use of experts 72 69 82 61 110 394

Sum 409 507 471 495 405 2287

Source: own study.
The collected data show that the greatest problems with obtaining the necessary information
(A) occur when identifying an organizational problem (stage I) and analysing the situation and

defining the project's goal (stage II). The complexity of the necessary analyses (B) is revealed
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most strongly during the stage consisting in examining the situation and formulating the
project's goal (II) and during the development of variants of organizational solutions (stage III).
Communication problems in the project team (C) are most pronounced in the stage related to
the assessment and selection of the optimal variant (IV). The fourth stage of the design process
was also indicated most often in the category described as tensions and conflicts between
stakeholders (D). In terms of difficulties with the selection of appropriate research methods and
techniques (E), the most frequently indicated stage was the second stage of the design process,
i.e., the analysis of the situation and formulation of the project's goal. On the other hand,
in terms of the use of experts' knowledge, the last stage (V), i.e., a detailed design of the selected
variant, was most often indicated.

The data presented in Table 1 can also be read differently, i.e., taking into account the
number of indications of barriers at individual stages of the design process. In this way,
we obtain information on the significance of the categories of barriers adopted in the research
with regard to each stage. This data allows us to conclude that:

e in the stage of identifying an organizational problem (I), the most important thing is
obtaining information (A): 42% of 409 responses out of all the barriers listed, other
barriers do not play a dominant role (except for category F, which means the need to
use experts),

e atthe stage of analysing and formulating the project's goal (II), the most important thing
is also obtaining information (A): 25% of 507 indications in all categories of problems,
but also factors B and E play an important role, i.e., the complexity of the analyses and
the selection of methods,

e in the stage of developing variants of organizational solutions (III), the most important
factor is the complexity of the analyses (B): 23% of'all 471 indications, but also tensions
and the use of experts (F) as well as tensions and conflicts (D),

e at the stage of variant assessment and selection of the optimal variant (IV), the tensions
and conflicts between stakeholders (D) are the most important: 29% of 495 indications;
communication in the project team is also relatively important (25%),

e at the stage of a detailed design of the selected variant (V), the most important thing is
to use the knowledge of experts: 27% out of 405 indications, as well as tensions and
conflicts between the project's stakeholders (19%).

As mentioned above, the research was conducted in two groups of respondents. Therefore,
the question arises to what extent the distributions of managers and experts' answers are
consistent with each other. Pearson's correlation coefficient was adopted as a measure of
agreement. The critical value of the  coefficient in the one-sided test (we test the hypothesis of
positive r) is 0.805 at the level of 0.05 for df = 3 (df = n — 2, where n is the number of
observations, in our case equal to the number of stages in the design process). The values of the
correlation coefficients between the summary indications of managers and the summary

indications of experts are shown in Table 2.
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Table 2.
Values of correlation coefficients between the indications of experts and managers from the
perspective of barriers

Barriers r
A. Obtaining the necessary information 0.991
B. High complexity of the conducted analyses 0.932
C. Problems with communication in the project team 0.848
D. Tensions and conflicts between project stakeholders 0.994
E. Difficulties with the selection of appropriate research methods and techniques 0.965
F. Using the knowledge of external experts 0.622

Source: own study.

Based on the data in Table 2, we find that the agreement between the indications of
managers and experts is high and not accidental (at the significance level of 0.05) for categories
A, B, C, D and E. However, in the case of category F, there are no sufficient grounds (» = 0.622

< 0.805) to conclude that the agreement is not coincidental.

4. Discussion

With regard to the first research hypothesis (H1) put forward in the introduction, it can be
stated that the intensity of the identified barriers at different stages of organization design varies.
These differences, however, are not large, which seems to be justified by the complexity of the
design subject. The organization is an open and dynamic system, it is influenced by many
internal factors (organizational culture, number and attitudes of employees, technologies used,
etc.) and external factors (customers, competitors, collaborators, etc.). Together, these factors
determine the optimal configuration of organizational solutions. The above-mentioned barriers
are visible at every stage of the design process and at the same time constitute challenges faced
by those responsible for shaping the organization. Regardless of the design stage, the rank of
these barriers based on the frequency of indications (last column of Table 1) is as follows:
obtaining information (A), using experts (F), tensions and conflicts (D), complexity of analyses
(B), communication in the project team (C), and the selection of methods (E). In the light of the
data obtained, it is clearly visible that the most important thing in designing an organization is
obtaining information.

Obtaining information plays a fundamental role in the first two stages of design,
1.e., identifying the organizational problem (I) and analysing the situation and formulating the
project goal (II). These stages relate, in fact, to the diagnosis of the organization. Information
needed for a reliable diagnosis of an organization is often qualitative in nature, and obtaining it
requires the use of appropriate methods. In practice, interviews, questionnaires, observations
and document analysis are used to gather information (Swanson, 2007, pp. 107-120).
Sometimes workshops are used (Harrison, 2005, pp. 21-22). Each of the above-mentioned

methods comes in many varieties (Brewerton, Millward, 2001). Each of them has specific
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advantages and disadvantages, and also requires specific skills. The synthetic characteristics of

the information gathering methods are summarized in Table 3.

Table 3.
Methods of collecting information in the diagnosis of an organization

Name

of the method Characteristics of the method

Directly asking questions to employees or people related to the organization. Requirements:
formulating relevant questions, creating an atmosphere of trust, the ability to take notes.
Interviews Advantages: allows you to study a wide range of problems, facilitates the understanding of
complex situations, allows you to gain the trust of the respondents. Disadvantages: costs,
subjectivism, difficulties in interpreting the answers, difficulty in developing a synthesis.
Closed or open written questions. Requirements: precisely defined information needs, the
ability to analyse data, preparing a questionnaire in a simple and transparent manner.
Advantages: quantification of results, simultancous testing of many people, low costs,
possibility of multiple use, impartiality. Disadvantages: no direct contact, possibility of
omitting important issues, difficulty in preparing a good questionnaire, possibility of
misreading questions and giving incorrect answers, data may be misinterpreted.

The observer follows the work done by employees who are or are not informed about what
aspect of their work is being examined. Requirements: choosing the right people at the right
time, openness to new ways of doing work, the need to be on site, the ability to register data.
Advantages: the observer has first-hand information about the work being performed,
observations are made in the course of the work in progress, they can reveal a series of
unexpected problems or a more effective method of performing the work. Disadvantages:
difficulty in interpretation, selection of people and observation time, observer's attitude,
necessity to conduct supplementary research, high costs.

The analyst examines, classifies and interprets the meaning of the information contained in
the organizational documentation. Requirements: skills in classification, synthesis, selection
Document and proper use of statistical methods, data interpretation. Advantages: organizational
analysis documentation is unambiguous, numbers and data are easier to understand, possibility of
precise identification of problems. Disadvantages: difficulties in determining the validity of
individual documents, reports can be biased, difficulties in quantification.

Selected employees jointly discuss the problems of the organization with the participation of
a moderator. Requirements: selection of employees representing different views and familiar
with the system, appropriate qualifications of the moderator in managing the discussion.
Workshops Advantages: useful in the analysis of particularly complex organizational problems, enables
the exchange of views between the participants of the organizational system, allows for
a better understanding of the causes of existing problems. Disadvantages: the need to involve
employees at the same time, polarization of opinions, dominance of strong personalities.
Source: own study based on Swanson, 2007, pp. 107-120 and Harrison, 2005, pp. 21-22.

Questionnaires

Observations

Obtaining information, communication problems in the project team and using the
knowledge of external experts were recognized in the second hypothesis (H2) as characteristic
barriers in the initial stages of design (organization diagnosis). This hypothesis was clearly
confirmed with regard to obtaining information (175 indications for stage I, and 126 indications
for stage II). As for the other two factors, their importance is less clear, but visible especially
in the first stage of designing an organization, i.e., when identifying an organizational problem
(use of experts - 72 indications, communication - 50 indications).

Referring to the third hypothesis (H3), we believe that the basic design applies to activities
initiated after the diagnosis of the organization, i.e., including the stage of developing variants
(III), the stage of variant assessment and selection of the optimal variant (IV), and the stage of
detailed design of the selected variant (V). According to this hypothesis, the barriers
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characteristic of these stages are the complexity of the analyses (B), difficulties with the
selection of appropriate research methods and techniques (E) as well as tensions and conflicts
between project stakeholders (D). Considering the cumulative indications for these three stages
of design, one can only acknowledge the validity of the statement about the importance of
conflicts and tensions between project stakeholders. This factor was indicated as the third one
in the order of indications (377 times in total in stages III, IV and V), more indications were

obtained by barriers related to obtaining information and using experts).

5. Summary

Summarizing the presented research results, attention should be paid to the most frequently
indicated barrier in the process of designing an organization, which is obtaining information.
Special attention should be given to the importance of "soft" factors in design, which,
in practice, implies the need to collect qualitative information. In fact, an organization is defined
by people's behaviour. How people behave depends on the recognized norms and values,
the history of an organization and long-established habits. These, in turn, can change under the
influence of mission and strategy, leadership, environment, and many other factors. The role of
these "soft" issues in the design of organizational systems must not be underestimated.
This is confirmed by numerous examples of organizations in which proposals for wide-ranging
changes to structures and procedures without taking these factors into account lead to apparent
changes. Therefore, when designing an organization, we emphasize the need to use qualitative
methods of collecting information, the synthetic characteristics of which are presented
in Table 1.

When designing an organization, we should remember that we shape the structures which,
in turn, shape us. This fact indicates the great responsibility of senior management, but also the
need to involve employees in the process of designing an organization. In the past, an important
role in design was played by the pursuit of consistency, stability and even harmony within
an organization. Looking to the future, we find that organizations which, in the conditions of
radical changes in the environment, will shape structures only to ensure an artificial sense of
internal stability, will become their own greatest enemies (Nadler, Tushman, 1999 p. 58).

Progressive digitization, the development of artificial intelligence, pandemics and armed
conflicts accompanied by increasing complexity and unpredictability will force a change in the
approach to organization design. Even so, it seems that the classic organizational design
dilemmas remain valid today. How to maintain diversity (differentiation) while ensuring
consistency (integration) of action? How to connect people, processes and operational units so
that they are adapted to the environment and to the entire organization? How to make employees

original and unanimous at the same time? Overcoming natural barriers in the complex design
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process gives hope that organizations will not only be more efficient, but also become a better

place for people to work.
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Purpose: The aim of this article is to present the history of hard drive development over the
last few decades. The structure and principle of operation of disks made in various technologies
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1. Introduction

The beginnings of designing hard drives date back to the 1950s. The disk was constructed
by IBM on September 14, 1956. This disk was a 20 inch device in an IBM 305 RAMAC
computer. It can be said that this drive ushered in the era of hard mass storage. To this day,
hard drives are the best way to store data. They are magnetic type disks (Horowitz, Hill, 2019).
They are installed in all types of computers, in mobile devices, laptops, PCs, servers, etc.
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The hard disk contains a movable system with a sliding reading or writing head on a magnetic
plate. So it is a mechanical device. For this reason, for the correct operation of the disk,
the stability of the position without any shocks is essential. The computer devices that are most
often exposed to shocks are laptops and various types of mobile devices. Each shock exposes
the hard drive to irreparable damage and loss of functionality. This may result in the loss of
data stored on the disk. Any such data loss can expose the user to significant costs.

The article presents the development trends of hard drives used in portable computers.

2. Design of hard drives and their development

A hard disk is made of a set of rotating plates or a single rotating plate, which are usually
made of aluminum alloys, with a polished surface and covered with a magnetic carrier.
There are heads next to the plates that enable data recording and reading. There is one read and
write head assigned to each surface of the disc. The heads are placed on guides. They are in
contact with the plate when they are at rest. However, they float during work. The distance
between the head and the platter is stabilized thanks to the aerodynamic effect.
This phenomenon is based on the production of a whirl of air resulting from the operation of
the plates (Metzger, 2011).

In order to read or write data, the arm of the disk head is positioned at an appropriate
distance from the axis of rotation of the disk. The first designs of this type of disk were equipped
with a stepper motor. Technological advances related to the increase in the number of cylinders
on a disk along with the need to increase the speed of the disks resulted in launching of many
other solutions. They used the phenomenon of a strong magnetic field generated by a magnetic
coil. As a result, the transition time between successive paths was reduced to less than
1 milisecond. There, the information is recorded on a disk by transmitting an electromagnetic
flux through a recording head. This information can be read back in the opposite way.
This is because the alternating magnetic field induces an electrical voltage in the head coil.
Electronics on board of the hard disk control the movement of the heads and the rotation of the
disk. It also prepares read and write processes on the command of the disk controller.

It is obvious that one of the most important features of mass storage devices is their capacity,
1.e. the amount of data that can be stored on one indivisible medium. In magnetic type disks,
the capacity depends on several factors. The first is the number of plates placed in a unit.
The second is the technology of their implementation. The smoother the disk surface, the closer
the read/write head can be placed, and thus the density of magnetic memory cells can be
increased (Mueler, 2005). The rotational speed of the discs also has an indirect effect on the
disks. For those with a lower rotational speed of 5000 rpm, the distribution of available
capacities is greater. However, for drives that reach speeds of 7000 rpm, the maximum
capacities available on the market are twice as small. This is probably because the
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manufacturers, by focusing on the speed of operation in specific models, put the capacity in
second place. Otherwise, the price could prevent the release of such models on the market.

The second most important feature is the speed of data transfer. It depends primarily and
directly on the rotational speed of the platters and the size of the cache. The former is directly
responsible for the speed with which access to a specific sector is made possible. Hence,
the faster the platter's rotation speed, the faster the drive responds to commands (SSD and HDD,
2022). On the other hand, a larger and faster cache is needed to transfer and temporarily store
larger data packets in this memory. Such temporary retention is needed so that data that is
needed more often is not reposited on disk, but in a faster cache (What is a cache, 2022).
Hence, the larger it is, the more data can be processed simultaneously.

3. Hard drives evolution strategy

From the invention of the magnetic hard disk to the present day, engineers have made great

strides in improving them both in terms of performance and price.

The history of the evolution of hard drives is as follows:

e September 4, 1956 - IBM's construction of the first 20-inch hard drive, named RAMAC
350, in the IBM 305 RAMAC computer.

e 1983 - the appearance of IBM PC/XT computers with mounted disks with a capacity of
5and 10 MB,

e 1986 - development of the IDE (Integrated Drive Electronics) controller,

e 1987 - start of production of 3.5-inch drives,

e 2003 - hard drives produced at that time could collect from 60 to 500 GB of data, their
platters rotated at a speed from 5400 to 15 000 rpm and had an average data transfer
speed of 30MB/s - some servers and workstations used disks with rotational speeds of
15 000 revolutions per minute,

e 2006 - a new perpendicular recording technology was used, which made it possible to
store over 1 TB of data on the disk; SATA and SAS (Serial Advanced Technology
Attachment and Serial Attached SCSI (Small Computer Systems Interface)) have
become a standard; USB sticks began to displace floppy drives,

e 2009 - production of disks with a capacity of 2 TB; the appearance of disks with
a dynamic change in rotational speeds; the SATA 3 standard was developed for SSDs,

e 2013 - the first Ultrastar He6 disk with a hermetic housing and filled with helium is
launched commercially. It reduced energy consumption by 49% in the category of watts
per terabyte (WD releases 6TB, 2022),
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e 2014 - the company Western Digital (WD) announces the release of new hard drives
with a capacity of 10 TB filled with helium and with a new recording technology SMR
(shingled magnetic recording) (Western Digital unveils, 2022),

e 2018 - Seagate announces a 16 TB hard drive thanks to the HAMR (heat-assisted
magnetic recording) recording technology (HAMR Milestone, 2022),

e 2022 - Western Digital (WD) at its inaugural What's Next Western Digital event in San
Francisco presented new 22 TB hard drives called Ultrastar DC HC570 and 26 TB called
Ultrastar DC HC670. At the same time, it presented a path that will make it possible to
achieve even higher capacities (Orchestrating, 2022).

Nowadays, the leading manufacturers of hard drives are: Seagate, Western Digital,

Samsung, Hitachi, Fujitsu.

In the next chapter we will deal with disks made in the latest commercially available SSD
(solid state drive) technology. It is a direct successor to magnetic hard drives. It is worth
emphasizing, however, that the SSD technology has not replaced the magnetic technology, but
is used alongside the latter, which gives enormous benefits and allows to use the advantages of
both technologies and compensate for the disadvantages of each of them.

4. Solid state drive (SSD)

Solid state disks get their name from the part of physics that deals with solid-state physics.
One of the most important parts of this branch of physics is the study of semiconductor
properties and their application (Skorko, 1982). This is where the name and construction of
SSD drives come from.That is because these disks do not contain moving (mechanical) parts,
but their main data storage material is a semiconductor. In order to obtain the greatest possible
capacity, FLASH type semiconductor memory chips are constructed (Wawrzyski, 2003),
which are arranged in the disk.

This approach to construction allows the use of any connector for data transfer, and even to
integrate such a disk directly with the motherboard (such solutions can be found in small
laptops, where great emphasis is placed on their minimum physical size, especially thickness).
However, due to backward compatibility with older motherboards, SSDs contain a SATA or
ATA type connector.

Since the launching of the new solid state drive (SSD) technology, the massive development
of this type of memory has begun. The constantly cheaper components lead to the production
of more and more new types of SS (Solid State) memories with much greater capacity, which
makes them more and more available and finding newer and newer applications. This trend is
driving waves of applications and generating newer and newer product groups. Examples
include: small earbuds, smart watches and sports bands (smartwatch and smartband),
smart rings, smart glasses (the latter two, however, are not common today) and the like.
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SSDs have a number of advantages that cannot be achieved with magnetic disks. First of
all, these disks are extremely resistant to shocks and mechanical damage. They are also
characterized by low power consumption. This is again due to the lack of mechanical
components. The entire process of data storage in an SSD takes place at the level of the atom
and electron shells, hence the energy needed for the operation of such a system is much smaller
than that needed to power the moving head system, the disk and the electronics controlling
them. For the same reason, SSDs are completely silent and generate no noise at all.
Also, depending on the type of semiconductor used, they have a much wider operating
temperature range than hard drives, i.e. from -40°C to 85°C.

Finally, it is probably the greatest advantage of SSD drives that should be mentioned,
i.e. their data transfer speed. Due to the elimination of the need to physically move the head
over the appropriate sector to write or read data, it has been possible to shorten the data access
time many times over. Currently, the data transfer speed in semiconductor memories in the
latest models reaches even 5000 MB/s! This means that the mass memory on which the
operating system and user data are located is equal to and even beats the RAM operating
memory with its speed. This creates, first of all, the possibility of creating smooth and fast-
operating computer units (personal or for industrial applications), but also the possibility of
creating fast and efficient servers and data centers.

Table 1 shows the storage media available on the market for data storage. You can easily
compare these products with each other. Semiconductor storage media clearly exceed the data
transfer speed compared to other media

Table 1.
Memory medias available at the market
Kind of Memory card | Memory card FIl)z::ll: gfi%e Hard drive Disk SSD 2.5 Disk SSD M.2
memory MicroSDXC | Compact Flash . HDD 3.5 inch inch -
(Pendrive)

Manufacturer . SanDisk SanDisk Ultra | Seagate . WD BLACK
and the model rsnizzlssgggrgz EXTREME CF |Flair USB3.0 |Barracuda if&‘?”k SSD 1 SN770 NVMe
of device 32 FlashDrive ST1000DMO10 SSD

. 43 x 36 x 3,3 6.6x42x13 147x 101 x26 |[7x100x 70 80 x22x2.38
Size 15x 11 x 1 mm

mm mm mm mm mm
Weight 2 grams 10 grams About 30 grams |400 grams 100 grams 5,5 grams
Nominal 32GB 32 GB 256 GB 1 TB 240 GB 250 GB
capacity
Price 32 PLN 164 PLN 169 PLN 200 PLN 210 PLN 283 PLN
Priceper ] GB |1 PLN 5 PLN 0.66 PLN 0.20 PLN 0.88 PLN 1.1 PLN
Read speed Up to 100 MB/s | Up to 120 MB/s | Up to 150 MB/s | Up to 210 MB/s | Up to 530 MB/s | Up to 4 GB/s
Write speed 30 MBJs Up to 85 MB/s |50 MB/s Up to 100 MB/s | Up to 400 MB/s | Up to 2 GB/s
P (min 10MB/s) | P p p P

The maximum
available 15165 128GB 512 GB 8 TB 2 TB 2 TB
capacity for this
media type

Source: own work.
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Apple was the first company to massively use SSD disks in its devices. It offered the
possibility of mounting an SSD drive in place of standard storage media in laptops it produced.
Lenovo was the first manufacturer to equip its series of products with SSD drives. In addition,
there were no devices containing magnetic disks in the computers of these series. Asus was also
a pioneer in applying the new SSD disk technology. These were low-cost, small mobile
computers. SSD disks in these computers were permanently installed on the motherboard.

5. Solid state drive evolution strategy

SSDs have grown rapidly over the past few decades. At the beginning, their main
disadvantage was the price. In addition, from today's perspective, we can say that this price was
in no way disproportionate to their parameters. However, this is usually how the development
of something good and useful looks like.

This is the story of the evolution of SSD storage drives:

e 1991 - the launch of the first SSD drive with a capacity of 20 MB, which cost $ 1000 at

the same time (The evolution, 2022),

e 2006 - Samsung introduces a 32 GB SSD drive, which is built into their computer
models: Sens Q30PLUS Samsung Note PC and Sens Q1 ultra-mobile PC, (Leading the
transition, 2022),

e 2016 - Samsung introduces a 16 TB SSD called PM1633a (Westlake, 2022),

e 2018 - Samsung has created a 30 TB SSD called PM1643 (Snoch, 2022),

e 2022 -a30 TB drive from Samsung can be purchased for PLN 40,000.

6. Security of data contained on solid state drive disks

The new SSD hard drives are much more reliable than the previously developed magnetic
drives. They are much more shock-resistant and guarantee effective work with the data.
In modern computer systems, security and reliability issues take priority over other properties.
Hence, in computer systems, SSD storage media are an ideal product that meets the needs of
system users. No wonder that these drives have been used in large corporations, concerns and
organizations for which reliability and security are priorities. Organizations such as the armed
forces and governmental organizations should be mentioned in particular. It is worth
mentioning that computers have been involved in hostilities for decades and have helped in
these areas. SSD drives can meet the requirements of working in harsh military conditions and

are therefore widely chosen by such organizations.
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7. Summary

A significant reduction in the production costs of storage media is noticeable in comparison
with the years of introducing individual types of storage media to the market. There is
considerable interest in new storage technologies. Especially with SSD technology due to its
high energy and transfer efficiency. The prices of storage media are highly dependent on the
manufacturing technology, capacity and speed of data transfer. Hence, manufacturers, in order
to ensure the availability of their products for as many users as possible, design the same types
of carriers adapted to specific applications. That is, in certain models, they focus on speed,
and on other models, capacity.

In recent years, however, the development of computer memories of both technologies has
reached the limits of its development. It is about cells that are shrinking, in which bits of data
are saved, and which are getting closer and closer in size to the size of a single atom. This leads
to the fact that in the next several years, magnetic and semiconductor technology will reach the
limit where memory cells will no longer be able to become smaller. Hence, there is a need to
invent other methods of storing information, which will be appropriate to the ever-increasing

amount and intensity of its processing by people around the world.
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1. Introduction

Over 75% of EU greenhouse gas emissions come from energy production and use.
It became reasonable to develop the European climate policy and create the Green Deal for
Europe project, where plans for systematic reduction of carbon dioxide emissions by the
European Union Member States were presented to achieve carbon dioxide neutrality by 2050
as a long-term effect. Different options for reducing carbon dioxide emissions targets are
determined based on the country's gross domestic product per capita. The proposed targets for
2030 would range from -10% to -50% compared to 2005 levels and would align with the overall
target of reducing EU emissions by 40% (European Parliament, 2018).

The European Union strategy focuses on three main assumptions for the clean energy
transition, which will help reduce greenhouse gas emissions: ensuring affordable and secure
energy supply in the EU, creating a fully integrated, interconnected, and digital EU energy
market, prioritizing energy efficiency, improving the energy performance of buildings and
developing an energy sector based mainly on renewable sources. o achieve the EU's 2030
energy and climate targets, EU countries must establish their 10-year integrated national energy
and climate plans for 2021-2030. The national plans outline how EU countries intend to address
five critical areas: energy efficiency, renewable energy, reducing greenhouse gas emissions,
interconnections, and research and innovation. This work aims to present an analysis of power
obtained from renewable sources in the European Union in 2004-2020 based on the factors set

by the European Union (European Commision, 2021).

2. Analysis of the electricity share and its components from a renewable
source

Sources are presented in the second chapter of this work, electricity in 2004-2020.
The following table (Table 1) shows gross electricity production by hydropower - Hydro, wind
power - Wind, Solar, Solid biofuels, and all other renewables. The change in the level of
individual electricity sources in 2020 compared to 2004 was as follows:

e Hydro - change from level 29209,01 to level 29677,23 (increase by 1,6%).

e  Wind - change from level 4783,32 to level 32366,81 (increase by 576,66%).

e Solar - change from level 59, 41 to level 12392,04 (increase by 20759,27%).

e Solid biofuels - change from level 3116,97 to level 7132,70 (increase by 128,83%).

e All other renewables - change from level 1936,83 to level 7513,17 (increase by

287,91%).
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The last column shows the percentage share of electricity from renewable sources in

subsequent years: this value increased from 15,87% in 2004 to 37,48% in 2020, i.e., an increase

of 136,17%.

Table 1.

Share of component parts electricity

. Solid All other Total (RES-E | Total (RES-E | RES-E

Year Hydro Wind Solar biofuels renewables numefrator) denominator) [%]
2004 29209,01 4783,324 5941 3116,97 1936,83 39105,54 246397,32 15,87%
2005 29309,81 5733,508 125,43 3489,56 2263,44 40921,74 249498,37 16,40%
2006 29180,54 6783,305 214,06 3883,32 2649,35 42710,57 253037,44 16,88%
2007 29259,99 8180,863 324,55 4098,63 3183,68 45047,72 255265,06 17,65%
2008 29202,98 9568,501 639,52 4572,56 353441 47517,97 256489,11 18,53%
2009 29308,17 10978,45 1212,72 4930,92 394542 50375,68 243900,77 20,65%
2010 29628,52 1244235 199691 5587,45 4530,60 54185,83 254596,76 21,28%
2011 29632,79 13968,62 | 4066,08 5772,24 5012,31 58452,04 250862,61 23,30%
2012 29507,67 15574,03 | 6034,10 6196,93 5760,29 63073,01 250905,47 25,14%
2013 29516,8 17280,99 | 7231,68 6062,11 6439.,40 66530,98 248539,13 26,77%
2014 29462,78 18995,78 | 8097,04 6080,29 6906,30 69542,18 243143,59 28,60%
2015 29663,73 21455,14 | 8672,24 6194,86 7262,37 73248,33 247004,01 29,65%
2016 29596,59 23384,59 | 868741 6223,37 7392,30 75284,26 249515,58 30,17%
2017 29462,59 25710,3 9280,45 6385,33 7459,23 78297,90 251732,87 31,10%
2018 29559,81 27524,33 | 9718,66 6556,53 7447,71 80807,04 251466,72 32,13%
2019 29509,63 29954,82 | 10643,44 | 6926,87 7460,78 84495,53 247887,04 34,09%
2020 29677,23 32366,81 | 12392,04 | 7132,70 7513,17 89081,95 237667,51 37,48%
Suma 500688,6 284685,7 | 89395,72 | 93210,61 90697,58

Source: https://ec.europa.eu/eurostat/web/energy/data/shares.

The chart below shows the shares of renewable sources in subsequent years in 2004-2020.
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Figure 1. Quantitative share of electrical components in the years 2004-2020.
Source: own study based on https://ec.europa.cu/eurostat/web/energy/data/shares.

The chart presents a constant level of hydro share in electricity. However, taking into
account the increase in the share of energy from other renewable sources, its percentage

decreases, which is presented in Table 2.
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Table 2.
Percentage share of individual electrical components in years 2004-2020
Year Hydro Wind Solar Solid biofuels All other renewables
2004 74,69% 12,23% 0,15% 7,97% 4,95%
2005 71,62% 14,01% 0,31% 8,53% 5,53%
2006 68,32% 15,88% 0,50% 9,09% 6,20%
2007 64,95% 18,16% 0,72% 9,10% 7,07%
2008 61,46% 20,14% 1,35% 9,62% 7,44%
2009 58,18% 21,79% 2,41% 9,79% 7,83%
2010 54,68% 22,96% 3,69% 10,31% 8,36%
2011 50,70% 23,90% 6,96% 9,88% 8,58%
2012 46,78% 24,69% 9,57% 9,83% 9,13%
2013 44.37% 25,97% 10,87% 9,11% 9,68%
2014 42,37% 27,32% 11,64% 8,74% 9,93%
2015 40,50% 29,29% 11,84% 8,46% 9,91%
2016 39.31% 31,06% 11,54% 8,27% 9,82%
2017 37,63% 32,84% 11,85% 8,16% 9,53%
2018 36,58% 34,06% 12,03% 8,11% 9,22%
2019 34,92% 35,45% 12,60% 8,20% 8,83%
2020 33,31% 36,33% 13,91% 8,01% 8,43%

Source: own study based on https://ec.europa.cu/eurostat/web/energy/data/shares.
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Figure 2. Percentage of electricity components.
Source: own study based on https://ec.europa.eu/eurostat/web/energy/data/shares.

Based on the presented chart, it can be concluded that Hydro's share in electricity decreased
in subsequent years, from 74,69% in 2004 to 33,31% in 2020. It means a decrease of 55,40%.
A significant increase in the share was recorded for wind: the change from 12,23% in 2004 to
36,33% is an increase of 197,04%. Solar 9056,88% achieved the most significant increase in
percentage share - the share in 2004 was 0,15% compared to 2020: 13,91%. A slight change in
the claim can be observed for Solid biofuels: an increase of 0,45% from 7.97% to 8,01%. A rise
of 70,29% for All other renewables can also be seen: from 4,95% (2004) to 8,43% (2020).
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Wind also showed a significant increase (an increase compared to 2004 by 576,66%).
However, the overall share of Solar in total electricity remained at a lower level of -13.91%
than wind — 36,33%. Not as high as in the case of elevators, the share of all other renewables
slightly increased. In contrast, the percentage of solid biofuels increased until 2010, after which
it slightly decreased and remained relatively constant.

The table below (Table 3) presents changes in the share of electrical components in

subsequent years concerning the base year 2004.

Table 3.
Percentage change in the share of individual electrical components in 2020 compared to 2004
Year Hydro Wind Solar Solid biofuels | All other renewables
2004 - - - - -
2005 0,35% 19,86% 111,12% 11,95% 16,86%
2006 -0,10% 41,81% 260,32% 24,59% 36,79%
2007 0,17% 71,03% 446,31% 31,49% 64,38%
2008 -0,02% | 100,04% 976,49% 46,70% 82,48%
2009 0,34% 129,52% 1941,35% 58,20% 103,71%
2010 1,44% 160,12% 3261,36% 79,26% 133,92%
2011 1,45% 192,03% 6744,35% 85,19% 158,79%
2012 1,02% 225,59% 10057,08% 98.,81% 197,41%
2013 1,05% 261,28% 12072,95% 94,49% 232,47%
2014 0,87% 297,12% 13529,58% 95,07% 256,58%
2015 1,56% 348,54% 14497,80% 98.,75% 274,96%
2016 1,33% | 388,88% 14523,34% 99,66% 281,67%
2017 0,87% | 437,50% 15521,60% 104,86% 285,13%
2018 1,20% | 475,42% 16259,23% 110,35% 284,53%
2019 1,03% 526,23% 17815,88% 122,23% 285,21%
2020 1,60% 576,66% 20759,27% 128,83% 287,91%

Source: own study based on https://ec.europa.cu/eurostat/web/energy/data/shares.

The following table (Table 4) shows the share of electricity components change from year
to year. It can be seen that only the percentage of Wind and Solar had an upward trend (smaller
or larger), while the share of Hydro, Solid biofuels, and All other renewables recorded decreases
(in the case of Hydro, seven times during the period under examination in the year: 2006, 2008,
20212, 2014, 2016, 2017 and 2020, for Solid biofuels once: in 2013 and once for All other

renewables: in 2018.

Table 4.
Percentage change in the share of electrical components from year to year over the years 2004-

2020

Year Hydro Wind Solar Solid biofuels All other renewables
2004 - - - - -

2005 0,35% 19,86% 111,12% 11,95% 16,86%

2006 -0,44% 18,31% 70,67% 11,28% 17,05%

2007 0,27% 20,60% 51,62% 5,54% 20,17%

2008 -0,19% 16,96% 97,05% 11,56% 11,02%

2009 0,36% 14,74% 89,63% 7,84% 11,63%

2010 1,09% 13,33% 64,66% 13,31% 14,83%

2011 0,01% 12,27% 103,62% 3,31% 10,63%
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Cont. table 4.

2012 -0,42% 11,49% 48,40% 7,36% 14,92%
2013 0,03% 10,96% 19,85% -2,18% 11,79%
2014 -0,18% 9,92% 11,97% 0,30% 7,25%
2015 0,68% 12,95% 7,10% 1,88% 5,16%
2016 -0,23% 8,99% 0,17% 0,46% 1,79%
2017 -0,45% 9,95% 6,83% 2,60% 0,91%
2018 0,33% 7,06% 4,72% 2,68% -0,15%
2019 -0,17% 8,83% 9,52% 5,65% 0,18%
2020 0,57% 8,05% 16,43% 2,97% 0,70%

Source: own study based on https://ec.europa.eu/eurostat/web/energy/data/shares.

3. Renewable electricity in Transport

The following table (Table 5) presents the use of renewable electricity in transport, such as:

renevable electricity in road transport, renevable electricity in rail transport, renevable

electricity in all other transport modes, Compliant biofuels Non-compliant biofuels, Other

renewable energies. The change in the level of individual components in 2020 from 2004 was

as follows:

Reenevable electricity in road transport - change from 6,72 to 112,83 (increase by
1517,11%) with the total volume of renevable electricity in road transport 421,83.
Renevable electricity in rail transport - change from 835,81 to 1392,51 (increase by
66,61%) with the total amount of renevable electricity in rail transport 18821.68.
Renewable electricity in all other transport modes: change from 191,96 to 282,13
(46,97% increase) with a total Renewable electricity in all other transport modes of
3990,51.

Compliant biofuels - change from 1506,58 to 16251,87 (increase by 978,73%) with the
total amount of Compliant biofuels at 171980,47.

Non-compliant biofuels - change from 0 to 71,09 with the total amount of Non-
compliant biofuels 12354,15.

Other renewable energies — a change from 0,1 to 0,04 (decrease by 61,9%) with the total

value of Other renewable energies at 4,15.

Table S.
Amount of use of renewable electricity in Transport
Renevable Renevable Rel.le.v al?le . Non- Other
R C e . . electricity in all | Compliant .
Year | electricity in | electricity in rail . compliant | renewable
other transport biofuels . .
road transport transport modes biofuels energies

2004 6,72 835,81 191,96 1506,58 0,00 0,10
2005 6,65 818,51 199,06 2573,17 0,00 0,68
2006 6,76 794,45 198,61 4503,33 0,00 0,60
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Cont. table 5.

2007 6,54 825,22 183,81 5796,73 0,00 1,39
2008 6,48 832,76 187,96 8951,36 0,00 0,15
2009 7,09 865,37 183,98 10466,68 0,00 0,08
2010 8,22 924,81 178,59 11924,29 0,00 0,01
2011 10,76 1033,27 218,70 7496,91 5189,53 0,03
2012 10,99 1045,59 214,33 10594,47 2903,42 0,03
2013 14,55 1138,43 227,12 10711,19 1324,68 0,32
2014 17,56 1191,41 242,18 11727,95 1282,24 0,32
2015 23,47 1280,07 278,69 11882,59 1131,81 0,05
2016 27,28 1396,97 291,80 12558,29 183,79 0,15
2017 34,48 1459,46 299,67 13806,96 112,24 0,13
2018 44,97 1492,11 302,78 15292,93 82,27 0,04
2019 76,50 1494,93 309,15 15935,19 73,08 0,03
2020 112,83 1392,51 282,13 16251,87 71,09 0,04
Suma 421,83 18821,68 3990,51 171980,48 | 12354,15 4,15

Source: https://ec.europa.eu/eurostat/web/energy/data/shares.

The table below (Table 6) presents the results of the TOTAL RES-T numerator with
multiplicators, TOTAL RES-T denominator with multiplicators and the percentage share of
RES-T [%] in subsequent years: this value changed from 1,432% in 2004 to 10,218 % in 2020,
i.e. increased by 613,56%. Based on the presented results, an increase in RES-T [%] can be

stated except for 2011.

Table 6.
TOTAL RES-T numerator with multiplicators, TOTAL RES-T denominator with multiplicators,
and percentage share of RES-T [%] in 2004-2020

Year Total (RES-T lfumerator with Total (RES-T. dgnominator with RES-T [%]
multiplicators) multiplicators)

2004 3821,75 266879,51 1,432%
2005 4852,42 266782,61 1,819%
2006 6722,46 271917,20 2,472%
2007 7950,29 275407,27 2,887%
2008 11280,43 272964,79 4,133%
2009 13015,23 266121,12 4,891%
2010 1461291 265712,72 5,500%
2011 10879,10 264345,61 4,115%
2012 14737,95 255574,21 5,767%
2013 15301,77 252070,20 6,070%
2014 16732,50 255377,27 6,552%
2015 17555,02 259945,33 6,753%
2016 19022,67 265487,03 7,165%
2017 20244,38 270958,85 7,471%
2018 22470,30 271882,92 8,265%
2019 24110,22 274111,41 8,796%
2020 24757,52 242287,93 10,218%

Source: https://ec.europa.eu/eurostat/web/energy/data/shares.

The chart below presents the shares of the renewable electricity components in Transport
in the years 2004-2020 in Total RES-T.
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Figure 3. Share of renewable electricity in Transport.
Source: own study based on https://ec.europa.eu/eurostat/web/energy/data/shares.

The presented chart shows a stable increase in Renewable electricity in road transport -
an increase of 1579,11%, and Renewable electricity in trail transport - a rise of 66,61%.
Increases were also recorded in the case of Renewable electricity in all other transport modes,
although there were decreases here, for example, in 2006, 2009, 2010, 2012, and 2020. Energy
obtained from Compliant biofuels generated the highest values throughout 2004-2020 from this
source - the exception is 2009, where a significant decrease from 11924,29 to 7496,91 was
recorded. The chart presents the appearance of non-compliant biofuels in the shares in 2011,
which was not recorded in previous years.

For a more precise depiction of the share of individual components of renewable electricity

in Transport, a table of percentage shares of the mentioned energy sources in the Total RES-T

numerator with multiplicators is presented below.
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Table 7.
Percentage share of individual components renewable electricity in Transport in Total RES-T
numerator with multiplicators

Renewable Renewable Relfe.wal.)le . Non- Other
c e . c e . electricity in all | Compliant .
Year | electricity in | electricity in rail other transport biofuels compliant renewable
road transport transport mo desp biofuels energies
2004 0,18% 21,87% 5,02% 39,42% 0,00% 0,00250%
2005 0,14% 16,87% 4,10% 53,03% 0,00% 0,01394%
2006 0,10% 11,82% 2,95% 66,99% 0,00% 0,00899%
2007 0,08% 10,38% 2,31% 72,91% 0,00% 0,01752%
2008 0,06% 7,38% 1,67% 79,35% 0,00% 0,00134%
2009 0,05% 6,65% 1,41% 80,42% 0,00% 0,00061%
2010 0,06% 6,33% 1,22% 81,60% 0,00% 0,00005%
2011 0,10% 9,50% 2,01% 68,91% 47,70% 0,00029%
2012 0,07% 7,09% 1,45% 71,89% 19,70% 0,00021%
2013 0,10% 7,44% 1,48% 70,00% 8,66% 0,00207%
2014 0,10% 7,12% 1,45% 70,09% 7,66% 0,00190%
2015 0,13% 7,29% 1,59% 67,69% 6,45% 0,00031%
2016 0,14% 7,34% 1,53% 66,02% 0,97% 0,00079%
2017 0,17% 7,21% 1,48% 68,20% 0,55% 0,00063%
2018 0,20% 6,64% 1,35% 68,06% 0,37% 0,00019%
2019 0,32% 6,20% 1,28% 66,09% 0,30% 0,00015%
2020 0,46% 5,62% 1,14% 65,64% 0,29% 0,00015%

Source: own study based on https://ec.europa.cu/eurostat/web/energy/data/shares.

Based on the presented table, it can be concluded that the percentage share of Renewable
electricity in road transport has increased since 2004 from 0,18% to 0,46% (an increase of
159,2% compared to 2004). A significant decrease in the share was recorded in the case of
Renewable electricity in rail transport: a change from 21,87% in 2004 to 5,62% - a decrease of
74,28%. A decrease can also be observed for Renewable electricity in all other transport
models: a share of 5,02% in 2004, share of 1,14% in 2020. — this is a decrease in the share of
77,31%. The largest share can be observed in the case of Compliant biofuels - the change from
39,42% to 65,64% is an increase of 65,52%. Obtaining energy from a Non-compliant biofuel
source was not recorded until 2010, but in 2011 the share of this source reached the level of
47,7%, followed by a decrease in subsequent years until 2020, reaching the level of 0,29%.
The share in the Total RES-T numerator with multiplicators was very low for other renewables
energies, whose rank in 2004, 0,0025%, decreased to 0,00015% by 2020 (a decrease of
94,12%). The presented analysis is presented in the chart below (Figure 4).
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Figure 4. Percentage share of renewable electricity components in Transport.
Source: own study based on https://ec.europa.eu/eurostat/web/energy/data/shares.
For an in-depth analysis of changes in the acquisition of renewable energy sources in

Transport, a table of changes in the amount of energy obtained in subsequent years was

presented. The results are shown in the table (Table 8).

Table 8.
Percentage change in the share of renewable electricity components in Transport from year
to year

Renewable Renewable Relfe.wal')le . Non- Other
C e . s . . electricity in all | Compliant .

Year electricity in | electricity in rail other transport biofuels compliant | renewable

road transport transport mo desp biofuels energies
2004 - - - - - -
2005 -1,09% -2,07% 3,70% 70,80% - 607,78%
2006 1,64% -2,94% -0,22% 75,01% - -10,60%
2007 -3,18% 3,87% -7,45% 28,72% - 130,38%
2008 -0,95% 0,91% 2,26% 54,42% - -89,18%
2009 9,38% 3,92% -2,11% 16,93% - -47,54%
2010 16,02% 6,87% -2,93% 13,93% - -90,61%
2011 30,85% 11,73% 22,46% -37,13% - 321,54%
2012 2,12% 1,19% -2,00% 41,32% -44,05% 0,08%
2013 32,41% 8,88% 5,97% 1,10% -54,38% 913,19%
2014 20,71% 4,65% 6,63% 9,49% -3,20% 0,00%
2015 33,68% 7,44% 15,08% 1,32% -11,73% -82,75%
2016 16,22% 9,13% 4,71% 5,69% -83,76% 174,44%
2017 26,37% 4.47% 2,69% 9,94% -38,93% -14,79%
2018 30,44% 2,24% 1,04% 10,76% -26,70% -67,21%
2019 70,12% 0,19% 2,11% 4,20% -11,18% -16,67%
2020 47,48% -6,85% -8,74% 1,99% -2,72% 4,03%

Source: own study based on https://ec.europa.cu/eurostat/web/energy/data/shares.
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4. Renewable electricity in heating and cooling

The table below (Table 9) presents the consumption of electricity obtained from renewable
sources Heating and Cooling: Final energy consumption, Derived heat and Heat pumps and
their total volume in the years 2004-2020.

Table 9.
Quantity Final energy consumption, Derived heat, and Heat pumps
. . Total Total
Var | Hwtees | Devd |t gesiice | @stise | R
numerator) denominator)

2004 54125,42 6152,36 1752,46 62030,23 528607,85 11,73%
2005 56906,38 6704,30 229091 65901,59 529897,38 12,44%
2006 59208,97 7054,18 2854,21 69117,35 523214,31 13,21%
2007 63115,06 7324,87 3520,16 73960,09 499079,95 14,82%
2008 65929,34 8012,72 4221,51 78163,57 510041,19 15,32%
2009 66544,48 8474,48 4970,74 79989,71 476528,63 16,79%
2010 71366,87 10099,70 5507,69 86974,27 511776,45 16,99%
2011 66457,09 9966,71 6270,23 82694,03 474833,78 17,42%
2012 71560,23 11377,64 6844,54 89782,41 483181,30 18,58%
2013 73132,01 12198,46 7370,67 92701,14 486727,41 19,05%
2014 67886,79 12509,96 8737,36 89134,11 447206,89 19,93%
2015 70667,56 13175,58 9286,16 93129,30 458532,26 20,31%
2016 71361,27 14139,04 | 10034,44 95534,75 468241,11 20,40%
2017 72496,01 14773,00 | 10672,42 97941,43 470384,35 20,82%
2018 75303,58 14940,62 | 11467,23 101711,42 470797,88 21,60%
2019 76045,88 15704,10 | 12393,14 104143,11 464251,40 22,43%
2020 75520,82 15752,88 | 13316,03 104589,73 452972,90 23,09%
Suma 1157627,77 188360,61 | 121509,86 1467498,24

Source: own study based on https://ec.europa.cu/eurostat/web/energy/data/shares.

The values in the table above show how the quantities of Final energy consumption, Derived
heat, and heat pumps changed over 2004-2020. In the case of Final Energy consumption,
the values finally increased from 54125,42 to 75520,82 (an increase of 39,53%), although in
2011, 2014, and 2020, a minor increase was recorded compared to the previous year. The value
of Derived heat increased from 6152,36 to 15752,88 (an increase of 156,05%), with a decrease
in increases in 2011. Only the number of Heat pumps recorded only increases compared to
previous years: change in value from 1752,46 to 13316,03 (an increase of 659,85%). The share

of individual factors is presented in the chart below.
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Figure 5. Heating and cooling component share.
Source: own study based on https://ec.europa.cu/eurostat/web/energy/data/shares.

This chart clearly shows Final Energy consumption as the factor with the largest share
compared to the other two elements. As the analysis in the table below shows, the percentage
of Final Energy consumption decreased from 87,26% in 2004 to 72,21% in 2020, still being the
factor with the largest share (a decrease of 17,25%). The percentage share of Derived heat from
9,92% in 2004 increased to 15,06% in 2020 (an increase of 51,86%), remaining in second place
in terms of share in Heat&Cool. The third factor - Heat pumps, increased its stake in the
following years, from 2,83% to 12,73% (an increase of 350,65%).

Table 10.
Percentage of Final energy consumption, Derived heat, and Heat pumps
Year Final energy consumption Derived heat Heat pumps
2004 87,26% 9,92% 2,83%
2005 86,35% 10,17% 3,48%
2006 85,66% 10,21% 4,13%
2007 85,34% 9,90% 4,76%
2008 84,35% 10,25% 5,40%
2009 83,19% 10,59% 6,21%
2010 82,06% 11,61% 6,33%
2011 80,37% 12,05% 7,58%
2012 79,70% 12,67% 7,62%
2013 78,89% 13,16% 7,95%
2014 76,16% 14,03% 9,80%
2015 75,88% 14,15% 9,97%
2016 74,70% 14,80% 10,50%
2017 74,02% 15,08% 10,90%
2018 74,04% 14,69% 11,27%
2019 73,02% 15,08% 11,90%
2020 72,21% 15,06% 12,73%

Source: own study based on https://ec.europa.cu/eurostat/web/energy/data/shares.
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The presented analysis is confirmed by the chart below (Figure 6), emphasizing the vast
share of Final energy consumption in Heat&Cool with the observed decrease in its percentage

share in favor of Derived heat and Heat pumps in subsequent years.
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Figure 6. Percentage of components Heating and cooling.
Source: own study based on https://ec.europa.eu/eurostat/web/energy/data/shares.

In order to conduct a deeper analysis of changes in Final energy consumption, Derived heat
and Heat pumps, percentage changes from year to year were determined for the analyzed period
2004-2020. The results are presented in the table below (Table 10).

Table 10.
Change in Final energy consumption, Derived heat and Heat pumps from year to year

Year Final energy consumption Derived heat Heat pumps
2004

2005 5,14% 8,97% 30,73%
2006 4,05% 5,22% 24,59%
2007 6,60% 3,84% 23,33%
2008 4,46% 9,39% 19,92%
2009 0,93% 5,76% 17,75%
2010 7,25% 19,18% 10,80%
2011 ~6,88% 1,32% 13,85%
2012 7,68% 14,16% 9,16%
2013 2,20% 7,21% 7,69%
2014 7.17% 2,55% 18,54%
2015 4,10% 5,32% 6,28%
2016 0,98% 7,31% 8,06%
2017 1,59% 4,48% 6,36%
2018 3.87% 1,13% 7,45%
2019 0,99% 5,11% 8,07%
2020 20,69% 0,31% 7,45%

Source: own study based on https://ec.europa.eu/eurostat/web/energy/data/shares.
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Based on the results presented in the table (Table 10), three decreases in Final energy
consumption can be observed in 2011, 2014, and 2020, by 6,88%, 7,17%, and 0,69%,
respectively. The most significant increase was followed in 2012: 7,68%. Derived heat values
recorded mainly increases, with the largest in 2010 at 19,18% and one decrease in 2011 at

1,32%. The Heat pump factor recorded only increases, with the largest in 2005 at 30,73%.

5. Gross final consumption of energy from renewable sources

The table presented below (Table 11) shows the Gross final consumption of energy from
renewable sources, separating: electricity, heating and cooling, and Transport over the years
2004-2020.

Table 11.
Gross final consumption of energy from renewable sources

Year Electricity Heating and cooling Transport Sum
2004 38071,05 62030,23 2541,16 10264244
2005 39897,52 65901,59 3598,07 109397,17
2006 41710,75 69117,35 5503,76 116331,86
2007 44032,15 73960,09 6813,69 124805,93
2008 46490,77 78163,57 9978,70 134633,04
2009 49319,24 79989,71 11523,20 140832,14
2010 53074,21 86974,27 13035,92 153084,39
2011 57189,32 82694,03 8759,63 148642,98
2012 61802,10 89782,41 11865,37 163449,89
2013 65150,88 92701,14 12091,29 169943,32
2014 68091,04 89134,11 13179,10 170404,24
2015 71666,11 93129,30 13464,81 178260,22
2016 73568,20 95534,75 1427434 183377,29
2017 76504,29 97941,43 15600,56 190046,29
2018 78967,18 101711,42 17132,79 197811,39
2019 82614,94 104143,11 17815,78 204573,84
2020 87294,49 104589,73 18039,33 209923,55
Suma 103544423 1467498,24 195217,50

Source: https://ec.europa.eu/eurostat/web/energy/data/shares.

Over 2004-2020, the total amount of Electricity in Gross final consumption is 1035444.23,
heating and cooling — 1467498.24, and Transport — 195217.50 (electricity used in vehicles is
included in Transport and thus not included in electricity). The share of individual factors

making up Gross final consumption is presented in the chart below.
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Figure 7. Share of components Gross final consumption of energy from renewable sources.

Source: own study based on https://ec.europa.eu/eurostat/web/energy/data/shares.
The share of electricity increased from 38071,05 in 2004 to 87294,49 in 2020. It’s the

second-largest Gross final consumption factor. The largest share was recorded by heating and

cooling, which reached the value of 62030,23 in 2004 and increased to 104589,73 in 2020.

The smallest share is represented by Transport, whose claim changed from 2541,16 in 2004 to

18039,33 in 2020. For a deeper analysis of the allocation of individual factors, their percentage

share was determined - the results are presented in the table below (Table 12).

Table 12.
Percentage share of Electricity, Heating, Cooling, and Transport
Year Electricity Heating and cooling Transport
2004 37,09% 60,43% 2,48%
2005 36,47% 60,24% 3,29%
2006 35,85% 59,41% 4,73%
2007 35,28% 59,26% 5,46%
2008 34,53% 58,06% 7,41%
2009 35,02% 56,80% 8,18%
2010 34,67% 56,81% 8,52%
2011 38,47% 55,63% 5,89%
2012 37,81% 54,93% 7,26%
2013 38,34% 54,55% 7,11%
2014 39,96% 52,31% 7,73%
2015 40,20% 52,24% 7,55%
2016 40,12% 52,10% 7,78%
2017 40,26% 51,54% 8,21%
2018 39,92% 51,42% 8,66%
2019 40,38% 50,91% 8,71%
2020 41,58% 49,82% 8,59%

Source: own study based on https://ec.europa.eu/eurostat/web/energy/data/shares.
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The results of the table (Table 12) show that over the years 2004-2020, the share of:

e Electricity changed from 37,09% to 41,58% (an increase of 12,11%),

e Heating and cooling changed from 60,43% to 49,82% (decrease of share by 17,56%)

e Transport - changed from 2,48% to 8,59% (an increase of 247,1%)

The change in the size of Electricity, Heating, and cooling and Transport from year to year
(Table 13) shows that in the case of electricity, only increases of different values were recorded
- the most significant increase was in 2012: 8,07% and the smallest in 2016: 2,65%. In the case
of heating and cooling, increases can usually be observed - the most significant growth in 2010
at the level of 8,73%. In the following year, one decrease was recorded - 4,92%. Concerning
Transport, increases are mostly observed — the largest was in 2006 at 52,96% and one decrease
in 2011 at 32,8%. The results of the analysis are presented in the table below.

Table 13.

Volume change: Electricity, Heating and cooling and Transport from year to year
Year Electricity Heating and cooling Transport
2004 - - -
2005 4,80% 6,24% 41,59%
2006 4,54% 4,88% 52,96%
2007 5,57% 7,01% 23,80%
2008 5,58% 5,68% 46,45%
2009 6,08% 2,34% 15,48%
2010 7,61% 8,73% 13,13%
2011 7,75% -4,92% -32,80%
2012 8,07% 8,57% 35,46%
2013 5,42% 3,25% 1,90%
2014 4,51% -3,85% 9,00%
2015 5,25% 4,48% 2,17%
2016 2,65% 2,58% 6,01%
2017 3,99% 2,52% 9,29%
2018 3,22% 3,85% 9,82%
2019 4,62% 2,39% 3,99%
2020 5,66% 0,43% 1,25%

Source: own study based on https://ec.europa.cu/eurostat/web/energy/data/shares.

6. Summary

Based on the presented data, the countries of the European Union are increasingly using
renewable sources from year to year. A constant level of obtained energy is in the case of
hydropower. Its share is significantly increased by getting energy from wind power, which
reduces the percentage share of hydropower. Other sources (solid biofuels, solar, and all other
renewables) also record an increase in their claim, but it is not as significant as wind and water
power. In terms of the use of electricity obtained from renewable sources in the case of

Transport, compliant biofuels have the largest share, which dominates other sources. Another,
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but with a much smaller percentage, is renewable electricity in rail transport. Other factors do
not have a significant share in Transport. In the case of heating and cooling, final Energy
consumption has the largest share, which recorded a slight increase in subsequent years.
Derived heat and heat pumps have a much smaller percentage. Summing up the presented
analyses, it can be assumed that individual EU Member States with more minor or significant
problems have a chance to achieve the supposed goals regarding acquiring and using electricity
from renewable sources. Indeed, this process will be supported by various initiatives and

directives, which are developed in case of problems with implementing the plans.
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1. Introduction

Nowadays, it is important for companies, regardless of their size, to make the right
decisions, which should be subject to the lowest level of risk. With such a changing
environment, enterprises pay more and more attention to the quality of data necessary in making
strategic decisions. This should be real-time data. Data on available resources in the
organization and their use play a big role. For this purpose, it is recommended for managers to
use ERP class systems. These systems are also the basis for decision making and the
determination of strategies in order to increase productivity and reduce costs of running
a company. Due to the fact that these systems enable comprehensive support of the company's
current operations as well as forecasting and planning of these activities in the future,
they indirectly contribute to the success of the company. ERP class systems are also a response
to breaking down barriers that do not allow for the implementation of strategic thinking in

Polish enterprises.

2. Method

In order to identify the scope of the use of ERP class systems in making strategic decisions,
a survey has been used with deliberately selected 14 companies, which are the leaders of the
printing industry on the Polish market, and simultaneously they belong to the small and
medium-sized enterprises (SMEs) sector. The study was conducted during the RemaDays
Warsaw 2020 international trade fair. A measuring instrument in the form of a direct survey
questionnaire was used for this purpose. Moreover, an expert evaluation method has been
implemented. The experts were the owners of three organizations that are manufacturers and
distributors of ERP class systems in Poland. The expert evaluation method has confirmed the
need and possibility of creating ERP class systems that will provide the necessary data for
strategic decisions with a reduced level of risk. Experts have also pointed out the strategic
advantages of ERP class IT systems. An in-depth literature review, on the other hand,
was carried out to evaluate the scope of use of the ERP class IT system in a modern enterprise.
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3. The scope of application of the ERP class IT system in the process
of managing a modern enterprise

An integrated IT system is a management support tool that comprehensively serves all areas
of the organization (Lenart, 2010, p. 345). The ERP system effectively collects various tasks
performed in the company, mainly planning and controlling internal as well as external
resources necessary for process and strategic management (Schuh, 2017). ERP organizes and
integrates operational processes and flow of information in order to optimally dispose of
resources such as people, materials, cash and production machines (Issar, Navon, 2016).

Continuous development of integrated ERP class IT systems, starting from simple inventory
control systems to subsequent versions, which enrich them with new functionalities and
modules, have an influence on the scope of their use. The development of these systems can be
presented in the following stages:

e MRP (Material Requirements Planning) - is a system that supports production planning

and scheduling. It also includes forecasting, determining inventory levels, tracking as
well as quantitative settlement of production (Sutrisno, Airlangga, 2020).

e MRP II (Manufacturing Resource Planning) - is a system supplemented with
mechanisms for planning other resources apart from materials, i.e. factors of production,
e.g. energy, work. In MRP II, the so-called closed management loop is used, whose task
is to combine data received at three levels of management, i.e. at the strategic, tactical
and operational level (Gozukaraa, Tekinerdogana, Catalb, 2022).

e MRP III (Money Resource Planning) - this system was taken into consideration in
evolution as a supplement to the functionality of MRP II with financial procedures.
It kept improving the settlement of production and areas directly related to it, not only
in terms of quantity, but also in terms of value (Koziot, Karas, Betzowski, 2019).

e ERP (Enterprise Resource Planning) - constitutes a wide range of functionalities,
i.e.: human resources management, quality management, support for contact with
customers, distribution support, service management, etc. ERP class IT systems provide
the opportunity to model processes, which modern enterprises should face. The main
objective of the ERP system is to integrate all levels of enterprise management.
It improves the flow of information critical to its functioning and allows for rapid
response to development of demand. In the case of systems operating in the "online"
version, this information is updated in real time and available at the time of decision
making (Fauzi, 2021).

e ERP II (Enterprise Resource Planning II) - is a system based on cooperation with the
company's business partners, who participate in resource management at subsequent
stages, 1.e. design, production and distribution of a given product. The ERP II system
goes beyond the framework of the enterprise and enables cooperation of companies
through the exchange of data and information (Chofreh, Goni, Klemes, 2018).
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ERP III (Enterprise Resource Planning III) - is an extension of the concept of the
ERP II system related to improvement of customer relations by incorporating them into
the enterprise's IT system. The purpose of such action is to ensure their direct and active
participation in the implementation of business processes. Thanks to the applications
installed on IT devices, employees can have an access to the selected ERP functionality
and perform their tasks at work with the system anywhere they are. This will be done
mainly through making mobile support tools as well as social media available and
support in the form of other tools for online communication both inside and outside the
company. With this concept of creating IT systems, in which the main activity is to
define services, it is possible to implement, even the most sophisticated user
requirements. The presented assumptions of the functioning of the ERP III system are
complemented by the provision of a constructive dialogue with the customer and,
on this basis, the exchange of information in order to introduce innovations when it
comes to production and services, and then sales or distribution of better products in
improved versions. Such action closes the so-called "value proposition loop", which
allows us, as the matter that goes beyond the boundaries of a company, to introduce
knowledge about the needs of preferences as well as expectations of customers
(Chofreh, Goni, Klemes, Malik, Khan, 2020).

ERP IV system (Enterprise Resource Planning IV) - is the planning of enterprise
resources with a wider functional scope, using Internet technologies, with particular
emphasis on mobile devices, cloud computing, fog computing, cognitive agent
programmes, big data, big management. It also enables the implementation of
mechanisms of globalization of economic activities as well as integration of connections
between market partners and cooperating organizations (banks, Social Insurance
Institution (ZUS), broadly understood administration) as well as with social networks.
At this stage of development of the ERP class system, it fits into the requirements of the
Real Time Enterprise (RTE) concept, which in previous versions of these systems was
only a dream. An enterprise operating in compliance with the RTE principle becomes
competitive by eliminating delays of management decisions as a result of the automatic
implementation of various detailed and key processes. The ERP IV system is also
a feedback to the challenge of the network economy related to the commonly
implemented new way of organizing connections between cooperating parties.
Moreover, in the fourth generation of the system, the Complex Event Processing (CEP)
function is used. It operates on the basis of source data, which may be financial,
geospatial control data or they can be streamed from the device. CEP detects events,
combines them and indicates consistent cause-and-effect patterns (Bytniewski, Matouk,
Hernes, 2018).
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The presented class of ERP IV systems is a new direction in the development of
management IT systems, with extended informative capabilities, turning information into
knowledge and making it available in real time for quick decisions. The consequence of such
action is the optimization of strategic and ongoing business processes. In this case, it is also
possible to take into consideration data transferred in real-time. It should be highlighted that in
ERP IV systems, all functionalities and technologies used in ERP III have been extended with
solutions in the field of the use of artificial intelligence, the Internet of Things (IoT), big data,
big management, industry 4.0 and fog computing (Elbahri, Al-Sanjary, Ali, Naif, Ibrahim,
Mohammed, 2019).

Nowadays, Industry 4.0 plays an important role, where the main analytical goal is to draw
attention to the main trends in the economy, that are being shaped by the fourth industrial
revolution. During this activity, it is also significant to identify the necessary directions of
changes in the management of the enterprise and the functioning of their environment that
defines the rules affecting the possibilities of development, creating opportunities, but also
barriers and even threats. Therefore, the opening of Polish enterprises to the potential of the
fourth industrial revolution becomes a necessary condition for maintaining the ability to
compete on the market and to meet the new, still invariably efficiently targeted market
requirements. The concept of Industry 4.0 forces the management board to change business
functioning models, which temporarily, as practice shows, leads to various asymmetries and
socio-economic, management and regulatory maladjustments. Therefore, in such a situation,
it is an obligation for companies to resort to technologies that integrate the digital and real
world. First of all, we include ERP class IT systems and a cooperating module called Business
Intelligence to this group. As a result, enterprises which are consciously subject to the fourth
industrial revolution will see ways to mitigate these asymmetries and goal achievement of
sustainable development, learning to reconcile social, economic, technological and
environmental goals in the management process, while simultaneously reducing the waste of
material and human resources. The justification for taking the presented actions is indicated,
among others, by the increasing risk of threats resulting from the increasingly clear, especially
in the European economy, syndrome of deepening access to raw materials, which may result in
time delays, e.g. in the implementation of production orders which have been taken over (Frank,
Dalenogare, Ayala, 2019).

One should remember that the ERP system does not have a defined standard, which means
that the structure of such a system in particular applications may differ. Therefore, it can be
perceived by users in the context of solutions that they use in their activities under different
names. It can be named differently (Grzeszczyk, Nguyen, 2006):
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e cERP (electronic Enterprise Resource Planning) — these are ERP class systems
supporting, among others, the implementation of electronic transactions,

e (@ERP (active Enterprise Resource Planning) — these are ERP systems focused on the
reconstruction of organizational structures, management practices as well as business
processes,

e [ERP (Intelligent Enterprise Resource Planning) — these are intelligent ERP systems in
which the balance point has been transferred to the strategic level and support of ERP
systems with BI, SWO, SE, GSWD, artificial intelligence techniques, OLAP,
data mining,

e EERP (ang. Extended Enterprise Resource Planning) — it is an extension of the
functionality of ERP systems, e.g. through its integration with CRM, SRM,
SCM systems.

The Business Intelligence subsystems of the ERP system also use the concept of the
Strategic Scorecard. It is used to measure the effectiveness and control of the organization,
which connects the organization's strategy with operational activities. It uses indicating
instruments that support ongoing monitoring of achievements for the strategy adopted by

a particular company (Bakkas, Manouar, 2018).

4. An evaluation of the level of influence of ERP class systems on effective
strategic decision-making

In these difficult economic times, enterprises should refer to the concept of an open strategy,
which aims to implement processes with increased openness to external forces and influences.
This approach is all about the involvement of a relatively large group of stakeholders in the
strategy formulation process as well as the transparent communication of strategic choices
using various technologies (Morton, Amrollahi, 2018). Research and, above all, good practices
regarding strategic openness are focused on transparency, participation, co-creation of values,
active initiation of strategic changes, democratic strategic decision-making, inclusion as well
as increased integration with external entities (Alexy, West, Klapper, Reitzig, 2018).

Information and Communication Technologies (ICT) support the involvement of
stakeholders in the creation of strategic content and knowledge in the enterprise. Most experts
focus on the dimensions of strategic openness, providing an analysis of the scope of formulating
and implementing an open strategy in an enterprise. As a consequence, ICT is often included
in project plans, but they are not considered in research regarding strategic openness. The team
of scientists and experts indicates that future research and activities should be targeted to
a comprehensive explanation of what types of IT systems exist and how they are used in

an open strategy (Kesidou, Narasimhan, Ozusaglam, Wong, 2022). Based on the research
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carried out among companies in the printing industry, entrepreneurs drew attention to the
importance of placing functionalities from the field of strategic management in ERP class

systems (Figure 1).

operational management (current}

tactical management (supporting the strategic management
process)

strategic management (in the long term)

Bimportant B notveryimportant Birrelevant

Figure 1. Demand for functional areas of ERP class systems.
Source: Personal analysis of the data gathered in the study.

The concept of an open strategy is based on an active exchange of knowledge and
information. It occurs during the cooperation and implementation of the company's relations
with the environment using ICT, which is described as a factor that constitutes a significant
factor for the strategic openness of enterprises (Schlagwein, Conboy, Feller, Leimeister,
Morgan, 2017). The companies from the printing industry clearly stated that they expect
ERP class systems to "exchange data within the organization as well as with its environment"
(Figure 2). Strategic openness is a concept offering various possibilities, especially in
combination with IT. Key aspects of "openness", such as an access to resources and stakeholder
participation in processes, can be implemented in completely new ways through systems and
IT tools (Schlagwein, Conboy, Feller, Leimeister, Morgan, 2017). Individual experts indicate
a clear link between strategic openness and the use of IT systems. This involves creating
strategic openness by integrating IT systems with the dimensions of transparency and inclusion
(Kindermann, Beutel, Lomana, Strese, Bendig, Brettel, 2021). The most mature IT systems that
can be used to implement the open strategy concept are ERP class systems with modules
corresponding to BI, CRM, DMS, BPM, SCM tools. To put it simply, ERP class IT systems
also provide the opportunity to connect with all tools included in building the enterprise's
strategic openness. Summing up, the concept of an open strategy together with the ERP class
IT system allows for making strategic decisions with a reduced level of risk (Malik, Khan,
2021).
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environment
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Figure 2. Expected features of ERP class IT systems.
Source: Personal analysis of the data gathered in the study.

ERP systems play a key role in today's organizations in decision-making processes on how
to implement their vision and strategy. However, potential users should be aware of the costs
and risks of implementation. Therefore, it is necessary to develop a proper approach to selecting
the appropriate ERP system for a particular industry and organization. At the beginning,
the vision, strategies and key performance indicators of the organization may be checked using
the Balanced Scorecard (BSC) method (Grochowski, 2016). The proposed methodology can be
used to decide on the implementation of the proper ERP system. Based on the analysis
conducted with the help of BSC, we can prepare a request for quotation. From the
implementation of Balanced Scorecard we know what is necessary to implement the action in
order to achieve the planned long-term goals. The ERP class system, on the other hand,
will allow for efficient implementation of these activities. The proposed methodology suggests
numerous suggestions for successful implementation of the ERP system. Moreover, a lot of
ERP class systems have a built-in BSC tool in their solutions, which is used to monitor the level
of achievement of specific strategic goals resulting from previously made decisions
(Rotchanakitumnuai, Speece, Swierczek, 2019).

Experts in the field of creating and implementing ERP class IT systems claim that they
provide enterprises with dynamics, thanks to support in making tactical as well as strategic
decisions. This is due to the current access to information thanks to management decision
support systems, such as an ERP system. There are strategic advantages of ERP systems. These
advantages are (Alomari, Amir, Aziz, Auzair, 2018):

e increase in the flexibility index,

e increase in the productivity index,

e correct communication, e.g. in informing about decisions that have been made,

fast decision making,

e rapid response to dynamic changes in the enterprise's environment,
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e reduced costs regarding running a business,

e increase in the level of revenues,

e shortened cycle times of particular processes,

e cffective cooperation inside and outside the organization,

e transformation of the enterprise's strategy into the objectives of the main processes.

Organizations are obliged to manage changes, i.e. to introduce innovations regarding
products, services or capital markets. By accepting ERP systems, we agree to the existence of
various modules that help making decisions consistent with speed and efficiency in compliance
with market requirements and enterprise expectations. Change management is very often
perceived as information management. For reasons of strategic management, operational and
financial information as well as changes in the light of this information, it is foreseen that
strategies and practices are continuously compared with competition and the best organizational
practices. Concepts of ERP systems solutions focus on ensuring competitiveness and increase
in value of the organization in all business cycles. ERP users are offered very wide reporting
opportunities. Due to the flexibility of the structures, it allows to create a report for the user on
any topic. Moreover, it can provide user support when it comes to problem solving due to high
analytical capabilities. Therefore, when processing data in the enterprise information bank,
indicators of managers' decisions are generated. Apart from ensuring automation,
the ERP system function provides accurate and timely information to improve the decision-
making processes of managers and employees (Hadi, Alnoor, Abdullah, 2018).

The ERP system, operating together with other operating systems of the organization,
creates opportunities for effective corporate supervision, providing information on the
effectiveness of the implementation of planned activities resulting from previously made
decisions. It is able to link business activity as well as market forecasts with development,
production, as well as the warehouse system. Thanks to this, the company is able to develop
a system that significantly reduces costs thanks to more accurate and up-to-date planning.
Information from corporate governance can be provided to management board using the
previously mentioned Business Intelligence (BI) subsystem (Danilczuk, Gola, 2020). This is
evidenced by the needs reported by representatives of Polish companies in the printing industry
(Figure 3).
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Figure 3. Demand for subsystems of the ERP class system.
Source: Personal analysis of the data gathered in the study.

Moreover, the linking of the ERP system with the CRM system also allows the company to
see a broader business and operational context globally with the current and required time base.
Therefore, both short-term and long-term strategies can be developed. By configuring this
system, it is also possible to monitor KPI (Key Performance Indicators) and NPS (Net Promoter
Score) in each country with the same parameters. It is also practicable to compare them and
implement positive trends from one country to another. Thanks to this, the Organization has an
influence on successful trends, processes and activities as well as competing with local players
on the market (Pohludka, Stverkova, Slusarczyk, 2018).

It is also worth noting that companies creating ERP class systems include tools supporting
strategic management processes in their solutions. One such tool is SAP Strategic Enterprise
Management, which supports strategic planning, risk management, performance monitoring as
well as value communication. SAP SEM is closely integrated with existing business
implementation systems, as well as with extended SAP finances. It enables two-way
information flow: corporate strategists can monitor performance continuously, using feedback
from business implementation systems, and changes in strategy can be brought to operational
level with new goals and KPI (Mathrani, 2021).

5. Conclusion

ERP class systems are an effective form of data integration supporting decision-making

processes in the enterprise. The concept of building a company strategy oriented on the use of
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integrated systems supporting the most important decisions in various positions should mainly
take place at the strategic level. However, taking into account this approach, other levels should
also be considered, including the operational as well as tactical level.

The high complexity of business processes as well as the need for fast and reliable access
to information force enterprises to implement technologies that will allow to achieve
a competitive advantage in a dynamic market. ERP belongs undoubtedly to one of such
technologies. The use of integrated ERP class standard software can only be profitable and
simultaneously consistent with the concept of competitive advantages, when, in addition to the
rationalization potential, the potential of decision support will also be implemented. Then the
enterprise will have a specific resource of competitive and developmental advantages.

Among Polish enterprises, there is a need to exchange data within the organization, and
above all with its surroundings, which should be supported by ERP class systems as the basis
for safe strategic decisions. Moreover, companies should remember to refer in their activities
to the concept of an open strategy, which aims to implement processes with increased openness
to external forces and influences. Therefore, it is necessary to place functionalities referring to
strategic management in ERP class systems in order to implement the concept of an open
strategy. The ERP system creates opportunities for effective supervision of the organization,
providing information on the effectiveness of the planned activities resulting from previously
made decisions. The organization's strategists can monitor performance on a continuous basis,
using feedback from business implementation systems, i.e. ERP class systems. One should also
pay attention to ERP class systems, which inform about available resources in the organization
as well as the method of their use, which has an influence on the effectiveness of strategic

decisions.
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1. Introduction

A lot of factors including communication, corporate social responsibility, personnel policy,
organizational culture, etc. have a big impact on the way the environment perceives the
company. Every aspect is more important nowadays due to common internet access and a big
competition offering a lot of substitutes on the market. People during making decisions whether
to buy something or use the services of a company can take into consideration every aspect they
want because the concerned market (OECD, 2010) is not a common situation. The below paper
indicates different ways in which a company is communicating with the environment and shows
which of them have an influence on the organization's image. The article presents internal and

external factors influencing the company's image, as well as the results of the conducted
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research. The research was aimed at gathering opinions on factors influencing opinions about
a given company, about making decisions about using an organization, recruitment for a given

company, and other.

2. Organizations image

The organizational image (Bajdak, 2013) can be defined as the way people perceive the
company with or without using their services or buying their products. It is a subjective
impression of the organization because for everyone something else counts. The organizational
image consists of a lot of different elements, which allow to identificate the organization. There
are different kinds of business image:

e actual - this is the way people see the organization,

e mirror image - the company seen through employee’s eyes,

e desirable - the way the company wants to be seen by the environment,

e optimal image - all of the above combined.

One of the most important things in creating an organizational image is a company's graphic
identification and logo. Graphic identification consists of e-mail footer and signature, company
paper, colours associated with the company, social media page and a web page. For a modern
company its website (Filipczyk, Goluchowski, 2020) is like its business card, therefore it must
be well designed, up to date with all information and free from every kind of errors and
malfunctions. The next thing a new customer or a contractor will check is the social media page
(Dabrowski, 2013). Every kind of content placed on facebook or twitter must be deliberative
and moderated in order to avoid posting something inappropriate. Something just as important
as a web page or social media page is the mobile app. More and more companies regardless of
their line of business decide to design and develop a mobile app to establish an easier access to
their services and products. It is important to recruit a well educated IT specialist, who will
create the app in accordance with the company’s vision and then ensure the functionality of it.
It is very important to create a good design because that is the first thing people will notice, the
functionality is just as important but to take a chance in presenting functionality, the app has to
gain people's attention. The most important factor determining the organization's image among
the society is the quality of the services and products provided by the company. While price is
still important for modern clients, the quality is the thing that determines if they will buy
something. The way potential clients get information about the quality of services and products
are opinions given by people who already bought something from the company or used its
services. That is why avoiding misunderstandings and if they occur, explaining them
immediately in line with good customer service is crucial when building an opinion about the

organization. Due to globalisation and common internet access, everyone can use the products
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and services of a company and then freely express his opinion on the internet. Branding is a
marketing technique (Goi, 2019; Wiktor, Niestrdj, 2010; Wiktor, 2013) which relies on create
and consolidating consumer awareness about the positive organization’s image. The aim of
branding is t evoke positive associations with a product and creating the ability to differentiate
one product from the others. Thanks to branding companies can raise prices however they want
because people are associating the brand with quality and will choose one product over the

other regardless of the price.

3. External and internal communication

An organization cannot exist and function without communicating with other market
environment entities. Without the external communication, no one would ever hear about the
company or about products and services it provides. However the external communication on
its own will not really do anything, it also has to be designed the right way, constantly developed
and managed properly. External communication is the way the organization communicates with
clients, investors, competition and everyone who is not directly related to the company in order
to accomplish the management functions which are planning, organising, motivating and
control (Fayol, 1916; Griffin, 2017).There is no universal way to communicate with the
environment and no ready to go advertisement strategy. Therefore a crucial element of
constructing the external communication is the definition of target. The target is understood as
the group of people, we want to address our business message. It is an information with a
persuasive message addressed to everyone but designed to reach the target group. The message
1s sent through various means of communications including advertisements in television, radio,
newspapers, billboards, acquisition and flyers. Defining the target group allows you to choose
the correct form of advertisements for example if the target are young people you should not
put your ads only in newspapers. The main reason internet advertising differentiates from other
kinds of advertising are cookies. Web cookies are small blocks of data created by a web server
while a user is browsing a website and placed on the user’s computer or other devices by the
user’s web browser. They enable web servers to store stateful information such as items added
in the shopping cart in an online store and track user’s browsing activity. Companies which use
cookies can design offers to match user’s preferences. A specific version of this kind of
advertising is social media advertising. It is also using cookies but these include for example
recently liked fan pages on Facebook and are analysed to extract information about users
preferences. One of the most successful ways to reach the target is the cooperation with famous
influencers (Kotas, 2014), athletes and stars. It is important to select an suitable endorser to
represent the brand. It’s quite obvious that someone obese won’t convince bodybuilders to buy

supplements he’s advertising. When the company has a partnership with a big event like the X-
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games or the olympics it can develop a line of event- themed products, in that way people who
normally would not buy their products will do it because of the event they are fans of.

Internal communication (Bielawski, 2001; Wiech, Rola, 2013; Wojcik, 2013) is a part of
public relations (Budzynski, 2001). The main difference is that it is about organizing
communication inside of the company and is addressed to employees. Inside PR is more
important the more the company has employees. This kind of communication (Rogala, 2013;
Quirke, 2011) is working in both directions. To ensure complete information flow and the
communication itself effective, employees from every field and level of the organization's
structure have to take active part in it (Rogala, 2013). In this kind of communication the
informal channels and methods are way more effective. While planned and organised meetings
are less effective in terms of achieving established results, regular, informal, ad hoc organised
meetings with coffee during informal conversation allow one to see the problem and look for
its solution (Quirke, 2011). If the internal communication works well, employees find it easier
to identify with the company mission and values and by that feel way more motivated. Internal
communication is associated with another term which is organizational culture. According to
E. Schein organizational culture is a pattern of basic guidelines, which a group has discovered,
invented or developed in confrontation with internal problems of the group (Schein, 2018). An
important part of the organizational culture are norms and values which include management
style and interpersonal relations. Every company has its own unique culture defined by written
and unwritten rules, common history, mission and vision. Well designed and consulted with
everyone whom it may concern organizational culture can be the key to effective motivation
among the employees. Employer branding is a term which describes actions taken by the
company to create their image as a employee friendly place which creates the conditions to self
development and promotion. It is important because the employees are expressing the opinion
about the company from their point of view and their words can be assigned by listeners to the
whole company (Mosley, Schmidt, 2017). People are quite empathic creatures and if they hear
about the company treating other people in a way they would not be treated they won’t support
it by buying its product and using their services. Companies in which the employer branding is
well managed are the ones in which employees identify with the company's values and mission.
However in this case employees are mostly motivated by external factors like a financial bonus
or additional vacation. The managers must know that this will work only as long as the
employees will get what they want.

An important thing not every company seems to understand is leadership (Schein, 2018). A
lot of companies mistake leadership and employer branding. The importance here lies on the
leadership site. If the employees have a leader who they want to follow and who inspires them
they will not only work more efficiently due to intrinsic motivation increase in a leader- led
team. Whereas employer branding is persuading the employees to their boss. When the
company decides to rely on leadership there is no need to bother with such things as employer

branding. Winning employees' hearts and minds with the use of efficient leadership is the key
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for them to perceive the company’s mission and vision as theirs. In this case employees are

motivated by the internal belief that everything good for the team is good for themself as well.

4. Organizational image determinants

What is important in terms of organizational image, is the organization's overall CSR. The
society is more aware nowadays and people select products provided by companies which are
taking actions for example in ecology, social help and humanitarian aid. Studies show that a
modern consumer, who has a choice between various products will choose products from a
company that is making less harm to the environment, a company that is helping people in any
way, and that is not testing its products on animals. CSR can be a key to stay ahead of the
competition. Most organizational image incident’s apply to a situation in which the company
was not telling the truth about their product, action or about itself. The examples of situations
in which a company was lying about something and lost a lot of money when the truth came
out: for example Volskwagen lying about new generation diesel engines emission, an the
Dieselgate (2015) McDonald’s lying about their fries being vegan (Budzynski, 2001). The lying
is not the only thing that can cause an image crisis but it surely is one of the most difficult to
overcome. Other causes of image crisis can be employees telling inconvenient facts about the
company, wrong or inappropriate advertising including ads which offend anyone. The
advertisement is a message sent to everyone but meant to reach only a group of people but still
everyone sees the ad and if it is offensive in any way it can cause serious troubles and even
lawsuits. The best way to deal with the image crisis is admitting that the company’s actions
were wrong, apologizing to everyone who was harmed and promising to make everything right
and not to make the same mistake again. It will not always work, because sometimes the crisis

is too big or was revealed too late to deal with it, in such cases it often is the end of a company.

5. Conducted research on the needs and expectations regarding building
and maintaining a good image

Two surveys were conducted, one regarding the image of McDonald's company, both
among employees and people using and not using the company's services. The expensive
questionnaire was about the general views and expectations of today's organizations. Research
proves that in the context of image, people will when the organization publicly admits guilt
(over 70% of interviewers). Participants take into account that the advertisements do not reflect

reality and their plan is not well thought out (over 70% of interviewers). The 90% of
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respondents answered that the best way to communicate and disseminate information is through
social media and websites. Over 80% of the survey participants believe that the employee's
opinion influences. use of a given product and the entire service. Additionally, the employee's
opinion influences the recruitment decisions of a given company. One of the motivators are
group leaders and all kinds of additional benefits that the company offers (about 50% of the

survey participants).

6. Conclusion

Customers opinions are verty important. No matter how hard a company tries to attract new
customers, if they didn’t take appropriate care of their former clients, they can’t expect them to
express favourable opinions. Negative opinions which unsatisfied clients will surely give to
their friends, family and on the internet will stick to the company for a long time, if not forever.
Of Course a few negative opinions will not completely destroy the company’s image but
everyone should take into consideration that one customer will share his opinion to
approximately 5 people who will give this information to five other people. If there will be
more negative opinions than the positive ones no one will buy the company’s product. But it is
not only about customers, it also has to do with employees. If an employee is not well treated,
he will share his negative opinion with family and friends, and they will forward it to other
people. In society’s mind will be created an negative image of company and people will ask the
question: ,,If the company doesn’t care about its employees why would it care about their
customers?”. This brings to the conclusion that not only external communication is important
in the process of creating an organizational image but also organizational culture and employee
policy. Based on the research, where 90% of people are aged 19 to 26, it turns out that the
challenge for the organization today is to maintain a good image of the organization. One of the
challenges is using the social media of the organization, because he 90% of respondents
answered that the best way to communicate and disseminate information is through social
media and websites. Another challenge is to maintain good relations with both employees and
potential clients, because nowadays many people are suggested by the opinion of others, e.g.
employees, friends, influences. Maintaining a good image is time-consuming and labor-
intensive because it requires the organization to adapt to the current needs and require the
society and monitor trends that give the organization an advantage over competitors. The next
stage of work on researching the company's image and the factors that affect it will be regular
research on the development and progress of digitization of the company, and taking care of
good contact between the boss and the employee.
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1. Introduction

In recent years, social media has become an integral part of people's daily lives.
More importantly, social media has strengthened its role in the professional world. More and
more employees are using social media in their workplaces to communicate with colleagues,
keep formal and informal relationships with customers and business partners, check
information about enterprises, and gain knowledge about the situation in the industry.

Research conducted by Fair (2018) even before the Covid pandemic showed that employees
(58%) don’t need social media to do their jobs, but they still can’t make it through the day
without it (Fair, 2018). Though over 40% do have “occasional” work-related activity on social

media, three-quarters (76%) have never received training from their employer on using it as
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part of their work experience. Among millennials and Gen Z, the ones spending upward of two
hours per workday looking at their phones, an astounding 78% say personal activities are more
distracting than work-related intrusions. This would seem to undermine the productivity-
boosting effects employers hope to see from collaboration and communication tools like Trello,
Slack, or Jira, which must compete with the irresistible pull of the smartphone. Across the
general populace, 59% agree that personal use of technology is more distracting than work
tools, and Facebook is far and away the top attention thief. A whopping 86% described
Facebook as a workplace distraction—twice as much as Instagram.

The literature provides evidence of both the positive and negative impacts of social media
(SM) in the workplace. In addition to the many benefits of using SM in areas such as work
organisation (Labban, Bizzi, 2020), communication and relationship building (Bednarska-
Olejniczak, 2018; Huang et al., 2017), motivation and engagement (Boahene et al., 2019; Ewing
et al., 2019) there are also risks associated with a decrease in employee productivity(Wushe,
Shenje, Jacob, 2019), or the potential risk of employees posting content contrary to
organisational policy (Adjei et al., 2020; Lankton et al., 2017; Szwajca, Prandzioch, 2018).

Of course, the dangers of inappropriate social media use can affect not only the employee
but also the employer (browsing social media profiles, forcing constant contact with the
employer). It, therefore, becomes important to examine what causes inappropriate behaviour
among employees. Knowing these determinants will allow for defining some rules/policies for
the use of social media in the organisation. A policy defines what online behaviour of
an organisation's members is correct and also provides guidelines on data and information
security with sanctions.

Research has shown that a majority of employees tend to spend about 2 to 3 h on non-work-
related online activities during work hours. Indeed, recent statistics show that cyberloafing can
cost companies approximately $85 billion a year (Andel et al., 2019)

The purpose of the research is to systematize knowledge regarding non-work-related
activities of employees and to examine determinants that cause inappropriate behaviour among
employees. Literature, as well as documents and reports analysis, will allow answering the
research questions: What are the advantages and disadvantages of using social media in the
workplace? What factors and circumstances cause employees to waste time browsing social
networks instead of working? How organizations can minimize the loss of productivity and

decrease cyberslacking activities?
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2. Social media in the workplace

Social media (SM) are applications that utilise web technologies and allow users to create
and participate in communities through functions such as communicating, interacting, sharing,
collaborating, and publishing (Mauroner, 2016). Different social media technologies, like social
networking, online forums, wikis, and blogs are becoming reliable platforms for sharing
information to target audiences in a contemporary manner (Osatuyi, 2013). In social media
networks (e.g., Facebook, LinkedIn, MySpace, Google+) or collaborative communities people
share experiences and information, which pertain not only to personal interests but also to
professional matters.
Especially, enterprise social media platforms (ESM), which combine numerous features,
such as microblogging and document sharing in one integrated place, can contribute to
improving information access and dissemination. Social media usage provides opportunities for
employees to collaborate and coordinate work.
Recently social media has been categorised into four main groups (Mao, 2014):
e social networking tools and instant messengers such as Facebook, Skype, Tumblrand,
e tools for social publishing, social sharing, bookmarking, and collaborating, including
tools like blogs, wikis, Twitter, Delicious, Flickr, Youtube, Picasa, GoogleDocs,
Spreadsheets, Slideshare, Dropbox and so on,

e social tools for content management as well as calendars, surveys, and polls such as
Moodle or Edmondo,

e virtual worlds and gaming environments such as SecondLife, WeeWorld.

According to Data reportal (2022) there were 5 billion internet users (in Poland
32.86 million). In January 2022, in Poland, there were 27,2 million active social media users
(globally 4,65 billion), which constitutes 72% of the population (58,7 globally) (Data reportal,
2022). Year on year their numbers increased by 1,3 million (5%), the last three years by
9,2 million (51%) (Digital Poland, 2022). 22,5 % of respondents use SM for work activities
(14,5% in Poland). Interestingly, Kenya is the country where the percentage of social media use
in the workplace is the highest at 43,8% and Japan is the lowest at 5,8% (Data reportal, 2022).
Currently, in Poland, we can observe the increasingly using of SM by society in the workplace.
Another survey showed that as many as 2/3 of respondents (64.5%) use social media during
working hours (Pracuj, 2021). Interestingly, only 15% of the respondents use them for business
purposes only, and almost half of them use them both for business and private purposes.
47% of Poles have permission from their boss to use social media at work, of which 19% are
exclusively for business purposes and 28% also for private purposes. More than one in three
respondents (36%) is completely prohibited to use this medium during working hours.
Thus, the data may indicate that a significant portion of employees uses social media channels

in ways that are not entirely consistent with company policy. Moreover, nearly one in five
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respondents (18%) could not answer what attitude their supervisor has toward the use of social
media during work hours. The most popular platforms used at work in Poland are Facebook
(88%), Youtube (65%), Instagram (39%), LinkedIn (18%), Twitter (18%), Tiktok (12%),
Reddit (6%), other (3%) (Figurel).

Facebook 88%
Youtube
Instagram
LinkedIn
Twitter
Tiktok

Reddit

Other

Figure 1. Social media platforms are used professionally at work in Poland.
Source: Own study based on (Pracuj, 2021).

Similar results for the US are presented by Kolmar (2021), in his analyses the most common
social media platforms used at work are Facebook (19%), LinkedIn (14%), employer providers
(9%) and Twitter (3%) (Kolmar, 2021).

Get information that
helps solve problems

at work
Ask work-related Build or strengthen
questions of people personal
outside and inside relationships with
their organization coworkers

Learn about Make or support
someone they pr0fe§5|onal.
work with connections with
colleagues
Connect with friends
Tak;:":n tﬂ::;t;ljl;;eak and family while at
work

Figure 2. The most common reasons for using social media in the workplace.
Source: Own study based on (Kolmar, 2021; Olmstead et al., 2016).

Employees admit to using social media at work for various purposes (figure 2). The most
common reasons that employees use social media at work are to take a mental break from work
(34%), to connect with friends and family while at work (27%), to support professional

connections (24%), to get information that helps them solve problems in their job (20%),
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strengthening their relationship with co-workers (17%), learn more details about a person that
they work with (17%) and to ask work-related questions to outside people or inside the
corporation (12%) (Kolmar, 2021; Olmstead et al., 2016).

2.1. Pros and cons of using social media in the workplace

Although social media is becoming ubiquitous in the workplace, the use of these
technologies has both positive and negative consequences. Studies in the literature report
a variety of often contradictory results regarding the impact of social media in the workplace.
Research by Mintymiki and Riemer, (2016) (Mintyméki, Riemer, 2016) suggested that
professional use of social media can support formal and informal communication in the work
environment. This is confirmed by the latest Digital (2022) report which indicates that
63,2% of employees daily use social media as communication channels (respondents who use
the channel at least once per day during their professional activities). Nowadays, more and more
communication takes place online with SM tools which provide constant communication
between managers, employee participants of group projects and others. Especially, for younger
generations, SM is a common channel of communication (Csobanka, 2016). Therefore, social
media provides an opportunity for supporting efficient and effective team communication in
organizations and project teams. Improved communication is an increased sense of community
and social support which increases employee commitment to work as noted by (Van Zoonen
et al., 2017). They confirmed in their study the positive relationship between social media
communication and work engagement. An engaged employee is more productive than one who
lacks engagement (Ewing et al., 2019; Oksa et al., 2021). Social media allows employees to
connect and collaborate more efficiently and also can help employees feel more engaged with
their work, leading to higher job satisfaction and morale. Thus, employers who allow using
networking sites in the workplace can benefit from increased productivity, employee
engagement, and improved overall performance. Moreover, easy and quick communication
through social media promotes knowledge sharing within the organization as indicated by
studies by Babu et al. (2020) Choi et al. (2014) and Nielsen and Razmerita (2014) (Babu et al.,
2020; Choi et al., 2014; Nielsen, Razmerita, 2014). Social media platforms can facilitate more
effective knowledge sharing and collaboration within an organization, thereby increasing
organizational productivity and competitiveness. Nielsen & Razmerita (2014) indicated that
social media platforms are providing benefits, in particular, improving internal communication
(41%), increasing knowledge sharing (37%) decrease the number of emails (35%).
Other identified benefits are easier to reach colleagues in other departments (34%), employees
get a faster response to work-related problems (34%) and it is easier to collaborate on projects
(30%) (Nielsen. Razmerita, 2014).
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However, there are some limitations to deriving the benefits from communications through
social media in an organisation. Madsen (2017) identified four obstacles to motivating
employees to use internal social media to communicate (Madsen, 2017):

e cmployees may not see the professional benefits of using ESM,

e colleagues may not understand the informal nature of communication,

e internal social media was not considered a "natural" part of the daily routine in the

organization,

e top managers support internal social media with mostly words, not actions.

Social media at the workplace can also be an excellent way for employees to take a break
from their work and relax. This can lead to increased productivity and a more positive attitude
towards work. According to survey research “Social Media and the Workplace”, 34% ever use
social media while at work to take a mental break from their job(Olmstead et al., 2016).
Social media can help reduce stress by providing an outlet and a healthy distraction from work,
which is helpful when tasks are feeling overwhelming. Logging into social media accounts can
also help employees feel more connected to their colleagues and friends, leading to a more
positive work environment.

The opposite position regarding the impact of social media in the workplace is presented by
Yu et al. (2018), who argue that exhaustion is related to excessive use of social media
(information and communication overload) and significantly reduces work productivity
(Yu et al., 2018). Employees must learn how to navigate and use the massive amount of
information afforded by the addition of social media to internal communication (Ewing et al.,
2019). Additionally, security and privacy risks for organizations are critical concerns from
using social media. Buettner (2015) argued that concerns about privacy, as well as perceived
usefulness and ease of use, can negatively impact employees’ intentions to use internal social
media. Bizzi (2018) in his survey discovered a downside of employees using social media at
work (Bizzi, 2018). He found that 76% of employees using social media for work took
an interest in other organizations, compared to 60% of employees using social media only for
leisure. Thus, employees using social media at work are more engaged and more productive,
but they are also more likely to leave the company. Managers can solve this problem in two
ways. In the first place, managers should implement solutions that neutralize the retention risk
caused by social media. They can use social media training to keep employees focused on
positive social media behaviors, such as collaboration, which can increase satisfaction and
attachment by counteracting the risk of rotation. Second, managers can create social media
groups in which employees will be more cooperative and less willing to share their withdrawal
intentions or discuss external employment opportunities (Bizzi, 2018).

Moreover, other studies suggest that the use of social media in the workplace leads the
employee to misuse organizational resources and may stimulate undesirable behaviour among
employees and employers (Oksa et al., 2021) such as cyberloafing, (Lim, P.K. et al., 2021; Lim,
V.K.G., 2002; Van Zoonen et al., 2017), cyberslacking (Alharthi et al., 2021), cybervetting
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(Anatoliy et al., 2020; Berkelaar, Harrison, 2016), cyberbullying (Ozler, Polat, 2012). Which
also results in a delay in normal organizational processes and a reduction in employee

performance.

2.2. Cyberloafing and cyberslacking

Many often the term cyberslacking or cyberloafing has been used interchangeably.
There are used to describe voluntary acts of employees using their companies’ Internet access
for non-work-related purposes during working hours ( Lim, V.K.G., 2002). Generally, any time
that employees waste on the Internet can be termed as cyberslacking or cyberloafing,
problematic internet use, online loafing internet abuse, workplace internet deviance,
and internet addiction disorder (Venkatesh et al., 2023). Cyberslacking can be defined as
spending unproductive time on the Internet. Online shopping, surfing, engaging in social media,
job searching, sending and receiving personal emails, and downloading non-work-related
material are some examples of cyberloafing behaviors.

In this article, cyberloafing or cyberslacking is understood to be employees’ use of
ICT technologies, including devices (e.g. laptops, desktop computers and smartphones) and the
Internet (provided by the organization) to access social media and other websites during work
hours for personal or non-work reasons (Venkatesh et al., 2023). There is a nuanced difference
between cyberloafing and cyberslacking but the common thread between these terms is that
they all describe unproductive use of the Internet in the workplace.

Cyberloafing is associated with not only lost productivity but also other undesirable
negative consequences (Koay et al., 2022). Vulnerability to security weaknesses, violation of
privacy, employee Internet abuse, and Internet addiction are a few of the challenges facing
businesses of all sizes as they venture into cyberspace. As access to the Internet has become
more common for employees, so has their propensity to use the Internet for entertainment and
other non-work purposes on the job. Organisations may suffer legal liabilities when employees
engage in any illegal online activities (e.g., online gambling, illegal downloading, and hacking)
using companies’ Internet resources. Moreover, employees may accidentally download some
unsecured files (e.g., viruses, spyware, or malware), increasing the risks of security breaches.
Cyberloafing is usually presented as negative behavior leading to loss of productivity and
income. However, engaging in short periods in non-work-related tasks can also have positive
effects, including relief from boredom or fatigue, reducing job stress, stimulating creative
thinking, enhancing job satisfaction, increasing well-being, recreation and recovery.
Furthermore, several studies showed that cyberloafing is a good way to replenish personal
resources (e.g., mental energy, self-esteem, and self-control) ( Lim, P.K., et al., 2021; Ozler,
Polat, 2012) and temporarily detach from work duties, which can potentially lead to better
mental health (Koay et al., 2022).
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In a social media age not only do employees abuse digital communication but also
employers are now turning to use publicly accessible social media data to screen job applicants.
This phenomenon is called cybervetting. Cybervetting can be described as the acquisition and
use of online information to assess the suitability of a person or organization for a specific role.
Information targets can be individuals, groups or organizations. Cybervetting uses information
that is becoming more and more accessible and easily accessible by regular and popular uses
of internet technologies, especially social media. While often considered in terms of new hires
or staff selection, cybervetting can also include online sourcing and the use of information to
evaluate a potential or current customer, employee, employer, romantic partner, roommate,
tenant, customer, or other relationship partners (Berkelaar, Harrison, 2016).

It is not enough for employers to know what the good and bad sides of using social media

are, also it is necessary to know what causes employees to engage in digital deviant behaviours.

3. Determinants of cyberloafing in organisations

Organizations that want to reduce cyberslacking should explore the causes of digital
distraction among employees. It is important to understand what factors and circumstances
cause them to waste time browsing social networks instead of working. According to the firm’s
Udemy online survey chatty coworkers (80%) and office noise (70%) were cited as the top
distractors. (Fair, 2018). Millennials and Gen Z are the most likely age group to describe
themselves as distracted at work. 74% of them report being distracted, and of those, 46% say it
makes them feel unmotivated, and 41% say it stresses them out. The young generations have
a smartphone problem because more than a third of millennials and Gen Z (36%) say they spend
two hours or more checking their smartphones during the workday. That adds up to at least
10 hours every week when they’re doing something outside their job responsibilities.
This behavior isn’t limited only to junior workers either; overall, just under two-thirds of survey
respondents (62%) spend about an hour per day looking at their phones. Meanwhile, a third of
Baby Boomers claim they never engage with their devices at work (Fair, 2018).

Based on the literature review and according to the different theoretical perspectives author
identified dominant factors that contribute to cyberloafing behaviors in organizations.
The factors are divided into three main categories (figure 3): organizational, situational and
individual factors (Ozler, Polat, 2012).
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Organizational

Theory of organizational
justice, Control and
deterrence mechanisms

Situational

Social cognitive theory,
Theory of planned behavior

Individual

erestrictions on Internet use and IT control policy
einjustice treatment

emanagerial support for Internet usage without regulation
eperceived coworker cyberloafing norms

eabusive supervision
econtrol and deterrence mechanisms
o facilitating conditions

eperceived behavioral control (i.e., and cyberslacking self-

efficacy)
eattitude toward cyberslacking,
eemployee job attitudes, job commitment and satisfaction
esocial norm,
epersonal traits

Theory of interpersonal
behavior
Personality traits models

Figure 3. Dominant factors that contribute to cyberloafing behaviors in organizations.
Source: Own study based on (Koay et al., 2022; Lim, V.K.G., 2002; Ozler, Polat, 2012).

From an organisational perspective, employees may engage in cyberstalking when they feel
they have been treated unfairly by the organization (Venkatesh et al., 2023). Lower
organizational justice has a significant impact on cyberloafing. Lim (2002) tested the role of
three justice-based variables in predicting cyberloafing and found that all three forms of justice
(distributive, procedural and interactional) were negatively associated with cyberloafing (Lim,
V.K.G., 2002). By limiting employees’ use of work computers, whether through policy,
technological deterrents, or both, employers reduce the benefits of using the Internet for
non-work purposes while promoting employee self-regulation. Conversely, employees who
would face stronger penalties for engaging in deviant behaviors were less likely to cyberloaf
(Ozler, Polat, 2012). Managerial support for Internet usage at work without specifying how to
use the internet is likely to increase forms of Internet use among employees for both business
and personal reasons. This support may be misinterpreted by employees as an endorsement of
all types of Internet use, including cyberloafing. Research showed that employees look to other
coworkers as potential role models in the organization and that cyberloafing is learned through
copying the behaviors that they see by individuals in their organizational environment (Ozler,
Polat, 2012). Individuals, who observed cyberloafing behaviours in their colleagues, were more
likely to engage in those behaviours themselves.

The second group of factors focuses on situational aspects. Facilitating conditions are
important because people performing a certain activity may not be able to do so because their
environment prevents them from performing the activity. Control and deterrence mechanisms
such as monitoring, IT control policy, punishment, organizational policies and sanctions, can
effectively mitigate cyberslacking (Alharthi et al., 2021; Andel et al., 2019). Moreover, Koay
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et al (2022) examined the relationship between abusive supervision and cyberloafing from the
lens provided by the conservation of resource theory (Koay et al., 2022). Their study supports
the positive relationship between abusive supervision and cyberloafing, indicating that abused
employees are more inclined to retaliate against their supervisors by engaging in cyberloafing
behaviour. As engaging in overt, direct retaliatory behaviours may put their job at risk,
employees resort to more covert means of retaliation by engaging in cyberloafing in response
to their abusive supervisors (Koay et al., 2022).

The last group of determinants, which can affect the vulnerability in cyberslacking, is
associated with the individual, human factors. Perception and attitudes towards cyberloafing,
personal traits, habits and Internet addiction, demographic factors, intention to engage in
cyberloafing social norms and personal ethical codes about internet use and cyberloafing are
mentioned among the antecedents of cyberloafing behaviour (Ozler, Polat, 2012). People who
perceived their Internet use as beneficial to their overall job performance were more likely to
engage in cyberloafing than others (Vitak et al., 2011). In addition, individuals’ personal
normative beliefs (i.e., that cyberloafing is morally wrong) reduced intentions to engage in
cyberloafing (Vitak et al., 2011). Job commitment and job satisfaction are also individual
factors that might play a powerful role in shaping personal internet use at work. Acts of
workplace deviance like cyberloafing could be an emotional response to frustrating job
experiences. Employees who are emotionally attached to their work organization will find
personal internet use to be less compatible with work routines than those who are not (Kelly,
James, 2008). Individuals more committed to their work should be less likely to engage in
personal Internet activities during work. There are a number of studies that explore how
personality traits, can influence the way people use social media (Ozgiiven, Mucan, 2013).
Personal traits like shyness, loneliness, isolation, self-control, self-esteem, and locus of control
may affect the patterns of internet usage. Individuals that are low in self-control seem to have
a greater history of cyber-loafing. Employees with a high external locus of control
(i.e., they believe their fate is in other people’s hands) and those with low self-esteem reported
diminished self-control Internet use which in turn affected their level of Internet abuse at work
(Vitak et al., 2011).

Some studies indicate that occupational status, perceived autonomy in the workplace;
income level, education and gender were significant predictors of cyberloafing (Kelly, James,
2008). Well-educated individuals often engage in online information searches, while those who
received less education often participate in online gaming. Personal Internet use at work is
an activity that is more often performed by men who are well educated and work in high-status
fields such as management, finance or business. Gender can affect the frequency and duration
of cyberloafing, as well as the types and perceptions of cyberloafing. Some studies have
suggested that men have cyberloafing more often and for longer than women (Lim, P.K. et al.,
2021) Being younger and male significantly predicted both the amount and frequency of

cyberloafing (Vitak et al., 2011). Research shows that because younger people are more
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accepting of technology and more likely to use the Internet, they tend to build a habit that leads
from the Internet (Venkatesh et al., 2023). However, some studies contradict these findings.
Ugrin et al. (2008) found that demographic differences do not result in a greater likelihood of
cyberloafing. Men and women abuse the internet equally.

4. Conclusion

Cyberloafing and cyberslacking are growing phenomenon in today's organisations.
Reports on the cost of cyberloafing show organisations the importance of controlling internet
misuse behaviour in the workplace. The negative effects of cyberloafing on organisations
cannot be ignored. Therefore, the necessary measures should be taken to control and manage
cyberloafing in organisations. The organisational and psychological research literature presents
two main strategies to control employee abuse, such as cyberloafing-oriented self-regulatory
strategies; and externally-oriented coercive strategies; where employees' behaviour is enforced
by external circumstances in their environment (Ozler, Polat, 2012).To reduce the negative
effects of cyberloafing as well as maintain the positive ones, organisations should:

e educate and inform employees,

e define policies for the use of social media,

e create monitoring systems,

e enforce through penalties.

Frequently, to be successful in controlling efforts, these methods should be used in
combination. Especially, a formal social media policy is a necessity. Employers do have the
right to prohibit any personal use of company computers and block employee access to social
media sites, but such a prohibition is not likely to yield optimal results if employees won’t
educated and informed. No methods can be effective unless they are adequately managed and
translated into the improvement of awareness or perception of their values (Ozler, Polat, 2012).
Awareness of the negative consequences of the behavior diminishes habit strength (Vitak et al.,
2011). Electronic monitoring systems may be used to combat cyberloafing behaviors of
employees in the workplace. It is found that monitoring mechanisms that either track or deny
access to sites along with monitoring emails reduced cyberloafing. These are even more
effective on individuals who have a higher propensity for cyberloafing (Ugrin et al., 2013).
Sometimes control systems are ineffective in deterring cyberloafing unless being followed up
by punitive consequences (Ozler, Polat, 2012) noted that for efficient cyberloafing management
to take place, “monitoring activities need to be followed up with disciplinary actions”.
It is found that individuals that were aware of others receiving punishment for cyberloafing had
a lower propensity to cyberloafing (Ugrin et al., 2013).
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Although all of these mechanisms impact cyberloafing, they do not come without costs.
For example, monitoring systems have both monetary costs and costs of reduced employee
morale and job satisfaction (Ugrin et al., 2013). Strategies that place more power in the control
of the employees while providing them with feedback about their Internet use may be more
readily adopted and may help employees develop healthier (and more productive) habits related
to their use of the Internet while at work (Vitak et al., 2011). Since deterrence mechanisms
come with other consequences. It seems important to not only examine the importance of
deterrence mechanisms alone but also how different deterrence mechanisms work relative to
one another as well as to understand the relative impact of deterrence mechanisms (Ugrin et al.,
2013).

Moreover, while some organizations entail strict control and monitoring strategies to curb
cyberloafing, some employers believe that the brief detachment from work resulting from
loafing can allow employees to relax momentarily, which would yield better results in the long
term (Stokel-Walker, 2020).

The literature review highlights the frequency of the use of social media by employees and
also presents the risks and challenges of using social media in the workplace. The study shows
a clear need to understand the risks as well as the benefits of employee social media usage in
the workplace. The literature revealed several possible approaches to the implementation of
social media in the workplace. Furthermore, the research showed that when social media is used
as a “communication tool” as opposed to simply being viewed as a workplace distraction,

it can even be beneficial.
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1. Introduction

For several years now, we have witnessed significant and accelerated development of
digitization processes and increased use of information and communication technologies by
society, enterprises, public institutions, non-governmental organizations, etc. We have become
reliant on the internet and ICTs (Blizniuk, Nowak, 2005). The changes, taking place both in our
daily lives and at work, have turned us into an information society. They have also had
a considerable impact on our patterns of production and consumption, market organization, etc.

In order to survive, today’s organizations need to respond to the changing environment
promptly and implement relevant effective solutions. Thus, the processes related to the
advancement in ICTs have brought about changes in the economy, which has led to the
emergence of the digital economy. The literature offers multiple definitions of the digital
economy; one of them describes it as “a worldwide network of economic activities which is
enabled by the existence of information and communication technologies (ICTs). It can also be
defined in simple words as the economy based on digital technologies”. The transformation
taking place in the economy translates into changes in the market, goods, services, the financial
sector, enterprises, consumption, manufacturing, work, governments, etc. (Sledziewska,
Wioch, 2020). On the one hand it allows development, but on the other, it gives rise to a number
of threats. Advanced technologies destroy a lot of jobs and accelerate the creation of digital
representations of the real world. Digitization is embraced not only by selected sectors of
institutions, companies or administration, but permeates entire organizations, which
necessitates the introduction of new solutions for manufacturing, employment, consumption,
etc.

Western European countries have undergone a more profound digital transformation than
Poland. In the 1980s, first companies providing internet services came into being, which
enabled, among others, the use of electronic mail. It was also the time when enterprises and
institutions started to provide their employees with access to local computer networks and thus
embarked on digitalization. In the beginning, the technologies that digitalization is based on
included the use of the computer, laptop and smartphone and later extended to cloud-based
technologies, robotization and artificial intelligence (Goban-Klas, Sienkiewicz, 1999).
The changes related to digitization have led to digitalization and datification, which have
exerted a major impact on society as a whole. Man has access to an ever increasing amount of
data and information and through online activities leaves behind digital footprints that are used
by enterprises, organizations and public institutions, which changes the way the economy and
business function (Sledziewska, Wioch, 2020; Gajewski et al., 2016).

Recent years have brought a lot of uncertainty and anxiety due to the COVID-19 pandemic.
In addition, in the last few months, our attention has been focused on the war taking place in

Ukraine. These events have had an impact on all of us and forced us to take measures to adjust
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to the existing and rapidly changing circumstances. The seriousness of their consequences
depends on a business sector and a geographic location. During the pandemic, people and
companies unable to work remotely suffered the greatest losses. The tourism industry was one
of those most severely affected. People who worked online had to learn to combine work and
family commitments in the same environment and arrange a virtual workplace at home.
One of the serious problems was a decline in the number of customers resulting from the stay-
at-home and social-distancing restrictions. Companies had to increase or introduce online
services and thus contributed to the development of e-commerce. They had to deal with higher
costs of conducting business activity, which have gone up further because of the war in Ukraine.

To sum up, the COVID-19 pandemic threatened the global economy, including the
economy of the European Union. The measures taken by the EU countries in response to the
pandemic such as restrictions on social contact, quarantine, travel restrictions or bans for certain
countries, shutdown of commercial and cultural facilities, restrictions imposed on tourism,
transport, etc., had a significant impact on the functioning of public administration, as well as
large, small and medium-sized enterprises in the European Union.

The study analyzes internet and ICT usage by enterprises in the selected country in the years
2021 — 2019 and 2012 with special focus on the COVID-19 pandemic period.

The aim of the study is to employ the proposed taxonomic methods to arrange -
in the periods under study - Poland’s provinces and European countries according to their
similarity in ICT usage (including the use of computers and mobile devices, the internet, various
internet services and IT systems) by enterprises.

2. The set of diagnostic characteristics of the problems under study

The study attempts to employ the selected taxonomic methods to order Poland’s
voivodeships (provinces), and next - European countries, according to the level of their
development and to analyse their impact on the overall development in the periods under study
as well as to use a taxonomic method to identify homogeneous periods of dynamics variations
in the analysed phenomenon in selected countries. The study examines the use of the internet
and information and communication technologies by enterprises of the selected country,
with special emphasis placed on the Covid-19 pandemic period. In addition, the map add-on
Excel was integrated for the selected dataset to compare the years 2012, 2019, 2020 and 2021

and to identify possible similarities or differences. The diagrams are shown below.
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Figure 1. Enterprises with Internet access (enterprises from the non-financial sector) [%] — 2021 and
2020 (the Excel Map).

Source: based on own research.
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Figure 2. Enterprises with Internet access (enterprises from the non-financial sector) [%] — 2019 and
2012 (the Excel Map).

Source: based on own research.

The second variable was then taken into account - Enterprises with their own website
(enterprises from the non-financial sector) [%].

Enterprises with thew own website (enterprises from the non-financal sector) [%] - 2021 Enterprises with thewr own websate ( wses from the i 1al sector) [%3] - 2020

Figure 3. Enterprises with their own website (enterprises from the non-financial sector) [%] — 2021 and
2020 (the Excel Map).

Source: based on own research.
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Figure 4. Enterprises with their own website (enterprises from the non-financial sector) [%] — 2019 and
2012 (the Excel Map).

Source: based on own research.
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Figure 5. Enterprises for which the website served as a presentation of catalogs, products or price lists
(enterprises from the non-financial sector) [%] — 2021 and 2020 (the Excel Map).

Source: based on own research.
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Figure 6. Enterprises for which the website served as a presentation of catalogs, products or price lists
(enterprises from the non-financial sector) [%] —2019 and 2012 (the Excel Map).

Source: based on own research.
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Last of the selected statistical variables - Enterprises providing their employees with mobile
devices (e.g. laptops, smartphones) allowing for mobile access to the Internet (enterprises from
the non-financial sector) [%].

Esterprses provading thew employees with mobie devices (¢ g Laptops, PO g e cpaoyes Wi £ agrops, ——
for mobile access 10 the Intemnet (enterprises from the oo, financial sector) [ 2021 t mobile access to the Internet (enterprises from the non-financial sector) [*4}- 2020

Figure 7. Enterprises providing their employees with mobile devices (e.g. laptops, smartphones)
allowing for mobile access to the Internet (enterprises from the non-financial sector) [%] — 2021 and
2020 (the Excel Map).

Source: based on own research.
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Figure 8. Enterprises providing their employees with mobile devices (e.g. laptops, smartphones)
allowing for mobile access to the Internet (enterprises from the non-financial sector) [%] — 2019 and
2012 (the Excel Map).

Source: based on own research.

The graphical representation made it possible to compare a particular phenomenon over
time. The richest voivodeship in Poland is the Mazowieckie voivodship due to the capital of
Poland. Second place in the ranking of the richest voivodeships is the Dolnos$lgskie voivodship
with the developing city of Wroctaw. The third place belongs to the Wielkopolskie voivodeship.
The poorest polish voivodships are: Lubelskie (agricultural region), Podkarpackie and
Warminsko-mazurskie.

Data were drawn from Eurostat and Statistics Poland, taking into account the thematic scope
of the study and data availability. The diagnostic variables selected for the study had to be
measurable and best describe the level of development of the examined phenomenon. Based on
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the calculated values of the coefficients of variation and the results of verifying correlation
analysis conducted by means of an inverted correlation matrix, the final set of diagnostic
characteristics which describes the phenomenon for a given country was adopted.
The first stage of the analysis was to examine the voivodeships of Poland in the years 2021,
2020, 2019 in terms of three thematic scopes:
a. Enterprises and those working with internet access and using mobile devices (for entities
from outside the financial sector) - The set of diagnostic features used:
x1 - Number of enterprises operating (S),
x2 - Number of enterprises equipping their employees in mobile devices allowing
mobile access to the Internet (S),
x3 - Number of employees equipped with mobile devices enabling mobile access to the
Internet (e.g. notebooks, netbooks, tablets, smartphones) (S),
x4 - Number of employees with Internet access (S).
b. Enterprises with Internet access and e-commerce (for entities outside the financial
sector) - The set of diagnostic features used:
y1 - Number of enterprises with Internet access (S),
y2 - Number of enterprises with a website presenting products, goods or services and
a price list (S),
y3 - Number of enterprises with a website with the option - online ordering or
booking (S),
y4 - Number of enterprises with a website with the option - ordering products according
to your own specification (S),
ys - Number of enterprises with a website with the option - information about job
vacancies or the ability to send application documents online (S),
y6 - Number of enterprises with a website with the option - personalization of the
website content for frequent/regular users (S).
c. Outlays on information and telecommunications technologies incurred by enterprises
(for entities from outside the financial sector) - The set of diagnostic features used:
z1 - Number of enterprises (S),
72 - Number of enterprises that incurred expenditure on IT equipment (S),
zz - Number of enterprises that incurred expenditure on telecommunications
equipment (S),
z4 - Number of enterprises that incurred expenditure on financial leasing of ICT
devices (S),
zs - Gross value of expenditure on IT equipment (S),
z6 - Gross value of outlays on telecommunications equipment (S).

In describing the variables, the determination S — stimulant was introduced (Mika, 1995).
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3. The set of diagnostic characteristics of the problems under study

The study uses the taxonomic method of direct clustering, which allows obtaining the final
classification without prior transfer of objects between subgroups at consecutive stages of the
procedure (Ward, 1963; Wishart, 1969). The method was first presented in the works of
S. Chomatowski and A. Sokotowski. (Chomatowski, Sokotowski, 1978). In this analysis, some
modifications of the method, the proposals of which can be found in the work of A. Mlodak,
were introduced (Mtodak, 2006). The method consists in comparing pairs of objects with the
aim of identifying objects of similar structure (Pociecha et al., 1988). A pair of objects is
considered similar if their structure distance measure is smaller than the calculated threshold
value a. The analysis consisted of two stages. The first stage involved using measure (Mtodak,
2006; Panek, 2009):

CSik =1- }Tl=1 min(xl-j,xkj) (1)

used in the direct clustering method and calculating the threshold value o in accordance with
formula (Mlodak, 2006):

A = UQpmin T (1 - .u)amax (2)
where:
Unin =, N Dy
ik
Amax = i,kg,%?{.,n Dik (3)

In the second one, measure (1) was replaced with measure (the median “Canberra” measure)
(Mtodak, 2006):
MCy = med (—"‘” i ') @)

j=1,.,m \ Xij+tXg;j
while a was determined according to formula:

a = min max p; 5).
i=1,.,n k=1,...,nplk ( )

In the next step, we carry out the following procedure: distance matrix D is converted into
similarity matrix P’, and afterwards into a dissimilarity matrix P, P = [pi], i,k = 1,2, ...,n.
A detailed discussion of the method can be found in the works of A. Mtodak , S. Chomatowski
and A. Sokotowski. In the last step of the analysis, the groups obtained through the applied
modifications have to be compared by means of cluster accuracy measures, which requires

determining the degree of homogeneity and heterogeneity (Strahl, 1998).
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4. The use of taxonomic analysis in a study on the phenomenon under
consideration

First, based on the selected set of the diagnostic characteristics, homogeneous groups of
Polish voivodeships for the year 2021 were identified. It was done by following the procedure
presented in the previous chapter: a distance matrix and next, a matrix of distance structure
indicators were built, which provided a basis for the construction of a similarity and
dissimilarity matrix (a0 = 0.1591 - for the first stage), (Due to the large number of matrices,
their presentation has been omitted). As a result, the following development homogeneous
groups of voivodeships formed.
a. The groups of homogeneous development of the phenomenon - voivodeships of Poland
- 2021 (Enterprises and those working with Internet access and using mobile devices
(without financial sector)):
Method I:
Group 1 = {Dolnoslaskie, L.odzkie, Pomorskie}
Group 2 = {Lubuskie, Swietokrzyskie, Warminsko-mazurskie, Podlaskie, Opolskie}
Group 3 = {Matopolskie, Wielkopolskie, Slaskie}
Group 4 = {Kujawsko-pomorskie, Lubelskie, Podkarpackie, Zachodniopomorskie}
Group 5 = {Mazowieckie}
Method 1I:
Group 1 = {Dolnoslaskie, L.odzkie, Pomorskie, Matopolskie, Slaskie, Wielkopolskie}
Group 2 = {Opolskie, Swietokrzyskie, Warminsko-mazurskie, Podlaskie}
Group 3 ={Kujawsko-pomorskie, Lubelskie Podkarpackie, Zachodniopomorskie,
Lubuskie}

Group 4 = {Mazowieckie}

b. Enterprises with Internet access and e-commerce (without financial sector):
Method I:
Group 1 = {Dolnoslaskie, L.6dzkie, Pomorskie}
Group 2 = {Lubuskie, Swictokrzyskie, Warminsko-mazurskie, Podlaskie, Opolskie}
Group 3 = {Malopolskie, Wielkopolskie, Slaskie, Mazowieckie}
Group 4 = {Kujawsko-pomorskie, Lubelskie, Podkarpackie, Zachodniopomorskie}
Method II:
Group 1 = {Dolnoslaskie, Lodzkie, Pomorskie}
Group 2 = {Lubuskie, Swietokrzyskie, Warminsko-mazurskie, Podlaskie, Opolskie}
Group 3 = {Wielkopolskie, Slaskie}
Group 4 = {Kujawsko-pomorskie, Lubelskie, Podkarpackie, Zachodniopomorskie}
Group 5 = {Malopolskie}
Group 6 = {Mazowieckie}
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c. Outlays on information and telecommunications technologies incurred by enterprises
(without financial sector):

Method I:

Group 1 = {Dolnoslaskie, L.6dzkie, Pomorskie}

Group 2 = {Kujawsko-pomorskie, Podkarpackie}

Group 3 = {Lubelskie, Zachodniopomorskie}

Group 4 = {Lubuskie, Swictokrzyskie, Warminsko-mazurskie, Podlaskie, Opolskie}

Group 5 = {Matopolskie, Mazowieckie, Wielkopolskie, Slaskie}

Method 1II:

Group 1 = {Dolnoslaskie, L.0dzkie, Pomorskie, Matopolskie}

Group 2 = {Lubuskie, Swietokrzyskie, Warminsko-mazurskie, Podlaskie, Opolskie,
Kujawsko-pomorskie, Lubelskie, Podkarpackie, Zachodniopomorskie}

Group 3 = {Mazowieckie, Slaskie, Wielkopolskie }

d. The groups of homogeneous development of the phenomenon - voivodeships of Poland
- 2020 (Enterprises and those working with Internet access and using mobile devices
(without financial sector)):

Method I:
Group 1 = {Dolno$laskie, L.0dzkie, Pomorskie}
Group 2 = {Lubuskie, Swietokrzyskie, Warminsko-mazurskie, Podlaskie, Opolskie}
Group 3 = {Wielkopolskie, Slaskie}
Group 4 = {Kujawsko-pomorskie, Lubelskie, Podkarpackie, Zachodniopomorskie}
Group 5 = {Mazowieckie}
Group 6 = {Matopolskie}
Method 1II:
Group 1 = {Dolnoslaskie, L.odzkie, Pomorskie, Matopolskie, Slaskie, Wielkopolskie}
Group 2 = {Swietokrzyskie, Warminsko-mazurskie Opolskie }
Group 3= {Kujawsko-pomorskie, Lubelskie Podkarpackie, Zachodniopomorskie,
Lubuskie, Podlaskie}
Group 4 = {Mazowieckie}
e. Enterprises with Internet access and e-commerce (without financial sector):

Method I:

Group 1 = {Dolnoslaskie, £.6dzkie, Pomorskie}

Group 2 = {Lubuskie, Swictokrzyskie, Warminsko-mazurskie, Podlaskie, Opolskie}
Group 3 = {Matopolskie, Wielkopolskie, Slaskie, Mazowieckie}

Group 4 = {Kujawsko-pomorskie, Lubelskie, Podkarpackie, Zachodniopomorskie}
Method II:

Group 1 = {Dolnoslaskie, L.odzkie, Pomorskie}

Group 2 = {Lubuskie, Swictokrzyskie, Warminsko-mazurskie, Podlaskie, Opolskie}
Group 3 = {Wielkopolskie, Slaskie}
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Group 4 = { Kujawsko-pomorskie, Lubelskie, Podkarpackie, Zachodniopomorskie}
Group 5 = {Matopolskie}
Group 6 = {Mazowieckie}

f. Outlays on information and telecommunications technologies incurred by enterprises

(without financial sector):

Method I:

Groupl = {Dolnoslaskie, £.0dzkie, Pomorskie}

Group 2 = {Matopolskie Wielkopolskie Slaskie}

Group 3= {Lubelskie, Zachodniopomorskie, Podkarpackie, Kujawsko-pomorskie}

Group 4 = {Warminsko-mazurskie, Lubuskie, Swictokrzyskie, Podlaskie, Opolskie}

Group 5 = {Mazowieckie}

Method II:

Group 1 = {L£6dzkie, Pomorskie, Matopolskie, Wielkopolskie, Slaskie}

Group 2 = {Lubuskie, Swiqtokrzyskie, Warminsko-mazurskie, Podlaskie, Opolskie,
Kujawsko-pomorskie, Lubelskie, Podkarpackie, Zachodniopomorskie}

Group 3 = {Mazowieckie}

g. The groups of homogeneous development of the phenomenon - voivodeships of Poland
- 2019 (Enterprises and those working with Internet access and using mobile devices
(without financial sector)):

Method I:

Group 1 = {Dolnoslaskie, Matopolskie}

Group 2 = {L6dzkie, Pomorskie}

Group 3 = {Mazowieckie, Slaskie, Wielkopolskie}

Group 4 = {Kujawsko-pomorskie, Lubelskie, Podkarpackie, Zachodniopomorskie}

Group 5 = {Lubuskie, Warminsko-mazurskie}

Group 6 = {Swictokrzyskie, Podlaskie, Opolskie}

Method 1I:

Group 1 = {Dolnoslaskie, Matopolskie, Slaskie, Mazowieckie Wielkopolskie}

Group 2 = {Swictokrzyskie, Opolskie Podlaskie Warminsko-mazurskie}

Group 3 = {Kujawsko-pomorskie, Lubelskie Podkarpackie, Zachodniopomorskie,
Lubuskie, L.6dzkie, Pomorskie},

h. Enterprises with Internet access and e-commerce (without financial sector):

Method I:

Group 1 = {Dolnoslaskie, L.0dzkie, Pomorskie}

Group 2 = {Lubuskie, Swietokrzyskie, Warminsko-mazurskie, Podlaskie, Opolskie}
Group 3 = {Wielkopolskie, Slaskie}

Group 4 = {Kujawsko-pomorskie, Lubelskie, Podkarpackie, Zachodniopomorskie}
Group 5 = {Matopolskie}

Group 6 = {Mazowieckie}
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Method 1II:
Group 1 = {Dolnoslaskie, L.6dzkie, Pomorskie Matopolskie}
Group 2 = {Lubuskie, Swietokrzyskie, Warminsko-mazurskie, Podlaskie, Opolskie,
Kujawsko-pomorskie, Lubelskie, Podkarpackie, Zachodniopomorskie}
Group 3 = {Mazowieckie Wielkopolskie, Slaskie}
1. Outlays on information and telecommunications technologies incurred by enterprises
(without financial sector):
Method I:
Group 1 = {Dolnoslaskie, L.odzkie, Pomorskie}
Group 2 = {Wielkopolskie, Slaskie }
Group 3 = {Lubelskie, Zachodniopomorskie, Podkarpackie, Kujawsko-pomorskie}
Group 4 = {Warminsko-mazurskie, Lubuskie, Swictokrzyskie, Podlaskie, Opolskie}
Group 5 = {Mazowieckie}
Group 6 = {Matopolskie}
Method II:
Group 1 = {Lddzkie, Dolnoslaskie, Matopolskie}
Group 2 = {Pomorskie, Slaskie, Wielkopolskie}
Group 3 = {Lubuskie, Swiqtokrzyskie, Warminsko-mazurskie, Podlaskie, Opolskie,
Kujawsko-pomorskie, Lubelskie, Podkarpackie, Zachodniopomorskie}
Group 4 = {Mazowieckie}
The analysis was repeated for European countries. For selected countries, the following data
was taken into account:
w1 - Type of connections to the internet, Enterprises use DSL or other fixed broadband
connection, All enterprises, without financial sector (10 or more employees and self-
employed persons). Percentage of enterprises (S).
w2 - Use of computers and the Internet by employees (S),
w3 - Value of e-commerce sales (Percentage of turnover) (S),
w4 - Number of enterprises with e-commerce sales (S).
The following homogeneous groups were identified — 2021.
Method I:
Group 1 = {Bulgaria, Romania, Greece, Portugal }
Group 2 = {Latvia, Poland, Slovakia, Hungary}
Group 3 = {Czechia, Malta, Serbia, Spain, Croatia, Slovenia}
Group 4 = {Ireland Lithuania Germany France Estonnia Italy Cyprus}
Group 5 = {Denmark, Sweden, Netherlands}
Group 6 = {Finland, Norway}
Method II:
Group 1 = {Bulgaria, Romania}

Group 2 = {Czechia, Greece, Portugal, Italy, Cyprus}
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Group 3 ={Latvia, Poland, Slovakia, Hungary}

Group 4 = {Germany, France, Estonnia, Spain, Croatia, Slovenia, Malta, Serbia, Lithuania}
Group 5 = {Denmark, Sweden, Netherlands, Ireland}

Group 6 = {Finland, Norway}

Groups of homogeneous development of the phenomenon for countries in 2020:
Method I:

Group 1 = {Bulgaria, Romania}

Group 2 = {Estonnia, Italy, Cyprus, Portugal}

Group 3 = {Greece, Latvia, Hungary, Slovakia, Poland}

Group 4 = {Czechia, Malta, Lithuania Serbia, Spain, Croatia, Slovenia, Ireland}
Group 5 = {Denmark, Sweden}

Group 6 = {Germany, France}

Group 7 = {Netherlands, Finland}

Group 8 = {Norway}

Method II:

Group 1 = {Bulgaria, Romania}

Group 2 = {Greece, Cyprus, Portugal, Latvia, Hungary, Poland, Slovakia, Czechia}
Group 3 = {Croatia, Serbia, Spain, Lithuania, Slovenia, Malta}

Group 4 = {Germany, France, Estonnia, Italy, Ireland}

Group 5 = {Denmark, Sweden}

Group 6 = {Finland, Norway, Netherlands}

Groups of homogeneous development of the phenomenon for countries in 2019:
Method I:

Group 1 = {Bulgaria, Romania}

Group 2 = {Greece, Latvia, Hungary}

Group 3 = {Italy, Poland, Slovakia, Cyprus, Portugal}

Group 4 = {Czechia, Lithuania, Serbia}

Group 5 = {Estonnia, Croatia, Spain, Malta, Slovenia, Ireland}

Group 6 = {Denmark, Finland, Netherlands, Norway, Sweden}

Group 7 = {Germany, France}

Method 1I:

Group 1 = {Bulgaria, Romania}

Group 2 = {Greece, Latvia, Hungary}

Group 3 = {Italy, Poland, Slovakia, Czechia, Portugal, Serbia, Lithuania}
Group 4 = {Estonnia, Croatia, Malta, Spain, Slovenia}

Group 5 = {Ireland, Germany, France}

Group 6 = {Finland, Norway, Netherlands}

Group 7 = {Denmark, Sweden}
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In the last step of the analysis, the groups obtained thanks to the applied modifications were

compared by means of cluster accuracy measures.

5. Conclusion

In the present study, the taxonomic method discussed in the works of S. Chomatowski and
A. Sokotowski (Chomatowski, Sokotowski, 1978; Mtodak, 2006), which estimates the level of
variation of objects described by selected statistical characteristics and groups the objects
according to the similarity of development of the examined phenomenon, to conduct an analysis
of the internet and ICT use in the years: 2021, 2020, 2019, 2012 with special focus on the time
of the Covid-19 pandemic. In this analysis, some modifications of the method, the proposals of
which can be found in the work of A. Mtodak, were introduced (Mtodak, 2006). In the first
stage of the analysis, Polish voivodeships were examined with regard to the phenomenon in
question.

The groups of homogeneous development were identified for the years 2021, 2020 and
2019.

Both methods determined groups of voivodships with a similar level of the phenomenon,
differed in the number of designated groups.

In 2021 (theme a), five homogeneous groups were identified for method I and
four homogeneous groups for method II. Both methods designated one-element groups with the
same voivodeships, i.e. Mazowieckie. The third group (method I) included voivodeships:
Matopolskie, Wielkopolskie, Slaskie. The first group (method II) included voivodeships:
Dolnoslaskie, Eodzkie, Pomorskie, Matopolskie, Slaskie, Wielkopolskie. The group 3
(method I) and group 1 (method II) represent voivodeships with the similar level of the
phenomenon. In 2021 (theme b, method II) one-element groups with the same voivodeships,
1.e. Mazowieckie and Malopolskie were determined. In 2021 (theme c), five homogeneous
groups for method I and three homogeneous groups for method I were identified.

In 2020 (theme a) one-element groups with the same voivodeships, i.e. Mazowieckie and
Matopolskie were determined. In 2020 (theme a) method I, two one-element groups of
voivodeships were identified: Mazowieckie and Malopolskie. And for method II only
a one-element group was obtained (Mazowieckie voivodeship). Method I - Slaskie and
Wielkopolskie voivodeships were classified into one group, and for Method II - with the
following voivodships: Dolnos$laskie, todzkie, Pomorskie, Maltopolskie, Wielkopolskie.
For method II (theme b), the Malopolskie and Mazowieckie voivodeships were classified as
one-element groups. And for method I and method II (theme c) only a one-element group was

obtained (Mazowieckie voivodeship).
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In 2019 (theme a), six homogeneous groups were identified for method I and three
homogeneous groups for method II (no one-element groups). In 2019 (theme b) - for method I,
two one-element groups were obtained ( the Matopolskie and Mazowieckie voivodeships).
In 2019 (theme c) for method I, the Mazowieckie and Matopolskie voivodeships formed a one-
element groups. For method II, a one-element group (Mazowieckie Voivodeship) was obtained.

In the next step, the method was used again to compare Poland and the European countries,
which involved determining groups of homogeneous development among the latter. In 2021
six homogeneous groups were identified for method I and six homogeneous groups for
method II. The second group included Latvia, Poland, Slovakia, Hungary in both methods (low
level of development of the phenomenon). The eighth group (method I) was a single-element
group in 2020, including only Norway, and was enlarged with Denmark, Finland, Netherlands
and Sweden in 2019. In 2020, the third group (method I) included Greece, Latvia, Hungary,
Slovakia, Poland and was enlarged with Cyprus, Portugal and Czechia for method II (group 2).
In 2019, the third group included Italy, Poland, Slovakia, Cyprus, Portugal, but for method II
the group comprised also Czechia, Serbia and Lithuania (without Cyprus).

In the years covered by the study, the Nordic countries always formed a separate group.
They display a high level of the internet and ICT use. The groups include the time of the
pandemic, which triggered an increase in the internet and ICT use. This is the time when remote
work and online education entered our lives on a massive scale and a lot of people had to buy
PCs or computer hardware, etc.

To sum up, the results of the analysis show that the homogeneous groups of Polish
voivodeships with the highest level of the internet and ICT use form around the capital and big
cities, which offer ample employment and educational opportunities. The lowest level can be
observed in the groups comprising mainly rural areas. The analysis of the countries reveals that
another factor affecting the level of internet and ICT use is economic development.
Rich countries and states can afford to invest in new technologies, ensuring their citizens access
to such solutions while companies and investors provide them with job opportunities.

This leads to a society’s improved standard of living, extended life span and successful fight
against poverty and hunger.

In sum, it can be said that the enterprises, public administrations, society and the national
economy are implementing the digital transformation.

In recent years, automation and robotization have covered more and more new areas of life.

Digitalization has a significant impact on consumer behaviour, changes the rules of
competition in the market and creates new economic models. We should know that digitization
is not just a technological innovation, but an important response to changes in the environment.

We should solve problems that are related to the rapid development of digital technologies
(transformation of economic activity, organizational changes of the enterprise, changes in

public administration, etc.).
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Automation is a threat to many professions. In the literature we find the term “technological

unemployment”. Technological unemployment will increasin atfect people 1n the tourism,
ploy . Technological ploy ill i ingly affect people in th i

construction, food and transport sectors.

To sum up, in order to survive, today’s organizations, enterprises, society and economy

need to respond to the changing environment promptly and implement relevant effective

solutions. In the future, the effects of digitization will be a major problem, but we cannot foresee
them all.
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1. Introduction

Acquiring investors to municipalities is one of the most important aspects of city
management. Thanks to this, the municipality can provide basic services related to functioning
of the city such as public transport, lighting and order in the city. Also residents have stable
employment situation. There are many issues that are crucial for the future of business such as
qualified staff, well-developed road infrastructure, right location and also method of managing
by local authorities who are responsible for municipalities where large factories and
corporations are located.

Over the last twenty years, the influx of investors to Poland as well as to Europe has started.
It can be proved by multiple indicators. An example of this might be the report made by Central
Statistical Office informing that in 2002 gross domestic product in Poland amounted to
PLN 772,2 billion and in 2019 it was PLN 2273,6 billion. Approximately, threefold increase
confirms the right direction economic expansion in III RP.

The Government and the Parliament determines the creation of legal regulations and
programmes for entrepreneurs in Poland. However, it is necessary to remember the importance
of local government in the process of acquiring investors to municipalities. Local communal
authorities and officials play an important role in this process. They can stimulate its
development through appropriate activities. Their actions may also lead to decrease the amount
of enterprises depending on the services provided in the public sector (Kanchana et al., 2013).

This article aims to show the specifics of city management in the aspect of acquiring
investors to municipalities on the example of Swidnica. In the paper competencies of local
governmental authorities are discussed and specific data related to the process of acquiring
investors to municipalities on the example of Swidnica are presented. The time frame of the
paper covers the years 2002-2014. This is the period when Wojciech Murdzek (2002-2014) was
in charge of city management as a president of Swidnica. These data will be used to assess his
work within the indicated period and will also help to define key factors in investment decisions.

In the first part of this paper, investment-friendly factors are discussed. In the second part,
information on Swidnica and the most important processes and decisions made by the
government of Wojciech Murdzek, the Mayor of the city are presented. In the third and final
part strengths and challenges for the coming years of the city of Swidnica are described.
All the mentioned data will allow to verification of the thesis about whether Swidnica was well-
managed within the context of development and whether the way of city development was
exeptional compared to other municipalities in the Lower Silesia region.
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2. Factors conducive to the development of entrepreneurship
in municipalities

The period after the change of political system in Poland since 1989 is one, if not the most,
dynamic time in the history of Polish economic growth. Poles, as a nation are seen as hard-
working, loyal and ambitious people. Such an image is based on labour migration that occured
after 2004, when Poland became part of European Union. It was also a time of the opening of
the Polish borders to international trade and also enabled development of export of Polish
products and resources (CEO World Magizne, 2018). Figure 1 is a confirmation of the scale of

development of Polish in recent times.
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Figure 1. Polish import and export in years 1996-2019 (calculated in billions of dollars). Source:
J. Rosa, ,,Polski eksport w liczbach: 7 wykresow, ktore pokazuja, jak zmienit si¢ handel zagraniczny
Polski od lat 90”, https://300gospodarka.pl/analizy/polski-eksport-pie, 11.08.2021.

Indicators in Figure 1 show the pace of development of trade and entrepreneurship in
Poland. This is an important factor, but not the only one, which may indicate the attractiveness
of investing in Poland. Defining investment-friendly factors in particular region is crucial to
understand determinants in the process of acquiring investors to municipalities. In the literature
there are a number of methods of studying the relevance of individual factors and each of them
can be valuable for both researchers of this phenomenon and local government officials
involved in attracting investors.

Road and railway infrastructure was among the most frequently mentioned factors for
investors, as this is trade-related element crucial for distribution of manufactured goods.
Therefore, from municipality's perspective, location, the significance of this region,
the proximity of the border or demographic structure are crucial aspects for which local
government has no direct impact. Another important factor is appropriate human resources.
Without a doubt, this is a very important aspect which is essential for investors when making
investment decisions. It is also worth mentioning the economic position of the country and
average earnings as another factors taken into account when making business decisions by
investors (OECD, 2007). In addition to the mentioned factors that significantly influence the
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decision on the investment location in a given municipality there are a number of factors for
which the local government is responsible. An example might be the attitude of the broadly
understood public sector, officials and public institutions which play an important role in in the
process of building factories in a given municipality. In fact, much depends on their
competencies and commitment. It is therefore necessary for local officials to introduce
appropriate standards among employees to competently make contacts and develop cooperation
with the private sector. In this respect, it should be noted that the amount of fees and taxes that
apply in a given region is also important for investors. The municipal council also has
instruments in the form of resolutions of the city council based on which benefits and reliefs
for entrepreneurs can be applied (World Bank Group, 2019).

Factors important for investors are presented below. Their author is Wojciech
Dziemianowicz (1998) who has been dealing with this issue for years. The key factors that
depend on municipal officials were marked in a circle. The experience gained in establishing
contacts with entrepreneurs may be helpful in the future due to acquired skills and
recommendations from local businesses which are of key importance for potential investors.
Technical infrastructure is another major factor which plays an important role in the
construction of the factory in a given location. The construction period depends on commitment
and willingness to cooperate on the part of municipality, but first of all investor's decision is

essential.

Importance A

for investors
> favorable location
> labor supply > technical infrastructure

> quality of public administration
> transport connections service

> local tax incentives
> qualified workforce

> previous cooperation

> experience of other companies

> closeness of borders
> inhabitant's attitude to investment
> market share

> competition of local entrepreneurs

> access of raw material

> price of raw material high

Tow )

Influence of local government

Figure 2. Factors important for investors (Dziemianowicz, 1998; Olesioski, 1998).
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Figure 2 indicates two groups of factors that are necessary in the process of acquiring
investors to municipalities. The first one is a group of factors that happen in the long-term
perspective (more than one mandate), for example, strategic road network or location of
municipality in the context markets of potential clients. The second group includes factors that

significantly depend on commitment and determination of the Mayor of the city.

3. The city of Swidnica

Swidnica is a city located in Lower Silesia Sudeten Foreland region. In its rich history there
are Prussian, German, Czech and Polish influences. In the past, the city was famous for the
commerce. he city was built based on German law. Swidnica is connected with larger urban
centres such as Watbrzych - 20 kilometers, Wroctaw - 50 kilometers and Legnica -
60 kilometers. The main communication artery of Swidnica is national road number 35 and rail
connections. The city is located about 35 kilometers from the border with Czech Republic and
about 180 kilometers from the border with Germany. The location of Swidnica is presented in

figure 3. The city has close to 58 thousand inhabitants.
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Figure 3. Location of Swidnica Source: website of Town Hall in Swidnica.

The city cooperates with partner cities from Czech Republic, Germany, Ukraine, Lithuania,
Hungary or the United Kingdom - (Biberach (Germany), Ivano-Frankivsk (Ukraine),
Kazinbarcika (Hungary), Police (Czech Republic), Swigcianski District (Lithuania), Tendring
(Great Britain), Trutnov (Czech Republic).
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In 2002, Wojciech Murdzek became the mayor of the city. It was the first election after
amendment to the Act on administration, based on which the mayor was elected by residents in
direct elections. [ was a legal competence of the city council before the change. At the beginning
of his presidency unemployment was among the main challenges related to the management,
the city's level of unemployment stood at 15-20%. Nearly six thousand people did not have
permanent employment. Moreover, getting the private sector to expand was the biggest
challenge for the municipality at that time. Other neighboring towns such as Dzierzoniow or
Zarow experienced similar difficulties. The Watbrzych Special Economic Zone was key to the
development of entrepreneurship in the region. The company looked after various areas for new
factories. One of the priorities for Wojciech Murdzek, the mayor of Swidnica was the formation
of economic subzone located in Swidnica and its direct neighbourhood. It is worth to mention,
that in other regions were similar economic subzones: in Dzierzoniéw since 1999 and in Zaréw
since 2001 (Szymkiewicz, 2019).

The structure of Swidnica's companies in terms of the number of employees was dominated
by companies employing between 10 and 49 workers. In 2002 it was 278 of them. It was only
7 the biggest ones that employed more than 250 people (Regon, 2002).

Table 1.

The number of business entities registered in the REGON system in Swidnica 2002-2005
SPECIFICATION 2002 2003 2004 2005
10-49 278 282 283 308
50-249 69 75 71 64
250 and more 7 7 0 6

Source: Raport o stanie przedsiebiorczo$ci w Swidnicy oraz efektywnosci systemu poszukiwania
1 wspierania inwestorow, Swidnica 2009, p. 3.

The actions taken contributed to progressive improvement of the labour market situation.
During the years 2002-2005 unemployment decreased by 24% from 6461 to 4889 people.
First actions of Wojciech Murdzek as the Mayor of the city aimed to strengthen the position of
existing enterprises. The city tried to revive the economy through the development of tourism.
Among the areas that were the weakest in reports on state of the town in 2004 and 2005 the
lack of investment areas for larger companies was mentioned as one of the main issues. Another
concern was the lack of employees with specific expertise, for example, employees working
with CNC machines (Urzad Miasta Swidnica, 2005).

The year 2004 was a turning point in the process of of acquiring investors to Swidnica.
At that time, the Council of Ministers decided to form the economic subzone in Swidnica.
It was crucial to prepare properly at local level before the decision was made in Warsaw.
For this purpose, the City Council of Swidnica adopted The resolution of the Swidnica City
Council XV/170/03 from 30 December 2003 regarding efforts to establish the economic
subzone. Initially, the subzone area in Swidnica was 17,5 hectares. With time, however, it was
decided to expand the area to 47,5 hectares in 2005 (Uchwata XV/170/03, 2003).
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Table 1 shows the area and number of enterprises which were located in the Swidnica
Subzone in years 2002-2006. Throughout the first three years of operating it is important to
notice huge interest and funds that have been dedicated to development of enterprises and

investments in this region.

Table 2.

Subzone Swidnica 2002-2006

Subzone Year 2004 2005 2006

SWIDNICA |[Number of permits/decisions issued in a given year [0 4 7
Employment (status at the end of each year) 0 21 484
[number of people]
Investment expenditures (status at the end of each |0 zt 20266 100 zt |338 321 080 zt
year) [PLN]
changedate 2004 2005 2006
surface[ha] 17,50 47,55 106,04
Degree of development [%] - 2% 68%

Source: Official data prepared by WSEZ “Invest Park”.
In the presidential election in 2006, Wojciech Murdzek was re-elected as the Mayor of the

city. It was a time of further actions aimed at improving city’s economic situation and
developing entrepreneurship. During this mandate was the global financial crisis of 2007-2008.

Among the activities related to the city development that was supposed to impact on
inhabitants and entrepreneurs was the decision to build an interchange center and to start the
renovation of the railway station. Both strategic investments were aimed at improving the
transport conditions in the city, but also in neighbouring municipalities. For this purpose,
Swidnica also sought to renovate national road number 35 (Moczulska, 2011).

Another important task was to expand the area of Swidnica Subzone that was intended to
development of enterprises. In years 2007-2010 the area was extended by more than
35 hectares. The number of employees has significantly increased, they all found employment
in the Swidnica Subzone. It was over 1000 people during that period. The investment
expenditures were successively increasing in particular enterprises. The city consistently was
seeking to attract new investors which can be confirmed by a number of decisions. The year
2008 was groundbreaking, then it was decided to build 7 factories or companies.
The effectiveness of the actions aimed at attracting investors can be confirmed by the fact that
in 2010, 94% of special area for investors was used (Urzad Miasta Swidnica, 2008).
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Table 3.
Subzone Swidnica 2007-2010
Subzone |year 2007 2008 2009 2010
Swidnica [Numberofpermits/decisions issued in |0 7 2 1
a given year
Employment(status at the end of each|1064 1521 1758 2175
year) [number of people]
Investment expenditures(status at the  |561 794 463 zt|720 671 547 zt {867 047 906 z1|850 486 395 zt
end of each year) [PLN]
change date 2007 2008 2009 2010
Surface [ha] 149,94 149,94 162,56 183,00
Degree of development [%] 48% 56% 60% 94%

Source: Official data prepared by WSEZ “Invest Park.

Table 3 shows a list of registered companies in the city. Bringing two companies employing

over 250 people was a huge success. The number of companies employing from 10 to 49 people

also was increasing.

Table 4.
The number of business entities registered in the REGON system with number of employees in
Swidnica
SPECIFICATION 2005 2006 2007 2008 2009
10-49 308 303 304 313 313
50-249 64 65 65 65 63
250 and more 6 6 6 8 8

Source: Raport o stanie przedsiebiorczo$ci w Swidnicy oraz efektywnosci systemu poszukiwania
1 wspierania inwestorow, Swidnica, 2009, p. 8.

In the next term, Wojciech Murdzek was the Mayor of the City until 2014. The economic
situation during this period changed radically. Unemployment was successively decreasing.
The number of new enterprises and factories was increasing in the city. This was an important
factor for the city that provided budgetary resources to current city management. The graph
presented below shows the growth of tax revenue PIT and CIT, which were directly related to
income of the residents of Swidnica. Since 2012 an upward trend in personal income tax PIT is
clearly visible. This is a consequence of the current economic policies in the city. Similarly,
income from the CIT tax increased significantly. Although, the growth period falls on 2016,
when the next Mayor was in charge, but the measure is a consequence of previously developed
strategy for Swidnica (Urzad Miasta Swidnica, 2017).
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Figure 4. Share in taxes (PIT AND CIT). Source: Report on the condition of entrepreneurship in
Swidnica 2017, Swidnica 2018, p. 12.

It is also worth mentioning the examples of further actions related to the improvement of
road infrastructure in the city and the surrounding area. For this purpose, local and voivodeship
authorities played an important role for this reason the cooperation between these institutions
was extremely important. The works associated with planning and building district road number
3396D begun in 2011. It was a distance linking the voivodeship road number 383 and the
country road number 35. This investment was strategic for convenient connection to the
motorway A4. As a result, there should be improvement of communication in the region.
The total investment cost amounts to 110 million and Swidnica has provided almost
PLN 8 million. This solution enabled transport connections with the express road. At the same
time this was meant to redirect transit traffic outside the city of Swidnica.

The investment areas in Swidnica and surroundings were later expanded. It was over
167 hectares in 2014. This resulted in further decisions made by investors. In years 2011-2014
10 decisions were made to build the factory. The number of employees in the economic subzone

was constantly increasing, it was almost 2700 people in 2014.

Table 5.
Subzone Swidnica 2011-2014
Subzone year 2011 2012 2013 2014
Swidnica [Number of permits/decisions 2 2 3 3
issued in a given year
Employment(status at the end of 2324 2382 2566 2689

each year) [number of people]

Investment expenditures (status | 891 733 465 zt {962 195 713 zt|1 083 319 534 zt{1 215913 179 zt
at the end of each year) [PLN]

change date 2011 2012 2013 2014
surface[ha] 159,88 159,81 159,81 167,74
Degree of development [%] 73% 73% 73% 69%

Source: Official data prepared by WSEZ “Invest Park”.
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Adopting spatial development plans in the city was particularly important task. A separate
legal act regulated the possibility of building in particular parts of the city, what was well
received by residents and entrepreneurs because of transparent use a given area. From business
owner's point of view it was also important due to the evaluation of a possibility expansion of

investments in the future .

4. Challenges for the future

Swidnica is a city in a good economic situation and position in a region in terms of
cooperation with investors. The vast experience of council workers is the basis for further
development in this field. Further expanding of investment areas is one of the main challenges.
At the same time, the difficulty is having multiple small investment plots which constitute
a barrier for larger entrepreneurs. The construction of expressway S5 and S3 is essential for
increasing economic potential of Swidnica and its region as it might be attracting factor for
investors. Demography issue and the depopulation of smaller cities is a challenge for Swidnica
and the whole country. Young residents, often well-educated decide to migrate to larger,
for instance, to Wroctaw or Warsaw. This is a serious challenge for the city authorities.
The following data confirm the importance of this aspect for the city. Birth and death rates in
years 2002 — 2013 in Swidnica should be taken into account within the context of demography

demographic aspect, because they have huge implications on the entire economic sector.

the number of births and deaths in Swidnica over
the decade (2002-2013)
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Figure 5. Ranks of births and deaths in Swidnica (2002-2013).
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Table 6.

Demographic forecast for the municipalities of Lower Silesia until 2035 year (Swidnica)
Age 2020 2025 2030 2035
Pre-production 8422 7853 6852 6044
Inorking 32226 29572 27778 25659
Post-production 15360 15834 15466 14833
Altogether 56008 53259 50096 46536

Source: Demographic forecast for the municipalities of Lower Silesia until 2035 year, IRT, Wroctaw
2014.

5. Conclusion

Summarizing the efforts of Wojciech Murdzek regarding city managment and actions taken
to attract investors to municipalities in years 2002-2014 they should be assessed as thoughtful
and efficient. It was a key challenge for the city of Swidnica which enabled the further
development and raising additional funds. The basis of these actions was a huge unemployment
which stood at 24% of all residents of Swidnica. The city has good perspectives for
development after this period. It can be proved by the assessment of Swidnica in comparison
with other municipalities from Lower Silesia by H. Godlewska-Majkowska in view of
investment potential. The city of Swidnica is marked in darker green in the graphic below which
means that Swidnica is among the most successful and effective municipalities in terms of
acquiring investors to municipalities . The assessment can be a summary of the developed
strategy and standards by Wojciech Murdzek, the Mayor of the Swidnica (Godlewska, 2017).
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1. Introduction

One of the many characteristics of the world around us is randomness. Randomness is
understood as the lack of connection between events or the lack of predictability of these events
and their causality. What for a human may be a random event, from the mathematics point of
view may not. Encryption is a good example of this.

Randomness is fundamental in many algorithms, not only in computer science. However,
good quality random numbers are essential for developing secure cryptography methods.

However, testing random number generators, due to its non-deterministic nature,
is a complex issue (Katuski, 2012). Therefore, the Dieharder tool (Brown, 2022) was proposed
to determine whether the tested generator has the characteristics of a good quality random
number generator. In this paper, an analysis of randomness testing of different random number
generators will be conducted. The study uses the Dieharder tool used in randomness testing of
pseudorandom and random number generators. Based on the generators built there, as well as
statistical tests, testing of the quality of the random numbers generated was carried out. The aim
of this paper is to try to determine whether the battery of Dieharder tests will indicate the
superiority of truly random generators over pseudo-random generators. This includes a new
class of quantum generators that fundamentally deliver unpredictability and randomness

according to the Copenhagen interpretation of quantum mechanics.

2. Characteristics of the used sources of randomness

The literature distinguishes two basic classes of random number generators (L'Ecuyer,
2021):

e Pseudo random number generators — PRNG.

e True random number generators - TRNG.

Pseudo random numbers can be obtained from mathematical algorithms. Generators of this
type require an initial entropy seed to be supplied to the generator input (Marsaglia, 2003).
The next state is generated deterministically by applying a mathematical function. These are
the so-called LCG (Linear Congruential Generator) generators. Generators of this type have the
serious drawback of a limited number of states. After a certain number of steps of the generator
the internal state loops and the generator repeats its work. This type of behaviour makes it
possible to predict each subsequent state of the generator, especially if the attacker knows the
seed used to run the generator. Despite these drawbacks, due to the high speed of these
generators, they also find application in cryptography.
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The second group of number generators are true random number generators. They differ
significantly from pseudorandom number generators. These numbers can be obtained from
various sources of physical phenomena by using magnetic fields, light intensity, sound waves,
or quantum phenomena (Jian, et al.,, 2011). A good example of generating truly random
numbers is a generator using the decay of radioactive elements. However, these generators are
slow. They are chosen when the quality of the numbers generated is more important than the
quantity.

There are many more practical quantum phenomena which can be considered as good
candidate processes for the truly non-deterministic randomness generation. An in-detail study
can be found in (Jacak, Jozwiak et al., 2021) mainly focusing on quantum shot noise as well as
on quantum optics. It is possible to consider quantum phenomena in nano-plasmonics as well,
yet of a lesser practical significance (Jacak, 2020). Furthermore quantum entanglement
independently of its technical implementations can bring important advantages in efficient
randomness testing (Jacak, J., Jacak, W. et al., 2020), which is of critical role for implementing
Quantum Key Distribution (Jacak, M., Jacak, J. et al., 2016; Jacak, Mielniczuk et al., 2015).

Hardware randomness generators should be equipped with internal testing devices.
However, this type of approach is not trivial when using phenomena of the surrounding nature.
Therefore, the most common choice is an empirical approach (Knuth, 1997), in particular
statistical randomness testing. The most important implementations of the tests are the NIST
(Rukhin et al., 2010) and Dieharder (Hotoleanu et al., 2010; Brown, 2022; Suresh et al., 2013;
Vascova et al., 2010) batteries. In this paper, a set of Dieharder tests was chosen to study
generators. Note that in addition to empirical implementations of the tests, methods for quantum
generator properties are detailed.

Three algorithmic pseudo-random number generators were used for the study:

e rand() - C/C++ library function used to generate a random number. Does not allow the
initial entropy to be given as a seed. Used as a known very weak source of random
numbers,

e ranl (Class Ranl, 2022) - a generator developed by Park and Miller (Park et al., 1988)
with the Bays-Durham shuffling algorithm (Bays et al., 1976),

o random?256-glibc2 generator from GNU C library.

Another pseudorandom number generator uses a virtual device on a unix machine.
This solution is based on generating random numbers based on interrupts occurring in the
system from device drivers and other events in the operating system:

e /dev/urandom - random number generator using system events to obtain.

A triple pendulum has been used as an example of a generator using a physical phenomenon.
Such a implementation becomes a chaotic system when tilted appropriately (Stachowiak et al.,
2006; Botha et al., 2013). The generator is an implementation based on the work of (Nouar
et al., 2020) and (Awrejcewicz et al., 1999). Three masses are sequentially connected to each

other by inextensible rods, and the first one is additionally attached to a fixed point in space.
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This is a physical phenomenon whose behavioural description we are able to calculate. In the
literature this effect is known as the "Butterfly Effect":

e Triple pendulum (Malachowski, 2021).

As a counterbalance to the pseudo-random generators discussed earlier, a sequence of
numbers generated by a quantum random number generator called:

e ANU QRNG (Matachowski, 2021).

Unlike previous generators, this generator is fully non-deterministic. This generator was
developed at the Australian National University (ANU). The generation of random numbers is
carried out on the basis of phenomena occurring in a vacuum (Botha et al., 2013). As the authors
of this generator point out, the definition of a vacuum in classical terms differs from the
quantum definition. In classical physics, a vacuum is considered as a space that is empty of
matter or photons. Quantum physics however says that same space resembles a sea of virtual
particles appearing and disappearing all the time. These particles produce a magnetic field that
causes minute changes in phase and amplitude at all frequencies of the waves passing through
the field (ANU QRNG, 2022). The researchers, by using a laser, are able to read these
differences, allowing for a high-throughput quantum generator. The authors of the solution
provide an API in which quantum random number strings can be obtained on the project website
(ANU QRNG 2022). For the research in this paper, the mentioned API was used to obtain test

samples.

3. Statistical testing of randomness with Dieharder test suite

Empirical randomness testing uses various types of statistical methods to test for
randomness based on hypothesis testing. Generally, in this type of testing, the null hypothesis
Hy, is set, which generally reads: the sequence under test is random. Directly related to the
definition of the null hypothesis is the alternative hypothesis H;, which takes the opposite claim
to Hy, namely that: the sequence under test is not random. Initially, the position is taken that
the null hypothesis is true and, on the basis of a given statistical test, an attempt is made to show
that it is not. If the test is confirmatory then the null hypothesis is rejected and the alternative
hypothesis is accepted as valid for the given random sequence under test. Otherwise, there is
no basis for rejecting the null hypothesis H, (Bobrowski, 1986).

Directly connected with hypothesis testing is the determination of the significance level
a for a given test. For the adopted significance level a there is a critical area R,,. If the value of
the K statistic does not belong to the critical area R,, we have no grounds to reject the
hypothesis of randomness of the sample. Otherwise, we reject the null hypothesis and accept
the alternative one that the sample is not random. A significance level of @ = 0.005 was

assumed in the conducted study.
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To allow easier analysis of results, each statistical test provides a result in the form of
a number called P,q;,.. Each P4y 1s the probability that an ideal random number generator
would generate a sequence of numbers less random than the sequence being tested. Note that if
P, e for the test equals 0, then the sequence of numbers appears to be completely non-random.
This is because we need to perform many statistical tests in order to accurately test a sequence
of numbers against the null hypothesis of randomness. Each statistical test examining different
characteristics provides a non-normal value of the statistic. Only the calculation of P,g;,.
introduces a standardised measure for the entire set of statistical tests.

A positive pass of a given statistical test is taken to mean that the inequality P, 4. > @
must be satisfied. In addition, in order to consider that a given sequence does not show basis
for rejecting the hypothesis of its randomness, the sequence must obtain positive results for all
tests in the battery.

The Dieharder statistical test battery (Brown, 2022) was developed by Robert G. Brown
based on the Diehard test battery proposed by George Marsaglia (Marsaglia, 1996). The author
has improved and developed the basic battery with additional statistical tests. The current
version 3.31.1 has 31 implemented tests listed in table 1. Not all tests are considered reliable,
therefore the author of this paper marks 4 tests as not recommended in randomness testing.

In this paper the non-recommended tests have been omitted.

4. Description of research method

Test samples with sizes close to 5GB were obtained from each of the six generators.
Each test from the Dieharder battery was repeated a hundred times in five iterations, obtaining
multiple P4, for each test of a given generator. This fulfils the requirement for multiple string
testing to minimise the possibility of confusion. Finally, the Kolmogorov-Smirnov statistic is
calculated. This test is designed to verify that for a given significance level @ = 0.005 the
obtained distribution of P,,;,. values is consistent with the theoretical uniform distribution.
Application of this test allows to obtain an unambiguous answer whether a given generator can
be considered random. The Python library scipy.stats and the kstest test were used to calculate
the statistic. The library easily allows to calculate the Kolmogorov-Smirnov consistency test
providing the result in the form of normalized P, ;-

In addition, the final value calculated for the tested generators will answer the question of
whether the battery of Dieharder tests will be able to show that the quantum random number
generator is superior to algorithmic generators. If this is the case, then the Kolmogorov-Smirnov
test should show a better distribution of P,;,. derived from individual statistical tests for this

generator relative to deterministic generators.
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Table 1.
Randomnes test results obtained using the Dieharder test battery
No. | Test name Test Random number generators test results
status rand() | ranl | random256 /dev/ triple ANU
glibce urandom | pendulum | QRNG
1. Dichard Birthdays Good passed | passed passed passed passed passed
. Diehard OPERMS Good passed | passed passed passed passed passed
3. Diehard 32x32 passed | passed passed passed passed passed
. Good
Binary Rank
4. Diehard 6x8 failed | passed passed passed passed passed
. Good
Binary Rank
5 Diehard Bitstream Good failed | passed passed passed passed passed
6. Diehard OPSO Suspected skipped
7. Diehard OQSO Suspected skipped
8 Diehard DNA Suspected skipped
9 Diehard Count the failed | passed passed passed passed passed
Good
1s (stream)
10. | Diehard Count the failed | passed passed failed passed passed
Good
1s Test (byte)
11. | Diehard Parking passed | passed passed passed passed passed
Lot Good
12. | Diehard Minimum passed | passed passed passed passed passed
Distance Good
(2d Circle)
13. | Dichard 3d Sphere passed | passed passed passed passed passed
(Minimum Good
Distance)
14. | Dichard Squeeze Good passed | passed passed passed passed passed
15. | Diehard Sums Bad skipped
16. | Dichard Craps Good passed | passed passed passed passed passed
17. | Marsaglia and failed | passed passed passed passed passed
Good
Tsang GCD
18. | STS Monobit Good passed | passed passed passed passed passed
19. | STS Runs Good passed | passed passed passed passed passed
20. | STS Serial passed | passed passed passed passed passed
. Good
(Generalized)
21. | Diehards Runs Good passed | passed failed passed passed passed
22. | RGB Generalized failed | passed passed passed passed passed
Minimum Good
Distance
23. | RGB passed | passed passed passed passed passed
. Good
Permutations
24. | RGB Lagged Sum Good passed | passed passed passed passed passed
25. | RGB passed | passed passed passed passed passed
Kolmogorov- Good
Smirnov
26. | Byte Distribution Good failed | passed passed passed passed passed
27. | DAB DCT Good failed | passed passed passed passed passed
28. | DAB Fill Tree Good passed | passed passed passed passed passed
29. | DAB Fill Tree 2 Good failed | passed passed passed passed passed

30. | DAB Monobit 2 Good failed | passed passed passed passed passed
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5. Results

The test results based on P, for all iterations are presented in table 1. It is impossible to
present the exact P, in a concise form, so the final judgment based on the calculated P,y
is presented. A test was considered to have failed if at least one iteration of the test failed.

The generators rand(), random256-glibc2 and /dev/urandom were qualified as not random
for a given level of significance. No basis was found to reject the hypothesis of randomness for
the generators ranl, triple pendulum and ANU QRNG.

Table 2 shows the results of calculating the final Kolmogorov-Smirnov consistency test for

the obtained P, gy es-

Table 2.

Kolmogorov-Smirnov consistency test for the obtained Pyqpyes-
Generator Kolmogorov-Smirnov uniformity test P,,;,,. Result
rand() 6.18-10723 failed
ranl 0.40815 passed
random256-glibc2 0.19808 passed
/dev/urandom 0.06175 passed
triple pendulum 0.19757 passed
ANU QRNG 0.03800 passed

6. Summary and discussion

The obtained results confirm that algorithmic pseudorandom number generators are
generally of low quality. This was particularly evident for the rand() generator from the
standard C/C++ library. The random256-glibc2 and /dev/urandom generators using system
interrupts performed slightly better. This may seem quite unexpected, as it is a generator that
does not use a specific mathematical algorithm. However, if you consider the fact that in the
operating system many interrupts are executed in a cyclic manner, you can expect a certain
repetitiveness that will manifest itself in the generated numbers. The only algorithmic generator
that passed all the tests positively is the ranl generator. The tests for the triple pendulum
generator were also positive, which confirms that the chaotic nature of this classical
phenomenon is so high that statistical tests are unable to find determinism. The ANU QORNG
quantum generator, as expected, passed the test positively.

It remained to answer the question whether, based on the obtained results, we are able to
indicate which generator is a truly random generator, e.g. a quantum generator. For this purpose,
the Kolmogorov-Smirnov test was performed, the results of which are presented in table 2.
The value of this test determines the uniformity of the distribution of all P,,;,. values.

The Kolmogorov-Smirnov test itself, from the Python library scipy.stats, provides a result in
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the form of a P,q. specifying the probability that the two distributions are identical.
It is expected that this value should be as high as possible. Which would indicate a good
distribution of values with respect to the theoretical uniform distribution. As can be seen from
the above results in table 2, the ANU QRNG quantum generator received a lower score than
other deterministic generators. Thus, the result did not confirm the high fit of the two
distributions, which does not prejudge the non-randomness of a given generator. It follows that
we are not able on the basis of statistical hipotesis testing with the Dieharder battery to
determine additionally the quality of a given generator, but only to determine whether there are
no basis to reject the generator as non-random. Statistical testing only has the character of
a negative criterion. In the absence of basis to reject the hypothesis of randomness, statistical
testing does not provide a mechanism to account for how positive the tested sequence of
numbers was. Thus, a quantum generator in a positive way is not distinguishable in statistical

testing from deterministic generators.
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1. Introduction

Poland is famous for an established there culture of buying houses and flats, especially by
young people who organize their family life. In order to meet the expectations of citizens,
a number of government programs have appeared in recent years. These programs help young
people to meet the needs by providing solutions enabling the purchase of their first own flat or
house. The “Mieszkanie dla Mlodych” (MDM) program, introduced by the Act of 27 September
2013 on Polish state aid in the purchase of the first apartment by young people (Ustawa...,
2013), was very popular. The aim of this program was to provide financial support to young
people who would like to buy their first apartment or house as well as just wish to move to

a larger apartment (in case of a large family). In spite of new problems that appeared for the

http://dx.doi.org/10.29119/1641-3466.2022.167.12 http://managementpapers.polsl.pl/
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youth - in particular numerous refusals by banks to grant loans for the purchase of their first
house/apartment caused by inability to set aside funds for own contribution, required by banks
in an increasingly higher amount - another government program appeared, constituting
a response related to the new housing market situation. By the Act of October 1, 2021 on
a guaranteed housing loan (Ustawa..., 2021), solutions were introduced that allow the purchase
of the first flat or house to own property, provided that certain statutory conditions are met,
but without the need for young people to have the money necessary to cover their own
contribution. The broad interest of the young people in these programs over several years has
resulted in further-reaching consequences, such as the preparation by banks of appropriate
products in the form of mortgage loans. These programs were also adapted to statutory
requirements they had to meet. The other consequences provoked by the interest of youth in
aforementioned programs included active actions by developers, who in order to gain a client,
tried to comply with the conditions specified by the legislator (in particular with regard to the
area of premises). In view of the numerous amenities provided by housing programs and the
positive response from the housing market in the form of banks and developers, young people
took steps to meet their housing needs.

There is no doubt that all real estate purchases involve renovation. Renovation is preceded
by a project in tact with visualization of the project's effect. It is a necessary part of the operation
before the renovation begins. It is often forgotten when planning the necessary action steps.
Architects propose to buy a ready-made design, which is an expensive solution. What does the
proposal to develop a project look like? One looks for interior design solutions inspiration
elements on the Internet. Most often, the solutions are found on web platforms, which means
that it is a common way of shaping the vision of decorating your apartment.

An analysis of the existing solutions presented in this paper was carried out. The study was
conducted through a thorough analysis of the needs of people looking for competitive solutions
on the market. The analysis will enable the selection of essential functionalities and the
designation of the amenities desired by the client, which in turn will lead to designing the
interior of the apartment in an optimal way.

2. Description of mobile solutions for interior design

This chapter presents an analysis of the user’s needs of a mobile application for interior
design. The technology available on the market was discussed, and the best solutions for the
implementation of the application were indicated. The focus was on the description of the
application intended for the mobile platform (Android, 2015). The applications were analyzed
according to the following criteria (Borek, Sobczak, 2016):
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a)
b)
©)
d)
e)

brief introduction to the application,

list of functionalities,

user-friendliness and interface aesthetics,

a list of advantages and disadvantages of the application,

general evaluation of the application issued by its authors.

Five mobile applications were selected to compare the solutions available on the market.

The selection criterion is their availability free of charge in the AppStore (AppStore, 2022).

This store is installed on all iOS devices (Hegarty, 2015). These applications are:

1.
2.
3.

4.
5.

The "HOMEBOOK" application (Homebook, 2016).

The "DECOROOM" application (Decoroom, 2022).

The " We are decorating the house and apartment” application (Title in Polish:
“Urzadzamy dom i mieszkanie "
2022).

The "Pinterest" application (Pinterest help, 2021).

The "HomeStyle" application (Borek, Sobczak, 2016).

application (Urzadzamy dom i mieszkanie, 2016,

Ad. 1. You can download the Homebook application from the AppStore (AppStore, 2022).

The creator of this application is the former company Domodi Sp. z o. o. It is the transfer of

functionality from the homebook.pl web platform to the iOS application (Hegarty, 2016).

The Homebook application is a tool for finding the selected interior design. It is not a social

application. Although the application has a forum, there is no interaction between users when

analyzing the number of responses.

The functionalities of the Homebook application are as follows (Borek and Sobczak, 2016):

a)
b)

c)

d)

it is possible to view photos of the interior,

it is possible to redirect the user to the stores where the selected products are available,
the application has a tab with articles that have been designed by homebook.pl
(homebook.pl, 2016), as well as by other companies, for example Generit, Castorama,
VAKU-DSGN, etc.,

it is possible to conduct discussions on the forum, but this functionality is not used by

users.

After turning on the application, a photo appears as well as menu on the bottom bar with

buttons: start, Products, Inspirations, Articles, More. There is a search engine in the middle of

the top bar. Browsing for inspiration is nice, but saving a photo is not intuitive.

The advantages of the Homebook mobile application are (AppStore, 2022):

application transparency,
the ability to save selected interiors,
having a list of articles,

the possibility of shopping.
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The disadvantages of this application are (AppStore, 2022):

e no possibility to quickly save a photo,

e poor interaction between users.

It is reasonable to note that the Homebook is a well-developed, user-friendly application
and the photos that can be seen there are of a good quality.

Ad. 2. The Decoroom application is a solution dedicated to the iOS mobile platform
(Decoroom, 2022). It is in English language. The user selects a standard package or a premium
package. An interesting fact is that browsing the application is in the form of translating
newspaper pages. These cards display the proposed interior fittings. It is interesting that the
user has the opportunity to view photos of ready-made interiors, as well as fragments of interior
fittings, fragments of the floor and fragments of interior doors. The way of presenting the
interior as an electronic newspaper in the form of tiny elements is not a convenient way to view
products that interest you. The elements are small and you can't see the details, and screen
magnification is a problem as you are not continuously magnifying the image. This is, we can
say, a disadvantage of the application. The advantage of this application, however, is the high
quality of viewing photos and well-known brands of companies used to view an interior design.

Ad. 3. The " Urzadzamy dom i mieszkanie " application is also a solution intended for the
10S mobile platform ("Urzadzamy dom i mieszkanie", 2016). It contains the electronic version
of the magazine (journal) of the Murator publishing house under the title: "Urzadzamy dom
1 mieszkanie" - Polish Journal on We are decorating the house and apartment (Urzagdzamy dom
1 mieszkanie, 2022). The advantage of this application is that one screen takes up one page of
the magazine. The elements are enlarged continuously. The user can continuously reduce or
enlarge them. This enables user-friendly reading of the text, item descriptions and comments.
Clicking on a product contained in the electronic warehouse may take the user to the
manufacturer's website. This is a great convenience for the users of the magazine. The paper
version of the newspaper was transferred here to the mobile application. This application
contains brands of well-known companies.

Ad. 4. The Pinterest mobile application (Why is Pinterset, 2021) is an American social
networking site that allows users to share visual materials, i.e. videos, pictures, photos, GIFs.
The name PINTEREST is a combination of two English words: "pin" and "interest".
The elements visible on the platform are called PINA, which the user can add to his board or
attach a pin that was posted by another user. The Pinterest application is used to save content
for inspiration or to motivate to act on interior design. The user can easily and quickly develop
a collection, called a table, in which he sorts the given thematic content in order to remember it
or use it in the future. In the Pinterest application, you can be inspired by, among others, interior
design proposals. However, this has the disadvantage that after selecting a given picture with
an exemplary interior design, the website sends more pictures with similar solutions.
The advantage of the Pinterest application is the ability to send content by e-mail to different

people who are not users of the portal, as well as creating group boards with other users that
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allow you to collaborate on a specific board. The Pinterest application also serves as a platform
to promote your services and products.

Ad. 5. The mobile HomeStyle application developed by two authors, Adam Borek and
Daniel Sobczak at Wroctaw University of Technology (Borek, Sobczak, 2016), is the highlight
of the application for interior design. It has its own graphic identification, shown by a lamp on
a red background. The lamp is, you could say, the basic element of interior design. As the
authors of the project noted, the HomeStyle application designed to reduce the time that the
user would have to spend on finding out how he could arrange his apartment or house.
Therefore, it also saves the user's time.

The authors of the HomeStyle application (Borek and Sobczak, 2016) list a set of tasks that
application users will be able to perform using the HomeStyle application:

1. An unregistered or logged-in user can log in to the application using an e-mail address

and password.

2. Users who are not logged in can try the application by browsing the list of interior design
proposals, the so-called lists of inspiration.

Logged in user can search for inspiration by tags.

A logged in user can view inspiration.

A logged in user has the opportunity to like inspiration.

A logged in user has the option of not liking the inspiration.
The logged in user can view the list of liked inspirations.

A logged in user can add his inspiration to the system.

A P B A N U

A logged in user can go to the product page to purchase it.

10. A logged in user can view the list of products shown in the photo.

11. A logged in user has the option of reporting offensive or illegal texts.

12. A user may use the application in Polish.

Considering the above list of tasks that the user of the application can perform using the
HomeStyle application, it is worth indicating the most important requirements from the user's
point of view. These are:

e the option which makes it possible to view the inspiration of the apartments’ interior

design,

e the option to view the list of inspirations liked by the user.

The set of non-functional requirements provided by the above-mentioned authors of the
HomeStyle application to be met by this mobile application is also interesting:

1. The application will be available for download by users in the Apple AppStore.

2. The mobile application will run on devices with i1OS version at least 9.0 (Hegarty, 2016;

Nahavandipoor, 2011).
These guidelines are standard requirements for the user to ensure the stability and reliability

of the application. Since it is a social application, designing your own interior will be very easy.
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3. Comparative analysis of the application for interior design

The mobile applications for interior design presented in chapter 2 have their advantages and
disadvantages. “The Homebook”, “Decoroom” and “Urzadzamy Dom 1 mieszkanie”
applications are examples of those applications that are designed to transfer physical catalogs
with furniture to the memory of a mobile phone in the form of a pdf file viewer (Borek, Sobczak,
2016). Such an approach to the issues of designing the interior design for apartment or house is
not sufficient and not convenient to use. The first three applications related to interior design,
mentioned in chapter 2, do not use the social aspect for mobile platforms.

This criterion is met by the HomeStyle application, which is a solution for the iPhone mobile
platform. It helps you to find inspiration about the interior design of your home or apartment.
It is a social application content of which populates stores such as Ikea and Black Red White —
it’s also going to be populated by users who implement the application itself. It’s essential to
emphasize that the software allows you to view inspiration with the save function in order to
recreate selected interiors at any time using a mobile device with Internet access. Additionally,
users can check the parameters and prices of selected interior fittings. This application is
intended for every user who creates an apartment project and who would like to look for
inspiration to develop your own interior design for a flat or house. It should be noted that the
implemented platform consists of a mobile application and a server side that secures access to
the necessary data and multimedia necessary to be displayed on the screen of the mobile phone
as well as provides access to documentation that facilitates the operation of the application.
To use the application, it is required to have an Internet access due to the constant
synchronization with the database managed by the server side (Borek, Sobczak, 2016). The data

is stored on a server with the history of users browsing the data.

4. Summary

The paper presents the most important Internet applications that are used to design
architectural interior design of an apartment or house. The issues of self-designing interior
design are described. The presented applications were analyzed and the most user-friendly
solution was identified. Apple presented on its website the criterion of what should be
a graphical interface in i0S (Nahavandipoor, 2012; Sadun, 2013). This criterion is that the user's
screen of the mobile application is to be legible and user-friendly. These user interfaces were
analyzed for their intuitiveness and aesthetics. This screen, as mentioned, should be clear and

aesthetic.
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The article shows that the social platform of the interior design application is based on two
aspects: the mobile application and the server side. They are the most important elements of the
implemented solutions in the architectural design of the interior design of apartments or houses.
Architectural patterns and the presentation of source code fragments were taken into account.
These elements influenced the legibility of the existing solution and its quality.

When designing very complex software, its basic element is comprehensive testing of the
most important functionalities of the application. Using this approach will allow you to find
gaps in the application for architectural design of the interior design of a house or apartment.
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1. Introduction

The growing importance of changes and projects in the activities of organisations is now
referred to in the literature as projectification, which means that projects have become one of
the primary forms of implementing activities, not only within organisations but also outside of
them (Jalocha, 2019). In the case of enterprises, their management increasingly seeks to build
a project organisation, which is a collection of individuals and institutions working
(successfully) together to execute projects. However, it quickly becomes apparent that the
introduction of project management involves numerous organisational changes, including those
present in the sphere of organisational culture. This problem is reflected in scientific studies on,
among others, cultural aspects of project management. Thus, first of all, there has emerged an
entire research trend oriented towards the search for an organisational culture that positively
influences project management and, consequently, project success (e.g. (Kendra, Taplin, 2004;
Belassi, Kondra, Tukel, 2007; Morrison, Brown, Smit, 2008; Aronson, Lechler, 2009)).
Secondly, scholars have started to describe the subculture associated with project
implementation in the organisation, which reflects, on the one hand, the norms and values of
the process organisation and, on the other hand, the norms and values typical of project work,
i.e., the project organisational culture (e.g. (Firth, Krut, 1991; Thomas, Marossezeky, Karim,
Davis, McGeorge, 2002; Wang, 2001; Zuo, Zillante, 2006; Du Plessis, Hoole, 2006; Stare,
2012; Nguyen, Watanabe, 2017; Aguilera, Alba, 2018)). In this context, some authors have
started to see another — third — area of exploration. For example, Kerzner (2001) notes that both
the project manager and line manager can develop a mutually acceptable project culture and
cooperation principles, pointing to an even lower possible level of analysis, which is a specific
single project and the project team associated with it. In this way, a subculture is to be formed.
Such subculture results from norms and values arising from the needs of carrying out a specific
project and the constraints that the organisation with its culture creates. Kerzner’s observations
are echoed in studies carried out by such authors as Aronson and Lechler (2006), Fellows,
Grisham and Tijhuis (2007) and Szeptuch and Dyla (2015). Interestingly, by 2022, the number
of queries of the term project team subculture in Google Scholar databases was only a few
literature items, which indicates that the potential research direction signalled by Kerzner has
not received the attention of many researchers. This can be explained by the probable belief
that, first of all, the composition of project teams is often not fixed. Individual people involved
in the project come in, complete their tasks in the project and leave. Therefore, there will be
project team members who are in it from the beginning to the end as well as those who will be
in it only for a while. Secondly, the people involved in the project can simultaneously,
for instance, on the same day, work in their line position and the project. This means that they
divide their working time to perform both repetitive processes and unique tasks in the project.
Thirdly, many employees are simultaneously members of several project teams. Fourthly,
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the project manager himself may also change. All of this speaks somewhat against the
emergence of a project team subculture even in relatively long-running projects. Nevertheless,
the existence of the aforementioned project organisational culture in the organisation can
accelerate the formation of norms and values in the newly formed team, whose members not
only form a kind of project community in the organisation but may also already know one
another from previous projects. In addition, for example, according to Granovetter’s (1983)
theory of weak ties, even with a minimal amount of contact among people, it is possible to
develop shared norms and values (Grzesiuk, 2015), which is facilitated today by the available
modes of communication and social networks or social roles of project team members. Finally,
it is essential to keep in mind that the subcultural distinctiveness of a project team does not have
to apply to all aspects of the culture and could mean, for example, just a different approach to
risk or a different way of managing employees. Likewise, the project team subculture does not
have to challenge the core norms and values of the organisational culture; instead, it can
highlight them.

Doubts arising from the nature of projects and, in addition, few theoretical studies justify
researching the issue of the project team subculture. Thus, the purpose of this article is twofold.
First, it aims to describe the factors that foster the formation of a project team subculture with
the use of the case study analysis. Secondly, it attempts to assess the importance of these factors

for forming this subculture, making use of the study respondents’ opinions.

2. Theoretical framework

As Mingus (2002) notes, traditional project management is seen mainly as planning,
scheduling and controlling a project to achieve its objectives. The author points out that this
understanding of project management, unfortunately, overlooks important personnel
relationships. She rightly points out, therefore, that the success of a project is measured not only
by its completion on time, maintenance of the planned budget, fulfilment of goals or customer
satisfaction but also by good relations among employees. This perception of project
management is consistent with the definition offered by the Project Management Institute,
according to which project management stands for the application of knowledge, skills, tools
and techniques of project operations to meet or even exceed the needs and expectations of
project stakeholders (Mingus, 2002). In the following discussion, what will be regarded as
project-related stakeholders will be primarily participants in the project organisation who are,
on the one hand, the representatives of the organisational culture of the entire enterprise and,
on the other hand, members of the project team. Within the project team, as indicated,
for example, by Kerzner (2001), Aronson and Lechler (2006), Fellows, Grisham and Tijhuis
(2007) or Szeptuch and Dyla (2015), specific norms and values typical of the project currently
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underway, different from those of the enterprise’s organisational culture, are developed.
Moreover, they lead to the formation of an organisational subculture. This subculture is referred
to as the project team subculture. It is characterised, on the one hand, by norms and values
typical of the organisational culture (e.g., of a particular enterprise) and, on the other hand, by
norms and values developed during project management and in the course of carrying out
project tasks by project team members (Kaminski, 2021).

According to Kerzner (2001), a project team subculture is created by project managers.
They can develop subcultures for their projects, especially when the timeframe for their
implementation will be many years. Such project cultures develop within the constraints created
by the organisational culture, which justifies calling them subcultures. As observed by Kerzner,
this results from the fact that the project manager should not expect top management will
express their consent to completely free activities. Therefore, within the scope of his/her
authority, he/she must respect not only the interests of the project but also those of the
organisation in which the project is implemented. Kerzner states that this means that
a subculture results from norms and values arising from the needs of executing a specific project
and, at the same time, from the constraints created by the organisation along with its culture.

Aronson and Lechler also point to the project team subculture (2006). In their view,
the content of the subculture is specific to the project and reflects the work carried out within
the project and the basic tasks that team members must perform. The authors provide the factors
influencing the formation of subcultures. These are the nature of the project that differs from
routine tasks carried out by the organisation, the matrix organisational structure in whose area
the projects are carried out or the norms brought to the project team by its members. Aronson
and Lechler show that constructive project team norms (achievement orientation, self-
fulfilment, humanism, affiliation, that is, the norms that lead to taking the initiative and
collaboration) influence project success. In fact, a constructive project team subculture is
an essential predictor of project success which may include business success, customer
satisfaction and increased project knowledge.

However, Szeptuch and Dyla (2015) note that project teams produce their own
organisational culture. Therefore, the project manager plays a critical role in building culture in
the work of the project team. It is up to the project manager whether what will be promoted in
the team is, for example, a culture of blame or influence, which, according to the authors,
significantly translates into project success. The following characteristics of the project team
subculture emerge from their empirical research: lack of prejudice and inhibition in team
cooperation with people of other nationalities and cultures, a common language and system of
terms, the influence of norms and principles of behaviours promoted in the organisation on
integrating employees within the project team.

Based on the analysis of the studies cited, it can be noted that the authors point to factors
that affect the formation of a project team subculture. These include the nature of the project,

the (matrix) organisational structure and the figure of the project manager. In addition, it should
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be noted that the literature on the issue of organisational subcultures points to several other
factors influencing their formation (Maanen, Barley, 1985; Trice, Beyer, 1993; Boisnier,
Chatman, 2003; Schreyogg, Geiger, 2016; Schein, 2017). Thus, in the first place, these include
the organisation participants’ education and qualifications, their properties and their
environment. The impact of all the already mentioned factors on forming the project team
subculture will be discussed below.

If it is assumed, following Aronson and Lechler (2006), that the project nature is related
to how the project differs from the routine tasks performed by the organisation, then the
description of project characteristics developed by Shenhar and Dvir (2008) can be used to
determine this nature of the project. They base their approach on four dimensions of a project
— the degree of novelty or innovation of the project, its complexity level, its pace and the level
of technology. Thus, in project innovation, Shenhar and Dvir (2008) distinguish its three levels:
a derivative project, a platform-based project and a breakthrough project. As far as project
complexity is concerned, they identify assembly, system and matrix projects. As regards the
project pace, they specify a normal pace, a fast (competitive) pace, a critical pace and an instant
pace. Furthermore, in the case of the level of technological uncertainty, they speak about
technologically non-advanced projects based on mature, known technologies, technologically
medium-advanced projects, high-technology projects with significant technological uncertainty
involving new but already known technologies and very high-technology projects with very
high technological uncertainty requiring the development of new technologies that do not exist
at the time of project initiation. The cited authors recommend a differentiated approach to
projects of a different nature in terms of the dimensions discussed. When the intensity of project
features is not high, the project can be managed based on an approach similar to the
management of enterprise’s routine operations. On the other hand, when the innovation,
complexity and pace of project implementation are greater and the type of project technology
is higher, the more the nature of the project deviates from the routine tasks performed by the
organisation and the more it will foster the formation of a project team subculture (Kaminski
2020).

As regards the organisational structure, it was studied by, among others, Trocki (2009),
who made an extensive review of project-related structural arrangements. Among others,
he distinguished between a line-structured project organisation, a line-staff project organisation,
a matrix project organisation, or a “pure” project organisation. According to him,
the aforementioned forms of project organisation can be characterised by two factors — the
position and autonomy of the project in the structure of the parent organisation. The project
position depends on the importance of the project to the parent organisation and its
specialisation while the project autonomy depends on its complexity and innovation.
Thus, if in the case of a project organisation in a line structure, there is the highest degree of
integration of the parent structure and the project team and the project tasks are performed by

the units of the parent organisation, then, in the case of a “pure” project organisation, there is
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complete separation of current activities from the activities for the project (there is
no involvement of the people implementing the project in the current activities of the
institution). The project manager has the total organisational capacity necessary to manage the
project, and the assignment of employees to the project is also complete and unambiguous.
This isolation of project team members (in a pure project organisation) should promote the
formation of different norms and values and, consequently, the formation of a project team
subculture (Kaminski, 2020).

Then, attention should be directed to the project manager’s possible influence on forming
the project team subculture. It is so since it is widely believed that executives strongly influence
the formation of norms and values (Schein, 2017; Zbiegien-Maciag, 2005; Kets de Vries,
Miller, 1984). This influence should be analysed with respect to two aspects: (1) the project
manager’s ability to influence the project team and (2) the norms and values the manager will
disseminate to the project team. As Lichtarski (2008, 2018) observes, in the case of power,
regardless of the way projects are executed in the organisation and their temporality,
the implementation of projects means a move away from the unity of giving commands towards
a multiplicity of power centres; it means a distortion of the stable hierarchy, which will be
replaced by a more complex and fluid heterarchical coordination. What is more, project
managers are increasingly seen as leaders whose role is not only to manage the project but also
to create shared norms and values within the project team (Grzesik, Piwowar-Sulej, 2013;
Jedrych, Pietras, Szczepanczyk, 2016; Marek-Kotodziej, Lapunka, Jagoda-Sobalak, 2018).
Therefore, whether the project manager’s behaviour is in line with the organisational culture or
whether it is based on other norms and values (e.g., external to the organisation or his/her own)
will, as might be thought, influence forming the project team subculture. This influence,
however, depends primarily on the project manager’s power. Therefore, the project manager
with more power also has more power to shape the subculture of the project team (Kaminski,
2021).

In the case of the influence of the education and qualifications of organisational
participants on subculture formation, it is essential to point to the studies of Trice and Beyer,
which are deemed to be fundamental in this regard (Trice, 1993; Trice, Beyer, 1993).
Those scholars, who focus on professional subcultures, point to the importance of the existence
of specific hermetic knowledge and know-how, high or unusual emotional demands (the nature
of work in many professions requires dealing with various emotions), awareness of people’s
membership in a given professional group, the omnipresence of professional norms and
contacts that go beyond the work-related sphere, the favourable image of a given professional
group, the extent to which representatives of a given profession are a point of reference for one
another in shaping behaviours (developing a professional subculture will be possible if the
members of professional groups imitate one another, treat one another as authorises or compare

themselves to one another).
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Assuming that the project implemented requires, to some degree, (by definition, so to speak)
a unique approach, it will also sometimes require specialised knowledge, education and
qualifications different from those typically needed to carry out repetitive processes in the
organisation. As might be thought, it is the different education and qualifications of project
team members that may lead to the formation of a specific subculture. In other words, the more
project team members differ in their education and qualifications from other employees in the
organisation, the more this will foster the formation of the project team subculture.

Further, the properties of organisation participants related to their (1) reactivity,
(2) satisfaction and (3) commitment (Boisnier, Chatman, 2003) are also factors contributing to
the formation of subcultures. According to the cited authors, these factors influence people’s
propensity for joining and/or forming subcultures.

First, the psychological phenomenon of reactance involves an individual’s desire to restore
his/her freedom of choice, which is threatened by someone trying to impose something on
him/her or prohibit him/her something). Reactance is measured by determining whether people
tend to polemicise, are unwilling to cooperate, behave in a manner described as deviant, are
unwilling to take advice from others and, for instance, to ask others how to do a job.
It is believed that the phenomenon of reactance is stronger if a more important opportunity for
action is taken away from a person, more opportunities are blocked or taken away or the threat
to freedom of action is greater (Trejderowski, 2009). In the case of organisations, those who do
not share the values of the prevailing organisational culture will therefore flee to subcultures in
which certain generally unacceptable behaviours are acceptable. In this context, Boisnier and
Chatman (2003) suggest that the phenomenon of reactance is more likely the stronger the
organisational culture is. Ultimately, people characterised by higher reactance are more likely
to join subcultures as they will reject the values of the (strong) culture regardless of their
content.

Thus, in the case of a project team, some members of the organisation may view working
in a project team as a more attractive alternative than their work in carrying out repetitive
processes which are executed, for example, in the manner typical of a mechanistic organisation.
Restricting the freedom of organisation members by the managers’ authoritarianism,
subordinating the individual to the social group, displaying conservatism, and achieving a high
degree of standardisation and specialisation of activities may induce some organisation
participants to escape to the subculture.

The drive to regain freedom and the desire to engage in innovative projects are indicated,
for example, by Hammer (1998) and Wozniak (Wozniak, L.okaj, 2009). Hammer (1998) notes
that if organisational cultures operate according to the principles of paternalism, employ control
and bureaucratic mechanisms and target personal freedom, then all invention is lost in the maze
of formal company rules. Hence, creative thinking is more likely to be developed outside
working hours. However, during an interview, Wozniak speaks “about a small garage on the

side-lines of the corporation”. In his view, corporate culture can hinder the development of
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ideas and a group of innovators should not be placed too deep in the organisational structure.
It means that such a structure should not have too many hierarchical levels. Those innovators
should not have too many superiors and decision-making dependencies above them.
The management of the organisation must understand that true innovation, which brings things
that are so new that they are called “revolutionary”, is almost always created not in the
organisation but at home. It is created by young people who often work in their garages.
This is why highly innovative organisations provide their employees with 20% of their working
time to develop their own ideas and projects independently.

Additionally, people’s propensity for joining and/or forming subcultures depends on
employees’ satisfaction with the dominant values in the subcultures in question (Martin, Siehl,
1983; Graham, 1986; Rose, 1988; Cha, Edmondson, 2001; Boisnier, Chatman, 2003).
This effect is amplified if, for example, employees are additionally dissatisfied with the
organisational culture in which they find themselves or when the organisational subculture
helps create norms and values that are more relevant to them (e.g., from the perspective of the
work they do). Thus, if the organisation participants see an opportunity to achieve their goals
better in the subculture than in the organisational culture, they will willingly join the subculture.

Furthermore, commitment, loyalty and identification with the organisation can also
influence the formation of subcultures (Meyer, Allen, 1991; O’Reilly, Chatman, 1996).
This strong commitment to the organisation can result from dispositional characteristics
(i.e., the individual properties of an employee) and the organisational context. As regards the
context, participants in organisations with a strong organisational culture are more committed
and loyal and identify themselves more strongly with the enterprise. This phenomenon
intensifies when there is the normative commitment to the organisation (organisation
participants strongly identify themselves with and internalise its values), reducing the tendency
to form subcultures. However, as the cited authors point out, in the case of the organisations
where participation rests on the compliance-based commitment to the organisation or is
instrumental, e.g., there is a need for extrinsic motivation for people to identify themselves with
the organisation, the relationship between commitment and the presence or absence of
subcultures is no longer explicit.

Similarly, in the case of commitment, loyalty and identification with the project team,
it 1s possible to identify employees who are less attached to the organisation and identify
themselves more strongly with their work in project teams. As Kanter (1998) noted many years
ago, today’s highly skilled employees work hard, from task to task, and are concerned with the
quality of their benefits, deriving their sense of self-esteem from the nature of the work they
do, not from their association with a particular enterprise. Their professional value is reputation
because employees need the professional values, skills and reputation they can use in many
other jobs. Kanter states that “[t]hey are motivated by the attractiveness of the industry and the
challenges that require constant improvement of skills and they dream of starting their own
businesses in the future” (Kanter, 1998, p. 166). Such employees will identify themselves less
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with the organisation and more with the project, which will foster the formation of the project
team subculture.

In conclusion, if members find working in a project team more attractive than working in
an organisation, they will believe that participation in a team leads to satisfying their needs and
they will be committed to the project team. This, in turn, will promote the formation of the
project team subculture.

Finally, Boisnier and Chatman (2003) distinguish yet another vital factor (indirectly)
contributing to the formation of subcultures. It is the dynamics of the environment that,
causing structural changes, trigger the emergence of subcultures. This is because the more
dynamic the environment is, the greater the need to hire new employees with changing skills or
to delegate power is. According to Bloor and Dawson (1994), it is just the dynamic environment
that provides the opportunity for the emergence of occupational subcultures that begin to
interpret the surrounding environment differently.

Like the factors considered at the organisational level, the way groups operate depends on
the dynamics of the environment. If, for example, the demands of a particular environment
segment become unusual, those involved in “serving” it will begin to develop a subculture that
depends on it. For example, the need to respond to emerging problems of the environment may
make the research team focus on adapting better to market needs the technology it has just
developed and which has been positively received by the market, instead of developing another
new technology (Benner, Tushman, 2003). In the case of this particular team, it will mean
a change in values from those favouring research to those typical of a department dealing with
implementation.

Project management depends on the context in which it takes place. This issue has been
discussed by, among others, Collyer and Warren (2009), Stead (2010), Swictoniowska (2015)
or Kopczynski (2013, 2016). They believe that the increase in the dynamics and, additionally,
in the complexity of the environment affects the way projects are managed. They also highlight
that traditional project management methodologies based on mechanistic approaches and
cause-and-effect thinking cannot meet the challenges of modern projects. For this reason,
there is a growing need and ability to adapt the project management approach to the current
circumstances defined by the complexity, uncertainty, scope and criticality of the project,
the nature of the people involved, their relationships and the project environment.

In the analysis of the impact of the environment dynamics and complexity on project
management, it should be noted that the theme of projects executed in highly uncertain
environments is one of the key project management issues which is still discussed today (Gray,
Larson, 2011; Szpitter, 2012). It is linked to such issues as planning uncertain outcomes,
balancing flexibility with reliability and accountability, balancing the quality of decisions
against the speed of decision-making, and freezing project scope during rapid changes.
According to Stead (2010), the complexity of the project environment affects the diversity of

project team members in terms of their skills and experience. A diverse mix of what employees



178 R. Kaminski

bring to the team regarding their technical, business and cultural backgrounds increases the
likelihood of project success.

In the context of the approaches presented above, it can be concluded that the increasing
changeability and complexity of the environment requires the project manager to apply
a situationally tailored approach to project team management. If it is assumed that the
organisational culture reflects the management of repetitive activities, then its norms and values
will refer to a higher degree of standardisation and formalisation of activities, lower risk, more
evolutionary changes and relying primarily on historical data. However, in a project, the degree
of standardisation and formalisation of activities will be lower, the risks higher, the changes
rather radical and the project team rather future-oriented. Thus, it can be thought that the project
team, depending on the environment in which it is located, will develop a specific subculture
relevant to the current conditions. The extent to which it will be done will be the greater,

the more heterogeneous and variable its environment is.

3. Research methodology and data collection

The research method used for this study is the case study method. Since organisational
subculture is always understood with reference to the organisational culture, which is broader
than the organisational subculture, the case study will allow showing the functioning of the
project team in a broader organisational context. In addition, the case study will show how the
processes and behaviours of the project team members affect the project team context and,
conversely, how this context affects the processes and behaviours of the project team members.
Furthermore, the so-called multiple case study was used, in which cases are replicated so as to
show both similarities and differences found in the phenomena studied and in their context.
The case studies used various research techniques such as interviews, direct observation and
participant observation as well as surveys. Thus, the relationship of the factors leading to the
formation of the project team subculture with the occurrence of the project team subculture will
be discussed based on two case studies. The case studies presented differ both in the formation
of the factors that foster the development of the project team subculture and in the strength of
the project team subculture. In the first case study, the subculture of the project team is strong
while in the second one, it is weak.

As regards the interviews, the sponsors of two projects, the manager of each project and
four members of each project team were interviewed. Each interview lasted about one hour.

After each interview, the summaries of the interviews were prepared.
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As for observation, in one project, it was non-participatory observation (the author of this
paper was a consultant of the management board of the enterprise where the project was
implemented) while in the other project, it was participant observation (the author of this paper
was a member of the project team).

Finally, survey questionnaires were also distributed to those interviewed to identify the
strength of the project team subculture. The project team subculture will be stronger when,
as viewed from the perspective of project team members, there is a difference in a bigger
number of dimensions of culture (up to seven possible dimensions of culture) between the
project team and the rest of the organization. The seven equivalent dimensions of culture
(i.e., employee autonomy, degree of formalisation, support given to subordinates, identification
with the organisation, rewards for performance, acceptance of conflict and acceptance of risk)
were based on a study conducted by Hopkins, Hopkins and Mallette (2005). With one
difference, the subculture of the project team is weak whereas it is very strong with seven
differences. No such differences between the project team and the organisation mean that there
is no project team subculture. The respondents were two project managers and six members of
each project team (most of whom were non-participants in the interviews). Finally, seven
correctly completed survey questionnaires were obtained for each project.

First, an attempt was made to assess the strength of the subculture of each project team.
Then, the importance of various factors that foster the formation of the project team subculture
was discussed in each of the two projects. Thus, reference was made to the nature of the project,
the organisational form of the project, project team members’ education and qualifications,
project team members’ acceptance of work in a given project, the project environment,

and the figure of the project manager.

4. Case studies

4.1. Case study 1 — a project in heavy industry

The first project was executed in heavy industry. The core business activity of the enterprise
was the execution of repetitive processes carried out on a large scale. The enterprise’s position
was stable (e.g., in terms of its revenue), its operations were and are highly formalised and its
processes are subject to strict procedures. Hence, it is necessary to meet state standards and
regulations. Despite the strong repetitive nature of the processes carried out, the organisation
had a total of dozens of projects divided into large (strategic), medium and small projects.
It can be said that the implementation of projects according to a structured approach has become

an element built into the organisation and directed to support the main business processes,
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both in the area of improving efficiency, introducing innovation and in the area of solving
problems and responding to production and organisational challenges.

The selected project concerned the development of changes in the way the enterprise’s
production facilities operate in order to achieve process parameters (Key Result Indicator (KRI)
and Key Performance Indicators (KPI)). The context for its introduction was to change the long-
established practice of production management based on planning and holding production
plants accountable for final production outputs measured in such quantifiable quantities as
pieces, tons, etc. This long-established practice led to a situation where the performance of
production tasks in most periods and production plants was precisely equal to the assumed
annual plans. In addition, due to external factors, planned and obtained production volumes
steadily declined on a year-to-year basis. What is more, given the multitude of external factors
affecting production processes, in the managers’ opinion, the described approach did not allow
understanding whether a given plan was optimal or whether it was too unambitious or its
implementation came at an excessive cost. For this reason, frequent were the questions asked
by the members of the supervisory board, for example, about the efficiency of the management
of the production process. This prompted the enterprise’s management to initiate a project
involving the development of a production management strategy based on KPI measures.
Due to its strategic importance and the required high level of involvement of top managers,
the project was given priority, with a lead time of several months. The responsibility for its
various modules was assigned directly to the directors of each production plant. The issues of
coordination and “facilitation” of the material preparation process were entrusted to a unit
located at the enterprise’s management. The project was implemented on the basis of
a corporate methodology developed from the PMBOK library of best practices.

As far as the individual dimensions of culture are concerned, the project team differed from
the rest of the organisation in terms of:

e the autonomy of project team members: the team included directly and indirectly the
top management of all production plants reporting directly to the vice-president of the
management board so the project team members had a very high degree of autonomy as
to how to perform project tasks;

e the lower degree of formalisation of activities: when the whole organisation was
characterised by a very high degree of formalisation, the way of performing project
tasks was practically not regulated by any documents, except for very general guidelines
for working out the various elements of the project. However, it should be noted that
the final result of the project was to be a comprehensive written study describing
a functional production strategy;

e the support given to subordinates: the role of the project manager usually focused on
the implementation of the project scope, schedule and budget; however, during the work
of the team, the project manager provided assistance by clarifying doubts, supported the

flow of information and shared his/her knowledge of the functioning of the entire
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organisation and the desired parameters of the production processes. While the project
team members were very independent, they were eager to involve the project manager
in their discussions of the solutions being developed;

e the acceptance of conflicts: within the team, there was a very high degree of the
acceptance of conflicts that arose. It can be said that they were a direct result of the
nature of the project, which aimed to give a single direction to the various production
facilities. Before the project, the activities of many plants were divergent and
subordinated to the individual ambitions of their directors. What is more, it is worth
noting that some of them were people with very strong personalities. In order for the
project work to continue, the inconsistent activities had to be mitigated at the level of
the project work (the role of the project manager) and at the level of their immediate
supervisor, i.e., the vice-president;

o the acceptance of risk: the risk was to take many members of the project team outside
their current comfort zone. They always met annual production targets while the project
involved, among other things, identifying new key operating parameters and setting
ambitious goals over a multi-year horizon. The solutions formulated in this way thus
diverged sharply from operating on the basis of an annual horizon and on the basis of
the fact that it was previously almost 100 per cent confident that annual plans would be
achieved.

As regards the other two dimensions of culture, it should be noted that the project team
members did not differ from the rest of the organisation’s employees in terms of identifying
themselves with their work. Likewise, there was no additional remuneration for participating in
the project (like in other projects, except for the cases in which project managers were hired
from outside or were delegated to the project full-time). However, an annual discretionary
bonus system was in place throughout the organisation. It offered the possibility of additional
remuneration for people who, for example, were involved in additional project work next to
their line functions.

As can be seen, the project team differed from the rest of the organisation in terms of the
five dimensions of culture out of the possible seven dimensions. Therefore, there was an attempt
to explain the occurrence of a relatively strong subculture of the project team by analysing the
various factors contributing to its formation.

Thus, the first factor considered to foster the formation of the project team subculture can
be presented in the following way. In the case of the following project properties:

e the innovation of the project: It entailed aligning, within a single strategy, the interests
of individual production facilities both as to their direction and business parameters,
identifying and measuring key performance indicators (KPIs) so that the system forms
a coherent and logical whole depicting cause-and-effect relationships and formulating
a schedule of tasks to be implemented in order to achieve the identified KPIs.

While the approach to solving problems was new, there had been a number of similar
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projects in the enterprises before. This prompts us to characterise the project as
a derivative project (according to Shenhar and Dvir) involving improving existing
solutions,

e the level of complexity of the project: the project concerned the improvement of existing
business practices at a number of plants linked together in a production sequence.
What was characteristic of the project was the multiplicity of stakeholders and the
divergence of their interests, which — in Shenhar and Dvir’s typology —would allow
classifying the project as moderately complex or systemic;

e the pace of the project: the project was to be implemented over several months so that
the results could be presented at a specific meeting of the supervisory board. From this
point of view, the project can be categorised as a time-critical project as long as
completing the project on time was not crucial for the competitiveness of the enterprise.
However, the expectations of the management board concerning the project deadline
were clearly defined and absolutely unbreakable;

o the level of technology of the project: the project referred to existing and already used
technologies in the enterprise. New technological solutions resulted at most from the
project’s defined undertakings scheduled for implementation at a later date. Therefore,
the uncertainty of project technology was very low.

According to the respondents, what made the implemented project different from the others
and contributed to the formation of a unique — in their opinion — subculture of the project team
was, in the first place, the high pace of the project (i.e., high speed of project implementation
resulting from the critical time of its implementation). Furthermore, the analysed organisation
was always characterised by relatively long-term planning and the high degree of formalisation,
standardisation of activities and centralisation (i.e., the bureaucratisation of the enterprise)
meant that even small projects were implemented over a long period of time. On the other hand,
while the complexity of the project (it is a systemic project) should argue for a stronger
subculture of the project team, there have been many other projects of this nature in the
organisation and the project in question did not stand out from the others in this regard.
This is because a large number of projects in the organisation had multiple stakeholders,
consisting of many subgroups and subcontractors (often coming from outside the organisation)
and were coordinated by a central, formalised project office.

Second, members firmly accepted working in a project team. This is because the project
was carried out as an official order from the vice-president directly to his subordinates. Because
of the rank, subject matter, somewhat innovative approach to the project and the requirement
for the project manager’s frequent reporting, the plant directors were heavily involved in the
work. The team members’ commitment required them to devote time to working out the various
components of the project but this did not interfere with other current responsibilities, which —
for a short time — receded into the background. The project was assigned the highest priority,

which facilitated its implementation. Thus, the team members fully accepted the project’s
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typical way of working and values (e.g., the flexibility of action, cooperation with others in
a diverse environment, the need to share knowledge, learning, self-discipline and creativity).
It should also be noted that the results of the project were strongly linked to the personal
interests of many project team members (primarily the maintenance of their jobs in the long
term). It was the high acceptance of working in a project team, the desire to attend all team
meetings and the need “to have their finger on the pulse” that, according to the respondents,
contributed significantly to the emergence of the project team subculture.

Third, the respondents pointed to the organisational form of the project. Its head served as
a department director reporting directly to one of the vice-presidents of the management board
(i.e., the sponsor). The project team consisted of the directors of each production plant also
reporting directly to the sponsor. The project work at each manufacturing plant involved their
top managers. In addition, the so-called “liaisons” were designated for operational and
administrative work at the level of each production site, streamlining the transfer of data,
arranging meetings and preparing materials, which greatly facilitated the project. In total,
dozens of people participated in the project work. Using the forms of project organisation
distinguished earlier, it can therefore be considered that the project was implemented in a line-
staff structure. While this form of collaboration was not judged to be unique in the organisation,
the project team, firstly, brought together individuals from the highest level of the hierarchy of
the enterprise’s organisational structure and, secondly, was highly interdisciplinary as it
included individuals representing the entire value chain of the enterprise. According to the
respondents, this specific composition of the project, induced by the organisational form of the
project, translated into a unique set of norms and values adhered to by the project team, different
from the one found in the organisational culture.

As for the education and qualifications of the project team members, it should be noted that
the project team members differed significantly from other employees of the enterprise.
First of all, the project manager had extensive experience both in implementing projects
involving all production plants and in understanding the business processes at each production
plant, which allowed him to both efficiently coordinate the work and act as a facilitator and
challenger in the development of the document. Secondly, the team consisted of production
plant managers who had both technical expertise (also required by law) and management
expertise confirmed by years of experience in managerial positions. The same was true of plant-
level work teams. They consisted of senior managers and “liaisons” who served as the “right
hand-men” of plant directors and were characterised by excellent knowledge of their
organisations. Third, the project required educating the team on both the implementation
approach (the strategy development process) as well as its individual elements (including, but
not limited to, goal setting, strategic analysis, KRI and KPI parameter system, etc.). Fourth,
the project was implemented with the support of an external company that both provided the
implementation approach as well as provided the necessary training for the team and acted as

a facilitator in discussions at the plant level and ensured that the work and results of the project
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were consistent across the enterprise. In summary, the members of the project team had
education and qualifications different from those which other employees of the organisation
had. Thus, the respondents again stated that while people from outside the organisation were
not included in the project team and no training was provided for the acquisition of skills related
to the implementation of project tasks, the education and qualifications of the team members
were justified the formation of a specific subculture.

According to the respondents, the formation of the subculture was not influenced by the
figure of the project manager and the project environment. When the project manager started
the project, he had already served for several years as a department director responsible, among
others, for improving the efficiency of production. He also reported directly to the vice-
president of the management board. The appointment as the project manager involved neither
vertical nor financial advancement. His authority stemmed from his reporting directly to the
vice-president of the management board (the sponsor), as well as his recognition at production
sites as a result of previous projects. He also enjoyed the confidence of both production plant
directors and top managers. As a result, he acted as both the coordinator of the work,
the moderator and the aforementioned challenger during the content-related discussions.
The sponsor’s decisions were made following the project manager’s recommendations.
However, in the assessment of the influence of the figure of the project manager on the
formation of the project team subculture, it should be noted that according to the respondents,
the project manager’s ability to influence the project team was relatively low. He had a weaker
position in the line organisation compared to the project team members (in the rank of directors
higher up the organisational structure hierarchy) and, although the norms and values he
represented could be the basis for creating an organisational subculture, he did not strongly
influence the norms and values of the project team members.

Finally, as regards the environment, its elements were relatively stable. The project team
included the division of one of the vice-presidents of the management board. However,
throughout the project and its importance for the production processes, a group of new internal
stakeholders became active, mainly from support functions outside the production division.
This had a twofold dimension. On the one hand, it became clear that the projected changes in
production required changes and the involvement of other support functions and their
confirmation of the implementation capabilities. However, on the other hand, there was a need
to make the approach and action plan more consistent for those support functions that had
already planned and implemented their own changes independently of project implementation.
Hence, during the implementation of the project, it proved necessary to identify points of
contact with other areas of the organisation and jointly develop an action plan. Overall,
the project was characterised by the moderate uncertainty of the high complexity of the
environment (it was stable and heterogeneous — i.e., it was complex), which, according to the

respondents, was not crucial for the formation of the subculture of the project team.
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4.2. Case study 2 — a project in the consumer goods industry

The second project was carried out in the Polish branch of an international enterprise
involved in producing and promoting consumer goods, including household goods, medicines,
and personal care products. The enterprise in question has dozens of production facilities and
sells its products worldwide. The enterprise’s operations have been and continue to be highly
repetitive, dominated by mass production on automated production lines in a three-shift system.
Due to the nature of production, the implementation of projects according to a structured
approach was — at least in the Polish branch — very sporadic. The project in question consisted
of launching the production of a new type of household chemicals, which was later to be sold
on the European market. The project manager used a very general definition, schedule and
budget for the project and it can be said that his conduct was largely intuitive.

As far as the individual dimensions of culture are concerned, the project team differed from
the rest of the organisation in terms of:

e the autonomy that members of the project team had: they made their own decisions on
how to set up the production line, they conducted experiments on their own and they
learned from many mistakes;

e alower degree of formalisation of activities: the activities implemented in the project
were not regulated in any way;

e the acceptance of risk: the members of the project team took relatively high risks
because there was very little time between finding a technological solution and
implementing it in mass production. Thus, there was no question of long tests, trials,
etc. The team’s work could therefore have ended in a major failure and costly production
line downtime.

As regards the other dimensions of culture, project team members were no different from
the rest of the organisation’s workforce. First, both in the repetitive activities of the enterprise
(i.e., the production of household chemicals on production lines) and in the project,
the employees were supported by their superiors. The project manager was always available to
the project team members and they could count on his assistance. It can be said that
management’s availability to rank-and-file employees has been an enduring part of the
enterprise’s organisational culture. Second, the project team members were no different from
the rest of the organisation’s workforce in terms of identifying themselves with their work.
The work they did in the project was as important to them as the organisation they worked for.
It should be noted that the main reason for working in the manufacturing plant as well as in the
project team, according to the interviewee, was the salary received. Third, conflicts were not
accepted both inside and outside the project team. Differences of opinion were unlikely to arise
or were not communicated by the employees. The deciding vote was always given to the
supervisor — the line manager or, in the case in question, the project manager. Fourth, there was

no additional compensation for project performance. This was in accordance with the
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enterprise’s policy that employees were paid according to the enterprise’s prevailing wage
scale. There was no bonus tied to the enterprise’s performance.

As can be seen, the project team differed from the rest of the organisation in terms of three
dimensions of culture out of the possible seven dimensions. This indicates the presence of
a relatively weak project team subculture. An attempt was made to account for the weakness of
the project team subculture by analysing individual factors.

In the case of the properties of the project, the factors that foster the development of the
project team subculture were as follows:

e the innovation of the project: there were and still are more than a dozen types of similar

products in the organisation’s offer but the new product was characterised by the use of
a different component that facilitated the production process and gave the end user
a better quality of washed dishes. This was a pioneering solution as no manufacturer of
dishwasher tablets had yet used it. On this basis, it can be concluded that the project was
of platform character;

o the level of the complexity of the project: the project was an assembly project.
It was performed within a single department (the production department), with the
intensive exchange of information mainly among its employees, without administrative
staff and special paperwork or documentation. The project manager focused on costs,
quality and getting production up and running relatively quickly;

e the pace of the project: the project had to be completed quickly, within a few weeks.
Completing the project on time was essential for the enterprise’s competitiveness and
its position as a leader as no one in the market had yet offered such a solution. In Shenhar
and Dvir’s typology, it allows classifying the project as fast or competitive;

e the level of project technology: the project had a medium level of technological
uncertainty. The project team was tasked with developing a new technology for
combining existing product ingredients with a new, innovative component.
The technology was unknown and had yet to be developed during project work.

What can be regarded as the main factor conducive to the formation of the project team
subculture is the properties of the project — its innovation, pace and technological uncertainty.
According to the respondents, the project was something unique in the analysed organisation
and strongly differed from repetitive production processes. The tasks carried out in the project
required autonomy, a low degree of formalisation of activities and risk-taking, which stood in
contrast to the norms and values of the process part of the organisation.

The emergence of a specific project team subculture and its functioning in the enterprise
was attributed by the respondents secondarily to the person of the project manager. The project
manager was the quality director. This person had worked at the plant for several years and had
been in management for about two to three years. He enjoyed great authority among all the
employees. The source of this authority was mainly his personality as the quality director was

a very professional but — at the same time — a very warm and likeable person. Hence, while the
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project manager’s formal authority was high, it was coupled further with his knowledge and
experience gained within the organisation. Naturally, the duties of the project manager and
quality director had to be carried out simultaneously. However, as the respondents viewed it,
in the case of the project manager who is simultaneously “entrenched” in the line structure,
his authority is based not only on the authority he has been given to implement the project but
also on the potential power he enjoys in the line structure. Thus, he is not a “temporary” figure
for the project team members; he can often be their line supervisor and effectively seek the
resources necessary to complete the project. As a result, he not only has a more significant
impact on his subordinates than a project manager dedicated solely to project management but,
by increasing the chances of project success, he also gets people more involved in the team.

Ultimately, from the perspective of the respondents, the different norms and values in the

project team may have developed in certain isolation from the daily performance of duties
thanks to the organisational form of the project. In addition to the project manager — the quality
director, the project team consisted of the production manager, production line workers and
quality department employees — a total of fifteen people. The team, including the project
manager, was subordinate to the plant management. Thus, given its location in the
organisational structure, it might be stated that there was the project organisation in a line
structure with a separate project team (task force) to facilitate cross-functional work.

Other factors that foster the formation of the project team subculture were rated relatively

low by the respondents. This means that in the case of:

e the education and qualifications of the project team members, it should be noted that the
project team members were no different from other employees of the enterprise.
The project manager selected the most conscientious people for the team from the
production staff, who he was confident would fully commit to the project team after
their working hours. There was no project-related training in the project. Nor were
people from outside the organisation included in the project;

e the acceptance of working in a project team: the interviewees said that participation in
the project team came with additional compensation, which was the main motivator for
their involvement in the project. Project work was not perceived by anyone as
a distinction or something attractive. The team also met on Saturdays, which was quite
a burden for the employees working three shifts. The young production manager and
the quality director could be considered the people most involved in the project.
The project was challenging but they also found it interesting, allowing them to develop
their creativity, learn more about the plant and processes, expand their management
knowledge and test it in practice;

e the environment: due to the short duration of the project, it could be considered stable
and simple. During the execution of the task, not even once was the team confronted
with a change in external conditions or, for example, problems brought by new

previously unaccounted-for stakeholders.
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5. Concluding remarks

The case studies presented above have illustrated the factors that foster the formation of the
project team subculture and, based on interviews and questionnaires, allowed assessing the
importance of these factors for forming this subculture. Thus, in the first case study,
the formation of the project team subculture was fostered primarily by such factors as the
properties of the project (in particular, its pace), followed by the acceptance of working in the
project team, the education and qualifications of project team members and, ultimately,
the organisational form of the project. On the other hand, according to the respondents,
in the household chemical manufacturing project, the essential factors were the properties of
the project, the figure of the project manager and the organisational form of the project.

While the organisational structure has long been regarded as a factor that fosters the
emergence of organisational subcultures (Maanen, Barley, 1985; Trice, Beyer, 1993; Boisnier,
Chatman, 2003; Schreyogg, Geiger, 2016; Schein, 2017), project properties, according to the
respondents, seem to foster the emergence of project team subcultures to varying degrees.
The strength of the project team subculture can therefore vary as each project is a new
constellation of management challenges and the project management process cannot be reduced
to the repetition of familiar steps and procedures. Hence, as the case studies show, organisations
can have both project teams whose norms and values will be close to the organisational culture
and project teams that differ from the organisational culture in many ways.

Secondly, the research conducted indicates a possible link that exists between the authority
or power of the project manager and the presence of the project team subculture. However,
this is not just about the manager’s authority with regard to project management but the
authority he or she enjoys within the organisation. Hence, the power of any project manager is
also dependent on the support he or she obtains for the project (Prosci, 2018). In addition,
the authority of any project manager may depend on whether he or she is a line employee,
whether he or she is also a line manager in the organisation where the project is being
implemented or whether he or she comes from outside the organisation (Kaminski, 2022).
It can be assumed that the project manager, who is at the same time “entrenched” in the line
structure, whose authority is based not only on the authority he has been given to implement
the project but also on the potential power he enjoys in the line structure, will have a greater
ability to shape the subculture of the project team. This is because he is not a “temporary” figure
for the project team members; he can often be their line supervisor and effectively seek the
resources necessary for the project. As a result, not only does he have a more significant impact
on his subordinates but, by increasing the chances of project success, he also gets people more

involved in the team.
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Thirdly, while the respondents in the household chemical manufacturing project did not
attribute much importance to the issue of the acceptance of working in a project team, the heavy
industry project members attributed critical importance to it (acceptance) in forming a strong
project team subculture. Thus, it remains an open question to what extent the weak subculture
of the project team in the household chemical manufacturing project is precisely the result of
the weak acceptance of the project work by those involved.

Fourthly, as it might be assumed, the education and qualifications of project team members
should be addressed in an analogous way as a factor that contributes to the formation of a project
team subculture. Indeed, the selection of people for the project team from among the
organisation’s employees, the low diversity of the team, and the lack of training or people
coming from outside the organisation may have contributed to the weak subculture of the
household chemistry project team.

Finally, the case studies presented in this paper have not provided answers to the question
of to what extent the dynamics and complexity of the project environment are essential factors.
In both cases, the project environment was not strongly different from that of the organisation,
which contributed to the respondents’ assessment of the project in this way.

In conclusion, it should be noted that the case studies presented above have illustrated the
existence of the project team subculture. This is because in the organisations under
consideration, the norms and values in the project team differed from those found in the
organisational culture. These differences were the stronger, the stronger the shaping of the
factors favouring the emergence of the subculture of the project team was. This means that,
as might be assumed, if individual projects are unique, searching for norms and values in the
project team is more relevant than making general recommendations at the project management
subculture level or the organisational culture level, as mentioned in the introduction.
The subculture of the project team thus becomes a level of analysis that is difficult to ignore

and should be a permanent part of the study of cultural aspects of project management.
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