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ABSTRACT: The aim of the article is to analyse the diversity of the level of eco-innovation in the EU
Member States in the field of resource efficiency. For this purpose, the resource efficiency outcomes
indicator and its sub-indicators were used. The study was prepared on the basis of data from the
General Directorate for the Environment. Using positional statistical measures, an analysis of the
diversification of the eco-innovation level of the European Union Member States in 2012-2021 was
carried out, and the trends of changes in this differentiation were identified. The analysis showed that
the difference between the level of eco-innovation in the indicators studied in the EU Member States
does not decrease, and there is still a very large difference between the most and the least innovative
countries. To date, we have not found this kind of research, so the research carried out fills the research
gap in this area.
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Introduction

The article discussed the problem of eco-innovation scoreboard in the Euro-
pean Union member states. Innovation is one of the most important factors
determining the development possibilities of any country, and eco-innovation is
a special type of innovation. Eco-innovations are innovations that lead to signifi-
cant and visible progress in environmental protection. Innovation plays an
important role in economic growth. Moreover, its role is now more significant
than traditional development factors such as land, capital and labour. Although
innovation does not play a decisive role in national and international economic
policies, it is a very important element of sustainable development strategies
(Rennings, 2000). Innovation is, therefore, crucial to enable economic develop-
ment on the one hand and to create new business value on the other. In recent
years, pollution prevention and the pursuit of a circular economy have become
increasingly important. Thus, eco-innovation aims to enable environmental
improvement. Furthermore, the current economic crisis and climate change
present an excellent opportunity to move towards a green economy by accelerat-
ing eco-innovation, which will benefit both people and the planet.

The article undertakes an analysis of one of the elements of the eco-innova-
tion index developed by the European Commission, namely resource efficiency.
The main area of interest was the diversity of indicators in this area between EU
countries. To this end, the construction of the Eco-innovation Index and the
Resource efficiency outcomes and its components were first discussed. Then,
using statistical methods, an analysis of the diversity of EU countries in the area
of resource efficiency is presented. The literature lacks this type of analysis, so
the research carried out fills the research gap in this area. The analysis shows a
large variation in the level of eco-innovation of EU Member States in this area.

Literature Review

At present, academic research into the issue of eco-innovation and indicators
to measure it continues to deepen. In general, many definitions of the concept
can be distinguished. The creator of the concept and theory of economic develop-
ment based on innovation, Schumpeter (2011) defined innovation as the intro-
duction of new or improved products into production, the introduction of a new
or improved method of production, the opening of new markets, the application
of a new method of selling or purchasing, the use of new raw materials or
semi-finished products, or the introduction of a new organisation of production.
The concept of eco-innovation is fairly new (Diaz-Garcia et al., 2015). Fussler and
James (1996) are considered the forerunners of the term eco-innovation. Fur-
thermore, James (1997) defined eco-innovation as “new products and processes
that provide value to the customer and business, but significantly reduce envi-
ronmental impacts”.
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They are new or significantly improved products, processes, organisational
or marketing methods that are more beneficial to the environment than alterna-
tives and also benefit the enterprise that implements them (Rozkrut, 2014;
Ziotkowski, 2008; Kemp & Pearson, 2008; Ottman, 2011). The primary objective
of eco-innovation is to benefit the environment and to reduce the negative impact
of economic activity on the natural environment by reducing energy consump-
tion, the consumption of natural resources or the emission of harmful substances
(Ottman et al.,, 2006). Among the many definitions of this concept, it is important
to draw attention to the definition given by UNEP. As defined by UNEP, eco-inno-
vation is a new approach to business that promotes sustainability throughout
the life cycle of a product while increasing the productivity and competitiveness
of the company (Eco-Innovation). Klaus Rennings, on the other hand, uses the
term eco-innovation to describe three types of sustainability-related changes:
technological, social and institutional innovations (Rennings, 2000). One of the
most relevant definitions of eco-innovation is the one given by the MEI project.
According to this project, eco-innovation is understood as “production, assimila-
tion or use of a product, production process, service or management or business
methods that are new to the undertaking and which result, throughout their life
cycle, in reduced environmental risks, pollution and other negative impacts the
use of resources (including energy consumption) as compared to relevant alter-
natives (MEI project definition)” (Kemp, 2009).

Eco-Innovation Scoreboard and resource efficiency outcomes

Measuring the eco-innovation of national economies is a more difficult task
than measuring their overall innovation. This is a result of the need to take into
account the effects of implementing innovative environmental solutions and the
difficulties associated with defining the scope of research, as well as the method
of measuring the effects of introducing new environmental solutions. The Euro-
pean Commission has launched the Eco-innovation Observatory - EIO. The EIO,
established in 2009, is an initiative funded by the European Commission under
the auspices of the European Commission’s Directorate-General for Environment
to observe the types, degrees and impacts of eco-innovation in Europe.

The EIO developed in 2010 the first tool to assess and illustrate the level of
eco-innovation, namely the Eco-Innovation Scoreboard - Eco-IS. The Eco-IS
shows how the level of eco-innovation in the Member States differs from the EU
average, highlighting the strengths and weaknesses of each country (Pakulska,
2018). The Eco-Innovation Scoreboard consists of 16 indices divided into five
thematic areas in two groups:
¢ Indices directly related to eco-innovation, such as:

— Expenditures (government expenditure on environmental and energy

R&D, total number of researchers, green investments of PE/VC funds),
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— Activities (companies introducing eco-innovations improving material
and energy efficiency and having ISO 14001 certificate),

— Results (patents, publications, media coverage of eco-innovation).

¢ Indices relating to the effects of eco-innovation and these are:

— Environmental (efficiency of use of energy, raw materials, water and car-
bon emissivity). Resource efficiency outcomes (see Table 1) refer to
achievements in eco-innovation aimed at saving resources such as mate-
rials, energy and water and reducing greenhouse gas emissions.

— Socio-economic (development of “eco-industries” of the economy).

Table 1. Resource efficiency outcomes indices

Eco-innovation Resource efficiency outcomes Source of data
Material productivity (GDP/Domestic Material Consumption) EUROSTAT
Water productivity (GDP/Water Footprint) EUROSTAT
Energy productivity (GDP/gross inland energy consumption) EUROSTAT
GHG emissions intensity (CO2e/GDP) EEA

Source: authors’ work based on https:/ec.europa.eu/environment/ecoap/indicators/index_e [10-01-
2022]; Spaini et al, 2018, p. 3.

Productivity is a commonly used term and applies to all types of activities.
In the most general terms, it is “the ratio of the quantity of output produced and
sold during a specified and considered period to the quantity of input resources
used or consumed”. The input resources in question are nothing other than the
various system inputs and system resources used to produce the final product.
System inputs can be, e.g. materials, energy and information, and system
resources can be, e.g. people and capital (Encyklopedia Zarzadzania, 2021).
In economic and social terms, productivity is understood as “a progress-oriented
way of thinking expressed in the organisation and support of all kinds of under-
takings aimed at continuously improving the efficiency of an organisation’s oper-
ations, improving its market position and increasing employees’ satisfaction
with working conditions and living standards” (Lis, 1999). Indices of green econ-
omy include water and energy productivity. Water productivity illustrates the
GDP generated by household water consumption, and energy productivity illus-
trates the GDP generated by domestic energy consumption (Spaini et al., 2018).
Emission intensity is the volume of emissions per unit of GDP. GHG emissions
intensity is an index of greenhouse gas emissions in relation to the intensity of a
specific activity or industrial production process. This index is used to estimate
air pollution or greenhouse gas emissions based on the amount of fuel burned,
number of animals in animal husbandry, industrial production levels, distances
travelled or similar business data (Climat Council, 2015).
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Discussion

According to many authors, e.g. European Environment Agency ,,Eco-innova-
tion is crucial for achieving the European Green Deal objective of transitioning to
a carbon-neutral and sustainable economy. The European Commission’s eco-in-
novation index shows that from 2013 to 2022, eco-innovation increased in the
EU” (European Environment Agency, 2023). Furthermore, it is envisaged that
through the Green Deal, where environmental and climate-related targets are
set, the number of eco-innovations will increase.

Between 2013 and 2022, there has been an improvement in various indica-
tors related to resource efficiency (Komisja Europejska, 2022).

It should, therefore, be concluded that an upward trend in the eco-innovation
indicator was observed between 2013 and 2021. To a large extent, this increase
was also due to improvements in the resource efficiency output dimension, in
particular in the productivity of greenhouse gas emissions, i.e. a decrease in
greenhouse gas emissions generated per unit of gross domestic product (GDP).
However, the greatest improvement was observed in the number of publications
on eco-innovation, which are included in the eco-innovation output dimension
(Komisja Europejska, 2022). Eco-innovation is a complex process, and the signif-
icant differences that exist between EU countries in terms of GDP or production
structure obscure the possible overall convergence on this common pathway.
As noted by Colombo et al. (2019), eco-innovation is, to some extent, a fashion-
able buzzword, and there is still room to improve the discourse in order to stim-
ulate economic growth and sustainable development. So far, Eco-innovation has
been primarily framed in terms of eco-efficiency, but the emergence of circular
economy thinking will provide an opportunity to reformulate eco-innovation as
a systemic change (Colombo et al., 2019).

The differential involvement of EU countries (2013-2020) in eco-innovation
and innovation activities is confirmed in their study by Sobczak and Gtuszczak
(2022). They indicated that in 2013, an average of 1.81% of European SMEs
implemented resource efficiency measures (saving water energy, using mainly
renewable energy, recycling), but in 2020 this share had decreased to 1.64%. The
same was also true for eco-innovation activities involving the implementation of
sustainable products, where the average involvement of SMEs in EU countries
was slightly higher in 2013 - 0.22% and declined to 0.21% in 2020 (Sobczak &
Gluszczak, 2022).
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Research methods

Both the resource efficiency outcomes index and its sub-indices are charac-
terised by relatively high variability (European Commission, 2022); the smallest
differences are recorded for the GHG emission intensity index. In order to assess
the degree of this variation, as well as to analyse the trends of changes over the
years, statistical calculations were carried out, which, to a certain extent, allow
us to answer the question of what the variation in the level of these indices in the
European Union countries, and whether this variation is decreasing or increas-
ing.

To represent the degree of variation, positional statistical measures were
used for the determination of which we take into account not all but selected
values. Positional measures are not sensitive to outliers (extreme values). The
choice of such measures is based on the very high value of the interval, which
indicates the existence of observations significantly different from the mean.
Since the classic measures are exact measures that do not omit any of the objects
under study, the classic measures may pose interpretation problems when the
values of the indices are shaped in this way (Putaska-Turyna, 2011).

Results of the research

The sample range is a measure showing the difference between the smallest
and the largest value of the index under study. The larger the indicator, the less
evenly distributed the level of eco-innovation is and the greater the dispersion of
individual country indicator values around the average level of eco-innovation.
The smallest difference is recorded when the spread is 0, which does not occur in
practice. The widest range (see Figure 1) is recorded for the water productivity
indicator, with slight changes in individual years. For all indicators, the range
remains at a similar high level throughout the study period, most often even with
an upward trend. For all indicators, a slight increase was recorded in 2018 com-
pared to the previous year. Only for the indicator GHG Emissions Intensity and
Water Productivity in 2021, the indicator is slightly lower than in 2012. This
shaping of the indicator means that throughout the research period, the range
between the level of eco-innovation in the indicators examined in the EU coun-
tries is not decreasing, and there is still a very large difference between the most
and least innovative countries.

"Due to the high level of the range, which indicates that there are significant
outliers from the average, the median will be used for further analysis. It is called
the median value and divides the group into two equal parts. Data from 27 coun-
tries that are currently members of the EU were used for the analysis. Therefore,
the median is equal to the value of the indicators for the middle country, with half
of the countries presenting indicators below the median and the other half below
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Figure 1. Range illustrating resource efficiency outcomes and its indices in EU countries
Source: authors’ work based on https://ec.europa.eu/environment/ecoap/indicators/index_e [10-12-2021].

the median. Only for the Energy Productivity indicator is Belgium, the ‘middle’
country for most of the period. Different countries occupy the position of the
‘middle’ country for the Resource Efficiency Outcomes indicator in different
years, although most often, the countries are in the middle zone throughout the
period. For all indicators analysed, the median increases to a greater or lesser
extent throughout the research period. Slight decreases are recorded for various
indicators from 2014 to 2016 and 2018. The only indicator for which the median
increased steadily without periodic decreases was GHG Emissions Intensity. The
smallest increase was recorded for the Energy Productivity indicator, which has
the highest variability throughout the period, but the year-to-year changes are
small. This indicator is also higher in 2021 than in 2012, although it has increased
relatively little compared to the other indicators. The increase in the median
means that the level of the surveyed eco-innovation indicators is steadily increas-
ing. This is a positive development, as it signifies an increase in the innovation of
the Member States over the period under study in terms of the characteristics
examined.

For all analysed indicators, the median increases to a greater or lesser extent
throughout the study period (see Figure 2). Slight decreases were recorded for
various indicators between 2014, 2016, and 2018. The only index in which the
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median increased consistently without periodic decreases was GHG Emissions
Intensity. The smallest increase was recorded for the Energy Productivity index,
which is characterised by the highest volatility throughout the period, but the
changes from year to year are small. This index in 2021 is also higher than in
2012, although compared to other indicators, it increased relatively little. The
increase in the median means that the level of eco-innovation indices studied is
systematically increasing. This is a positive phenomenon, as it means an increase
in innovation of Member States in the period under review in terms of the exam-
ined characteristics.
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Figure 2. Median illustrating resource efficiency outcomes and its indices in EU countries

Source: authors’ work based on https://ec.europa.eu/environment/ecoap/indicators/index_e [10-12-2021].

A measure showing how different the countries under study are in terms of
the characteristics analysed is the positional coefficient of variation, which shows
the typical percentage deviation from the median value. When analysing the level
of this index, it can be concluded that the variation in the level of eco-innovation
of the EU countries over the period in question for all the indices examined is
very strong and, in most cases, significantly exceeds 30% (see Figure 3). It should
be stressed that high values for this measure appear very rarely. Volatility
declines steadily only for the GHG Emissions Intensity index, reaching 37% in
2021, just above the boundaries between very strong and strong variation.
A downward trend throughout the period is also visible for the aggregate index
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Figure 3. Positional coefficient of variation illustrating resource efficiency outcomes and its indices
in EU countries

Source: authors’ work based on https://ec.europa.eu/environment/ecoap/indicators/index_e [10-12-2021].

and resource Efficiency Outcomes. No trend can be seen for the other indices, as
the values change significantly from year to year (increasing or decreasing).

The analyses carried out so far have made it possible to determine the exist-
ence of great diversity in the analysed indices of the level of eco-innovation in the
EU countries. Further analysis will answer the question of how the distribution
of index values develops. For this purpose, the skewness and kurtosis index was
used. The skewness index shows whether the distribution is normal or asymmet-
ric (left- or right-handed). Left asymmetry means that most numbers are smaller
than the average, while right-handed asymmetry means that more numbers are
larger than the average. For all indices, right-handed asymmetry of the distribu-
tion was found, but of varying intensity, meaning that the dominant of the results
is smaller than the median, which is smaller than the average. For the Resource
Efficiency Outcomes summary index, the coefficient of skewness indicates
a strong rightward asymmetry, with the asymmetry decreasing significantly over
the years (see Figure 4). A particularly large decrease in right-handed asymme-
try was recorded for the Water Productivity index (but from 2020 onwards, the
asymmetry shifts again towards the right-hand side) and GHG Emissions Inten-

sity.
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Figure 4. Skewness illustrating resource efficiency outcomes and its indices in EU countries

Source: authors’ work based on https://ec.europa.eu/environment/ecoap/indicators/index_e [10-12-2021].

The kurtosis index shows the concentration of the distribution, i.e. the den-
sity of the results around the average value. It answers the question of whether
the distribution is normal, meaning that most values are evenly distributed on
both sides around the average. In the initial period, the kurtosis value for most of
the eco-innovation indices examined was increasing, i.e. the level of eco-innova-
tion was concentrated around the EU average, and there were very few countries
with extreme index values. However, in later periods (despite periodic increases),
the kurtosis values decreased, which means that the variation of the indicators
increased. For most of the analysed eco-innovations indices, almost throughout
the research period, the distribution was characterised by a flattening greater
than normal. It is not possible to notice the trend of the kurtosis index (see Figure
5). Statistical analysis does not, therefore, allow us to characterise the distribu-
tion of the studied eco-innovation indices for the EU countries. It is only possible
to state how it evolved in the individual analysed years.

Statistical analysis of the Resource Efficiency Index shows that there are sig-
nificant differences between EU Member States. Moreover, most of the statistical
measures used indicate that this disparity is not decreasing and that there is still
a very large gap between the most and least ecologically innovative countries.
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Figure 5. Kurtosis illustrating resource efficiency outcomes and its indices in EU countries

Source: authors’ work based on https://ec.europa.eu/environment/ecoap/indicators/index_e [10-12-2021].

Conclusions

Taking the above into account, it is concluded that the objective to analyse
the variation in the level of eco-innovation across EU Member States in terms of
resource efficiency has been achieved using the indicator (and its sub-indica-
tors) of resource efficiency effects. Based on the analysis of the variation in the
level of eco-innovation of EU Member States from 2012 to 2021, it was concluded
that the variation in the level of eco-innovation in the indicators studied across
EU Member States is not decreasing, and thus, there is still a very large gap
between the most and least innovative countries. Moreover, the authors indicate
that eco-innovations can have a twofold positive impact on resource efficiency.
Namely, they can, on the one hand, increase the economic value generated and,
on the other hand, reduce the pressure on the environment. Moreover, Poland
ranks far behind not only the leaders in eco-innovation but also the countries
that, like Poland, are counted among the catching-up countries in terms of eco-in-
novation. Furthermore, improving resource efficiency in Europe will contribute
to achieving economic, social and environmental policy objectives.
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WSKAZNIKI EFEKTYWNEGO GOSPODAROWANIA ZASOBAMI
W POMIARZE EKOINNOWACJI W KRAJACH CZtONKOWSKICH UE

STRESZCZENIE: Celem artykutu jest analiza zréznicowania poziomu ekoinnowacji w panstwach
cztonkowskich UE w zakresie efektywnego gospodarowania zasobami. W tym celu wykorzystano
wskaznik wynikéw w zakresie efektywnego gospodarowania zasobami i jego wskazniki czgstkowe.
Badanie zostato przygotowane na podstawie danych Generalnej Dyrekcji ds. Srodowiska. Za pomoca
pozycyjnych miar statystycznych przeprowadzono analize dywersyfikacji poziomu ekoinnowacji
pafstw cztonkowskich Unii Europejskiej w latach 2012-2021 oraz zidentyfikowano tendencje zmian
w tym zréznicowaniu. Analiza wykazata, ze réznica miedzy poziomem ekoinnowacji we wskaznikach
badanych w parstwach cztonkowskich UE nie zmniejsza sie i nadal istnieje bardzo duza réznica mie-
dzy krajami najbardziej i najmniej innowacyjnymi. W literaturze brakuje tego typu analiz, wiec przepro-
wadzone badania wypetniajg luke badawczg w tym obszarze.

SEOWA KLUCZOWE: innowacje ekologiczne, tablica wynikéw eko-innowacji — Eco-IS, produktyw-
nosc¢, indeks wynikéw efektywnego gospodarowania zasobami
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