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Abstract: This article’s aim is to explain the impact of technology entrepreneurship phenomenon on 

waste management enterprise performance in the conditions of COVID-19 pandemic. The concept 

of technology entrepreneurship according to the configuration approach and the category of high-

performance organization are the theoretical bases of empirical investigation. For the implementa-

tion of empirical research, Fuzzy set Qualitative Comparative Analysis (FsQCA) was adopted. The 

research sample included a group of producers of Refused Derived Fuel (RDF) as a central part of 

the waste to energy industry located in Poland. The research results showed that the waste to energy 

sector is highly immune to pandemic threats. While during COVID-19, the basic economic parame-

ters (i.e., sales, profitability and employment) of the entire industry in Poland clearly decreased, the 

same parameters in the case of the waste to energy industry remained at the same level. The research 

results allow the formulation of two high-performance models of technology entrepreneurship in 

the waste to energy industry under COVID-19 conditions. The first model is based on traditional 

technologies and hierarchical organizational structures, and the second is using innovative technol-

ogies and flexible structures. Both technology entrepreneurship models are determined by their 

emergence as complementary to implementation strategies and the opportunity-oriented allocation 

of resources within business model portfolios. 

Keywords: technology entrepreneurship; waste management industry in Poland; COVID–19 pan-

demic; QCA; waste management 

 

1. Introduction 

Nowadays, the ongoing COVID-19 pandemic has influenced many sectors of busi-

ness and many types of business activities [1–8]. Additionally, entrepreneurship has 

changed due to pandemic conditions [9]. The pandemic affected entrepreneurship be-

cause it requires some form of engagement with society. Because of COVID-19, organiza-

tions are changing into more digital entities with remote work and web-based teams [10–

12]. The entrepreneurships in those conditions move towards digital entrepreneurship. 

Digital entrepreneurship was already widespread after the pandemic, but COVID-19 has 

influenced entrepreneurs to try to work in a totally digital environment [13–17]. 

Technological entrepreneurship has an important role in the process of creating a 

regional economy. When there are many technological organizations in a region, and the 

level of technological entrepreneurship is high, it has a positive impact on the region in 

which the organizations exist [18–21]. Based on that assumption, governments should to 

emphasise the level of entrepreneurship among students, engineers and managers which 

can lead into the increase of technological entrepreneurship in the future [22,23]. The pos-

sibility of creating new, innovative technological solutions is very important for the or-

ganizations and economy [24–27]. 
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We think that it is especially important in the waste to energy market. This can be a 

very important part of creating solutions towards transformation of the economy towards 

a circular economy. In industrialized countries we face a big challenge connected with 

quickly and safely depositing the growing amount of waste [28,29]. Waste to energy is 

one of the very important circular economy solutions which have social, economic and 

environmental positive effects because of better usage of natural resources, potential job 

creation, reduction of emission amounts and also fostering innovations [30]. This last 

point is especially important from this paper’s point of view. We think that waste to en-

ergy organizations can foster innovation in a circular economy, but it needs technology 

entrepreneurship. Rada, in his paper, points out many consequences of the circular econ-

omy on the waste to energy market and the process of plant designing [31]. 

Waste to energy facilities can lead to positive environmental and economic effects 

[32]. In particular, plants operating in the waste to energy market can be recommended in 

urban areas in big agglomerations, because in those places there is not sufficient space for 

the installation of biological treatment dedicated for municipal waste [33,34]. However, 

we think that for increasing the waste to energy market, it is not sufficient to have access 

to new technological solutions, but we also need a sufficient level of technology entrepre-

neurship. Without this entrepreneurship, it is not easy to implement new technological 

solutions. On this basis, we think that is worth analysing the impact of technology entre-

preneurship on the waste to energy market and identifying those technology entrepre-

neurship configurations which have a positive effect on the development of waste to en-

ergy organizations. 

On the basis of literature analysis, we found that relations between technology entre-

preneurship and the COVID-19 pandemic are not well known. This was the research gap 

on the basis of which we chose our research area. In particular, there is not research about 

the impact on entrepreneurship in the waste to energy sector. It is interesting to know 

those relations from scientific and practical point of view. 

On the basis of this research gap, we have established our research aim, which is to 

explain the impact of technology entrepreneurship phenomenon on waste management 

enterprise performance in the conditions of the COVID-19 pandemic. 

2. Literature Analysis 

Technology entrepreneurship is something that facilitate functioning and prosperity 

of firms, individuals, regions and nations [23,35–37]. Nowadays it has very big impact on 

the economy, and this is the reason it is worth studying and analyzing [38,39]. The process 

of creating technological entrepreneurship itself is based largely on endogenous factors of 

the organization. For important factors, we can include: expertise and qualifications of 

employees and also their ability to implement those innovative solutions into practice in 

their organizations [9,16]. Entrepreneurs are able to be proactive and able to anticipate. 

They should to build a credible vision of their own business [40–42]. In the case of tech-

nology, entrepreneur organizations should to understand their business environment, 

their technology, and also have the ability to know the influence of ecosystem components 

on new venture strategies [43–46]. 

The concept of technology entrepreneurship has many definitions described in the 

literature [47–50]. Technology entrepreneurship exists when a new development in sci-

ence and/or engineering constitutes a core element of the opportunity that can enable the 

emergence of new market, cluster, venture or industry [51–53]. The new development 

may lead to a new business model based on first-mover advantages, network effects, tech-

nical standards and declining costs [54,55]. 

In Table 1, we present some often-used definitions from important international pa-

pers. 
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Table 1. The main definitions of technology entrepreneurship. 

Author Definition 

Jones-Evans (1995) The establishment of a new technology venture 

Jelinek (1996) 
Efforts to interpret data which are ambiguous to sustain technology efforts and coordi-

nated persistent endeavors used to accomplish technological change. 

Venkataraman and 

Sarasvathy (2001) 
Solutions used in search of problems 

Nicholas and Arm-

strong (2003) 
Organization risk bearing and management in technology based businesses 

Graud and Karnøe 

(2003) 

An agency that can be distributed across different kinds of actors. Each of them is in-

volved with a technology and also in the process can generate inputs resulting in trans-

formation of an new, emerging technologies. 

Liu (2005) 

Ways in which entrepreneurs can draw on structures and resources to exploit opportuni-

ties in emerging technologies 

to sustain technology efforts and coordinated persisted endeavor used to accomplish 

technological change. 

Dorf and Byers 

(2005) 

Technological entrepreneurship is a style of business leadership that involves factors as: 

human resource high-potential capitalization, identification, managing accelerated 

growth, technology intensive commercial opportunities and significant risk taking. 

Abdullah and 

Ahcene (2011) 

Technology entrepreneurship can be understood as the integration of technological and 

entrepreneurial realms. 

Bailetti (2012) 

Technology entrepreneurship is an investment in a project. This investment assembles 

and deploys specialized heterogeneous assets and individuals which are intricately re-

lated to the new conceptions in scientific and technological knowledge. The purpose of 

the activity is creation and capturing additional value for a firm. 

Beckman, Eisen-

hardt, Kotha, Meyer, 

Rajagopolan, (2012) 

Technological entrepreneurship occurs when the development of science and engineer-

ing creates a key element of an entrepreneurial opportunity, enabling the generation of a 

given venture, market, cluster or even the entire industry 

Source: on basis: [1–7,11,19–21,56,57]. 

The definitions presented in Table 1 suggest that entrepreneurship technology is con-

nected with small rather than big organizations and concentrates on launching and intro-

ducing new ventures, products and applications [56,57]. On the basis of the presented 

definitions, we can propose our definition of entrepreneurship technology which corre-

sponds with our research. Technological entrepreneurship is defined as the specific con-

figuration of strategy and organizational structure around the core of new technologies. 

A key feature of the organizational configuration of technological entrepreneurship is the 

ability to dynamically allocate resources within a constantly created portfolio of business 

models as a response to unpredictable changes in the environment. 

Very interesting analysis of the technology entrepreneurship concept was presented 

by T. Bailetti [58]. He has undertaken a deep analysis of the articles on technology entre-

preneurship published from 1970 to identify the various types of definition of the tech-

nology entrepreneurship concept, and topics related with this concept, which were in the 

papers. 

Bailetti’s analysis literature about technology entrepreneurship has determined the 

following main findings about the topic especially often described in international papers 

[58]: 

 the literature about entrepreneurship concentrates on the topic of technology firm 

formations; 
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 the main part of the literature concentrates rather on small technology organizations, 

not mid-sized or large firms [59]; 

 especially often, papers concentrated on the topic of external factors influencing the 

formation of technology organizations; 

 additionally, some papers describe the influence of technology entrepreneurship on 

regional development; 

 very rarely, papers about technology entrepreneurship contribute to the other fields 

such as economics, management, etc. 

Badzińska thinks [60] that the process of creating technological entrepreneurship in 

a company is an effect of joint achievements of team work which offer support, expertise 

and knowledge. To achieve successful effects in the field of technological entrepreneur-

ship, an employee should have a tendency to take risks and actions which are concen-

trated on continuous development [38,39]. Managers should manifest the characteristics 

of a leader who is open to innovativeness. 

The technology entrepreneurship is especially important when we deal with high-

performance organizations. The main concept of high-performance organizations was 

presented by de Wall [61]. He analyzed the impact of the financial crisis and economic 

downturn (2007–2010) on the functioning of the business world. On the basis of his anal-

ysis he tried to identify factors that determined sustainable organizational success in times 

of economic downturn. This is very interesting, because now we are in the times of an-

other economic downturn due to the COVID-19 pandemic. 

The high-performance organizations are organizations whose long-term perfor-

mance is better than in the case of comparable organizations [62–64]. There are many def-

initions of high-performance organizations but they have the common components as fol-

lowing: employee involvement, participation, empowerment, self-managing work teams, 

use of total quality management concepts, learning organization and integrated produc-

tion technologies [65,66]. 

High-performance organizations lead the way and do not perform better because of 

only technical or human resources reasons [67–69]. Their success is based on a set of fac-

tors which should operate together to achieve the effect of synergy [70,71]. 

The main high-performance organization factors are [61]: 

 autonomy, 

 continuous improvement and renewal, 

 management quality, 

 workforce quality, 

 long-term orientation. 

In our paper we used the configurational approach to organization. The concept of 

configuration can be viewed from a systemic perspective. The organization in this concept 

should be viewed as a constellation of interconnected elements and is one of the central 

ideas in many organization studies. It can be dated back to the emergence of systemic 

thinking [72]. The term organizational configuration can be used to denote a multidimen-

sional constellation of conceptually distinctive characters that can commonly occur to-

gether [73]. 

The problems with the rise of configurational theories were connected with: com-

plexity that can grow exponentially when more elements are added to the system, the 

need to develop a theory that can deal with the complexity of configuration and method-

ology that can account for the complexity of interconnected elements which can bring 

outcomes synergistically and jointly rather than individually [74]. 

The starting point to resolve those problems was connected with the emergence of 

set of configurational theoretical methods, especially Qualitative Comparative Analysis 
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(QCA) and the possibility of its use in social sciences. The method itself has its origins in 

the tradition of the use comparative methods in social sciences and using this method can 

be transformed into a systematized and developed approach. Especially the conception of 

the usage of Qualitative Comparative Analysis was developed and described by C. Ragin 

[75–77] and next the conception was improved by other scientists [78,79]. 

The conception of Qualitative Comparative Analysis was developed as a link be-

tween the case-oriented approaches (qualitative approaches) and variable-oriented ap-

proaches (quantitative approaches). The use of conception provides the researcher a novel 

set of tools useful for disentangling many complex casual relationships. The method has 

its ability to be used to understand the configurational nature of a limited set of cases. The 

method can be especially attractive in the case in the field of organization and manage-

ment. This is because the organization is a cluster of interconnected practices and struc-

tures and not something of which all components can be easily understood in isolation 

[80,81]. 

A very important part of our analysis is connected with the waste to energy industry. 

The waste to energy concept can be defined as a process used to recover energy from 

waste by treating and using and it in the form of transport fuel, electricity or heat [82,83]. 

In European Union countries, Schiffer thinks that biological treatment of waste has the 

most potential to grow and this technology can be, in the future, commercially viable [11]. 

The waste to energy conception is a part of municipal waste management. This is an im-

portant area which is in the European Commission’s interest. This area has significant 

impact on the plan for transformation towards a circular economy [32]. 

Psomopulos describes positive experiences with waste to energy implementation in 

the USA. He points out that waste to energy can be a good and relevant source of renew-

able energy. With a good level of maintenance, a waste to energy plant can last about 30 

years. Compared the amount of land needed for landfilling ,the waste to energy plant 

needs a much lower amount of land, and because of that the initial capital for land is very 

small [84,85]. In another paper, Psomopoulos also describes the positive effects of using 

waste management methods in EU countries. The EU now promotes energy recovery us-

ing thermal treatment that leads to providing electricity and heat to industrial, domestic 

and commercial consumers and also can have a positive effect in eliminating the amount 

of waste to be landfilled [86]. In EU countries the most widespread technology for waste 

to energy is grate combustion. Using this technology, thermal energy can be recovered 

and in this way heat is converted to electricity [87]. Psomopoulos in his paper has de-

scribed many valuable examples from EU countries about using various types of waste to 

energy approaches in many EU cities. He, based on his research, points out that waste is 

a very valuable source of energy and materials. The highest priority in waste to energy 

usage is reuse and also recycling, combined with source separation. All analyzed cities 

used various methods of energy recovery from waste. The usage of energy from waste is 

also a very important factor towards sustainable city development [87]. Other examples 

of successful implementation of waste to energy projects are described by Kumarasi and 

Dissanayke. They found that the stakeholders’ involvement is a very indispensable ele-

ment in the successful implementation of waste to energy conceptions in business [88]. 

They can influence a new waste to energy project and contribute by source reduction and 

helping with cooperation with civil bodies and identification of potential waste to energy 

technologies and facilities. Stakeholders can also impact on implementing environmental 

standards and regulations, which are important for waste to energy companies. Moreo-

ver, they apply pressure on implementing environmental policies and standards [88]. The 

good level of economic efficiency of using waste to energy technology is also described 

by Wen-Tsa [89,90]. He points out that using of waste to energy is a win-win approach. 

This technology can generate a good amount of electricity, and also decrease dependence 

on imported fossil fuels and greenhouse gas emissions [89,91]. Further, Zhao described 

positive economic effects of using waste to energy technology in China [92]. We can ob-

serve the same positive effects in many European Union-related researches [93–96]. 
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Amongst the EU countries and organizations which contribute to waste to energy 

development is CEWP—The Confederation of European Waste-To-Energy Plants. This 

organization is an umbrella association of many international and national operators of 

waste to energy. It represents 410 plants which operate in 23 countries. Those organiza-

tions make up about 80% of the waste to energy market in Europe [97]. According to 

CEWP, waste to energy is an important factor in the way towards a circular economy. 

Now, the current capacity of EU plants in the case of waste to energy is about 90 million 

tones, and it will increase significantly in the following years [98]. In addition, it needs to 

be underlined that the broader usage of renewable energy paves the way towards decar-

bonisation of the economy. The production of energy from waste leads to significant 

saveings in greenhouse gas emissions, because this type of energy can replace traditional 

energy from fossil fuels; also very important is the organic (biodegradable) part of waste 

input [99,100]. 

Further, we can find in the literature analysis about problems in the process of im-

plementing a waste to energy strategy. For example, Vujic describe some barriers con-

nected with implementation of this strategy in developing countries. He points out prob-

lems connected with [101]: 

 lack of good distinctions between city ownership and state, 

 problems with job positions, 

 problems with corruption in the country which can have negative impact on waste 

to energy projects, 

 lack of sufficient sources of investment, 

 problems connected with low capacity needed for new legislation implementation, 

 problems with sufficient capacity of local government and ministries. 

The waste to energy market operates in EU based on some legislation acts. One very 

important act is a Waste Framework Directive 2018/851. This directive sets the basic defi-

nitions and concepts related to problems connected with waste management—for exam-

ple, definition of waste and definition of recycling. The directive also introduces the waste 

hierarchy [102]. The Landfill Directive (2018/850) is about prevention and reduction of the 

adverse effects of the landfill of waste on the surroundings. The Directive classifies the 

type of landfills and obligates Member States to minimize the amount of biodegradable 

waste in landfills [103]. Additionally, problems connected to waste to energy are men-

tioned in The European Green Deal (11 December 2020). It provides the EU strategy which 

aims towards the efficient usage of resources by moving towards a circular economy [104]. 

Another very important EU new document connected with waste to energy is the Circular 

Economy Action Plan (11 March 2020). This document gives specific strategies for how to 

move from a linear to a circular economy in the case of many materials such as, for exam-

ple, textiles, food, plastics, construction, batteries, etc. [105]. 

3. Methodology 

The main goal of this article is to describe the impact of technology entrepreneurship 

on strategic organizational effectiveness under the unexpected change COVID-19 in mu-

nicipal waste to energy industry. Technology entrepreneurship is a strategic management 

category which theoretically should play a positive role in the context of organizational 

strategic development occurring in the context of an uncertain environment. The pan-

demic of COVID-19 is an example of unpredictable change, the nature of which is complex 

and its influence on organizational strategic development is multidimensional. The em-

pirical research was conducted in the fourth quarter of 2020, while all statements were 

related to the situation of the surveyed company in the period from March to June 2020, 

i.e., the period of the first wave of the COVID-19 pandemic. This made it possible to cap-

ture the behavior of the surveyed enterprises during a surprising change. 

The survey statements were developed based on the analysis of previously published 

research on technology entrepreneurship and high-performance organizations. 
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Technology entrepreneurship was measured in light of the configuration approach ac-

cording to which various organizational phenomena consist of interconnected strategies 

and structures, and is not a situation in which all components can be easily understood in 

isolation. The most important strategies and structures which constitute the configuration 

of technology entrepreneurship which were measured in the questionnaire are the follow-

ing [106–110]: (a) the strategy understood as long-term oriented organizational behavior 

is both the executive following the previously prepared plans and emergent according to 

occurring unpredictable changes (strategy both executed and emergent); (b) the organiza-

tional structure within which the technology entrepreneurship strategy is happening is 

flexible, team-based organization with distributed leadership (flexible structure and dis-

tributed leadership); (c) the organization has free resources at its disposal which allows 

the quick allocation of resources within the business model portfolio and according to 

unpredictable changes (unpredictable opportunity based resource allocation); (d) the cen-

tral element of technology entrepreneurship in the form of the most advanced technolo-

gies used by the organization in its value-creation process (innovative technologies in 

value-creation process). High-performance organizations were measured using a three-

dimensional effectiveness model consisting of financial, development, and social organi-

zational perspectives [61]. Each questionnaire statement was measured using a seven—

point Likert scale with a choice of answers from 1 (strongly disagree) through 4 (don’t 

know) to 7 (strongly agree). Particular statements were measured as the degree of com-

pliance of the organization’s state with a given statement, with performance statements 

assessed in relation to average industry performance. The research questionnaire is in-

cluded in the Appendix A. 

Waste management was chosen as a research area because, on the one hand, waste is 

a litmus test of the development processes of the entire economy, and on the other hand 

it is particularly exposed to viral infections such as COVID-19. The development meas-

ured by sales, financial measured by profitability of sales and employment performance 

statistics which describe the situation of whole waste management industry in Poland 

under COVID—19 are presented in Table 2. 

Table 2. Economic indicators of waste management industry in Poland under first wave of the COVID-19 pandemic, in 

comparison with the entire industry; results after the first half of 2020 in light of the same date’s previous three years. 

End of 2017–

2020 Half 

Year/Econom

ic Parameter 

Sale 

Industry [in 

mln EUR] 

Sale Waste 

Manag. [in mln 

EUR] 

Profitability of 

Sale Industry 

[%] 

Profitability of 

Sale Waste 

Management [%] 

Employment 

Industry [in 

Thousand, Month 

Average] 

Employment 

Waste 

Management [in 

Thousand, 

Month Average] 

2017 167,025 1570 6.6 4.8 2648 56 

2018 
170,884/ 

2.3 

1555/ 

−0.95 

6.6/ 

0 

3.5/ 

−0.27 

2720/ 

0.03 

59/ 

0.05 

2019 
184,663/ 

8 

1823/ 

17.2 

5.8/ 

−0.12 

6.9/ 

0.97 

2773/ 

0.02 

61/ 

0.03 

2020 (after 

COVID-19 

first wave) 

162,945/ 

−11.8 

1999/ 

9.6 

5.6/ 

−0.03 

10.9/ 

0.58 

2660/ 

−0.04 

63/ 

0.03 

Each data is supplemented with dynamics calculated as a degree of change in relation to the previous year. 

Source: Statistics Poland database: stat.gov.pl (accessed on 31 June 2020), (according to NACE; industry: sections B, C, D, 

E; waste management industry: E38—waste collection, treatment and disposal activities; materials recovery). 

The statistics show the three—dimensional performance of the whole waste manage-

ment industry after the first half of 2020, in comparison with the same periods in the past 

three years. Additionally, the same statistics are shown for the whole industry; in other 

words, the table includes main performance indicators of waste management in Poland 
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under COVID-19 in time and industrial perspectives. From the information contained in 

the table, it can be concluded that the waste management industry has shown great re-

sistance in relation to the unpredictable change in the form of the COVID-19 pandemic. 

This is clear in both time- and industrial-level comparisons, and taking into account all 

three performance indicators, but especially the development measured by sale level. 

Comparing all three waste management industry performance parameters in the same 

periods over the last three years (i.e., in the end of the June), it should be stated that they 

did not change. Surprisingly, the waste management industry developed at the same pace 

during the COVID-19 pandemic’s first wave and during the three previous analogous pe-

riods when comparing the waste management industry with the entire Polish industry. 

Clear differences should be noted, especially with regard to the parameter of sales reve-

nues. While sale showed stability for waste management industry, the entire Polish in-

dustry clearly slowed down. 

The surprisingly positive results of the research on the resilience of the whole waste 

management industry in COVID-19 conditions encouraged us to continue the investiga-

tion in the form of a technology entrepreneurship explorative study of a small sample of 

the most effective enterprises. It was decided to focus on a deliberately selected sample of 

Polish companies producing alternative fuel based on waste Refused Derived Fuel (RDF). 

These enterprises are located in the center of the waste to energy industry, between storing 

and processing enterprises, which is part of the whole waste management branch. The 

high development potential of the waste to energy industry in Poland is shown in the 

below table (see Table 3); compared with recycling and landfilling, energy recovery in 

Poland is especially underestimated. 

Table 3. The place of waste to energy in the whole Polish and EU waste management industries. 

Years/Quantity 

Waste Management 
Recovery-Energy Recovery 

(R1) 
Recovery-Recycling 

Disposal-Landfilling 

(D1, D5, D12) 

EU-27 

Countries 
Poland 

EU-27 

Countries 
Poland 

EU-27 

Countries 
Poland 

EU-27 

Countries 
Poland 

2016 
kgs/cap 1504 1797 264 151 840 1 007 357 519 

% 100 100 18 8 56 56 24 29 

2014 
kgs/cap 1533 2055 233 142 848 1 238 389 542 

% 100 100 15 7 55 60 25 26 

2012 
kgs/cap 1510 1780 217 91 817 983 402 511 

% 100 100 14 5 54 55 27 29 

2010 
kgs/cap 1448 1704 184 102 776 989 393 471 

% 100 100 13 6 54 58 27 28 

Rows: years/kilograms per capita and percentage; columns: waste management operations/EU and Poland 

Source: Eurostat, 

https://ec.europa.eu/eurostat/databrowser/view/ENV_WASOPER__custom_735567/default/table?lang=en. (accessed on 

31 June 2020). 

While recycling and landfilling indicators are similar in Poland and the EU (counted 

as an average of 27 countries) the energy recovery measures counted as a percentage of 

the whole waste management industry are at least two times lower. This shows that en-

trepreneurial development potential of the energy recovery sector is very strong in Po-

land. In addition, the waste to energy industry is based on incineration technologies which 

especially predispose them in the context of viral infections such as COVID-19. Because 

of regulatory and technological reasons, investments in energy recovery plants (R1) are 

very specific and decisions about location and the size of a waste to energy facility should 

also consider such factors as the gate fee. In other words, the investment algorithm in this 

case should be complex, e.g., taking into account that efficiency of R1 requires high utili-

zation factor while the minimization of gate fee requires high R1 and high metals recovery 
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(99). Similar to investment decisions, the development paths of individual plants and the 

whole waste to energy industry are multidimensional and go far beyond the free market 

conditions. On the one hand, scientific research shows the lack of impact of Purchase 

Power Priority (PPP) on the development of this industry, and, on the other hand, they 

condition this development with such determinants as the type of plant ownership, waste 

mobility or decentralization (100, 101). The very specific characteristics of the waste to 

energy industry were the stimulus to research the meaning of technology entrepreneur-

ship as a conventional uncertainty management tool [111–113] in the circumstances of un-

predictable change, such as COVID-19. 

The analysis of the structure of the Polish WTE industry in the end of 2016 in the part 

of RDF producers and RDF processors is presented in Table 4. The total level of the mar-

ket, market shares of the four biggest players, the market concentration ratio (105), mini-

mum efficient scale (128) and economies of scale (130) are included in this table. The mar-

ket concentration ration is defined as the accumulated percentage of market share of the 

four largest firms in the industry. Minimum efficient scale is formulated as the average 

firm size of the largest firms accounting for half of the industry output. The economies of 

scale ratios are calculated by dividing the minimum efficient scale by the market’s total 

output. 

Table 4. Structural analysis of WTE (RDF producers and processors) in Poland in 2016. 

Nr 
Name of RDF 

Producer 

Production 

Size [Tons 

per Year] 

Market 

Share [%] 

Cum. 

MARKE

T Share 

[%] 

Nr 
Namesof RDF R1 

Processor 

R1 

Processing 

Size [Tons 

per Year] 

Market 

Share 

[%] 

Cum. 

Market 

Share [%] 

1 NOVAGO Ltd. 194,932.73 7.47 7.47 1 
GÓRAŻDŻE 

CEMENT JSC 
266,020.10 27.58 27.58 

2 
PPHU LEKARO 

Jolanta Zagórska 
186,730.30 7.16 14.63 2 

Grupa Ożarów 

JSC 
181,726.26 18.84 46.41 

3 
MPO m.st. 

Warszawie Ltd. 
150,193.65 5.76 20.39 3 

LAFARGE 

CEMENT JSC 
146,566.31 15.19 61.61 

4 
NOVAGO ŻNIN 

Ltd. 
94,110.93 3.61 23.99 4 

Dyckerhoff Polska 

Ltd. 
123,008.00 12.75 74.36 

 Total production 2,608,958    Total processing 964,702   

 Concentration ratio 0.24    Concentration 

ratio 
0.47   

 Minimum efficient 

scale 
87,076.26    Minimum efficient 

scale 
198,104.22   

 Economies of scale 0.03    Economies of 

scale 
0.21   

Source: website database on wastes, https://ibdo.pl/rynek-paliw-alternatywnych-20162017/(accessed on 31 June 2020). The 

longer list of 15 the biggest RDF producers and processors in Poland in 2016 is included in the Appendix B. 

The structural analysis of RDF producers shows that this sector in Poland is an in-

dustry with medium concentration and a significant number of firms. The measures of 

minimum efficient scale and economies of scale are quite low. A different situation is seen 

in the RDF R1 processors sector, as this industry in Poland is highly concentrated with 

few companies, mainly from the cement industry. The measures of minimum efficient 

scale and economies of scale are high, creating strong entry barriers. Comparing the eco-

nomic parameters of RDF producers and processors presented in the above table, one can 

easily see the definite advantage of supply over demand of RDF on the Polish market. The 

bargaining power of the recipients in relation to RDF suppliers is overwhelming; addi-

tionally, low barriers to entry into the RDF producers sector create the possibility for 
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processors to build their own RDF production plants. This results in increasing fees for 

RDF adoption and further, increasing profitability of RDF processing plants for energy. 

In Poland, a network of municipal plants transforming RDF into energy is currently being 

projected. Mostly, due to the high importance for local communities, high transport costs 

and large-scale investments, these are initiatives in the area of local public-private part-

nerships. Local, public-private RDF processing plants for energy should balance the cur-

rent advantage of supply over demand in the RDF market in Poland and reduce the cur-

rently very strong competitive position of cement plants [114]. 

In the above-described industrial structure circumstances, a very interesting research 

question emerged about the technology entrepreneurship as an important success driver 

of RDF producers. The research question formulated on this phase of research was: what 

are the characteristic configurations of technology entrepreneurship in the case of high-

performing RDF producers within the COVID-19 pandemic in Poland? The surveyed en-

terprises were manufacturers of RDF which represent an intermediary element of the 

Polish waste to energy industry (see Figure 1 below). 

 

Figure 1. The case study research objects. 

Exactly 25 enterprises represented by respondents who were members of manage-

ment teams took part in the Computer Aided Telephone Interview (CATI) conducted in 

fourth quarter of 2020. The respondents were the members of top management of chosen 

enterprises. Ten enterprises were qualified for further research as high-performing RDF 

manufacturers (In Poland, the 15 biggest RDF producers cover 50% of the whole RDF in-

dustry production, so only small sample research (n < 50) is possible). These were the 

respondents who declared at least one of three performance indicators more than the av-

erage in the industry. To analyze technology entrepreneurship as the driver of the high 

performance of RDF producers, the Fuzzy set Comparative Qualititave Method (FsQCA) 

was used. FsQCA is a methodology for obtaining linguistic summarizations from data 

that are associated with cases. It was developed by the social scientist Prof. Charles C. 

Ragin. FsQCA seeks to establish logical connections between combinations of causal con-

ditions and an outcome, the result being rules that describe how combinations of causal 

conditions would cause the desired outcome. As such, each rule is a possible path from 

the causal conditions to the outcome. The rules are connected by the word OR to the out-

put. In this article, in accordance with research question “what are the characteristic con-

figurations of technology entrepreneurship in the case of high-performing RDF producers 

within the COVID-19 pandemic in Poland?”, the combinations of causal conditions are 

configurations of technology entrepreneurship and an outcome is high-performance 
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organization in the time of COVID-19. The general research idea with the use of the 

FsQCA method is presented below (see Figure 2). 

 

Figure 2. The conceptual research model. 

The FsQCA method is especially dedicated to entrepreneurship research because of 

its configurative nature with asymmetries and multiple pathways [115]. As noted previ-

ously, technology entrepreneurship as a casual factor was measured using five survey 

statements regarding strategic executive and emergent behaviors, flexible structures and 

distributive leadership, allocation of resources within the business model portfolio and 

using the most advanced technologies in value creation process. High-performance or-

ganization as an outcome factor was measured using a three-dimensional performance 

scale consisting of development, financial and social effectiveness. The contextual dimen-

sion of the conceptual research model is the waste to energy industry in Poland in the 

COVID-19 pandemic. 

4. Results 

The main data analytic methodology was FsQCA. Fuzzy sets method was the base 

analytic logic, according to which fuzzy set A in the certain space of considerations X was 

defined as a set of the following pairs: 

A = {(µA(x), x): x € X, µA(x): X → [0, 1]} 

According to the conceptual research model (see Figure 2.) two main fuzzy sets were 

analyzed, i.e., a fuzzy set of enterprises characterized by different technology entrepre-

neurship features (in other words casual factors fuzzy sets) and a fuzzy set of high-per-

formance organizations (in other words, the outcome factor fuzzy set). Considerations X 

is the whole sample of researched enterprises and consideration x is the particular ith en-

terprise as the part of X. Membership function µA has two sub-functions: 

- µCj (i)—function of membership of the ith company to the set of enterprises with par-

ticular feature describing their technology entrepreneurship Cj (i.e., casual factor); 

- µE (i)—function of membership of the ith enterprise to the set of high-performance 

organization E (i.e., outcome factor). 

In order to transform the 7-point Likert interval scale into fuzzy sets, the standard 

calibration procedure was used. According to this procedure, both measured variables 

(i.e., casual factor in the form of technology entrepreneurship and outcome factor as high-

performance organization) were calibrated from the 7-point Likert scale to function of 

membership using the threshold for full membership (7—strongly agree), the threshold 
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for full nonmembership (1—strongly disagree), and the cross-over point (5—I don‘t 

know). 

Afterwards, on the basis of the functions µE (i) and µCj (i), based on the logic of fuzzy 

sets and Bool’s algebra, the impact of belonging to particular sets Cj and to the set E was 

analyzed. These analyzes can be formalized in the following form: 

Y → F(x1,x2,…) 

where: Y means that a company belongs to the set of high-performance organizations, and 

xj means that a company belongs to the set of companies with the j-th feature (however, 

instead of x, its negation may occur). F means the logic formula which is the sum of prod-

ucts of logic simple sentences (each of which expresses the belonging of a company to one 

set Cj). 

The above-described FsQCA procedure was carried out with the use of fsQCA 3.0 

Windows software. Table 5 shows the calibration cutoffs and descriptive statistics of the 

research sample. 

Table 5. Sample Statistics and Calibration Parameters for fsQCA. 

 Mean 
Std. 

dev. 
Min Max Med Fully in 

Max. 

amb 

Fully 

out 

Outcome variable: 

V0: organizational effectiveness 
4.4 1.070 3 7 5 7 4 1 

Casual variables: 

V1: strategy both executed and emergent 
5.8 1.033 5 7 5 7 4 1 

V2: flexible structure and distributed 

leadership 
4.3 1.636 1 7 5 7 4 1 

V3: opportunity based resource allocation 5.5 1.08 4 7 5 7 4 1 

V4: innovative technologies in value 

creation process 
4.7 1.567 2 7 5 7 4 1 

Source: own study with use of excel. 

The Table 6 includes the models of technology entrepreneurship configurations in 

the high-performing enterprises and RDF producers in the waste management industry 

in Poland under the conditions of the first wave of COVID 19 (i.e., in the period from 

March to June 2020). According to FsQCA methodology, consistency and coverage are 

two essential indexes for data synthesis. Consistency measures the degree to which solu-

tion terms and the solution as a whole are subsets of the outcome. It assesses the degree 

to which the combination of casual variables in the form of solution consistently produces 

the outcome variable. Coverage measures how much of the outcome is explained by each 

solution term and by the solution as a whole. In other words, it indicates the proportion 

of the sample’s cases that reflects the solution. Raw coverage measures the proportion of 

memberships in the outcome explained by each term of the solution. Unique coverage 

measures the proportion of memberships in the outcome explained solely by each indi-

vidual solution term. Consistency threshold indicates the acceptable level of dissimilarity 

between the conditions and the outcome for the cases represented by a particular config-

uration. Coverage threshold is to exclude solutions that are empirically trivial. In the lit-

erature there is a common practice that minimal consistency should be set at 0,8 and the 

coverage should be greater than 0,2 [116,117]. (The formalizations of consistency and cov-

erage calculations are the following: Consistency = ∑ (min (µCj , µE ))/∑(µCj ); Coverage = 

∑ (min (µCj , µE ))/∑( µE )). 
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Table 6. Technology entrepreneurship configurations of high-performing RDF producers in Poland. 

Model Row Coverege 
Unique 

Coverage 
Consistency 

Construct: f_V0 = f_(V1, V2, V3, V4) 

M1: V1*~V2*V3 

M2: V1*V3*V4 

Solution coverage: 0,97; solution consistency: 0.89 

0.59 

0.88 

0.09 

0.38 

1 

0.88 

Explanations: f_V0 is an outcome factor consisted of one variable (i.e., organizational effectiveness); M1 and M2 are 

technology entrepreneurship configurations or models for high effectiveness organizations; M1 stands for hig- 

performance technology entrepreneurship model 1 (solution term1); M2 stands for high-performance technology 

entrepreneurship model 2 (solution term2). The sum of solution term 1 and solution term 2 is the whole solution. 

Source: own study with use of fs/QCA 3.0 Windows Software on the base of complex solution (the raw output generated 

by the software is included as Appendix C). 

Two alternative models of technology entrepreneurship of high-performing RDF 

producers in Poland were identified with solution coverage of 0.97 and solution con-

sistency 0.89, as evident in the Table 3. Both configurations are based on strategic behav-

iors based on both execution and emergence and opportunity-based resource allocation. 

They differ taking into account flexible structure and distributed leadership and using 

innovative technologies in value creation process. 

The first model is based on the strategic behavior of the organization as both the im-

plementation of strategic plans and current opportunism, rigid organizational structures 

and a permanent leadership position, and flexible, opportunity based allocation of re-

sources within a business models portfolio. This model does not take into account process 

innovations and is based on manufacturing technologies that are traditional in the indus-

try. The second model, as with the previous one, is based on implementation and emer-

gent strategic behaviors of the organization and flexible allocation of resources within the 

business model portfolio; however, unlike the previous model, it uses innovative manu-

facturing technologies. By synthesizing the obtained models of technological entrepre-

neurship in the RDF producers industry, it can be concluded that the strategic emergence 

and flexible allocation of resources, characteristic for organizational entrepreneurship, oc-

cur in the first model based on rigid organizational structures and around traditional man-

ufacturing technologies, while in the second model around innovative RDF manufactur-

ing technologies. Both configurations in an equal way lead to above-average performance 

in the RDF producers industry. Thus, two different main configurations of casual varia-

bles describing technology entrepreneurship concepts culminate in the high-performing 

RDF producer. The main difference between models is rooted in structures, leadership 

and using innovative technologies in the production process. 

5. Discussion and Conclusions 

Technology entrepreneurship as a strategic development process plays an especially 

important role in the context of unpredictable change management. Strategic organiza-

tional behaviors which are based only on strategy execution are insufficient in the uncer-

tain environment and strategic emergency seems to be necessary. In turbulent times, such 

as in times of the COVID-19 pandemic, the strategic thinking in an organization is not 

easy. The problems with strategic thinking come from the fact that the future is unpredict-

able and represents unknown domains in terms of business evolution, disruption and 

technology. Additionally, technology entrepreneurship is not easy in those times [35–37]. 

In this paper, we tried to find out the impact of technology entrepreneurship on stra-

tegic organizational effectiveness under the unexpected change of COVID-19 in the mu-

nicipal waste to energy industry. We tried to find out what combination of organization 

characteristics in the field of technological entrepreneurship leads to being a high-per-

forming producer in the waste to energy sector. There were not analyses about such a 
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topic in the literature, but we can find many papers about the impact of a pandemic on 

the various types of business [118]. It is interesting that in some branches the pandemic 

effect was the decrease of the production amount and problems with functioning of the 

organizations [1,119–122]. In others the effect was not so big, or even in some cases authors 

observed a positive effect of the pandemic on organizations [123–125]. 

Flexible organizational structures and distributed leadership occurring around the 

most innovative technologies are key organizational capabilities in uncertain times 

[126,127]. In other words, technology entrepreneurship understood as emergent strategic 

behaviors based on flexible structures and distributed leadership around the core of the 

most innovative technologies is a key organizational capability which allows achieving 

high-performance strategic measures. The COVID-19 pandemic is an example of unpre-

dictable change which affects the performance of the entire economy. Waste management, 

as an important part of the entire economic system, was chosen as a research area because 

on the one hand, waste is a litmus test of the development processes of the entire economy, 

and on the other hand it is particularly exposed to viral infections such as COVID-19. The 

main purpose of the article was to describe the performance meaning of technology en-

trepreneurship in waste management industry in the context of unpredictable complex 

change such as the COVID-19 pandemic. 

The overall conclusions can be divided in two parts, first regarding the influence of 

COVID-19 on the whole waste to energy industry in Poland and second regarding the 

most effective technology entrepreneurship configuration in the industry. Describing the 

influence of COVID-19 on the whole industry, surprisingly, the waste management in-

dustry in Poland developed at the same pace during the COVID-19 first wave pandemic 

and during the three previous years’ analogous periods. Level of sales and employment 

in the entire waste management industry did not change under COVID-19, and what is 

especially interesting is that the level of profitability of sales even grew. It is an especially 

interesting conclusion that, in the context of the same sale, profitability of sale and em-

ployment indicators for the entire industry in Poland fell very noticeably (see Table 1). In 

our analysis, we observe that in waste to energy enterprises the pandemic has positive 

effects on organizations. It is interesting that the sales increased and also we can observe 

the increase of profitability of sales. The same was observed in the wastetoenergy branch 

in China by Zhou [6]. This suggests that the situation is not only specific for the researched 

organization in Poland, but could be typical for this branch. However, in many other 

branches we lead with different situations and the pandemic lead to decreases in produc-

tion levels, and it was troublesome for organizations [118]. 

Additionally, in this branch the COIVID-19 pandemic has positive effects on innova-

tiveness. For example, Sarkodie and Owusu have found that COVID-19 has a positive 

impact on the zero-waste approach in European Union countries. This approach encom-

passes the conservation of all needed resources by means of responsible consumption, 

production, recovery of products and reuse with no discharges to land, water or air that 

could treat the environment of humans [128,129]. Further, other authors think that the 

troublesome situation can be a chance for progress in this industry. 

It can therefore be concluded that the industry was a kind of economic oasis in the 

pandemic. 

The second part of our research was performed using Qualitative Comparative Anal-

ysis (QCA) which is based on fuzzy set logic. Using QCA, we tried to identify patterns 

which lead organizations to achieve high-performance results. In our research, we have 

found that there are two possible patterns of high-performance companies in the waste to 

energy industry. 

The two prevailing technology entrepreneurship configurations characteristic for 

high-performing waste to management industry enterprises are the following: 

M1: traditional manufacturing technologies and hierarchical structures with a fixed 

leader position technology entrepreneurship model and 

M2: an innovative manufacturing technologies technology entrepreneurship model. 
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Our models were identified using a configurational approach based on Ragin’s con-

ception [72,73,75–77]. We use the mentioned software to identify those two models based 

on empirical data. The models are not trivial and we can spot, in analyzing them, some 

differentials with typical, well-established conceptions. 

The first model is used in traditional organizations. The model means that an organ-

ization can have good results and be included as a high-performance organization even if 

they are not very innovative. However, this is possible only in organizations with estab-

lished market positions and flexible allocations of the organization’s resources. We think 

this is an very interesting finding of the paper, because many other authors think that the 

high-performance organizations should be very innovative and flexible [54,56,57,130,131]. 

We think that is not always true. Additionally, De Wall’s concept about high-performing 

organizations [61] concentrated on autonomy and continuous improvement. Sometimes 

it is needed, and those traits will be important in our second identified model, but this 

first model is not accordance with it. In this particular situation some organizations can 

be high-performance organizations without a high level of autonomy. 

In some situations, big organizations with hierarchical structures may function well 

on the market and may have a potential to grow. This type of organization uses its good 

market position and tries to defend it using a rather passive strategy. However, in an in-

dustry which is not very innovative this could be a successful strategy. 

The second strategy that leads to a high-performance organization position is based 

on innovative approaches and entrepreneurship. It is used in the case of organizations 

without an established market position which can be increased using new, innovative so-

lutions. This solution is more typical for high–performance organizations and many inter-

national researchers have found that innovativeness is a very important part of high-per-

forming enterprise configurations [51–53,56,57]. This model is in accordance with others 

authors’ main findings [38,39,54–59]. 

Both models are based on emergent strategic behaviors which complement the strat-

egy execution and flexible allocation of resources within the business model portfolio. The 

difference between them, beyond the technology innovativeness, is the type of organiza-

tional structure and leadership. The first model leverages the traditional organizational 

structures, and the second seems to be based on more flexible forms. 

The main contribution of our paper is the finding that traditional organization can 

also achieve good results in the waste to energy market if they use an appropriate strategy. 

Those types of organizations can also be high-performing organizations and have a good 

market position and good results of their activity. 

Our main finding is that in the waste to energy industry, there are two independent 

paths to achieve being a high-performing enterprise. One path is useful for bigger, estab-

lished, on-the-market organizations and the second one is useful for new organizations 

trying to find their place on market. Those two strategies should not be mixed and each 

one is adjusted to a particular type of organization. We think this finding is important for 

waste to energy organizations, not only from Poland but also from other countries. They, 

based on their market position, should choose an appropriate strategy to achieve a good 

position and to be a type of high-performing organization. 

The main novelty in this study connects with implementing technological entrepre-

neurship conceptions and the QCA method to the waste to energy market. The implemen-

tation of new circular economy solutions for waste to energy needs a sufficient level of 

technological entrepreneurship. It is interesting from an economics and management 

point of view to know what configuration of entrepreneurship traits lead to an organiza-

tion’s good functioning and achieving a high efficiency in the waste to energy market. To 

do this, we used the very prospecting and mathematically advanced method of QCA 

based on fuzzy logic. The use of this method allowed us to identify configurations of en-

trepreneurship characteristics which are not possible to identify in another way. We think 

that the usage of the QCA method in this case is interesting because we did not find a 

paper about technological entrepreneurship in the waste to energy market based on the 
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QCA method. In addition, we think the identification of two types of configuration of 

technological entrepreneurship trends means that the identification of two different mod-

els leading to high-performing organizations can be a contribution to the field of the man-

agement of the waste to energy market. Those two models are valuable from a scientific 

and also practical perspective, because organizations on this market can use them to 

achieve high performance. 

The solution can be useful for an organization in the process of transformation to-

wards a circular economy. When an organization knows what configurations of traits 

leads to high performance, an organization can try to use this knowledge. We think our 

findings can be very useful especially for stakeholders of organizations. The two types of 

technology entrepreneurship configurations are useful because when organizations im-

plement a waste to energy strategy, they can use one of them to achieve good results. 

When organizations have good results, we can include it as a high achieving organization 

as it leads to the fulfillment of customers’ and employer’s needs. These organizations have 

a positive impact on the natural environment and also generate places of work in local 

communities. This is important and positive from a local government and economical or-

ganization point of view. This study has some limitations. The first limitation is that the 

research was done on a small populace of organizations from one country. However, we 

should mention that the waste to energy market in Poland is not big and researched or-

ganizations are about 40% of Polish waste to energy industry organizations. Further, we 

used the fs/QCS method, which is appropriate for analysis of small groups of data 

[116,117]. The second limitation is connected with operalization of variables. Our operal-

ization was only one possible solution, but we based it on extensive literature analysis 

[38,39,56,57,106–110,132–140]. Because of the limitations of our study we cannot general-

ize all results on the whole waste to energy industry. We analyzed only high-performance 

organizations and, in the case of our identified configurations, they can be used only for 

those parts of waste to energy organizations. 

Future research can concentrate on using this method in other types of organizations 

and other industries. It is worth investigating if the same two models of how to achieve a 

level of high-performing organization by technological entrepreneurship are present in 

other industries or if in each industry we can find different types of models. 
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Appendix A. Technology Entrepreneurship Questionnaire 

1.Name, legal form and www of the company …….. 

2.Employment in the end of 2019 …….. 

3. Revenues in the end of 2019 ……… 
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4. After the first half of 2020 the company gained the 

return on sale higher than avarege in the RDF producers 

sector in Poland  

1 (strongly 

disagree) 
2 (no) 

3 

(rather 

no) 

4 (I don’t 

know) 

5 

(rather 

yes) 

6 (yes) 

7 

(strongly 

agree) 

5. After the first half of 2020 the company gained the level 

of sale increase higher than avarege in the RDF producers 

sector in Poland 

1 (strongly 

disagree) 
2 (no) 

3 

(rather 

no) 

4 (I don’t 

know) 

5 

(rather 

yes) 

6 (yes) 

7 

(strongly 

agree) 

6. Within the first half of 2020 the company employees 

level of engagement in its processes were greater than 

avarege in the RDF producers sector in Poland  

1 (strongly 

disagree) 
2 (no) 

3 

(rather 

no) 

4 (I don’t 

know) 

5 

(rather 

yes)  

6 (yes) 

7 

(strongly 

agree) 

7. The strategy understood as long term oriented 

organizational behavior is both the executive following 

the previously prepared plans and emergent according to 

occurring unpredictable changes (strategy both executed 

and emergent) 

1 (strongly 

disagree) 
2 (no) 

3 

(rather 

no) 

4 (I don’t 

know) 

5 

(rather 

yes) 

6 (yes) 

7 

(strongly 

agree) 

8. The organizational structure within which the 

technology entrepreneurship strategy is happening is 

flexible, team based organization with distributed 

leadership (flexible structure and distributed leadership) 

1 (strongly 

disagree) 
2 (no) 

3 

(rather 

no) 

4 (I don’t 

know) 

5 

(rather 

yes) 

6 (yes) 

7 

(strongly 

agree) 

9. The organization has free resources at disposal which 

allows the quick allocation of resources within the 

business model portfolio and according to the 

unpredictable changes (unpredictable opportunity based 

resource allocation) 

1 (strongly 

disagree) 
2 (no) 

3 

(rather 

no) 

4 (I don’t 

know) 

5 

(rather 

yes) 

6 (yes) 

7 

(strongly 

agree) 

10. The central element of technology entrepreneurship in 

the form of most advanced technologies used by the 

organization in value creation process (innovative 

technologies in value creation process) 

1 (strongly 

disagree) 
2 (no) 

3 

(rather 

no) 

4 (I don’t 

know) 

5 

(rather 

yes) 

6 (yes) 

7 

(strongly 

agree) 

Appendix B. The Market Shares of 15 the Biggest RDF Producers and Processors in 

Poland in 2016 

Nr 
Names of RDF 

Producers 

Production 

Size [Tons 

per Year] 

Market 

Share 

[%] 

Cumulative 

Market Share 

[%] 

Nr 

Names of 

RDF R1 

Processors 

R1 Processing 

Size [Tons 

per Year] 

Market 

Share 

[%] 

Cumulative 

Market Share 

[%] 

1 
NOVAGO Sp. z 

o.o. 
194,932.7 7.47 7.47 1 

GÓRAŻDŻE 

CEMENT S.A. 
266,020 27.58 27.58 

2 
PPHU LEKARO 

Jolanta Zagórska 
186,730.3 7.16 14.63 2 

Grupa 

Ożarów S.A. 
181,726 18.84 46.41 

3 

MPO m.st. 

Warszawie Sp. z 

o.o. 

150,193.7 5.76 20.39 3 
LAFARGE 

CEMENT S.A. 
146,566 15.19 61.61 

4 
NOVAGO ŻNIN 

Sp. z o.o. 
94,110.93 3.61 23.99 4 

Dyckerhoff 

Polska Sp. z 

o.o. 

123,008 12.75 74.36 

5 
ZGOK Sp. z o.o. 

w Olsztynie 
90,100.2 3.45 27.45 5 

Lafarge 

Cement S.A. 
113,071.08 11.72 86.08 

6 

EKOPALIWA 

CHEŁM Sp. z 

o.o. 

88,538.17 3.39 30.84 6 

CEMEX 

Polska Sp. z 

o.o. 

51,763.98 5.37 91.44 

7 
PUK Empol Sp. z 

o.o. 
76,132 2.92 33.76 7 

Cementownia 

ODRA S.A. 
25,800.7 2.67 94.12 
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8 
EKO-MYŚL Sp. z 

o.o. 
65,878.4 2.53 36.28 8 

STORA ENSO 

Sp z o.o. 
16,613.89 1.72 95.84 

9 
NOVAGO Sp. z 

o.o. 
58,890.36 2.26 38.54 9 

P.U.H.P. 

LECH Sp z 

o.o. 

13,489.68 1.40 97.24 

10 
ZUO CLEAN 

CITY Sp. z o.o. 
53,934.58 2.07 40.61 10 

Grupa 

OŻARÓW 

S.A. 

13,040.98 1.35 98.59 

11 KOM-EKO S.A. 53,261 2.04 42.65 11 

MPO 

Warszawa Sp. 

z o.o. 

12,142.4 1.26 99.85 

12 
BM Recykling Sp. 

z o.o. 
52,295 2.00 44.65 12 

Elektrownia 

Połaniec S.A. 
1118.1 0.12 99.96 

13 
STAROL Sp. z 

o.o. 
48,455.84 1.86 46.51 13 

Mo-BRUK 

S.A. 
290.96 0.03 99.99 

14 
Partners Sp. z 

o.o. Sp. K. 
47,073.54 1.80 48.32 14 

MZGOK 

Konin 
40 0.00 ##### 

15 Mo-BRUK S.A. 45,617.2 1.75 50.06 15     

 Sum: 1,306,144    Sum: 964,692   

 Total: 2,608,958    Total: 964,702   

Source: website database on wastes, https://ibdo.pl/rynek-paliw-alternatywnych-20162017/(accessed on 31 June 2020). 

Appendix C. Technology Entrepreneurship Configurations of High-Performing RDF 

Producers in Poland—Raw Output Generated by the fs/QCA 3.0 Windows Software 
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