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Abstract

The purpose of this paper is to analyze and evaluate the level of eco-innovations in the European Union countries.
For this purpose, a new method of multi-criteria analysis were used, i.e. PROTERRA method, which was devel-
oped by the authors of this article. Analysis concerns a data from the year 2015. There have been determined
aggregate ratings, which characterized the eco-innovation level of particular European Union countries. Four clas-
ses of innovation level were defined: eco-innovation leaders, good eco-innovators, week eco-innovators and eco-
innovation outsiders. Then, based on the calculated global ratings, European Union countries were assigned to the
appropriate classes.
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Streszczenie

Celem niniejszego artykutu jest analiza i ocena poziomu ekoinnowacji w krajach Unii Europejskiej. W tym celu
zostala uzyta nowa metoda analizy wielokryterialnej, tzn. metoda PROTERRA, ktdra zostata opracowana przez
autorow tego artykutu. Analiza obejmuje dane z roku 2015. Zostaly wyznaczone oceny zagregowane, ktore cha-
rakteryzuja poziom ekoinnowacji w poszczegolnych krajach Unii Europejskiej. Zostaly zdefiniowane cztery klasy
ekoinnowacji: liderzy ekoinnowacji, dobrzy ekoinnowatorzy, stabi ekoinnowatorzy oraz outsiderzy ekoinnowacji.
W rezultacie, na podstawie obliczonych ocen globalnych, kraje Unii Europejskiej zostaty przyporzadkowane do
odpowiednich klas.

Stowa kluczowe: poziom ekoinnowacji, ocena, analiza wielokryterialna

1. Introduction cial and institutional innovation (Rennings, 2000). In

the book (Bossink, 2013) author notes that sustaina-

The essence of eco-innovation refers to the develop-
ment of products and processes that contribute to
sustainable development, applying the commercial
application of knowledge to elicit direct or indirect
ecological social improvements. The term eco-inno-
vation takes into account three kinds of changes to-
wards sustainable development: technological, so-

bility is a phenomenon that must be pursued in a
complex system of interrelated elements of business,
society, and ecology. This book presents an ap-
proach, according to which sustainable innovation as
the systematic coherence of drivers of eco-innova-
tion and sustainability has to be envisioned, concep-
tualized, realized, and improved.
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Innovations, and especially eco-innovations, and
sustainable development are of fundamental im-
portance for the economic growth. Sustainable de-
velopment has been one of European priorities for a
long time. At present it has acquired a new signifi-
cance in the light of the crisis connected with climate
changes and the financial crisis. It is a great chal-
lenge for EU countries. Eco-innovations may relate
to environmental changes in technology, organiza-
tional structure and management: establishment,
business or economy of the country.

Eco-innovation can be included in the products or
services, production processes, management and or-
ganization. Eco-innovation in the products or ser-
vices help to reduce or eliminate environment pollu-
tion. Currently, it is known that it is easier and
cheaper to use new technologies, than to look for
ways to reduce the pollution caused by the use of
outdated technologies (Janasz and Koziot, 2007).
Relationships between the eco-innovation and the
sustainable development were the subject of discus-
sion in many works. This is illustrated by the paper
(Sarkar, 2013) that includes a holistic and strategic
literature review on how the eco-innovations and
their eco-specific promotional and developmental
efforts to stimulate the sustainable development.
There are different definitions of eco-innovation and
related definitions such as environmental innova-
tion. Past studies of eco-innovation have focused on
environmentally motivated innovation, overlooking
the environmental gains from normal innovations.
Kemp and Pearson (2008) define eco-innovation as
the production, assimilation or exploitation of a
product, production process, service or management
or business method that is novel to the organization
(developing or adopting it) and which results,
throughout its life cycle, in a reduction of environ-
mental risk, pollution and other negative impacts of
resources use (including energy use) compared to
relevant alternatives. In the Eco-Innovation Obser-
vatory (www.eco-innovation.eu), the aspect of re-
source use is made the central element of eco-inno-
vation, i.e. Eco-innovation is innovation that reduces
the use of natural resources and decreases the re-
lease of harmful substances across the whole life-cy-
cle.

The concept of eco-innovation is quite young. One
of the first appearances of the concept of eco-inno-
vation in the literature is in the book (Fussler and
James, 1996). Eco-innovation as area of research is
of increasing concern for policy makers, academics
and practitioners. The article (Diaz-Garcia et al.,
2015) includes an overview of the existing body of
literature on eco-innovations, and identification of
the most relevant publications in the field and the
topics of interest. This review of literature includes
384 articles and shows that there is a clear increase
in the relevance of this issue within academia and
several thematic trends arise in eco-innovation

research, with drivers of eco-innovation being the
most popular.

An important role in the development of eco-innova-
tion play an appropriate regulatory frameworks and
policy instruments. There is much interest in the role
of environmental policy in encouraging environmen-
tal innovation, and also some empirical evidence for
the importance of policy actions (i.e. Ashford et al,
1985; Jaffe et al., 2002; Kemp and Pontoglio, 2008;
Wijen et al., 2012). Most developed countries have
innovation policies for green innovation. These is-
sues are analyzed e.g. in the articles (Leitner et al.,
2010; Kemp, 2013). The first article shows how reg-
ulation drives innovation and how various diffusion
pathways can be used by external stakeholders to di-
rect and promote innovation. The second article pro-
poses a framework for eco-innovation policy-mak-
ing and policy evaluation, which should be based on
the ten principles of eco-innovation defined by the
author.

In shaping the right eco-innovation policy are help-
ful information about the degree of achievement of
the objectives of eco-innovation policy. It is im-
portant to explore and identify relevant indicators for
environmental innovation that could be used to de-
velop innovation policy for all economic sectors, as
well as for the field of environmental technologies
(Arundel et al., 2006). For example (Kanerva et al.,
2009), based on literature and data analysis, were
chosen key indicators include five fields (environ-
mental regulations and venture capital for the eco-
industry; environmental publications, patents and
business R&D; eco-industry exports and FDI; sales
from environmentally beneficial innovation across
sectors; and environmental impacts related to energy
intensity and resource productivity of economies). It
was found there that finding key eco-innovation in-
dicators related to such factors is important for pol-
icy makers, as environmental innovation policy is re-
quired to counter the two market failures associated
with environmental pollution and the innovation and
diffusion of new technologies. Other works, which
raised issues of building the system of eco-innova-
tion indicators, are for example (Fukasaku, 2005;
Legler etal., 2003; Oltra et.al., 2007; van der VVoet et
al., 2005).

A useful tool for national governments may be the
European Innovation Scoreboard, which includes
eco-innovation indicators developed by the Eco-In-
novation Observatory (www.eco-innovation.eu).
The Eco-Innovation Scoreboard illustrates eco-inno-
vation performance across the European Union
member states. Based on these eco-innovation indi-
cators, later in this article was assessed level of eco-
innovation in each European Union country using
one of the methods of multi-criteria analysis, which
is the PROTERRA method developed by the authors
of this article. Then, on this basis, were made ade-
quate rankings of EU countries, as well as those
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countries were assigned to the appropriate class in
terms of eco-innovation level (eco-innovation lead-
ers, good eco-innovators, week eco-innovators and
eco-innovation outsiders)

2. Characteristics of the analyzed data

As mentioned in section 1, the Eco-Innovation
Scoreboard illustrates eco-innovation performance
across the EU member states. The scoreboard aims
at capturing the different aspects of eco-innovation
by applying 16 indicators grouped into five thematic
areas: eco-innovation inputs, eco-innovation activi-
ties, eco-innovation outputs, resource efficiency and
socio-economic outcomes (Table 1). It thereby
shows how well individual member states performin
different dimensions of eco-innovation compared to
the EU average and presents their strengths and
weaknesses. The Eco-Innovation Scoreboard com-
plements other measurement approaches of innova-
tiveness of European Union countries and aims to
promote a holistic view on economic, environmental
and social performance. The Eco-Innovation Score-
board shows how well individual member states per-
form in different dimensions of eco-innovation com-
pared to the EU average.
Currently, the Eco-Innovation Scoreboard covers a
time series from 2010 to 2015. Recent data on the
achievements of the EU countries in the field of eco-
innovation apply to the year 2015. As the previous
versions, the 2015 scoreboard is based on 16 indica-
tors in 5 thematic areas:
e  Eco-innovation inputs
Eco-innovation inputs contain investments (fi-
nancial resources, human resources, technical
resources) that ensure an initiative for eco-inno-
vation activities at companies, research organi-
sations, and other institutions. Therefore, eco-
innovation investments are an important deter-
minant of eco-innovation performance at the
level of companies, sectors and countries.
e Eco-innovation activities
Eco-innovation activities are defined as the eco-
innovation efforts regarding to developing new
or improved products and services, changing
business models, and introducing eco-manage-
ment in companies or organisations. The score-
board aggregates company level data to present
the country level of performance.
e  Eco-innovation outputs
Eco-innovation outputs are the instant results of
eco-innovation activities. Indicators in this in-
gredient are used to verify the extent to which
knowledge outputs generated by businesses and
researchers are related to eco-innovative capac-
ity.
e Resource efficiency outcomes
Resource efficiency outcomes of eco-innova-
tion include indicators, which can reinforce the
realization of a low-carbon, resource efficient

economy through increasing the resource effi-
ciency performance of sectors and countries.
Eco-innovation can have a double positive im-
pact on resource efficiency. It can lead to in-
crease of the generated economic value, while at
the same time to decrease pressures on the nat-
ural environment.
e  Socio-economic outcomes
Socio-economic outcomes of eco-innovation in-
clude both the benefits and disadvantages of
eco-innovation activities. Their scope includes
jobs created or eliminated, changes in competi-
tiveness, as well as turnover, revenues, profits
and expenses of companies.
A detailed analysis of the scoreboard and its compo-
nents will be provided in the upcoming Eco-Innova-
tion Observatory Annual Report 2016.
The authors of this article have proposed a different
approach to the assessment of the eco-innovation
level in each EU country. For processing the initial
data in the form of a set of values of eco-innovation
indicators they used a multi-criteria analysis tools.
Concretely, it is a new method of multi-criteria anal-
ysis, which was developed by the authors of this ar-
ticle. The analysis covered the latest sets of initial
data, included recently in the Eco-Innovation Score-
board (ec.europa.eu/environment/ecoap/scoreboard
_en), which cover the different above-mentioned as-
pects of eco-innovation. The analyzed values of in-
dividual indicators are presented in Table 2.

3. Proposed method of multi-criteria evaluation

Much attention has been paid in the past years to
multi-criteria evaluation approaches (MCE) for solv-
ing of various decision problems. Multi-criteria eval-
uation represents many techniques useful for im-
proving the transparency, control and analytic rigour
of these decisions (Dunning et al., 2007). The MCE
allows the processing of ratings of alternative deci-
sion options in the light of multiple criteria which are
typically measured in different units. Today MCE is
an established methodology (Figueira et al. 2005;
Tzeng and Huang, 2011, Zopounidis and Pardalos,
2010) which has numerous applications in various
fields (Doumpos and Grigoroudis, 2013; Mateo,
2012).

MCE can be defined as a decision model which in-
cludes a set of decision options which need to be
ranked or scored by the decision maker, a set of cri-
teria, typically measured in different units and a set
of performance measures, which are the raw scores
for each decision option against each criterion. In
this sense, the MCE is identical to methods which
are known as multi-criteria analysis (MCA) or multi-
criteria decision analysis (MCDA). A minimum re-
quirement for the MCE model is at least two criteria
and two decision options (m>2 and n>2). The
importance of each criterion is usually given in a one
dimensional weights vector w containing n we-
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Table 1. The eco-innovation indicators according to Eco-Innovation Scoreboard 2015, source: http://www.eco-innovation.eu

tries and circular economy
(% of total employment
across all companies)

Type of Eco-inno- Indica- Indicator Short description
indica- vation di- tor
tors mension number
INPUTS | Eco-inno- 1.1 Governments environmen- | The relative priority given by governments to invest-
vation in- tal and energy R&D appro- | ing in research and development in the areas of en-
puts priations and outlays (% of | ergy, including renewables, and environment
GDP)

1.2 Total R&D personnel and Indicator of the knowledge and research capabilities
researchers (% of total em- | of a country. Since the data for R&D personnel in-
ployment) volved in eco-innovation or environmental or clean-

tech research is not available, the generic indicator in
used
13 Total value of green early The value of early stage investments in cleantech in-
stage investments dustries
(USD/capita)
Eco-inno- 2.1 Firms having implemented | Indicator of material efficiency oriented eco-innova-
vation ac- innovation activities aim- tion in companies
tivities ing at a reduction of mate-

rial input per unit output

(% of total firms)

2.2 Firms having implemented | Indicator of energy efficiency oriented eco-innova-
innovation activities aim- tion in companies
ing at a reduction of en-
ergy input per unit output
(% of total firms)

2.3 1SO 14001 registered or- The importance of observing environmental manage-
ganisations (per min popu- | ment requirements for business. Can be seen as a
lation) proxy indicator for the level of environmental aware-

ness and management capability of business.

OuUT- Eco-inno- 31 Eco-innovation related pa- | According to OECD’s scoping of patents in environ-

PUTS vation out- tents mentally-related technologies: Energy generation

puts (per min population) from renewable and non-fossil sources PLUS Com-

bustion technologies with mitigation potential PLUS
Emissions abatement and fuel efficiency in transpor-
tation PLUS Energy efficiency in buildings and light-
ing PLUS Complementary Patstat queries conducted
by EIO team

3.2 Eco-innovation related ac- | Institutions being involved in publications with the
ademic publications (per following list of English key-words in title and/or ab-
min population) stract: eco-innovation, energy efficient/efficiency,

material efficient/efficiency, resource efficient/effi-
ciency, energy productivity, material productivity, re-
source productivity

3.3 Eco-innovation related me- | Number of hits in all electronic media covered by
dia coverage (per numbers | Meltwater News with key-word Eco-innovation
of electronic media) (translated in all EU-27 languages)

Resource 4.1 Material productivity Illustrates the GDP generated by material consump-
efficiency (GDP/Domestic Material tion of a country
outcomes Consumption)

4.2 Water productivity Illustrates the GDP generated by domestic water con-
(GDP/Water Footprint) sumption

4.3 Energy productivity Illustrates the GDP generated by domestic energy use
(GDP/gross inland energy
consumption)

44 GHG emissions intensity Illustrates the amounts of GHG emissions generated
(CO2e/GDP) per unit of GDP

Socio-eco- 5.1 Exports of products from Based on selected list of trade codes referring to envi-
nomic out- eco-industries (% of total ronmental goods and services
comes exports)

5.2 Employment in eco-indus- | Indicates the share of employment in eco-industry

and circular economy in total employment. Total em-
ployment is an aggregate employment in all compa-
nies across sectors in a specific country. Data have
been sourced from the Orbis database.




Kobryn & Prystrom/Problemy Ekorozwoju/Problems of Sustainable Development 2/2017, 15-26 19

Eco-industry company population was selected based
on NAICS codes for eco-industries, including waste
treatment, water sector, environmental technologies,
recycling, reuse and recovery. The selection excludes
companies engaged in energy generation and storage.
The scope has been defined specifically for the
EcolS. Annex | provides the full list of NAICS codes
selected for data extraction. Annex Il provides addi-
tional information on how this indicator was calcu-
lated.

5.3

Revenue in eco-industries
and circular economy (%
of total revenue across all

companies)

Indicates the share of revenue from eco-industry in
total revenue across sectors in a specific country. To-
tal revenue is aggregate revenue in all companies
across sectors in a specific country. Data have been
sourced from the Orbis database.

Eco-industry company population was selected based
on NAICS codes for eco-industries, including waste
treatment, water sector, environmental technologies,
recycling, reuse and recovery. The selection excludes
companies engaged in energy generation and storage.
The scope has been defined specifically for the
EcolS. Annex | provides the full list of NAICS codes
selected for data extraction. Annex Il provides addi-
tional information on how this indicator was calcu-
lated.

ights, where w; denotes the weight assigned to the j
th criterion. The MCE model is represented by an
evaluation matrix D of m decision alternatives and n
criteria:

D, D, .. D,
D= D,, D,, .. D,, o
Dm,l Dm,2 Dm,n

The individual values D;; are ratings of the analyzed
alternatives A; (i = 1,2,...,m) in the light of the as-
sumed criteria C; (j = 1,2...,n).

Later in the article, a new technique (which is the
original authors proposal) will be used in the evalu-
ation of eco-innovation level in the EU member
states. The proposed method were named as PRO-
cessing TEchnique of Ratings for Ranking of Alter-
natives (PROTERRA). The starting point of the
analysis is evaluation matrix D given by Eq. (1). The
consecutive steps of the process include appropriate
processing of the ratings for each pair of the alterna-
tives. The normalization of the initial matrix D is the
first step in the analysis, so that all criteria are re-
duced to benefits. This can be done using the follow-

ing formulas:
e for benefits criteria:
D. .
di,j - )
Dmax
e for cost criteria:
D..
d i~ - @)
’ D

In the above equations, values Dmin and Dmax denote,
adequately, the lowest and highest ratings of the el-
ements considering criterion C; (j = 1,2,...,n).

After the normalization of the decision matrix D, can
be derived the normalized matrix d:

d, d, .. d,
d= d, d,, .. d,, @
d,, d,, .. d.,

Next, for each pair of the alternatives A;j and Ay (i =
1,2,..mand k = 1,2,...m, Vi =Kk) it is necessary to
calculate the ratio of normalized ratings di; and dy,:

i(,{<) = di,j /dk,j (%)
Using the value d? , we can create matrix qO:
(1 (1) (J)

1,1 1,2 1,m

(i) (i) (1)

j 21 122 2,m
q¥ = (6)

(1 (1) (1)

m,1 m,2 m,m

In this manner, a appropriate component matrix q@
is created for each of the assumed criteria (j =
1,2,...,n). ,

If qi(,f() >1 then the individual elements of qi(,{() lo-

cated in the i th row of matrix q@ determine whether
and to what any alternative A is better than alterna-
tive Ax. If d) =1, then both alternatives are equiva-
lent. Otherwise (if aiy <1) alternative A; is worse
than alternative Ac. In view of (5), the elements of
matrix g% located symmetrically with respect to the

main diagonal for any 1 # K pair are:
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If &' >1 then the individual elements of ' located

in the i th row of matrix q® determine whether and
to what any alternative A; is better than alternative
A If Q.f( =1, then both alternatives are equivalent.

Otherwise (if a'} <1) alternative A is worse than al-

ternative Ax. In view of (5), the elements of matrix
g% located symmetrically with respect to the main
diagonal for any i # k pair are:

o =1/q( )

Further procedure is similar to one which is used in
the PROMETHEE method, which is a very popular
method of multi-criteria decision analysis (Brans et
al., 1984; Brans and Mareschal, 2005). Nevertheless,
the proposed approach does not specify a preference
function. Values of appropriate outranking indices,
which determine the strengths and weaknesses of
each alternative, are calculated on the basis of ratios
described by (5). They will be named as global su-
periority index and global inferiority index. In turn,
the global superiority index indicates the degree to
which alternative A; dominates other alternatives.
The global inferiority index indicates the degree to
which A; is dominated by the alternatives. These in-
dices are calculated as follows:

e global superiority index

| ZZW q(J) (8)

Jlk 1
k=i

e global inferiority index

Er ZZ w;qy”) ©)

jlk =1
k=i

whereby the criteria weights w; (j = 1,2,...,n) satisfy
the condition

Zn“wj =1 (10)

The weighting of the criteria can be performed by
applying any of the commonly used methods.
Basing on the indices described by Egs. (8) and (9),
a global ranking index can be calculated:

E=E -E (11)
It is the balance among the global superiority and

global inferiority indexes. The higher the global
ranking index, the better is the alternative, so that:

A=A if E>E
(12)

A~A it E=E

4. Evaluation of the eco-innovation level in Eu-
ropean Union countries

Evaluation of the eco-innovation level in the Euro-
pean Union member states focuses on the latest data,
which includes a Table 2. The indicators in the
groups Eco-innovation inputs and Eco-innovation
activities were considered jointly as INPUTS.
Whereas, indicators belonging to groups Eco-inno-
vation outputs, Resource efficiency outcomes and
Socio-economic outcomes were considered jointly
as OUTPUTS. All indicators (as evaluation criteria)
were treated as equally important and have received
equal weight values. The analysis was performed in
three variants: separately for INPUTS (Enablers and
Firm activities), OUTPUTS, and also generally, tak-
ing into account all eco-innovation indicators. The
calculations results are presented in Tables 3 and 4
(Table 3 shows the aggregated ratings separately for
INPUTS and OUTPUTS, Table 4 shows the aggre-
gated ratings, which result of all indicators analyzed
jointly). At the bottom of these tables are also given
statistical measures, which were used in subsequent
analyzes. Namely, on the basis of the ratings shown
in Tables 3 and 4 all European Union countries were
classified into four groups: eco-innovation leaders,
good eco-innovators, week eco-innovators and eco-
innovation outsiders. It was used at the following cri-
teria:
e eco-innovation leaders, when

Ei2E +s¢ (13)
e good eco-innovators, when
E+sg>E >E (14)
e weak eco-innovators, when
E>E >E-s; (15)
e eco-innovation outsiders, when
E-sz >E (16)
where:
E, - the aggregated rating of i th alternative (coun-
try)

E - an average value of all aggregated ratings,
Sg - standard deviation.

Assignment of the particular countries to the above

classes is illustrated by table 5. The results shown in

Table 5 allow to conclude that:

1. The individual EU countries are characterized
by wide differences in the values of global rank-
ing indexes, as illustrated by Figures 1, 2 and 3.

2. A large group of EU countries shows such a
level of eco-innovation, which allows to in-
clude them to the same class both in terms of
INPUTS, OUTPUTS, as well as GENERALLY.
This applies to Austria, Belgium, Cyprus, Ger-
many, Spain, Greece, Italy, Lithuania, Luxem-
bourg, Portugal, Slovenia, Slovakia and United
Kingdom.
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Table 3. Aggregated ratings in the field of INPUTS (Eco-innovation inputs, Eco-innovation-activities) and OUTPUTS (Eco-
innovation outputs, Resource efficiency outcomes, Socio-economic outcomes)

Figure 1. Values of the global ranking indexes in the case of INPUTS

EU member country Aggregated ratings for INPUTS Aggregated ratings for OUTPUTS

Global superi- | Global inferi- Global ran- Global superi- | Global inferi- Global
ority index ority index king index ority index ority index ranking in-

(E") (E) (E) (E") (E) dex (E)
(AT) Austria 2,2386 0,9648 1,2738 1,8180 1,1030 0,7150
(BE) Belgium 2,0668 1,0938 0,9730 1,4700 1,0894 0,3806
(BG) Bulgaria 0,5282 3,7314 -3,2032 0,8199 2,4570 -1,6371
(CY) Cyprus 0,3665 11,3434 -10,9769 1,0530 3,1485 -2,0956
(CZ) Czech Republic 3,6161 0,6737 2,9424 1,3920 1,4578 -0,0658
(DE) Germany 11,0901 0,7465 10,3436 2,1238 1,0118 1,1120
(DK) Denmark 1,5682 1,4860 0,0822 2,0199 1,0478 0,9721
(EE) Estonia 2,9072 0,9250 1,9823 1,0247 2,0135 -0,9888
(ES) Spain 3,4350 0,5242 2,9107 1,5720 1,0321 0,5399
(FI) Finland 2,9448 0,7372 2,2076 2,3263 0,9575 1,3687
(FR) France 1,6475 0,7366 0,9108 2,0201 0,8895 1,1306
(GR) Greece 0,8335 1,9364 -1,1030 1,2120 1,3054 -0,0934
(HR) Croatia 0,4642 5,3583 -4,8941 0,9510 1,2463 -0,2953
(HU) Hungary 1,5731 5,3595 -3,7863 1,0977 2,3415 -1,2439
(IE) Ireland 10,0319 1,1644 8,8675 1,1253 1,6671 -0,5417
(IT) Italy 1,9453 1,2139 0,7314 1,6926 0,9434 0,7492
(LT) Lithuania 1,0835 2,1277 -1,0442 1,0626 1,5955 -0,5329
(LU) Luxembourg 2,2215 0,9964 1,2252 2,2070 1,7319 0,4751
(LV) Latvia 0,9903 2,3170 -1,3267 1,3588 1,2593 0,0995
(MT) Malta 0,4812 3,9464 -3,4652 0,9039 2,1587 -1,2548
(NL) Netherlands 1,1928 2,1395 -0,9467 1,7679 0,8628 0,9050
(PL) Poland 0,7728 7,7512 -6,9784 1,1430 1,6305 -0,4875
(PT) Portugal 1,8976 45117 -2,6141 1,1969 1,5037 -0,3068
(RO) Romania 1,3536 0,9985 0,3552 1,1474 1,5976 -0,4502
(SE) Sweden 2,9586 0,7149 2,2437 1,9752 0,9897 0,9855
(SI) Slovenia 1,0876 0,4468 0,6408 1,6029 0,9981 0,6048
(SK) Slovakia 1,0252 1,0527 -0,0276 1,0661 1,6320 -0,5658
(UK) United Kingdom 3,2304 0,5544 2,6761 1,5447 1,0231 0,5216
E 0,0000 E 0,0000
Sg 41779 Sg 0,9070
E +s¢ 41779 E+sg 0,9070
E-sg -4,1779 —Sg -0,9070
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Table 4. Aggregated ratings of the eco-innovation level in European Union countries (GENERALLY)

Figure 2. Values of the global ranking indexes in the case of OUTPUTS

Country Global superiority index Global inferiority index Global ranking index
(E") (E) (E)

(AT) Austria 1,9757 1,0511 0,9246
(BE) Belgium 1,6938 1,0011 0,6027
(BG) Bulgaria 0,7105 2,9349 -2,2244
(CY) Cyprus 0,7956 6,2216 -5,4261
(CZ) Czech Republic 2,2261 1,1637 1,0623
(DE) Germany 5,4862 0,9123 4,5739
(DK) Denmark 1,8505 1,2121 0,6384
(EE) Estonia 1,7306 1,6053 0,1253
(ES) Spain 2,2706 0,8416 1,4290
(FI) Finland 2,5582 0,8749 1,6833
(FR) France 1,8804 0,8322 1,0482
(GR) Greece 1,0700 1,5420 -0,4720
(HR) Croatia 0,7684 2,7883 -2,0199
(HU) Hungary 1,2760 3,4732 -2,1973
(IE) Ireland 4,4653 1,4786 2,9867
(IT) Italy 1,7874 1,0449 0,7425
(LT) Lithuania 1,0705 1,7951 -0,7246
(LU) Luxembourg 2,2125 1,4561 0,7564
(LV) Latvia 1,2206 1,6560 -0,4353
(MT) Malta 0,7454 2,8291 -2,0837
(NL) Netherlands 1,5522 1,3416 0,2106
(PL) Poland 1,0042 3,9257 -2,9216
(PT) Portugal 1,4596 2,6317 -1,1721
(RO) Romania 1,2247 1,3729 -0,1482
(SE) Sweden 2,3439 0,8866 1,4573
(SI) Slovenia 1,4096 0,7914 0,6183
(SK) Slovakia 1,0508 1,4147 -0,3640
(UK) United Kingdom 2,1769 0,8474 1,3295
E 0,0000

S 1,9500

E+sg 1,9500

E—sg -1,9500

OUTPUTS

2,0000
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Table 5. Assignment of the European Union countries to defined eco-innovation classes

INPUTS OUTPUTS GENERALLY
g E E

S 2l 218 |58 2l 218 |8 2l 2185
< ., c = c < » c c c S »n c = <
T |55 x%Ss|Se|lTs| 55| %S| Se|lSs 55| ws |52
GE|58|=8| 88|88 (38|28 | 85|88 882888

(AT) Austria X X X

(BE) Belgium X X X

(BG) Bulgaria X X X

(CY) Cyprus X X

(CZ) Czech Republic X X X

(DE) Germany X X X

(DK) Denmark X X X

(EE) Estonia X X X

(ES) Spain X X X

(FI) Finland X X X

(FR) France X X X

(GR) Greece X X X

(HR) Croatia X X

(HU) Hungary X X

(IE) Ireland X X X

(IT) Italy X X X

(LT) Lithuania X X X

(LU) Luxembourg X X X

(LV) Latvia X X X

(MT) Malta X X

(NL) Netherlands X X X

(PL) Poland X X

(PT) Portugal X X X

(RO) Romania X X X

(SE) Sweden X X X

(SI) Slovenia X X X

(SK) Slovakia X X X

(UK) United Kingdom X X X

Attention:

X — the same assignment to a specific class in terms of Inputs, Outputs and Generally
X — assignment to a specific class in terms of Inputs, Outputs or Generally

Figure 3. Values of the global ranking indices jointly in the case of INPUTS and OUTPUTS (GENERALLY)
GENERALLY (INPUTS & OUTPUTS)
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3. Aleader of eco-innovation is Germany, and to a
slightly lesser extent, Denmark, Finland,
France, Ireland and Sweden.

4. A group of good eco-innovators includes Aus-
tria, Belgium, Spain, Italy, Luxembourg, Slove-
nia and United Kingdom, and to a slightly lesser
extent, Czech Republic, Netherlands and Esto-
nia.

5. A group of weak eco-innovators includes
Greece, Lithuania, Latvia, Portugal, Romania
and Slovakia.

6. An outsider of eco-innovation is Cyprus, and to
a slightly lesser extent, Bulgaria, Croatia, Hun-
gary, Malta and Poland.

7. For the 15 countries (Austria, Belgium, Cyprus,
Germany, Spain,. Finland, France, Greece, It-
aly, Lithuania, Luxembourg, Portugal, Slove-
nia, Slovakia and United Kingdom), it can be
stated that they have a consistent assignment to
a specific class of eco-innovation level both in
terms of INPUTS and OUTPUTS. This shows
that the indicators system of The Eco-Innova-
tion Observatory is well designed and through
OUTPUTS appropriately reflects the effects of
eco-innovation policy, which is characterized
by the INPUTS.

5. Conclusions

The Eco-Innovation Scoreboard can be important for
each country to monitor their own eco-innovation
level, as well as to compare this state with the
achievements of other countries. In this paper there
were analyzed values of the eco-innovation indica-
tors, which are recently published by the Eco-Inno-
vation Observatory as Eco-Innovation Scoreboard
2015. The evaluation of the eco-innovation level was
carried out using a new multi-criteria analysis
method (PROTERRA), that is a new method devel-
oped by the authors of this article.

Based on the analysis of the calculation results, the
group of the eco-innovation leaders includes Ger-
many, Denmark, Finland, France, Ireland and Swe-
den. Whereas, to the outsiders of eco-innovation
may be qualified Cyprus, Bulgaria, Croatia, Hun-
gary, Malta and Poland.

In the opinion of authors of this article, the results of
analysis of the eco-innovation level broken down
into INPUTS, OUTPUTS and GENERALLY
(which base on indicators of The Eco-Innovation
Scoreboard) show the strength and / or weakness of
the European Union countries in this regard. As a re-
sult, they can be a valuable material that can help
shape an appropriate eco-innovation policy by the
governments of these countries.
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