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Factors Determining the Development
of Product Eco-Innovations.
The Evidence from Poland!

Magdalena Marczewska™

The aim of this paper is to analyse and discuss the actions undertaken by Polish enterprises
operating in the field of environmentally sound technologies to create and implement innova-
tive, environmentally friendly products (i.e. environmental innovations, eco-innovations). The
qualitative study examines the impact of the determinants, such as technology, market, regu-
lation and firm specific factors, on the development of eco-innovative solutions of analysed
companies. Based on the in-depth interviews conducted with forty selected companies, it is
possible to specify the determinants of firms’ eco-innovative activity and motivation factors for
creating product eco-innovations in Poland. These are mainly market- and technology-related
factors. This conclusion is in line with the studies emphasizing the role of market, technol-
ogy and firm specific factors as the determinants of eco-innovations, but in opposition to the
results supporting the thesis that regulatory aspect is highly important for the companies that
create and develop environmentally friendly novelties.
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Czynniki wplywajace na rozwoj ekoinnowacji produktowych w Polsce

Celem niniejszej publikacji jest analiza i omowienie dzialari podejmowanych przez polskie
przedsiebiorstwa-dostawcow technologii srodowiskowych nakierowanych na tworzenie i roz-
wdj innowacyjnych, przyjaznych dla srodowiska produktow (tzw. innowacji ekologicznych,
ekoinnowacji). Prowadzone badania jakosciowe dotyczq, miedzy innymi, wplywu uwarun-
kowan, takich jak technologia, rynek, regulacje i cechy charakterystyczne przedsiebiorstwa
na rozwdj ekoinnowacyjnych rozwiqzari w analizowanych firmach. Na podstawie wywia-
dow poglebionych, przeprowadzonych z przedstawicielami czterdziestu polskich firm, mozna
okreslic¢ czynniki determinujgce ich ekoinnowacyjng dziatalnosc oraz opisac¢ motywacje do
tworzenia ekoinnowacji produktowych. Sq to przede wszystkim czynniki zwiqzane z rynkiem
i technologiq. Wniosek ten jest zgodny z wynikami badari innych autorow, ktorzy podkreslajqg
wazng role rynku, technologii i cech charakterystycznych firm w tworzeniu ekoinnowacji.
Wyniki przeprowadzonych badari nie potwierdzajq natomiast tezy podkreslajgcej istotng role
regulacji dla tworzenia ekoinnowacji produktowych.
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1. Introduction

In the last few years the issues of envi-
ronmental responsibility and sustainable
development have been arising in various
debates amongst academic institutions,
businesses and policy makers (Banerjee,
Iyer and Kashyap, 2003; Chrzascik, Mar-
ciniuk-Kluska and Kluska, 2010; Triguero,
Moreno-Mondéjar and Davia, 2013; Urban-
iec, 2015). With respect to the problem of
environment pollution and high costs of
its decontamination, natural degradation
prevention actions put forward the need
for creating and widely implementing new
practices for everyday life. Academics
developed the idea of eco-efficiency (Kevin
and Patrice, 1999), eco-labelling (Frieder,
Dirk and Fabio, 2008), eco-effectiveness
(Giancarlo, 2007), eco-design (Pinara and
Jorg, 2005) and eco-innovation (Carrillo,
Del Rio and Konnolda, 2010; Horbach,
Rammer and Rennings, 2012; Szpor and
Sniegocki, 2012; Diaz-Garcia, Gonzalez-
Moreno and Saez-Martinez, 2015), while
enterprises discovered the need to adapt
to the new trends (Aragon-Correa and
Sharma, 2003; Janicke, 2012). Given the
challenges that arise due to climate change
and global warming there is a need to
ensure the widest possible development and
diffusion of environmentally sound tech-
nologies in both developed and developing
countries (Piotrowska, 2012; Correa, 2013).

The aim of this paper is to analyse and
discuss the actions undertaken by Polish
enterprises, product suppliers, operating in
the field of environmentally sound technolo-
gies to create new environmentally friendly
products (i.e. environmental innovations,
eco-innovations). The study examines the
impact of the determinants, such as technol-
ogy, market, regulation and firm specific fac-
tors, on the development of eco-innovative
solutions of analysed companies. Moreover,
the research aims to describe country spe-
cific characteristics concerning the analysed
topic. The research questions are the fol-
lowing:

1. What are the sources of eco-innovative
activity undertaken by Polish compa-
nies-suppliers of environmentally sound
technologies?

2. To what extent do the determinants of
eco-innovations differ from the determi-
nants of traditional innovation that are
identified in the literature?

3. What are the country specific character-
istics of the determinants of eco-innova-
tions?

4. What are the companies’ motivation fac-
tors in the process of developing envi-
ronmentally sound technologies?

2. Theoretical Framework

2.1. Defining Eco-Innovation

Research on innovation seen from firms’
perspective is grounded in theories of orga-
nization and management. The concept
of innovation was introduced by Joseph
Schumpeter (1939), who appreciated its
important role in the economy. He believed
that revolutionary business ideas that
break down the current state of economic
equilibrium by introducing a new combi-
nation of factors, are the driving forces of
the economy. He named such phenomenon
innovation, and he explained it using the
approach of creative destruction (Schum-
peter, 1939; Schumpeter, 1960). There
are five types of novelties distinguished
by Schumpeter: the introduction of new
goods, the introduction of new methods
of production, the opening of new mar-
kets, new sources of supply of raw materials
and the introduction of new organizational
structures of any industry (Schumpeter,
1960, p. 104).

There are many approaches that focus
on the topic of innovations and provide
their definitions and typology (Whitfield,
1979; Kotler, 2000; Rogers, 2003; Freeman,
1982; Drucker, 2004; Griffin, 1996; Porter,
2008). The variety of ways of describing
innovation caused the need to introduce
a clear definition of this phenomenon.
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Therefore, the Organization for Economic
Co-operation and Development (OECD)
proposed guidelines published in Oslo
Manual that built a common understand-
ing of innovation, its measuring and diffu-
sion. According to the Manual, an innova-
tion refers to the implementation of new
or notably upgraded products, processes,
goods, services, marketing methods or
external relations. In order to help clas-
sify novelty, four main types of innovations
have been listed: product innovations, pro-
cess innovations, marketing innovations,
organizational innovations (OECD, 2005).

The topic of eco-innovation is not yet
well-established within the framework of
economics and management. Although
there are studies describing this issue,
the research of this subject is still in early
phase, especially in Eastern European
countries, and there are not many research-
ers working on environmental innovations
(Andersen, 2008). The phenomenon of
eco-innovation is situated at the interface
of two different sub-disciplines, environ-
mental economics and innovation manage-
ment (Rennings, 2000). In order to fully
analyse it, multidisciplinary research would
be very helpful.

Eco-innovation is a relatively new con-
cept; therefore, before examining this
phenomenon in Poland, it is necessary to
define it. One of the first definitions of this
issue was proposed by Claude Fussler and
Peter James in 1996. According to them, it
is an outstanding implementation of radical
ideas, which will meet future needs (Fussler
and James, 1996, p. 303). This concept has
been later developed and clarified by one
of its authors, Peter James, who describes
it as a new product and process that signifi-
cantly decrease environmental impact and
at the same time provide value for busi-
ness and customers (James, 1997). In its
broadest form, ecological innovation is any
novelty that reduces environmental harm
(Kanerva, Arundel and Kemp, 2009). The
most widely known and cited definition of
eco-innovation is the one developed within
the project Measuring Eco-Innovation on
the basis of the definition of innovation
proposed by OECD in Oslo Manual. 1t is
the “production, assimilation or exploita-
tion of a product, production process, ser-
vice or management or business method
that is novel to the organization (devel-
oping or adopting it) and which results,

throughout its life cycle, in a reduction of
environmental risk, pollution and other
negative impacts of resources use (includ-
ing energy use) compared to relevant alter-
natives” (Kemp and Pearson, 2007, p. 7).
The authors” aim was to move away from
the assumption that eco-innovation must
be fundamentally aimed at reducing dam-
age to the environment. Rene Kemp and
Peter Pearson believe that a sufficient cri-
terion for distinguishing eco-innovation
from other types of innovation is that,
as a result of an implementation of such
solution, the harm of natural environment
is smaller than in the case of the use of
alternative solutions. The understating of
the term eco-innovation is in line with this
definition. The most important reviews
concerning a broader discussion on eco-
innovation definitions is provided by other
authors (Rennings, 2000; Kemp, 2010;
Ekins, 2010).

Kemp and Pearson also developed
a typology of eco-innovations that distin-
guished four categories of novelties: envi-
ronmental technologies, organizational
innovation, product and service innovation,
and green system innovations (Kemp and
Pearson, 2007).

There are many factors that influence
companies’ eco-innovative activity. They
are not only environmental motivations,
but also characteristics of the sector that
company operates in, or its technological
and development opportunities (Carrillo-
Hermosilla, Del Rio and Konnold, 2009).
Changes introduced within the company
can result in the creation of eco-innovative
solutions, especially when they are focused
on product development, business strat-
egy and marketing (Aragon-Correa and
Sharma, 2003; Pujari, Wright and Peattie,
2003; Sharma, 2000). According to J. Elk-
ington (1998), the company needs to make
rational decisions in terms of balancing
its financial, social and ecological perfor-
mance, in order to introduce and operate
in line with sustainable development phi-
losophy.

The driving force behind the business
willingness to invest in innovative activ-
ity facing the environment is, among oth-
ers, the trend that promotes sustainable
development (Cuerva, Triguero-Cano
and Coreoles, 2013). It has become clear
that sustainability means environmental-
friendly business, as well as long-lasting
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and significant changes in technology,
infrastructure, lifestyles and existing insti-
tutions (Rennings, 2000). Until now it has
been believed that technological innova-
tion, together with the policy of sustainable
development are key elements that are nec-
essary to solve global environmental prob-
lems. Nowadays, however, the attention is
also drawn to the important role of custom-
ers, who, through the implementation and
widespread use of eco-innovative techno-
logical solutions, can contribute to a sig-
nificant reduction of global pollution and
the rational management and consumption
of natural resources (Vergragt, Akenji and
Dewick, 2014).

The research on eco-innovation con-
cerns, above all, its definition (Rennings,
2000), drivers and determinants (Demirel
and Kesidou, 2012; Zuzek, 2015), devel-
opment (Pujari, Wright and Peattie, 2003;
Prothero and McDonagh, 1992), variety
(Carrillo-Hermosilla, Del Rio and Kon-
nold, 2010), characteristics (Horbach, 2013;
Wegrzyn, 2013), classification according to
its impact on the environment (Horbach,
Rammer and Rennings, 2012), management
(Matejun, 2009; Przychodzen, 2015) and its
link with business performance (Wozniak,
Strojny and Wojnicka, 2010; Seroka-Stolka,
2012; Siedlecka, 2014; Cheng, Yang and
Sheu, 2014; Ziodtko and Mroz, 2015).

2.2. Determinants of Eco-Innovations

Eco-innovations can be seen as one of
the types of innovations. Because of this
reason, their determinants can be traced

Figure 1. Determinants of innovations

External determinants:

- Competitors
- Customers

on the basis of the models of innovations
which have evolved over the past years,
starting from the linear model introduced
by Schumpeter (1939), through demand-
push model (Schmookler, 1966; Rothwell
and Gardiner, 1983), chain-linked model
(Kline and Rosenberg, 1986), coupling
model (Rothwell and Zegveld, 1985), net-
work model, to the systemic perspective on
innovations (Freeman, 1982). The analysis
of these models leads to the conclusion that
there are two crucial groups of innovation
determinants: internal, i.e. determinants
that are located inside the company, and
external, i.e. factors that come from its
organizational environment (Janasz and
Koziot, 2007) (see: Figure 1). R&D com-
panies’ activities and knowledge resources
accumulated in the enterprise are the most
important amongst internal sources of
innovation (Janasz and LeS§kiewicz, 1995;
Biaton, 2010). In the midst of external driv-
ers, the role of competitors and customers
(Sosnowska, 2000) and also research car-
ried out by universities, research and devel-
opment centres and other research insti-
tutions (Penc, 1999) can be distinguished.
The approach of dividing the determinants
of innovations into two sets has been also
applied by Peter Drucker (1992). As inter-
nal ones he lists: the unexpected, incon-
gruities and process need. The next three
sources are associated with changes in the
business environment: changes in indus-
try and market structure, demographics,
changes in perception, and new knowledge
(Drucker, 1992, p. 44).

Internal determinants:

- R&D activities
- Knowledge resources

- Changes in industry and
market structure

- Demographics

- Changes in perception

- New knowledge

Innovation

- The unexpected

- Incongruities

- Process need

- In-house activities

(research centers,
universities, institutions)
- Suppliers
- Third parties

Source: own elaboration based on Tidd, Bessant and Pavitt (2005); Drucker (1992); Von Hippel (1988);
Janasz and Leskiewicz (1995); Biafori (2010); Penc (1999).

10

Studia i Materialy 2/2016 (22), cz. 2



Amongst other classifications of deter-
minants of innovations, there is a concept
introduced by Von Hippel (Von Hippel,
1988), according to which the three main
sources of innovations are: customers, sup-
pliers and third parties, such as research
centres, universities. A similar approach
has been proposed by Tidd, Bessant and
Pavitt. These researchers listed suppliers,
customers, in-house activities and basic
research as the sources of developing the
novelties (Tidd, Bessant and Pavitt, 2005,
p. 171).

The researchers who focus on envi-
ronmental innovativeness have developed
industry specific classifications of deter-
minants of innovations (Horbach, 2008;
Belin, Horbach and Oltra, 2009; Cuerva,
Triguero-Cano and Coércoles, 2013; Oltra,
2008; Cleff and Rennings, 1999; Del Val
Segarra-Ona and Peir6-Signes, 2013;
Zuzek, 2015). Although the overview of
the literature shows that a similar set of
drivers applies to general innovations and
eco-innovations, in the case of environ-
mental innovations the precise influence of
each driver on the emergence of environ-
mental friendly solutions is more difficult
to evaluate. Therefore, some researchers
argue that the analysis of environmental
innovations should concentrate on the
interactions between different drivers of
innovativeness and at the same time on
the relationships between competitive-
ness, companies’ characteristics and envi-
ronmental performance of firms (Oltra,
2008).

In the study conducted by Klaus Ren-
nings (2000), the sources of eco-innovations
are divided into three categories: technol-
ogy push, regulatory pull and market pull.
The first source consists of such factors as
product quality, energy efficiency, product
palette and material efficiency. The later
one should be associated with existing envi-
ronmental law, expected regulations and
Occupational Safety and Health standards.
The market pull determinants listed by
Rennings are, among others, competition,
labour costs, customer demand, image,
market share and new markets.

Jens Horbach distinguished and
described three categories of sources of
eco-innovation, on the basis of their ori-
gin. There are eco-innovations stimulated
by demand, supply, and policy and insti-
tutional factors. A detailed classification
of these categories is described in Table 1.

In many recent studies the key concept
of the determinants of environmental inno-
vations consists of four main driving forces:
technology, market, regulation and firm
specific factors (Horbach, Rammer and
Rennings, 2012) (see: Figure 2).

As already mentioned, it is difficult to
assess which of these factors are the most
important in the development of eco-inno-
vations. Empirical research provides vari-
ous points of view on this topic.

Technology push factors are essential
drivers of eco-innovations. The evidence
of this is presented in the research based on
German panel data that revels that R&D
activities that result in the improvement of

Table 1. Determinants of eco-innovation divided into categories

Categqry of Determinant of eco-innovations
determinants
) Technological capabilities
Supply side

Appropriation problem and market characteristics

(Expected) market demand (demand-pull hypothesis)

Demand side

Social awareness of the need for clean production; environmental
consciousness and preference for environmentally friendly products

approaches
Institutional and PP )

Environmental policy (incentive-based instruments and regulatory

political influence

networks

Institutional structure: e.g. political opportunities of environmentally
oriented groups, organization of information flow, existence of innovation

Source: Horbach (2008, p. 164).

Wydziat Zarzadzania UW DOI 10.7172/1733-9758.2016.22.1 11



Figure 2. Determinants of eco-innovations

Technology

¥

Eco-innovation

N

Regulation

Source: Horbach, Rammer and Rennings (2012, p. 113).

firms’ technological performance influence
eco-innovativeness (Horbach, 2008).

Companies’ access to significant, prefer-
ably limited resources can help to develop
environmentally friendly solutions (Hart,
1995; Ryszko, 2016). The study of Demirel
and Kesidou (2012), in line with the pre-
vious empirical findings, reveals that firm
specific factors, such as organizational
capabilities related to environmental
management systems, are important in
eco-innovations creation. What is more,
these determinants affect environmen-
tal solutions development decisions and
the level of firms’ resources allocated to
eco-innovation activities. This study pro-
vides also evidence that market demand
factors, amongst which corporate social
responsibility (CSR) and consumer needs
and requirements, do not influence the
level of investments in environmentally
friendly products to a large extent. These
factors are seen as important and compa-
nies are willing to respond to social needs
with some minimum investment. However,
these factors do not commit the companies
to undertake outstanding actions in order
to develop new solutions (Demirel and
Kesidou, 2012). Such approach of compa-
nies is, in general, confirmed by some stud-
ies (Rehfeld, Rennings and Ziegler, 2007),
but it is possible to find the evidence that
customers can be very important in the pro-
cess of developing eco-innovations. Such
situation can take place only if the solution
is perceived as adding value by customers
(Kammerer, 2009).

The determinant of eco-innovations
that is the most difficult to assess is the
regulatory aspect. Some studies reveal that
regulatory framework has a strong impact
on firms’ eco-innovative activity (Brunner-
meier and Cohen, 2003; Rennings, 2000)
and is necessary in order to support mar-
ket pull and technology push factors since
these two do not seem to be strong enough
to drive eco-innovativeness (Cleff and Ren-
nings, 1999). However, some researches
claim that it should not be treated as the
only factor that directly influences the
development of eco-innovations (Oltra,
2008). It has also been found that exist-
ing regulations, contrary to expected ones,
shape to some extent product and organiza-
tional eco-innovations. Future regulations
have no significant impact on European
companies’ decisions to develop envi-
ronmentally friendly solutions (Triguero,
Moreno-Mondéjar and Davia, 2013).

To conclude the literature review, it
should be pointed out that depending on
geographical region and the type of envi-
ronmental innovation, its origin can be
assessed by analysing the technological
compromises between various drivers and
objectives of innovativeness (Oltra, 2008).
Such approach is used here in the research
on eco-innovations in Poland.

3. Research Methods

The empirical part of this research is
based on in-depth, semi-structured inter-
views conducted with the representatives
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of selected 40 Polish companies operating

in the field of environmentally sound tech-

nologies, within six areas:

e renewable energy sources (10 firms):
manufacturers of solar collectors, bri-
quetting machines, fuel cells, hydro
power and biogas solutions,

* energy efficiency (9 firms): suppliers of
technologies that support saving elec-
tricity and heat, solutions for passive
houses, energy-efficient lighting solu-
tions, heat pumps, media management
systems for energy,

* waste management (9 firms): suppliers
of solutions for treatment of hazardous
waste and by-products of coal combus-
tion, secure storage of liquid fuels, bio-
mass gasification, processing plastics
into liquid fuels,

e water and wastewater management (7
firms): suppliers of water treatment
plants, water treatment solutions and
drying of sewage sludge solutions,

* biodiversity protection (3 firms): suppli-
ers of technologies for reclamation of
lakes and barriers to protect fish,

* air protection (2 firms): suppliers of pol-
lution emission reduction systems.

This qualitative sample was purposely
chosen. The selected companies were the
participants of the governmental pro-
ject-competition, GreenEvo — Green Tech-
nology Accelerator, run by the Polish Min-
istry of Environment. All participants of
the project were evaluated by independent
experts in terms of their innovativeness,
environmental effects of their products
and development potential. Forty inter-
viewed companies were the winners of the
GreenEvo competition in 2010-2012.

The companies distinguish themselves
from other environmentally sound technol-
ogies industry market players in Poland, as
suppliers of own, eco-innovative products
and as entities interested in international
markets. Each interview was based on the
same script, which contained a list of more
than a hundred detailed, open questions.
All of the interviewees were either com-
pany owners or managing board members,
such as sales managers or product manag-
ers, thus they can be seen as well-informed,
reliable sources of information. In the case
of some companies from the sample, inter-
views were conducted with more than one
participant from the same company. The
interviewers were allowed to interact freely

with the interviewees in order to gather
information on both, facts and their inter-
pretation, along with personal opinions
of respondents. That is why, during the
interviews it was possible to discuss addi-
tional, relevant topics. The respondents
were guaranteed anonymity. Interviews
were carried out by several members of the
research team (triangulation of research-
ers) in order to eliminate unconscious
preferences of interviewers, and thus pro-
vide a better quality of research conducted
(Flick, 2011). The interviews lasted on aver-
age 157 minutes (2 hours 37 minutes), but
the longest one took 266 minutes (4 hours
26 minutes). The total time of all inter-
views was 6280 minutes (104 hours and 40
minutes). The interviews were recorded,
transcribed, divided into topic-based text
segments and coded into 77 detailed codes
collected in the codebook. The codebook
was the basis for analysis and interpreta-
tion of the qualitative data which was made
in accordance with the grounded theory
approach (Corbin and Strauss, 1990; Gla-
ser and Strauss, 2006).

4. Results of Empirical Research

The interviews confirmed that the pro-
cess of developing eco-innovative solutions
is often long and complex. New technolo-
gies are usually the result of long-term
work of many experts from different fields.
Each innovative idea is established in dif-
ferent circumstances, that is why, it is dif-
ficult to describe one, precise approach to
this issue. For this reason, the respondents
were not able to clearly indicate one fac-
tor that influenced the development of
their technology. In their statements sev-
eral components were often pointed out.
Moreover, the empirical research provides
the evidence of motivations that led to the
creation of eco-innovations. It is impor-
tant to take into account that determinants
and motivations are not the same. Motiva-
tions are the inspirations to take the effort
and develop an environmental solution,
while determinants specify the factors that
directly influenced this development.

The determinants of eco-innovations
distinguished by the interviewees can be
divided into two groups: internal ones,
related to the company and its potential,
and external, such as its organizational
environment, customers and competi-
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tors related. The former were considered
more important, as 23 companies indi-
cated that the development of eco-inno-
vations depended on the knowledge and
skills gathered within the company. How-
ever, external factors, such as inspiration
from other market players, influence of
the demand or cooperation with research
centres, were indicated by 20 interviewees
as the sources of eco-innovations. Since
the research had been based on the semi-
structured interviews with open-ended
questions, the interviewees were not pro-
vided with sample answers that could affect
their statements. For this reason, the driv-
ers of eco-innovations they recalled were
not limited to any theoretical framework
and exactly described the moment of their
eco-innovative products creation. All the
answers provided by the respondents are
shown in Figure 3.

Figure 3. Determinants of product eco-innova-
tions development in Poland

External determinants Internal determinants

* Identification of market
needs

e Inspiration from the
competition

* Research

* Experience and skills of
innovation developers

* Idea

* Product order placed by
the customer

* Wilingness to stand out
from the copetition

* Cooperation with uni-
versities (an initiative
of academic staff)

* Willingness to satisfy
customers' needs

Source: own elaboration based on the interviews.

4.1. Internal Determinants
of Eco-Innovations

The main stimulus that falls in this cat-
egory is the research activity, based on
the work and skills of companies’ employ-
ees and conducted within it. Although 27
companies declared that they performed
in-house research, around half of them
admitted that such activity was the direct
determinant of their technology creation
and development. At the moment of work-
ing on the eco-innovation, companies were
conducting research of various types. Most
of them focused on technology develop-
ment and product testing in their labora-

tories which was performed by research
teams inside the company, whose skills
were based on previously gathered knowl-
edge and experience. Some of the compa-
nies received assistance from external enti-
ties, collaborated with them co-operating
or subcontracting research tasks. Such
cases were relatively few. Only 2 interview-
ees followed this path of new solutions
development.

The biggest group amongst the com-
panies engaged in R&D was represented
by both former or present academics and
members of university project teams. In
a few cases, the technology is the result of
research initiated during the higher educa-
tion of its inventor.

According to the interviews, 12 com-
panies have developed eco-innovative
technology without being influenced by
or engaged in any research. Most of them
developed a new solution on the basis of
observing the performance of the previ-
ously existing solutions, after its adoption
by the client, confronting this performance
with the original objectives and introduc-
ing continuous modifications and improve-
ments.

Another determinant, recalled by 3 com-
panies, that influenced the development of
eco-innovations by the Polish companies-
suppliers of environmentally sound tech-
nologies was the result of past experiences
of employees and firms’ owners. Almost
half of eco-innovation inventors previously
worked in the environmental and advanced
technology industries. More than one-third
of them were employed in business and at
the university at the same time. In addition,
many employees gained experience in mul-
tinational companies. For people employed
in the research units of higher education,
scientific research at companies’ level was
a logical complement to their academic
activities and a basis for the creation of
eco-innovative technologies.

The last internal driver of eco-innova-
tion, mentioned by only 1 interviewee, was
a completely new idea that appeared in the
minds of innovation creators. At the same
time, people representing this company
also declared that the process of innova-
tion creation had been long and had been
influenced by so many factors that it was
difficult to list all of them.

In the opinion of interviewees, various
types of their personal experience, not only
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related to education and business, con-
tributed to the technology development.
However, 95% of interviewees (38 com-
panies) confirmed that cooperation with
universities or work in other companies
had a positive impact on the performance
and the speed of technology development,
especially in terms of motivation.

4.2. External Determinants
of Eco-Innovations

Among the external determinants of
eco-innovations, the most important was
the identification of market needs. On the
basis of well-prepared market analysis,
it was possible to easily identify not only
potential customers but also competitors.
The awareness of the market circumstances
allowed for creating and developing inno-
vative technology, and new ideas were
adapted to the companies’ organizational
conditions. Interviewees admitted that both
domestic and international markets were
a stimulus for the development of new
technological solutions.

Interviewed firms admitted that there
were also three main motivations for their
eco-innovation activity: competitors, cus-
tomers and the business environment in
a broad sense.

24 companies declared that creation of
new technologies was inspired by similar
solutions developed by other companies.
Such inspiration was usually drawn by
examining existing technologies available
on the market in order to identify their
functional and technical deficiencies and
imperfections. According to some inter-
viewees it is important to perform market
observation to find imperfections and flaws
in available technologies. They believe that
the weaknesses of other market players are
the best inspiration to create own eco-inno-
vative solutions.

Among companies that inspired inter-
viewed companies to develop product
eco-innovations, competitors are the most
important ones. 4 companies declare that
they drew inspiration from competitors and
this was the crucial factor in their technol-
ogy development. Moreover, 2 interviewees
indicate that their firms developed innova-
tive environmentally friendly solutions in
order to distinguish themselves from the
competitors.

The creation of innovations can be moti-
vated by customers, who, on the one hand,

buy and use a product, and on the other,
often share their comments and valuable
knowledge about its functionality and per-
formance with producers and suppliers.
26 companies admitted that clients often
suggest an idea for a product, service, or
technical improvement to them, and with
such behaviour motivate them to seek
for potential eco-innovation development
opportunities. Information from customers
has been received in many different ways.
It is usually gathered during conversations
with clients concerning their needs and
expectations, as well as possibilities to sat-
isfy such needs by new, potential features
of eco-innovations. Some interviewees
declared that their contact with customers
was regulated in special contractual clauses
which obliged users to provide information
about technology performance.

3 companies reported that customers’
behaviour had a direct influence on the
development of their eco-innovation and
could be seen as the determinant of compa-
nies’ eco-innovative activity. This influence
occurred when potential users asked the
companies to develop a technology with
special features that would better satisfy
their needs. Enterprises were willing to
work on such solution, and customers were
happy to help in developing its functionality
and features. The cases of such companies
justify their fruitful and successful coopera-
tion with the users. Within the researched
companies, the information from clients
usually contributed to the modernization
and faster development of previously exist-
ing technologies. In one case, customers
were the direct inspiration for the develop-
ment of new solutions, which were devel-
oped to better satisfy their needs.

A number of innovations appeared as
a result of effective collaboration between
external research institutions and busi-
nesses. However, such cooperation was not
frequently established. Only 2 companies
pointed out that universities can be classi-
fied as a source of their new environmen-
tally friendly technologies. Nevertheless, if
such cooperation took place, it was posi-
tively evaluated by entrepreneurs.

¥ of the researched companies believe
that the motivation for the creation of
innovations can be drawn not only from
the industry but also from the wider busi-
ness environment, including media, trade
shows and textbooks. They find mass media
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and socially available resources very inspir-
ing. The information from the Internet,
television and newspapers can guaran-
tee companies’ knowledge of technology
available among different industries and
global technological innovations. It often
happens that this information influences
functionality and improvements of eco-
innovations among companies-suppliers
of environmentally sound technologies
in Poland.

4.3. Eco-Innovations Characteristics

Determinants of eco-innovations, as
well as different motivations and inspira-
tions, resulted in the development of vari-
ous types of eco-innovative solutions. The
interviews show that 90% of the created
products have the characteristics typical
for novelties. 42,5% of the interviewed
companies (17 companies) claimed that
their eco-innovation, at the moment of
the creation, was undoubtedly an innova-
tion in a global scale. 25% of companies
(10 companies) described the technology
as new on the Polish market. Among the
technologies that have been described as
unique in the Polish market, there are also
those, that were developed parallel to the
global solutions. In rare cases, it happened
that the engineers were working on a solu-
tion with no awareness that another group
of researchers in other countries had come
up with a similar idea earlier.

Among eco-innovations that have been
created by the companies-suppliers of envi-
ronmentally sound technologies in Poland,
two are the ones that were not unique, at
the world or the country level. The reason
why such situation occurred, according to
interviewees, is that there are some techno-
logical areas and industries in which, based
on the present state of knowledge, there is
no more space and possibility for creating
innovation.

5. Discussion

The empirical research conducted
among the selected Polish enterprises pro-
vides the evidence that there are many
determinants of eco-innovations in the
environmentally sound technologies indus-
try in Poland. These factors can be clas-
sified on the basis of both the concept of
innovation sources applied in theory to
general innovations and the specific clas-

sification of the determinants of eco-inno-
vations provided by the researchers who
study the topic of environmental innova-
tions (Horbach, Rammer and Rennings,
2012). The research findings are generally
in line with both theoretical frameworks
(see: Figure 4).

The interviewed companies can be
a good example of the technological
approach to the determinants of eco-inno-
vation, according to which research and
development activities carried out within
the firms result in the improvement of
their technological performance and influ-
ence their eco-innovativeness (Horbach,
2008).

The second most important group of
determinants of eco-innovation among the
companies from the sample was related to
the market factors, mainly customers and
competitors. Contrary to other empiri-
cal studies (Demirel and Kesidou, 2012;
Rehfeld, Rennings and Ziegler, 2007) cus-
tomers in Poland influence the companies
to undertake actions in order to develop
new solutions. Enterprises declared that
such approach was fruitful for both the
companies which developed their solu-
tion and the users, who were able to get
the product that fully served their needs.
However, customers were rarely directly
involved in the process of eco-innovation
development. This phenomenon of cus-
tomers playing the key role in motivating
firms for the eco-innovations creation in
Poland, but rarely taking part in the pro-
cess of elaborating these new solutions, can
be caused by the fact that environmentally
sound technologies awareness and market
in Poland are still pre-mature and relatively
new. As companies develop mainly in-
house solutions and do not seek for inter-
national cooperation in the phase of prod-
uct development, customers are strongly
motivated to look for the products that may
serve their needs on the domestic market.
It also should be taken into account that
the process of creation of many of the
products offered by the interviewed com-
panies started at the time of economic
transformation of the Polish market, when
the ability to seek for products abroad was
to some extent limited. This is the second
reason why there were some determined
customers who were more willing to work
together with the innovators on their prod-
ucts. The supply side of the market also
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Figure 4. Sources of eco-innovations: summary of the results of empirical research concerning sources
contributing to the development of product eco-innovations by companies-suppliers of environmen-
tally sound technologies in Poland compared with the literature and similar empirical studies of other

authors

Sources of innovations (Tidd, Besant, Pavitt, 2005)

+ Suppliers + Customers * Basic research
¢ In-house technological activities

L]

Sources of eco-innovations (Horbach, Rammer, Rennings, 2012)
* Market ¢+ Technology + Regulation
+ Firm specific factors

v v

Sources of eco-innovation in companies Sources of product eco-innovations in
representing environmental technologies Germany (Tiirpitz, 2003)
sector in the UK (Foxon et al., 2005; + Existing and future legal and normative
Demirel, Kesidou, 2011) requirements
* Regulation — early announcement of intended policies
+ Research and Development — product responsibility of the manufacturer
« Firm specific factors: + Technology potential
— innovation skills and knowledge + Market
— environmental organisational capabilities — satisfaction of existing customer needs
+ Interest in the technology and its environmental — satisfaction of anticipated customer needs
benefits — growing sensitivity for environmental issues in
» Expected future industry and market interest some market fields
+ Collaboration + Firm specific factors
« Strong international knowledge networks within — industry
the sector — size of enterprise

— corporate culture and attitude towards
ecological issues

— commitment and involvement of employees

— knowledge resources

Y

Sources contributing to the development of product eco-innovations by companies-suppliers
of environmentally sound technologies in Poland (results of ¢mpirical research)

Research
- companies’ knowledge and skills
- employees, engineers and specialists employed in the enterprise
- external research units in the field of commissioned works

Identification of market needs
- relationships with customers
- competition observation (from the industry or related industries)

Inspiration from the competition
- analysis of the functions offered by competitors’ products
- imperfections and flaws in the solutions offered by other companies
- inspiring product or solution
- inspiring way to solve a problem

Product order placed by the customer

Experience and skills of innovation developers
- scientific experience
- teaching experience
- experience of working in other companies, including high-tech companies

An initiative of academic stafl’

Willingness to stand out from the competition

Willingness to develop technology that would satisfy a large group of customers

Idea
- inspiration from internal environment
- inspiration from external environment

Explanations: Grey lines on the drawing (shown as tapering funnel) show a narrowed and more precise approach to
identifying sources, the transition from general to specific (from all sources of innovation to the sources of specific
types of innovations).

Source: Marczewska (2016, p. 165).
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seems to be an important source of inspira-
tion which led to the development of nov-
elties. In general, market research is seen
as highly important in the development of
eco-innovative products.

Another determinant that was found
to be important for the creation of eco-
innovations in Poland lies inside the com-
pany. Firm specific factors including the
resources gathered in the company played
a significant role in Polish enterprises.
The respondents have noted that the most
important of these factors is the knowledge
and experience of employees and inven-
tors of an eco-innovation. In many cases
people who contributed to the develop-
ment of environmentally friendly technolo-
gies were former or current academics and
also had an experience in multinational
and domestic environmental industry or
advanced technology firms. At this point,
in the case of Polish companies, two groups
of determinants of eco-innovative activity,
technology and firm specific factors, coin-
cide with each other as in many cases the
previous experience of inventors highly
influenced the research carried out in the
company.

The regulatory aspect has not been
listed as a determinant of eco-innovations
by any of the 40 Polish companies-suppli-
ers of environmentally sound technologies.
The evidence provided by the research
is according to this aspect in opposition
to the findings of Brunnermeier and
Cohen (2003), Rennings (2000), Triguero,
Moreno-Mondéjar and Davia (2013) and
Horbach, Rammer and Rennings (2012).
However, this finding of the empirical
research could be justified bu the approach
proposed by Oltra (2008) and Cleff and
Rennings (1999), who claim that regulatory
aspect should be treated as supportive, to
market pull and technology push factors. In
the case of Polish companies, market and
technological determinants are the core
ones, so the lack of regulatory aspect in the
respondents’ interviews might be caused by
the fact that it does not directly influence
the creation of eco-innovations, but it is
only the support for other determinants,
as stated in the literature. Another pos-
sible explanation of this result comes from
the nature of eco-innovations considered.
Companies from the sample are suppliers
of environmentally sound technologies, so

new solutions developed by them are prod-
uct innovations. The regulatory aspect is
usually more important in the case of pro-
cess innovations (Ghisetti and Rennings,
2014; Horbach, 2008).

6. Conclusions and Future Research
Directions

The results of the study rely on its origi-
nal contribution about the drivers and basic
characteristics of one type of eco-innova-
tion (product eco-innovation) developed
by a sample of specific market players, i.e.
companies-suppliers of environmentally
sound technologies. The explorative study
of motivations and determinants for the
development of eco-innovation in Pol-
ish companies is performed partly in the
context of an economy in transition. From
a pan-European perspective, the topic of
drivers for the development of eco-inno-
vations in Eastern European perspective
is highly needed. One of the major find-
ings is based on the national characteris-
tics of innovation activities in this country.
The restrictions on access to foreign green
products and environmental technologies
created an endogenous national capacity
that is currently used by (a sample of) firms
to successfully compete in the market. It is
worth noting that similar events happened
in the process of re-industrialization and
development of technological capabilities
in developing countries (c.f. Lall, 1987,
1992; Bell, 1984; etc.).

Based on the interviews conducted with
the selected 40 companies, it is possible
to specify the determinants and sources
of eco-innovative activity and the motiva-
tion for creating eco-innovations in Poland.
They are mainly market- and technol-
ogy-related factors. This conclusion is in
line with the studies emphasizing the role
of market, technology and firm specific fac-
tors as the determinants of eco-innovations,
but in opposition to the results supporting
the thesis that regulatory aspect is highly
important for the companies that create
and develop environmentally friendly nov-
elties.

The paper also shows that the main
motivation and inspiration of eco-inno-
vative activity in Poland is the market
behaviour of competitors. More than half
of the companies from the sample state
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that they drew inspiration from similar
solutions developed by other companies.
However, in most cases the inspiration
was not aimed at copying existing success-
ful ideas, but gaining knowledge about
their features and weaknesses. At the
same time, 27 of interviewed enterprises
in their eco-innovation activity rely mainly
on their own internal R&D activity. Just
a few enterprises declare that there is some
cooperation with universities and research
organizations. New ideas developed by
research institutions are rarely used by the
companies.

Furthermore, there is a high pressure
coming from policy makers on enterprises
to implement ecological solutions, partly
induced by the European Union policy.
There is also a growing flow of public funds
supporting eco-innovativeness. However,
awareness about the need to be eco-effi-
cient is still relatively low among Polish
enterprises.

The results (and overall findings of the
paper) should be treated as explorative.
The reason for this is that its discussion
and conclusions are based on a sample of
40 company-level interviews. Hence the
level of generalization of results needs to
be carefully established.

Since the evidence of this research can-
not be applied to the whole population of
companies, because the interviewed popu-
lation included the suppliers of their own,
advanced environmentally sound tech-
nologies in Poland, while amongst other
enterprises from the sector, there are also
distributors of technologies or manufac-
turers of less advanced solutions, there is
a need for further research of this com-
plex phenomenon. The next step of such
study could be multiple case study research
on the basis of which it will be possible to
discover and analyse in depth the reasons
why some determinants are more impor-
tant than others, and explain the lack
of the regulatory aspect amongst these
factors.

Footnote

I The work has been supported by the Polish
National Science Centre (pl. Narodowe Cen-
trum Nauki) funds allocated with the decision
DEC-2014/12/T/HS4/00311.
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