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Abstract: The development of eco-innovation activities performed by enterprises remains one of the
key challenges of sustainable development. In modern economies, the implementation of innova-
tive technological solutions should also take into account performing eco-innovation activities by
enterprises. The aim of the research was to assess the involvement level of small and medium-sized
enterprises in eco-innovation activities, regarding the implementation of actions for the effective
management of resources and the implementation of sustainable products, against the background of
their involvement in innovation activities related to the implementation of product innovations and
business processes, as well as the assessment of spatial-temporal diversity and trends for changes in
this regard. The spatial scope of the research addresses 27 European Union countries, and the time
scope of the research covers the years 2013–2020. The methods of multivariate statistical analysis,
with particular emphasis on classification methods, were used in the research. The main finding of
the research is the division of the European Union countries into three types of classes, including the
countries assessed as: (1) poor eco-innovators and moderate innovators; (2) moderate eco-innovators
and poor innovators; and (3) leaders of eco-innovation and innovation. The conducted research
shows that SMEs in the European Union countries are much less involved in eco-innovation ac-
tivities than in innovation ones; the level of involvement in eco-innovation can be divergent from
that of involvement in innovation. Moreover, the involvement in eco-innovation does not show an
upward trend.

Keywords: eco-innovation activities; innovation activities; typology of the European Union coun-
tries; sustainability

1. Introduction

The economic development of mankind reveals various correlations occurring between
a human being and the surrounding nature. In the times of gathering and hunting, we
were completely dependent on the natural environment. The goods of nature determined
our existence and we had no influence on the processes taking place in the components of
nature. We started changing the world around us along with moving on to the agrarian
era. Cultivation of land and animal husbandry initiated the process of subordinating
nature to human needs. This interference gained importance in the industrial era. The
exploitation of mineral deposits, the development of steel industry and metallurgy, the
age of steam and electricity, the emergence of industrial districts including high-tech,
and the related urbanization placed man at the epicenter of nature. The dynamic socio-
economic development intensified anthropopressure in its worst dimension—in the form
of degradation and devastation of the natural environment. The information age—initiated,
i.e., by the invention of the Internet—resulted in geometric technological progress, however,
did not contribute to satisfactory slowdown in the natural environment destruction, even
though due measures were taken up in this respect (sustainable development).
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The development of civilization within the economic epochs of mankind, and also
between them, was constantly connected with the search for and the implementation of
new or significantly improved solutions, i.e., innovations. Many of them were focused
on a human being and the narrowly approached quality of life—consumption without
harmony with care for the condition of the natural environment. In consequence, significant
problems emerged, such as air pollution, ozone hole, acid rain, the greenhouse effect,
weather anomalies, urban smog, soil acidification and depletion, post-mining excavations,
slag heaps, surface water pollution, degradation of flora and fauna habitats, or lowering of
the groundwater table.

Innovations have certainly contributed to the improvement of the living standard,
ensuring intensive economic growth but, at the same time, bringing about extensive
degradation of the natural environment. New or significantly improved solutions have
to offer a remedy to this problem, which requires taking a non-traditional approach to
innovation. This postulate includes eco-innovations which articulate sensitivity to the
natural environment.

In accordance with the concept of sustainable development, enterprises should per-
manently implement product and process eco-innovations in order to minimize damage
to the natural environment [1,2]. It is equally important that similar activities are imple-
mented by their business partners, which can, in turn, contribute to the construction of
an eco-innovation network [3,4]. In this way, consumer behavior can also be changed by
opening it to environmental awareness.

Eco-innovations—synonymously: ecological innovations, green innovations, sustain-
able innovations, environmental innovations [5–7]—are perceived as one of the innovation
types which determines:

� Generating benefits (added value) for the entrepreneur and the consumer along with
reducing negative impacts on the environment [8–10];

� Creating new business opportunities and environmental benefits [11–13];
� Harmonization with the idea of sustainable development [14–16];
� Reduction of negative impacts on the natural environment along with achieving the

specific environmental performance [17–23];
� Taking into account both social and environmental issues [24];
� Creating benefits for the environment comparing to alternative solutions [25–27];
� Contributing to ecological balance [28];
� Reducing environmental risk throughout the life cycle in relation to alternative solu-

tions [29,30];
� The lowest harmful consequences to physical, biological and cultural systems [31];
� Optimizing the satisfaction of human needs and ensuring a better quality of life, while

taking into account the aspects of environmental protection [32];
� The emergence of external social benefits resulting from the innovating R&D activities [33];
� Improvement of ecological parameters of products and processes [34,35];
� Striving to reduce burdens on the environment [36,37].

Among the characteristics distinguishing eco-innovations from innovations, the features
related to the natural environment clearly dominate, however, additional components are also
present, which combine green innovations with benefits for the entrepreneurs. In such a situation,
sustainable innovation is motivated by both environmental and economic reasons [29,38,39].
This merge does not always take place because various types of regulations are frequently the
primary inspiration and the driving force for eco-innovations [40–43]. It also happens that
pro-ecological solutions are not clearly dedicated to the needs of environmental protection
and are based on typical business objectives, such as cost reduction or product quality
improvement. In this context, it is worth noting that an eco-innovation is not determined
by the intention but by the environmental result [44–47]. Thus, the term eco-innovation can
cover both the environmentally-motivated innovations and business innovations beneficial
for the environment in which the pro-ecological effect remains a side effect [48]. In addition,
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eco-innovations are not located in the business sphere alone (e.g., product innovations),
but also include innovations in social and institutional structures [49].

Sensitivity to natural environment represents the essential determinant of green inno-
vations, even when attempting to reach the consensus between environmental, business,
and consumer needs. The definitions of eco-innovation indicating the need to create bene-
fits in the triad: natural environment–innovators–recipients of innovation do not seem to
exclude the situation of mutual concessions made by entrepreneurs and consumers for the
natural environment. Ultimately, any benefit to the natural environment works to the ad-
vantage of humans. It is obvious that comprehensive added value is the best eco-innovation
implementation scenario (win–win). Within its framework, companies can increase their
competitiveness while caring for the natural environment [50,51], ensuring harmony be-
tween their own economic goals and the concept of sustainable development [52–54].

Categorizing eco-innovation as an innovation combined with environmental aware-
ness creates a different perspective on the life cycle of new or significantly improved
solutions. Green innovation should be characterized, i.e., by durability and the possibility
of regeneration [55], susceptibility to recycling [56,57], low material and energy consump-
tion, as well as waste minimization [58]. Moreover, its impact on the environment can be
assessed using such criteria as: the level of gas emission and air pollutants, the degree of
water pollution, noise intensity, or the scale of soil degradation [59].

The criterion of benefits for the natural environment is of significant importance among
the components of the eco-innovation definition. A benefit is a fairly general concept,
certainly associated with added value, however, difficult to be explicitly estimated. In this
calculation, as in [25]—alternative solutions can be adopted as a reference basis. It remains
an open question whether to consider them from the perspective of an entity implementing
green innovation and its impact on the natural environment (partial comparisons), or
taking a holistic approach, i.e., against the background of all possible pro-environmental
solutions (comprehensive comparisons). In this matter, it seems reasonable to combine
partial and comprehensive comparisons. The first of them allows identifying added value
within a given entity and its environment, whereas the second is necessary to determine
the importance of the implemented solution.

The gradation of eco-innovation importance leads to the distinction of breakthrough
solutions that significantly reduce the negative environmental effects as well as incremental
solutions slightly reducing the harmful environmental impacts [60]. Each of them is
desirable from the viewpoint of protection and restoration of the natural environment,
although the greatest benefits are, beyond any doubt, brought about by the breakthrough
eco-innovations (e.g., quitting the coal-based economy).

A diverse approach to eco-innovation indicates that understanding the nature of
sustainable innovation requires taking a multidimensional approach [61,62]. The char-
acteristics of green innovations emphasizing their sensitivity to the natural environment
can be treated as the features distinguishing them from innovations, or in the category of
supplementing the contemporary definitions of new or significantly improved solutions.
Taking the first approach, it has been adopted that innovations can be positive, neutral, or
negative in relation to the natural environment [63,64], while the second one assumes that
they have to take into account environmental issues. This problem seems to be part of the
debate addressing mutual relationships between innovations and eco-innovations [65–69].
Summing up the discourse in this area, green innovations do not replace the term of inno-
vations, but, as previously mentioned, represent only one of the types of innovations. This
approach covers:

� Definitions of eco-innovation, in which green innovation is a category of innovation
characterized by specific features;

� Discussion highlighting the difference between eco-innovation and innovation;
� Concepts identifying the categories of new or significantly improved solutions, the

implementation of which either intentionally or unintentionally aims to protect the
environment.
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The perception of eco-innovation as a different category of innovation results in iden-
tifying not only the separate features of these concepts, but also the common ones. Both of
these ideas can be analyzed in terms of a process and a result. Taking the first approach, their
semantic dimension covers all activities related to the development and implementation of
new or significantly improved solutions (the synonym of innovation activity), while the
second comes down to the result of innovation activity, i.e., the implementation of specific
innovations or eco-innovations. This differentiation seems to correspond with a holistic and
resultant statistical approach to innovation and eco-innovation. The Summary Innovation
Index (SII) groups the indicators, which characterize not only the results of innovation
activity (innovators), but also the factors and the environment supporting these processes
(e.g., human resources, research systems, innovation-friendly environment, finance and
support). A similar approach can be noticed in the construction of the Eco-Innovation Index
(EII). Its components also determine the results of innovation activities (e.g., enterprises
that introduced an innovation with environmental benefits obtained within the enterprise,
enterprises that introduced an innovation with environmental benefits obtained by the
end user), as well as the factors responsible for this success (e.g., total R&D personnel and
researchers, eco-innovation related patents, employment in eco-industries).

The examples of SII and EII component indicators describing the effects of innovation
processes through the number of innovators and eco-innovators do not exhaust the list of
measures characterizing the results of innovation activities under the Summary Innovation
Index and the Eco-Innovation Index. Innovations in terms of their results are also illustrated
by, “sales impacts”, for example, while eco-innovations by exports of products from eco-
industries, turnover in eco-industries. It is worth noting, however, that the justifiable
pressure on innovation—and primarily eco-innovation—should cover as many enterprises
as possible, because the prevalence of new or significantly improved solutions seems
to influence the economy competitiveness and the degree of its neutrality regarding the
natural environment. In this perspective, the features/indicators describing the effects
of innovation activity as the number of entities that implemented innovations and/or
eco-innovations, i.e., innovators and eco-innovators, are of particular importance. At the
same time, distinguishing between these concepts may raise doubts as to the ecological
effect of some innovations—e.g., a new product packaging may be an innovation that
remains in disharmony with eco-innovation.

In the presented study, an attempt was made to determine:

� Are small and medium-sized enterprises operating in the EU countries characterized
by a similar intensity of eco-innovation implementation compared to the intensity of
innovation implementation?

� Does the innovation and eco-innovation activity of SMEs in the analyzed area show
spatial-temporal diversity and a growing trend for changes?

Unlike in the EU reports, in this study, the authors have adopted as the classification
basis only the results of small and medium-sized enterprise operations in terms of the
following processes:

– Eco-innovation (2 out of 16 indicators making up the aggregate Eco-Innovation Index
(Eco-I), i.e., the implementation of resource efficiency actions and the implementation
of sustainable products were taken into account);

– Innovation (2 out of 27 indicators making up the Summary Innovation Index (EII),
i.e., SMEs with product innovations and SMEs with business process innovations were
taken into account).

The originality of this study results from focusing on SMEs innovators and eco-
innovators alone, i.e., the entities which have implemented new or significantly im-
proved solutions.



Sustainability 2022, 14, 1970 5 of 19

2. Materials and Methods

The information used in the research was based on statistical information from the
Eco-Innovation Observatory and the European Innovation Scoreboard databases.

The research covered eco-innovation activities—indicators developed by the Eco-
Innovation Observatory, the initiative financed by the European Commission’s Directorate-
General for the Environment, which defines the extent to which companies in a given
country are active in eco-innovation:

� REA—implementation of resource efficiency actions in SMEs as % of SMEs with no
following actions, few actions, some actions, many actions (on the list of 8 resource
efficiency actions). We have assigned the score from 0 to 3 to each of these groups and
calculated the score per country as follows: Score per country = 0 * (% of SMEs with
no action) + 1 * (% of SMEs with few actions) + 2 * (% of SMEs with some actions) + 3 *
(% of SMEs with many actions);

� SP—implementation of sustainable products in SMEs) as % of SMEs that have imple-
mented actions to design products which are easier to maintain, repair, or reuse (end
user focus).

Eco-innovation activities in the field of resource efficiency actions (included in the
REA index) cover:

(1) Saving water;
(2) Saving energy;
(3) Using predominantly renewable energy (e.g., including own production through solar

panels, etc.);
(4) Saving materials;
(5) Minimizing waste;
(6) Selling scrap material to another company;
(7) Recycling, by reusing material or waste within the company;
(8) Designing products that are easier to maintain, repair or reuse;
(9) Other.

Both of these indicators measure the activity of small and medium-sized enterprises
that introduced innovations with environmental benefits; in the case of the REA index, they
refer to the benefits obtained within the enterprise, and, in the case of the SP index, the
benefits achieved by the end user [70].

The indicators included in the revised measurement framework for the EIS 2021 under
the sub-index innovation activities and dimension innovators were used to measure the
innovation activity of enterprises in the examined European Union country:

� PI—SMEs with product innovations (% share);
� BPI—SMEs with business process innovations (% share).

Compared to the EIS 2020 the definition of both indicators has changed: the first
indicator is now focused on product innovations, and the second on business process
innovations, combining process, marketing, and organizational innovations [71].

The spatial scope of empirical research was determined by the availability of statistical
data. The research addresses all European Union countries as of 2020. The time scope of
the research covers the years 2013–2020.

As the above discussion shows, the study is focused on small and medium-sized
enterprises—eco-innovators and innovators—operating in the European Union countries.

The applied research methods were selected for the research purposes, i.e., the as-
sessment of the involvement level of small and medium-sized enterprises operating in the
European Union countries in eco-innovation activities, against the background of their
involvement in innovation activities, as well as the assessment of spatial-temporal diversity
and trends for change in this respect.

The research used the broadly approached methods of multivariate statistical analysis,
including econometric models of the development trend, data classification methods,
with particular emphasis on Ward’s hierarchical classification method, and the k-means
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clustering method. Statistica ver. 13.1 package was used to calculate and visualize the
research findings.

The research was carried out according to the described below research procedure
consisting of seven stages.

Stage 1. Construction of the development trend models for:

� Eco-innovation activity index—implementation of resource efficiency actions in SMEs
as % of SMEs (REA);

� Eco-innovation activity index—implementation of sustainable products in SMEs as %
of SMEs (SP);

� Innovation activity index—SMEs with product innovations as % of SMEs (PI);
� Innovation activity index—SMEs with business process innovations as % of SMEs

(BPI) in the European Union countries (EU 27) in 2013–2020.

The problem of developing econometric models, including trend models, was ad-
dressed in the studies [72,73].

The analytical form of the trend function was selected using the heuristic method of
successive approximations.

Stage 2. Comparative analysis and diversity assessment of the European Union
countries in 2013–2019, using basic descriptive parameters and their visualization using
box charts regarding the distribution of values of the eco-innovation activity indexes: REA
and SP and the innovation activity indexes PI and BPI.

Stage 3. Construction of the block matrix X for the eco-innovation and innovation
activity index values taking the form:

X =
[
XREA ...XSP...XPI ...XBPI ](Nx4T) = [xREA

it
...xSP

it
...xPI

it
...xBPI

it ](Nx4T) (1)

where:

XREA, XSP, XPI , XBPI—matrix of values for the eco-innovation activity indexes REA and
SP and the innovation activity indexes PI and SPI, respectively.
xREA

it , xSP
it , xPI

it , xBPI
it —value of the eco-innovation activity indexes REA and SP and the

innovation activity indexes PI and SPI in i-th object and t-th analyzed period, respectively.
i = 1, . . . , N—number of the analyzed object (country),
t = 1, . . . , T—number of the analyzed period.

Stage 4. Construction of the block matrix Z for the normalized index values of eco-
innovation REA and SP and innovation PI and SPI activities, which is preceded by defining the
reference value of the analyzed indicators and applying the selected standardization formula.

The description of the normalization of variables and the applied properties is pre-
sented in the following studies [74].

All the analyzed indicators represent stimulants, which means that their higher values
are desirable as they inform about higher involvement of a given object (country) in the
eco-innovation or innovation activities, respectively.

The values of examined indicators were normalized to zero [cf. Formula (2)] to
standardize their order of magnitude:

zS
it =

xS
it −min

i
xS

it

RS
t

(2)

where:

S ∈ {REA, SP, PI, BPI},
zS

it—normalized value of S indicator for i-th object in t-th analyzed period,
xS

it —value of S indicator for i-th object in t-th analyzed period,
RS

t —range of S indicator values in t-th analyzed period.
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Block matrix Z for the normalized values of eco-innovation activity REA and SP and
innovation activity PI and SPI indexes takes the following form:

Z = [ZREA...ZSP...ZPI ...ZBPI ](Nx4T) = [zREA
it

...zSP
it

...zPI
it

...zBPI
it ](Nx4T) (3)

where:

ZREA, ZSP, ZPI , ZBPI —matrix for the normalized values of the eco-innovation activity
indexes REA and SP and the innovation activity indexes PI and SPI, respectively.
zREA

it , zSP
it , zPI

it , zBPI
it —normalized values of the eco-innovation activity indexes REA and

SP and innovation activity indexes PI and SPI in i-th object and t-th analyzed period.

Stage 5. Selection of the optimal number of country classes based on the dendrogram
of connections, integration distances, and classification stages obtained following the
application of the hierarchical classification method. The classification using Ward’s method
was preceded by determining the squared Euclidean distance between the studied EU
countries according to the analyzed indicators of eco-innovation and innovation activities.
More information on the classification methods can be found in the studies [75,76].

Stage 6. Division of the EU countries into the relatively homogeneous classes us-
ing k-means clustering (the number of classes was determined in the previous stage of
the analysis).

Stage 7. Determining the typology and characteristics for the obtained classes of the
EU countries in terms of eco-innovation and innovation activity indexes for small and
medium-sized enterprises.

3. Results

Figure 1 presents the course of variation, the analytical form, and the fit level to
the dispersion of empirical points of the trend models, which constitute the basis for
assessing the current trends of changes regarding the involvement of small and medium-
sized enterprises in eco-innovation and innovation activities carried out in the European
Union (EU27).
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Figure 1. Development trends of the eco-innovation activity indexes: REA and SP and innovation
activity indexes: PI, BPI in the European Union countries in 2013–2020. Source: authors’ compilation
based on the Eco-Innovation Index 2021 database (where: REA—implementation of resource efficiency
actions in SMEs (% of SMEs); SP—implementation of sustainable products in SMEs (% of SMEs);
PI—SMEs with product innovations (% of SMEs); BPI—SMEs with business process innovations
(% of SMEs)).

For all the analyzed indicators of eco-innovation and innovation activity, the second-
degree polynomial turned out to be the best fit analytical form of the trend function in
2013–2020. The degree of models’ fit to empirical data was verified using the coefficient of
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determination R2 and the significance of structural parameters. For the significance level
α = 0.05 structural parameters of the constructed models for the indicators: implementation
of sustainable products in SMEs (SP), SMEs with product innovations (PI), and SMEs with
business process innovations (BPI) turned out to be significant (p < 0.05). Only in the case
of the trend model for the implementation of resource efficiency actions index in SMEs
(REA), all parameters of the model turned out to be insignificant, which means that in the
period under study no trend to change emerged in this case. As shown in Figure 1, on
average, there are very large differences between the share of small and medium-sized
enterprises in the EU related to the implementation of product and process innovations
and the implementation of resource efficiency actions and also the implementation of
sustainable products, to the detriment of the latter. In addition, a clear growing tendency
can be noticed only in the case of PI and BPI innovation activity indexes.

Tables 1 and 2 and Figure 2 present descriptive parameter values of the eco-innovation
activity indexes, REA and SP, respectively, determined separately for each analyzed period
in 2013–2020.

Table 1. Descriptive parameters of the eco-innovation activity index—implementation of resource
efficiency actions in SMEs as % of SMEs (REA) in 2013–2020.

Parameter 2013 2014 2015 2016 2017 2018 2019 2020

min
0.81 0.81 0.81 0.81 0.81 0.81 0.57 0.57
EE EE EE EE EE EE EE EE

max 2.59 2.59 2.59 2.59 2.24 2.24 2.21 2.21
ES ES ES ES PT PT PT PT

R 1.78 1.78 1.78 1.78 1.43 1.43 1.64 1.64
Md 1.84 1.84 1.84 1.84 1.77 1.77 1.68 1.68

x 1.81 1.81 1.81 1.81 1.69 1.69 1.64 1.64
Q1 1.61 1.61 1.61 1.61 1.40 1.40 1.41 1.41
Q3 2.06 2.06 2.06 2.06 1.98 1.98 1.94 1.94
CV 22.20 22.20 22.20 22.20 20.91 20.91 25.15 25.15
Sk −0.212 −0.22 −0.22 −0.22 −0.65 −0.65 −0.30 −0.30

Where: EE—Estonia, ES—Spain, PT—Portugal, R—Range; Md—Median; x—Arithmetic Mean; Q1, Q3—first
and third Quartiles; CV—Coefficient of Variation (%); Sk—Coefficient of Skewness. Source: authors’ compilation
based on the Eco-Innovation Index 2021 database.

Table 2. Descriptive parameters of the eco-innovation activity index values—implementation of
sustainable products in SMEs as % of SMEs (SP) in 2013–2020.

Parameter 2013 2014 2015 2016 2017 2018 2019 2020

min
0.09 0.09 0.09 0.09 0.09 0.09 0.05 0.05
EE EE EE EE EE EE EE EE

max 0.52 0.52 0.52 0.52 0.52 0.52 0.42 0.42
PT PT PT PT PT PT PT PT

R 0.42 0.42 0.42 0.42 0.42 0.42 0.37 0.37
Md 0.19 0.19 0.19 0.19 0.19 0.19 0.23 0.23

x 0.22 0.22 0.22 0.22 0.22 0.22 0.21 0.21
Q1 0.14 0.14 0.14 0.14 0.14 0.14 0.16 0.16
Q3 0.29 0.29 0.29 0.29 0.29 0.29 0.27 0.27
CV 46.24 46.24 46.24 46.24 46.24 46.24 44.86 44.86
Sk 0.86 0.86 0.86 0.86 0.86 0.86 −0.56 −0.56

Where: EE—Estonia, PT—Portugal, R—Range; Md—Median; x>—Arithmetic Mean; Q1, Q3—first and third
Quartiles; CV—Coefficient of Variation (%); Sk—Coefficient of Skewness. Source: authors’ compilation based on
Eco-Innovation Index 2021 database.
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Figure 2. Box plot for the eco-innovation activity indexes: REA and SP for the EU countries in
2013–2020. Source: authors’ compilation based on the Eco-Innovation Index 2021 database (where:
REA—implementation of resource efficiency actions in SMEs (% of SMEs); SP—implementation of
sustainable products in SMEs (% of SMEs)).

As can be seen based on Figure 2, in 2013–2020 there are clear disproportions in the
European Union countries between the share of SMEs in the implementation of resource
efficiency actions (REA) and the implementation of sustainable products (SP). The REA
eco-innovation activity index is characterized by the significantly higher values of the
median and the arithmetic mean than the SP index. Estonia recorded the lowest REA and
SP values of eco-innovation indexes in the entire analyzed period. In 2013–2016, it was an
outlier regarding the share of enterprises implementing sustainable products, which was
only 0.81%. The largest portion of enterprises who implemented resource efficiency actions
was in 2013–2016 in Spain, and in 2017–2020 in Portugal. Portuguese SMEs also had the
largest share in the implementation of sustainable products.

In the analyzed period, the decrease in average values of both eco-innovation indexes
was observed. The differences in the EU countries regarding REA values measured by
the coefficient of variation were not very large, however, showed an increasing tendency
from 22.20% in 2013 to 25.15% in 2020. In the case of REA index, the values of the median,
the first quartile, and the third quartile declined over the years. In 2013, in half of the EU
Member States, the share of SMEs implementing resource efficiency actions did not exceed
1.84%, whereas in 2020 it was lower than or equal to 1.6%. Throughout the analyzed period,
the values of the indicator showed negative skewness, along with its fluctuating intensity.
It means that the majority of countries were characterized with a higher-than-average
share of SMEs in the implementation of resource efficiency actions. The implementation of
sustainable products in SMEs presented a very high variation, ranging from 46.24% in 2013
to 44.86% in 2020, as well as strong skewness of a fluctuating nature. In 2013–2018, a strong
positive skewness was observed, which informs that in most of the analyzed countries the
value of SP index was lower than the average value. Negative skewness was recorded in
2017–2020.

Tables 3 and 4 and Figure 3 present descriptive parameter values of the innovation
activity indicators for small and medium-sized enterprises, PI and BPI, respectively.
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Table 3. Descriptive parameters of the innovation activity index values—SMEs with product innova-
tions as % of SMEs (PI) in 2013–2020.

Parameter 2013 2014 2015 2016 2017 2018 2019 2020

min
2.84 2.84 2.84 3.20 3.20 3.03 3.03 3.03
RO RO RO RO RO RO RO RO

max 34.55 34.55 34.55 34.24 34.24 41.58 41.58 48.88
DE DE DE IE IE FI FI EE

R 31.71 31.71 31.71 31.04 31.04 38.54 38.544 39.52
Md 22.81 22.81 22.81 23.30 23.30 24.09 24.09 30.40

x 20.53 20.53 20.53 21.17 21.17 23.14 23.14 29.20
Q1 11.92 11.92 11.92 11.17 11.17 14.33 14.33 22.38
Q3 27.57 27.57 27.57 28.21 28.21 30.22 30.22 35.61
CV 42.24 42.24 42.24 43.33 43.33 43.09 43.09 36.44
Sk −0.79 −0.79 −0.79 −0.70 −0.70 −0.29 −0.29 −0.34

Where: RO—Romania, DE—Germany, IE—Ireland, FI—Finland, EE—Estonia, R—Range; Md—Median; x—
Arithmetic Mean; Q1, Q3—first and third Quartiles; CV—Coefficient of Variation (%); Sk –Coefficient of Skewness.
Source: authors’ compilation based on the European Innovation Scoreboard 2021 database.

Table 4. Descriptive parameters of the innovation activity index values—SMEs with business process
innovations as % of SMEs (BPI) in 2013–2020.

Parameter 2013 2014 2015 2016 2017 2018 2019 2020

min
16.40 16.40 16.40 10.11 10.11 7.88 7.88 7.57

PL PL PL RO RO RO RO RO

max 49.64 49.64 49.64 49.18 49.18 54.59 54.59 65.62
LU LU LU BE BE PT PT CY

R 33.24 33.24 33.24 39.06 39.06 46.71 46.71 58.05
Md 34.73 34.73 34.73 34.96 34.96 36.59 36.59 39.44

x 33.54 33.54 33.54 32.41 32.41 34.75 34.75 39.01
Q1 26.14 26.14 26.14 25.17 25.17 26.62 26.62 28.34
Q3 40.16 40.16 40.16 39.72 39.72 42.47 42.47 49.87
CV 26.94 26.94 26.94 34.36 34.36 33.69 33.69 37.05
Sk −0.39 −0.39 −0.39 −0.69 −0.69 −0.47 −0.47 −0.09

Where: PL—Poland, RO—Romania, LU—Luxembourg, BE—Belgium, PT—Portugal, CY—Cyprus, R—Range;
Md—Median; x—Arithmetic Mean; Q1, Q3—first and third Quartiles; CV—Coefficient of Variation (%); Sk—Coefficient
of Skewness. Source: authors’ compilation based on the European Innovation Scoreboard 2021 database.
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Figure 3. Box plot for the innovation activity indexes: PI and BPI of the EU countries in 2013–2020.
Source: authors’ compilation based on the European Innovation Scoreboard 2021 database (where:
PI—SMEs with product innovations (% of SMEs); BPI—SMEs with business process innovations
(% of SMEs)).
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As shown in Figure 3, the EU countries are characterized by higher median values
regarding the participation of enterprises with business process innovations than with
product innovations. Moreover, the median values for both indicators show a clear upward
trend. In 2013, in 50% of the analyzed countries the share of SMEs with product innovations
(PI) was lower than or equal to 22.81%, while in 2021 it did not exceed 30.40%. The median
of SMEs with business process innovations (BPI) in 2013 was 34.73%, while in 2020 it
reached 39.44%. The minimum values of PI index, oscillating around 3% in the entire
analyzed period were observed in Romania, and the maximum values were recorded in
Germany—34.55% in 2013–2016, in the subsequent years, until 2017 in Ireland (34.24%),
next until 2019 in Finland (41.58%), and in 2020 in Estonia (48.88%).

The EU countries are characterized by high, however, declining variation over time in
terms of the % of SMEs with product innovations. The coefficient of variation throughout
the analyzed period, except for 2020, exceeded 42%. In 2013–2020, the participation
coefficient of SMEs with product innovations was characterized by negative skewness of a
decreasing intensity, so the countries with PI values higher than the arithmetic mean were
the predominating ones. The minimum value of BPI index in 2013–2015 was characteristic
for Poland, and in 2016–2020 for Romania. The highest share of SMEs with business process
innovations occurred in Luxembourg (33.24%) in 2013–2015, in Belgium (39.06%) in 2016–
2017, in Portugal (54.59%) in 2018–2019, and in Cyprus (65.62%) in 2020. The dispersion of
countries in terms of the BPI innovation index was clear and increased over time. The CV
coefficient of variation was 26.94% in 2013 and went up, reaching 37.05% in 2020. Negative
skewness was observed throughout the analyzed period; the majority of the EU countries
showed higher than average values of BPI index.

Figure 4a,b presents the dendrogram of connections, integration distances, and classi-
fication stages obtained as a result of applying Ward’s hierarchical classification method,
using squared Euclidean distance.
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Figure 4. (a) Dendrogram describing the hierarchical clustering analysis using Ward’s method
for the EU countries; (b) Integration distances and classification stages using Ward’s method for
the EU countries. Source: authors’ compilation based on the Eco-Innovation Index 2021 database
and the European Innovation Scoreboard 2021 database using STATISTICA 13.1 package. Codes
for EU countries: Austria (AT), Belgium (BE), Bulgaria (BG), Cyprus (CY), Czech Republic (CZ),
Germany (DE), Denmark (DK), Estonia (EE), Greece (EL), Spain (ES), Finland (FI), France (FR),
Croatia (HR), Hungary (HU), Ireland (IE), Italy (IT), Lithuania (LT), Luxembourg (LU), Latvia (LV),
Malta (MT), Netherlands (NL), Poland (PL), Portugal (PT), Romania (RO), Sweden (SE), Slovenia (SI),
Slovakia (SK).
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Based on the analysis of Figure 4, the EU countries were classified, according to the
values of REA and SP eco-innovation activity indexes and the PI and BPI innovation activity
indexes in 2013–2020, into three relatively homogeneous classes using k-means clustering.
The classification results are shown in Table 5 and Figure 5.

Table 5. Classification of the European Union countries according to the eco-innovation activity (REA
and SP) indexes and the innovation activity (PI and BPI) indexes.

Class
Number Class Name Class Composition Class

Size
Average

Distance from the
Middle of the Class

1

2013–2019
Catching-up eco-innovators
and average innovators Estonia, Greece, Croatia, Italy,

Cyprus, Lithuania, Slovenia 7 0.16
2020
Catching-up eco-innovators
and leaders of innovation

2
2013–2020
REA average—SP catching-up eco-innovators
and catching-up innovators

Bulgaria, Spain, Latvia, Hungary,
Poland, Romania, Slovakia 7 0.13

3

2013–2019
Leaders of eco-innovation and innovation Belgium, Czechia, Denmark,

Germany, Ireland, France,
Luxembourg, Malta, Netherlands,
Austria, Portugal, Finland, Sweden

13 0.152020
Leaders of eco-innovation
and average innovators

Where: REA—implementation of resource efficiency actions in SMEs (% of SMEs); SP—implementation of
sustainable products in SMEs (% of SMEs); PI—SMEs with product innovations (% of SMEs); BPI—SMEs with
business process innovations (% of SMEs). Source: authors’ compilation.
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Figure 5. Mean values of the normalized eco-innovation activity indexes: REA, SP and innovation
activity indexes: PI, BPI in the European Union countries in 2013–2020. Source: authors’ compilation
based on the Eco-Innovation Index 2021 database and the European Innovation Scoreboard 2021
database using STATISTICA 13.1 package (where: REA—implementation of resource efficiency
actions in SMEs (% of SMEs); SP—implementation of sustainable products in SMEs (% of SMEs);
PI—SMEs with product innovations (% of SMEs); BPI—SMEs with business process innovations
(% of SMEs)).

The most numerous 13 element class 3 of the EU countries includes the leaders of
eco-innovation and innovation in 2013–2019 and leaders of eco-innovation and average
innovators in 2020. This group covers 11 countries from the EU15 and two countries
from the so-called new enlargement: Czechia and Malta. The third class of EU countries
had the highest share of SMEs in the implementation of resource efficiency actions (REA)
and the implementation of sustainable products (SP) in 2013–2020, as well as the highest
share, except for 2020, of SMEs with product innovations (PI) and SMEs with business
process innovations (BPI). In class 3, Portugal is most distant from the middle of the
cluster (0.31), whereas Austria (0.10) is the least distant. The remaining classes are of
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the same size and group seven EU countries each. The first class includes catching-up
eco-innovators and average innovators in 2013–2019 and also catching-up eco-innovators
and leaders of innovation in 2020. Greece and Italy, as the EU15 countries, belong to this
class, the remaining five are the countries of the new EU enlargement. The countries from
this group are characterized by definitely the lowest, though increasing, share of SMEs
in the implementation of resource efficiency actions and the lowest, but similar to the
countries in class 3, share of SMEs in the implementation of sustainable products (SP). The
countries included in class 1 are characterized by an average (except for 2020), however,
increasing over time share of SMEs with product innovations and SMEs with business
process innovations. A significant improvement in eco-innovation indicators in 2020 and
overcoming class 3 in this respect is also characteristic for the first class. The first class
shows the longest average distance from the middle of the class. Estonia (0.26) is the
country in class 1 most distant from the middle of the cluster, while Cyprus is the closest to
the center of gravity (0.11). The second class consists of the countries which can be referred
to as REA average—SP catching-up eco-innovators and catching-up innovators. Apart
from Spain, it includes the countries of Central and Eastern Europe. The countries in this
group are characterized by average values of REA eco-innovation index and low values of
SP index and also by a very large distance from the countries in the first and the third class
regarding the values of both analyzed PI and BPI innovation activity indexes. Spain (0.23)
is the country most distant from the middle of the cluster in class 2, while Hungary (0.06) is
the closest to the center of the cluster.

Table 6 presents mean values of the examined eco-innovation (REA, SP) and innovation
(PI, BPI) activity indexes for small and medium-sized enterprises in the identified types of
classes in 2013–2020.

Table 6. Mean values of eco-innovation (REA and SP) and innovation activity (PI and BPI) indexes
for the identified types of classes of the European Union countries in 2013–2020 (%).

Class Name Mean
Values 2013 2014 2015 2016 2017 2018 2019 2020

Class 1

2013–2019: Catching-up eco-innovators
and average innovators

REA 1.41 1.41 1.41 1.41 1.36 1.36 1.34 1.34
SP 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15

2020: Catching-up eco-innovators
and leaders of innovation

PI 19.58 19.58 19.58 20.07 20.07 23.33 23.33 39.76
BPI 36.04 36.04 36.04 33.66 33.66 39.66 39.66 50.05

Class 2
2013–2020: REA average—SP catching-up
eco-innovators and catching-up innovators

REA 1.83 1.83 1.83 1.83 1.51 1.51 1.44 1.44
SP 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16
PI 9.03 9.03 9.03 8.88 8.88 10.35 10.35 14.74

BPI 21.53 21.53 21.53 18.33 18.33 18.63 18.63 18.87

Class 3
2013–2019: Leaders of eco-innovation
and innovation

REA 2.02 2.02 2.02 2.02 1.96 1.96 1.91 1.91
SP 0.29 0.29 0.29 0.29 0.29 0.29 0.28 0.28

2020: Leaders of eco-innovation
and average innovators

PI 27.25 27.25 27.25 28.38 28.38 29.93 29.93 31.29
BPI 38.65 38.65 38.65 39.31 39.31 40.79 40.79 43.90

Where: REA—implementation of resource efficiency actions in SMEs (% of SMEs); SP—implementation of
sustainable products in SMEs (% of SMEs); PI—SMEs with product innovations (% of SMEs); BPI—SMEs with
business process innovations (% of SMEs). Source: authors’ compilation based on the Eco-Innovation Index 2021
database and the European Innovation Scoreboard 2021 database.

The analysis of average values of eco-innovation and innovation activity indexes in
the cross-section of the identified classes allows for their more detailed description. In
class 3, the share of small and medium-sized enterprises in the implementation of resource
efficiency actions was the highest in the specified classes of countries and amounted to
2.02% in 2013, to decrease slightly and reach 1.91% in 2020. The lowest average value of
REA index was recorded for class 1 (from 1.41% in 2013 to 1.34% in 2020). Class 3 is also
characterized by the highest share of SMEs in the implementation of sustainable products
(SP), ranging from 0.29% to 0.28%. In class 1 this share in the entire analyzed period was
0.15%, remaining slightly lower than in class 2 (0.16% in 2013–2020). The average share
of SMEs with product innovations and SMEs with business process innovations in class
3 presented the level from 27.25% in 2013 to 31.29% in 2020 and from 38.65% in 2013 to
43.90% in 2020, respectively. In the specific class 1, in 2020 the PI and BPI indexes reached
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the highest level in all identified classes, taking the values of 39.76% SMEs and 50.05%
SMEs, respectively.

The research findings, which are worth emphasizing, differ from the classification of
the European Union countries based on the aggregate Eco-Innovation Index and the Sum-
mary Innovation Index. This results from the fact that in our research—in accordance with
the adopted research objective—only the selected indicators contributing to the aggregate
measures Eco-I and SII were considered. These discrepancies can be observed, e.g., in the
case of Malta, which in our classification is included in class 3—leaders of eco-innovation
and innovation in 2013–2019 and leaders of eco-innovation and average innovators in
2020, and from the perspective of the Eco-Innovation Index, it is classified among the Eco-I
catching-up countries.

4. Discussion

This article attempts to provide answers to the key research questions formulated in
the introduction:

� Are small and medium-sized enterprises operating in the EU countries characterized
by a similar intensity of eco-innovation implementation compared to the intensity of
innovation implementation?

� Does the innovation and eco-innovation activity of SMEs in the analyzed area show
spatial-temporal diversity and a growing trend for changes?

When searching for answers to the aforementioned questions, the research focused
on the involvement of small and medium-sized enterprises in eco-innovation activities,
consisting of the implementation of solutions resulting in increased efficiency of resource
management and introducing sustainable products to the economy. This approach allows
for consideration of the eco-innovation activities of small and medium-sized enterprises
not only from the perspective of their importance for the ecosystem, but also through
the prism of the place of creating environmental benefits. In the case of activities aimed
at the efficient management of natural resources, it is the enterprise where benefits for
the ecosystem are generated. It is not possible to overestimate the importance of efficient
resource management throughout their entire life cycle, i.e., from the moment of obtaining
them through to waste disposal. The eco-innovation activity of SMEs results in using
the resources in a sustainable manner, i.e., not only taking into account the aspects of
environmental protection, but also reducing the negative impact of human activity on
the environment.

The implementation of sustainable products brings about benefits for the end user,
consumer, or other sectors of the economy. A sustainable product, along with maintaining
its functionality, should meet environmental requirements, remain easy to maintain, and be
repairable and reusable as well as recyclable. In other words, it is a product which, after
leaving the place of production, is neutral from the climatic and environmental point of
view or contributes to the protection and restoration of the natural environment.

Small and medium-sized enterprises (employing from 5 to 249 employees) play a
significant role in the development of any market economy, stimulating economic de-
velopment and influencing a competitive position of the economy on the international
market. Therefore, special importance is attributed to eco-innovation activities performed
by SMEs, which can play a breakthrough role in modernizing the economy of the European
Union countries in harmony with the idea of sustainable development. In the context
of the European Union involvement in the implementation of sustainable development
strategy, it is particularly important to promote and strengthen the innovation-oriented
activities in harmony with the natural environment of humans, which means taking care
not only of the environmental neutrality but also the reconstruction of the degraded ele-
ments within ecosystems. This leads to the need for recognizing the primacy of ecological
innovations over technological innovations, which do not take into account the aspects of
sustainable development.
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In the years 2013–2020, the involvement of the EU countries in eco-innovation and
innovation activities was highly diverse. In 2013, on average, 1.81% of the European SMEs
implemented the resource efficiency measures, such as saving water, energy, using mainly
renewable energy, or recycling. In 2020, this share declined to the level of 1.64%. In the
entire analyzed period, Estonia recorded the lowest share of SMEs in the implementation
of resource efficiency actions (from 0.81% in 2013 to 0.57% in 2020). The most favorable
situation in this respect occurred in Spain (2.29%) and Portugal (2.24% in 2017–2018 and
2.21% in 2019–2020).

In the case of eco-innovation activities consisting in the implementation of sustain-
able products, the average involvement of SMEs in the EU countries was slightly higher,
amounting to 0.22% in 2013 and slightly lower in 2020 (0.21%).

The average share of SMEs with product innovations in 2013 reached 20.53% and
systematically increased up to the value of 29.20% in 2020. Romania was characterized
by an extremely low involvement in product innovations throughout the analyzed period
(2.84% in 2013 and 3.03% in 2020). The highest share of SMEs with product innovations
was observed in Germany, Ireland, Finland and Estonia (from 34.55% in 2013 to 48.88%
in 2020).

A larger average involvement of SMEs in innovation activities occurred in the case
of business process innovations. In 2013, on average, 33.54% of SMEs implemented this
type of activity in the EU countries, and their average involvement increased to 39.01% in
2020. In 2013–2015, Poland had the lowest share of SMEs with business process innovations
(16.4%) and, in 2016–2020, Romania (from 10.11% in 2013 to 7.7% in 2020).

The EU countries were characterized by the most extensive differences, measured by
the coefficient of variation, in terms of the implementation of sustainable products in SMEs
(from 46.24% in 2013 to 44.86% in 2020). The EU countries were slightly less diversified in
terms of SMEs % with product innovations (42.24% in 2013 and 36.44% in 2020).

Even smaller dispersion took place in the case of SMEs with business process innova-
tions. It presented the level of 26.94% in 2013 and continued to grow, reaching the value of
37.05% in 2020.

In 2013–2020, the EU countries were the least diversified in terms of the implemen-
tation of resource efficiency actions. In 2013, the coefficient of variation was 22.20% and
increased to 25.15% in 2020.

In 2013–2020, the EU27 showed a clear upward trend in the values of innovation activity
indexes (PI, BPI). The REA eco-innovation activity index did not present any tendency to
change (the structural parameters of the trend function turned out to be insignificant), while
the values of the SP eco-innovation activity index showed a downward trend.

When searching for an answer to the research question regarding the similarity in the
involvement level of the EU countries in eco-innovation and innovation activities, they
were divided into relatively homogeneous classes. The values of eco-innovation activity
indicators (REA, SP) and of innovation activity indicators (PI, BPI) in the entire period
covered by the study, i.e., the years 2013–2020, were adopted as the classification criteria.
The empirical findings indicate the absence of an explicit answer to this question. Three
classes of countries were distinguished and only the third class, grouping the leaders of
eco-innovation and innovation in 2013–2019 and the leaders of eco-innovation and average
innovators in 2020, showed similarities regarding the involvement in eco-innovation and
innovation activities, because this class included countries with the highest eco-innovation
and innovation activity in 2013–2019, however, the level of involvement was different.
The average share of SMEs in class 3 of the countries regarding eco-innovation activities
related to the implementation of resource efficiency actions (REA) and the implementation
of sustainable products (SP) did not exceed the values of 2.02% and 0.29%, respectively, and
was decreasing over the analyzed period. In turn, the average share of SMEs in innovation
activities in 2020 was 31.29% in the case of implementing product innovations (PI) and
43.90% in business process innovations (BPI), respectively. Moreover, this share showed an
increasing tendency throughout the entire period under study.
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In the other two classes of countries, no similar involvement of SMEs in eco-innovation
and innovation activities was observed. The first class group covers catching-up eco-
innovators and average innovators in 2013–2019 and catching-up eco-innovators and
leaders of innovation in 2020, while the second class covers REA average—SP catching-
up eco-innovators and catching-up innovators. In both classes, there are also analogical
disproportions regarding the values of eco-innovation (REA, SP) and innovation (PI, BPI)
activity indexes.

Following the conducted analyses based on reliable sources of secondary data collected
at the level of European institutions, it should be concluded that the activity of SMEs in the
implementation of resource efficiency actions and implementation of sustainable products
does not show a growing tendency, and the involvement level of SMEs operating in the
European Union countries in eco-innovation activities is lower than in innovation activities
not emphasizing environmental values. It is, therefore, necessary for the European Union
to continue efforts aimed at initiating innovation activities, programs, and strategies to
support the development of eco-innovation in the economies of the EU Member States, as
well as to continue work involving the development of further regulations stimulating, or
even forcing, higher involvement of enterprises in performing eco-innovation activities. It
also sets the perspective for future inquiries and research. It seems justified to continue
research studies focused on: the identification of factors enhancing and strengthening eco-
innovation activity, recognizing barriers to eco-innovation actions among the enterprises
implementing green innovations and not implementing such solutions, classifying and
searching for eco-innovation leaders, along with determining their success factors. The
indicated research directions may encounter limitations, because the sphere of public
statistics does not always offer an adequate set of data. For example, the gap in this regard
is related to information about the types of barriers to sustainable innovation perceived by
enterprises refraining from their implementation.

5. Conclusions

The following conclusions can be formulated based on the conducted empirical re-
search and source literature studies:

� The activities performed by SMEs in the implementation of resource efficiency actions
and the implementation of sustainable products did not show an increasing tendency
in 2013–2020; in 2013–2020 the EU countries were the least diversified regarding
the implementation of resource efficiency actions, and the most diversified in terms
of the implementation of sustainable products in SMEs; small and medium-sized
enterprises operating in the European Union countries showed a clearly lower level
of involvement in eco-innovation than in innovation activities;

� 13 European Union countries were qualified to the class of the leaders of eco-innovation
and innovation in 2013–2019 and the leaders of eco-innovation and average innovators
in 2020, such as: Belgium, Czechia, Denmark, Germany, Ireland, France, Luxembourg,
Malta, Netherlands, Austria, Portugal, Finland, and Sweden;

� The information age stimulated technological progress, but did not bring about radical
environmental changes in the form of a satisfactory implementation of sustainable
development concept; human economic activity continues to aggravate environmental
degradation and devastation, hence new or significantly improved solutions have to
result in the reduction of natural environment burdens and the reconstruction of its
degraded components;

� The clear dominance of innovation activity over eco-innovation is not conducive
to the sustainable development of the EU countries; it seems grounded to consider
redefining innovation towards harmonization of new or significantly improved solu-
tions with positive environmental changes; in practice it would mean replacing the
term innovation with the concept of eco-innovation;

� The enterprises, within the framework of corporate social responsibility, should
focus on the ongoing search for and the implementation of product and process
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eco-innovations in order to minimize negative impacts of the economy on natural
environment; it is justified to support the development of pro-ecological cooperation
chains as part of business cooperation;

� The processes for pro-ecological transformations of enterprises should be supported
by customer behavior, which requires raising and strengthening ecological awareness
in households; it can be achieved, i.e., by implementing specific incentive mechanisms;
it also seems indispensable to enforce new legal regulations imposing pro-ecological
solutions and business practices supporting sustainable development in the environ-
ment of enterprises and their clients;

� It seems necessary to ensure permanent monitoring of the existing eco-innovation
indicators, searching for new methods of measuring eco-innovation and improving
the system of acquiring statistical information at the European Union level.
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