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Summary: The aim of the present paper is to indicate and discuss the conditions 
that currently affect the implementation of renewable energy sources (RES) 
in the perspective of the West Pomeranian Voivodeship in Poland. To achieve 
the aim, a qualitative and quantitative study was designed, which employed 
research methods and techniques such as: 1) analysis of the existing data; 
2) supplementary research (interviews with the authorities and social 
organizations) plus 3) qualitative individual in-depth telephone interviews 
(TDI) with the residents of the Voivodeship  in a form of questionnaire using the 
CAWI technique. The instruments currently operating in Poland with RES were 
examined. They included subsidies, support programs, credit reliefs and their 
impact on indicators such as socio-cultural aspects, knowledge or ecological 
awareness, social acceptance of photovoltaics, and even traditions and cultural 
values, in addition to the attitudes towards innovations or technological 
solutions. The research results achieved may constitute a recommendation 
for the introduction of the new RES in the future in other regions of Poland. The 
conclusions constitute an up-to-date database of the collected data on RES.

Keywords: renewable energy sources (RES), photovoltaics, operational programs, 
support instruments, indicators and indicators for the implementation of the new RES  

Streszczenie: Celem artykułu jest ocena uwarunkowań wpływających na 
wdrażanie wykorzystania odnawialnych źródeł energii (OZE) w województwie 
zachodniopomorskim. W ramach realizacji celu badawczego zastosowano 
badania mieszane – jakościowe oraz ilościowe i wykorzystano następujące 
techniki badawcze: 1) analizę danych zastanych; 2) badanie uzupełniające 
(wywiady z władzami oraz organizacjami społecznymi); 3) jakościowe 
indywidualne wywiady pogłębione (TDI), przeprowadzone telefonicznie 
z mieszkańcami województwa przy zastosowaniu techniki CAWI. Przedmiotem 
badania były instrumenty wspierające rozwój wykorzystania OZE, takie jak np.: 
dofinansowania, programy wsparcia, ulgi kredytowe oraz ich oddziaływanie na 
wskaźniki społeczno-kulturowe, poziom wiedzy czy świadomość ekologiczną, 
społeczną akceptację dla fotowoltaiki, a nawet tradycje i wartości kulturowe 
oraz postawy względem innowacji czy rozwiązań technologicznych. Osiągnięte 
wyniki badań mogą stanowić rekomendację dla wprowadzania nowego OZE 
na przyszłość w innych regionach Polski. Wnioski są aktualną bazą zebranych 
danych o OZE w Polsce dla województwa zachodniopomorskiego.

Słowa kluczowe: odnawialne źródła energii (OZE), fotowoltaika, programy 
operacyjne, instrumenty wsparcia i wskaźniki wdrażania OZE

IMPLEMENTATION INDICATORS OF RENEWABLE 
ENERGY SOURCES (RES)  

IN THE WEST POMERANIAN VOIVODESHIP

WSKAŹNIKI IMPLEMENTACJI ODNAWIALNYCH ŹRÓDEŁ ENERGII (OZE)  
W WOJEWÓDZTWIE ZACHODNIOPOMORSKIM

Introduction

The increase of the interest in the renewable energy sources 
(RES) in Poland and, especially in the regions with specific geo-
graphic and economic conditions, has become one of the crucial 
elements of energy policy of the country and the implementation 
of the targets connected with the environmental protection as 
well as with the sustainable development. Owing to its location 
on the shore of the Baltic Sea and a developed energy network, 
The West Pomeranian Voivodeship has a huge potential in the 
area of the implementation of RES technology, mainly in respect 
of wind energy, photovoltaics and biomass. 

In the present paper, the attempts of assessing various ele-
ments in the utilization of RES implementation indicators in the 
discussed region, were undertaken. They included the consid-

DOI: 10.15199/180.2025.3.1

eration of economic, technical and social aspects which affect 
the efficiency of implementing the projects connected with RES, 
with a particular consideration of the problems concerning pho-
tovoltaics. 

In respect of technical aspects, the assessment of the po-
tential of local renewable resources such as insolation or wind 
conditions as well as technological possibilities of using effec-
tively the energy sources, has a key meaning. The social aspects 
are also equally important as today, they  constitute a significant 
part on the RES implementation process in the discussed region. 

In the study, there was utilized the scientific literature, being 
available in Poland, including the reports and own studies from 
the recent five years which represent the current state of RES 
implementing in the examined voivodeship in the context of the 
total territory of Poland. In the mentioned study, the references 
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the offices and organizations acting today in RES sector. The col-
lected knowledge was, in the opinion of the author of the paper, 
comprehensive, coherent and enabled formulation of the com-
plete conclusions in the discussed topic. 

During the first stage of the conducted tests, there were ob-
tained the open data from the governmental program of  financ-
ing “My electricity” of which 15 939 persons from the examined 
voivodeship  took an advantage [6]. The important role in the 
conducted study was played by the indicators of subsidizing the 
renewable energy sources, owing to which the situation in the 
examined voivodeship may be well documented. 

The successive tool – which was quite quickly diagnosed 
during the studies – included indicator of direct investments in 
RES for the self-governing entities. It allowed a free comparing 
of the performance of a new photovoltaic installation, which 
was expressed as the number of direct investments on the RES 
projects, subsidized from the means of the European funds, 
implemented by the local self-governing institutions in the years 
2014–2023 which covered the studies.  

The most important elements which required consideration 
of their economic indicators were: installing costs of the partic-
ular RES technologies, time of return of the undertaken invest-
ments, profitability of undertakings and availability of the co-
financing programs and credit reliefs which may meaningfully 
affect the profitability of  the projects. 

Characteristics of the West Pomeranian Voivodeship

The West Pomeranian Voivodeship, situated in the north-
west Poland is a neighbor to Germany from the West and its 
northern border is outlined by the seashore line of the Baltic Sea. 

were made, inter alia, to the papers of such authors as Miecek, 
Klugmann-Radziemska, Okraszewska, Wojciechowska et al., 
who deal with the renewable energy, RES economy and energy 
policy of Poland. A special attention was paid to the papers of 
such authors as Gawlik, Świderski, Puczko or Kwiatkowski who 
analysed the general principles of RES implementing in Poland 
as well as the specific new challenges  (Smolarski &Dembicka-
Niemiec and Rosenkiewicz). The mentioned base was supple-
mented by the report and documents, constituting the actual 
foundations of identification of the RES  implementation in the 
West Pomeranian Voivodeship (Włoch & Lazarek – Janowska).

The purpose, range and the employed research methods

For the research aims, the West Pomeranian Voivodeship 
was chosen as it was expected to obtain there the significant 
data after the first preliminary own study concerning the state 
of RES in Poland. The mentioned voivodeship was also selected 
because due to the favourable general natural conditions and, 
in particular, the favourable wind conditions and insolation, be-
ing found at the mean level of ca 1100 kWh/m2, it may become 
the leader in energy production from the renewable sources in 
the nearest future. On the one hand, the access to the sea-side 
territories  in the West Pomeranian Voivodeship as well as in 
the whole region, creates the possibilities for installing the solar 
farms, and on the other hand, it puts the challenges connected 
with the erosion, very frequently occurring on the discussed ter-
ritories [19].

To implement the research aims of the present paper, there 
were utilized the studies and quality methods [4] in a form of 
conducted individual telephone supported interviews (TDI) and 
the interviews with the inhabitants of the discussed voivodeship. 
They had a form of the so-called questionnaires in the CAWI 
(Computer Assisted Web Interview) technology.  Collection of all 
secondary data was carried out via analysis of the press inter-
views, articles in periodicals, local branch publications concern-
ing the newly installed different RES and, also materials available 
at the Internet pages  and platforms relevant for the discussed 
problems. The analysis of the data collected from GUS (the Main 
Statistical Office in Poland) for a given voivodeship was extreme-
ly important. 

The interview was prepared in a form of standard talk, based 
upon the earlier fixed scenario what allowed to obtain informa-
tion being relevant from the viewpoint of the research problems 
concerning RES and photovoltaics itself. The interviews were 
conducted in the following sites: City Hall of Szczecin, City Hall  of  
Stargard and Polish Association of Wind Energetics in Szczecin.  
Within the frames of the study, in order to define the searched in-
struments of RES implementation, the interviews were also car-
ried out with the experts, connected with the RES market. 

The study, as being indispensable for the implementation of 
the targets of the present paper, was conducted based upon the 
following elements: 1) the existing data; 2) a survey carried out 
among the inhabitants of the region on the sample = 625 and 
as supplementation: 3) the interviews with the representatives of 

Fig. 1. Map of the distances: The West Pomeranian Voivodeship  
and the nearest capital cities  

Source: https://cig.wzp.pl/region-2/region-w-liczbach
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It is characterized by a developed touristic infrastructure, with the 
known seashore localities and health resorts such as Kołobrzeg, 
Połczyn-Zdrój or Świnoujście (https://zachodniopomorskie.pol-
skamultimedialna.pl/pl/zachodniopomorskie/). It is the region 
with a highly differentiated economic and social structure where 
the renewable energy sources (RES) become more and more im-
portant. The data of 31 December 2023 show that the voivode-
ship had 1 636 293 inhabitants (www.polskawliczbach.pl ). 

It should be mentioned that from the perspective of the de-
velopment of renewable energy, the West Pomeranian Voivode-
ship may be a leader in respect of production of electric energy 
from RES. In 2022, at its territory, 6100 GWh of electric energy 
were produced what constituted 16.2% of the national produc-
tion according to the data of the GUS RENEWABLE ENERGY IN 
THE EU-27 IN 2018-2021. The discussed region produces practi-
cally as much new energy from the renewable sources as it uses, 
reaching the indicator of the coverage at the level of 98.2%. On 
the other hand, the installed RES power, calculated as electric 
power of RES installations above 50 kW, amounted in the dis-
cussed voivodeship to 2827 MW what constitutes 17.9% of the 
power installed in the country. The leading districts in respect of 
the installed power of RES installations are:
1)	 Darłowo (258.6 MW), Malechowo (192.4 MW) and Postomi-

no (167.5 MW);
2)	 Biomass installations – Szczecin district(91.5 MW); and
3)	 Photovoltaic installations – Polanów district (34.9 MW). 

According to the data of GUS (The Main Statistical Office of 
RP) the West Pomeranian Voivodeship  is characterized by the 
number of  inhabitants of the cities being equal to 68% and the 
number of the inhabitants of the rural areas amounting to 32%. 

The results of the studies and discussion

In the West Pomeranian Voivodeship and in the total region, 
the access to the seaside areas creates the natural conditions 
for location of photovoltaic installations at the industrial scale; 
however, it also induces certain challenges, connected with the 
frequently occurring erosion at the discussed territory [19]. 

The first factor of the analysis in the study was the power 
of the installed installation consistent with the popular program: 
“My electricity” where the mean value for Poland in general was 
equal to 0.041 kW. The mentioned element, as analysed in the 
West Pomeranian Voivodeship was the lowest one for the whole 
country and amounted to 0.0278 kWh. On the other hand, the to-
tal power of all new photovoltaic installations, financed within the 
frames of the mentioned popular program in Poland was 2 378 
938 153 W. When analyzing the value of total power of all photo-
voltaic installations, being implemented within the program “My 
electricity” at the territory of the whole West Pomeranian region 
in such a way, it may be stated that its maximum was determined 
at the level of 74 290 305 W. After a precise calculation of the 
mentioned power into each household of the examined voivode-
ship, there was obtained the lowest result in comparison to other 
voivodeships in the country; it was found at the level just under 
130 W [6]. 

The second relevant factor of the analysis included the ele-
ments offered in the West Pomeranian Voivodeship within the 
frames of  subsidizing the program “Clean Air”. As it may be ob-
served, the West Pomeranian Voivodeship as acting under the 
present measures of the mentioned program, has one of the low-
est possible amounts of subsidies in the scale of the whole coun-
try. It is planned to subsidize (under the mentioned program) the 
new photovoltaic projects in the amount of 126.0 million PLN 
what, as calculated per one household is equal to 220 PLN. It 
should be, therefore, mentioned that – as it was revealed by the 
conducted calculations – the possibilities of supporting the pho-
tovoltaics development by the local authorities in the discussed 
voivodeship will be limited; it will make reaching the level of the 
RES leaders in other voivodeships impossible. 

Another factor, analyzing the situation at the national and 
regional level included the elements of RES implementation, de-
termined in relation to the possessed natural resources. In the 
conducted studies it has been revealed that the West Pomera-
nian Voivodeship has an abundant access to solar and wind re-
sources and is one of the leaders in respect of implementing the 
new RES system in Poland. The local programs being currently 
promoted in the discussed voivodeship support the develop-
ment of new photovoltaic installations and the number of their 
prosumers is dynamically growing what is a positive indicator 
per se. The undertaken analysis allowed stating the occurrence 
of various local programs, supporting the new investments on 
photovoltaic installations for private persons. They include the 
following, well-functioning regional programs which have to sup-
port the development of new RES:
A)	 Loans for RES support in the West Pomeranian Voivodeship 

are financed from the European means. Within the frames 
of the already going-on program” Loans for RES support in 
the West Pomeranian Voivodeship” there are planned such 
activities as:
-	 the additional capacity to produce heat energy from the 

renewable sources which should reach the level of 62.96 
MW;

-	 the additional new capacity to generate heat energy from 
other new renewable RES which should quickly reach the 
level of 6.04 MW, at the level of each indicator for a given 
product; the new electric energy produced today from the 
renewable sources should be shaped at the safe level of 
63 092.99 MWh for the current year, whereas the energy 
generated from the new renewable sources such as heat 
energy should be today found at the lowest minimum lev-
el of 6 050.01 MWh for the current year and for the level 
of the best indicator of the result.

Within the frames of the mentioned project, it is possible to 
employ financing for obtaining the new loans for a quick growth 
of production of the new electric energy and heat energy from 
RES such as premium in a form of a partial remittance of the 
loans for the support of the new RES producers; value of the 
whole project in the West Pomeranian Voivodeship is equal to 
373 746 267.47  PLN whereas the amount of 317 684 327.35 PLN 
is a sum, subsidized from the EU in the years 2024–2025;
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installations as a meaningful obstacle in RES development. Rela-
tively often the attention was paid to the visible lack of the sup-
port from local self-governing authorities. The recent barrier was 
indicated by 30% of the respondents. 

During the tests, there was also analysed the “Program of the 
Regional Support for Ecological Education”. The aim of the men-
tioned program was constantly to raise the level of a new eco-
logical awareness and popularization of knowledge on RES, so-
cial activization or building of a new citizens’ society and shaping 
of the appropriate pro-ecological attitudes in Polish society via 
activities in favour of proper counteracting the bad emissions or 
supporting the renewable energy sources, low-emission trans-
port, sustainable development of Poland, environment protec-
tion or a new water management. In the examined West Pomera-
nian Voivodeship, the sum of 2 001 438.80 PLN was destined for 
activities within the frames of the discussed project.  

In the examined West Pomeranian region, the young society 
has a visible higher level of ecological awareness as they are 
more prone to adopt RES as a good alternative. It is also char-
acterized by a higher level of ecological education, manifested in 
a greater interest of the inhabitants in RES and their greater open-
ness to the changes. The changes e.g. in culture standards and 
habits are difficult to be indicated because the preferences to old 
traditional energy sources such as coal or gas, may still result in 
a greater resistance to RES. In the examined West Pomeranian 
Voivodeship, there is however visible a strong pressure on tour-
ism and ecology and also, more favourable attitude to new green 
modern RES technologies. 

As it was revealed in the studies, the West Pomeranian 
Voivodeship is a region of Poland which is distinguished by the 
positive attitudes to the new RES. There is a visible approval for 
new technologies of the renewable new energy sources such as 
e.g. current photovoltaics; it is connected with the growing inter-
est in the ecological sources of a new energy or a strong pres-
ence of investments in RES. Additionally, the positive attitudes 
were highly affected by the observed local self-governing initia-
tives and governmental support of the development of RES tech-
nologies what was also indicated in the own studies conducted 
in this field.  

The analysis of the interviews conducted with the inhabit-
ants of the West Pomeranian Voivodeship clearly demonstrated 
that they assessed positively their current knowledge on the en-
vironmental problems: as much as 71% of them declared that 
they possessed a very good knowledge in this respect. A high 
self-evaluation of the examined respondents from the discussed 
voivodeship stays however in contradiction to their everyday be-
haviors relating to e.g. ecology because 69% of the inhabitants 
of the voivodeship declared as being very correct to segregate 
the waste. On the other hand, the divergence in the answers was 
surprising, the inhabitants had either the overstated self-assess-
ment or showed that their knowledge on the environmental was 
in fact superficial; it may be a result of the limited number of 
informational-educational activities, carried out in the region by 
the self-governing authorities or other public institutions in the 
mentioned region. Similar answers were obtained in the case 

B)	 Loans for the improvement of energetic effectiveness in 
the West Pomeranian Voivodeship financed from the means 
of the European Union; within the frames of the implemen-
tation of project: “Loan for the improvement of energy ef-
fectiveness in the West Pomeranian Voivodeship” there are 
planned, for example, such undertakings as:
-	 loans for the improvement of energy effectiveness of mi-

cro- and small companies;
-	 new loans for improvement of the energy effectiveness 

in the housing sector and old houses of public utility, or 
modernization of street lighting.

The visible new support in the frames of energetic effective-
ness will cover about 30 enterprises, 433 living flats and 24 199 
m2 for known space in public utility buildings. Actually, within the 
frames of the discussed project, it is possible to employ different 
new financial instruments, beginning from loans, via the loans for 
the so-called energetic effectiveness up to those ones connected 
with the new subsidies in a form of support for performance of 
the appropriate technical documentation such as e.g. for energy 
audit or another support in a form of loans, being remitted after 
later period and in the moment of repayment. Value of the total 
project is 221.6 million PLN and the current sum is equal to 188.4 
million PLN; they are the means derived from the co-financing by 
the European Union [5]. 

Moreover, the conducted studies have revealed that the high-
est value of the loans, obtained from different regional funds, as 
calculated per one household, was just recorded in the West Po-
meranian Voivodeship. The highest sum of the means granted 
in a form of loans for the RES support from the regional sources 
was allocated at the territory of the discussed voivodeship. As 
calculated per one household at the mentioned territory, the sum 
was equal to 1039.54 PLN. A high level of support from the local 
self-governing institutions and the best infrastructure, favourable 
for the RES development have contributed to the greatest inter-
est in photovoltaic installations just in the examined voivodeship.

During the conducted interviews, the inhabitants  who did not 
possess the photovoltaics, were asked the question: would you 
consider its potential installation?  

About 30% of the respondents expressed the will to have 
such type of installation whereas as much as 44% expressed 
a lack of interest in the RES activities and photovoltaics. 

In the study there were also asked the questions about the 
possibilities of reaching financial savings in spite of many ob-
stacles  and barriers  to RES. The answers presented a result 
of savings amounting to 41% for the West Pomeranian Voivode-
ship what allowed placing it at the middle of the data from the 
whole Poland. The most frequently mentioned barriers in the 
respondents’ answers concerned the problems connected with 
the functioning and service of the newly installed equipment, em-
ployed in RES systems – the mentioned problem was indicated 
by 27% of the respondents. Also, 27% of the surveyed persons 
were afraid of the potential technical problems; the mentioned 
factor was especially important for the inhabitants of the ex-
amined voivodeship. Moreover, 26% of the participants of the 
questionnaire indicated the costs of periodical servicing of the 
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est skepticism in respect of the fu-
ture advantages of new installations 
for photovoltaics. At the mentioned 
territory there was also recorded the 
highest percentage of the study par-
ticipants who  were not interested 
directly in photovoltaics installation 
in the situation when the indicated 
period of its return was short. It has 
been illustrated in Fig. 2.

In turn, what was shown in the 
conducted studies, the inhabitants 
of the West Pomeranian Voivode-
ship have many relationships with 
the western countries such as Ger-
many or Scandinavian countries 
from which they probably trans-
ferred their observations and ex-
periences to their own houses and 
the nearest environment. Moreover, 
they compare the changes in rela-
tion to the situation which they had 
observed abroad. The inhabitants 
of the discussed region were, there-
fore, more open to RES innovations 
due to the possessed culture diver-
sity and historical west migrations 
of local population searching for 
work. They brought innovations and 
knowledge on RES from the visited 

sites. During the conducted tests, the interlocutors of the author 
of the study paid also attention to historical and cultural aspects 
which, in their opinion, determined their behavior as a society.  
They were visible not only in the context of installing the new pho-
tovoltaics or another RES but also investing in e.g. immovables 
or the nearest environment. The results showed similarly that 
the small distance from Germany and Scandinavian countries 
affected a positive impact on openness of the inhabitants to in-
novations and modern RES technologies. The cultural diversity 
of the inhabitants of the examined voivodeship, as being visible 
in the tests, was favorable for greater openness to the proposed 
innovations and new energetic technologies in RES what is illus-
trated in Fig. 3. 

In the West Pomeranian Voivodeship the access to reliable 
information on profits and possibilities of utilizing solar energy 
obtained lower assessment. It was shaped at the level of 37% 
whereas in other voivodeships of Poland the mentioned value 
was equal to 45%. Values of the access to information on RES 
was another examined aspect of the attitudes in relation to inno-
vations. The West Pomeranian Voivodeship obtained the result 
amounting to 37% what placed the mentioned region somewhat 
above the average in relation to the results for the whole territory 
of our country. 

What is interesting, 44% of the respondents from the West 
Pomeranian Voivodeship appreciated very highly their knowl-

of the question concerning the choice of the train instead of car 
in the examined West Pomeranian Voivodeship. It was revealed 
that only 34% gave such opinion in this respect. On the other 
hand, when the question concerned savings in water, electricity 
or gas, as much as 72% of the inhabitants of the region declared 
the mentioned savings. The residents of the examined voivode-
ship looked in a specific way at the future potential investment 
in photovoltaics which they treat as e.g. possibility of increasing 
the value of their immovables (property). 21% of the respondents 
of the discussed voivodeship gave such answer. The obtained 
result was somewhat higher as compared to the result of the 
studies conducted in other regions of Poland where it oscillated 
around 14%. 

The respondents from the West Pomeranian Voivodeship 
as compared to other voivodeships were also more sceptic in 
the approach to perceiving the new photovoltaics as the obvi-
ous, new and very effective method for reduction of overall con-
tamination, affecting the environment. It is interesting to mention 
that 22% of the examined respondents did not agree directly with 
such obvious statements. In the successive study on the new 
RES, 22% of the participants from the West Pomeranian Voivode-
ship, who have not possessed the photovoltaic installations yet, 
were asked about the possible profits resulting from the installa-
tions.  They answered that they did not see the potential profits. 
In the West Pomeranian Voivodeship, there was visible the great-

Fig. 2. Interest in photovoltaics installation in Poland in the years 2020–2021  
Source: Ministry of Climate and Environment 
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the following statement is correct: the access to re-
liable information on photovoltaics could increase 
their interest in the investment in the mentioned 
technology; it was the opinion only of 44% respon-
dents.  The planned tests showed also that the 
percentage of the households in the West Pomera-
nian Voivodeship having an access to Internet by 
smartphone in 2022 was similar as the average for 
the country. The national average value was equal 
then to 87. 5% while the percentage of the house-
holds which actually possess smartphone in the 
West Pomeranian Voivodeship is somewhat lower 
than the average for the country and it amounts 
to 84.1%. 

The awareness of ecological problems as be-
ing revealed by the respondents in the discussed 
study was favourable for approval of modern pho-
tovoltaics in the whole country. It was confirmed 
by the results of the conducted studies although 
the situation was different in the West Pomeranian 

Voivodeship alone where the smaller interest in photovoltaics 
was visible. There was also stated a greater skepticism in relation 
to the submitted advantages of new photovoltaic installations. In 
detailed analyses it was found that today the interest in investing 
in new RES is less popular. 

Summing up the West Pomeranian Voivodeship results, on 
the grounds of the conducted studies, we may notice that in 
spite of good access to information and education on the new 
photovoltaics or RES, the discussed activities caused a small 
interest of the respondents , including also the comparison to 
other voivodeships. In these recent regions, the investments in 
photovoltaics were not preferred  and the inhabitants did not par-
ticipate in any educational events or webinars and they did not 

edge on the possible profits connected with the utilization of 
modern photovoltaic systems. This quite high self-assessment 
of knowledge on the RES by the inhabitants of the West Pomera-
nian Voivodeship did not result from the participation in the or-
ganized specialistic training or workshops or even modern we-
binars on new photovoltaics because only 6% of the examined 
respondents participated in such informational events at least 
once. It allows concluding that they do not participate in actual 
educational events or webinars on RES and do not search for 
such activities at their own hand. The above mentioned data are 
illustrated in Fig. 4. 

The conducted study has also revealed that the examined 
inhabitants of the West Pomeranian Voivodeship did not think 

Fig. 3. The international factors affecting the approval of RES in the West Pomeranian 
Voivodeship 
Source: Own development – scheme of international migration targets and contacts 
affecting the RES approval in the West Pomeranian Voivodeship

Fig. 4. Differences between the subjective evaluation of knowledge on RES and participation in educational activities in the West Pomeranian Voivodeship  
Source: Own development  - results and calculations collected from the conducted studies
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seek such type of knowledge themselves. In the opinion of the 
author of the present study, we should look for deeper reasons 
but the new studies would be required in this respect. It is illus-
trated in Fig. 5. 

Owing to the obtained results it may be concluded that the 
quick implementation of new renewable energy sources in ev-
ery regional environment in Poland was strongly dependent on 
the possessed own knowledge and skills, or on the recognized 
personal principles and various  values [15, 16]. Thus, the inhab-
itants of the West Pomeranian Voivodeship assessed the pos-
sessed own knowledge on new RES at the highest degree – at 
the level of 71% in relation to the examined groups from other 
voivodeships in Poland. The mentioned result is not reflected in 
any practical ecological activity. A good example of such situa-
tion may be information that only 69% of the inhabitants of the 
West Pomeranian region segregates the discarded waste. We 
should also mention an interesting study where only 34% of the 
residents of the mentioned voivodeship  chooses railway and 
bus transport instead of own car what was compared to the re-
sults of the analysis in other voivodeships of Poland. The data 
from the conducted experiment allowed also suggesting that the 
inhabitants of the West Pomeranian voivodeship  have quite vis-
ible surficial pro-ecological knowledge what may result from the 
fact that the small number of governmental informational-edu-
cational events on the new RES was carried out at the discussed 
territory. We may also notice that 44% of the inhabitants of the 
mentioned voivodeship  declared a constant lack of interest in 
the new photovoltaics. It is important in the conducted study be-
cause it constitutes a higher percentage than in the remaining 
voivodeships in Poland which were also examined for the needs 

of another scientific study. The 
current study revealed also that 
in the mentioned above region 
there was the highest percent-
age (30%) of the respondents 
who would not invest in photo-
voltaics although the mentioned 
investment could be returned 
as early as after 5 years. In the 
discussed voivodeship, in spite 
of the quite good self-assess-
ment, the access to information 
occurred to be evaluated at the 
lower number of scores by the 
respondents what may affect 
the lowest interest in the RES 
investing. 

It should be however 
stressed that the examined 
West Pomeranian Voivode-
ship had the highest income, 
calculated for household and 
amounting to 104.1% of the av-
erage national value. It is a situ-
ation, being theoretically very 

favourable for the new planned investments in photovoltaics and 
other RES. We should however stress that the mentioned already 
low access to any information or education, together with the 
visible skepticism towards RES inhibits strongly the development 
and future of RES. 

The West Pomeranian Voivodeship  appears in the study as 
the example of outsider for newly developing photovoltaics or 
RES in our country. The situation observed in the study as early 
as at the level of own conclusions looks differently because the 
total power of photovoltaic installations per one household was 
the lowest one in the mentioned above voivodeship in spite of 
visible better economic situation as compared to other voivode-
ships. Such own analysis of the collected statistical data allows 
also paying attention to a visible correlation between the activi-
ties in relation to the examined inhabitants and the support of 
the local authorities in respect of RES investments. Additionally, 
the conducted study revealed that the interest in ecological prob-
lems and new investments in photovoltaics and RES as well as 
the access to the dedicated information or education in the West 
Pomeranian Voivodeship were the lowest ones in the country. In 
the opinion of the author of the paper, the mentioned situation is 
reflected in a quite big skepticism of the inhabitants of the dis-
cussed region in relation to the availability of the new technolo-
gies. One of the reasons for such phenomenon may also include 
a low engagement of the governmental and local authorities in 
a new attractive promotion of RES. During the period of 2014–
2023, only 11 big projects, co-financed from the EU means relat-
ing to the new RES were implemented at the territory of the West 
Pomeranian Voivodeship. It should be stressed that the current 
budget for implementation of the new educational projects in the 

Fig. 5. The attitudes of the respondents in relation to RES and innovations where the distinct contrasts can be found 
Source: Own development – the results and calculations collected from the conducted studies
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mentioned above voivodeship is equal to 2 000 000 PLN what as 
calculated per one inhabitant gives the lowest sum in the coun-
try, amounting to 3.49 PLN.

The conducted studies show univocally that the discussed re-
gion is characterized by a relatively lower degree of technical adap-
tation to RES installation. In 2022, there were issued 793 refusals 
of connecting the new installations to the electric energy network. 
What is interesting, there is one RES technician for 4440 house-
holds in the West Pomeranian Voivodeship. We may deliberate on 
such high number of the households to be served but the answer 
to the question what is the technical reason for such situation, 
should  be found in the further successive studies. 

The analysis of the study conducted in the West Pomerani-
an Voivodeship revealed that there is one technician per 4440 
households what is not a positive result. When comparing the 
obtained indicator in the scale of the country, it should be stated 
that the number of households per one installing technician is by 
±2.–2.5 times higher than in the best voivodeship in Poland. Such 
low number of installers may also create a problem in the ac-
cess to new photovoltaics in the region and require much longer 
time  for the implementation of the new investment. Such small 
competition may also affect the level of prices for such services.  

The analysis of the data concerning the number of the refus-
als of connecting the installations to the electric energy network 
in Poland showed that just in the West Pomeranian Voivodeship 
the highest number of such cases was recorded – 793 refusals 
which were revealed in the  own studies. The mentioned result in-
dicated the significant problems in respect of energy  infrastruc-
ture of the region; they were confirmed in the interviews with the 
representatives of public administration and the RES experts. In 
the discussed voivodeship, 88% of refusals were motivated by 
the technical reasons what is an evidence of a lack of adapta-
tion of the present network to the growing demands on joining 
the successive new objects. The collected data suggest that the 
problems with the infrastructure may inhibit further development 
of photovoltaics at the territories of the discussed voivodeship. 

By the way, it should be mentioned that the results of the 
conducted studies allow differentiating the West Pomeranian 
Voivodeship as the region characterized by the lowest average 
bills for electric energy in the scale of the country – in 2023, they 
averaged to 221 PLN. The data derive from the Centre of Infor-
mation about the Market of Energy, being made available in ser-
vice of Rachuneo S. company. 

In the context of the future RES investments in the West Po-
meranian Voivodeship, 30 investments have been planned; 17 of 
them will concern building of new power stations and modern-
ization of the already existing ones. Such relatively low number 
is somewhat worrying as it may be the evidence of limitation 
of investments on infrastructure development in the discussed 
voivodeship. The visible trend such as e.g. insufficient range or 
quality of the necessary, new infrastructure may lead to the year-
by-year increasing number of the refusals of connecting to the 
electric energy network. Moreover, the maintenance of the ob-
served trend, with the assumption of unchanging the remaining 
factors (ceteris paribus) may result in the lack of the possibility 

to inhibit the growing advantage of other regions in relation to 
the examined one. On the other hand, the regions which utilize 
photovoltaic technologies to a greater extent will strengthen their 
position and derive the profits from RES whereas such voivode-
ships as the West Pomeranian region, may stay behind; it may 
deepen the developmental perspectives in the future. 

Summing up and the conclusions

The analysis of the conducted interviews allows indicating 
the most important instruments, supporting the implementation 
of RES, including individual photovoltaics. The instruments being 
most frequently mentioned by the respondents included all-
Poland governmental programs such as e.g. “My Electricity” or 
“Clean Air” which offer the co-financing (subsidizing) and are the 
keystones of the financial support for the new RES investments. 
In the conducted study, the principle that the granted subsidies 
are equal at the territory of Poland was a very general criterion. 

The stable, predictable national legislation of Poland was 
equally important for the study and also,  readily well-diagnosed 
instrument with the obvious impact on new RES development. 
The stability and actuality of the rules had a relevant meaning 
because building of new photovoltaic installations is connected 
with high investment outlays and the return of the born costs 
occurs as late as after a longer time. The stabilization is also 
a guarantee of the profitability of the discussed investment. 
Therefore, the introduced recently legal and tax changes caused 
the constant retreat of the institutional and individual investors 
what was mentioned in many interviews. 

The successive stage of the parameters performed in the 
studies included diagnosed availability and the quality of support 
for the investors already acting in the sector of the new RES.  
It was carried out, employing the qualitative and quantitative 
assessment of the support offered by the local self-governing 
institutions, including the administration simplifications, all types 
of free advisory activity, donations, tax reliefs or even other forms 
of financial support offered in the West Pomeranian Voivodeship.   

The targets to be diagnosed in the study included also the 
identified social factors: culture, economic and institutional ones 
which shape the process of RES implementation in the discussed 
voivodeship. There was also conducted the assessment of 
the level of ecological and social awareness for approval of 
photovoltaics. The studies revealed also the important role of 
tradition or the owned culture values which affect significantly 
the visible pronounced attitudes of the inhabitants in relation to 
technological innovations in the discussed voivodeship, including 
the renewable energy sources. It, in turn, has contributed to the 
increase of the activities in respect of RES. 

Own analysis of the conducted studies has shown that the 
economic potential of Poland is still not sufficiently utilized. It is 
especially visible in the rising industrial page of RES protection 
and in the case of the new services. It could be noticed - owing 
to the conducted studies – in respect of the whole segment 
of micro-installations and small installations of the new RES 
in the West Pomeranian Voivodeship. All this was carried out 
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in combination with the implementation of the commitments 
which resulted from the EU climate and energy policy, adopted 
by Poland and also, investing in new RES at the rural areas. It 
was mentioned in the study [1]. The researchers dealing with the 
mentioned above problems have also noticed that owing to the 
new energetic raw materials, and also, to a new energy from RES 
during the recent examined years, the participation of the modern 
RES in production of a new energy i.e. the primary energy, has 
been twice increased, from the level of 5.8 to 12.1% [2]. 

When summing up the presented above studies conducted at 
the West Pomeranian Voivodeship, we may conclude as follows: 
1.	 A very low level of ecological awareness and education in 

respect of RES was observed in the studied region. It was 
manifested by the lowest ecological awareness in the country 
and the smallest access to information and education as 
regards the new RES. The mentioned phenomenon was 
created by the skepticism of the inhabitants of the region 
towards the new RES technologies what, in turn, affected 
negatively the process of the RES implementation, e.g. in 
a form of the examined photovoltaics

2.	 A low engagement of local authorities in the RES activity 
may be noticed. It was manifested by the implementation of 
only 11 projects, co-financed by the EU in the period of 2014 
– 2023 what is the lowest number in Poland. 

3.	 The current technical problems have been diagnosed. 
They were very visible at the examined territory due to the 
highest number of the stated refusals of connecting to the 
power networks (793 cases in 2022) and the lowest number 
of installers (one technician for 4440 households)

4.	 The culture factors were indicated. They resulted from the 
fact that the most of the inhabitants of the West Pomeranian 
Voivodeship  was the population who had lived there for the 
years what had a negative impact on their inclination to invest  
or modernize their own houses and invest in adaptation, 
aimed at innovations and RES activities. 
The conclusions resulting from the studies are aimed at 

identification of the future main factors of success and the 
barriers connected with the implementation of the renewable 
energy sources and also, suggesting the new recommendations 
for the RES sector development in the West Pomeranian 
Voivodeship  and in the whole Poland. The studies pay attention 
to a very actual problematics of Polish RES which requires 
the searches for the new solutions. They were based on the 
example of the West Pomeranian Voivodeship. They have 
the informational value as they show the analysis of various 
indicators which affect the RES implementation. The collected 
information from the studies should have the influence on the 
future empirical studies of Polish RES in the range of seeking the 
innovative solutions. 
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BADANIA DOTYCZĄCE PREFERENCJI POLSKICH KONSUMENTÓW  
W ZAKRESIE BEZALKOHOLOWYCH NAPOJÓW FERMENTOWANYCH

Summary: The aim of this article was to examine Polish consumers’ preferences 
regarding non-alcoholic fermented beverages. The study was conducted using 
a survey method on a sample of 145 respondents diversified in terms of age, 
education, and employment status. The analysis focused on consumption frequency, 
the types of products most commonly chosen, and consumer motivations. Kefir and 
non-alcoholic beer proved to be the most popular, while kombucha and beverages 
made from fermented fruits remain niche products. The main factors influencing 
the choice of these products were taste qualities and perceived health benefits, 
including the desire to remain sober. The results also indicate a moderate interest 
in market novelties, while maintaining a generally positive consumer attitude toward 
the development of the fermented beverages segment. The data obtained may be 
useful in planning product development by manufacturers and in expanding research 
on consumer behavior.

Keywords: non-alcoholic fermented beverages, food market, survey research

Streszczenie: Celem niniejszego artykułu było zbadanie preferencji polskich 
konsumentów w zakresie bezalkoholowych napojów fermentowanych. Badanie 
przeprowadzono metodą ankietową na próbie 145 respondentów zróżnicowanych 
pod względem wieku, wykształcenia i statusu zatrudnienia. Analiza skupiała 
się na częstotliwości spożycia, najczęściej wybieranych rodzajach produktów 
oraz motywacjach konsumentów. Największą popularnością cieszyły się kefir 
i piwo bezalkoholowe, natomiast kombucha i napoje z fermentowanych owoców 
pozostają produktami niszowymi. Głównymi czynnikami wpływającymi na wybór 
tych produktów były walory smakowe oraz postrzegane korzyści zdrowotne, 
w tym chęć zachowania trzeźwości. Wyniki wskazują również na umiarkowane 
zainteresowanie nowościami rynkowymi, przy zachowaniu ogólnie pozytywnego 
nastawienia konsumentów do rozwoju segmentu napojów fermentowanych. 
Uzyskane dane mogą być przydatne w planowaniu rozwoju produktów przez 
producentów oraz w rozszerzaniu badań nad zachowaniami konsumentów.

Słowa kluczowe: bezalkoholowe napoje fermentowane, rynek spożywczy, badania 
ankietowe

Introduction

The fermentation process in beverage production has been 
known to many communities around the world for centuries. 
Fermentation is an effective method of preservation, improving 
nutritional quality, and enhancing the sensory acceptability of 
food [1]. Through the use of fermentation, the nutritional value of 
raw materials such as milk, fruits, and vegetables can be modified 
by spontaneous biological enrichment with essential amino 
acids, vitamins, and bioactive compounds [2]. In recent years, 
there has been a dynamic increase in awareness regarding health 
and nutrition. This has contributed to the growing popularity and 
development of the non-alcoholic fermented beverages sector 
[3]. Products such as kefir, non-alcoholic beer, and kombucha are 
appearing more frequently on store shelves [4,5]. The purpose of 
the survey is to study Polish consumers' opinions on fermented 
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non-alcoholic beverages and their consumption choices. The 
results can make a valuable contribution to the development 
of the market offering and serve as a basis for further research 
into the consumer attitudes towards non-alcoholic fermented 
beverages. 

Methods

Respondents from Poland (n=145) participated in an 
online survey-based study. The respondent population was 
characterized using demographic questions. Each of the 
respondents declared the consumption of non-alcoholic 
fermented beverages, which constituted a prerequisite for 
inclusion in the study. The subsequent part of the questionnaire 
focused on the participants’ consumption behaviors and dietary 
habits related to non-alcoholic fermented beverages. 
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assessment of wellbeing is close to 10 (6.9%) of respondents, 
but none of them chose the option describing their condition as 
very bad. Diet-related diseases affect a minority, 17 (11.7%) of 
respondents. Of whom, however, the diet is followed by a smaller 
proportion of respondents, as it is 40 (27.6%) people. Regular 
physical activity is undertaken by 57 (39.3%), less than half of the 
respondents

Results
Characteristics of the respondents population

The characteristics of the respondent population are shown 
in Table 1. 

Table 1. Metric information characterizing the population of respondents

Criteria
Respondents

Numerically Percentage

Gender

Women 87 60

Men 58 40

Age

Under 20 years of age 14 9.7

21-30 46 31.7

31-40 31 21.4

41-50 37 25.5

51-60 16 11

Over 61 years of age 1 0.7

Education

Higher 102 70.3

Secondary 29 20

Vocational 6 4.1

Elementary 8 5.6

Work situation

Entrepreneur 26 17.9

Employee 80 55.2

Student 36 24.8

Pensioner/Retiree 2 1.4

Unemployed 1 0.7

The survey included 145 residents (60% women, 40% men) 
aged from under 20 to over 61. The largest age group was 21–
30 years old (31.7%). Most respondents had higher education 
(70.3%), and the majority were employed (55.2%). The sample 
also included students (24.8%) and self-employed individuals 
(17.9%). The diversity in age, education, and employment 
status of the respondents allows for the inclusion of different 
perspectives.

Dietary choices are also dictated by the health and wellbeing 
of consumers. Therefore, the survey also included a section of 
questions aimed at determining the wellbeing of the surveyed 
Polish population (Table 2.). 

A considerable number of respondents gave a positive 
assessment of their wellbeing, with 93 people (64.1%) describing 
their wellbeing as very good and 42 people (29%) as good. Negative 

Table 2. Questions assessing the wellbeing of the respondent population

Criteria
Respondents

Numerically Percentage

Assessment of wellbeing

Very good 93 64.1

Good 42 29

Bad 10 6.9

Very bad 0 0

Food allergies and intolerances

Yes 31 21.4

No 114 78.6

Diet-related illness

Yes 17 11.7

No 128 88.3

Adherence to diet

Yes 40 27.6

No 105 72.4

Regular physical activity

Yes 57 39.3

No 88 60.7

Choice of non-alcoholic fermented beverages

The purpose of the survey was to assess the market for non-
alcoholic fermented beverages in Poland. The most commonly 
chosen products and the motives behind their purchase were 
investigated. In addition, the respondents' behavior and their 
assessment of the future of the respective food market sector 
were also checked. Respondents selected the most frequently 
consumed non-alcoholic fermented beverages, each of them 
could vote multiple times (Fig 1.). 

Analysis of the survey results indicates that kefir and 
non-alcoholic beer emerged as the most popular fermented 
beverages, receiving 77 and 73 votes, respectively. Kefir, 
a traditional fermented dairy drink with deep cultural roots in 
Poland, has gained increasing global recognition, driven by 
rising awareness of gut health and the benefits of probiotics. 
The global kefir market is estimated to reach USD 1.83 billion 
in 2025 and is projected to further expand to USD 2.78 billion 
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In the next part of the survey, respondents were asked to 
indicate how frequently they consume fermented beverages. 

Fermented beverages are in the daily diet of 4 (2.8%) 
respondents. They are consumed several times a week by 29 
(20%) of the respondents. However, most often the analyzed 
consumers drink non-alcoholic fermented beverages once 
a week, as 45 (41.1%) people declared this answer. They are 
drunk once a fortnight by 16 (11%), once a month by 31 (21.4%), 
and even less frequently by 20 (13.8%) respondents. The 
majority of respondents, 63.9%, say they consume drinks of 
this type at leastonce a week.

Motivations for reaching for non-alcoholic fermented 
beverages were checked by distinguishing 4 main factors. The 
results are shown in Table 4. 

within the following five years, representing a compound annual 
growth rate (CAGR) of 8.72% [6]. This growth reflects a broader 
consumer trend toward functional foods that support digestive 
health and overall wellbeing. The growing popularity of non-
alcoholic beer is largely attributed to consumers' healthy 
choices and a shift to a sober or reduced-alcohol lifestyle. 
Poland currently ranks as the third-largest producer of non-
alcoholic beer in Europe, ensuring widespread availability 
and accessibility to domestic consumers [5]. Traditional 
fermented vegetable beverages ranked next in popularity. 
Pickled cucumber juice received 45 votes, sauerkraut juice 
29, and beet sourdough 27. Although these drinks attracted 
fewer consumers, their market potential remains strong. The 
global market for fermented vegetable juices is projected to 
grow at a CAGR of 8.49%, with the European market slightly 
higher at 8.76% [7]. These products are deeply rooted in the 
culinary traditions of Central and Eastern Europe, as well 
as the Nordic countries, and this cultural connection may 
positively influence their future development and consumer 
appeal. Bread sour ranked next, with 26 respondents indicating 
consumption. Kombucha, a fermented tea, was selected by 
17 respondents, placing it seventh overall. Despite still being 
perceived as a novelty in the Polish food and beverage market, 
due to limited availability and relatively high prices, kombucha 
is gaining traction. Its global market is expanding rapidly, with 
an estimated CAGR of 13.5%, surpassing that of both kefir 
and fermented vegetable juices [8]. Non-alcoholic wine, often 
positioned as an alternative to traditional wine, received only 
11 votes, seven times fewer than non-alcoholic beer. This 
discrepancy underscores how health-driven consumer behavior 
significantly shapes the perception and market presence of 
dealcoholized wines [9]. Wine, in general, is less commonly 
consumed in Poland compared to beer, and the market for non-
alcoholic wine remains underdeveloped, resulting in limited 
product variety and suboptimal taste experiences. The least 
popular beverage in the ranking was pickled fruit lemonade, 
selected by only 7 respondents. Its marginal presence on the 
Polish market likely contributes to its low level of consumption.

Fig. 1. The most commonly consumed non-alcoholic fermented beverages
 The number corresponds to the number of respondents’ votes. Respondents could vote multiple times

Frequency
Respondents

Numerically Percentage

Daily 4 2.8

Several times a week 29 20

Once a week 45 41.1

Once every two weeks 16 11

Once a month 31 21.4

Less frequently 20 13.8

Table 3. Frequency of consumption of non-alcoholic fermented beverages by 
respondents

Table 4. Motivation for consumption of non-alcoholic fermented beverages

Motivation
Respondents

Numerically Percentage

Taste 85 58.6

Health-promoting pro-
perties 47 32.4

Fashion 4 2.7

Sobriety 9 6.3
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The main motivation for consuming non-alcoholic 
fermented beverages is their taste. Such motivation for their 
consumption was identified by 85 (58.6%) of the respondents. 
Health-promoting properties proved important to 47 (32.4%) 
respondents. Fashion for specific products is an important 
factor for the smallest group, only 4 people (2.7%). Another 
factor gaining popularity in the beverage market segment 
is consumers' desire to stay sober. The choice of motivation 
to stay in sobriety for health reasons was explicitly declared 
by 9 people (6.3%).The most effective approach to develop 
these products and attract consumer interest is to combine 
high sensory quality with properties that impart a functional 
character to the beverages [10, 11].

Respondents' attitude to new food products was decided to 
be assessed by means of three questions about the frequency 
of searching, tasting and introducing new food products into 
their diet (Fig 2.). 

Respondents are little involved in following trends in the food 
market. Most of them, 105 people, track trends occasionally or 
never. Frequently, trends are tracked by 37 people, and only 
3 respondents are up-to-date. The situation changes when 
it comes to buying and trying new products. In this case, the 
majority, 85 people, declare frequent or very frequent testing of 
new foods. A group of 58 people do so occasionally, while only 
2 people never try new foods. Studies have shown that women 
are more open to trying new products. Furthermore, when 
food is labeled as healthy, the likelihood of it being purchased 
by a woman increases significantly [12]. This presents an 
opportunity for more effective marketing strategies targeting 
female consumers in the functional and health food segment. 
The results of the next question indicate that the sampled 
products are not incorporated into the regular diets of the 
surveyed respondents. As many as 88 people introduce new 
foods into their diets occasionally, while 3 do not do so at all. In 
a positive direction, 12 respondents introduce novelties from the 

food market into their diets very often, and 42 frequently. These 
results create the potential for manufacturers to introduce new 
but limited product offerings.

The  respondents’ assessment of the future popularity of non-
alcoholic fermented beverages was the final question (Fig 3.). 

According to most respondents, 104, the increase in 
popularity of non-alcoholic fermented beverages is expected 
in the future. However, some of the respondents, 39 people, 
believe that the popularity will remain stable over the years. 
Only 2 people have the opinion that the non-alcoholic fermented 
beverages may decrease in popularity

Fig. 2. Respondents' attitude to new food products

Fig. 3. Forecast of future popularity of non-alcoholic fermented beverages in 
opinion of respondents
The number in the charts is equal to the number of votes by respondents
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Conclusion

Analysis of the responses of 145 participants showed that 
kefir and non-alcoholic beer are the most popular products in 
the category of non-alcoholic fermented beverages. This can 
be attributed to both their high availability on the market and 
established eating habits. Other traditional drinks, such as juices 
made from fermented vegetables, also have their supporters. In 
contrast, newer products on the market, such as kombucha or 
lemonade made from fermented fruits, remain relatively niche. 
Most respondents consume fermented beverages at least once 
a week, indicating the relatively regular presence of these products 
in their daily diets. The main motives for consumption are taste 
and perceived health benefits. Consumers showed a moderate 
interest in market novelties. Although many respondents 
expressed a willingness to try new products, they rarely include 
them in their regular diet. However, the prevailing optimism about 
the future growth of this market segment, expressed by more 
than 70% of respondents, may encourage manufacturers to 
expand their product offerings. The results of the survey may be 
useful for companies involved in food production and distribution, 
but also for institutions promoting healthy eating habits. Further 
research is recommended, especially covering broader age and 
social groups, as well as an analysis of long term consumer 
behavior in the context of a changing food market.
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MECHANICAL BALL-DISC COUPLING  
ALLOWING EASY START OF MACHINE

 UNDER THE LOAD CONDITIONS

MECHANICZNE SPRZĘGŁO KULOWO-TARCZOWE  
UMOŻLIWIAJĄCE ŁATWY ROZRUCH MASZYNY POD OBCIĄŻENIEM

Introduction

Machine startup is often very difficult. This is particularly 
truMachine startup is often very difficult. This is particularly 
true for machines that must be started under full or partial load 
conditions. Such situations are particularly common in transport 
machinery. This applies to many types of conveyors, particularly 
bulk materials, mineral waste, plant products, construction 
materials, overburden soil in open-pit mines, and others. When 
operational requirements require starting of such machines 
under the load, startup problems become significantly more 
difficult due to the increase in the starting resistance. The main 
cause of this increase is the increased, sometimes significant in 
the coefficient of static friction as compared to this coefficient 
in motion.

	 In the case of machines such as belt conveyors of 
various types, rheological phenomena in the contact of the 
belt with the idlers and tensioning drums also play a significant 
role, increasing resistance to movement, especially at low 
temperatures.

	 In the most common drives for these machines using 
asynchronous electric motors, starting difficulties are generated 
by the unfavorable relationship between the torque of this type 
of motor and a specific rotational speed. The starting torque of 
asynchronous motors is significantly reduced compared to the 
torque at nominal speed, and this is precisely when increased 
starting torque is desirable.

	 For this reason, in drives, for these types of machines 
using the simplest and cheapest asynchronous motor, a high 
excess power factor is used for starting purposes. This is the 
simplest solution, but extensive and very uneconomical, because 

DOI: 10.15199/180.2025.3.3

Summary: Heavy duty machines start up is often very difficult and runs under full or 
partial load conditions. It occurs in the transport machinery such e.g. the conveyors 
of the bulk materials, mineral waste, overburden soil in open-pit mines, and others. 
The drive systems for these machines apply asynchronous electric motors and the 
starting problems are generated by the unfavourable relationship between the torque 
of motor and a specific rotational speed during the start-up. For the machines of this 
type, it is more rational to use couplings with the highest possible torsional flexibility 
in the drive systems.  
he developed design of the ball-disc, elastic coupling is described in this article. This 
coupling enables high durability, reliability and the stability of very high torsional fle-
xibility during the starting phase. The operation without energy losses in the steady 
motion of drive systems is assured, too.

Keywords: drive systems, heavy-duty machines, mechanical elastic couplings

Streszczenie: W maszynach roboczych rozruch odbywa się często w warunkach 
pełnego lub częściowego obciążenia. Sytuacje takie występują zwłaszcza 
w przypadku maszyn transportowych takich jak, np. przenośniki materiałów 
sypkich, urobku kopalin użytecznych, produktów roślinnych, ziemi nadkładowej 
w kopalniach odkrywkowych i innych. W układach napędowych tych maszyn 
stosowane są silniki elektryczne typu asynchronicznego i problemy rozruchu 
spowodowane są w wyniku niekorzystnej relacji między momentem obrotowym 
silnika i prędkością obrotową w fazie rozruchu. Dla maszyn opisanego rodzaju 
racjonalnym jest zastosowanie w układach napędowych sprzęgieł o dużej 
podatności skrętnej. 

Opracowana konstrukcja podatnego sprzęgła kulowo-tarczowego umożliwia 
uzyskanie jego dużej trwałości, niezawodności eksploatacyjnej oraz stałości 
bardzo dużej podatności skrętnej w fazie rozruchu. Zapewniona jest praca bez 
strat energii w ruchu ustalonym układów napędowych

Słowa kluczowe: układy napędowe, maszyny robocze, mechaniczne sprzęgła 
podatne
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coupling known from patent description PL 190945 [4] has lim-
ited flexibility and creates difficulties in dissipating heat gener-
ated in the screw mechanism.

	 A special group of couplings with high starting tor-
sional flexibility are fluid couplings, which are discussed in [6]. 
Their significant drawbacks include their significant cost and 
the constant energy losses in the coupling that result from the 
inevitable constant slippage of the coupling. This latter feature 
limits the use of fluid couplings in conditions of significant fire 
hazard. This necessitates the use of special systems to protect 
against excessive heating of the coupling’s working medium. 
These systems, based on thermal sensors, electrically control 
the drive shutdown in critical conditions and have limited reli-
ability, especially in difficult operating conditions. Coal mining 
also employs detachable fluid couplings equipped with special 
fusible plugs. When the working medium reaches its limiting 
temperature, these fuses melt and the working medium is ex-
pelled from the coupling. Besides the risk of burns to personnel, 
this is highly undesirable for ecological reasons, as it contami-
nates mine waters, which are then pumped into surface reser-
voirs and rivers.

In the couplings designs there is a lack of solution that, 
while ensuring high torsional flexibility at startup, would enable 
the drive system to operate without any energy losses. This gap 
is filled by the mechanical ball coupling proposed in this article, 
which features particularly high torsional flexibility and viscous 
damping of vibrations occurring during the startup phase. 

Idea of ball-disc mechanical coupling  
of large torsional elasticity

An example of a ball-disc coupling design with high tor-
sional flexibility at start-up, viscous damping of start-up vibra-
tions, and the ability to effectively improve the service life of 
components using surface strain hardening is shown in Fig. 

Fig. 1. Longitudinal half-section of coupling

after starting under steady-state operating conditions, the motor 
is significantly underloaded and thus further worsening the 
reactive power factor.

	 For the machines of this type, it is more rational to use 
couplings with the highest possible torsional flexibility in the drive 
systems. The greater the available torsional flexibility of such 
couplings, then the starting characteristics of the drive of such 
machines are more favorable. At the same time, it is desirable 
that during steady-state operation of these machines, there is no 
energy loss, often associated with fire safety concerns.

	 This article describes the design concept of a coupling 
with high torsional flexibility that largely meets the operating 
conditions mentioned above. The coupling design utilizes a 
series of ball-disc combinations that allow for wide variations in 
torsional flexibility, combined with viscous damping of vibrations, 
particularly during the start-up phase. 

	 The special design of the coupling will enable its high 
durability and operational reliability, as well as the stability of very 
high torsional flexibility during the starting phase, as well as the 
operation without energy losses in the steady motion of drive 
systems.

Short overview of known designs  
of torsionally elastic couplings

Many technical coupling solutions characterized by varying 
degrees of torsional flexibility are known in machine construc-
tion. The coupling designs described in [1-3] most often utilize 
flexible rubber or polymer elements, which allow for only a very 
limited range of torsional flexibility. Powder and shot-blast cou-
plinges, which allow for high flexibility during the starting phase 
and smooth increase of the available torque in the machine 
drive, and to some extent function as overload couplinges, are 
expensive. They cannot be used when start-ups occur frequent-
ly, with short intervals between successive starts. The screw 



18 Polish Technical Review No. 3/2025

DRIVE SYSTEMS

1 (longitudinal half-section through the coupling). Figure 2 is a 
cross-section of the coupling in plane A-A (Fig. 2a). A side view 
of the coupling in the "K" direction is shown in Fig. 2b. Fig. 3a is 
an enlarged detail in cross-section B-B illustrating the method 
of manufacturing ball guides with the sills in the discs. Fig. 3b 
shows detail "a," indicating the method of lubricating the discs 
through chamfers on their circumference. Fig. 1 shows an ex-
ample coupling equipped with seven disc-ball connections, 
which ensures sufficiently high starting torsional flexibility.

The balls 1 made of hard steel or ceramic engage interme-
diate discs 2, the transmitting disc 3, and the receiving disc 4. 
Intermediate discs 2 and the transmitting disc 3 are rotatably 
mounted in a cylindrical housing 5. The transmitting disc 3 is 
connected to the drive hub 6 by a keyed or the splined connec-
tion 7. The drive hub is supported by a system of tapered roller 
bearings 8 secured by a cover 9 with a lip seal 10. The coupling 
is assembled into a single unit by rods - screws 11 with nuts 
12 and spring washers 12a. The drive hub 6 and the receiving 
disc 4 are equipped with identical keyed connections 6a and 4a 
or splined connections for connecting the ends of the coupled 
shafts, e.g., the drive motor and the working machine or the me-
chanical transmission of the drive system. This allows for inter-
changeable mounting of the coupling in machine drive systems.

On the receiving disc 4, an optional fan impeller 13 is mount-
ed, which sucks in air from outside the coupling and causes air 
movement along the cover 14. The flow of air cooling the cou-
pling is shown by the arrows in Fig. 1 and Fig. 2b. The coupling 
interior is completely filled with a liquid lubricating and cooling 
medium 15, e.g. oil of appropriate viscosity, ensuring viscous 
damping of the coupling during its operation.

During the start-up the coupling operates as described be-
low. The drive hub 6, through the transmitting disc 3, forces the 

balls 1 to roll along the guides 2a (see Fig. 1 and Fig. 2) as it 
rotates until they contact the shoulder 2d, which blocks their 
further rolling motion. The motion is then transferred to the ad-
jacent disc, which then undergoes a similar sequential rolling 
motion. This occurs at as many stages as there are ball 1-disc 
combinations, until the motion is transferred to the receiving 
disc 4. This achieves a very high torsional flexibility of the cou-
pling. In Fig. 1 and Fig. 2a, the balls are shown in intermediate 
positions. After the ball rolling motion in a given combination 
is completed, the balls move to their end positions, resting on 
their shoulder 2d. From this moment, the movement of the 
components inside the coupling ceases and the full torque 
of the drive motor is transferred to the receiving disc 4. Dur-
ing the sequential transfer of motion from disc to disc, through 
engagement with the balls, the discs perform a slight sliding 
movement relative to the cylindrical housing 5. This is facilitat-
ed by chamfers 2b made on the discs' cylindrical surface, which 
promote the formation of a lubricating film between the discs 
and the inner sliding surface of the housing 5; the combination 
of the chamfers and the housing forms a type of multi-surface 
bearing [5]. The chamfers 2b have a depth not exceeding tenths 
of a millimetre. In Fig. 2, Fig. 3a and Fig. 3b, these chamfers 
are deliberately highlighted for better visualization. Chamfers 
2b also perform an additional function when the lubricating and 
cooling medium 15 is pumped by the action of the moving balls 
1, which act as pistons pumping the medium. This creates vis-
cous damping in the coupling, protecting it against impacts and 
vibrations during the starting phase.

The torque from one coupling stage to the next is trans-
ferred very smoothly, increasing as the balls roll from one stage 
to the next. After starting, all moving coupling components 
are at rest. This ensures particularly high-energy efficiency of 

a)							              b)

Fig. 2. Cross-section of coupling (a – in the plane A-A, (Fig. 1) and the view of coupling in the direction “K”(Fig. 1)
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the coupling, as no energy losses occur in the coupling during 
steady motion. Heat generated in the coupling during starting is 
absorbed by the airflow forced by fan 13, which optionally flows 
between cylindrical housing 5 and sheet metal or plastic cover 
14. For longer intervals between starts, fan 13 and cover 14 can 
be omitted entirely. In this case, the rods/screws 11, with their 
flats adjacent to housing 5, effectively absorb heat, additionally 
acting as cooling ribs during the rotation of coupling.

High efficiency and a very convenient manufacturing pro-
cess characterize the design of the disc-ball coupling. The balls 
1 can be recycled from used ball bearings of appropriate sizes. 
Balls from bearings are particularly advantageous because 
they are characterized by high shape and dimensional accu-
racy, high hardness, and surface smoothness. Discs 2 and 3 
can be made of steel by turning, along with the guides 2a and 
lubrication grooves 2c. After the discs are made, the ridges 2d 
can be made by welding short sections of guides 2a with welds 
17 (see Fig. 3a), which are then levelled by turning, and forming 
the ridges' abutment edges, e.g., by grinding with ball-bearing 
grinding wheels. Grooves 2c facilitate lubrication of the balls 
as they roll along the guides 2a. The remaining coupling com-
ponents are typical, simple-to-manufacture general machine 
components that can be manufactured in typical mechanical 
workshops.

The ball-disc coupling allows for adjustment of character-
istics even during its operation. This includes the number of 
stages (associations) of discs 2 with balls 1 and changing the 

coupling's viscous damping by changing the viscosity of the 
cooling fluid to the required viscosity. Plastic grease can also 
be used after melting it before filling the coupling. 

	 The coupling is best assembled by positioning it verti-
cally after assembling the bearing assembly 8 and inserting the 
balls 1 alternately with the discs 2, as shown in Fig. 1. Finally, fill 
the coupling interior with a lubricating and cooling medium and 
tighten the nuts 12 on the screw rods 11. It is not necessary to 
use a filler cap or equivalent when the clutch is completely filled 
with medium.

	 After the initial coupling assembly, there is an optional 
simple procedure that can significantly improve the wear resis-
tance of the coupling components, particularly the ball guides 
in the discs. This can be achieved by strengthening the guides 
with the surface strain hardening. For achieving this, select 
the thickness of the adjusting washers 16 (Fig. 1) so that, af-
ter firmly tightening the nuts 12, there is higher resistance to 
coupling movement. This will result in particularly high contact 
pressures between the balls 1 and guides 2a of all discs 2 and 
3. These pressures will cause an effect of plastic strain on the 
surface layer of the guides themselves due to the high hardness 
of the ball material. For example, by manually rotating the cou-
pling fully through its full torsional flexibility, beneficial changes 
will occur in the properties of the surface layer of guides 2a. 
This will create a very favourable, permanent state of compres-
sive internal stresses, and in the surface layer of the guide ma-
terial, the hardness of the strain-hardened layer will increase, 

Fig. 3. Enlarged cross section B-B (Fig.2a) showing the method of manufacturing the ball guides with the sills in the discs (a), detail „a” illustrating the method of 
lubricating the discs through cuts on their circumference (b)

a)							              b)
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while the unfavourable circumferential change in the direction-
ality of the guide material roughness resulting from the turn-
ing process will be eliminated. This will result in significantly 
increased wear resistance of the discs. After fully rotating the 
clutch back and forth several times, the thickness of the control 
shim pack 16 should be increased to achieve a small clearance 
in the clutch that ensures low friction during operation.

A torsionally flexible coupling is particularly suited to revers-
ing drives, i.e., those whose subsequent start-up is in the op-
posite direction to the previous start-up. In this case, the balls 
1 automatically get the desired positions at the starting thresh-
olds. In other situations, before the next start-up, it is neces-
sary to briefly engage the opposite rotation to return the balls 
to their starting positions. Another method is also possible, for 
example, by manually turning the coupling in the opposite direc-
tion. The total torsional flexibility of the coupling is the sum of 
the torsional flexibility of the individual stages (ball-disc con-
nections). For example, with 7 connections, as in Fig. 1, the total 
flexibility of the ball-disc coupling is approximately 6 full cou-
pling revolutions during the start-up involving it. This number 
of revolutions is performed by the rolling bearing system 8 dur-
ing each start-up, hence the particularly long durability of the 
bearing 8 fixed on the hollow journal 6. The degree of coupling 
flexibility is very high, difficult, or even impossible to achieve 
with conventional torsionally flexible coupling designs. The 
coupling enables smooth starting without unfavourable vibra-
tions or sudden torque changes. This allows for the reduction 
of the commonly used high power surpluses in drive motors 
due to starting. A highly desirable feature of the ball-disc cou-
pling is the lack of additional load on the shafts of the coupled 
mechanical systems, as the coupling only transfers torque to 
the drives it utilizes. The coupling also boasts a low weight and 
low operating costs due to its high operational durability, and 
allows for easy adjustment and regeneration. The coupling's 
versatility stems from its ability to operate in both directions of 

rotation and the convenient interchange ability of the drive side.

Conclusions

The mechanical ball coupling described in this article 
is characterized by a number of advantageous operational 
properties. These include very high torsional flexibility during 
start-up, easy adjustment of the required flexibility even under 
operating conditions, effective viscous damping of vibrations 
occurring during start-up, and no energy loss during steady-
state operation.

The coupling is characterized by a simple design, and the 
basic drive elements – the balls – can be sourced from ball 
bearings, even those decommissioned. The coupling described 
is particularly suitable for use in reversible drives of machines 
and devices subject to heavy starting.

These advantageous, operational properties of considered 
coupling, enable significant technical, economic, and ecological 
benefits with moderate manufacturing costs in typical 
mechanical workshops.
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PROFESSOR JÓZEF FRANCISZEK PIOTROWSKI  
– A PRECURSOR OF OPTOELECTRONICS  

AND INFRARED TECHNOLOGY

PROFESOR JÓZEF FRANCISZEK PIOTROWSKI – PREKURSOR 
OPTOELEKTRONIKI I TECHNOLOGII PODCZERWIENI

Professor Józef Franciszek 
Piotrowski is one of the most 
outstanding Polish pioneers 
of infrared optoelectronics, 
a visionary whose scientific 
achievements laid the foundations 
for modern technologies. 
His research and teaching 
activities cover a wide range of 
topics – from semiconductor 
physics and technology to the 
unique infrared photodetectors 
(detectors), detection modules 

and infrared systems. Professor Piotrowski made a significant 
contribution to the development of new infrared devices 
theory and translated it into practical solutions, building the 
groundwork for future generations of scientists and engineers. 
As the founder of the Polish school of infrared optoelectronics, 
he defines new research directions, inspires the scientific 
community, and strengthens the position of optoelectronics as 
one of the most dynamically developing areas of Polish science 
and technology. 

Józef Franciszek Piotrowski was born on July 5, 1943, in the 
village of Dobrków in the Podkarpacie region. From an early age, he 

was fascinated by physics, which 
led him to pursue studies in this 
field at the University of Warsaw. 
After two years, he continued his 
education at the University of 
Leningrad, where he graduated 
with honors in 1967. His first place 
of employment was the Military 
University of Technology (WAT) in 
Warsaw, where he remained until 
1994. It was there that he obtained 
successive academic degrees, 
and his career developed from 
lecturer to professor and head 
of the Department of Solid-State 

Physics and Electronics at the Faculty of Chemistry and Technical 
Physics.

Between 1994 and 1999, he worked at the Institute of Plasma 
Physics and Laser Microfusion, later at the Military Institute of 
Armament Technology (1998–2007), and at the Lodz University of 
Technology (2007–2013). He also completed long-term research 

J. Piotrowski as a student of the 
Faculty of Physics at the University 
of Warsaw

J. Piotrowski at the Faculty of Physics at the University of Leningrad

The founders of VIGO (from the left), Dr. Wiesław Galus, Dr. Mirosław Grudzień, 
and Prof. Józef Piotrowski
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stays at universities abroad, the most important of which were in 
Yugoslavia, the USA, and Australia 

His early research focused on solid-state physics and 
semiconductor optoelectronics, but he soon turned his attention 
to a fundamental problem in infrared technology: the need for 
detectors that would enable high sensitivity and fast response 
without the necessity of cryogenic cooling. He recognized 
the vast application potential and strategic importance of this 
field, both for scientific research and for numerous applications 
(industrial, military, space, and others). His inspiration came from 
the pioneering work of Polish physicists on narrow-bandgap 
semiconductors, as well as from the practical needs of infrared 
photodetectors. The immediate stimulus for starting his research 
was the demand for uncooled CO₂ laser radiation detectors for 
laser fusion and plasma physics studies at the Institute of Plasma 
Physics and Laser Microfusion in Warsaw and at Los Alamos 
Laboratory (USA) in the early 1970s.

Interdisciplinary research

Professor Piotrowski conducted interdisciplinary research 
combining physics, optoelectronics, and materials engineering. 
He studied photoelectric phenomena in both narrow- and wide-
bandgap semiconductors and developed gas-phase epitaxy 
methods for the growth of HgCdTe, HgZnTe, InAsSb, and other 
bandgap-engineered heterostructures. By combining theoretical 
research with computer modeling and experimental work, he 
designed detectors with optimized performance at near-room 
temperature.

The path to creating a new generation of detectors involved 
the development of technologies for the epitaxial growth of 
semiconductor heterostructures, the processing of detector 
chips, and a deep understanding of photoelectric phenomena 
in detector heterostructures. Work in this area enabled the 
production of various types of infrared detectors (photoresistors, 
photoelectromagnetic detectors, and photodiodes) optimized for 
different spectral ranges and operating temperatures.

Until 2003, the basis for detector production in Poland was 
the isothermal epitaxy of HgCdTe heterostructures in a reusable 
reactor, a method proposed by Professor Piotrowski. He also 
developed a mathematical model of the ISOVPE that enabled the 
determination of conditions for the production of heterostructures 
with desired composition and doping profiles. In the following 
years, ISOVPE was replaced by the more efficient MOCVD epitaxy, 
which is still in use today.

Currently, the experience gained in developing IR detectors 
based on HgCdTe is being applied to the development of detectors 
based on bulk and superlattice A³B⁵ materials. 

New detector concepts  
– the road to creating a unique technology

The development of a unique technology opened a new path 
in infrared photodetector research. Achieving this goal required 
a thorough understanding of photoelectric phenomena in complex 

semiconductor heterostructures. A key factor was understanding 
the specifics of photoelectric processes in heterostructures with 
narrow-bandgap absorbers and developing methods to reduce 
noisy thermal generation of charge carriers while ensuring nearly 
perfect utilization of incoming radiation for the generation of 
electric signals.

In the 1990s, Piotrowski proposed a pioneering concept 
for detectors that could reach the fundamental detection limits 
without cooling. This concept involved:
•	 Optimized design of detector heterostructures, using 

materials with a large figure of merit (e.g., bulk HgCdTe, 
InAsSb, InAs/InAsSb superlattices), eliminating dark current 
generation outside the absorber, and applying detector 
cascades consisting of series-connected detectors with thin 
absorbers.

•	 Reduction of absorber volume while maintaining optical 
area, quantum efficiency, and acceptance angle, achieved 
through concentrators of IR radiation (e.g., immersion lenses, 
optical cones, conical fibers, and other reflective, diffractive, 
refractive, or plasmonic micro-optics). Another approach 
was to enhance absorption by increasing the optical path 
(e.g., double or multiple passes of radiation using a backside 
reflector or an optical resonant cavity).

•	 Suppression of noise-generating processes, through 
improved device architectures, refinement of epitaxial 
growth and suppresion of Auger processes by employing 
non-equilibrium modes of operation, as proposed by British 
scientists.
The practical implementation of this concept was achieved 

through computer-aided design of detector architectures, 
fabrication of optimized heterostructures, device processing, 
and comprehensive characterization. The concept has been 
successfully applied in various types of detectors manufactured 
by VIGO, resulting in significant improvements in their sensitivity 
and speed. 

Major achievements

Undoubtedly, one of Professor Józef Franciszek Piotrowski’s 
greatest achievements was the development of a wide range of 
mid- and long-wavelength infrared detectors operating at near-
room temperature, either uncooled or cooled with miniature, 
low-cost solid-state Peltier coolers. These devices have been 
applied in the most demanding research, industrial, and military 
environments. His concept of “perfect HOT (Higher Operation 
Temperature) detectors,” together with the development of 
monolithic optically immersed and interband cascade detectors, 
enabled significant advances in the sensitivity, speed of response, 
and miniaturization of optoelectronic systems.

A second fundamental achievement was the transfer of basic 
research results into industry, which led to the establishment of 
VIGO System (now VIGO Photonics) in 1987 and its subsequent 
dynamic development. Thanks to Professor Piotrowski’s vision 
and determination, Poland gained access to technologies 
previously developed almost exclusively in the United States, the 
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United Kingdom, and France. Under his leadership, 
detectors produced in Poland have been delivered to 
nearly all developed countries and used in the most 
demanding applications (including NASA’s Curiosity 
Mars mission, research that led to the discovery of 
gravitational waves, and others), making VIGO one of 
the global leaders in this field.

Another important achievement was the creation 
of a scientific school in the field of optoelectronics and 
infrared technology. Professor Piotrowski supervised 
many doctoral theses and mentored many  diploma 
projects. Today, his students and collaborators 
hold important positions in science and industry. 
In this way, his legacy goes far beyond individual 
publications or patents – he created a lasting 
foundation for Polish infrared optoelectronics and 
ensured its continuity of development.

Professor Piotrowski’s achievements were 
recognized and awarded not only in Poland but also internationally. 
He received the prestigious Photonics Spectra Award in the United 
States, was granted the title of Foreign Member of the Academy of 
Technical Sciences of Yugoslavia and Serbia, and was the recipient 
of numerous national honors, including the Award of the Minister 
of Defence, the Gold Cross of Merit, and the Officer’s Cross of the 
Order of Polonia Restituta, as well as multiple scientific distinctions. 
His body of work includes hundreds of publications, several dozen 
patents, and implementations that to this day form the basis of 
technologies developed in laboratories and production facilities.

Teaching and international activity

Alongside his research work, Professor Piotrowski was deeply 
engaged in teaching. At the Military University of Technology, he 
lectured on physics, solid-state physics, infrared technology, and 
optoelectronics. He supervised numerous doctoral theses and 
guided many diploma projects, educating successive generations 
of specialists.

His activity also had a strong international dimension. He 
conducted training courses in the USA and Sweden, lectured 
at Humboldt University in Berlin, as well as in India, Yugoslavia, 
Australia, and the United States, collaborating among others 
with Northwestern University and the University of Western 
Australia. Thanks to these efforts, the Polish school of infrared 
optoelectronics gained recognition and visibility on the 
international stage. 

From research to industry – the founding of VIGO

The most spectacular element of Professor Piotrowski’s 
career was the transfer of scientific research results into industrial 
practice. In the late 1980s, together with his doctoral students 
from the WAT, he founded the company VIGO System (now VIGO 
Photonics). 

VIGO's mission was to research, develop, and fabricate high-
quality, affordable IR detectors, related detection modules, and 

infrared systems. The ultimate goal was convenient HOT detection 
of infrared radiation, achieving fundamental detection limits 
defined only by the noise of the detected radiation, across the 
entire infrared spectral range and a wide range of electrical signal 
frequencies. Current rebranding VIGO to VIGO Photonics extends 
VIGO's activities to lasers and photonics integrated circuits.

Under his leadership, detectors operating in the 3–16 µm 
range were developed, with parameters close to quantum limits. 
These detectors have found broad applications in many areas, 
including laser radiation metrology, spectroscopy, non-destructive 
testing, medicine, optical communications, as well as military, 
aerospace, and space systems. Today, VIGO’s products are used, 
among others, by NASA, which has employed them to study the 
composition of the Martian atmosphere. In 2012, VIGO detectors 
were installed in the Curiosity rover as part of NASA’s Mars Science 
Laboratory mission, and in 2016 in the ExoMars research mission, 
when the Schiaparelli lander reached the surface of the Red Planet. 
The second mission resulted in the detection of methane on Mars. 

Presentation of the Photonics Spectra Award in the competition for the most innovative 
optoelectronic products launched on the US market in 1996

In the VIGO laboratory
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Legacy and significance

The achievements of Professor Józef 
Franciszek Piotrowski are a clear example of 
how fundamental research can be translated 
into practical solutions of global importance. 
His work enabled the development of Polish 
infrared detector technology, which today is used 
in the most demanding applications worldwide. 
As a scientist, teacher, and innovator, he laid 
the foundations of modern optoelectronics in 
Poland and placed it among the global leaders. 
His research has resulted in more than 300 
publications, including several books and 
monographs, 30 patents, and numerous 
unpublished technical developments. 

Visit of President Komorowski at VIGO

Anniversary meeting of members and management of the Serbian Academy of Engineering

The Professor’s legacy 
also lives on in the dynamically 
growing company VIGO 
Photonics, which continues 
his vision of bridging science 
and industry. The story of his 
life and career is not only a tale 
of individual success but also 
a powerful example of how 
consistent pursuit of a goal 
can elevate Polish science and 
technology to a world-class 
level.

Editorial work  
based on materials provided  

by prof. Piotrowski
Photos: private archive
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POLES CO-CREATORS OF AMERICAN DREAM

POLACY WSPÓŁTWÓRCY AMERICAN DREAM

The price of the success of the first waves of immigration 
was the difficult working conditions, the pressure of assimilation 
and "glass ceilings" (an invisible barrier that keeps people at 
a certain level of career despite their qualifications, a particularly 
strict system of nostrification of medical diplomas) and, above 
all, a debt of memory: too low a symbolic valuation of the Polish 
contribution perpetuated the stereotype of a uniform, "rural-
working" Polish diaspora. The answer does not lie in resentment, 
but in the visibility of facts and the inclusion of Polish diaspora 
stories in the mainstream of stories about American modernity 
and the American dream.

Both the first generation (born in Poland) and the second 
generation (children of Polish and Jewish-Polish immigrants) 
have left  a clear mark on big business in the US: from industrial 
conglomerates, through funds and developers, to film studios, 
Big Tech and consumer brands.

Point immigrants from Polish (with a short "dividend", i.e. 
contribution to the development of the USA) are presented by 
field in a selected way.

Public Service, Strategy, Security

• 	 Tadeusz Kościuszko — "architect of advantage": field 
engineering from Bemis Heights (Saratoga) to the West Point 
system; he gave Washington's army time, terrain and initiative. 
Dividend: cheaper victory and faster alliance building.

• 	 Casimir Pulaski — "the father of American cavalry": 
Brandywine cover, standardization of reconnaissance and 
insurance, Pulaski's Legion (often from his own property). 
Dividend: the operational mobility of the army. 

• 	 Haym Salomon (Leszno, ca. 1740–1785) – a Polish-Jewish 
merchant; in New York he joined the Sons of Liberty, after 
British arrest he fled to Philadelphia and worked as a broker 
with Robert Morris. He organized French and Dutch loans, lent 
Congress — also his own funds — becoming a key financier 
of the Revolution. Commemorated with the Heald Square 
Monument in Chicago and the 1975 U.S. Stamp. Contributors 
to the Cause.

• 	 Ignacy Paderewski — virtuoso and politician; he made Wilson's 
Point 13 present and popularized 14 points, promoting the 
idea of a "cordon sanitaire" towards the USSR. As a delegate 
of the victorious West, he became the prime minister of the 
reborn Polish alongside Chief J. Piłsudski (from the camp of 
the loser in the First World War). His concert diplomacy and 
strengthened the soft power of the USA. 

• 	 Zbigniew Brzezinski — Carter's security adviser: the 
"China Charter", human rights, a strengthened NATO path, 
the response to Afghanistan; later an advocate of NATO 
enlargement. Dividend: weakening the USSR's freedom of 
manoeuvre and incorporating Polish into the West. 

• 	 John M. Shalikashvili (born in Warsaw) — from a war refugee 
(he survived the Warsaw Uprising of 1944) to the Chairman of 
the Joint Chiefs of Staff; a model of coalition action (Provide 
Comfort) and Partnership for Peace. Dividend: the standard of 
cooperation in NATO. 

• 	 Ryszard Kukliński – warned the Americans against the 
attack of Warsaw Pact troops on Western Europe in 1972, 
which resulted in the implementation of a policy of détente 
with "Moscow" at the price of a high loan of 100 billion for the 
import of Western technologies, which for Polish amounted to 
30 billion (current 240 billion — 2025). It caused the centrally 
planned economy to "choke", i.e. to fall ill with mammoth 
disease and cause the SOLIDARITY Revolution leading to the 
collapse of the People's Republic of Poland and the USSR and 
winning the Cold War without a battle.

• 	 John Paul II and "Solidarity" — a moral impulse to the erosion 
of the Soviet bloc; in constructive collaboration with US policy, 
they have tipped the balance in Central Europe. Dividend for 
the US: victory in the Cold War without a hot war. 

Engineering, Infrastructure, Aerospace

• 	 Ralph Modjeski (Rudolf Modrzejewski) — the most 
outstanding U.S. bridge builder of his era: crossing Delaware, 
Mississippi, Ohio, Michigan and California; The office (still 
in operation today) introduced standards for strength 
calculations, tests and assembly, connecting the railway with 
ports and removing the "bottlenecks" of logistics. Dividend: 
Reduced transport costs and increased reliability. 

• 	 Igor Sikorsky (of Russian-Polish origin from Podolia) — 
standardized the single-rotor helicopter and translated it 
into mass production and use (MEDEVAC, communications, 
ASW). Dividend: new vertical mobility of the armed forces 
and services. 

• 	 Frank Piasecki (born in the USA; parents from Polish) — 
tandem-rotor system (from H-21 to Chinook line): heavy 
airborne transfer and logistics on an industrial scale. Dividend: 
transport advantage. 

• 	 Andrzej Kozłowski — as one of the main co-managers 
(in aircraft construction) in the design of the F-35 as 
a 5th generation fighter; The program's ecosystem (network-
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tracks have also found their way into security, industry 
(baggage scanners, NDT) and synchrotrons; thanks to work 
in R&D companies (Gamma Medica, DxRay), the technology 
went from the laboratories to short series. Dividend: better 
diagnostics and safety, a new supply chain (detectors–ASIC–
software) and a material–electronics–algorithms–system 
integration pattern.

•	 Andrzej Targowski — the author of the concept of 
INFOSTRADA in the People's Republic of Poland;  the 
related slogan information superhighway was popularized 
in the USA by Vice President Al Gore. He implemented 
Telecity (Kalamazoo) — a municipal network of e-services 
(education, health, administration) anti-smart city. Author 
of The Semantic Ladder (data → information → concept 
→ knowledge → wisdom), the theory of nine minds and 
the development of the theory of civilization (society-
culture-infrastructure; globalization/virtualization). Dividend: 
a language that combines engineering with public policy.

A dozen Nobel Prize winners  
– Polish and Jewish-Polish with the Polishness bug

Culture, visual arts and music

• 	 Helena Modrzejewska (Modjeska) — Shakespeare's star in 
the USA; The tour built the visibility of Polish culture and the 
prestige of the diaspora. Dividend: soft power and patronage. 

• 	 Pola Negri (Apolonia Chałupiec) — the first great European 
woman in Hollywood; A precursor of the celebrity managing 
the image. Dividend: the global style of the Polish surname. 

• 	 Gene Krupa (born Chicago, USA; Polish immigrant parents) 
— jazz drummer, pioneer of drum solo and modern drum kit 
(Slingerland, tom-toms). He starred in films and recordings 
with the Hollywood entertainment machine. Dividend: 
popularized jazz in mass culture.

• 	 Bobby Vinton — "Polish Prince", pop star ("Roses Are Red", 
"Blue Velvet", "Mr. Lonely"); in 1974 he returned with the hit 
"My Melody of Love" with the chorus "My dear, I love you", 
in the 70s he hosted "The Bobby Vinton Show". Later, he 
built a brand in Branson (Blue Velvet Theatre). Dividend: he 
combined ethnic pride with the mainstream—Polish inserts 
and white and red accents made identity a market asset and 
increased the visibility of the Polish diaspora.

• 	 Liberace (Władysław Valentino Liberace) — a pianist of 
Polish-Italian origin (mother: Frances Zuchowski). A television 
phenomenon of the 50s (The Liberace Show), then the creator 
of the "Las Vegas style": residencies, candelabras, crystal 
capes, opera sets and close contact with the audience. 
During his lifetime, he was one of the highest paid artists; 
he founded a museum and a scholarship fund in Vegas. 
Dividend: popularized residency as a business model and 
solidified the Las Vegas brand; influenced Elvis, Elton John, 
and contemporary pop residencies.

• 	 Tamara de Lempicka — embodies the "American dream" of 
the artist, who came to the USA in 1939 with a European 

centricity, stealth) "ties" command, sensors, and weaponry. 
Dividend: a generational leap in U.S. air superiority. 

•	 Julia Kozłowski (born in the USA; daughter of immigrants) 
— work on the Raptor engine (SpaceX) and rocket chain to 
Mars. Dividend: technology for the new aerospace. 

Computer Science and Digital

• 	 Paul (Paweł) Baran — (born in Poland) described distributed 
packet connectivity (packets, dynamic routing, link 
redundancy), which has become a paradigm of resilient 
networks and a reference point for ARPANET/Internet. 
Dividend: global connectivity and the foundation of the "new 
economy". 

• 	 Jack Tramiel (Idek Trzmiel) — (parents from Polish) "computers 
for the masses": popularization of home computer science 
(Commodore/Atari). Dividend: democratizing access to IT. 

• 	 Steve Wozniak (born in the USA; Polish father) — Apple I/
II: the hardware imagination of the PC. Dividend: The Mass 
Market for Personal Computers. 

•	 Wojciech Zaremba — (born in Poland) co-founder of 
OpenAI (AI threshold for industry and services). Dividend: 
Accelerating automation. 

• 	 Janusz Bryzek (born in Poland) — MEMS and the "Internet 
of Sensors": a bridge between the physical and the digital. 
Dividend: the sensory layer of the modern economy. 

Science (mathematics, logic, civilization)

• 	 Stanisław Ulam — Monte Carlo method and co-author of 
the Teller–Ulam scheme (architecture of nuclear deterrence 
of H-bombs). Dividend: Computational Simulation and 
Deterrence Paradigm. 

• 	 Alfred Tarski — semantic theory of truth; foundations of logic 
and model theory. Dividend: the language of precision in the 
formal sciences. 

• 	 Benoît Mandelbrot — fractal geometry; a measurement 
culture with heavy tails and scalability (from finance to 
medicine). Dividend: a description of the complexity in 
engineering and risk analysis. 

• 	 Czesław Miłosz (Literatura 1980) — born in Lithuania; 
Dividend for the USA: as a professor at UC Berkeley, he gave 
the American debate a language for the experience of Central 
Europe and totalitarianism; It influenced the humanities, the 
media, and the way elites think about freedom and foreign 
policy.

• 	 Jan Iwańczyk — (graduate of the University of Warsaw), 
physicist-instrumentalist, who integrated direct conversion 
materials (CdTe/CZT, HgI₂), low-noise electronics and 
counter architectures (photon-counting with thresholds) 
into complete imaging modules and systems. In the USA, he 
co-created the first X-ray spectral/PCCT demonstrators and 
gamma systems (breast, preclinic), which resulted in lower 
doses, better contrast, material decomposition (K-edge) and 
real clinical implementations. Its detectors and measuring 
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workshop and found in Beverly Hills an audience hungry for 
her modernist, sensual style. Her paintings were bought by the 
elites of film and business as signs of luxury and modernity, 
and the art market elevated her to global recognition and 
multi-million auction prices. Returns to popular culture — 
exhibitions, albums, musicals — have cemented her brand. 
Lempicka remains a symbol of creative courage and how 
American freedom can amplify talent.

•	 Zbigniew Nyczak — a recognizable language of painting 
of the elites and everyday life; m.in works in the permanent 
collection of the National Portrait in the largest American 
Smithonian Museum. Dividend: presence of the Polish name 
in major U.S. cultural institutions.

Film

•	 Samuel Goldwyn — (born in Warsaw, of Jewish-Polish origin). 
Founder of Goldwyn Pictures (later part of MGM); Bronisław 
Kaper (Oscar for Lili), Henryk Wars (music for Flipper) 
and Izabella Scorupco (GoldenEye) m.in shone in this line.
Dividend: co-creators of the star model and the "factory" 
production of the film.

•	 Brothers Warner (Harry, Albert, Sam) (born in Mazovia) and 
Jack (born in Canada, of Jewish-Polish origin). Later, the 
"Polish footprint" in this film studio was strengthened by 
filmmakers such as Roman Polański (Frantic), Agnieszka 
Holland (The Secret Garden) and Andrzej Bartkowiak (The 
Devil's Advocate, Romeo Must Die). Dividend: is a technological 
breakthrough (switching Hollywood to sound), a permanent 
business model for the studio (production-distribution-
cinema), and a powerful contribution to American culture and 
soft power (genres, animation, social and war films).

•	 Billy Wilder (born in Poland, Jewish-Polish) — defined 
American noir and comedy; multiple Oscar, (Sunset Boulevard, 
Some Like It Hot, The Apartment). Polish traces of Wilder can 
be seen when Marilyn Monroe appears as Sugar Kowalczyk 
in "Half Joking, Half Serious", Countess Sobryanski appears 
in "Fedora", and in his hometown of Sucha Beskidzka there is 
a centre named after him commemorating the director's ties 
with Poland. Dividend: the language of irony in cinema. 

•	 Roman Polański (born in Poland) brought European sensitivity 
and psychological depth to US cinema: Rosemary's Baby 
created a model of atmospheric horror, and Chinatown 
renewed noir, combining the spectacle with social allegory 
and the dark image of Los Angeles. Dividend: breaking 
conventions, moral ambivalence, European grotesque. After 
the tragedy (the murder of his wife Sharon Tate), his career 
was broken by a criminal case in 1977. He pleaded guilty to 
some of the charges and, fearing severe punishment, fled the 
U.S. — since then undesirable in Hollywood, despite winning 
an Oscar for "The Pianist" in 2003.

•	 Janusz Kamiński (born in Poland) — the "grammar of light" 
of contemporary cinema (from "Schindler's List" to "The 
Fabelmans"). Dividend: the image standard for the entire 
industry. 

•	 Bronisław Kaper (born in Poland, of Jewish-Polish origin) — 
MGM composer, Oscar for Lili (1953), author of the standard 
On Green Dolphin Street. He co-created the "American sound" 
of film in the 1940s and 1960s.
The contribution of immigrants from Polish to the American 

dream was to combine European experience, culture, and 
education with the openness of the American market, which 
enabled rapid social and professional advancement. Poles 
brought talents – from artists like Pola Negri to scientists, 
engineers and entrepreneurs like Modjewski – who found space 
for development and global recognition in the US. Their fates 
illustrate the essence of the American myth: work, creativity and 
courage gave recognition, prosperity and a permanent place in 
the culture and economy of the new world.

At the same time, Poles co-created the American "freedom 
dividend": Kosciuszko and Pulaski strengthened the foundation of 
the revolution, Paderewski, Brzeziński and Kukliński added moral 
and political capital in key moments of the twentieth century, and 
"Solidarity" reminded the world of the power of freedom. In the 
"prosperity dividend", they have increased productivity through 
work, entrepreneurship and innovation, from steel mills and mines 
to laboratories and universities. All in all, Polish immigrants not 
only benefited from the American dream, but also strengthened 
its foundations – freedom, institutions and prosperity and power 
thanks to m.in. Ulam and Baran and indirectly St. John Paul II.

Andrzej Targowski
b. President of the World Council for the Study of the Polish Diaspora Member of the Mojeska Club – Los Angeles
Honorary Member of Polonia Technica – New York
Outstanding Pole in Science in the USA (2019-Emblem Foundation)
WESTERN MICHIGAN UNIVERSITY (professor emeritus)
Golden Engineer of the Warsaw University of Technology
Golden Engineer of the 30th Anniversary (NOT)
andrew.targowski@wmich.edu 
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•	 “A half-century of the protection of hereditary of Warsaw 

University of Technology. The History of WUT in the light 

of the activities of the Senate Commission for History and 

Tradition”. Author: Izabela Koptoń-Ryniec (our editorial 

colleague). Publisher: Warsaw University of Technology. 

•	 “Identification of long-term needs and directions of 

strategic activities in the field of Polish metrology and its 

development”. Author: Magdalena Zawada-Michalowska 

and Jerzy Jóźwik. Publishing Office of Lublin University of 

Technology.

THE RESULTS OF THE COMPETITION 
TECHNICUS 2025 HAVE BEEN ANNOUNCED

KONKURS TECHNICUS 2025 ROZSTRZYGNIĘTY

The Competition Technicus, being organized since 2021 by 

the Federation of the Scientific-Engineering Associations NOT, 

is the initiative aiming at the choice of the best technical books 

and guidebooks.

The summing up of the successive edition of the mentioned 

competition had place during the debates of the supreme 

authorities of the Federation i.e. National Council of SFNT-NOT 

at the Warsaw House of Technician NOT  (26.06.2025).  

The Jury of the Competition, debating under the guidance 

of Dr hab. Tadeusz Pawłowski, Eng, the Vice-President of FSNT-

NOT, granted the TECHNICUS 2025 Trophies for the following 

items:

•	 Category: the best book, promoting the technical 

knowledge – went to the title: “Composition of the city of 

the 21st century. Urbanistic and landscape solutions” by 

Katarzyna Pluta, Publishing Office of Warsaw University of 

Technology.

•	 Category: the best technical handbook – was granted 

to “Vademecum of print substrates for editors and printer 

operators”; the author: Prof. dr hab. Stefan Jakucewicz; 

Publisher: Association of the Graduates of the Printing 

Institute of Warsaw University of Technology.

The Jury has also rewarded the best e-publication – i.e. 

“Innovative solutions in environmental engineering and in 

power sector – a perspective of the sustainable development”, 

under the scientific guidance of Iwona Zawieja; published by 

Częstochowa University of  Technology.

The jury has also awarded the special distinctions in each 

category.

The distinctions in category the best book were received 

by the following items:
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In category technical guidebook, the distinctions were 

awarded to:

•	 “Guidelines for the technology of collecting, receipt and 

transport of municipal waste – practical handbook, under 

the guidance of Agnieszka Generowicz. Publisher: Cracow 

University of Technology.

•	 Effectiveness of adaptive equipment dedicated to drivers 

and passengers with mobility disabilities”, developed 

under the guidance of Aneta Wnuk and Beata Stasiak-

Cieślak; Publisher: Publishing Office of Transport and 

Communication Ltd., 

•	 “To face the war. Stay or leave? The guidebook for civilian 

population”; Author: Mateusz Buczkowski, Publisher: 

Scientific Publishers PWN S.A. 

Additionally, the Jury has granted the distinction to the 

item: “Sounds of music and sounds of war”; Author: Rufin 

Makarewicz; Scientific Publishers of the Adam Mickiewicz 

University in Poznań, and the Special Award to the item:  

“Engineering materials with the backgrounds of technology 

of material processes. Vol.1 and Vol. 2”. The author: Leszek 

Dobrzański, Scientific Publishers PWN S.A. 

The Trophies and the memorizing diplomas were handed 

over by Ewa Mańkiewicz-Cudny – the President of FSNT-NOT 

and by Tadeusz Pawłowski – the Vice-President of FSNT-NOT, 

the Charman of the Jury of the Technicus Competition.

Janusz M. Kowalski
Source: https://not.org.pl
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