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Dear readers,

Today I am introducing to your attention a new issue already of established international scientific
Jjournal "Entrepreneurship and Sustainability Issues". This journal tackles wide range of processes and
problems, which we encounter in our current lives. It could be claimed that the journal serves as
contemporary chronicle of our turbulent reality.

Here new urgent issues are being raised, which contribute to contemplating of entrepreneurship and
sustainability phenomena, which transform and obtain new content, which is gradually enriched by
increasing number of facets.

Scientists, practitioners, students and society, all of them are important protagonists of building our
secure and sustainable future. Let all of us support on-going discussion, share and come to the best
solutions for sustainable future. Since good understanding and correct evaluation of multi-faceted
reality is primary precondition of international understanding, which ultimately leads to relevant
policy implications for common affluent and sustainable wellbeing.

With best regards

Q 0.&0 Professor VLADO DIMOVSKI

Member of European Academy of Sciences and Arts
Former Minister for Labor,
Family and Social Affairs of Slovenia
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THE MEASUREMENT OF THE INNOVATIVENESS OF HEALTH TOURISM SERVICES
USING AN ADEQUACY MATRIX TITLE OF THE ARTICLE"
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Abstract. The main aim of the article is to identify the optimum measures of the innovativeness of providers of health tourism services.
Two detailed objectives were set out: the identification of the measures of innovative activities and the identification of the measures of the
effects of innovative activities implemented by respondents. The measurement covered two areas: the involvement in innovative activities
and the effects of these activities. Two research hypotheses were verified: Hypothesis 1 — The optimum measure of the involvement of
providers of health tourism services in innovative activities is a separate budget earmarked for the implementation of innovations;
Hypothesis 2 - The optimum measure of the effects of innovations introduced is a higher number of commercial tourists using the services
of a given enterprise. 438 providers of health tourism services in Poland took part in the research with using methods of a diagnostic survey
and a telephone interview. An adequacy matrix was used to analyse the 15 innovation measures selected in an expert (Delphi) survey. As a
result five optimum measures were determined, the most important of which was the elaboration of a strategy for introducing innovation
and a higher number of tourists as the effect of innovative activities.

Keywords: innovations, service innovativeness, tourism, health tourism
Reference to this paper should be made as follows: Panfiluk, E.; Szymanska, E. 2017. The measurement of the innovativeness of health

tourism services using an adequacy matrix title of the article, Entrepreneurship and Sustainability Issues 4(4): 400-420.
http://doi.org/10.9770/jesi.2017.4.4(1)

JEL Classifications: 031, 115

1. Introduction

Innovativeness is one of the most important management issues. Innovativeness is defined as the ability of
organisations, sectors, regions or countries to seek, implement and disseminate innovations, i.e. this means doing
something new or introducing significant changes which can be measured and assessed (Hilami, Ramayah,
Mustapha, & Pawanchik, 2010). With respect to an organisation, innovativeness involves its ability to place new

* The project has been financed with the resources of the National Science Centre (Poland) granted on the basis of the
decision No. DEC-2013/11/B/HS4/02138
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products on the market or to open new markets by combining a strategic orientation with innovative behaviour
and processes (Danneels & Kleinschmidt, 2000).

Whereas on the macroeconomic level changes in the innovativeness level of countries and indicators for their
measurement have been identified on the lowest levels there is still no uniform catalogue of measures. This issue
is particularly complex in the service sector. The research problem addressed in this paper was a search for the
measures of the innovativeness of providers of health tourism services. Health tourism is defined as a type of
tourism the main purpose of which is to improve or maintain health (Boruszczak, 2010). The measurement
difficulties result from the dichotomy of the investigated area made up by the tourism and medical sectors. The
tourism sector provides services related to travel, accommodation and visits to tourist attractions, whereas the
medical sector renders medical services which are in this case the purpose of a tourist travel.

A group of enterprises which provided health tourism services in Poland was selected for the research. The issues
were chosen on the basis of three main premises. Firstly, the growing demand for the development of health
tourism services, which is related to the ageing of society and the increasing leisure budget of certain customer
groups. This has been indicated by the research done by Deloitte. Although the research covered the United States
market, still it may provide guidance for other areas, including the countries of the European Union. As a result of
the research, it was diagnosed that the tourism movement related to health tourism doubled in the USA in barely 5
years (from 2007 to 2011). The drivers of changes should be considered to include economic growth and the
related higher per capita revenues (Rudawska, 2009).

Secondly, the dynamic development of medical sciences and enhanced international linkages. This development
is a consequence of globalisation processes and a changed perception of medicine as no longer only services with
healing functions (helping those in need) but also services with modelling and aesthetic functions. This change
results from a holistic and optimistic understanding of the term “health”, i.e. a state of complete physical, mental
and social well-being and not merely the absence of disease or infirmity (according to the World Health
Organization (WHO)), ensuring a socially productive life in social, economic and mental terms, also in the
spiritual dimension. Responses to the globalisation processes in medical services include e.g. the signing of
multilateral contracts on medical care (Reismann, 2010), the liberalization of medical regulations (Lunt &
Carrera, 2010; Morgan, 2010) and, in consequence, the efforts taken by certain countries to specialise in health
tourism services (Brazil, India, Hungary, Costa Rica).

The third premise encouraging one to address the issue of innovativeness of health tourism is the emerging
possibility of co-financing from the European funds (in the programming perspective of 2014-2020) for projects
which are most important from the point of view of the social demand and enhanced innovativeness of the
economy. The research has an interdisciplinary character and covers two research areas; specifically, medicine
and the tourism economy. Therefore, this study is conducted to create a new way of looking at health tourism
innovativeness and a method for its measurement. The researchers hope that this study will build foundations for
both innovation theory and practice for entrepreneurs operating at the interface between tourism and medicine in
order for the results of the research to be applied in their economic activities.

An indication of the measures of the innovativeness of health tourism will contribute to eliminating the existing
gap in knowledge. This study is pioneering in character, since the innovation indicators used for health tourism
have not been verified and classified to date.

1. Research objectives
The main aim of the research is to identify the optimum measures of the innovativeness of providers of health
tourism services.

The detailed objectives were formulated:

401
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CL1. The identification of the measures of the involvement of providers of health tourism services in innovative
activities;
C2. The identification of the measures of the effects of innovative activities implemented by providers of health
tourism services;
C3. An indication of discrepancies occurring between experts’ opinions and the market realities in the scope of
the assessment of the measures of the innovativeness of providers of health tourism services;
C4. The adoption of innovation monitoring targets for the innovation policy of health tourism.
In order to achieve the objectives listed above, the following research questions were formulated:

— What it the innovativeness level of the investigated enterprises?

— What are the optimum indicators used to examine the innovativeness of a selected group of service

enterprises?

2. Literature review

2.1. Innovativeness of service enterprises and its measurement
The concept of innovation brings to one’s mind primarily such terms as change, improvement or reform. In the
Polish legislation, innovation is defined as an activity related to the preparation and launch of the manufacture of
new or improved materials, products, equipment, services, processes or methods intended to be placed on the
market or for another use in practice (Ustawa (Act), 2015). Thus, innovation means a technical and organisational
change which is expressed by a modification of existing products, practices or processes. The main issues of
interest to the researchers in the world who deal with the issues of innovativeness in the economy include:

— innovation policy (Furman, Porter, & Stern, 2002; Grupp & Mogee, 2004; Balezentis, & Balkiene,
2014; Chen, & Nie, 2014; Chen, Nie, & Wen, 2015; Djeri, Armenski, Tesanovic, Bradic, & Vukosav,
2014);

— the innovation drivers in the economy (Hollenstein, 2003; Gault, 2011; Rezk et al. 2016);

— the innovative activity of enterprises (mainly production enterprises) (Tuominen, Rajala, & Moller,
2004; Perunovic & Christiansen, 2005) with particular consideration given to technological progress
and R&D expenditure as well as their roles in the innovation process (Aw, Roberts, & Xu, 2011,
Urban & Czerska, 2016; Ahmed et al., 2017; Mouraud, 2017; Barberis et al., 2017; Passerini et al.,
2017);

— sector-specific  research on the innovativeness of the economy (Garcia &
Hollanders, 2009; Pauceanu, 2016; Lauzikas, et al, 2016);

— the innovativeness of small and medium-sized enterprises (Frel, 2003),

— the innovativeness of tourism enterprises (Hjalager, 2010; Szymanska, 2009, 2013);

— innovativeness in the context of a knowledge-based economy and in the globalisation process
(Rycroft, 2003; Ejdys, Ustinovicius, & Stankeviciené, 2015; Garcia-Fuentes, de Torre, 2017
Zemlickiene, et al. 2016);

— attempts are also taken to seek innovation in different areas of social activity and to link completely
different phenomena (Deshpande & Farley, 2004; Ejdys, 2015) or spatial planning the city (Hajduk,
2015).

Innovativeness in the service sector can be related to both products and the process of providing services,
enterprise management, marketing, logistics or relationships with the business environment. Bosworth and
Triplett (2007) found that a substantial part of an increase in productivity was a result of innovations introduced in
the service sector.
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Scandinavian countries were precursors of innovation research; still, it was in Switzerland that in 1999 accurate
research was carried out on the innovativeness of the service sector. The Swiss Innovation Survey which gave the
results of research at three research centres (in Austria and Switzerland) was presented by Hollenstein (2003).
This publication indicated numerous difficulties related to the measurement of innovation in this area. Ulrike de
Brentani (2001) indicated the importance of services as a driver of an economic success. But it was not until 2008
that an initiative was launched to combine international efforts within the European Union in the scope of
research on the innovativeness of the service sector. Gallouj (2002), Gallouj & Windrum (2009), Gault (2011,
2013) and Hollanders should be regarded as the leading researches on the issues of the innovativeness of services
at the international level. The latter two are members of the United Nations University Maastricht Economic and
Social Research Institute on Innovation and Technology, specialise in research on service innovativeness and are
experts involved in the preparation of a European report on the innovativeness of services. After 2000 Hollanders
has been the author or co-author of more than 60 publications. He was also one of the initiators of, and
participants in, research on the innovativeness of the service sector in the OECD (inter alia, Kanerva, &
Hollanders, 2009). In turn, Gault coordinates the international cooperation in research on the innovativeness of
service enterprises. The scope of his interest included, among others, sectoral innovativeness, including that of the
aviation and tourism sectors.

Most of research on the assessment of the innovative activity of the service sector uses indicators defined and
adopted by the OECD and applied to assess the innovativeness of the economies of the EU countries. It is
important to note the Summary Innovation Index (SIl) and the European Innovation Scoreboard (EIS). These are
indices for which a methodology has been developed and their measurements have been carried out for a dozen
years or so, enabling comparative assessments to be performed. The Sll index is calculated on the basis of 25 sub-
indices representing three areas of innovativeness (Hollanders et. el., 2014):

— enablers; this category includes the main drivers external to the enterprise which affect its innovation
processes,

— firm activities; this category includes the areas related to the level of research and development
outlays in the private sector, the number of patent rights granted to enterprises, the number of
publications arising as a result of cooperation between the private and public sectors,

— innovation outputs, defined on the basis of sub-indices, representing the economic effects of the
innovative solutions implemented. They include the number of enterprises which place innovative
products on the market or apply innovative production methods, innovative marketing strategies or
organisational arrangements, or indicators defining the employment at enterprises in the sectors
considered to be innovative, the share of products from the high-tech technology sector in the trade
balance, the revenues from the sales of licence and patent rights abroad and the employment in
professions requiring expertise.

The European Innovation Scoreboard (EIS) is an index which is also quite often used in the measurement of the
innovativeness of the economy. The measurement distinguishes two areas (Kazmierczak & Wilinska, 2010):

— the area reflecting expenditure on the innovative activity. The indicators in this area describe the
innovation capability of the economy, i.e. its potential to create and commercialise innovations. The
indicators distinguished in this area include those that measure financial resources, human resources
and the environment which supports the innovative activity;

— the area which describes the results of the innovative activity. The indicators measure the effects of
the combination of the creativity of society with financial resources in a specific economic and
institutional environment. The measures include research on the areas of the effects of the research
and innovative activities and commercialisation of knowledge.
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The measurement of the innovativeness of services is a complex issue. On the one hand, most indicators used in
official statistical research do not reflect the specificity of the service sector, and, on the other hand, the official
indicators refer to the research on the level of the economies and are not suitable for the research on the level of
sectors or individual fields, in particular service-based ones. This results from the fact that the research on the
innovative activities of production organisations, individual sectors or fields can use statistical measures (e.g. the
level of R&D expenditure, the number of patents and licences), while the absence of patents or separate research
and development units in service enterprises makes it significantly difficult to assess their innovative activity.
Statistical offices in Poland try to unify the research on the innovativeness of services using statistical indicators,
including, among others, those applied by the OECD. Consideration is given to the indicators of innovative
activities, the types of innovations implemented and R&D expenditure. A drawback of this research is that the
studies on service fields are limited to medium-sized and large enterprises. It is recognised that the problem
related to the innovativeness of services arises from the fact that the set of indicators applied to measure
innovativeness was originally developed for industrial sectors (Camison & Monfort-Mir, 2012). Given this,
certain researchers (Lightfoot, & Gebauer, 2011) propose that the research on the innovativeness of the service
sector should be separated from the research on the innovativeness of the production sector. This follows from the
fact that the scores for the innovative activity for the whole service sector are underestimated in official statistics
(Hollenstein, 2003).

2.2.Health tourism as a research area
The health tourism market based on health resort-based, spa & wellness, aesthetic medicine and medical services
(Szymanska, 2015) develops dynamically as a result of the continuously increasing availability of the services
listed above as well as cheap and fast means of transport. On the one hand, this relates to changing social needs
and lifestyles. The change of lifestyles from passive rest to active one is based on the enhanced awareness of the
significance of health in human life and, at the same time, the launch of actions to improve health and to
regenerate the physical, mental and spiritual strength stressed by the technicised civilisational development.
Active rest often entails preventive rehabilitation delivered by visits to health resorts or relaxing activities during
visits at spa and wellness clinics, as well as in recent years even medical services. As a result, health improvement
is the purpose of tourist travels and, at the same time, the basis for the development of the health tourism market.
The demand for health services has become a global phenomenon related to economic growth, increasingly good
education and enhanced revenues (Rudawska, 2009). On the other hand, significant changes can be seen in
medicine. A wide offer of high-quality medical services is a response to the globalisation of health services (Lunt
& Carrera, 2010; Morgan, 2010). Moreover, the causes of travels for health purposes are considered to include the
availability of cheaper, alternative procedures conducted outside of the country of residence (Hazarika, 2010) and
the unavailability of services in the country of residence, caused, among others, by procedural barriers to
availability and long waiting lists (Burkett, 2007) (in particular, medical services). An important driver of the
development of this market is also the incorrect heath policy of countries, e.g. 47 million Americans live without
health insurance (Amodeo, 2010) and it also results from the signing of multilateral intergovernmental agreements
on medical care (Reismann, 2010). Moreover, medical services have gone beyond the traditional perception of
medicine based on its healing functions, understood to mean helping those in need, to include modelling or
aesthetic functions. Its broader meaning derives from a holistic and optimistic understanding of the term “health”,
according to the World Health Organization (WHO, 2016) “a state of complete physical, mental and social well-
being, ensuring a socially productive life in social, economic and mental terms, also in the spiritual dimension”.
The actors on the health tourism market include not only persons suffering from specific disease symptoms, but
also physically healthy persons who wish to change the everyday rhythm of their lives, to experience new
challenges or to improve their current health condition. Because of the factors listed above health tourism already
develops in more than 35 countries in the world (Amodeo, 2010). The main destination markets are the countries
which can ensure care of foreign patients, easy and relatively cheap access to medical procedures, including
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cardiological, orthopaedic, dental and plastic surgery procedures (Untii, 2009), as well as health resort-based or
aesthetic medicine procedures. E.g. such countries as India, Singapore and Thailand have become world leaders in
the field of medical tourism, to control more than 80% of the market (Newswire, 2012). Thailand specialises in
aesthetic surgery or sex change, while Singapore attracts patients in the segment of advanced methods for the
treatment of circulatory system diseases, neurosurgery or stem cell-based therapy (Newswire, 2012).

In conclusion, it can, therefore, be said that the health tourism market develops as it goes beyond the institutional
boundaries in the cooperation between tourism and medicine.

2.3. Innovativeness of health tourism and its measurement

Similarly, the research on the innovativeness of the tourism services sector based on such indicators as research
and development expenditure, the number of patents granted and the number of product innovations implemented
can significantly underestimate the real effects of innovation processes in tourism (Sunbdo, Orfila-Sintes, &
Sorensen, 2007). This results from the fact that the indicator of research and development expenditure is not
applicable to tourism. The innovation process in these services is based on the creation of values and changes of
behaviour and does not include research and development activities. The indicator of the number of patents
granted is not applicable, either, since in tourism innovations in the form of industrial inventions represent very
rare and single cases. The indicator of the number of product innovations implemented in the tourism sector is
hardly identifiable. Innovations often take on the form of a chain and it is difficult to precisely separate product
innovations from process ones. Moreover, to a large extent a new value is created in the field of marketing
(Sunbdo, Orfila-Sintes, & Sorensen, 2007). The innovativeness of the tourism sector services has been explored
only slightly (Szymanska, 2009; Hjalager, 2010; Camison & Monfort-Mir, 2012). Detailed research on the
innovativeness of the tourism services indicates that this is a sector with a low innovativeness level (Hjalager,
2002); no research has been carried out, either, to analyse the factors which drive this negative result (Hjalager,
2009). It is believed that the indicator presented in official statistics, e.g. Community Innovation Surveys, often
fails to represent the real status of the innovativeness of this sector (Camison & Monfort — Mir, 2012).

Research indicates that the situations where the institutional boundaries are crossed and demolished are a
favourable environment for the creation of innovations (Garcia — Altes, 2005). Therefore, innovations in medicine
contribute to the growth of tourism and new preferences in the field of tourism affect the search for medical
products and their commercialisation. Thus, the development of medicine can be one of the drivers of tourism,
while, medical innovativeness can be an indicator for the activities of enterprises operating on the tourism market
(Hjalager, 2002). In addition, it is recognised that the innovation capabilities are much greater in larger tourism
enterprises and those connected to the web and other horizontal groups (Hjalager, 2002).

The research on the innovativeness of health tourism has been carried since only recently by few researchers and
included studies on the innovativeness of the market of health tourism and its forms (Hjalager, 2009; Szymanska,
2013; Szymanska, 2015; Panasiuk, Panfiluk, & Szymanska, 2016; Panfiluk, 2016.) In contrast, the innovativeness
of the medical sector has been widely described, mainly in specialist medical journals and also in economic
publications. A review of these issues was carried out, among others, in the Report on the innovativeness of the
medical sector in Poland (2012). The American, Hungarian and French experiences can turn out to be particularly
useful in this respect.

The measurement of the innovativeness of health tourism is particularly important given the fact that this is a new
tourism segment whose services develop on the basis of two separate sectors, i.e. tourism and medicine. In this
combination, the health tourism segment represents an innovative, specialised form of tourism which counteracts
the effect of seasonality and contributes to the growth of the tourism movement. In consequence, it can
significantly help stabilise the tourist demand out of season. In conclusion, a distinct shortage of scientific
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publications on the innovativeness of health tourism should be noted. Therefore, the exploration of these issues is
a pioneering challenge facing researchers.

The following research hypotheses were verified:

Hypothesis 1 - The optimum measure of the involvement of providers of health tourism services in innovative
activities is a separate budget earmarked for the implementation of innovations.

Hypothesis 2 - The optimum measure of the effects of innovations introduced is a higher number of commercial
tourists using the services of a given enterprise.

The Figure 1 shows the theoretical framework of the research.

Innovativeness

Measurement Involvement

measurement

: Adequacy :
matrix

Questionnaire Delphi
surveys

Enterprises Experts

Fig. 1. Theoretical framework of research

3. Research methodology
In order to achieve the preset objectives and verify the hypotheses posed, two types of studies were carried out:
qualitative and quantitative surveys. The Delphi and questionnaire methods, which were suitable in light of the
research objectives, were applied (Fig. 1).

The respondents, the indicators of their measurement and their significance in the assessment of the innovative
activity in health tourism services were identified using the Delphi expert method. The identified indicators were
empirically verified by the questionnaire method using the technique of a diagnostic survey.

The application of the Delphi method enabled a synthesis of important knowledge (including undisclosed one) for
a given subject (Popper, 2008). Delphi is one of the methods used in the foresight research also in the area of
tourism management (Szpilko, 2016). The research was carried out in 2015 in three stages. At the first stage, the
implementers’ team formulated research theses based on a theoretical analysis of the research literature (Nazarko
& Kononiuk, 2013). The second research stage involved the performance of the first round of the Delphi process
using electronic CAWI forms. 12 experts representing a field of economic sciences and having scientific
achievements in the scope of innovation and the economics of tourism, including health tourism, were invited to
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take part in the research. The experts included practitioners. At the third stage, the experts received a form which
contained in graphic form the summary results of the first round. In the second round of the survey, the experts
could change their minds on a given subject, marking a new answer or reiterating the previous one. As a result of
this survey, a set 12 measures was recommended for measuring the innovativeness of health tourism, including: 5
measures of the actions for innovation and 7 measures of the assessment of the innovative actions taken.
Moreover, a complementary objective of the Delphi survey was the identification, based on the scientific
literature, of the types of providers of health tourism services which must be taken into account in the research on
the innovativeness of this sector.

The health tourism providers operating in Poland were empirically verified by the method of a diagnostic survey.
In order to determine the size of the research sample, the experts indicated four groups of entities according to the
Polish Classification of Activities (PKD, 2014): a) hospitals, physicians’ offices (medical practice), the other
activities in the scope of health care (excluding providers of health resort-based services), social assistance with
accommodation and ensuring a nurse’s care, b) health resorts and health resort-based treatment facilities, c) hotels
and similar accommodation facilities providing spa & wellness services, d) the activities of travel agencies and
intermediaries as well as tour operators.

The size of the investigated population was determined on the basis of data from the Local Data Bank (BDL,
2014) as 241,393 entities. The size of the representative sample was calculated using the calculator of the research
sample. The following parameters were adopted for calculating the size of the investigated sample: the confidence
level: 0.95, the population size: 241,393, the expected fraction size: 0.5 and the maximum error: 0.05. As a result
of the calculations, the minimum sample size was determined as 384 entities.

The research was carried out using a survey questionnaire as a tool in the period from November 2015 to March
2016. Two techniques were applied to collect data: CAWIT and CATIL. Following negative verification, 446
entities were ultimately subjected to the research. The most numerous group among respondents consisted of
outpatient clinics, private doctors’ offices and hospitals (47% respondents). Accommodation facilities providing
spa and/or wellness procedures (23%) as well as tour operators and travel agencies and intermediaries (21%)
represented a more than twice as small a group. The least numerous respondents’ group consisted of health resorts
and health resort-based hospitals (9%).

The results obtained were analysed and assessed in accordance with the research questions presented in the
Introduction. The analysis was carried out in a structural approach (the frequency of occurrence). The results
obtained were compared using an adequacy matrix. An adequacy matrix is a graphic and tabular tool applied to
present dependencies. The present study presents the theoretical and empirical dependencies in the scope of the
measurement of the innovativeness of enterprises and the effects of their innovative activities. The graphic and
tabular form of the presentation of results shows, on the one hand, the measures of the innovativeness of health
tourism recommended by experts and, on the other hand, the empirical results of the measures applied by

T At the first stage of the research, 35,000 e-mail addresses were purchased and the link to the questionnaire placed after the
link ankietka.pl was distributed, 51 questionnaires were returned until 31 December 2015.

A telephone interview was carried out by trained interviewers, the students of the Tourism and Recreation 1% degree studies,
semester 1V, at the Management Faculty of the Bialystok University of Technology. In the course of the interview, the
interviewers recorded the answers in the paper version of the questionnaire. After the interview had been carried out the
interviewers recorded the results of the questionnaire in the CAWI version. In the course of the interviews, part of
respondents expressed their willingness to fill in the questionnaire on their own in the CAWI version. The CAWI version was
filled in by a total of 37 entities. As a result of a telephone interview, 373 questionnaires were acquired (representing a return
rate of 10%).
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providers of health tourism services. The data are presented in a coordinate system where the vertical axis
represents the values of the recommended indicators, while the horizontal axis shows the values of the applied
indicators. The variable adopted in the theoretical and empirical analysis of the measures and their hierarchisation
are the indications from the particular groups of respondents: experts and entrepreneurs. In designing the
adequacy matrix, the recommended indicators were placed on the theoretical side, while the indicators
implemented in enterprises were featured on the empirical side. In its graphic form, the adequacy matrix is a plot
where two axes represent, respectively, the effect of recommendation and the effect of implementation. In turn, in
its tabular form, it is a matrix with the dimensions of 3x3 areas which distinguishes three scoring levels of the
recommended indicators, i.e. those with low, average and high theoretical significance for the research on the
innovativeness of enterprises, and three scoring levels of the recommended indicators, i.e. those with low,
medium and high application levels. In order to determine the boundaries between the particular levels, the
following values were adopted for the external boundaries: the minimum number of indications (in %) and the
maximum of indications (in %), while for the internal boundaries: the average value minus the standard deviation
and the average value plus the standard deviation (Fig. 2).

Minimalny Wartosé $rednia Wartoéé Srednia Maksymalny
procenty minus odchylenie plus odchylenie procent
wskazan standardowe wskazan

standardowe

Indicators with low theoretical/ | Indicators with medium theoretical/ | Indicators with high theoretical/
empirical significance / level empirical significance / level empirical significance / level

Fig 2. The boundaries between the theoretical and empirical levels in the tabular matrix

Source: K. Debkowska, W. Zalewski (2011). Wielowymiarowa analiza poziomu ubdstwa powiatow
wojewodztwa podlaskiego [Multivariante analysis of poverty of the Podlaskie province districts. Ekonomia i
Zarzgdzanie. Vol. 3, 7-16.

Figure 2 shows the three basic areas which represent the research results. The first area contains indicators with
low significance for a given independent variable. In this research, this variable is innovativeness. These
indicators are characterised by the minimum percentage of indications. The next area contains indicators with
medium significance, calculated on the basis of the difference between the average value and the standard
deviation. The last, most important area of the matrix shows indicators with high significance for the independent
variable, falling between the average value plus the standard deviation and the maximum percentage of
indications. The template of the tabular matrix is illustrated below.
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Table 1. The template of the tabular matrix

with

high significance
o

Indicators

with

I B

Indicators

1A

Indicators with

Indicators with low application
level

Indicators with high application

Indicators with medium level
level

Source: Own work.

The nine-field matrix enables the identification of three types of indicators serving to investigate innovativeness,
distinguishing between the recommended indicators and those implemented by enterprises. These are indicator
types which indicate:

— high theoretical and empirical balance (the fields marked with the lightest colour: | A; 1l B; I11 C);

— medium theoretical and empirical balance (the fields marked with a light grey colour: | B; 1l A; 1l C;

111 B);

— low theoretical and empirical balance (the fields marked with a dark grey colour: | C; 111A).
A high theoretical and empirical balance occurs when the significance of a recommended indicator assessed on a
3-point scale adequately corresponds to the same application level.
This relates to the situations in which the low significance of the recommended indicator is balanced by the low
application level of the applied indicator, the medium significance of the recommended indicator is balanced by
the medium application level and the recommended indicators with high significance are balanced by the high
application level. The situation which occurs here is the one where the recommended indicators are implemented
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by enterprises. This means that these indicators can be used for the general measurement of the level of
innovativeness of enterprises. However, a high level of recommendation and application of the indicator applied
is most desirable.

A low theoretical and empirical balance occurs in the extreme situations in which the recommended indicators
with high significance are used at a low application level and, conversely, the recommended indicators with low
significance are used at a high application level. In the former of the cases analysed here, the action strategy
should consist in encouraging enterprises to use them. In the latter situation, the action strategy should consist in
encouraging enterprises to give up the indicators with low significance for the research on the innovativeness of
enterprises. A medium theoretical and empirical balance occurs in the remaining cases of relationships between
recommended and applied indicators, as shown in the matrix.

The adequacy matrix is used to investigate the theoretical and empirical correlations between the indicators for the
measurement of the involvement of enterprises in innovative activities and to examine the level of their
application at enterprises. 5 indicators to choose form were proposed here. The adequacy matrix is used to
investigate the theoretical and empirical correlation between the indicators of the assessment of enterprises’
innovative activities and also to show their application in practice by entities in their assessment of enterprises’
innovative activities. Here, the experts adopted 7 categories of indicators.
In the present research, two types of adequacy matrices were elaborated (in graphic and tabular forms) for the two
abovementioned types of indicators for the measurement of the innovativeness of health tourism services. They
were:
— the indicators for the measurement of the involvement of enterprises in innovative activities (5
categories of indicators),
— the indicators of the assessment of the effects of enterprises’ innovative activities (7 categories of
indicators).
The research covered innovative activities carried out for 3 years, i.e. in the period from 2013 to 2015.

4. Research results and findings

4.1. The involvement of enterprises in innovative activities
The adequacy matrix elaborated for the measurement of the involvement of enterprises in innovative activities
contained five categories, specifically:
— the elaboration of the development strategy providing for innovations;
— the expenditure on the implementation of own research and development work;
— aspecial budget for the implementation of innovations;
— the financial resources for training recalculated per employee in a year;
the establishment of a work post / unit responsible for the collection of market information.
Fig. 3 shows the results obtained for one of the preset objectives (C1) and the first hypothesis (H1).
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Figure 3. A graphic theoretical and empirical adequacy matrix of the indicators for the measurement of the
involvement of providers of health tourism services in innovative activities
Source: Own elaboration based on the results of quantitative (questionnaire) and qualitative (Delphi) surveys.

In the experts’ opinion, in the research on the innovativeness of health tourism enterprises the following was
significant for the measurement of the involvement of enterprises in innovative activities: the elaboration of the
development strategy providing for innovations (100% of indications), a separate special budget for the
implementation of innovations (83.33%) and the expenditure on the implementation of research and development
work (91.67%). The indicators: the financial resources for training recalculated per employee in a year (58.33%)
and the establishment of a separate work post / unit responsible for the collection of market information (58.33%)
were slightly less significant.

It followed from the respondents’ statements that in the period from 2013 to 2015 innovations were implemented
by 359 entities, representing 82% of the investigated entities. 152 respondents (i.e. 35%) admitted that they did
not apply any indicators for the measurement of innovativeness. In the remaining group of enterprises, 44% had
separate financial resources for employee training and 42% of entities had their development strategies providing
for innovations. Every fifth investigated entity (22.18%) had a separate work post or unit responsible for the
collection of market information and a separate special budget for the implementation of innovations. The
smallest number of entities (15.49%) reported their expenditure on the implementation of own research and
development work.

The detailed results of the research shown in Fig. 3 are presented in the tabular matrix below (Table 2).
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Table 2. A tabular theoretical and empirical adequacy matrix of the indicators for the measurement of the
involvement of enterprises in innovative activities

Theoretical recommendations

Max. 100
Indicators The elaboration of the
with high development strategy
97.52 significance providing for innovations
Indicators The expenditure on|A special budget for the
with medium | the implementation | implementation of
59.14 significance |of own research and | innovations
development work
Indicators The establishment of a|The financial
with low work post responsible for | resources for training
significance the collection of market | recalculated per
Min. information employee in a year
58.33 Indicators with low | Indicators with medium | Indicators with high
application level application level application level
Min. 15.49 15.90 41.77 Max. 43.74

Empirical results
Source: Own elaboration based on the results of quantitative (questionnaire) and qualitative (Delphi) surveys.

The application of the matrix indicated that the measure of a special budget for the implementation of innovations
demonstrated a high theoretical and empirical balance , although it had medium significance for the measurement
of innovative activities. A medium theoretical and empirical balance was demonstrated by the indicators of the
elaboration of the development strategy providing for innovations, the expenditure on the implementation of own
research and development work and the establishment of a work post / unit responsible for the collection of
market information. In the experts’ opinion, the indicator of the elaboration of the development strategy providing
for innovations had high significance for the measurement of innovativeness and a medium application level. In
the experts’ opinion, the indicator of the expenditure on the implementation of own research and development
work had medium significance for the measurement of innovative activities and a low application level. In the
experts’ opinion, the establishment of a work post responsible for the collection of market information had low
significance for the measurement of innovative activities and a medium application level. A low theoretical and
empirical balance was demonstrated by the indicator of the financial resources for training recalculated per
employee in a year and was characterised, at the same time, by low significance for the measurement of
innovative activities. In market realities, it was applied relatively often and its application level was high.

4.2. The assessment of the innovative activities of enterprises

Another investigated area was the assessment of the innovative activities of the surveyed enterprises. The
adequacy matrix elaborated for the assessment of the effects of enterprises’ innovative activities contained seven
categories of indicators (Fig. 4):

— employees’ higher productivity;

— lower costs of the provision of services;

— the registration of a trade name or trade mark;

— higher revenues from the sales of services;

— the limitation of the seasonality of tourism;
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— ahigher number of tourists visiting a given area in a year.

100 A higher number of Higher revenues from
tourists visiting a ® the sales of services;
20 given areain a year; 51,71;83,33
. L ®
20 45,6;91,67
The limitation of the
70 seasonality of
tourism; 64,46; 83,33

60
2z Lower costs of the
é 50 ® provision of services; Employees” higher
&4 28,25;50 productivity; 65,83;

40 S— 33,33

The registration of a ’ ®
30 trade name or trade
mark;57,18; 33,33
20
10
0
0 10 20 30 40 50 60 70
Entrepreneurs

Fig. 4. A theoretical and empirical adequacy matrix of the assessment of the effects of innovative activities at
providers of health tourism services
Source: Own elaboration based on the results of quantitative (questionnaire) and qualitative (Delphi) surveys.

In the experts’ opinion (Fig. 4), the indicators with high significance for the measurement of the effects of
innovative activities carried out by health tourism enterprises included the following indicators: a higher number
of tourists visiting a given area in a year (91.67% of indications), higher revenues from the sales of services
(83.33% of indications) and the limitation of the seasonality of tourism (83.33%). The experts recognised that
such indicators as the registration of a trade name or trade mark (66.67% of indications each), lower costs of the
provision of services (50.00% of indications) and employees’ higher productivity (33.33% of indications) had
slightly lower significance for the measurement of the effects of innovative activities.

Entrepreneurs’ opinions did not always coincide with practice. Empirical studies showed that enterprises assessed
the effects of the innovative activities implemented on the basis of the following measures: a higher number of
tourists visiting a given area in a year (45.6%), higher revenues from the sales of services (64.46%), the limitation
of the seasonality of tourism (51.71%), the registration of a trade name or trade mark (66.67% of indications),
lower costs of the provision of services (28.5% of indications) and employees’ higher productivity (65.83% of
indications). Detailed results are shown in Table 3.
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Table 3. A tabular theoretical and empirical adequacy matrix for the balancing of the assessment of the effects of
the innovative activities carried out at the examined enterprises.

Theoretical recommendations

Max. 91.67
Indicators with A higher number of
high tourists visiting a given
89.67 significance area in a year
Indicators with | Lower costs of the|The registration of the |Higher revenues
medium provision of services | trade name or trade mark, | from the sales of
significance the limitation of the|services
45.44 seasonality of tourism
Indicators with Employees’ higher
low productivity
Min. 33.33 | significance
Indicators with low | Indicators with medium | Indicators with
application level application level high application
level
Min. 28.25 38.18 64.16 Max. 65.83

Empirical results
Source: Own elaboration based on the results of quantitative (questionnaire) and qualitative (Delphi) surveys.

Using a theoretical and empirical adequacy matrix in tabular form, it was found that such factors as the
registration of a trade name or trade mark and the limitation of the seasonality of tourism demonstrated a high
theoretical and empirical balance. They had medium significance for the measurement of the effects of innovative
activities. A medium theoretical and empirical balance was demonstrated by all the other investigated measures,
i.e. a higher number of tourists visiting a given area in a year, lower costs of the provision of services, employees’
higher productivity and higher revenues from the sales of services. In turn, in the experts’ opinion, a higher
number of tourists visiting a given area in a year had high significance for the measurement of the effects of
innovation, although in practice its application level was a medium one. In the experts’ opinion, another factor,
specifically: lower costs of the provision of services, had medium significance for the measurement of the effects
of innovative activities, while, at the same time, its application level was a low one. In the experts’ opinion, still
another factor, i.e. higher revenues from the sales of services, had medium significance for the measurement of
the effects of innovative activities, although its application level was a high one. In the experts’ opinion, the last
of the measures considered, i.e. employees’ higher productivity, had low significance for the measurement of the
effects of innovative activities, with a medium level of its application by enterprises (Table 3).

5. Limitations, discussion and conclusion and recommendations
Based on the research results, recommendations can be drawn up and objectives can be laid down for monitoring
the innovation policy of health tourism.

5.1 Limitations

In the course of the research certain limitations occurred. They were caused by the need to formulate the drivers
(measures) of innovativeness which were patterned on the previous studies, mainly dealing with service
enterprises. Given that this research is in statu nascendi, other, more precise groups of indicators should be added
to the proposed two groups of them. Action should be launched to assess customers’ opinions on the innovations
introduced.
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5.2 Discussion

In accordance with expectations, as a result of the research on the innovativeness of health tourism, the financial
effects gained by introducing innovations turn out to be most important among the measures of the effects of this
activity. Our research confirmed the thesis put forth by Sundbo, Orfila-Sintes, & Sorensen (2007) that the
innovativeness of the tourism services sector should not be assessed on the basis of such indicators as the
expenditure on the implementation of own research and development work and the number of patents granted.
Instead, more detailed research should assess innovations in terms of linkages (processes) in chain form.

In turn, it is difficult to agree with Hjalager (2002) that tourism services, in particular providers of health tourism,
represent a low level of innovativeness; quite on the contrary, since 82% respondents implemented innovations
over 2 years.

The research is novel in character; therefore, undoubtedly one needs to agree with the opinions of Szymanska
(2009) that the issues of innovativeness of health tourism has been explored only slightly.

The results of the present research confirm the earlier conclusions of Garcia-Altes (2005) that the combination of
tourism and medicine, i.e. activities going beyond sectoral boundaries, are a favourable environment for creating
innovations.

5.3 Conclusions
As a result of the implementation of the present research, the main goal and detailed objectives were achieved.
The measures of the assessment of the level of the involvement of providers of entities in innovative activities as
well as the measures of the assessment of the effects of innovative activities were identified.
Hypothesis (H1), providing that the optimum measure of the involvement of providers of health tourism services
in innovative activities is a separate budget earmarked for the implementation of innovations, was verified
negatively. It had medium significance for the measurement of the drivers of enterprises’ innovative activities,
although the experts recommended its use. In contrast, the other hypothesis (H2), indicating a higher number of
commercial tourists as the best measure of the effect of the innovations implemented, was confirmed.
The application of an adequacy matrix enabled the experts’ opinions to be confronted with market realities in
respect of the innovativeness of providers of health tourism services. Using the matrix important conclusions
could be drawn. First of all, the elaboration of the development strategy providing for innovations was a measure
with high significance. And although it was recommended by the experts for the measurement of the drivers of
innovative activities, it was not implemented correctly by enterprises.
Three measures should be applied in the measurement of the effects of innovative activities:
— the limitation of the seasonality of tourism. The recommended indicator was correctly implemented
by enterprises. It had medium significance for the measurement of the effects of innovative activities;
— the registration of a trade name or trade mark. The recommended indicator was correctly
implemented by enterprises. It had medium significance for the measurement of the effects of
innovative activities;
— a higher number of tourists visiting a given area in a year. This was an indicator with high
significance for the measurement of the effects of innovative activities. The recommended indicator
was not correctly implemented by enterprises.

5.4 Recommendations
Two measures of the involvement of entities in innovative activities should particularly be recommended for
further research on innovativeness:

— the elaboration of the development strategy providing for innovations;

— the separation of a special budget for the implementation of innovations.
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In the category of the assessment of the effects of enterprises’ innovative activities, the following measures are
recommended:

— the limitation of the seasonality of tourism;

— ahigher number of tourists visiting a given area in a year;

— the registration of a trade name or trade mark.
In the scope of the monitoring of the innovation policy of health tourism, it is recommended that support should
be given to the elaboration of the development strategies providing for innovations and enterprises should be
encouraged to prepare and implement them.
In conclusion, it should be recognised that the research results make a contribution to economic sciences,
particularly to innovation theory and innovation management. Given the specific results which it proved possible
to formulate, they should be applied in economic practice by providers of health tourism services when they
implement
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Abstract. Re-industrialization enjoys a renaissance in Western economies due to the role of the industrial sector for innovation,
productivity, and job creation. A very promising approach to bring back competitiveness in production seems to be the fusion of the virtual
and the real world leading to smart manufacturing and logistics concepts. In Germany, the leading industrial country in the European Union
this approach has been called “Industry 4.0” aiming to develop cyber-physical systems (CPS) and dynamic production networks in order to
achieve flexible and open value chains in manufacturing of complex mass customization products in small series.

Currently, manufacturing companies gaining experiences in production in networks and smart logistics and develop new organisational
structures and business models which better benefit from the new technologies and which adapt faster to the rapidly changing network
environments. The modern manufacturing models embrace modular and fractal approaches as well as network-orientation, flexibility and
responsiveness.

The paper investigates the relationship between networking, organizational development, structural frame conditions and sustainability in
the context of Industry 4.0. The research is empirically validated by using data samples from a business reengineering project in an
internationally operating high-tech manufacturing enterprise located in Estonia. The empiric analysis is based on semi-structured expert
interviews and secondary data together with a case study approach.

Keywords: modular factory, Industry 4.0, production in network, fractals, sustainability

Reference to this paper should be made as follows: Prause, G.; Atari, S. 2017. On sustainable production networks for Industry 4.0,
Entrepreneurship and Sustainability Issues 4(4): 421-431. http://doi.org/10.9770/jesi.2017.4.4(2)

JEL Classifications: L60

1. Introduction

Within the last years, many initiatives towards smart manufacturing have been started all over the world in order
to re-establishing and regaining a significant industrial share in the economy (Tvaronavi¢iené 2014; Travkina,
Tvaronavic¢iené 2015; Prause 2015). A promising concept is the fusion of the virtual and the real worlds of
manufacturing to realise concepts for smart manufacturing and logistics by using cyber-physical systems (CPS)
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together with dynamic production networks in order to achieve flexible and open value chains for complex mass
customization products. The Germany interpretation of smart production, Industry 4.0, goes even beyond these
objectives by additionally tackling energy and resource efficiency, increasing productivity as well as shortening
innovation and time-to-market cycles (Kagermann et al. 2013). Internet-based linked machine-to-machine-
interaction paves the way to networked manufacturing systems and cross-company production processes which
shall enable the design and control of the entire supply chain of a product during its full life time (Bauer et al.
2014; Brettel et al. 2014).

By scanning the scene of already existing production structures which might be compatible with Industry 4.0,
literature review reveals modular and fractal approaches as well as networked production concepts. Current
research results on Industry 4.0 highlight that modular or fractal company concepts together with new business
models for smart supply chain management might be suitable even for the integration of the SME sector (Olaniyi,
Reidolf 2015; Prause 2015, 2016). Historically, Wildemann (1988) brought modular production structures into the
academic discussion by stressing the intra-company view whereas Sturgeon (2002) focussed more on cross-
company value chains by considering modular production networks by investigating market similar relations
between designers and integrators on one side and contract manufacturers on the other side. In the case of US
American contract manufacturers Liithje at al. (2002) pointed out that these system suppliers realised scale
benefits by working for different integrators at the same time. Within the concept of modular production networks
the integration of different companies into a united production process are already stipulated. A cognate
construction of integrating independent business units into common production processes was also coined by
Warnecke (1996) in his visionary concept of a fractal enterprise for modern operations management which
emphasised self-similarity, self-organization, self-optimization, goal-orientation, and dynamics as wining
attributes of flexible and adaptable manufacturing organizations.

All mentioned concepts embrace intrapreneurship and entrepreneurship issues as important success factor since
the underlying organizational units of a common, cross-company production process have to be able to decide and
behave entrepreneurially in accordance with their self-organisation and self-optimisation objectives. Both
Warnecke (1996) as well as Canavesio and Martinez (2007) stressed for manufacturing fractals the importance of
a flexible relationship network made up of autonomous, but interdependent manufacturing fragments into the
organizational structure which are usually linked via ICT systems. For modular or fractal production networks the
importance of the entrepreneurial dimension is self-evident due to the legally independent company units in the
case of modular production networks but also for the intra-company structures of modular production
intrapreneurial aspects play a more important role (Wildemann 1988; Sturgeon 2002). Altogether, the modular
and fractal approaches are capable to realise highly complex patterns for manufacturing that merges all the
enterprise functions of an integrated organisation to improving the speed of operations and the ability to adapt
quickly to changes in the environment (Shin et al. 2009).

As an important case Sydow and Mollering (2015) depicted the “Smart” car production plant of Daimler-Benz in
Hambach (France) for modular structuring in the context of a production network. The Hambach plant enjoys a
very small production depth of only 10% and it is organised in such a way that the supplying system partners
install their delivered components or modules with their own workforce directly into the Smart car during the
assembly process. Such a networked production process with modular or fractal structural components will be
investigated and discussed in this paper in accordance with the already mentioned concepts we will call such
structures a networked modular factory (Olaniyi, Reidolf 2015; Prause 2015).

Until now, only little research has been carried out on the sustainability of production networks in the context of
Industry 4.0. The literature review of existing sustainable business and network structures together with their
frame conditions in the context of Industry 4.0 indicates a research gap. For this reason, the paper addresses the
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research questions of how sustainable production networks and their frame conditions for Industry 4.0 might look
like and how the intrapreneurial and entrepreneurial environment influences the success of networked production
structures.

The paper is subdivided into the following parts. First part provides the theoretical background for modular and
fractal production networks in the context of Industry 4.0 with an emphasis on entrepreneurship issues.
Afterwards, the research methodology for the empirical part is described. Subsequently, the empirical results of
the case studies and the conducted expert interviews are presented and discussed. Finally, the paper finishes with
conclusions.

2. Theoretical background

Industry 4.0 seems to be one of the most promising concepts to spur re-industrialisation and industrial
competitiveness in EU countries. Germany as the most important industrial European country aims with the
implementation of Industry 4.0 for the development of cyber-physical systems and dynamic production networks
in order to achieve flexible and open value chains coping with mass customisation products in small series up to
lot size 1. But Industry 4.0 also targets on energy and resource efficiency, the shortening of innovation and time-
to-market cycles, as well as on the rise of productivity. In this sense, Industry 4.0 represents nothing less than the
fourth industrial revolution, comprising 3D printing, big data, Internet of Things and Internet of Services, i.e. all
the ingredients needed to facilitate smart manufacturing and logistics processes (Kagermann et al. 2013).

The implementation of Industry 4.0 leads to new supply chain paradigms based on complex and intertwined
manufacturing networks with changed roles of designers, physical product suppliers, clients and logistics service
providers making it possible to identify and to trace single products during their entire life-cycle. As a
consequence, Industry 4.0 will enable products to organise and find their own way through the production
processes and the final distribution channels to the client based on open, dynamic and smart production and
logistics networks (Bauer et al. 2014). Despite the fact that Industry 4.0 aims for horizontal integration, Industry
4.0-related value chains will take place in complex and intertwined manufacturing networks where the underlying
supply chains can be characterized by a high degree of fragmentation (Dujin et al. 2014). This fragmentation
lowers the entry barriers for SMEs and opens up new R&D strategies in multinational value chains and the
creation of new business models (Belussi, Sedita 2010; Prause 2015).

The organisational aspects of fragmented value and supply chains have been discussed intensively in literature.
Wildemann (1988) studied modular structures by concentrating more on intra-company production by
emphasising the client focus. Sturgeon (2002) discussed modular production networks and the relationships
between the corporate entities consisting of designers, integrators and contract manufacturers. Liithje at al. (2002)
analysed the case study of an US American contract manufacturers and highlighted that these system suppliers
were able to realise scale benefits by cooperating with different integrators parallel. Another, but close concept
was coined by Warnecke (1996) with his operations management model of a fractal enterprise which emphasised
self-similarity, self-organization, self-optimization, goal-orientation, and dynamics as wining attributes of flexible
and adaptable manufacturing organizations. Olaniyi and Reidolf (2015) pointed out the compatibility of fractal
structures with Industry 4.0 by highlighting the ability for self-organization, self-optimization, goal-orientation,
and dynamics as success factors. But all concepts dedicate large attention to disposition, decision making and
innovation.

Pinchot (1984) introduced the term intrapreneurship and defined intrapreneurs as "Those who take hands-on
responsibility for creating innovation of any kind, within a business"”. Most scholars have investigated research
questions how managers and employees could be inspired to behave entrepreneurially, to create innovations, to
obtain profit and growth through these innovations and to foster the creation of new businesses within existing
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organizational framework (Burgelman, 1983; Zahra 1993; Brazeal 1993; Bowman 1999; Sathe 2003; Rezk et al.
2016).

In this understanding intrapreneurship refers to initiatives of employees in organizations to undertake something
new, i.e. the intrapreneur uses innovation and creativity to transform an idea into a profitable venture within an
organizational environment so that an intrapreneur can be considered as an “inside entrepreneur” who follows the
objectives of his organization.

In his modern concept of a lean startup Eric Ries (2011) investigates companies that are both more capital
efficient and that leverage human creativity more effectively. His lean entrepreneurship approach is inspired by
the lean manufacturing concept of Toyota and aims to reduce wasted time on creating elaborate business plans
and instead to more rely on testing visions continuously, to adapt and adjust “validated learning,” rapid scientific
experimentation, as well as using practices to shorten product development cycles and measure actual progress
(Womack, Jones 1996). Thus, the lean start-up approach enables a company to shift directions with agility and to
alter plans step by step. In the interpretation of Eisenmann et al. (2012) lean start-ups represent companies that
follow a hypothesis-driven approach to evaluating entrepreneurial opportunity, i.e. the entrepreneur in a lean start-
up translates his vision into falsifiable business model hypotheses, and then tests the hypotheses in series of
"minimum viable products" which represent the smallest set of features needed to validate empirically a concept.
On the base of the test feedback the entrepreneur has then to decide if he wants to stick to their business model by
modifying some business model elements or to abandon the start-up. By doing so the lean start-up approach
evaluates the entrepreneurial opportunities in an evolutionary way by mitigating cognitive biases that lead to bad
decisions.

Until now literature review reveals that the lean entrepreneurial concept has not been adapted to intrapreneurship.
Besides that, the lean start-up approach embraces characteristics of agility which is atypical for lean
manufacturing concepts since the evolution from lean manufacturing to the younger agile and responsive
production concepts was mainly initiated by a changing manufacturing focus towards flexibility and responsive
supply chains in order to be able to cope with the needs of mass-customization (Maskell 1994; Womack, Jones
1996; Christopher 2000). But the realisation of agility requires dynamic capabilities together with an
organisational slack which comes along with a higher level of entrepreneurial and intrapreneurial freedom for the
involved employees and teams. (Cyert, March 1963, Teece et al. 1997; Brown et al. 2000; Sydow, Mollering
2015). Consequently, the lean entrepreneurship or intrapreneurship approach fits well with agile and responsive
manufacturing concepts despite the conflicts between lean manufacturing and agile or responsive production in
the context of supply chain models.

Beyond that, current research point out the importance of intrapreneurial and entrepreneurial capacity in the
context of Industry 4.0 due to self-organisation and self-optimisation needs of the underlying organizational units
for their business success in a dynamic and open production network environment (Olaniyi and Reidolf, 2015;
Prause, 2015, 2016; Atari, Prause, 2017). The fragmentation of Industry 4.0 — value chains facilitate the
integration of SMEs into fractal and modular manufacturing organisations since they offer solutions for the agile
work of SMEs as virtual entities in the network in cooperation with much bigger and grounded enterprises since
those organisations are designed to combine the logistic attributes of manufacturing with the strategic
configuration of agile capabilities (Panetto, Molina 2008; Raye 2012). Especially, the fractals concept gives room
for the integration of information and manufacturing structures which facilitates to cooperate and to optimise the
resource allocation (Panetto, Molina 2008; Shin et al. 2009). Such networked approaches require less supervision
which amplifies the freedom for intrapreneurial and entrepreneurial activities for the employees in the fractals and
modules and consequently the control is less complicated and more easily understood (Ryu et al. 2003).
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3. Methodology and case study

Primarily, the research used a qualitative approach to the problem solving. Nevertheless, the research employed
practices of both qualitative and quantitative research, i.e. both forms of data were collected at the same time
during 2016 and then integrated the information in the interpretation of the overall results. The research
methodology was based on a mixed exploratory approach by using qualitative case study methods together with
semi-structured expert interviews as well as quantitative analysis of internal business process data. Additionally,
other field methods such as observations were combined quantitative assessments. The empiric measures concern
the Estonian production plant of an international operating high-tech company which headquarter is based in
Scandinavia. The research was conducted during in the packaging department in Tallinn during a business process
reengineering project in the company which was initiated by the management of an Estonian production plant in
order to improve performance.

The Estonian production plant started in the 1990ies when Estonia became independent from Soviet Union. Most
of the products manufactured in Tallinn plant are delivering to the target market’s customers located in Eastern
Europe and Central Asia. A couple of years ago the company faced economic and political recession which had a
negative impact and it causes the rapid decrease in production. Consequently, the company started downsizing
plans accompanied by the introduction of lean concepts in order to cut costs and to avoid losses. The business
reengineering activities also touched the packaging department of the Estonian where the first decision of the
management at the beginning of the costs cutting activities in the packaging department was dedicated to
downsize the packaging unit by reducing the space and man power for completing the packaging cycle and the
inventory.

After the economic situation recovered the management of the Estonian production plant had to react on
increasing incoming orders despite the fact that the full implementation of the lean management concept has been
only partly realised comprising a Kanban system, just-in-time logistics and Kaizen events but unfortunately no
lean culture with a corresponding mind set of the workers has been developed at this time. Nevertheless, since the
handling of the incoming orders needed more space that was not available space in the vicinity of the factory the
management decided to outsource parts of the production processes including the packaging activities. Since the
Scandinavian headquarters of the Estonian production company decided to re-establish only those business units
in Estonia which are needed for the delivery of products to the customers, important business units were no longer
available in the Estonian packaging department including the packaging design part which existed only once as a
central packaging design unit in the headquarters.

Consequently, three new partner companies for logistics and the completion of the packaging cycle were
contracted for Estonia in order to form a new packaging department realising a networked modular enterprise for
consisting of four different company units, namely the packaging department of the Estonian production plant
itself, the subunit of the global logistics service provider and the three Scandinavian packaging materials suppliers
which are integrated into the supply chain in a form of cooperative engineering partners for packaging providing
more than 90% of the complete packaging solutions. The global logistics service provider is fully independent of
the Scandinavian company and has its headquarters in Germany whereas the three packaging materials suppliers
also have their headquarters in Scandinavia and during later the expert interviews it turned out that the two
packaging material suppliers are linked together with the production company by cross-ownerships via a
Scandinavian financial holding.

The packaging process can be described so that the unpacked final products come from the manufacturing site
into the residual packaging line of the plant where they are prepacked in form of a single shrink pallet. For the
finalisation of the packaging they are transferred with the help of an inbound logistic supplier to the packaging
production area of a subcontractor not far away from the production site where the packaging process is
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completed. In this construction all autonomous business units of the four involved companies are acting together
in an operations network which is linked by the operations process of packaging and where the operations within
the integrated process are realised by own company employees comparable to the modular company concept of
the “Smart” car production in Hambach (Sydow, Mdllering 2015).

Unlike the situation in Hambach the packaging process blueprints an organisational form of a strongly structured
with standardised and uniform tasks so that the networked modular packaging can be considered as an assembly
process without variants. Nevertheless, all included business units in the packaging process are realising their own
contributions with their own workers so that from outside the construction looks like a virtual company and by
considering the inner structure together with the discussed literature the networked packaging company can be
characterised as being fractal or modular. By comparing the underling business structure to concepts of Industry
4.0 it turns out that no flexible network of autonomous operations units exists and also the cyber-physical
manufacturing systems instead of workers is missing. Thus, the full dynamics of an Industry 4.0 — production
network is not entirely realised in the case study because the products are not finding their own way through the
network and the production process is still strongly prescribed. Nevertheless, the modular packaging company
might be considered as a pre-Industry 4.0 production structure and solutions concerning sustainability and the
performance shall be discussed in the sequel.

The implementation of the modular networked packaging enterprise delivered a running stable solution and the
construction had the advantage that it avoided a duplication of business units. But at the same time another
problem appeared all process modifications in the Estonian plant needed to be negotiated and approved in the
central design unit in the headquarters which made changes, adaptations and innovations in packaging department
and as well in the networked packaging enterprise complicated and time consuming. Thus, a packaging process
change had to be transferred after approval by the headquarters to all packaging partners companies and the
concerning business processes had to be redesigned and implemented in cooperation with the partner companies
in order to implement the new packaging solutions in accordance with to the company's guidelines. This
procedure was very slow and limited significantly the intrapreneurial freedom in the networked packaging
enterprise. In addition to that a lack of packaging designers in the Estonian production plant made all changes in
the packaging department to a big challenge and lowered the innovation level. Furthermore it turned out that the
business structures of the four involved independent fractals in the Estonian packaging unit were not fully
compatible due to different organisational standards so that the performance of the virtual packaging unit was
weak.

Consequently, the management of the Estonian production plant initiated a business reengineering project in order
to increase efficiency and performance of the complete the production cycle including the packaging department.
The business reengineering project focussed on technical improvements by neglecting intrapreneurial and cultural
aspects as well as the implementation of compatible organisational standards. The objective for the packaging
department was to reduce the packaging material cost and to create a new design for the full product packaging.
The targets for the cost reductions in the packaging department were savings up to 80% which turned out to be a
very ambitious objective. In order to reach these targets the Estonian management integrated external research
units into the business reengineering project and the results of the research and simulation showed cost savings
potential for the packaging department up to 60% due to the use of new packaging materials and designs which
was not possible to be implemented immediately so that the reengineering process was on hold for a longer
period. Additionally, the cost savings of the packaging processes in the modular packaging enterprise required
new process design and new workflows in all involved fractals so that the implementation of the new solutions to
the production line needed more time than expected. Another important reason for the delay and the
implementation problems was related to the lack of authority in decision making processes, the dependency from
the headquarters and ongoing cultural mismatches within the networked modular enterprise caused problems until
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now to unlock the efficiency gains for the modular packaging enterprise, i.e. due to underdeveloped
intrapreneurial freedom together with a non-consistent business environment within the networked modular
company was responsible for delays in the implementation of efficiency gains.

In addition to the fact that the production company as well as its principal partners have their headquarters in
Scandinavia, the expert interviews revealed conflicts appearing from the financial linkage by cross-ownerships of
the three packaging material suppliers and the production company in the same Scandinavian holding controlled
by family investors. Regardless that Morck andYeung (2003) stress the important role that family firms play in
free economies, it is important to analyse how the parts of a family business are linked together. In the case study
the main policies of the owners was to force the cooperation between firms of the family group with the
consequence that competition was abolished which reduced significantly the competitive advantages of the
common holding. In addition to that, the forced cooperation in the financial holding cancelled the freedom of
choice and with it the competition among a variety of suppliers which was exactly the case in the principal
production company when the sourcing of packaging material was restricted to only the three packaging
providers.

From the expert interviews the authors also gained the insight that the main company and its suppliers did neither
have the same vision nor the idea which kind of a common management system or an organisational standard to
implement. Thus the experts stated that the non-existing organisational standards generated frictional costs at the
interfaces between the different parts of the virtual company. Furthermore, the experts added that the information
exchange together with an integrated IT system was always missing so that one crucial requirement for successful
and sustainable fractal or modular structures was not realised. Consequently, it was nearly even impossible to
acquire management relevant information in order to decide or behave entrepreneurial. One high profile engineers
made clear in an interview that access to relevant data is problematic so that decisions related to efficiency and
business performance. Thus the controllability of the business process was not safeguarded by the existing
information infrastructure so an adequate entrepreneurial and intrapreneurial decision making was possible which
impacted negatively the efficiency and performance of the virtual packaging company.

4. Discussions

Self-organization, self-optimization, goal-orientation and dynamics are success factors for flexible and adaptable
manufacturing organizations, fractal enterprises as well as for Industry 4.0 (Warnecke 1996; Olaniyi, Reidolf
2015). Since self-organisation and self-optimisation requires entrepreneurial and intrapreneurial freedom to be
able to control and improve the business processes of the involved units. The forced cooperation policy of the
financial holding company together with required approvals from the Scandinavian headquarters for business
process changes in Estonia reduced the entrepreneurial freedom of the Estonian subsidiary and its departments
significantly with the consequence that it was impossible for the Estonian production company to improve
efficiency by looking for new reliable suppliers with more competitive prices. These results stress again the need
for entrepreneurial freedom together with self-organisation and self-optimisation properties for the creation of
efficient networks of productions which are based on autonomous units like in the context of Industry 4.0
(Warnecke 1996; Sturgeon 2002; Kagermann et al. 2013). A possible mitigation strategy for fixing these
inefficiencies might be a “lean intrapreneurship” approach in the sense of Ries (2011) which could safeguard the
right entrepreneurial freedom in the fractals of the networked modular company. But the case also showed that in
an operations network with autonomous components the organisational standards and cultures must be compatible
in order to ensure seamless organisational interfaces.

This is of special interest for operations networks in Industry 4.0 because of the use of cyber-physical systems and
self-guided product flow through the network the interfaces of the different network components have to be
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unified to avoid frictions which result in inefficiencies, longer throughput time or additional costs. Even in the
case study of the packaging department where compared to Industry 4.0 only a minimal organisational slack was
necessary to construct and operate the networked modular company the absence of entrepreneurial or
intrapreneurial freedom caused in the packaging department a deadlock in the field of innovation due to
constraints and blockings for the implementation of improvements. In the case of Industry 4.0 the availability of
organisational slack is even more crucial to enable the development of “dynamic capabilities”, to facilitate
flexibility and responsiveness of the supply chain and open resources for self-organisation and self-optimisation.
The empiric results of the case study also revealed that the Estonian production plant never develop a mature
organisational culture so that the employees were missing a common organisational mind-set which caused
organisational inefficiencies within the production plant and which it also made complicated to communicate and
cooperate efficiently at the cross-company interfaces within the virtual packaging company and which caused
high transaction costs due to organisational frictions. By following Liker and Rother (2011) it can be stated that
continues improvement is something that the personnel is not assured automatically how to achieve, so it needs
entrepreneurial mind set and skills as well as the appropriate frame conditions, which was not safeguarded in the
investigated situation. Consequently, various expensive reengineering projects were initiated in the packaging unit
but they all failed to a big extent.

Finally the case study pointed out a lack of access to process data making it impossible to measure, control and
improve the business processes. Thus, the quality of communication and the information exchange in networked
environments was not appropriate to secure efficiency, performance and the achievement of the unit goals of the
underlying operations network. In this sense the information exchange is the glue that links the parts and that
integrate the parts to an operations network. The timely information for fractals is crucial to make decisions and
respond to issues as they come up (Strauss, Hummel 1995). But information is also necessary to back and support
the intrapreneurial decisions in the fractals to safeguard costs, time, quality and allocation of resources as well as
collaboration with other fractals (Strauss, Hummel 1995). All these frame conditions were not realised in the
modular packaging company so that it no surprise that the performance gains were not able to unlock until now.
Changes in the frame conditions represent necessary preconditions to improve the efficiency in the production
network. But the frame conditions for Industry 4.0 have to be further investigated and developed especially in the
context of organisational slack, dynamic capabilities and openness.

5. Conclusions

Industry 4.0 aims to develop cyber-physical systems (CPS) and dynamic production networks in order to achieve
flexible and open value chains in manufacturing of complex mass customization products in small series.
Currently, manufacturing companies gain experiences in production in networks, smart logistics and the
development of new organisational structures and business models. Modular and fractal approaches can help to
benefit from network-orientation, flexibility and responsiveness.

The case study of an internationally operating high-tech manufacturing enterprise located in Estonia highlights the
relationship between networking, organizational development, structural frame conditions and sustainability in the
context of Industry 4.0. The empiric analysis of the packaging department which is organised in form of a
networked modular production unit reveals that beside technical aspects the performance of a networked
construction suffered heavily under the underdeveloped organisational environment. By transferring the results in
the context of Industry 4.0 it turned out that a successful networked approach require intrapreneurial freedom in
the sense of Ries’ “lean entrepreneurship” approach, a suitable local decision power and organisational standards
as well as an adequate information supply. In the context of Industry 4.0 these frame conditions have to be further
developed towards agile and responsive supply chain structures, “organisational slack” and dynamic capabilities.
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Since in the case study these frame conditions were not fulfilled, it was impossible to unlock significant efficiency
gains in the planned range.
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Abstract. Technological entrepreneurship plays increasing role in our path towards sustainble economy. Tires, stored in landfills, pose a
risk to human health and environment. There may be long and dangerous fires, combustion process produces pollution, extremely
dangerous to human health and environment. Therefore, in order to reduce the surplus of tires in landfills, this work investigates the
dependence of tyre tread crushed machine output on the usage of the saws with different technical characteristics as well as the dependence
of the machine output on the feed rate and the crushed cutting angle. The temperature dependence on the crushed cutting angle and feed is
investigated. The particle sizes obtained during tyre tread crushed are also analysed. The study showed that the maximum machine output
is 502 g/min, and as much as 62% of the resulting particle sizes are up to 0.63 mm, which is the most suitable size for the use as an
adsorbent for oil products. It was established that the increase of the crushed cutting angle leads to the increase of the temperature of the
circular saw by 26%.

Keywords: technological entrepeneurship, tires, crushed, sustainability, production
Reference to this paper should be made as follows: Tetsman, 1.; Baziené, K.; Viselga, G. 2017. Technologies for sustainable circular

business:  using crushing device for used tires, Entrepreneurship and Sustainability Issues 4(4): 432-440.
http://doi.org/10.9770/jesi.2017.4.4(3)

JEL Classifications: L60

Additional disciplines (besides field of economics reflected in JEL classifications): environmental engineering

1. Introduction

The goals of the 2030 AGENDA for Sustainable Development of the United Nations is to achieve the
environmentally sound management of wastes throughout their life cycle and significantly reduce their release
into air water and soil in order to minimize the adverse human health and the environment impacts till 2020
(Baziene et al. 2014; Baziene and Vaiskunaite 2016; Tetsman et al. 2017).

Technological entrepreneurship plays crucial role in the process of moving towards circular economy and is
widely discussed (e.g. Bilan et al. 2017; Tvaronavi¢ien¢, Cerneviditité 2015; Teletov et al. 2017; Strielkowski et

al. 2016; Banaité, TamoSitniené 2016; Barberis,et al. 2017; Garcia-Fuentes, de Torre 2017).
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Tires, stored in landfills, pose a risk to human health and environment. Leaching of hazardous substances (heavy
metals, carcinogenic organic compounds) into soil or groundwater is possible (Chitsan et al. 2010; Alisauskas et
al. 2012). There may be long and dangerous firies, combustion process produces pollution, extremely dangerous
to human health and environment. Tires in landfills create favourable conditions for the multiplication of
dangerous pathogens. They occupy large areas of land. All these factors only confirm the need to recycle used
automotive tires.

Pyrolysis (decomposition at high temperature about 500°C) of raw materials results in rather low quality technical
hydrocarbon (due to the high ash, coke and oil content) and combustible gas, which is used in maintaining the
operation of the machine, and metal cord. The main drawback to this method is its cyclical nature; it is not
possible to carry out continuous production, and the emission levels of toxic pyrolysis products, that are
dangerous to environment and human health, are high. The resulting product is of low quality and expensive, this
leads to economic inefficiency of the process, but there ways for improvement to make this method efficient.

Dissolution of raw materials in hot bitumen. The recycling by using this method produces the raw material for
road building, and modified bitumen is produced. The technology is highly energy-consuming and the product
obtained is more expensive than the traditional asphalt concrete mixtures.

Burning of partially crushed tires. This method is widely used in the United States, where the raw material is
mixed into the coal used for burning in thermal power plants and for drying cement. The burning of tires in
cement plants is quite efficient, as the combustion process takes place at high (1100°C) temperatures, and the
guantity of toxic materials generated is low, and those generated settle in cement and are not released into
atmosphere.

Thermo-mechanical method. The thermo-mechanical method is technically perfect rubber regeneration method
that allows speeding up the process significantly and making it continuous as well as ensuring the lowering the
regenerate production costs due to the maximization of process mechanisation and automation. By applying this
method for rubber waste processing, rubber crumbs are continuously mixed with plasticizer and pass through the
worm press with an extended housing. The devulcanised product, when leaving the press, is processed with
refining rollers to obtain a regenerate (Ayse et al. 2010; Cereska et al. 2016).

Mechanical-pressure destruction method is one of the most widely used rubber waste processing methods.
Processed rubber powder is marketed as a secondary raw material. Physical analysis aimed to establish qualitative
indicators of rubber particles is carried out periodically to meet environmental challenges and to obtain economic
benefits (Uruburu et al. 2013). By applying this method tyre rubber is turned into powder, scrap metal and textile
fibres. The protecting steel rings are removed from tyre at the beginning of the process and the tyre is cut into
several pieces. Passenger car tires up to 20 kg are recycled without any preparatory phase (they are neither
crushed nor their steel rings are removed). A tyre is placed into a cylindrical press chamber and substantially
compressed with the help of a plunger. The major part of the rubber with textile cord is pressed out through the
holes at the bottom of the camera. Thus obtained, rubber pieces with textile are further crushed and metal
separated by magnetic separators. The textile cord is separated from the crushed rubber. The collected rubber is
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further chipped in the final crushed device. The resulting rubber particles are separated into desired particle sizes
by the vibrating sieve.

2. Use of crushed tyre particles as an adsorbent

Adsorption is the absorption of a substance from a gas or liquid at the adsorbent surface. Adsorption treatment
method is based on the use of the physical properties of some solid materials, having ultramicroscopic structure,
S0 as to isolate individual components from a fluid mixture and keep them on the surface. The adsorption process
consists of three successive stages: diffusion of the absorbed material from the flow to the outer surface of the
adsorbent (external diffusion), the access of the molecules, having reached the outer surface, to sorption areas
inside a porous grain (internal diffusion) and molecular sorption on the inner grain surface (Wu et al. 2009).
Adsorbents are insoluble materials, which, without getting swelled by more than 50% in excess liquid, retain the
liquid in its capillaries and pores on its surface. In order to use the sorbents for the removal of oil spill, they are to
be hydrophobic and, at the same time, absorbing oil well. Sorbents are commonly used for the removal of oil
product residues or in the places where oil products cannot be reached when using special equipment. Sorbents
can also be used for removal of minor oil spillages. When used to for the elimination of oil products, they are, in
accordance with the approved local and state rules and requirements, to be removed. All oil products, extracted
after sorbent regeneration, are to be properly removed or recycled (Chitsan et al. 2010).

When choosing one or another type of sorbent for the liquidation of oil products, one must take into account
certain properties of sorbents and oil products: keeping of oil products, adsorption speed, sorbent customisation.
Keeping of oil products. The sorbent may release oil accumulated in its pores, when it is collected from the water
surface. Lower viscosity petroleum products are released from pores much easier compared with more viscous
ones. Adsorption speed. More viscous oil products adsorb on the adsorbent surface much more effectively
compared with the lighter ones. Sorbent customisation. Sorbents may be supplied to oil pollution sources
mechanically (using a blower fan) or manually. However, clay and vermiculite, natural inorganic sorbents spread
dust and it is difficult to supply them by blowing.

Many natural sorbents are adapted to absorb oil products and are modified. These changes increase the sorbent
regeneration capabilities, make them widely used and, at the same time, increase their price. Sorbents used for the
removal of oil products are classified according to their use specifications: adsorbents for the adsorption of oil
products from the water surface, adsorbents for the adsorption of industrial pollutants, adsorbents for the
adsorption of oil products from the ground.

Aisien et al. (2012) had demonstrated the ability of the recycled rubber to adsorb oil and manage simple oil
pollution processes due to inner rubber qualities. Laboratory results had shown that tyre powder can be used
repeatedly and it is elastic. The tyre powder has a lower adsorption capacity compared with materials that were
specially invented to absorb oil. The advantage of tyre powder is that it is possible to use it repeatedly, adsorbing
oil after recovery.

3. Progress of tyre tread crushed experiment
The tyre with the dimensions of 17.5R25 was used during the research tests. 29 circular saws NOOK 200x50x1.5-
36 and 5 circular saws NOOK 450x50x2-z56 were applied on the cutting for tyre tread crushed. It is worth to note

that the crushed cutting of the patented device was at the angle B, which may not be reduced, so crushed cutting
angle B was only to be increased during further testing. Hence the crushing-cutting angle was changed to 5°, 6°,
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7° and 8°. Before the test the ambient temperature was measured as being T = 13.6 °C. The relative humidity of
the air was also measured and was r = 55%.
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Fig 1. Dependence of temperature from feed and cutting angle of circular saw NOOK 200x50x1.5-36
Source: authors.
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Fig 2. Dependence of fraction < 0.63 mm from feed and cutting angle of circular saw NOOK 200x50x1.5-36
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The analysis of the diagram in Fig. 1-3 leads to the conclusion that the tyre tread crushed with the saw NOOK
200x50x1.5-36 tends to overheat. However, it is not recommended to renounce the use of the maximum cutting
feed rate, i.e. 0.27 mm/rev, to reduce the crushed saw average temperatures, as this would reduce the output of the
used tyre tread crushed device. However, the angle of the crushed cutting, which has a major impact on the
crushed saw temperature increases (Fig. 1), but has not get any impact on the production (Fig. 3). The diagram in
Figure 3 shows that the quantities of the smallest particles, which are up to 0.63 mm, are in percentages of
between 9.63% and 20%. It is worth to note that there is no clear trend of the dependence on the crushed cutting
angle or on the feed. However, it can be maintained that it would be sufficient to maintain the initial crushed
cutting angle and simply increase the feed rate up to the maximum in order to obtain about 20% of the sizes up to
0.63 mm. This would reduce the heating problem, and the quantity of the smallest particle sizes up to 0.63 mm
obtained would be very similar to that at the maximum crushed cutting angle.

The use of the saw NOOK 450x50x2-z56 during the research test has shown (Fig. 4-6) the maximum device
output is achieved at the highest possible tyre tread milling machine feed rate, i.e. at 0.27 mm/rev. From 380
grams to 402 grams are obtained, depending on the crushed cutting angle, and one can see that the increase of the
crushed cutting angle B increases the output by 5.47%. However, one has to keep in mind that the temperature of
the circular saw NOOK 450x50x2-z56 rises with the increase of the crushed cutting angle B. Fig. 4 shows that the
temperature increases as much as by 25.69%. Therefore it would not be appropriate to increase the device output
by increasing the crushed cutting angle B, as it escalates the circular saw overheating problem.

436


http://jssidoi.org/jesi/
http://doi.org/10.9770/jesi.2017.4.4(3)

The International Journal

ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES

ISSN 2345-0282 (online) http://jssidoi.org/jesi/

2017 Volume 4 Number 4 (June)
http://doi.org/10.9770/jesi.2017.4.4(3)

o
S .
o 22 Cittlnsgoangle .-
= —A— -
© 1 —w—6° i
[} V: -°
g 204-% 7 -’ "
e | -e—g 7 ’
18 - 7 s g = =X
e -7
- % -
x ,V’
16 _ -
-
-
-
r
14
12 . . : . . . .
0,05 0,10 0,15 0,20 0,25 0,30

Feed [mm/rev]

Fig 4. Dependence of temperature from feed and cutting angle of circular saw NOOK 450x50x2-z56

100

Source: authors.

Feed [mm/rev]
- 0.09
804 [2230.18
] 0.27

Fraction [%)]
8
1

:\
A\
.

7

8
Cutting angle [deg]

Fig 5. Dependence of fraction (till 0.63 mm) from feed and cutting angle of circular saw NOOK 450x50x2-z56

Source: authors.

The diagram in Fig. 5 shows that the crushed of the tyre tread with a saw NOOK 450x50x2-z56 also tends to
overheating. However, it is necessary to use the maximum cutting feed rate of 0.27 mm/rev, because otherwise
the used tyre tread crushed device output would be reduced. Therefore, the crushed saw heating reduction
potential also remains without changing the crushed cutting angle; but it can only be confirmed by the comparison
of the dependence of the crushed particle sizes on the crushed cutting angle f3.
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The diagram in Fig. 6 shows that the increase of crushed cutting angle B had no impact on the increase of the
quantity of the crushed particles of the sizes up to 0.63 mm, however the maximum feed rate should be used in
order to obtain the smallest particle sizes. The trend observed is that in all the tests when crushed cutting angle is
increased and maximum feed rate, which is 0.27 rev/min, approximately 62% of the particle sizes obtained is up
to 0.63 mm. Fig. 6 shows that the maximum tyre tread crushed device output is achieved at the maximum device
feed rate, which ranged, depending on the crushed cutting angle B, from 489 grams to 502 grams per minute, i.c.,
the output had increased by further 2.59% with the increase of the crushed cutting angle. However, the increase of
the crushed cutting angle led to the increase of the circular saw temperatures, see Fig. 5, by as much as 26 per
cent. Therefore, the tests with the first and saw 450x50x2-z56 lead to the conclusion that the maximum feed rate
could be used for the improved device output, the increase the crushed cutting angle to increase the device output
is a wrong decision.

The comparison of the first (Fig. 3) and second (Fig. 6) tests shows the 40 % increase of the quantity of the
particle sizes up to 0.63 mm during the second test. One can maintain that the saw 450x50x2-z56 should be used
for the crushed of used tyre tread to obtain as small particle sizes as possible.

Conclusions

The study revealed the possibility for the sustainable circular business use of tires as a reuse material using
crushing device. Technological solutions can help to minimise the usages of raw material and this requires new
additional studies.

The maximum yield of 502 g/min is obtained when operating of the saw 450x50x2-z56, the technical
characteristics of which are shown in fig 6.
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The test had shown that the heating of the device circular saw is reduced by 26.46 per cent, when the saw
450x50x2-z56 is chosen, the crushed cutting angle B is not changed and the maximum feed rate of 0.27 mm/rev is
used.

The sieving of the particles obtained during the tests into four size groups resulted in approximately 62% of the
smallest particle sizes up to 0.63 mm, having the best adsorption properties. When using the saw 450x50x2-z56,
under the following conditions: feed rate of 0.27 mm/rev; crushed cutting angle B of 5°.
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Abstract. The problem of the last period becomes the assessment of individual areas of Corporate Social Responsibility, which is
associated with a number of CSR approaches and with their "ability" to measure achieved level in every CSR item. The aim of this study is,
based on a comparative analysis, to identify appropriate approach to assessing the achieved level of Corporate Social Responsibility. The
study is organized as follows: the theoretical background (studies) of approaches to evaluating the CSR; the findings about primary and
secondary data on structure, purpos