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Abstract: According to wikinomics, the decarbonization of the economy it is not possible without
the involvement of people’s creativity and ingenuity under the form of prosumption channeled into
the public administration. In order to achieve this goal, it is necessary to transform the existing
websites of municipal offices into participation platforms that would become the local growth poles
concentrating the economic forces operating in a given area. As Adam Smith, the father of economics,
noted, synchronization between the economic goals of people and the preferences of local authorities
are the main factors of development and the lack of them can create the highest degree of chaos in
the economy. Consequently, the research began with defining prosumption and determining the
degree of cooperation between society and the public administration sector in the digital sphere.
Correspondence analysis was used to analyze the data collected from a survey. The issue of the
quality of websites of municipal public administration offices, which in the digital economy function
as growth poles and development axes, was also discussed. It was observed that society is prepared
to perform the role of prosumers in the public administration sector; however, the low quality of
websites constrains full disclosure of society’s prosumer potential. Under these conditions, the best
ways to decarbonize the local economy are: (1) acceleration of the digitization of municipal public
administration; and (2) use of the already existing infrastructural growth poles and development
axes. The first postulate is related to the improvement of the existing, and the construction of new,
computer networks. The second point mainly concerns the achievements of molinology, which
studies the existing and partially functional infrastructure of former watermills and the location
of former windmills. It is a valuable clue that facilitates the location and construction of modern
renewable energy sources. The subject of the research is the Warmia and Mazury Province, which
includes 116 municipalities and is the fourth largest province in Poland.

Keywords: public administration digitalization; prosumption; platforms for participation; corre-
spondence analysis; computer networks; historically and politically conditioned infrastructural
growth poles; Warmia and Mazury Province; decarbonization of the economy; renewable energy
sources; molinology

1. Introduction

The need to decarbonize national economies results from the unfavorable climate
changes that have occurred in the world in recent decades. The main reason for these
changes is the growing emission of carbon dioxide (CO2) into the Earth’s atmosphere, which
is interpreted as a by-product of human economic activity. Under the Paris Agreement,
adopted on 12 December 2015, the international community has committed to limiting
the increase of global average temperature to below 2 ◦C above a pre-industrial baseline
and attempting to reduce this increase to 1.5 ◦C [1]. On 10 February 2021, 195 countries
were signatories, and 190 were parties [2]. The goal formulated in the Paris Agreement
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can be achieved by introducing new technologies to reduce CO2 emissions, increasing the
share of renewable energy sources in total energy production and through the strategy
of climate neutrality, which consists of balancing the inevitable CO2 emissions with its
absorption, mainly by forests. On 20 June 2019 Poland, with the support of the Czech
Republic, Hungary and Estonia, blocked the European Union’s decision to pursue energy
neutrality by 2050 [3]. In December 2019, the European Council approved the goal of
achieving the neutrality within the prescribed period, while maintaining the exemption for
Poland [4]. In recent months, Poland has reconsidered the possibility of achieving climate
neutrality by 2050, but it was also emphasized that such an energy transition would be
costly and would require at least 68.5 billion EUR. Currently, 75% of electricity demand in
Poland is covered by coal-fired power plants [5].

Informally, the program for the development of renewable energy sources in Poland
was formulated in 1982 in the drama film Gwiezdny Pył (Stardust), directed by Andrzej
Kondratiuk [6]. In 1984, the film was nominated for the Grand Prix Golden Lion at the
Polish Film Festival in Gdańsk. Despite its great popularity, this film did not win the
main prize, but it was awarded with the Special Jury Prize. The main character—the Old
Man (Stary), played by Krzysztof Chamiec—builds a small hydroelectric power plant. In
a conversation with a neighbor, he diagnoses the main cause of global warming in the
following way: I can see that it is due to the pollution, the terrible dustiness. Today, man releases
too much smoke into the air, soot falls to the ground, it falls on glaciers, glaciers get dirty, dusty
and begin to absorb the sun’s rays; ice heats up and starts to melt and melts, everything melts; cold
water flows from it into the ocean, it spills over the entire globe, the water carries a chill and as
a result it sucks . . . After some time, the Old Man is summoned to the local government
office to determine the amount of tax related to the operation of the power plant. Then
he utters the following words: if they wanted to understand that instead of looking for krill
somewhere in the oceans, it would be enough to put a carp into all our waters; that where the river
flows, there is a current; that where there is a shortage of fruit, trees must be planted; that where a
thousand people eat there is swill and a thousand pigs can be fed. At one point, the Old Lady
(Stara)—the Old Man’s wife—asks him the following question: couldn’t you do something
such that what a man thinks could happen and it would happen? The Old Man replies: there is no
patent for it; yeah . . . well, that would be a great invention . . . And you know I’ll try. Thought is
alternating current and current is electrons. If the voice could be strengthened, then the thought
could be intensified. In order to implement his plan, the Old Man goes to the junkyard, where
he finds a vacuum tube superheterodyne receiver, which he uses to build a device that
amplifies human thoughts and transforms them into radio waves. This device is powered
by electricity from the previously built small hydropower plant. Strengthened and sent
into the ether is, among others, the following thought of the Old Lady: that man should
stop destroying . . . [6]. It is literally today’s low-carbon economy development program
adopted by the European Union, which was launched 33 years before the Paris Agreement
on climate change.

The words spoken by the protagonist of the mentioned film, if they wanted to understand,
are the essence of what we now call prosumption in public administration. It is about
integrating people’s natural creativity and ingenuity into this ossified and very often overly
bureaucratic sector of the economy. The process of decarbonizing the economy begins in
municipalities, which are the basic units of the local government. The public administration
offices operating in their area have a decisive role in the development of municipalities.
The use of opportunities offered by information technologies, reflected in the digitization
of public administration, is one of the strategies of energy transformation aimed at building
the low carbon economy. In this way the postulates of wikinomics are implemented, that
is, the introduction of business models such as prosumption or participation platforms into
this sector. Indeed, by prosumption in a broader sense, we can understand the principle
introduced by the pioneer of economics, Adam Smith [7] (p. 275), which indicates that
the economic policy of the state should not contradict the natural creativity of the people.
Otherwise in the economy one should expect the highest degree of disorder. In this way
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we are forced today to return to the beginnings of economics as a science, to take the
trouble of rewriting it. Digitization of public administration is very important as it enables
the creation of participation platforms, that is, advanced websites of municipal offices,
where communities could present detailed prosumer solutions for decarbonizing the local
economy and decide on actions to be taken in the area together with the authorities. This is
the only possible path to sustainable development as it removes the conflicts predicted by
Adam Smith. Therefore, all considerations regarding the decarbonization of the economy
should be preceded by the determination of the degree of compliance of the prosumer
attitudes of society with the expectations of public administration.

The main aim of the article is to show that the digitization of public administration
is a key factor in decarbonizing the Polish economy. This is particularly applicable to the
Warmia and Mazury Province, which is analyzed in greater detail. Obtaining electricity
from renewable sources on a larger scale requires close cooperation of municipal public
administration offices, which are the basic units of local government, with residents,
enterprises and other economic institutions. The decarbonization of the economy starts
in municipalities and requires the involvement of local communities in the process [8].
According to wikinomics, the creation of modern municipal websites—called participation
platforms—would allow for the employment of the natural ingenuity and creativity of
society for the purpose of decarbonization. This phenomenon is called prosumption.
The digitalization of the knowledge obtained in this form facilitates its processing and
application. It will be presented that digital prosumption is an opportunity to increase the
production of electricity from renewable sources in Warmia and Mazury.

The article focuses on the development of renewable energy in Warmia and Mazury,
because from the point of view of achieving climate neutrality by 2050, this region is of
particular importance not only for Poland, but also for neighboring states. The province is
one of the least economically developed regions in the country, and at the same time is an
importer of electricity from distant coal-fired power plants, which significantly increases
the costs of electricity transmission. Moreover, the region is extremely valuable in terms of
environment due to the existence of many nature reserves, landscape parks, unique fauna
and flora habitats as well as tourist and recreational facilities. This excludes the possibility
of building larger power plants in the area. Low density of power lines is another feature
of the region. For these reasons, it is planned to develop a network of small power plants
based on renewable energy sources such as water and wind. The undoubted advantage
of Warmia and Mazury is the large area of forests, which absorb carbon dioxide in the
process of photosynthesis. This is an important factor that may help Poland achieve climate
neutrality by 2050. Due to this feature of the region, similar benefits may be gained by
neighboring countries such as Lithuania, Russia and Belarus.

Another problem that may inhibit regional economic development and decarboniza-
tion processes is the delay of the public administration sector compared to the market
sector in implementing wikinomics’ business patterns. Therefore, this paper also attempts
to explain the causes of asymmetry in the development of market sectors and public ad-
ministration sector in the Warmia and Mazury economy. The opinions of respondents who
were clients of municipal public administration offices helped to determine the importance
of the different principles of prosumption depending on respondents’ age and sex. In
addition, the possibility of transforming the websites of offices into modern platforms for
participation has been investigated, which is the condition of introduction of prosumption
and other wikinomics patterns in the public administration sector.

The research shows that the prosumption model is the most appropriate method
to obtain electricity from renewable sources in Warmia and Mazury. There are many
reasons for this. The area is geographically very diverse, it contains many valuable natural
objects and it is also of great tourist importance which rather excludes the construction
of larger power plants. For this reason, the best direction to decarbonize the economy in
this region is to build small power plants using solar, wind, water, biomass and biogas
energy. Therefore, public administration and its digitization are of key importance in this
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case. Statistical research shows that, so far, the public administration is poorly prepared
to support the prosumption model. Rapid digitization of public administration would
increase the chances to support local prosumers producing electricity from renewable
sources and thus to reduce carbon dioxide emissions to the atmosphere. In line with the
research hypothesis adopted in the article, the use of prosumption in Warmia and Mazury
is the main economic force capable of ensuring full decarbonization of the regions’ local
economy and contributing to the achievement of this goal throughout the country.

2. Research Plan on the Connection between Digitization of Public Administration
and Decarbonization of the Economy

The relationships between the digitization of public administration and the decar-
bonization of the economy are of great importance in contemporary capitalism, although
they have not been the subject of a broader scientific discussion so far. This important prob-
lem was noticed during the evaluation of the websites of municipal public administration
offices in the context of the development of green energy in Warmia and Mazury. This
initiated a series of additional studies that formed the basis of this article. Figure 1 shows
the transformation of the renewable energy sector in Warmia and Mazury in the process of
economic system development from producer and consumer capitalism to the prosumer
capitalism.
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Figure 1. Transformation of the renewable energy sector in Warmia and Mazury in the process of
transition from producer and consumer capitalism to the prosumer capitalism.

In recent decades, as a result of the development of information technology, the
traditional economy has transformed into a digital economy, where the flow of information
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in computer networks has become the basis for production, trade and payment transactions.
The real and financial sectors and their relationships have changed significantly. New,
previously unknown business models appeared, such as digital prosumption or platforms
for participation, which very quickly found application in the market sector. The need
for their scientific description led to the emergence of an interesting stream of research
in economics called wikinomics, and the economy emerging from these changes was
called the Third Wave economy. It was quickly noticed that wikinomics’ business patterns
contributed to the significant development of the market sector, however, some sectors,
such as public administration, lagged far behind. The resulting disproportions hindered
further sustainable development of the digital economy.

Figure 1 shows schematically the relationship between the digitization of the public
administration sector and the development of the green energy sector in Warmia and
Mazury. The widespread application of wikinomics business patterns in the real and
financial sectors and the emergence of the Third Wave economy changed the face of
modern capitalism. The new type of economic system has been called prosumer capitalism
because it is characterized by the fusion of production and consumption into a single
process called prosumption. This form of capitalism differs significantly from its earlier
forms, that is, producer and consumer capitalism, in which production and consumption
were separate phenomena. As previously mentioned, the uneven absorption of information
technologies signified that the market sector was included in the prosumer capitalism as a
result of its rapid development, while the public administration sector remained almost
unchanged, as it had in producer and consumer capitalism. This has resulted in the
emergence of asymmetry between these sectors, and one of its effects is the inhibition of
the development of the renewable energy sector, in particular, hydro and wind energy,
which we will analyze in greater detail.

The elimination of the asymmetry presented in Figure 1 requires the use of wikinomics
business patterns, such as prosumption and platforms for participation in the public admin-
istration sector, thus adjusting this sector to the requirements of the prosumer capitalism.
This would shift the sector to the left towards the market sector. The disproportion between
the market and public administration inhibits the development of the entire economy,
however, in this work, we will only consider the impact on the development of the green
energy sector.

The factors initiating the development of hydropower and wind energy are mar-
ket forces and the commonly known need to reduce carbon dioxide emissions to the
atmosphere, however, numerous administrative barriers effectively hinder and delay the
commissioning of the power stations. For this reason, the energy sector is on the border be-
tween the prosumer capitalism and its earlier forms in the shape of producer and consumer
capitalism. Due to its geographical diversity and the need to protect the environment, the
development of the renewable energy sector in the analyzed region is possible only in the
prosumption model, in which small hydro and wind power stations function perfectly.
Currently in order to obtain a permit for this type of activity, prosumers are faced with a
long and burdensome procedure in the public administration offices which is against the
expectations of prosumers who, ask for swift and efficient service that is in line with the
new type of economy. The main factor that could accelerate the process is the digitization
of the public administration sector, therefore its adjustment to the requirements of the
prosumer capitalism. It would certainly accelerate the development of diversified hydro
and wind energy. In this way, the sources of asymmetry between the real and the regulatory
spheres would be removed, and thus the degree of coordination between the market sector
and the renewable energy sector would increase.

The starting point for the research is the evaluation of the websites of municipal
public administration offices by the society of Warmia and Mazury and the determination
of whether these websites can act as participation platforms and enable the use of the
prosumption potential of society in order to accelerate the decarbonization of the econ-
omy. The digitization of public administration signifies the adaption of this sector to the
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requirements of prosumption capitalism, which establishes appropriate conditions for
the functioning of small hydro and wind power stations. The research plan presented in
Figure 1 is discussed in detail in the following parts of the article.

The fundamental problem investigated in this paper concerns the relationship between
the digitization of the public administration sector at the local level and the decarbonization
of the regional economy. This issue has been already quite widely explored in the literature
on wikinomics, where basic operating principles and business models that need to be
adapted in the public administration sector have been formulated [9,10]. Without this,
the public sector cannot succeed with the energy transition. Nevertheless, while the
relationships between digitization and decarbonization have been recognized on theoretical
grounds, there has been no convincing empirical evidence to confirm them so far. We set
out to change that, and in our article, for the first time in the literature, we present strong
empirical evidence for the relationship between digitization and decarbonization. However,
this required the use of a number of relatively new concepts, such as prosumption and
other wikinomics models. In the article, we explain in detail, based on empirical and
theoretical research, that digitization of public administration contributes to faster issuance
of administrative decisions allowing for the commissioning of power plants based on
renewable energy sources, and thus contributes to the decarbonization of the local economy.
This is in line with the wisdom of wikinomics and the expectations of the inhabitants of the
province. The prosumption model is the best form of operation for the renewable energy
sector, which is confirmed by domestic and international experience. Along these lines, a
coherent conceptual framework linking all the ideas under discussion has been developed.

3. The Seven Wikinomics Business Models for Mass Collaboration

Wikinomics is a new school of economic thinking that explains how mass and spon-
taneous collaboration of people supported by ICTs generates synergistic effects that con-
tribute to the faster growth of markets and economies. In this aspect a growing role of
open-source software is extremely important. At the heart of the wikinomics there are four
principles of cooperation: openness, peering, sharing and acting globally. They break the
traditional image of the behavior of business entities.

Traditionally, the notion of competitiveness is based on the fact that enterprises do
not disclose their most valuable assets. However, such an approach prevents companies
from using external sources of innovation and inventiveness which in turn, paradoxically,
lowers their competitiveness. In this way openness becomes a necessity. Standardization
is a powerful factor for openness, which is particularly important for information tech-
nology. These actions are supported by the open-source software movement. In addition,
employees of open businesses have more confidence in the company and its associates,
which reduces costs, improves innovation and strengthens loyalty.

Since the dawn of mankind, organizations of hierarchical structure have been the
main driving force behind economic growth. Recently a new form of horizontal economic
organization has emerged which competes with hierarchical organizations in the creation
of products and information services. In this way a partnership is born, gradually blur-
ring the differences between employers and employees, emphasizing the legitimacy and
empowerment of employees and the role of teams.

A rigorous approach to intellectual property, so controlling it with patents, copyrights
or trademarks, brings considerable profits to knowledge producers, but at the same time
hinders societies access to basic tools for knowledge-based and wisdom-based businesses.
However, it turns out that—according to the new intellectual property economy—the
availability of resources by knowledge producers increases their potential for value creation.
It is obvious that sharing resources does not necessarily mean sharing all of them. More
and more often intellectual property is treated as an open-ended fund, some of the assets
are protected and some are made available.

The new management approach postulated by wikinomics is based on the following
seven co-operative patterns [9,10]:
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1. Peer pioneers—people spontaneously creating innovative products that are often
better than their business counterparts.

2. Ideagoras—new markets of ideas, innovations and people with exceptional qualifica-
tions that develop using the Internet outside of traditional ventures.

3. Prosumers—business entities which are not only consumers but active participants in
the designing and manufacturing of new products, and are a non-standard source of
innovation and creativity.

4. New Alexandrians—people who actively participate in multiplication, cumulation,
systematization and rapid dissemination of knowledge to the whole world popula-
tion.

5. Platforms for participation—products and technology infrastructure made available
to the partner communities to create new values and initiate innovative undertakings.

6. Global plant floor—systems for designing and manufacturing goods or services based
on global co-operation.

7. Wiki Workplace—a meritocracy that abolishes the hierarchy and connects the internal
components of an enterprise to external social networks.

These strategies are the result of the rapid spread of ICT in the world economy, which
are now considered to be top technologies. Two of them, prosumption and platforms for
participation, are crucial in both the market sector and the public administration sector.
They allow the introduction of the remaining five models. Therefore, in this paper they are
the main subject of discussion.

The essence of prosumption is the blurring of differences between the classical pro-
ducer and the consumer by integrating the latter one into the processes of designing,
creating and producing goods and services [11–13]. According to the principles of wiki-
nomics, the development of the prosumption processes—based on social networks—is
inevitable, as it is the only way to unlock the potential for innovation and creativity of
customers, and an effective way to reduce the costs of research and development in enter-
prises. However, this requires changing the traditional business model of the company
and giving the prosumer communities some control over the product or service. However,
de-prosumption may occur in some cases [14].

Technological basics of wikinomics are not without significance. A word wiki is
defined as a type of website where the content is added and changed from a web browser,
using a markup language, or by using the WYSIWYG (What You See Is What You Get)
editor. The name of the wikinomics comes from the Hawaiian language, where the expres-
sion wiki wiki means very fast. Wiki-type websites are great for working on collaborative
projects because they have the following features:

1. Speed and simplicity of creation and possibility of immediate updating,
2. Easiness to create links to internal and external resources,
3. Simplicity of formatting and inserting tags,
4. Opportunities for collaboration for many users, in which distance does not matter.

All this aims to make it easier for innovators to focus on substantive issues rather than
wasting time on technical details.

This is how we come to the next business model of wikinomics—platforms for par-
ticipation. In comparison with the traditional model, they allow businesses to operate on
a wider stage, where many different partners can run their businesses and take part in
improving existing solutions. In this way, the company’s productive capacity can grow
without additional fixed costs. An example of platform for participation in the market
sector may be a website containing an e-commerce system for warehousing, purchasing,
and distributing goods. They help create an on-the-fly-partnerships with the programmers’
community, who add new values to existing ones. Companies providing their software
services and databases through the application programming interface (API) create fluid
webs of business partnerships. Such websites are called developer ecosystems. Platforms
for participation have a decisive influence on the speed, range and increase of the chances
of the innovation’s success.
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The functioning of public administration is one of the basic factors determining the
efficiency of the economic system in a given country. It is a manifestation of the political
and economic power of the state and expresses its involvement in economic processes [15].
It also produces some feedback reactions that manifest themselves in a certain degree of
citizens’ confidence in the state.

The wikinomics business models are empirical and have been forced by the IT revolu-
tion. In the private sector, they are gradually becoming the standard, changing the image
of the modern enterprise. Unfortunately, not all sectors of the economy are developing
so dynamically. The most prominent example is public administration sector, which in
many countries is fossilized and feebly susceptible to change [10]. On the other hand,
harmonious economic development requires equal development of all sectors. If the pub-
lic administration sector is left behind, it can easily become a barrier to innovation and
entrepreneurship, which will block the development of the private sector.

Nowadays, in the era of very rapid ICT development, the public administration sector
has faced the challenge of adapting it to the rapidly changing market sector. Traditional
societies are inevitably transforming into information societies. Society expects the use of
ICT in the provision of public administration services. This will reduce the cost of providing
these services, improving their quality and reducing the complexity of administrative
procedures. These phenomena were spotted by the United Nations and were the basis for
a concept called e-Government [16].

The characteristic of prosumption in the public sphere is that it cannot be simply
classified to the types of prosumption found in the literature concerning this issue. Among
five such types distinguished by Dusi [17], prosumption in the public sphere fulfills
the conditions for up to four of them: prosumer-government collaboration in service
development, customer self-service, basic digital prosumption, and collaborative (peer-to-
peer) prosumption. In principle, only the bricolage in the literal sense is excluded.

4. Prosumption in Polish Economy in the Pre-Information Era
4.1. Prosumption as the Most Important Component of Wikinomics

In this section, we develop our previous research on prosumption processes in the
Polish economy [18]. Out of all seven patterns of wikinomics, the utmost importance has
prosumption, while others are conducive to its emergence and development. To shed
some light on this economic category, Alvin Toffler proposes to extract two sectors in the
economy [12] (pp. 283–285). Sector A provides free work done by people to meet their own
needs, family’s needs or local community’s needs, whereas Sector B produces goods and
services for sale or exchange’s sake. In this context, the essence of the prosumption is the
transfer of some business activities from the exchange sector to the manufacturing sector
for own use. Mainstream economics focuses on Sector B, while Sector A is neglected. In
this way, sector A becomes an invisible economy that is not included in the calculation of
gross national product, although it is unimaginable that Sector B works properly without
Sector A. The main cause of Sector A development in capitalist economy Toffler considers
the Law of Relative Inefficiency [12] (pp. 289–290). According to this law the reduction
of per-unit cost of goods can be achieved by the automation of their production which
increases the relative cost of handcraft services. However, the aforementioned services are
not prone to automation.

Considering the prosumption in Polish conditions it is essential to look at it in a
historical perspective. It reveals new conditions of prosumption and proves that it depends
mainly on the socio-economic system existing in the country. In the centrally planned
economy, the prosumption did not consist, as in the market economy, on shifting production
from Sector B to Sector A, but it was created from scratch. As a result, the development
of Sector A required a slightly different materials management. Polish prosumers used
mainly raw materials, which from the perspective of Sector B were post-production waste
or scrap material. Therefore, creativity and knowledge are the components which are
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most important in the Sector A. It follows that prosumer experiences raised by the socialist
economy can be easily adapted to the modern digital economy.

4.2. The Examples of Prosumption Approaches in the Polish Economy

A very good example of prosumption is the peasant windmills, which began to
appear to a wide extent in the Podkarpacie region during the interwar period and the first
years after the Second World War [19,20]. With such intensity, this phenomenon has not
occurred anywhere else in the world. Within a few decades, almost two thousand small
windmills were built. They were not service-oriented, they were mainly used to milling
grain for a single household. However, this was a great advance, as previously hand-mills
or hammer mills were used to such actions. The emergence of windmills was due to the
specific peculiarity of economic conditions. At the turn of the nineteenth and twentieth
centuries, the farms in the Podkarpacie region were small and had an excess of manpower.
Meanwhile, at the end of the 19th century, the economic recovery was brought about by the
construction of railway networks and oil mining. This allowed the inhabitants to obtain the
necessary technical knowledge. At the same time remigrants from North America appeared
in the region, and after 1918 soldiers who passed through many European countries during
the First World War returned home. They, who have acquired the knowledge in the course
of these escapades, became new Alexandrians and inspired the peer pioneers encountered
on the spot, or even they themselves became such pioneers. So, we have here all elements
of the current patterns of wikinomics.

Many examples of 1960s prosumption come from the Sądecczyzna region [21]. Sector
A activity has taken the form of common in the socialist economy and now forgotten—
community actions that have proved to be an important and lasting factor in the region’s
economic development. In 1968, the small town of Grybów, now a part of Nowosądecki
District, gained national fame by winning the title of Vice-Champion of thriftiness and the
two million PLN prize. Today it would be 1,107,246.28 PLN or 243,945.95 EUR [22]. This
success was mainly achieved through the involvement and work of the inhabitants, who
within the framework of social activities, inspired by several local pioneers of partnership,
have managed and rebuilt their city by their own forces. The value of these works at that
time was valued at 1,170,000 PLN, which today equates to 647,739.07 PLN or 142,708.38
EUR [22]. In the same period a similar type of prosumption occurred in the village
of Tęgoborze, known from the rise of the famous prophecies concerning the future of
Poland. The pioneer of the partnership was a businesswoman—Michalina Połomska—
who performed numerous social functions there. She founded a dramatic group which
showed Wiesław—Kazimierz Brodziński’s idyll. The People’s House was renovated for the
income gained from the performances of the idyll. As part of the social activities valued at
millions of PLN, the roads were built. The creativity and innovativeness of the inhabitants
have been a source of investment in the apple orchards, allowing them to find a sponsor
who renovated the Stadnicki Palace. Roszko’s report shows that the prosumption social
and voluntary contributions of the inhabitants to joint economic undertakings played an
important role in the post-war development of the whole of the Sądecczyzna Region [21].

It is impossible not to mention here Adam Słodowy and the phenomenon of his TV
series Do it yourself, which was broadcast from 1959 to 1983 [23]. He was a former lecturer
in military higher education institutions where he constructed the projectile trajectory
simulator. So, he was a perfect example of a pioneer of the partnership. His programs,
teaching thousands of people the principles of prosumption, were an enormous success.
Moreover, he wrote many do-it-yourself books, with a total circulation of 2.5 million
copies [24]. You could learn from them how to make various items unavailable in the
shortage economy system. These included toys, such as a washing machine for dolls’
clothes, a free flying helicopter model or a piggy bank with a combination lock, and utility
items, such as bookshelves, table lamps and bicycle trailers [25]. The two-way information
flow was a platform for participation in mass media in the form of television and book
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publishing from peer pioneers to prosumers, as well as traditional mail from prosumers to
peer pioneers.

4.3. The Difference between Prosumption in a Centrally Planned Economy and Market Economy

The power of prosumption in socialism and capitalism is not the same. These dif-
ferences are easiest to explain on the example of car production. In the market economy,
the share of Sector A was at most only a matter of fact that the car was assembled from
the ready-made parts provided by Sector B [12] (pp. 294–295), but under socialism it
was created from scratch on all available materials. At this point it is essential to recall
Adam Słodowy, who has built a fully functional and safe car by himself. As he recalls this
fact in the Motor Week Magazine, in 1946, he found an undamaged headlamp in a scrap
yard, and within a few months he had built the rest of the vehicle by himself [26]. He
described his experience in the book [27], which circulation of twenty thousand was sold
immediately [28]. The enormous public interest in the possibility of constructing a car that
was at that time practically unavailable, led to the Motor Weekly Magazine advertising a
nationwide contest for Amateur Motor Cars (Samochody Amatorskie Motoru—in short
SAMs in Polish) [29]. In this way, many successful SAMs designs were created [30].

After the Second World War, the interest of the Polish people in having their own car
was so great that the then authorities had to quickly modify their economic plans. Bolesław
Bierut, President of Poland from 1947 to 1952, published an album containing a six-year
plan for the reconstruction of Warsaw in which he did not predict such a phenomenon [31].
In the book, there are monumental buildings, wide streets and futuristic cars, but the latter
are not numerously represented. The authorities assumed that the people would be using
primarily public transport. However, the Polish prosumers chose SAMs and the freedom
associated with them. Already then the strength of the prosumption turned out to be so
great that it changed completely the planned direction of economic development of the
country. Figure 2 shows the differences between the processes of prosumption in a centrally
planned economy and a market economy, based on the example of consumer involvement
in car production. According to the mentioned illustration, many small hydropower plants
operating until now were built in Poland in the years 1982–1989, so still under the socialist
system [32]. The power of prosumption was greater in the socialist system with shortage
economies; it manifested itself when unusable materials from previous production and
other refuse found new uses. This signifies that the share of Sector A in centrally planned
economies was greater than its share in comparable market economies.

An extreme example of the power of prosumption in the socialist economy is the
construction of a stone bridge by Jan Stach, a farmer from Znamirowice village [33]. The
bridge construction was dictated by necessity, as the unfriendly neighbor cut off the Stach’s
farm from the outside world. The only way was through the land of this neighbor, and he
did not allow Stach to use it. As a result, the farmer decided to build a bridge himself from
a sandstone called “Siwiec,” which was the only available and free of charge material [34].
He had to go through a deep gorge (even 25 m depth) with steep cliffs on either side. At
the bottom of this gorge there was a stream which flowed into Rożnowski Lake. The bridge
was built in 1971, and its builder worked on it for four years. The construction is 13 m
high, 20 m long and 7.5 m wide. In the middle of the construction there is a tunnel 3 m
high with a barrel vault [35]. The stone for the construction was cut by the farmer from the
nearby sandstone, and the pulling cows were used as a means of transport. They pulled
the loaded wooden crate on the skids. Sand for the construction was extracted from the
same rock that was crushed by a hand hammer. The only building material not produced
by Stach was cement, which was difficult to acquire for the funds obtained from the sale
of tomatoes and other agricultural crops. The bridge was built in accordance with all the
rules of engineering art and even today a twenty ton lorry can drive through it. It is the
world’s largest stone bridge built by one man. Its current cost of construction is estimated
at least 12 million PLN, equivalent to 2,643,812.38 EUR.
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Figure 2. Car-building prosumption in a centrally planned economy and in market economy, and the
relationship between Sectors A and B in both types of economies. Many micro and small hydropower
plants were built in Poland in the years 1982–1989 in a prosumption system.

A documentary about Jan Stach and his work, Wznoszę pomnik (I am Raising a Monu-
ment) was directed by Jerzy Jaraczewski [36]. Between 1972 and 1973 this documentary
won three awards at film festivals in Poland (Cracow) and abroad: Germany (Oberhausen)
and Australia (Melbourne). The national award is the Silver Lajkonik Award given for
“high human, social and moral values, for a careful and clear form of film report”.

In the 1960s and 1970s, the distinctive feature of Polish prosumption was the building,
practically from scratch, of the different types of electrical and electronic equipment not
available in Sector B. Taking such actions was encouraged by numerous and very popular
handbooks, the most interesting of which appeared in many editions of Wojciechowski’s
work [37]. Based on this and other works, prosumers were able to construct such devices
as a radio station, a photographic enlarger, a disco light controller, a transistor radio, or
even a zero-generation computer, then called an electronic mathematical machine, which
operated on electromagnetic relays.

4.4. The Third Wave Economy

The rapid development of Sector A in the modern world indicates the emergence
of a new type economy, which, as Toffler points out [12] (pp. 292–293), is a lasting de-
marketization. Under these conditions, he claims, a new economy is needed, which he calls
the Third Wave economy. Two previous waves were associated with agrarian revolution
and industrial revolution. The essence of this economics should be a new concept of
economy that takes into account Sector A and its relationship with Sector B. This will
require redefining concepts such as labor efficiency, national income, welfare, poverty or
unemployment. The dichotomous division of time in economics for work time and leisure
time is also questionable [38]. Today, paid work in Sector B is put into opposition to free,
voluntary and self-controlled work in Sector A.

For a long time prosumption has been an important element of the Polish economy.
Presented in this paper historical cases of prosumption show that this is a permanent
phenomenon. The associated with them partner communities have not only survived to
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this day, but they are still developing despite generational exchanges. In Polish society, the
power of prosumption seems to be greater than elsewhere, which may give it a leading
position in the new Third Wave economy.

5. Prosumption as a Factor Enabling Poland to Achieve Climate Neutrality by 2050

The power of prosumption in Poland in the pre-information era has not disappeared
during the digital economy and continues to be an important factor in the economic
development of the country, especially in the field of energy based on renewable sources
development. According to the research hypothesis adopted in the study, it is currently
the only economic force capable of ensuring Poland’s achievement of climate neutrality
by 2050. In addition, this goal should not be particularly difficult to reach in the Warmia
and Mazury Province, as over 30% of the region is covered by forests that naturally absorb
carbon dioxide. If this province achieves climate neutrality by 2050, it will facilitate this
goal to be attained in other regions in Poland. Currently, the province is an importer of
electricity from coal-fired power plants hundreds of kilometers away, which means that it
pays the highest energy rates in Poland. Energy prices are high due to heavy charges for
transporting it over the electricity grids. In addition, these networks are often subject to
breakdowns due to storms and wet snow, causing the inhabitants of some municipalities of
Warmia and Mazury to experience the effects of interruptions in electricity supplies almost
every day [39].

Prosumption is a valuable economic resource in every society. It manifests itself in
spontaneous striving to improve economic processes owning to the natural creativity and
ingenuity of people. The natural tendency of societies to innovate is a manifestation of
this strength. As shown above, it allowed the achievement of many spectacular economic
successes in the pre-information era. The peer pioneers are a source of original technical
and economic knowledge that they share with the rest of society. In the digital economy,
the power of prosumption is multiplied by making this knowledge digital, which makes it
easier to collect, process and share. At the same time, it is global in nature and by means of
computer networks it is available to interested stakeholders in every corner of the globe.

Currently, both in Warmia and Mazury and in other Polish regions, the conditions
for the development of prosumption in the energy sector are extremely favorable. There
is a surplus of workforce similarly to what could be observed in Podkarpacie in the past,
and knowledge on obtaining electricity from renewable sources is widely available as a
result of the progressive digitization of the economy. It is true that in some municipalities
of the Warmia and Mazury Province, until recently there were difficulties in accessing the
Internet. Nowadays a lot of progress has been made in this area. Unfortunately, in many
districts of Warmia and Mazury, as well as in other regions of Poland, an unfavorable
phenomenon is observed, consisting in shrinking of municipalities due to the outflow of
population [40]. In recent years, many of the most enterprising people have left Warmia
and Mazury in search of better living conditions in large Polish cities or in other European
Union countries. The prosumption potential of many Polish regions is being lost in this
way. This outflow should be stopped at all costs by creating appropriate living and working
conditions in the country for the inhabitants and directing their economic activity towards
obtaining electricity from renewable sources. It is necessary to benefit from the fact that
the propensity for prosumption is permanent and can be passed down from generation
to generation, which often results in the formation of family businesses operating in the
renewable energy sector [41].

The development of the prosumer model in the Polish energy sector is conditioned
today to a lesser extent by the Law of Relative Inefficiency, which was described by Toffler,
but the application of the model is forced by objective factors in the form of the progressing
process of global warming and international obligations in terms of decarbonization of
national economies adopted almost by all the countries of the world. The problem can be
considered from a different perspective with the assumption that the law still works, but
the reason for this is no longer the dizzying increase in the prices of craft services, but the
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dizzying cost of maintaining human life and health in conditions of the growth of global
warming and environmental degradation.

Prosumption experience of Polish society in the use of renewable energy sources,
mainly wind and water, can be traced many years back. This phenomenon is well illustrated
in Figure 2, as all possible materials were used to build windmills and watermills or even
passenger cars. Parts coming from broken and no longer usable drilling machines and
trucks found new usage, for example, the differential gears (differentials). After the
Second World War, these were parts from crashed tanks, military armored vehicles and self-
propelled guns [19,20]. Nowadays, the use of prosumption experiences from the previous
economic system is a necessity, because the game is at a much higher stake incomparable
to anything that was before. The prize may be the survival of humanity.

Today, the society in Warmia and Mazury is ready to adopt a prosumption model
in the use of renewable energy sources. However, administrative barriers remain and
no economic incentive system has been established for clean energy producers. The
situation is gradually improving owning to the digitization of the public administration
sector, but progress in this area is still slow. Full decarbonization of the Polish economy is
likely to be forced by prosumers, as shifting towards renewable energy sources and the
related diversification of electricity production will give households and enterprises greater
economic freedom in the form of energy independence. The situation is similar to the one
observed in the period after 1945, when prosumers reached for freedom of free movement
and began to build cars themselves. Just as the Polish government once had to adjust its
economic plans regarding transport methods and focus on the development of the car
industry under social pressure, now it will be forced under the pressure of prosumers to
commit to achieving climate neutrality by 2050. Otherwise, access to the Just Transition
Fund will be halved and for Poland this could mean a loss of up to 5 billion EUR [42].

6. “If They Wanted to Understand . . . ”: Cooperation of the Society of Warmia and
Mazury with Public Administration in the Digital Sphere

The ability of the municipal public administration sector in Warmia and Mazury to
use the prosumption potential of the society in this region will be examined in this part of
the article. Two approaches were used in the study. Correspondence analysis was used to
assess the degree of preparation of the society of Warmia and Mazury Province to perform
the role of prosumers in the public administration sector. Moreover, the possibilities of
transforming the websites of municipal public administration offices into platforms for
participation were evaluated with use of the binary method.

6.1. The Research Hypotheses

The introduction of wikinomics business models into the public administration sector
requires the dissemination of knowledge regarding digital prosumption in society and an
appropriate level of development of information technologies that would allow the trans-
formation of already existing websites of municipal offices into platforms for participation.
Simultaneous fulfillment of these postulates is a sufficient condition to implement the other
wikinomics models.

Research questions raised before the start of the analysis focus on whether economic
entities from the Warmia and Mazury Province are prepared to undertake tasks related to
digital prosumption and whether websites of municipal public administration offices can
act as platforms for participation. Therefore, two research hypotheses have been adopted:

1. The society considers the prosumption principles arising from business models of
wikinomics as critical for economic growth and development of the Warmia and
Mazury Province;

2. Currently, the websites of municipal offices are not able to act as platforms for partic-
ipation enabling digital prosumption and implementation of other models of wiki-
nomics. This is a source of significant development asymmetry between the public
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administration sector and the market sector, which works to the detriment of both
sectors.

Two test methods will be used to verify these hypotheses. The readiness of the
society of Warmia and Mazury to perform the role of digital prosumers will be assessed
on the basis of calculations made as part of correspondence analysis, while the k-means
clustering method will be used to determine the affluence of the websites of municipal
public administration offices.

6.2. The Prosumption in Public Administration Sector
6.2.1. The Principles of Prosumption

In 2015, a direct survey was conducted in Warmia and Mazury Province (north-
eastern Poland), which aimed to become acquainted with the opinions of clients on the
implementation of the ten principles of prosumption proposed by the authors in the public
administration sphere [43]. Respondents can be divided into three groups: Polish citizens,
employees and entrepreneurs. This includes three types of relationships: G2C (government
to citizens), G2E (government to employees), and G2B (government to businesses). Table 1
presents prosumption rules based on the business models of wikinomics [43].

Table 1. The principles of prosumption.

Codes Ten Principles of Prosumption

P.1 An official’s efficiency of service
P.2 Expertise and competence of an official
P.3 The personal culture of an official
P.4 Technical conditions for providing of services

P.5 Availability of information, i.e., knowledge of where and how to deal with the
matter

P.6 Consistent communication in the client-official relationship
P.7 How the service is performed as a factor that improves client-official relationships
P.8 A more favored attitude of the officials
P.9 Possibility of dealing with the matters at one branch of the office
P.10 The ability to deal with the matters online

The most universal statistical formula, used to establish the minimum sample size
Nmin of the questionnaire survey, has the following form:

Nmin ≥ (Zα/2)
2

4E2 , (1)

where Zα/2 is the number determined by the desired level of confidence, and E stands
for the margin of error. Prior to the research, it was assumed that the confidence level is
95%, which gives α = 1 − 0.95 = 0.05, and thus α/2 = 0.025. Then 1 − (α/2) = 0.975.
Afterwards, based on the standard normal distribution table, we obtain Z0.025 = 1.96. The
applied margin of error is the commonly used value E = 0.03. After substituting these
numbers for the inequality (1), Nmin ≥ 1067 is obtained. In total, 1821 reliable surveys were
collected, which implies meeting the condition of the minimum sample size.

During participation in the research, respondents selected at least one principle of
prosumption that they considered important. As a result, a contingency table was created
containing the most important number of statistical features describing the prosumption in
the public administration sphere (Table 2). The sex and age of respondents were taken into
account, within the latter variable, five age groups for women and five age groups for men
were identified. Table 2 is the starting point for the correspondence analysis [43].
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Table 2. Number of statistical features describing the prosumption according to sex and age groups of respondents.

Age
Groups

Sex:
W—Women;

M—Men

Number of Ratings Characterizing Individual Principles of Prosumption in Public Administration
in the Warmia and Mazury Province

P.1 P.2 P.3 P.4 P.5 P.6 P.7 P.8 P.9 P.10

18–20 W1 49 50 24 8 28 13 58 18 29 8
21–35 W2 351 352 180 63 182 252 327 169 163 203
36–45 W3 44 45 21 16 20 35 63 9 27 47
46–60 W4 44 66 15 5 21 42 39 11 12 35
Up 60 W5 19 25 9 9 11 13 20 12 13 17
18–20 M1 58 72 40 28 38 58 62 31 34 25
21–35 M2 343 399 242 99 240 225 416 228 249 304
36–45 M3 68 75 32 20 32 11 67 33 23 41
46–60 M4 32 49 28 13 52 24 46 41 25 31
Up 60 M5 12 17 8 7 11 7 17 6 8 9

6.2.2. The Correspondence Analysis

The correspondence analysis belongs to multidimensional statistical methods consist-
ing in investigating the coexistence of phenomena. Its purpose is to recreate the distances
between points representing columns or rows of the two-way and multi-way tables in the
space with fewer dimensions. This is done in such a way as to keep as much information as
possible about the differentiation of rows and columns [44–47]. These tables contain some
measures that characterize the relationships between rows and columns. As a result of
usage of this method we obtain graphical information about the structure of relationships
of the categorical variables contained in the tables. In the course of the study, the directions
of the subsequent axes (dimensions) are determined so that subsequent dimensions explain
an ever-smaller part of the overall value of chi-squared statistics (or inertia). The number
of dimensions is determined by the cumulative percentages of inertia explained by the
dimension of the space taken. In the applied method, the singular-value decomposition of
the correspondence matrix according to singular values has a basic meaning [48,49].

In correspondence analysis, inertia is equivalent to the notion of variance often found
in statistics. Total inertia is a measure of the dispersion of row profiles or column profiles
around their average profiles. The first step in this method involves converting a multi-way
table into a correspondence matrix, which involves replacing entries at relative frequencies.
The entries in a multivariate table are simply divisible by their grand total. Next, the row
profile matrix and the column profile matrix are determined. The matrix of row profiles
is determined by dividing the relative frequencies in each row of the correspondence
matrix by the sum of all frequencies in the corresponding row. Similarly, the matrix of
the column profiles is calculated by dividing each relative frequency in the column of the
correspondence matrix by the sum of the frequencies in the corresponding column. The
average row profile is equal to the sum of all relative frequencies in the correspondence
matrix columns, and the average column profile is the sum of all relative frequencies in the
correspondence matrix rows.

The correspondence analysis also includes the notion of mass [50]. The mass of the
row is derived by summing the relative frequencies in a given row, while the mass of the
column is calculated by summing the relative frequencies in a given column. The mass
of the row or column indicates the validity of this row or column in the conducted study.
While the relative frequencies show how one unit of mass is distributed across the cells.
In the correspondence analysis the distances between row profiles or column profiles are
calculated using the chi-square metric.

Correspondence analysis is increasingly used in economic research, although its
potential has not yet been fully appreciated by economists. It examines the co-occurrence
of economic variables that can be put on the nominal scale in Steven’s classification system.
This scale is only used to classify or categorize the values of the variables, any one-to-
one substitution of the assigned numbers is possible, and the only empirical operation
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is the determination of equality [51,52]. Correspondence analysis can be used in public
administration to explain the perception gaps, which are the differences between the
service expected and service perceived by customers. It can be shown that these gaps are
the result of systematic errors in communication between municipal offices and citizens,
which would require rejecting the hypothesis of rational expectations and adopting the
hypothesis of adaptive expectations [53]. Inclusion of prosumption in the considerations
allows us to prove the claim that it is a source of rationality in public administration [43].
Other applications of correspondence analysis focus on the study of the innovativeness of
industrial processing companies in changing economic conditions. The most interesting
findings in this respect include the demonstration that [54–57]:

(1) such features as ownership or size of enterprises should be analyzed simultaneously;
(2) the Red Queen effect can be observed in the manufacturing sector when the most

innovative enterprises exert pressure on all other companies to keep investing in
innovations to avoid lagging behind the leader;

(3) the manufacturing industry is more sensitive to secular trends than business fluctuations;
(4) the innovation of enterprises is slowly increasing regardless of the phases of the

business cycle;
(5) the global financial crisis was a turning point between two Kondratieff waves;
(6) public enterprises are less innovative in comparison to enterprises from other owner-

ship sectors.

This statistical method also enabled for the evaluation of the cross-border cooperation
between Poland and Russia [58]. All these studies are directly or indirectly related to the
use of renewable energy sources by enterprises, as this type of activity is slowly becoming
a new measure of their innovation.

6.2.3. Calculations

Table 3 shows the quantitative characteristics of the matrix created by the empirical
data contained in the contingency table (Table 2). It follows that three dimensions allow
the reproduction of 72.5859% of inertia, that is, the total value of chi-square statistic. Values
relevant for further calculations are shown in Table 3. When you select three dimensions,
it is essential to calculate the coordinates of the row profiles and column profiles in the
orthogonal principal axes. Tables 4 and 5 show the results of the calculations made in the
correspondence analysis. Table 4 contains the coordinates of the rows (age groups with
sex division) whereas Table 5 contains the coordinates of the columns (ratings of particular
principles of prosumption by the clients of the offices). Moreover, Tables 4 and 5 contain
values describing the quality of the solution. This information is necessary to draw up
correspondence analysis plots and to show the co-occurrence between the perception of
the principles of prosumption by the clients and their sex and age division [59–61].

Table 3. Correspondence matrix characteristics for data in Table 2.

Number of
Dimensions

Eigenvalues and Inertia for All Dimensions. Input Table (Row × Column): 10 × 10.
Total Inertia = 0.03260, chi-square (χ2) = 238.86, df = 81, p = 0.0000

Singular Values Eigenvalue Percent of Inertia Cumulated
Percent of Inertia

Chi-Square
Distance (χ2)

1 0.107743 0.011609 35.61420 35.6142 85.06800
2 0.078466 0.006157 18.88896 54.5032 45.11813
3 0.076773 0.005894 18.08276 72.5859 43.19244
4 0.061355 0.003764 11.54886 84.1348 27.58559
5 0.054511 0.002971 9.11615 93.2509 21.77482
6 0.038032 0.001446 4.43743 97.6883 10.59923
7 0.023385 0.000547 1.67765 99.3660 4.00724
8 0.013974 0.000195 0.59910 99.9651 1.43100
9 0.003373 0.000011 0.03490 100.0000 0.08336
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Table 4. Row coordinates and the statistics of the quality of the solution.

Name of
Rows

Rows Coordinates and Contributions to Inertia. Input Table (Row × Column): 10 × 10. Standardization: Row and Column Profiles

Row
Number Mass Quality Relative

Inertia

Coordinates Dimension 1 Dimension 2 Dimension 3

Dimension
1

Dimension
2

Dimension
3 Inertia Cos2 Inertia Cos2 Inertia Cos2

W1 1 0.038892 0.843639 0.135239 0.108459 0.281588 −0.067575 0.039411 0.103785 0.500868 0.699566 0.030131 0.040288
W2 2 0.305950 0.811946 0.094870 −0.075806 0.028699 0.040453 0.151452 0.568550 0.040927 0.081486 0.084945 0.161910
W3 3 0.044623 0.805353 0.113822 −0.128450 −0.122714 −0.188151 0.063423 0.198447 0.109140 0.181120 0.268012 0.425787
W4 4 0.039574 0.756535 0.158284 −0.313948 −0.001526 −0.008069 0.336005 0.756017 0.000015 0.000018 0.000437 0.000499
W5 5 0.020197 0.206053 0.019266 0.011906 −0.063487 −0.047270 0.000247 0.004559 0.013221 0.129630 0.007656 0.071863
M1 6 0.060862 0.333501 0.103142 −0.058793 0.055340 0.109101 0.018123 0.062577 0.030273 0.055441 0.122909 0.215483
M2 7 0.374591 0.874865 0.090489 0.060778 −0.055221 −0.012058 0.119200 0.469137 0.185522 0.387263 0.009240 0.018465
M3 8 0.054858 0.701186 0.120885 0.105863 0.109012 −0.165147 0.052960 0.156027 0.105882 0.165447 0.253841 0.379712
M4 9 0.046534 0.811846 0.142648 0.228538 −0.041168 0.164911 0.209366 0.522713 0.012809 0.016961 0.214706 0.272171
M5 10 0.013919 0.244328 0.021354 0.090470 0.024372 −0.058644 0.009814 0.163676 0.001343 0.011878 0.008122 0.068774

Table 5. Column coordinates and the statistics of the quality of the solution.

Name of
Columns

Column Coordinates and Contributions to Inertia. Input Table (Row × Column): 10 × 10. Standardization: Row and Column Profiles

Column
Number

Mass Quality Relative
Inertia

Coordinates Dimension 1 Dimension 2 Dimension 3

Dimension
1

Dimension
2

Dimension
3 Inertia Cos2 Inertia Cos2 Inertia Cos2

P.1 1 0.139192 0.817588 0.082854 −0.068227 0.098145 −0.039695 0.055815 0.239917 0.217765 0.496461 0.037210 0.081211
P.2 2 0.156932 0.508806 0.066374 −0.054641 0.060903 −0.017878 0.040361 0.216566 0.094543 0.269056 0.008510 0.023185
P.3 3 0.081741 0.504630 0.029566 0.070122 0.002839 0.032005 0.034624 0.417064 0.000107 0.000684 0.014206 0.086882
P.4 4 0.036572 0.135478 0.104089 0.092347 −0.027742 −0.057192 0.026867 0.091924 0.004572 0.008296 0.020296 0.035258
P.5 5 0.086654 0.760089 0.094012 0.129043 0.007800 0.100828 0.124302 0.470888 0.000856 0.001720 0.149461 0.287481
P.6 6 0.092795 0.965358 0.236583 −0.241205 −0.058567 0.136434 0.465068 0.700093 0.051697 0.041275 0.293052 0.223989
P.7 7 0.152156 0.687911 0.049427 0.018198 0.033604 −0.076312 0.004341 0.031277 0.027906 0.106646 0.150331 0.549988
P.8 8 0.076146 0.836821 0.115906 0.168257 −0.017893 0.113527 0.185701 0.570600 0.003960 0.006453 0.166505 0.259767
P.9 9 0.079558 0.356333 0.065360 0.090985 −0.032972 −0.013292 0.056734 0.309137 0.014048 0.040598 0.002385 0.006598

P.10 10 0.098253 0.906103 0.155830 −0.027041 −0.191390 −0.097371 0.006189 0.014144 0.584546 0.708561 0.158045 0.183398
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Row and column profile standardization were used in the calculations in Tables 4 and 5,
which means that simultaneous analysis of the points representing the row profiles, and
the column profiles will be used for the graphical interpretation of the results. This allows
us to investigate the co-occurrence of points representing age groups with the sex division
and points responsible for each principle of prosumption. Regarding the masses of rows or
columns, they provide information about their rank and importance. In Table 4, the largest
masses have rows 7 (0.374591) and 2 (0.305950), which corresponds to the groups M2 and
W2. This means that these respondents are the most frequent clients of municipal public
administration offices and their opinion should be taken into account in the first place. This is
understandable because young people of both sexes aged between 21 and 35 years old are at
the beginning of their life and career path.

In both Tables 4 and 5, the quality of the individual points is also shown. The quality
of a point should be understood as the quotient of the square of the distance from the
origin of the assumed coordinate system and the square of the distance from the center of
the system with the greatest number of dimensions to be tested. Distances are determined
by the chi-square metric. According to Table 3, the maximum number of dimensions of the
issue discussed here is nine. This is the smaller of the following two numbers: the number
of rows minus one or the number of columns minus one. So, the calculation of the number
of dimensions is simple: 10 − 1 = 9. The quality of a point takes values from 0 to 1. It
informs you about the quality of the representation of individual rows or columns in the
space with fewer dimensions. In the discussed issue this will be either a three-dimensional
space (Figure 3) or a two-dimensional space (Figures 4–6). The higher the quality of a
point, the better it is represented on the graph. In Table 4, rows 7 (M2—0.874865) and 1
(W1—0.843639) have the best quality. Whereas in Table 5, columns 6 (0.965358) and 10
(0.906103) have the highest values, which means that P.6 and P.10 are the best represented
principles of prosumption. In this way it was proven that the implementation of the
principles of prosumption would not be possible without first transforming the websites
of the municipal offices into the platforms for participation. The relative inertia of a point
determines its contribution to overall inertia. It follows from Table 4 that the greatest
contribution to inertia among the rows have points W4 (0.158284) and M4 (0.142648),
whereas from Table 5 that the greatest contribution to inertia among the columns have
points P.6 (0.236583) and P.10 (0.155830). There is a difference between the quality of the
point and its relative inertia. The quality of a point determines its contribution to total
inertia at a given space dimension, while the relative inertia determines the proportion of
the point in total inertia in the original nine-dimensional space.
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Figure 3. 3D plot of column and row coordinates: dimension 1 × 2 × 3. Input table (rows × columns):
10 × 10.
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Figure 4. Two dimensional plot of column and row coordinates: dimension 1 × 2. Input table (rows × columns): 10 × 10.
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Tables 4 and 5 also show the distribution of overall inertia on individual dimensions
(axes). Points that have a greater share of inertia have largely contributed to the definition
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of dimension. The first dimension was most influenced by the W4 (0.336005) and M4
(0.209366) groups, as well as the P.6 (0.465068) and P.8 (0.185701) principles. On the other
hand, squares of cosine represent the quality distribution of a given point on particular
dimensions. If for a given row we sum all the values of the squares of cosine, we will
get a measure of quality. These values are therefore the contribution of the dimension in
the point inertia. This share is the square of the cosine of the angle between the segment
connecting the average profile to the point discussed and the main axis. From Tables 4
and 5 follows that the first dimension well describes (the largest value of the square of the
cosine) the points representing W4 (0.756017) and W2 (0.568550), as well as the principles
P.6 (0.700093) and P.8 (0.570600).

6.2.4. Results

Figure 3 can be interpreted in accordance with the three marked ellipses for three
different but mutually complementary ways. Red circles represent age groups of women,
green triangles symbolize age groups of men, whereas blue squares denote prosumption
principles. The first cluster is in the middle, while the other two are located to the right
and left of the graph. The cluster marked by the ellipse in the middle indicates that all the
principles of prosumption are approved by most of the respondents. Only two age groups
of women—W3 and W4, as well as one age group of men—M4, were outside the marked
area. The right ellipse includes seven principles of prosumption—P.3–P.5, P.7–P.10, one age
group of women—W5, and three age groups of men—M2, M3 and M5, so these variables
tend to co-occur. On the other hand, on the basis of the left cluster we can conclude that
the three principles of prosumption—P.1, P.2 and P.6 are preferred by three age groups of
women—W1, W2, W4, and one age group of men—M1.

Because of the perspective phenomenon, the conclusions of the three-dimensional
cluster of points (Figure 3) should be verified on two-dimensional sections. The two-
dimensional section shown in Figure 4 confirms most of the previous conclusions. In the
right part of the chart, the six principles of prosumption—P.3–P.5 and P.7–P.9 are focused
around two age groups of women—W1 and W5, and four age groups of men—M2 to
M5, indicating the specific preferences of these respondents. On the left side we have the
co-occurrence of the principles P.1 and P.2 with two age groups of women—W2 and W3,
and one age group of men—M1. The further left points, W4 and P.6, are relatively isolated,
but their location may also indicate that women in W4 prefer the principle P.6.

Figure 5 illustrates further investigation. The right ellipse contains almost all the
principles of prosumption (except P.6), three age groups for women—W1, W2 and W5, and
all age groups for men. This means that the need to radically change the functioning of
public administration sphere is underlined by the majority of respondents. The conclusion
of Figure 4 is also confirmed that principle P.6 is most emphasized by women of age group
W4. Whereas point W3 seems relatively isolated.

The conclusions provided in Figure 6 are very similar to those that have the three-
dimensional cross-section shown in Figure 3. The central ellipse contains almost all the
principles of prosumption (except P.10), three age groups of women—W2, W4 and W5,
and four groups of men—M1, M2, M4 and M5. The relatively close proximity of these
points proves that (and this is the reflection of the views of the majority of respondents)
there is an urgent need to introduce prosumption into the public administration sector.
Near the central ellipse there is a point representing the age group of men—M3. The
closest to it are the three principles of prosumption—P.1, P.2 and P.7. This proves that this
group of respondents puts particular emphasis on the efficiency of the service process, the
professionalism, and the competence of officials. A subgroup of points marked with a
smaller ellipse also contains points M5, so the same principles are also close to men over 60.
In this cross-section, the point W1 is relatively isolated. The third ellipse consists of only
two points, W3 and P.10, so women aged 36 to 45 are the most innovative group among
respondents, as they strongly emphasize the importance of a complementary wikinomics
model—platforms for participation.
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6.3. Websites of the Public Administration Offices as Platforms for Participation

This part of the research was based on previously obtained results [43,53]. A well-
prepared internet service of the municipal administration office enables the presentation
and promotion of municipality. It allows us to attract investors who are able to provide
workplaces for the local community and also provide an influx of tourists. In addition, it
provides the opportunity to disseminate up-to-date information on the life of the inhabi-
tants of the municipality.

The implementation of prosumption in the public administration sphere will not be
possible without teleinformatics, which means the need to transform the public administra-
tion offices websites into modern platforms for participation. In this process, the starting
point is the evaluation of the existing municipal offices websites, taking into account the
recommendations of wikinomics. Such an evaluation was made in Poland in 2015. The
research covered all municipal offices in the Warmia and Mazury Province. The authors
have proposed ten criteria for the functionality of websites, the fulfillment of which means
that the websites can serve as platforms for participation. These criteria are as follows:

1. Referendum in the municipality;
2. Free connection with the office;
3. Direct link—dealing with the matter via the Internet;
4. e-Municipality—mobile application with the current information about the munici-

pality;
5. Municipality supporting business development;
6. Fan page on Facebook—social media in the municipality;
7. Wireless internet access in the municipality;
8. Spatial information system in the municipality;
9. The ability to set up a page using the tools on the page;
10. Social consultations in the municipality.

Websites functionalities were evaluated using the binary method. If a certain feature
was found, the page received value 1 and if it was the opposite the value was 0. Function-
ality index of a page is defined as a sum of points obtained for each feature. The results of
the research of existing municipal public administration offices websites show that under
these circumstances they cannot function as platforms for participation. In this way, local
communities are deprived of the opportunity to present their ideas and achievements in
the social forum. Most of the 116 municipalities of the studied province have websites
that do not meet the criteria for functionality. The situation is slightly better only with the
spatial information system, which includes 80% of the municipalities. It is also significant
that only 53% of municipalities support the development of business and entrepreneurship.
This is quite strange, but it can be explained by errors in macroeconomic policy that stem
from the lack of external resources for the development of this region. While the Warmia
and Mazury Province is one of the poorest provinces in Poland, its unique landscape and
natural values indicate the possibility of rapid development of tourism and power industry
based on renewable energy sources.

ICT has largely contributed to the development of the private sector, while the public
sector has fallen far behind and it has become the barrier of growth and economic de-
velopment. This applies in particular to the public administration sector. Removing this
asymmetry will require the implementation of wikinomics models in the public admin-
istration. For this purpose, it is necessary to transform the websites of municipal public
administration offices into the wikinomics platforms for participation.

The websites of municipal offices in the Warmia and Mazury Province were subject to a
four-fold research in 2009–2020. Sixteen website functionality criteria were considered [62]:

1. Website is updated on a regular basis;
2. The postal address of the office is included, directions are provided;
3. The office publishes chat lines and/or discussion lists for the citizens;
4. The structure of the office has been posted;
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5. Current information is published on a regular basis;
6. There is a possibility to search for necessary information;
7. A calendar of posts is published;
8. The user can fill and send a form online;
9. Other than Polish language versions are available;
10. Website provides icons that help the user to use the website;
11. The website address of the office is intuitive;
12. Archive exists;
13. A map of the municipality is published;
14. Tourist attractions are indicated;
15. Link to “digital office” provided;
16. Link to ePUAP (Electronic Platform of Public Administration Services) provided.

Website evaluation was made using the binary method. The functionality index of a
webpage is defined as the sum of the points obtained for each feature of functionality. Then
the percentage of municipalities in the surveyed province, which websites meet certain
criteria, was calculated. The findings are presented in Figure 7. In line with the visible
development trend, municipal offices are gradually increasing the functionality of their
websites, however, there are still difficulties with meeting criteria 3, 8, 9 and 15.
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7. Principles of Economic Development of the Warmia and Mazury Province

The Warmia and Mazury Province is the subject of study. It is one of the least econom-
ically developed provinces in Poland [63,64]. Therefore, municipal authorities as the basic
units of the local government have the obligation to support entrepreneurship in their sub-
ordinate areas. According to the wikinomics, websites of municipal public administration
offices should be the seeds of local growth poles that would focus economic forces operat-
ing in a given municipality. For this to happen, these websites should be transformed into
platforms for participation, similar to platforms for commerce that have long existed in the
market sector. Unfortunately, in the years 2010–2015 the level of information infrastructure
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in this province was low, however changes in the synthetic ICT index compared to its
average value for the whole country indicated the occurrence of convergence (catching-up
effect) [65]. An improvement in the situation should be expected in the coming years, as in
2015, the construction of the fiber-optic backbone distribution network with a length of
2292 km was completed in Warmia and Mazury, and its purpose is to provide residents,
entrepreneurs and local authorities with access to broadband Internet. Some delays are
associated with the need to build the last mile networks, that is, access networks that will
connect retail end-users (customers) to the main network.

A negative phenomenon of shrinking can be observed in the municipalities of the
Warmia and Mazury Province that results from adverse demographic changes. In the years
2012–2017, a decrease in the population was recorded in 95 municipalities out of all 116 in
the province. This entails negative economic effects in the form of decreasing budgetary
revenues of municipalities [40]. In such a situation, implementation of wikinomics business
models in the public administration sector should be accelerated. As previous research
shows, the society of Warmia and Mazury considers the implementation of prosumption
principles in this sector to be highly desirable and rational [43]. The best way to achieve
this would be through some form of public-private partnership, not limited to specific
investment projects confirmed by the conclusion of formal contracts, but in the form of
permanent, spontaneous cooperation between the public administration sector and the
market sector. In such cases, the experience of the public partner would most likely decide
on the success of the entire undertaking [66] (p. 516), which would indicate an additional
argument for the need to transform the websites of municipal public administration offices
into platforms for participation. In addition, the implementation of information technology
would significantly contribute to the elimination of the sources of irrationality in the system
of providing public administration services [53].

The most interesting initiatives conducive to the development of the digital economy
include the accession of many cities of the Warmia and Mazury Province to the Polish
National Cittàslow Network [67]. One of the goals of this organization is to improve the
work of local administration and to adapt the functioning of the institution to the needs of
residents. A step in the right direction is that some public administration offices receive
notifications from the LocalSpot application, which allows residents to inform local govern-
ment about issues in public spaces. This increases the chances of transforming municipal
websites into platforms for grassroots action, which would include both platforms for
public disclosure and platforms for neighborhood knowledge [9] (pp. 199–205).

8. Digitization of the Public Administration Sector versus Historically and Politically
Conditioned Infrastructural Growth Poles and Development Axes

The impact of digitization of municipal public administration on the economic devel-
opment of the Warmia and Mazury Province was studied in the period 2009–2019 [68]. For
this purpose, an original method was used which consisted of the following steps:

1. The k-means algorithm was used to divide the websites of all municipal offices into
four quality classes depending on the extent to which they served as participation
platforms. Sixteen previously mentioned criteria were used. According to the assump-
tions of wikinomics, websites in the public administration sector become platforms
for participation when they focus all economic forces operating in a given area and
contribute to the socio-economic development of the municipality.

2. Each quality class of municipal websites has been assigned one of four distinct colors.
3. A map of the Warmia and Mazury Province was prepared, where all municipali-

ties were marked with colors representing the quality classes of websites of public
administration offices operating in their areas.

4. The map was used to plot a corresponding dual graph. Consequently, four such
empirical dual graphs were created.
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5. The dual graph corresponding to the map of the province colored according to the
conditions of the four-color theorem was the reference system for the evaluation of
empirical graphs.

6. Digital growth poles and development axes were discovered on the basis of reduc-
tion of empirical dual graphs method. The reduction occurs when two neighboring
municipalities have the same quality classes, which is interpreted as a manifesta-
tion of inter-municipal cooperation. The presence of an edge connecting adjacent
municipalities signifies that there is no such cooperation.

7. The comparison of the spatial distribution of the quality classes of municipal websites
with the general geographic database led to the discovery of a special feature of the
province under study, which consists of the existence of politically and historically
conditioned infrastructural growth poles and development axes.

The described method allowed not only to identify municipalities or their clusters,
which form provincial growth engines, but also to develop a new measure of regional
economic development. This measure ranges from 0 to 1. A higher number indicates
a more developed area. In the period 2009–2015, this indicator fluctuated reaching the
values of M2009

D = 0.7726, M2012
D = 0.8231, and M2015

D = 0.6173, and only in 2019, a rapid
increase to the value of M2019

D = 0.7906 was recorded. Fluctuations in the index indicate the
cyclical development of the studied area. Another important finding was that the digital
growth poles and development axes in the Warmia and Mazury Province are closely related
to the existing road, rail and inland waterway infrastructure [69]. Historical conditions
result from the fact that the present transport infrastructure has been shaped over the last
several hundred years, and political conditions have their source in the complex history of
statehood in Warmia and Mazury.

The beginnings of the economic development of these lands were associated with the
use of renewable energy sources, mainly water and wind, to increase food production. The
first windmills appeared in this area already in the 14th century and operated until the
end of the first half of the 20th century. A little later, watermills started to operate with
use of flowing rivers’ energy. These devices replaced the previously used hand-mills, thus
contributing to an increase in food production, which significantly accelerated local growth
and economic development.

Current economic development of Warmia and Mazury should be viewed both
through the prism of history and politics. In the years 1226–1466 the Monastic State
of the Teutonic Knights ruled over the region. During the period, the entire flour milling
industry was under a state monopoly. The production of flour was very profitable due
to the compulsory grinding of grain legislation introduced by the authorities [70,71]. A
peasant who wanted to grind the grain was forced to do it only in a specific mill and pay
the fees charged for it. The use of hand-mills was prohibited. Violation of these regulations
was punished with the confiscation of grain. As a result of the Second Peace of Thorn
concluded in 1466, the State of the Teutonic Order was divided into Royal Prussia and
Teutonic Prussia. The latter were renamed the Duchy of Prussia in 1525. Both parts of
Prussia were functionally part of the Polish economy, with the Duchy of Prussia being a
fiefdom relationship [72,73]. In 1772, after the First Partition of Poland, the territory of
Warmia and Mazury was incorporated into East Prussia. As a result, the region became
part of the Kingdom of Prussia, and then became part of the 19th century German Empire.
The Potsdam Agreement, signed in 1945, split the East Prussia between Poland and the
Soviet Union, owning to which Warmia and Mazury returned to Poland as part of the
Recovered Territories.

The compulsory grinding of grain was abolished on 29 March 1808 by an edict issued
by the Prussian king Frederick William III [70,74]. Since then, the number of mills has
started to increase. According to historical sources, windmills in East Prussia accounted for
34% of all mills at the end of the 18th century [75] (p. 33). In the period from the sixteenth to
the eighteenth century, milling was the most important industry in the Polish economy [75]
(pp. 63–64). Wind and watermills were the first form of industrialization that appeared
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in Warmia and Mazury. Their location contributed to laying the foundations for today’s
transport infrastructure. This is due to the specificity of the operation of these mills as
local industrial centers around which the economic life of that time concentrated. First,
grain was brought in order to grind it, and then the finished product in the form of flour
was exported. The placement of the roads used to transport grain and flour considered
the geographic variation of the terrain by avoiding natural obstacles such as dense forests,
wetlands, rivers, streams, lakes, hills, ravines and valleys. The roads were therefore optimal
from an economic point of view. Today’s roads and railway lines were drawn on the basis
of the course of historical routes. It is along these lines that modern telecommunications
infrastructure has been build, enabling residents to access the Internet. Therefore, the
digital growth poles and development axes coincide with the transport network, indicating
its critical contribution to the development of the region.

The theory of growth poles developed by François Perroux and the development
axes concept proposed by Pierre Pottier occurred to be useful during the identification
of growth factors using the quality class distribution method for websites of municipal
public administration offices [76,77]. In general, growth poles are understood as propulsion
units in the form of rapidly developing enterprises or sectors of the economy that facilitate
the achievement of better economic results for other enterprises and industries in their
environment. Contrastingly, according to the axis concept, economic development is
transferred through communication routes and transport networks connecting the main
industrial centers. According to wikinomics, a digital pole of growth is a website that
uses advanced information technologies to support economic activity. The digital axis of
development, however, is a series of digital growth poles located in space and cooperating
with each other. The political history perfectly explains why the infrastructural axes of
development identified by us in Warmia and Mazury are located mostly on the north-south
line. Having considered the examined province from a functional point of view, it is easy
to notice that it is a part of a much larger whole. The former Duchy of Prussia, which
stretched much further to the north than the present territory of Warmia and Mazury, was
in the years 1466–1657 part of the Crown of the Kingdom of Poland. Therefore, we are
discussing an artificially limited area, which affects many of today’s economic and social
phenomena.

Figure 8 shows the location of the fiber-optic backbone distribution network, which
is expected to make a significant contribution to the development of the low-emission
economy in the Warmia and Mazury [78]. It is one of the largest recent investments
in the region. It was implemented in the period 2008–2015, and its cost amounted to
approximately 72,941,700 EUR. The total length of the network is 2292 km and its purpose
is to enable access to broadband Internet for 91.8% of the region’s inhabitants and all public
institutions and enterprises. In the distribution layer it provides access with a bandwidth
of at least 30 Mbit/s, and in the backbone layer of at least 100 Gbit/s, so NGA (Next
Generation Access) requirements are met. The network consists of 216 distribution nodes,
10 backbone nodes, 2 higher-level fiber interconnection points and 2 network management
centers [79,80]. General geographic features such as roads, railroads, built-up areas, forests,
lakes, rivers and canals are also marked in Figure 8 in order to explain the complex shape
of the network. As in the previous studies briefly described above, there is a relationship
between the location of the network and the transport infrastructure that acts as growth
poles and development axes. It should be emphasized that the region of Warmia and
Mazury is very diverse in terms of terrain. There are over 3000 lakes, many rivers and
streams, and more than a third of the province is forested. There are also many farmlands,
hills, valleys and ravines. Communication routes have been designed in such a way
as to avoid many natural obstacles. This leads to the conclusion that the complexity of
the transport network is imposed by economic factors, which in turn is reflected in the
distribution of the telecommunications infrastructure.
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Only half of the province’s inhabitants had access to broadband Internet, before the
construction of the fiber-optic computer network. Difficulties in this respect also concerned
the public administration sector, as some municipal offices did not have websites at all.
The creation of the fiber-optic backbone distribution network will not immediately increase
the access to the Internet for all residents, institutions and enterprises, because the last-mile
networks are still needed. The Digital Plan 2025 for Warmia and Mazury is the solution
to this problem, as its purpose is the construction of the access networks connecting end
subscribers with the main network [81,82]. This project aims to remove or reduce the
economic barriers that hinder the construction of the last mile networks. As part of the
plan, the fees for placing the telecommunications infrastructure along public roads were
unified and reduced, and it was also exempted from the property tax. The main goal of the
fiber-optic backbone distribution network and the related Digital Plan 2025 for Warmia and
Mazury is to accelerate the socio-economic development of the region, support the low-
emission economy and focus entrepreneurship on introducing new products and services
to the market via the Internet. The expansion of computer networks is very important for
the region’s economy, as it will accelerate the modernization of existing enterprises and it
will facilitate the introduction of new, innovative technologies.

The identification of historically and politically determined infrastructural growth
poles on the basis of the quality classes of municipal websites is in fact a solution to an
inverse problem. The starting point of the research was a set of information on quality
classes, on the basis of which the causal factors necessary to generate the set were deter-
mined. In other words, the conclusions were started from the effects and then the causes
were determined. Figure 8 shows a close, two-way cause and effect relationship between
the location of transport infrastructure (road, rail and inland waterways) and the location



Energies 2021, 14, 5739 28 of 45

of the fiber-optic backbone distribution network. Due to many natural obstacles in the form
of lakes, rivers, streams, swamps, forests, hills, valleys, ravines, farmland, the telecom-
munications infrastructure was placed in the immediate vicinity of the transport network,
which was a rational move, as it reduced the costs of the entire investment. Thus, Figure 8
confirms the conclusions obtained in previous studies, as it is a solution to a forward
problem where effects are determined based on causes. We therefore have two sides to the
same issue. Transport infrastructure facilitates the development of computer networks,
and the latter accelerate the development of a low-carbon economy. Consequently, we are
observing a positive feedback loop. Considering the location, IT networks in Warmia and
Mazury are approximately a copy of the transport infrastructure.

9. Barriers to the Development of Renewable Energy Sources in Warmia and Mazury
Related to Environmental Protection, Tourism and Recreation

The development of renewable energy sources in Warmia and Mazury is limited due
to the need to protect the environment, a relatively large area of agricultural land, a large
number of attractive tourist and recreational places and related infrastructure [83]. Figure 9
shows a map of the province under study, in which protected areas as well as tourist and
recreational facilities are marked [84]. The areas valuable in terms of nature cover 46.7%
of the region’s area. They include 110 nature reserves, 8 landscape parks, 71 protected
landscape areas, 34 Sites of Community Importance included in the Natura 2000 network,
10 special areas of habitat protection included in Natura 2000, 16 special areas of protection
of birds belonging to Natura 2000. Moreover, 130 ecological sites, 15 nature and landscape
complexes and one documentation site were established in order to protect the natural
values of the region [85]. Furthermore, 4345 monuments of nature were distinguished, that
is, legally protected natural or inanimate creations of special scientific, cultural, landscape
and historical value.
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Figure 9 also shows areas related to tourism and recreation. There are many tourist
facilities in the region, such as hotels, motels, recreation centers, tourist hostels, campsites,
places of national remembrance, open-air folk museums, forts, fortresses, museum com-
plexes, complexes of houses and recreational plots, castles and palace complexes. There
are also many bicycle routes, which are more and more often built using the infrastructure
remaining after disused railway lines [86]. Most of the tourist facilities are located in the
south-eastern part of the province, mainly in the Land of the Great Masurian Lakes. The
largest lakes in this region are Śniardwy and Mamry, with areas of 113.4 km2 and 102.8 km2,
respectively. Many tourist facilities, such as hotels, motels and resorts, are concentrated
in the area. Furthermore, in the northern part of Warmia and Mazury there are many
bicycle paths, including the well-known Green Velo trail, which runs through the entire
north-eastern Poland.

10. Production of Energy from Renewable Sources in the Warmia and Mazury
Province Compared to the Whole Country

The following renewable energy sources are used in Poland: biogas, biomass, solar
radiation, water and wind power. Table 6 shows the energy potential of renewable energy
installations by provinces as of 31 December 2019 [87]. The list includes installations
that have obtained a license to generate electricity, an entry in the register of energy
producers in a small installation, an entry in the register of agricultural biogas producers,
and micro-installations producing electricity covered by the system of certificates of origin
or in the feed-in tariff system or operating according to auctions in support for renewable
energy. Letter codes denoting individual energy sources are compliant with Table 7. The
installed capacity of all devices is 9106.248 MW in total. Wind turbines have the largest
installed capacity, 5917.243 MW, followed by biomass facilities—1492.875 MW, the next
ones are hydropower installations—973.085 MW and solar power plants—477.679 MW.
Generators using biogas have the lowest installed capacity, only 245.366 MW. As to the
provinces, according to Table 6, the West Pomerania Province is in the first place in the
use of renewable energy sources, with the installed capacity of 1675.828 MW, of which
1488.095 MW is wind energy. The Kujawy and Pomerania Province ranks second with a
capacity of 1040.886 MW, of which 606.035 MW is wind energy. Next in line are the Greater
Poland Province—942.765 MW and the Pomerania Province—784.791 MW, also based
mainly on installations using wind energy, with capacities of 726.210 MW and 711.615 MW
respectively. The lowest installed capacity, only 188.995 MW, is in the Opole Province. In
the Warmia and Mazury Province, installations based on renewable energy sources have a
capacity of 457.865 MW, and also here wind energy is most often used—356.985 MW.

In recent years, an upward trend has been observed in Poland in terms of the installed
capacity of devices based on renewable energy sources. From 2015 to mid-2020, the capacity
increased from 6970.033 MW to 9474.910 MW, with wind energy devices having the
largest share. On the other hand, installations using solar radiation energy are developing
the fastest, as their power in this period increased tenfold, that is, from 71.031 MW to
708.019 MW. There is no spectacular increase in the power of devices using biogas and
biomass, and in the case of facilities powered by hydropower there has even been a slight
decrease [88].

In Poland, there is an alarming phenomenon of a gradual decrease in the amount of
electricity generated from renewable sources, confirmed by certificates of origin issued
by 30 June 2019. In the period 2015–2018, there was a decrease in the energy produced
from 22,452,093.535 MWh to 19,351,928.202 MWh, mainly due to the decline in the use of
hydropower and biomass. In contrast, power plants based on wind energy, solar radiation
and biogas increased their production [89].
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Table 6. Renewable energy installations in Poland as of 31 December 2019 (letter code in accordance with Table 7).

Province
(Województwo)

Installed Capacity (MW)

BG BM PVA WIL WO Subtotal

Lower Silesia
(dolnośląskie) 22.651 100.000 48.979 176.360 75.391 423.381

Kujawy and
Pomerania
(kujawsko-
pomorskie)

17.716 191.025 15.188 606.035 210.922 1040.886

Lublin (lubelskie) 15.432 2.600 55.116 138.900 1.41 213.458
Lubusz (lubuskie) 5.122 1.800 18.872 193.080 114.605 333.479

Lodz (łódzkie) 12.491 59.26 43.609 580.969 11.07 707.399
Lesser Poland
(małopolskie) 10.623 16.900 9.305 5.932 185.38 228.140

Mazovia
(mazowieckie) 29.015 275.300 48.541 385.301 21.993 760.150

Opole (opolskie) 3.949 0 13.993 140.900 30.153 188.995
Podkarpackie

(podkarpackie) 7.002 67.373 11.715 152.956 209.314 448.36

Podlasie (podlaskie) 12.587 93.541 32.502 197.76 0.797 337.187
Pomerania

(pomorskie) 24.766 2.35 15.467 711.615 30.593 784.791

Silesia (śląskie) 20.451 166.755 17.466 34.195 36.599 275.466
Świętokrzyskie

(świętokrzyskie)
3.822 243.214 16.373 21.95 2.739 288.098

Warmia and Mazury
(warmińsko-
mazurskie)

16.503 26.044 43.168 356.985 15.165 457.865

Greater Poland
(wielkopolskie) 26.568 141.662 35.737 726.210 12.588 942.765

West Pomerania (za-
chodniopomorskie) 16.668 105.051 51.648 1488.095 14.366 1675.828

Subtotal 245.366 1492.875 477.679 5917.243 973.085 9106.248

Table 7. Letter codes for types of renewable energy installations.

Letter Code Type of Renewable Energy Source
Installation

BG Using biogas
BM Using biomass
PVA Using the energy of solar radiation
WIL Using wind energy
WO Using hydropower

Electricity can also be produced in small power plants based on renewable energy
sources. A small installation is understood as an installation of a renewable energy source
with a total installed electrical power greater than 50 kW and lower than 500 kW, connected
to the power grid with a rated voltage lower than 110 kV or with an achievable thermal
power in combination greater than 150 kW but not greater than 900 kW with the total
installed electrical capacity greater than 50 kW but lower than 500 kW [90].

Table 8 shows the number of small installation electricity producers in Poland, divided
by renewable energy sources as of 31 December 2020 [91]. The largest number of small
power plants was in Lodz and Lower Silesia Provinces, 89 and 88 respectively, and the least
in the Lubusz and Kujawy and Pomerania Provinces, 18 and 23 respectively. Against this
background, the Warmia and Mazury Province looks quite good, as the number of these
producers is 64. Most installations use hydropower and solar radiation energy. At the end
of 2019, the installed capacity of such installations was 162.8 MW, with the largest share
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for devices using waterpower and solar radiation, 51.5 MW and 47.5 MW, respectively.
Energy production in such installations increased from 176.6 GWh in 2016 to 342.6 GWh
in 2019. The greatest amount of electricity was produced in small hydropower plants.
In 2016, water energy allowed the production of 90.4 GWh, and in 2019 it was already
158.00 GWh. Electricity production from sources such as non-agricultural biogas and wind
is increasing in small installations. In the period 2018–2019, the amount of energy produced
by photovoltaic systems decreased compared to the period 2016–2017 [92].

Table 8. Number of small installation electricity producers in Poland, divided by renewable energy sources as of 31
December 2020 (letter code in accordance with Table 7).

Province
(Województwo)

Number of Electricity Producers

BG * BM PVA WIL WO Subtotal

Lower Silesia
(dolnośląskie) 12 0 19 1 56 88

Kujawy and
Pomerania
(kujawsko-
pomorskie)

4 0 2 2 15 23

Lublin (lubelskie) 5 0 40 2 7 54
Lubusz (lubuskie) 3 0 7 1 7 18

Lodz (łódzkie) 6 1 37 23 22 89
Lesser Poland
(małopolskie) 9 0 14 6 20 49

Mazovia
(mazowieckie) 16 0 22 10 16 64

Opole (opolskie) 3 0 5 1 16 25
Podkarpackie

(podkarpackie) 7 0 29 10 6 52

Podlasie (podlaskie) 4 0 19 0 5 28
Pomerania

(pomorskie) 5 0 8 4 50 67

Silesia (śląskie) 20 1 37 6 15 79
Świętokrzyskie

(świętokrzyskie)
1 0 8 9 17 35

Warmia and Mazury
(warmińsko-
mazurskie)

2 0 16 2 44 64

Greater Poland
(wielkopolskie) 8 0 24 7 18 57

West Pomerania (za-
chodniopomorskie) 9 0 31 3 27 70

Subtotal 114 2 318 87 341 862

* Non-agricultural biogas.

Table 9 presents the energy potential of renewable energy installations in the Warmia
and Mazury Province by districts as of 31 December 2019 [87]. The total installed capacity
of all devices was 457.865 MW, with wind and solar energy having the largest share,
356.985 MW and 43.168 MW, respectively. Water-powered devices had the lowest power,
equal to 15.165 MW. Among the districts, the Iławski and the Kętrzyński districts have
the greatest energy potential, with an installed capacity of 129.865 MW and 75.464 MW,
respectively. The lowest capacity for producing energy from renewable sources is in the
Mrągowski District—only 1.144 MW. The zeros appearing in Table 9 represent mostly
unused energy potential in individual districts. Apart from hydropower, which can only be
used under certain conditions, there are no major obstacles to the production of energy from
other renewable sources. The smallest variation in the use of renewable energy sources
is in the Piski District and the City of Elblag, where only one renewable energy source
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is used, solar radiation energy (6.874 MW) and biomass energy (25 MW), respectively. It
is worth noting that biomass, apart from in the City of Elbląg, is used only in the Ełcki
District (0.824 MW) and in the Ostródzki District (0.220 MW). Moreover, over half of the
districts do not use biogas. This is all the stranger, as the Warmia and Mazury Province has
well-developed agriculture and forestry, which are natural sources of biomass and biogas.
At the end of 2018, there were 10 agricultural biogas plants in this region, whose total
technical capacity ranged from 29,647 to 43,238 thousand m3/year, which is still a good
result compared to the rest of the country [93]. Zeros or low numbers in Table 9 signify
that individual districts and municipalities do not initiate the creation of installations using
renewable energy sources at all or they are doing so insufficiently.

Table 9. Renewable energy installations in the Warmia and Mazury Province as of 31 December 2019
(letter code in accordance with Table 7).

District
(Powiat)

Installed Capacity (MW)

BG BM PVA WIL WO Subtotal

Bartoszycki 0 0 1.704 0 0.110 1.814
Braniewski 0 0 1.998 26.000 3.558 31.556

City of Elbląg 0 25 0 0 0 25.000
City of
Olsztyn 0.702 0 0.200 0 0.91 1.812

Działdowski 0 0 1.996 48.500 0.190 50.686
Elbląski 0.372 0 0 4.650 0.604 5.626

Ełcki 0.503 0.824 4.143 0.600 0.092 6.162
Giżycki 1.495 0 0.040 4.5 0.096 6.131

Gołdapski 0 0 1.270 53.48 1.215 55.965
Iławski 1.695 0 2.104 125.99 0.076 129.865

Kętrzyński 1.399 0 1.039 72.020 1.006 75.464
Lidzbarski 0 0 0.040 1.575 3.017 4.632
Mrągowski 0 0 1.100 0 0.044 1.144

Nidzicki 0 0 0.12 11.75 0 11.87
Nowomiejski 3.6 0 1.08 1.6 0.557 6.837

Olecki 2.263 0 2.506 4.6 0.141 9.510
Olsztyński 2.635 0 14.208 1.7 3.004 21.547
Ostródzki 1.839 0.220 0.127 0.020 0.090 2.296

Piski 0 0 6.874 0 0 6.874
Szczycieński 0 0 1.619 0 0.055 1.674
Węgorzewski 0 0 1.000 0 0.4 1.400

Subtotal 16.503 26.044 43.168 356.985 15.165 457.865

11. Possibilities of Obtaining Electricity from Renewable Energy Sources in Warmia
and Mazury

In this part, the unused potential of Warmia and Mazury in the field of electricity
production from renewable sources such as hydropower and wind energy will be analyzed.
Geographical and natural conditions, the need to protect nature, as well as landscape
and tourist values mean that renewable energy should be decentralized and be based on
many small power plants used by local communities. Little-known economic facts critical
to the development of small hydropower and wind power plants will be highlighted in
this section. It has also been shown that molinology can be useful in the development of
renewable energy. Discussion regarding the possibilities of using other energy sources in
the form of biogas, biomass and solar radiation requires a separate study.

11.1. The Energy Potential of Water

A very large and so far underused potential in the field of electricity production
is related to the use of water energy in the European Union countries. The EU project,
Renewable Energy Sources Transforming Our Regions (RESTOR) Hydro, has catalogued
inoperative and partially forgotten hydrotechnical facilities, such as historic mills, water
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wheels, inoperative hydropower stations, weirs and other lateral structures in rivers, that
could be reused for the production of electricity in micro and small hydropower plants [94].

Table 10 presents the microhydro potential in Europe as of 3 January 2021, cataloged
under the RESTOR Hydro project in the form of the number of facilities classified as unused
hydrotechnical infrastructure in individual European Union countries [95]. The largest
number of such unused devices is in France, where their number is 24,757, while Poland is
in the second place, with 8560 such objects. Germany, Italy and Romania are next with the
number of these sites equal to 5022, 4863, and 4396, respectively.

Table 10. Microhydro potential in Europe as of 3 January 2021, cataloged as part of the RESTOR
Hydro project. Number of objects included in the unused hydrotechnical infrastructure that could
constitute a material basis for the construction of micro and small hydropower plants (estimation of
the lower limit with nameplate capacity: 68,780 × 40 kW = 2751.2 MW).

Countries Microhydro
Potential Countries Microhydro

Potential Countries Microhydro
Potential

Austria 772 Germany 5022 Netherlands 343
Belgium 2550 Greece 2935 Poland 8560
Bulgaria 887 Hungary 599 Portugal 143
Cyprus 2 Ireland 511 Romania 4396
Czech

Republic 1593 Italy 4863 Slovakia 101

Denmark 290 Latvia 453 Slovenia 2017
Estonia 346 Lithuania 735 Spain 392
Finland 1819 Luxembourg 118 Sweden 1927

France 24,757 Malta 4 United
Kingdom 2645

Subtotal 33,016 - 15,240 - 20,524

Total 68,780

A total of 68,780 objects suitable for reconstruction have been marked on the map of
Europe. If we assume that each facility would have a nameplate capacity of up to 40 kW of
electricity, the total figure for all potential small hydropower plants in the European Union
would sum up to 2751.2 MW. It should be emphasized that this is a careful estimate and
in fact this number could be higher. This would allow for the closure of one of the largest
coal-fired power plants in Germany—Jänschwalde Power Station (nameplate capacity
3000 MW)—with annual emissions in 2019 reaching 17.61 Mt CO2 (megatons of CO2). In
the same year, the top ten polluters in Europe included as many as six German lignite
power plants, which together emitted 93.47 Mt CO2 into the atmosphere. Among the
top 10, there were only two Polish power plants—Bełchatów and Kozienice—with total
emissions of 43.20 Mt CO2. Interestingly, the remaining polluters included the Swiss/Italian
Mediterranean Shipping Company and the Irish airline Ryanair with emissions of 10.72
and 10.53 Mt CO2 respectively [96].

The RESTOR Hydro Map only has 68,780 fairly well-described remainders from
hydrotechnical equipment; however, the project estimated that there are approximately
350,000 small installations powered by water energy across Europe that were built in the
past. There is great potential in them, as they can constitute a material base facilitating
the creation of a large number of micro and small hydroelectric power plants. Their
employment would significantly reduce the costs of building such facilities. Including
the estimated number of unused hydrotechnical facilities into the above calculation under
the assumption of the nameplate capacity for each facility of 40 kW, a total value of
14,000 MW could be achieved, which would allow for the closure of the three largest
polluters in Europe, that is, the Bełchatów (Poland), Neurath (Germany), and Niederaußem
(Germany) power plants, whose nameplate capacities are 5472 MW, 4211 MW, and 3864 MW
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respectively. Correspondent to data for 2019, this would reduce pollution by 73.77 Mt
CO2 [96].

According to some sources there are 16,005 dams in Poland that can be used to build
mini and small hydropower plants. Their technical potential was estimated at 14.27 PJ
(Petajoule). Following the same source, in 2018 there were 761 hydropower stations in
the country, with 994 MW of the total installed capacity, of which 746 were classified as
small facilities [97]. The largest hydropower plant in Poland, using the energy of the Lower
Vistula, is located in Włocławek. It uses six Kaplan hydro turbines, with the total installed
power of 160.2 MW, which allows for producing electricity in the amount of 739 GWh/year.

The Warmia and Mazury Province is situated in the lower section of the right-bank of
the Vistula basin and in the left-bank of the Pregoła basin. The conditions for locating small
hydropower plants are favorable due to the dense network of small rivers. The three rivers
that have the greatest energy potential are: Łyna—4032 TJ/year, Drwęca—3384 TJ/year
and Pasłęka—2196 TJ/year. This is a theoretical potential, while the practical potential
may amount to as much as half of that. The potential of all other rivers in the region is
approximately 4806 TJ/year which is 50% of the potential of the three above-mentioned
rivers [98].

Considering that, according to Table 9, the current energy potential of water in the
Warmia and Mazury Province is 15.165 MW, and the number of small hydropower plants is
92 [98] (p. 47), the average installed capacity reaches the value of 164.837 kW. The RESTOR
Hydro project identified around 500 remains of former hydrotechnical facilities that could
be used to build micro and small hydropower plants in the studied region. Under the
careful assumption that the average installed capacity was 100 kW, the energy potential of
small hydropower plants would be 50 MW. Thus, the unused energy potential of water
in Warmia and Mazury can be estimated at 50 − 15.165 = 34.835 MW. Assuming that the
hydropower plant operates around 8000 h/year, the amount of additional energy that
could be produced should be 278.680 GWh/year. Meanwhile, the production of electricity
from water in Warmia and Mazury in 2010 was only 49.177 GWh/year and this amount
has not changed significantly to this day [98].

11.2. Wind Energy Potential

Figure 10 shows the wind map of the Warmia and Mazury Province with a division
into municipalities, including wind energy zones, basic transport, road, rail and inland
water infrastructure, as well as the location of former windmills operating in this area
from the 18th to the 20th century. The numbers surrounding the map represent the wind
energy in individual energy zones at a height of 30 m above ground level. The data
needed to develop the map was collected by Professor Halina Lorenc from the Institute of
Meteorology and Water Management—National Research Institute in Poland on the basis
of measurements performed in the years 1971–2000 [99,100] (pp. 121–125), [101] (p. 20). A
detailed description of wind energy zones is presented in Table 11.

Table 11. Description of wind energy zones given on the map (Figure 10).

Zone Number and Name Wind Energy at a Height of
10 m (kWh/m2/year)

Wind Energy at a Height of
30 m (kWh/m2/year)

I—Extremely beneficial >1000 >1500
II—Very beneficial 750–1000 1000–1500

III—Beneficial 500–750 750–1000
IV—Not very favorable 250–500 500–750
V—Very unfavorable * <250 <500

VI—The top parts of the
mountains * Excluded areas Excluded areas

* Does not apply to the Warmia and Mazury Province.
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Figure 10. Wind map of the Warmia and Mazury Province with a division into municipalities with the indication of wind
energy zones, transport infrastructure and the location of 91 former windmills.

The Warmia and Mazury Province is attractive for the development of wind power
stations due to good wind conditions (Figure 10), large acreage of agricultural land, which
is 1,100,000 ha, low population density, because only 59 people/km2, and the presence of
relatively large farms. Particularly, the orographically diverse and open areas of the region
are suitable for the needs of wind power, that is, its north-eastern part. However, it should
also be considered that winds with a maximum speed of gusts exceeding 11 m/s at a height
of 10 m and 30 m above the ground may occur in Warmia and Mazury [102]. This signifies
a threat of a sharp increase in the turbulence of air streams which may be dangerous for
people, wind turbines and the economy. A significant spatial limitation for the development
of wind farms is the large area of protected areas, many of which belong to the Natura
2000 network (Figure 9). Moreover, a serious obstacle to the development of this form of
electricity production is the poor technical condition of power networks, which limits the
possibility of connecting new power plants to them. In Poland, distribution networks in
rural areas are characterized by a high degree of failure, as a result of which over 50,000 km
of medium voltage lines and over 150,000 km of low voltage lines throughout the country
require immediate modernization. Additionally, the low density of these networks in north-
eastern Poland is also a problem [103]. Under these conditions, a substantial development
of large wind energy is the subject of numerous controversies.

According to the position of the Provincial Parliament of 24 April 2012, support for
wind energy is a very important factor in the sustainable development of the region, but
the basic model should be based on small, home wind farms [104]. For this reason, two
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scenarios for the development of large wind energy in Warmia and Mazury have been
adopted:

• Option A—ban on building of new power plants;
• Option B—increase in the installed capacity by approximately 250 MW by 2020.

As for variant B, the area requirements in the studied region were 10 hectares/MW,
which with the planned 250 MW increase of the nameplate capacity gives the space
requirement of 2500 ha. This is about 0.1% of the surveyed province. It is possible to
disagree with this calculation, because according to the opinion of the National Renewable
Energy Laboratory, modern wind farms in the USA need about 34 ± 22 hectares/MW,
which gives a capacity density equal to 3.0 ± 1.7 MW/km2, so under certain conditions
much more [105] (pp. 22–23). On 31 March 2013, 23 large wind power installations
were operating in the region with a total nameplate capacity of 209.5 MW [98] (p. 41).
Meanwhile, Table 9 shows that at the end of 2019, this capacity was only 356.985 MW.
Therefore, the increase in power was only 147.485 MW, so the 2020 target has probably not
been achieved. This shows that there is a greater number of Option A supporters in the
provincial authorities.

Under these conditions, all emphasis has been shifted to the development of small
wind farms with the nameplate capacity below 100 kW. These types of wind turbines are
intended for small and medium-sized businesses, farms and households. For a farm, the
most profitable generator is about 10 KW. In 2010, there were 65,200 farms in the studied
region [106], therefore assuming that one quarter of them, that is, 16,300 farms, would be
interested in installing such a wind farm, an increase in the nameplate capacity by 163 MW
should be expected. However, nothing like that happened. Moreover, Table 8 shows that at
the end of 2020 there were only 2 wind farms meeting the definition of a small installation
in Warmia and Mazury, therefore the capacity that may be at stake ranges from 100 kW to
1 MW. This signifies that small wind power plants hardly develop in the studied region.

11.3. Molinology versus Locations of Water and Wind Power Plants

For the reasons discussed above, the Polish Ministry of Regional Development decided
that the Warmia and Mazury region is indicated as a development zone for dispersed
renewable wind and hydro power plants [107] (p. 30). In such a situation, economic entities,
such as small and medium-sized enterprises, farms and even households, may be very
interested in the criteria for selecting specific places that would be most suitable for the
installation of small energy devices of this type. The achievements of molinology can be
used to search for convenient locations for small hydro or wind power plants. Currently,
this type of guidance is usually not available to prosumers who can only learn about the
general planning aspects of the location of these types of power plants [108].

In the 1950s, Franciszek A. Klonowski, an outstanding Polish ethnographer and
researcher of the folk culture of Warmia and Mazury, prepared a detailed inventory of
watermills and windmills in this region [109,110]. One of his distinct achievements was the
completion of a map of Warmia and Mazury, based on data from state archives and detailed
field research, with the exact location of 91 windmills that operated in this area from the
18th to the first half of the 20th century. These mills are marked on the wind map presented
in Figure 10. As it can be observed, most of them were located in what is today defined as
places very beneficial for wind power stations. The question arises as to how the sites for
the locations of such devices were selected, if a thorough meteorological research was not
available several centuries ago. The answers are provided by ethnographic research and the
history of the milling industry, which today combine into a science called molinology. In
previous centuries, the exact location of watermills and windmills was established basing
on the so-called water test [111] (p. 149), [112] (pp. 75–76). In order to perform the test,
the builders who came to the site selected for the construction of the mill, poured nine
measures of water (amounting approximately to nine modern shot glasses) into a glass
decanter, and after blocking it, they buried it in the ground. The decanter stayed in the
ground for nine days and nights, after which the designers unearthed it and measured



Energies 2021, 14, 5739 37 of 45

the volume of water in the decanter. If the quantity increased by at least half of the used
measure then the place was considered clean and fit for the construction of a mill. It seems
that we are not necessarily dealing with any superstitions. The above phenomenon may
be a symptom of some unknown law of physics or an unknown effect of the operation of
an already known law. It should be emphasized that the case of obtaining raw material,
mainly wood, for the construction of mills was similar until recently. This process was
commonly regarded as a superstition. The rule was that the trees selected earlier in the
forest had to be cut between the full moon and the new moon, that is, when the moon was
waning, and it was necessary to do so in the winter months, and precisely in the period
from mid-November to mid-February [112] (pp. 60–61). Today’s science confirms that in
this way it is possible to obtain the most durable material resistant to weather conditions
and capable of surviving for hundreds of years [113,114]. Perhaps it is the quantum effects
in wood that may be related in some way to the phases of the moon. Good location of
the power plant is very important as it determines the economic profitability of the entire
project.

12. Discussion

Wikinomics studies the changes in modern business models that result from the expan-
sion of digital technologies in national economies. One of the main problems considered
by wikinomics is the deepening asymmetry between the development of the market sector
and the public administration sector. The aim of the study is to determine the degree of
matching of the public administration sector to the market sector in Poland. This issue is
of critical importance for the diversification of the production of energy from renewable
sources in Warmia and Mazury. The analysis of the match between the two sectors has
been carried out in accordance with the wikinomics guidelines, with emphasis on two busi-
ness models: prosumption and platforms for participation. Therefore, it was the two-step
study. In the first part a database of prosumption principles in public administration were
used based on a direct survey conducted in 2015. Respondents were clients of municipal
public administration offices in the Warmia and Mazury Province (north-eastern Poland).
In the second part, the answer to the question is whether the web pages of municipal
public administration offices meet the conditions of modern platforms for participation.
The existence of such platforms is a prerequisite for the introduction of prosumption in
public administration. The basic research method was the correspondence analysis, and
the results were graphically presented in three-dimensional and two-dimensional charts.
However, the websites of municipal public administration offices were evaluated by a
binary method. In the course of research, it turned out that there are substantial difficulties
in implementing the prosumption principles and platforms for participation in the public
administration sphere. They are due to the lack of sufficient transparency of the public
sector. This results in the absence of synchronization between the public sector and the
market sector. The sources of problems are both technological and sociological factors.
Moreover, the study showed that the region’s inhabitants and entrepreneurs are ready
to take up the challenge of shifting public administration to the prosumer model. They
already have relevant prosumption experience from the market sector.

Presented by the authors the principles of prosumption are, according to respondents,
a key factor in the development of public administration sphere in Poland. It is clear from
Figures 3–6 that the way in which these principles are rated by women and men is slightly
different, but their opinions are complementary. On all correspondence analysis plots, the
sets of points form concentrated areas that are marked with colored ellipses. This means
that respondents consider the presented principles to be critical for economic growth and
development. In this way, the asymmetry between the wikinomics business models in
private and public sectors can be overcome.

The introduction of a wider scale of the principles of prosumption to the public
administration sphere will not be possible without transforming the municipal offices
websites into platforms for participation. Figure 7 shows that the existing websites do not
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meet the wikinomics standards of functionality. Moreover, implementing reforms in the
public administration sector also requires changing the existing model of its functioning
towards greater openness.

The introduction of a digital prosumption model in public administration on a larger
scale will certainly be a significant facilitation for prosumers enabling them to overcome
all administrative barriers and launch the production of energy from renewable sources
more quickly. It is estimated that in today’s conditions it takes from two to five years
to receive a permit to build a small hydropower plant and preferential bank loans are
difficult to obtain. In the opinion of practitioners, the current situation in terms of the
development of this type of installations is much worse than it was at the end of the
1980s, when the socialist economy still existed in Poland. It can be noticed that in the
period 1982–1989, the economic conditions for these types of activities were very good.
Distributed hydropower was supported by public administration offices, one could also
count on the support of energy recipients mainly electrical companies. It was also possible
to obtain preferential bank loans. This allowed for building transformer stations, repairing
turbines and strengthening riverbanks [115]. Nowadays, digital public administration
could make much more progress and significantly accelerate the development of energy
production from renewable sources, which is a condition for the quick achievement of
climate neutrality. The difficulties in introducing the prosumption model into public
administration are currently reflected in the slow progress in the production of energy
from renewable sources. As previously demonstrated [68], advanced websites of municipal
offices can act as growth poles and create spatial development axes that could stimulate
local economic growth under the terms of the Paris Agreement.

The above research shows that the Warmia and Mazury Province has a chance to
achieve climate neutrality much faster than by 2050 and thus be able to overtake the rest
of the country in this respect. Moreover, due to favorable natural conditions, mainly
large forest areas absorbing CO2, this region may accelerate the achievement of this target
for Poland. The main factor hampering the development of dispersed water and wind
energy in this region is the unprogressive introduction of the prosumption model to public
administration by local governments which affects many municipalities and districts. The
swift completion of the last mile networks along with their connection to the fiber-optic
backbone distribution network in order to create an integrated and modern information
network throughout the province should be viewed as a critical prerequisite. This requires
close cooperation between the local governments and local telecommunications operators
and the elaboration of an appropriate model of public-private partnership.

The development of distributed energy in the province under study may, to some
extent be an alternative to the costly repairs of medium and low voltage power grids with
a length of hundreds of thousands of kilometers. Nevertheless, it should be possible for
prosumers to sell the surplus of their renewable energy to cover shortages that might arise
elsewhere.

In view of the increasing importance of prosumption in the modern world economy,
a new form of capitalism emerges, the seed of which we have already observed today—
prosumer capitalism [116,117]. Despite the undoubted social benefits that lie at its root, it
can also pose some dangers. One is the exploitation of low-paid commodified workers and
uncommodified prosumers, whose efforts are usually free-of-charge. This phenomenon
can be one of the most important challenges facing the public administration sphere. In
particular, this regards the enhanced exploitation of people known as synergistically double
exploitation. According to its definition, prosumption covers the entire space between
production and consumption, including the extreme points. Somewhere in the middle
of this space we have what is called the balanced prosumption. However, in prosumer
capitalism economic pressure is exerted on people to occupy places near the fringes at the
same time. It is this phenomenon that is the source of synergistically double exploitation.
It is observable at self-service gasoline stations, ATMs, self-checkouts at supermarkets,
self-check-ins and self-checkouts at hotels, as well as in online stores. In all of these places,
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prosumers do unpaid work that was once done by paid workers. Thus, they are exploited
as producers. Moreover, they are also exploited as consumers by overpaying for gasoline,
bank services, foodstuffs, airplane tickets, hotel accommodations and online purchases.
In prosumption capitalism, these two forms of exploitation interpenetrate [118]. Hence,
adapting the public administration to modern economic conditions is a task that requires
quick action.

In the case of the prosumption model applied to the diversification of production of
energy from renewable sources, which is attempted to be implemented in the Warmia and
Mazury Province, the phenomenon of synergistically double exploitation should not occur
as intensely as in the above-mentioned situations. This is due to the fact that the prosumer
can use either the entire or part of the energy he has produced for his own needs, thus
gaining energy independence. In addition, and most importantly, it helps to contain global
warming by reducing carbon dioxide emissions to the atmosphere. Finally, prosumers’
activities facilitate the achievement of climate neutrality, which can be a prerequisite for the
survival of all humanity. Therefore, distributed production of renewable energy mitigates
the negative traits of the existing form of capitalism.

13. Conclusions

In the Polish economy there is significant asymmetry between the private and public
administration sector in terms of the absorption of the idea of the wikinomics. The biggest
delay in the absorption of new ideas is in the public administration sector, which can hinder
and delay the development of the private sector. It is urgent to include in procedures for the
private and public administration sector management of new recommendations provided
by the wikinomics business models. This will require greater transparency of the public
sector in Poland. Websites of the municipal public administration offices do not meet
the criteria required by the principles of prosumption, which can limit the country’s
economic potential both locally and nationally or internationally. This makes it impossible
to introduce the ten proposed prosumption principles in the public administration sphere
at both local and higher levels.

The findings contained in the article bode badly for the development of diversified
production of energy from renewable sources in the Warmia and Mazury Province under
the prosumer model. This is caused by too slow digitization of the public administration
sector in this region and significant delays in achieving the assumed energy policy goals.
There are many reasons for this, but the most important are the lack of sufficient economic
incentives, persistent administrative and legal barriers and the lack of comprehensive
solutions supporting prosumers. It should be emphasized that the achievement of climate
neutrality in the studied region could be reached much earlier than in 2050, because there
are rich resources of solar radiation, wind and water energy; moreover, there is a large
number of farms and a huge area of forests, therefore raw materials for production of
biomass and biogas are abundant. In addition, the region has the natural capacity to absorb
carbon dioxide by forests, which classifies it as an important factor in achieving climate
neutrality throughout the country. The Third Wave economy based on prosumption in
the area of renewable energy sources can also reduce or weaken the threats of modern
capitalism resulting from the phenomenon of synergistically double exploitation.

The commissioning of the backbone-distribution fiber optic network in 2015 and
the gradual construction of access networks under the Digital Plan 2025 for Warmia
and Mazury will certainly contribute to accelerating of the digitization of the public
administration sector in the region. This should definitely accelerate the administrative
activities related to starting and operating small hydro and wind power stations. For
example, it currently takes two to five years to obtain a permit to build a small hydropower
plant [115]. In such conditions it will be difficult to develop the renewable energy sector, so
it is obvious that quick action is needed to improve public administration. The development
of computer networks will also contribute to the modernization of existing enterprises, the
implementation of innovative technologies in various sectors of the local economy and the
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orientation of entrepreneurship towards the development of new markets for products and
services provided via the Internet.

The plans for the development of renewable energy in the Warmia and Mazur Province
assume the construction of hydro and wind energy stations in a dispersed form. This region
offers excellent conditions for the construction of small hydropower plants due to the dense
network of rivers with a total energy potential of 14,418 TJ/year. In addition, there are
several hundred remains of former hydrotechnical facilities, which could significantly
reduce the costs of building energy installations. The calculations in this article show that
the current production of electricity from water-powered devices can be increased by at
least 300 GWh/year. Very good wind conditions in the examined province enable the
construction of many small wind farms, each of which would have the nameplate capacity
of about 100 kW. There are over 60,000 farms in the region that could be interested in using
this type of plant, but there is still no economic incentive to initiate this type of activity.
However, the development of large wind farms is unlikely due to the presence of many
threats to the natural environment.

An important issue related to the construction of small hydro and wind power plants
is their exact location. For this purpose, molinology proves to be useful as it allows
determination of the exact location of the ancient watermills and windmills. On the one
hand, these are the remains of former hydrotechnical facilities, most of which can be reused,
and on the other hand, we have detailed guidelines on where small wind farms can be
built. In this way, it is possible to access unique knowledge regarding the properties of a
given area. Moreover, it is easy to notice that the location of the old windmills is in line
with the wind maps developed in modern times.

Nowadays, the cost of electricity production is no longer the main factor determining
the choice of energy sources. This is due to the need to implement the Paris Agreement,
which obliges the international community to reduce the global average temperature. Most
often, power plants based on renewable energy sources, such as water or wind, are less
profitable compared to obtaining electricity from fossil fuels. For example, in 2013 the
levelized cost of electricity for lignite was 0.038–0.053 Euro/kWh, for hard coal 0.063–
0.080 Euro/kWh, for onshore wind farms 0.045–0.107 Euro/kWh, for photovoltaic systems
0.078–0.142 Euro/kWh and for biogas power plants 0.135–0.215 Euro/kWh [119] (p. 2).
Moreover, solar and wind power plants have a lower efficiency than coal power plants, as
they are more sensitive to weather changes, which was proved in the winter of 2020/2021
in Europe and the USA. Were it not for the need to reduce global warming, we would
continue to use lignite as our primary energy source. Perhaps in the future the levelized
cost of electricity will change as a result of the improvement of methods of obtaining
electricity from renewable sources and the introduction of financial instruments favoring
the development of green energy.

Considering the future of mankind, the use of renewable energy sources should be
developed as soon as possible. Global warming is a threat that cannot be underestimated.
Recent simulations based on computer models indicate that the Earth has already passed
the point-of-no-return, irreversibly changing the dynamics of the climate system, which
means that global warming cannot be stopped [120]. The reasons for this are the cycle of
self-sustained thawing of the permafrost resulting from methane release, lower surface
albedo due to melting ice and snow, and higher atmospheric humidity being the result
of elevated temperatures. The process starts with global warming of just +0.5 ◦C above
the pre-industrial level. Two scenarios are considered in the research. The first scenario
assumes that man-made greenhouse gas emissions will be reduced to zero by the year
2100. Then the global average surface temperature will increase until approximately 2075
reaching a local maximum of +2.3 ◦C above the pre-industrial times, then it will drop
slightly and later will rise again steadily until 2500 when it will reach the value of +3 ◦C.
At the same time, by 2500 the sea level will rise 3.2 m above the level registered in 1850. The
second scenario assumed that emissions would be reduced to zero as early as 2020. In this
case, the global average surface temperature will slightly decrease to +1 ◦C by 2050 and
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will then rise steadily to around +2.6 ◦C in 2500. By contrast, ocean levels will continue to
rise, albeit at a slower pace than in Scenario 1 and will be 2.5 m above pre-industrial times
in 2500. It occurs that self-reinforcing thawing of the permafrost could only be avoided if
man-made greenhouse gas emissions were reduced to zero between 1960 and 1970, when
global warming was below +0.5 ◦C. Currently, the situation can only be saved by the
process of removing at least 33 GtCO2e (a gigaton of carbon dioxide equivalent) from the
atmosphere per year, starting from 2020. Thus, we return to the source of the problem
identified almost four decades earlier in the movie Gwiezdny Pył (Stardust), which makes it
not only a very interesting element of film art, but also a visionary warning that cannot be
ignored.
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39. Igliński, B.; Buczkowski, R. Potencjał Techniczny i Możliwości Wykorzystania Biogazu Utylizacyjnego na Przykładzie Wo-
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70. Jasiński, J. Przemiany w zakresie przymusu mlewa na Warmii u schyłku XVIII i na początku XIX wieku. Komunikaty Mazursko-
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76. Perroux, F. L’Économie du XXe Siècle; Presses Universitaires de France: Paris, France, 1964.
77. Pottier, P. Axes de communication et développement économique. Rev. Économique 1963, 14, 58–132. [CrossRef]
78. Sieć Szerokopasmowa Polski Wschodniej dla Województwa Warmińsko-Mazurskiego. Atlas Warmii i Mazur. System Informacji
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97. Igliński, B. Hydro energy in Poland: The history, current state, potential, SWOT analysis, environmental aspects. Int. J. Energy
Water Resour. 2019, 3, 61–72. [CrossRef]

98. Koncepcja Rozwoju OZE w Województwie Warmińsko–Mazurskim do 2020 Roku; Warmińsko–Mazurska Agencja Energetyczna, Sp. z
o.o. (LLC): Olsztyn, Poland, 2013; Available online: http://www.wmae.pl/do-pobrania (accessed on 30 January 2021).
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