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INTRODUCTION

The changes taking place in Poland and the development processes undertaken are largely dependent on global
transformations, known as megatrends. Megatrends are multi-year processes occurring on a global scale that drive
wide-ranging change. These changes occur in various areas and at various levels. The document presents the results
of an analysis of the changes taking place globally, in Europe and in Poland, in social, economic, environmental and
spatial terms.

‘Megatrends affect individual spheres of life of people living in different administrative or functional areas (countries,
regions and smaller territorial units). They are shaped by diverse phenomena and processes, sometimes running in
different directions — trends. Trends are the directions in which specific phenomena are changing and are likely to
change’'. This document describes the megatrends that have the greatest impact on Poland and will continue to do
so in the future. These are:

® The emergence of a new economy;

® Technological acceleration;

® The growth of global social problems;

© Increasing pace of environmental and climate change;
® Rearrangement of space;

(® Transformation of the global order.

Depending on the needs, both current and long-term, development processes should strengthen, maintain or adapt
to changes and take advantage of opportunities arising from megatrends.

The identification of megatrends and global trends that make them up, as well as their national manifestations,
presented in this document, is based on reports by the Institute of Urban and Regional Development and the
Institute of Environmental Protection — National Research Institute, available at https://krk2050.pl/baza-
wiedzy/opracowania/. They were used as a starting point for defining the vision, scenarios and development
challenges for Poland in the perspective of 2050.

' Dziemianowicz 2023b.



MEGATREND: THE EMERGENCE OF A NEW ECONOMY

For a relatively long time, the structure of the global economy, distribution of its centres and the relationship
between them remained largely unchanged. As recently as the 1970s, a concept known as the triad, comprising
economies that were key from a global perspective and whose strength lay in capital flows in the form of foreign
direct investment: the US, EU countries and Japan, was considered relevant. Later, economists also pointed to the
importance of the BRIC group (Brazil, Russia, India and China). Today, despite the passing of time, the US remains
the world's largest economy, increasing its lead over the European Union in recent years. In 2022, eight European
countries were among the 20 largest economies in the world. However, the situation is much more dynamic than
it used to be. Economic centres of gravity are shifting, as illustrated by the fact that only three of the 20 fastest-
growing economies in the world are European.

It is not only changes in the geographical distribution of global economic centres that are influencing the
transformationof the traditional economic structure. The shape of today's economy is significantly influenced also
by its technological transformation. Disruptive technologies such as Artificial Intelligence and the processes of
robotisation, digitisation and automation of work have significant economic and social consequences. Due to the
pace and nature of change, technological and energy transformation around the world, indicators of quality of life
other than GDP or complementary to it are gaining in importance. One more process is also gaining importance —
the energy transition. Current trends influencing the shape of the economy at the national level, such as the
aforementioned robotisation, digitisation and automation of work, are resulting in a shift away from the traditional
economy. However, this process does not mean a decline in energy demand; in fact, it may be associated with
increasing consumption in the future. This will lead to further development of technologies related to increasing
energy efficiency and its so-called clean origin. The acceleration of the economy's absorption capacity and demand
for such solutions will be the result of the ongoing debate and measures taken to mitigate climate change. At the
same time, energy turbulence in the economy prompts reflection on how the economic transition will affect the
competitiveness of individual countries and changes in economic relations between them, as exemplified by the
difficulties in the energy market following Russia's aggression against Ukraine and the conflict in the Middle East.
Changes in supply chains are also among the significant changes affecting the shape of the modern economy. The
importance of this issue has been highlighted by recent developments related to the COVID-19 pandemic. Attention
has begun to focus on the need to build supply chains with a limited geographical reach, which makes producers
and consumers more resilient to external fluctuations and increases the stability of their operations. Although
developed countries have been relocating their corporate subsidiaries to countries with lower production costs for
many years, the demand for building local chains is gaining momentum. Shortening supply chains and regionalising
them provides an opportunity to strengthen the importance of Poland and the Polish economy on the international
arena, as well as to increase the activity of Polish exporters ready to compete in the field of innovation on a global
scale.

Trends contributing to the megatrend:

Increasing competition in the area of innovation;
Advancing digitalisation of the economy;

IONONO]

Growing automation of work and flexibility of employment;

©®

Energy transition;

©®

Clash between globalism and localism;

©®

Transformation of agriculture caused by climate change, technological changes, and new consumption patterns.

INCREASING COMPETITION IN THE AREA OF INNOVATION

Poland will be significantly affected by the global trend associated with intensifying global competition in the area of
innovation. Expenditure on research and development (R&D) is growing globally, especially in highly developed
countries. Asian countries, mainly China, are playing an increasingly important role in the creation of innovation. To
benefit from an innovative economy, Poland must participate effectively in competition. Over the past 10 years,

2 World Economic Outlook 2024, International Monetary Fund, 2024.
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there have been no significant changes in Poland's position in the innovation ranking. Globally, Poland ranks 41st.
Among the regions with the highest incomes, it ranks 36th, and in Europe alone, 26th. Building a position as an
important player among innovation providers requires systemic actions and high expenditures. The level of
innovation, both in terms of R&D expenditure and innovation potential, varies greatly across Polish regions.

Table |. Global Innovation Index for Poland in 201 1-2024

| 2011 2017 2021 yiyy) 2023 2024 |
Score (GlI) 38.02 41.99 39.95 37.5 37.7 37.0
Poland globally 43 38 40 38 41 40
Poland in Europe 28 25 27 24 26 25

Source: The Global Innovation Index (GlII) report (2011, 2017, 2021, 2022, 2023, 2024)
The openness of Poles to projects with an innovative approach and risk represents potential that can be exploited
in the development of an innovative economy, including the development of social innovation. It is important not
only to increase funding for such activities, but above all to involve as many people as possible.

Projected trend effects in Poland:

(© Domestic innovation leaders will require systemic support as they face increasing competitive pressure from
foreign entities. Ensuring the competitiveness of domestic innovators will also require systemic strengthening
of links between business and science. Growing pressure and competition in the field of innovation will also
create a difficult market situation for low-level entities. Innovation that reduces the demand for human labour,
and thus increases its price, may cause some entities that base their competitiveness on cheap labour to move
their businesses outside Poland.

®  In environmental terms, the most significant consequence of the increase in the level and pressure for innovation
in the economy may be the rapid development of pro-environmental technologies, the application of which may
translate into a reduction in anthropogenic pressure on the natural environment. In addition, the country's level
of competitiveness and self-sufficiency may increase.

(® The increasing use of technology in the economy and everyday life will also translate into changes in the Polish
space. For some groups of activities, traditional economic location factors such as distance from the market
will lose importance. Key factors are becoming, among others, access to information and communication
technologies (ICTs), in particular telecommunications infrastructure, without which it is impossible for modern
businesses to function, and to affordable, stable and clean energy.

® Living spaces will also change, thanks to the further development of intelligent systems using modern real-time
technology or satellite data. Smart cities and smart villages will develop nationwide. The development of smart
spaces will be fastest in large cities, with the greatest potential for creating and absorbing this type of innovation.
This can be achieved through public-private partnership (PPP) investments as an instrument to support
innovation. PPP projects are an essential part of public investment, and this formula is successfully used to
support innovative activities.

© In the approach to education, the dynamic development of innovation and technological progress will need to
be considered. Adapting the education system to changes in the labour market and everyday life will require an
increased emphasis on digital skills and creativity. Higher education and science will also be oriented towards
closer cooperation with the economic sector in order to best support the innovation creation and
implementation chains. An institutional and more structured approach will also require social policies that
provide access to innovative technologies.

ADVANCING DIGITALISATION OF THE ECONOMY

The progress of digitisation in the global economy is evidenced, among other indicators, by the fact that the share
of ICT companies in total global exports is growing year on year. In 2022, it was valued at USD 971 billion, with as
much as USD 389 billion coming from EU economies. The digitalisation process will gradually deepen the impact of
global trends on the Polish economy. The competitiveness of Poland's economy will depend on its level of
digitalisation and the ability to create its own internationally competitive entities, as well as the ability to create
demand for innovation. At the moment, Poland's economy is characterised by a relatively low level of digitalisation



(out of 27 EU countries, Poland ranks 24th in terms of the summary index®). However, the dynamics of this process

are strong both on a European and global scale.

Figure I: Digital Economy and Society Index (DESI 2022)
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Source: Digital Economy and Society Index (DESI) for 2022.

Projected trend effects in Poland:

®

The digitalisation of the economy will increase the pressure to improve the digital competences of society
throughout life. It will also be important to develop people's ability to work with Artificial Intelligence and other
digital technologies that are increasingly present in our lives. Digitalisation may also affect social relationships,
which may be largely transferred to the virtual world.

In light of the economic situation, this trend will undoubtedly contribute to the further growth of ICT companies
in the Polish economy. Digital businesses will become an increasingly attractive place to work and will attract
greater interest on the market. A highly digitalised economy, thanks to its detachment from material resources,
may be more resistant to various types of tensions and fluctuations and may be a guarantor of economic security
(however, it should be remembered that digital activities also require a raw material base, e.g, silicon and rare
earth elements). On the other hand, however, a high level of digitisation will increase cyber threats to the
economy and give rise to new types of threats.

In environmental terms, digitalisation, like the increase in innovation described earlier, can translate into a
reduction in the negative environmental impact of the economy. However, this result can only be achieved if
the digital economy will be based on eco-innovation.

Digitalisation, like the development of innovation, will increase the importance of access to telecommunications
infrastructure as one of the key factors in the location of economic activity. This process provides an
opportunity to reduce economic disparities in spatial terms. However, this will require access to internet
connections of an appropriate quality.

In institutional terms, the education system will need to be transformed, with greater emphasis placed on human
interaction with Artificial Intelligence. Existing and new public e-services will also continue to develop, enabling
more and more administrative matters to be dealt with from home. Digitalisation also offers potential for the
development of e-democracy, which can help to increase social engagement and participation.

INCREASING AUTOMATION OF WORK AND FLEXIBILITY OF EMPLOYMENT

The labour market is currently undergoing a strong transformation as a result of its automation and digitalisation.

These processes are leading to job losses, the development of professions that can only be performed by humans,

and the emergence of new occupations. Poland is among the countries that will be strongly affected by the

3 International Digital Economy and Society Index.




automation of work: according to analyses, up to one in three jobs in Poland may be automated (approx. 33% of
jobs may be automated by 2030%). Polish agriculture may be significantly affected by this process, which will translate
into changes in rural areas. At the same time, Poles are open to hybrid and online working (77% of respondents
indicate hybrid working as a desirable type of work?), which may facilitate the development of flexible working. The
potential for automation and digitalisation varies greatly across sectors, which means that the effects and responses
to these processes will differ significantly between sectors.

Projected trend effects in Poland:

© In social terms, this trend may cause an increase in social tensions and concerns, especially among groups at
risk of losing routine jobs. This may also translate into regional differences in these concerns (e.g., greater
intensity in agricultural areas). The development of automation will also lead to changes in human-machine
relations and the emergence of completely new types of relations (e.g., communicating with technical devices
using thoughts or the implantation of electronic components into the human body). In combination with flexible
forms of employment, this may reduce people's privacy due to enhanced control within flexible employment.
Remote working will increase the freedom to choose where to live, which in turn will affect the tax system.
Meanwhile, intensified relations between humans and technology may lead to professional burnout and mental
health problems.

®  Economically, these processes have the most serious consequences for the traditional professions. This is linked
to the competitive model they follow, based on low costs and low skills. At the same time, companies involved
in the automation process itself and providing it to other entities will gain significant potential and development
opportunities. Digitisation will also give companies access to new markets, and employees — due to the
development of Al and the decreasing importance of language skills — will gain greater access to international
labour markets.

© Due to the ongoing automation of work and increasing flexibility of employment, the structure of land use may
change (reduced demand for land by companies), which provides an opportunity to strengthen the green
infrastructure network in the country. By using clean energy solutions in automation and new forms of
employment, it is also possible to reduce anthropogenic pressure on the environment.

(® The impact of these trends may also mean that ensuring access to high-quality internet and ICT infrastructure
will become one of the most important factors shaping spatial processes.

© In institutional terms, new forms of employment and the replacement of some human labour with machines
will require adjustments to social security policies, labour law reforms and changes to the education system to
adapt it to the needs of a changing labour market.

ENERGY TRANSITION

Measures to ensure energy security for countries and reduce the negative impact of energy production on the
climate and environment are being taken at global, regional and local levels. Work is constantly underway to make
more effective use of renewable energy sources (RES), develop nuclear energy and other new sources of energy
generation, and create an electricity system adapted to the increased share of RES and nuclear energy. Energy
resources remain a key strategic resource. Among European countries, Poland ranks at the bottom in terms of the
use of RES in energy production (in 2021, Poland ranked seventh from the end among EU countries in terms of the
share of RES in the energy mix), while at the same time exceeding the European average in terms of the dynamics
of this process — during the last 10 years, Poland has been among the 10 EU countries with the highest growth in
RES capacity. In contrast, Poland does not currently have nuclear power in its energy mix, but according to the
Polish nuclear energy programme, it is planning to build nuclear power plants with a capacity of approximately 6
GWe to approximately 9 GWe. As is the case worldwide, electricity consumption and demand are also growing in
Poland. However, this growth is relatively slow. Poland's average energy demand per capita in 2010-2020 ranked
the country 29th out of 35 European countries®. In the long term, it is important to consider how the diversity of
energy sources in Poland will develop and what share of total energy consumption will be generated domestically.

* Will robots really steal our jobs? An international analysis of the potential long term impact of automation 2018, cited in: Jurkiewicz et al. 2023.
5 The future of the labour market. The Polish perspective. PwC survey Upskilling Hopes & Fears 2021, 2021, as cited in: Jurkiewicz et al. 2023.
“Jurkiewicz et al. 2023 based on Eurostat data.
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Transmission lines and distribution networks will undergo further modifications and modernisation, due to, among
other factors, the increasing diversification and dispersion of energy sources and the wider use of alternative
sources, as well as nuclear energy. In terms of investments in energy transition, public-private partnerships (PPP)
offer potential for investments in this area. The involvement of private capital to finance investments, the
optimisation of investment costs versus maintenance costs, the use of new technologies and the experience of
specialised entities, as well as the sharing of risk between the parties to the agreement, make PPP a more effective
form of investment than the traditional model. Achieving energy and economic benefits through PPP projects is
even more significant in view of the deteriorating financial condition of local governments and rising energy prices.
PPP may be the answer to the need of increasing investment in renewable energy sources and improving the energy
efficiency of urban infrastructure. It can also have a significant impact on urban development, including improving
the energy efficiency of buildings, the development of electromobility and smart technologies or the spread of blue-

green infrastructure.

Figure 2: Share of renewable energy sources in the energy balance [%] in 2022.
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Source: own elaboration based on Eurostat data
Projected trend effects in Poland:

(® The energy transition is largely linked to raising environmental awareness among the public. It can be assumed
that as it accelerates, this awareness will continue to grow. At the same time, various restrictions related to
the energy transition may reduce the energy security of Polish citizens. The closure of mines and the move
away from traditional energy sources may cause social unrest. On the other hand, the change may translate
into greater openness of Polish society to new energy sources and the demonopolisation of the energy market.

® From an economic point of view, the energy transition will shake up the positions of the current leaders on the
energy market, including a large number of state-owned companies. Simultaneously, the importance of
prosumer production and its share in the energy market will increase. This process, together with the
increasingly widespread use of RES and the development of nuclear energy, may lead to a decrease in energy
production costs in the future.

© A further increase in the share of renewable energy sources, nuclear energy and new sources in energy
production will translate into an increase in the share of clean energy in the overall market, and thus a reduction
in the negative impact of the energy sector on the climate and the environment. In addition, there will be a
further, intensified release of some of the land previously used by the energy industry (e.g., mining areas),
allowing it to be reclaimed and renaturalised. This also provides an opportunity to strengthen the green
infrastructure elements or other functions of these areas.

®  The transformation of the energy sector will also have spatial consequences. The increased number of energy
sources, together with the development of prosumer energy, will lead to the emergence of an increasing
number of energy-generating installations, including in areas where this function has not been performed before.
New energy storage facilities will also require new land. However, some of the areas previously used by the



energy sector will be released from their current use (e.g., coal mines) due to the cessation of their operation.
They will be able to serve as a land reserve for new types of development.

(®  Public institutions will be forced to adapt the law to the realities of the new energy sector. It should facilitate
the use of new energy sources and the development of prosumer energy, using efficient energy storage facilities.
Energy policy will also be one of the important elements in ensuring state security.

THE CLASH BETWEEN GLOBALISM AND LOCALISM

The modern, globalised world creates a network of interconnections. This has been confirmed by the COVID-19
pandemic and the war in Ukraine, revealing the difficulties of the economy functioning in conditions of international
crises. As a result, the demand for shorter supply chains is becoming increasingly popular. However, experts are
divided about the direction of their development — there is talk of both their likely shortening and the possibility of
further increasing their range, which may be caused, among other things, by the ever-growing level of global
consumption. Poland is integrated into the global economy mainly through its largest cities and companies (according
to the synthetic globalization index, it ranks 28th globally in this respect, significantly below the EU average’). This
deepens the already visible spatial polarisation of the country—capital is located in places with developed socio-
economic functions, where links with the global economy already exist, which further increases stratification. In
addition, Poland continues to be among the countries where foreign investment exceeds the sum of domestic
companies' investments abroad (in terms of outward investment, Poland is one of the least active countries in the
Community®). But the negative effects can be offset by the growing importance of local economic factors for doing
business. It may result in greater specialisation of individual regions and reduce development differences between

them.
Figure 3: Globalisation index in Europe in 2023.
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Source: own elaboration based on Statista data.
Projected trend effects in Poland:

®  The shift in economic centres of gravity, mainly due to the growing power of Asia, particularly China and India,
will lead to an increase in the importance and spread of cultural patterns that differ from those currently
dominant in culture and the economy. This may contribute to the polarisation of society. At the same time,
local communities and social capital will be strengthened at the local level in response to the standardisation of
cultural patterns as a result of globalisation.

© In economic terms, the competitiveness of Polish companies will increasingly depend on their participation in
international relations. Competition between Polish municipalities and regions to attract foreign capital will
continue to increase. Investments by Polish companies outside the country will also grow.

7 Gygli et al. 2019 [in:] Jurkiewicz et al. 2023.
8urkiewicz et al. 2023 based on Eurostat data.



(® The quality of the environment as a factor in the location of economic activity will also gain in importance.
Companies operating increasingly independently of material resources and transport costs will seek liveable
locations for their employees.

(® The increasing importance of international links will lead to further spatial polarisation, coinciding with the key
location factors for today's economic activity. The most attractive areas for business will be metropolitan areas,
where most of these factors are present. On the other hand, small urban centres will also develop, based on
the use of local characteristics and a high quality of life compared to metropolitan areas, at significantly lower
costs.

© In an increasingly globalised world, the role of the state and state institutions in supporting the position of
Poland and Polish companies on the international arena will be important. Maintaining and strengthening
strategic partnerships with other countries and Poland's participation in international organisations will also be
crucial.

TRANSFORMATION OF AGRICULTURE CAUSED BY CLIMATE CHANGE,
TECHNOLOGICAL ADVANCES AND NEW CONSUMPTION PATTERNS

Agriculture is a sector that has undergone significant changes worldwide in recent times. Two trends have had a
particularly strong impact on these changes. The first is climate change. This can lead to reduced agricultural
productivity, the exclusion of certain areas from cultivation and other negative effects, which may translate into a
decline in food security. The second trend, which has more positive consequences for agriculture, is its technological
development. This can help to offset the negative consequences of climate change, while supporting efforts to stop
these changes. Polish rural areas are characterised by a lower level of development compared to the rest of the
country, which may negatively affect their ability to absorb new technological solutions. At the same time, Poland is
a significant food producer on a continental scale, which increases the importance of adapting agriculture to climate
change as a key sector of the economy. Without active involvement in innovation, Poland's position as a major
European food producer may be undermined. The situation of agriculture also varies greatly from region to region,
particularly in terms of farm structure, type of production, but also in terms of the share of organic farming. Poland
has one of the highest shares of farms run by natural persons in the total number of farms (99.4% in 2020). At the
same time, between 2010 and 2020, the decline in this indicator was one of the lowest in Europe (0.3 pp.). In a few
European countries (including Norway, Austria and Switzerland), there was an increase in the share of farms run by
natural persons in the total number of farms during this period, but this was accompanied by significant declines in
the total number of farms in these countries.

Projected trend effects in Poland:

© Due to, among other factors, increasing environmental awareness among the public as well as people's
attachment to local values, support for national and local agricultural production will grow. There will also be
increasing social pressure to shorten supply chains in agricultural production (from farm to fork) and to increase
access to local products. Environmental awareness will also increase public openness to cellular food
production’.

(®  Agricultural production will increase its efficiency thanks to bioengineering and pro-environmental solutions.
However, at the same time, employment in agriculture will decline as the demand for labour in this sector
decreases. New types of agricultural activity will emerge (e.g., the aforementioned cellular food or the growing
importance of insect protein) as well as new types of agricultural production organisations (e.g., the spread of
clusters or agricultural cooperatives). Production in shortened supply chains will also be better adapted to the
individual characteristics and needs of consumers located close to the place of production.

® Reduction in the area of land used for agriculture may contribute to strengthening green infrastructure and
protecting the climate and the environment.

% Cellular agriculture focuses on producing agricultural products from cell cultures using biotechnology, tissue engineering, molecular biology
and synthetic biology to create and design new methods of producing proteins, fats and tissues that would otherwise come from traditional
agriculture.
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© Development of modern agriculture, including regenerative agriculture, can have a positive impact on the
environment. Rational water management solutions, including those improving water availability, such as water
retention on farms, will also play an important role.

Regional variations in megatrends:

Development trends, like any phenomenon that occurs and affects space, vary spatially and can have different

intensities in different places. Megatrends are highly complex issues, which makes them difficult to illustrate using

simple statistical indicators. But they do illustrate how different the situation in a given area can be in different

regions of the country. Three indicators, described below, were used to illustrate regional differences in the

megatrend for the evolution of the new economy.

Map |: Share of organic farms in total agricultural area in 2020.
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The first indicator is the share of organic farms in the total agricultural area. The percentage of organic farms in the
regions ranges from less than 1% in the central and southern voivodships of Poland to over 8% in
Zachodniopomorskie (Western Pomerania). The highest share of organic farms can be found in the north-eastern
(Podlaskie (Podlachia) and Warminsko-Mazurskie (Warmia-Masuria)) and north-western (Lubuskie (Lubusz) and
Zachodniopomorskie) regions of the country.



Map 2: Share of renewable energy in total electricity generation in 202 1.
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The second indicator reflecting pro-environmental changes in the economy is the share of renewable energy sources
in total energy production. This issue varies more significantly between regions. The phenomenon differs between
north and south, with northern regions characterised by a high share of RES (from 40% to 90%), while in southern
(below 20%) and central (below 10%) regions this share is significantlylower. Such a division is even visible in the
macro-region of Eastern Poland, where the Podkarpackie (Lower Carpathia) Voivodship (the southernmost of the
macro-region) has a significantly lower share of RES in energy production than the other voivodships of Eastern
Poland.



Map 3: Economic entities with foreign capital per 10,000 inhabitants in 202 1.
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Podmioty na 10000 mieszkancow: Entities per 10,000 inhabitants:

The number of companies with foreign capital per 10,000 inhabitants is an indicator that reflects, to some extent,
the international economic links of voivodships. In this case, there is a clear division of the country into the east,
with a low share of foreign capital, and the west, with a significantly higher level of foreign capital. The entire macro-
region of Eastern Poland is characterised by low values of this indicator. At the same time, the Mazowieckie
(Mazovia) Voivodship, which, excluding the statistical region of Warsaw, is also part of Eastern Poland, has the
highest level of this indicator in the country, more than twice that of the Dolnoslaskie (Lower Silesia) Voivodship,
which ranks second in this respect.



MEGATREND: TECHNOLOGICAL ACCELERATION

Technological progress and innovation have long been an important element in building the competitive position of
countries and regions. This is particularly evident in the case of knowledge-based economic entities, which are
strongly linked to innovation and new technologies. In recent years, these trends have become even more significant.
The current dynamics of such phenomena are described as turbo-acceleration and technological convergence'’.
Technological changes are important not only because of their rapid pace, but also because of their multidimensional
impact on other phenomena. Technological acceleration is identified by many experts and institutions as the main
factor in social, economic, environmental and spatial processes.

One manifestation of technological acceleration is the spread of the Internet of Things (simplified as a system of
electronic devices that can automatically communicate and exchange data via a network without human
intervention'') and increasingly advanced Atrtificial Intelligence. In terms of market size for the Internet of Things,
Europe lags behind Asia and America, but forecasts predict its dynamic growth in the coming years. The estimated
growth of the Internet of Things market in Poland in 2024 (compared to 2023) will reach nearly $200 billion'%
Among the technologies that make up the Internet of Things, the fastest growing and currently most popular is the
smart home"*. This points to the need to educate the public about the technological changes taking place. The pace
of change also make it difficult to adapt new legal regulations to them.

Figure 4: Percentage of companies that used at least one Al technology in 2023.
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Source: own elaboration based on Eurostat data

Another trend that is important from the point of view of technological transformation is the growing importance
of biotechnology. As with the Internet of Things and Artificial Intelligence, the development of biotechnology has
multiple implications. Innovations in this area can have positive effects, such as increased agricultural productivity,
more effective nature conservation and advances in medicine. Uncontrolled activities in this area can pose serious
risks related to the accidental creation of dangerous pathogens or unregulated research. Misuse of biotechnology
development also poses a military threat. The COVID-19 pandemic has highlighted the need for biotechnology
development, pointing to the importance of public support for this sector.

The third key issue for technological acceleration is the growing threat of cyberattacks. Tensions and disputes in
global geopolitics mean that cybersecurity is becoming a priority from the point of view of state and citizen security.
Globally, there has been a significant annual increase in the number of cybercrimes and incidents related to cyber
threats. With the ever-increasing activity of humans and Artificial Intelligence on the internet and the transfer of

1% Diamandis, Kotler, 2021, as cited in: Dziemianowicz 2023a.
' According to the loT definition.

2 Statista Market Insights, 2024.
13 Smart home. Smart cities. Smart world. Development of the Internet of Things (IoT), 2020, as cited in: Yurkiewicz, Dziemianowicz, 2023.
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more and more aspects of life to the virtual world, it can be anticipated that the number of incidents compromising
cybersecurity will also continue to grow.

Trends contributing to the megatrend:

© Increasingly widespread Internet of Things and increasingly advanced Artificial Intelligence;
® Growing importance of biotechnology;

(® Growing importance of cybersecurity.

INCREASINGLY WIDESPREAD INTERNET OF THINGS AND INCREASINGLY
ADVANCED ARTIFICIAL INTELLIGENCE

Europe, together with North America and Asia, forms the largest market for the Internet of Things, but the situation
in these regions varies internally. Poland and Eastern Europe currently rank low in terms of companies using the
Internet of Things on a continental scale. However, forecasts indicate dynamic growth of this technology in our
region, which will place Poland in the top ten European countries with the highest number of Internet of Things
connections within a few years'*.

In Poland, the projected growth in the use of the Internet of Things in 2023 was 24%'>. The most popular type of this
technology now used in the country is smart home. People often use it without being aware of it, which is why it is
important to raise the technological knowledge and competence of the population. It is also important to adapt
legal regulations to the dynamic changes taking place.

When it comes to Artificial Intelligence, Poland ranks low in terms of its use in Europe. Only 3% of Polish companies
use Artificial Intelligence in their operations, while the EU average is 8%'¢. However, it should be noted that in
terms of the number of Artificial Intelligence specialists, Poland ranks first in Central and Eastern Europe'’. The
situation also varies greatly within the country, with a high concentration of Al specialists in several regions,
particularly in the largest urban centres (over 75% of Al specialists work in five Polish cities)'®.

Technological progress is a very dynamic phenomenon, and at the same time, this change is exponential in nature.
Combined with the current convergence of technologies, this means that the effects of this process will have a
strong and widespread impact.

Projected trend effects in Poland:

(® Possible increasing polarization of society due to relatively low digital skills and lack of technological awareness
among part of the population, combined with the transfer of more and more activities to the virtual world.

(® Progressive transfer of the economy to the digital world. These transformations will be associated with radical
changes in the labour market. Competition between companies will also change — it will focus on technological
competition.

©  In environmental terms, the use of the Internet of Things and Artificial Intelligence will increase the effectiveness
of environmental protection thanks to the development of modern tools (e.g., solutions for real-time
environmental monitoring or spatial analysis of environmental data).

(® Changes in space and its perception. With more and more activities moving to the virtual world, physical space
may lose its significance in some areas. The criteria for evaluating space may also change — its potential for
hyperconnectivity will be assessed, which may gain in importance in relation to physical connectivity. At the
same time, these changes may help to reduce spatial disparities in development by making them partially
independent of spatial determinants of development.

© Development of public e-services, which may improve their accessibility in places that have been marginalised
in this respect. At the same time, the development of public services provided virtually will increase the threat
to cybersecurity and put pressure on the introduction of solutions to ensure it. At the institutional level,
Artificial Intelligence can be used in decision-making processes. This will also transform the legal system so that
it can use Al while protecting against its misuse.

'* Top 10 loT-Connected Countries In Europe 2025 (GMSA data), 2021, as cited in: Jurkiewicz, Dziemianowicz 2023a.

1> Smart home. Smart cities. Smart world. Development of the Internet of Things (IoT), 2020, as cited in: Yurkiewicz, Dziemianowicz, 2023a.
16 Yurkiewicz, Dziemianowicz 2023a based on Eurostat data for 2021.

7 Jurkiewicz, Dziemianowicz 2023a based on Eurostat data.

'® Artificial intelligence in Poland — competences of Al experts, 2020 as cited in: Yurkevich, Dziemianowicz 2023a.
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GROWING IMPORTANCE OF BIOTECHNOLOGY

Biotechnology is currently a widely discussed topic due to its dynamic development and multidimensional links with
other processes and phenomena. It offers real opportunities to improve public health, develop agriculture (especially
organic farming) and protect the environment and adapt to climate change more effectively. At the same time, this
development carries risks related to e.g., accidental creation of dangerous pathogens, uncontrolled and unregulated
work of biologists. Biotechnology can also be used for military purposes, which highlights the importance of ensuring
an adequate level of security in this area. The significance of biotechnology and its position in public debate in recent
years has been greatly enhanced by the global experience of the COVID-19 pandemic.

Poland is following global trends, but due to the relatively low level of innovation in its economy, Poland remains
outside the group of leading countries. There are many indications that the changes taking place in the country will
be in line with global ones, but their intensity and scale will be smaller. The importance of biotechnology in the
Polish economy and its potential for further growth is also evidenced by the fact that it is one of the National Smart
Specialisations.

Figure 5: Ranking of biotechnology innovation rankings
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Source: own elaboration based on data from Global Biotechnology Innovation Rankings

Among the countries surveyed in terms of biotechnology innovation, Poland ranks 36th out of 54 countries. At the
same time, Polish biotechnology companies are characterised by relatively high productivity and production
intensity'’.

The dynamics of development of domestic biotechnology companies vary depending on the type of entity. Over the
last decade, there has been a clear increase in expenditure on biotechnology in the private sector, while the value
has remained at a similar level in public research institutions?’. As a result, the differences between the sectors are
becoming more pronounced every year.

Projected trend effects in Poland:

® An increase in average life expectancy and an improvement in the overall level of public health. Simultaneously,
social polarisation related to unequal access to new technologies may intensify. Ethical dilemmas (already
present) may also arise in relation to new medical practices.

© Dynamic development of economic entities operating in the field of biotechnology. It should be assumed that a
prerequisite for this development will be high-quality back-up in the R&D sector, especially human resources.
The agricultural sector will also develop as a result of the emergence of new solutions for agriculture and
further increases in its productivity.

'° Global Biotechnology Innovation Rankings, (n.d.), as cited in: Jurkiewicz, Dziemianowicz 2023a.
2 Jurkiewicz, Dziemianowicz 2023a based on data from Statistics Poland (Local Data Bank).
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(© Development of biotechnology law. These changes will be necessary due to the need to ensure the safety of
research and protect society from the possible negative use of biotechnology. Further development in this field
will also strengthen the links between the scientific and private sectors.

® Increased effectiveness and efficiency of environmental protection, which will be possible thanks to new
biotechnological solutions.

©® New forms of land use and the addition of new functions, e.g. in the form of urban agriculture, as well as the
improvement of land used in its current form, including through the revitalisation of parts of agricultural and
green areas.

GROWING IMPORTANCE OF CYBERSECURITY

The year-on-year increase in people's activity in the virtual world and the impact of technological development on
all areas of life, including education, health and transport safety, mean that ensuring cybersecurity is becoming an
important issue from the perspective of the functioning of societies.

In Poland, within just two years, the number of incidents increased by nearly 180% in 2020, reaching over 10,0007,
In 2021, this number increased by another 182% compared to 2020. The number of cybercrimes recorded by the
police since 2016 has increased by over 56% and amounted to nearly 55,000 in 2020%2 The number of cybercrime
reports increased by almost 178% in 2022 compared to 2021|. The situation varies on a global and European scale.
Poland ranks 22nd among the 108 countries included in the international study and is among the countries with a
relatively high level of cybersecurity?’. On a European scale, the countries in the eastern and south-eastern parts of
the continent are in the worst situation. The number of incidents also varies by sector. In Poland in 2020, the highest
number of reports came from the media sector?*,

Technological development also has many negative effects (including digital exclusion), which is why developing the
digital skills of society is an important aspect of technological progress.

Projected trend effects in Poland:

©® A possible decline in public trust in ICT, which may lead to increased social unrest and tensions. At the same
time, public awareness of cyber threats will increase, although it can be assumed that this increase will be
uneven and may lead to deeper social polarisation. Multidimensional cyberattacks may cut off or limit public
access to public services.

® In economic terms, the most significant factor will be a further increase in the number of ICT incidents. The
private sector is likely to raise its expenditure on cybersecurity, which will increase the operating costs of
businesses and may have an impact on prices. But at the same time, this expenditure will stimulate the
development of the ICT sector, which may translate into its further dynamic growth.

® The public sector will also increase investments in the cybersecurity of its institutions. At the same time, these
issues will find their place in the education system and will lead to a redefinition of military security and the
search for new ways to ensure it.

©® There may be threats to the environment associated with new types of hybrid attacks, such as the release of
substances hazardous to human, animal and plant health and life into the environment (e.g., from scientific
laboratories).

®  From a spatial point of view, the regions most vulnerable to cyberattacks and their effects will be those where
strategic and modern infrastructure (e.g., transmission network components) and facilities (e.g., communication
hubs) are located.

Regional diversity of the megatrend:

To illustrate regional diversity in the area of the Technological Acceleration megatrend, two indicators were used:
the distribution of Al specialists in individual regions and the percentage of people using e-government services.

2! Computer Emergency Response Team .

22 Kucharczyk 2021 as cited in: Jurkiewicz, Dziemianowicz 2023a.

2 Cybersecurity Exposure Index (CEI) 2020, 2020, as cited in: Jurkiewicz, Dziemianowicz 2023a.

2 Over 10,000 cybersecurity incidents in 2020, 2021 as cited in: Jurkiewicz, Dziemianowicz 2023a.
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Map 4: Distribution of Al specialists across regions in 2021
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Source: own elaboration based on data from the State of Polish Al report by the Digital Poland Foundation.
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There are significant differences in the distribution of Al specialists across individual voivodships. In most of the
voivodships, their percentage is very low — |0 out of 16 regions account for between 0.2% and 3% of all national
specialists in this field. The remaining regions are characterised by a few times, and sometimes more than a dozen
times, higher values of this indicator (from 8% of specialists in the Pomorskie (Pomerania) Voivodship to 42% in the
Mazowieckie (Mazovia) Voivodship). The largest concentrations of national Al specialists can be found in regions
where the largest urban centres are located (Warszawa, Krakéw, Gdansk, Wroctaw, Katowice, Poznan).



Map 5: Residents using the internet to interact with public administration.
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Source: own elaboration based on data from GUS Domain Knowledge Base
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Odsetek mieszkancow: Percentage of residents:

The percentage of residents using the internet to interact with public administration is much less varied. It ranges
from 78% in the Swigtokrzyskie (Holy Cross) Voivodship to 91.8% in the Mazowieckie (Mazovia) Voivodship).
Despite the differences, this percentage can be considered high in all regions.



MEGATREND: THE GROWTH OF GLOBAL SOCIAL PROBLEMS

This megatrend consists of many diverse and interrelated phenomena. On the one hand, we are seeing an increase
in the world's population, while on the other hand, the populations of Europe and Poland are declining, and
demographic forecasts indicate a further decline in this area. In addition, there is the phenomenon of ageing societies
and the associated demographic gap, which have a significant impact on the economic models of individual countries
(e.g., expenditure on healthcare and long-term care, and changes in pension systems). Furthermore, the projected
increase in life expectancy, together with new technologies and biotechnologies, is contributing to the exacerbation
of this phenomenon.

Parallel to this megatrend, there has been an intensification of migration processes (climate change, armed conflicts,
poverty and hunger), as well as an increase in social inequality affecting various social groups. Another segment of
the megatrend is the development of new primary and secondary education, which will be shaped by various global
trends (e.g., technological), the expectations of parents and students, and the needs of a rapidly changing labour
market (including the emergence of previously non-existent professions).

Trends contributing to the megatrend:

Demographic uncertainty;

An increasingly nomadic world;

Growing social inequality;

Developing demand for new forms and fields of learning.

(ONORONO)

DEMOGRAPHIC UNCERTAINTY

The world's population is steadily growing. Over the last decade, it has increased by more than 800 million people.
Demographic forecasts indicate that this upward trend will continue. By 2050, the population is expected to reach
nearly 9.7 billion. African countries will see the largest increase. In other parts of the globe, however, a decline will
be observed. The highest one will occur in most countries of Central, Southern and South-Eastern Europe. Poland
ranks close to the group of 20 countries with the highest decline in the index (in 403rd place)®.

2 Jurkiewicz, Dziemianowicz 2023c based on World Bank databases.
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Map 6: Population in 2020 and projected population change between 2020 and 2050
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An analysis of data from World Population Prospects 2019 published by the UN and Statistics Poland (GUS) shows
that a decline in population is projected across Europe between 2020 and 2050. However, regional population
trends vary significantly. In Western and Northern Europe, there is a significant proportion of regions where the
population will grow (mainly as a result of migration). The largest decline will occur in Central and Eastern European
countries, including Poland (all regions except for the Warsaw metropolitan area).

According to data from Statistics Poland (GUS) and Eurostat, Poland is currently on the early stage of a fairly
dynamic process of depopulation. Between 2010 and 2020, the population of Poland decreased by 264,900 (-0.7%).
This trend is also confirmed by data from subsequent years — between 2010 and 2023, the population of Poland
decreased by 2.3%. The decline in the country's population will continue and intensify in the coming years, as
indicated by even the most optimistic demographic forecasts. The most pessimistic forecasts by GUS estimate the
population of Poland in 2060 at around 26.7 million (a decline of over 40%), while according to the UN, this figure
will reach 30.7 million by 2050 (a decline of nearly 20% over the next 30 years). Poland is projected to be one of
the fastest depopulating countries in the European Union.
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Map 7: Change in the number of inhabitants in Poland at the municipal level in 2010-2020.
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As regards the ageing of the population, in 2050 nearly one in three Polish citizens will be at least 65 years old.
Poland will be one of the oldest countries demographically, not only in Europe but also worldwide (6th place in
Europe and |3th place in the world in terms of the percentage of the population aged 65 and over®). The most
advanced process of population ageing is observed in depopulated areas, which are also characterised by low fertility

rates.

Progressive ageing is also associated with a steady increase in health risks for an increasing number of people.
Maintaining the current level of health security will be more costly and will require more medical staff and
investment. The health risks described in the Global Burden of Disease analyses” may become more acute,
particularly lifestyle-related diseases (e.g., cardiovascular disease, diabetes, rheumatic and musculoskeletal diseases,
mental illness). Long-term challenges include growing demand for services, lack of incentives for innovation, widening
disparities in overall health and well-being, and unequal access to advanced therapies. According to numerous
empirical studies, factors influencing the health and healthy life expectancy of the Polish population also include

26 Sykata et al. 2023.
27 Available at: https://www.healthdata.org/research-analysis/gbd [accessed on 20 December 2024].
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widening socio-economic inequalities, food contamination, antibiotic resistance, global warming and environmental
pollution, and potential supply chain disruptions causing unforeseen restrictions on access to medicines.

Alongside the ageing of the population, we are seeing a simultaneous increase in life expectancy. Life expectancy in
Europe is the highest in the northern, western and southern countries of the region. In Poland, in 2019, life
expectancy was below 78 years in more than half of the regions. The results achieved are similar to those of
neighbouring countries in Central and Eastern Europe®.

With the growing share of the ageing population and increased life expectancy in most EU countries, there has been
a decline in the fertility rate (compared to 2010)%. In Central and Eastern Europe and Northern Europe (Latvia,
Lithuania), the rate has increased. In Poland, the fertility rate fell from 1.41 in 2010 to 1.26 in 2022. A decline in the
rate is also evident in the Scandinavian countries and in Western and Southern Europe. When analysing the average
fertility rate over a number of years (2010-2022), it should be noted that Poland, despite visible positive changes,
still has a low level in relation to other European countries (the ratio is 1.26, while the average for the analysed
European countries is 1.46). It is worth noting that in the last decade, the fertility rate in Poland has remained
consistently below the level guaranteeing simple generational replacement (at least 2.1). By 2060, a slight increase
in its value to 1.49 is projected™.

This situation will have an impact on the total dependency ratio. The highest values of this ratio are seen in Northern
and Western Europe, and the lowest in Central and Eastern Europe. All EU countries have seen an increase in the
dependency ratio compared to 2010. Poland has achieved the highest result among EU countries in this respect.
Poland will therefore be one of the oldest countries demographically, not only in Europe but also worldwide. This
means that there will be a decline in the number of people of working age and a shortage of human resources in

selected sectors.

Figure 6: Total dependency ratio in 2020
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Source: own elaboration based on Eurostat data

Projected trend effects in Poland:

®© In social terms, there is a demand for increased care for people in need of support (the elderly, sick, disabled)
and adaptation of spaces to their needs, with a simultaneous increase in the share of costs related to providing
care in household budgets. In addition, with the growing number of elderly people, there may be changes in
family structures, with more and more people having to balance childcare with caring for elderly parents
(sandwich generation). As a result of population age