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Abstract. Circular economy (CE) is based on environmental, economic and social dimensions which aim to ensure sus-
tainable development on each step of product creation, transformation and conversion by creating a closed-loop economy.
The purpose of the article is to propose a concept of measurement the development of eco-innovations in the context of
circular economy, apply and provide empirical evidence based on the data of Baltic Sea Region countries. The study aug-
mented for the models that include the analysis of the circular economy concept, the importance of eco-innovation in the
context of circular economy including the accent on recycling, circular material usage, material efficiency and waste man-
agement. The multi-criteria decision methods MULTIMOORA and TOPSIS were used to assess the eco-innovation as a
pillar of circular economy. Results are useful to add to theoretical building and also evaluate the socio-economic aspect in

the concept of circular economy.
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Introduction

The linear economy model exists already many years and
up to the end of the 20th century perfectly met all the
requirements for producers and for consumers. How-
ever, during these years life has changed, as changed the
planet and resources (according to this model), produc-
ers and consumers behaviour, technologies, etc. Due
to economic and technological development appeared
new necessities, possibilities and new economic models
to meet all these needs. Linear economy model using
“take-make-dispose” approach is no longer able to meet
all the needs - due to economic and technological de-
velopments the volume of production and consumption
increased a lot, and the number available resources are
drastically decreasing. Moreover, a huge volume of pro-
duction affects the environment negatively by pollution
of water, air, land, etc. The waste is not being eliminated
enough that causing the additional issue. Economic mod-
els based on sustainability approach would be helpful to
develop the economy and protect the environment at
the same time. Circular economy is the model based on

economic, environmental and social dimensions works
as a closed-loop of resource movement from the primary
extraction until the final consumption of the product.
The main idea of circular economy is to turn the waste
into the resource which can be used again at any stage of
production or utilized thoroughly. The circular economy
model changes not the only economy model, but as well
the values, habits and behaviour of the consumers and
producers, new business models, laws, etc. The shift from
linear economy to circular economy has many barriers:
finances, social aspects, jurisdiction, politics, develop-
ment of environmentally friendly technologies and in-
novations. Eco-innovations are the critical element to-
wards the shift to circular economy, as at the moment,
there is a lack of technologies and possibilities to ensure
zero waste at any stage of the production and consump-
tion of the products, as well lack of recycling and reuse
possibilities of materials. Eco-innovations are not only
ensuring a switch to circular economy, but as well play
a significant role in the protection of the environment,
increase the efficiency of production and helps to build
new environmentally friendly consumption behaviour.
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1. The replacement of linear economy by circular
economy

Linear economy model which is widely used until nowa-
days in all over the world offers well-known “take-make-
waste” concept when the natural resources are being ex-
tracted by producers to produce a product which turns
into the waste after consumption. In the future, the econ-
omy may be at risk, as nowadays it is dependent on re-
sources. While production and consumption each decade
are rapidly growing, the shortage of resources will grow as
well, what would cause a negative impact on the environ-
ment, society and economy itself. The circular economy
model can solve this issue by allocation and protection
of the resources. The circular economy approach aims to
recover resources, economies and social capital. According
to this model, which can be represented as a closed-loop,
waste which is gained after the consumption of a product
should be turned again into the resource and returned to
the production of recycled without residual (Figure 1).
The linear economy is represented as the open-ended
model (Figure 1), where the last process is the genera-
tion of waste after production or consumption. The lin-
ear economy turns into a circular economy when waste is
generating resource after recycling (Saraiva et al., 2018).
Waste can consist of biological and technological mate-
rials. Biological materials can be recycled and return to
the environment without harm or returned to produc-
tion. Technological materials are being reused or recycled
without harm to the environment (Grigoryan & Boro-
davkina, 2017). However, in some cases, there still be a
per cent of non-recyclable waste which cannot be reused
due to physical laws (De Almeida & Borsato, 2019). Also,
a vital resource is an energy, which demand is growing
rapidly, cannot be wasted - it should be converted or dis-
sipated (Tseng et al., 2018). Moreover, green innovation
can improve organizational processes as well as products,
which lead to economic and environmental performance
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(Shafique et al., 2017) and provide the economic and en-
vironmental benefits from which businesses can profit fol-
lowing the introduction of eco-innovations (Hroncova Vi-
cianova et al., 2017). Overall, non-recyclable waste should
be a rare issue and should appear only if this is under the
law of nature.

The circular economy model, differently as a linear
economy model, includes recycling, material reuse pro-
cesses and efficient resource use which lead to the devel-
opment of eco-innovations and technologies, creation of
jobs, increase “green” investment, changes habits of the so-
ciety and contributes to the sustainable economic growth
(Lahti et al., 2018). In other words, the circular economy
is operating as a natural ecosystem, if there is a natural
waste — it could be returned to the environment. However,
all the materials what can be recycled and disposed of -
should be recycled and disposed to achieve “zero waste”
target what is one of the key points of circular economy.

1.1. Support of circular economy in the EU

The idea of sustainable development in recent decades is
popular not only among researchers but also among indus-
try, business, policymakers. The sustainable development
is being promoted using three-dimensional pillars - eco-
nomic, social and environmental - affecting the environ-
ment, economy and society. The principle of sustainable
development is to meet the needs of present and ensure
possibility for future generations to meet their needs by
saving environment and resources (WCED, 1987). Due
to the growth of population, highly increased production
and consumption, uncontrolled waste, economic growth,
scarcity of resources, climate change and many other rea-
sons — it is necessary to take an action in order to keep
economic growth and at the same time protect environ-
ment, reduce harmful waste and safe resources.

The circular economy act as a model or tool by which
sustainable development can be ensured. The circular
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Figure 1. Comparison of linear economy and circular economy processes (source: adapted from C. Busu & M. Busu, 2018)
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economy can be described as interdisciplinary model in-
cluding environmental, engineering, social and economic
sciences together with social aspects of ethics, justice,
common environmentally-friendly norms, values and
mindset. The sustainable development, as a concept, was
presented in the UN Agenda for Sustainable Development
in 2015 (UN, 2015), which is known as Agenda 2030. The
Agenda presents 17 sustainable development goals and
169 targets. European Commission in 2010 launched a
strategy for smart, sustainable and inclusive growth called
“Europe 2020” (European Commission, 2010). It was the
first document promoting the circular economy by high-
lighting the importance of sustainable enterprise and
sustainable innovations. In 2013 European Commission
issued Environment Action Programme (European Com-
mission, 2013) which provides the principles of circular
economy:

1. Eco-innovations are acting as a key to prosperity
and a healthy environment;

2. Generated waste is equal to zero or can be reused,
recycled or makes a minimum impact which cannot
be disposed of doing to the physical laws;

3. Natural resources are being used efficiently, and bio-
diversity is protected, restored and valued;

4. Pollution and carbon growth is being sustainably
managed.

The United Nations Conference on Sustainable De-
velopment in 2012 adopted the 10-Year Framework of
Programmes on Sustainable Consumption and Produc-
tion Patterns (High-Level Political Forum On Sustainable
Development, 2012). Furthermore, in 2018 European
Commission issued an agenda ensuring the promotion,
support and spread of eco-innovations called “Innovation
Union” (European Environment Agency, 2018) which cor-
responds to the goals of circular economy. In 2015 Eu-
ropean Commission presented Circular Economy Action
Plan (European Commission, 2015), which is based on
efficient use of resources, eco-innovations, sustainable use
of materials, promoting ecological production and socially
responsible enterprises, promoting “green” consumption
and managing waste:

1. A common EU target for recycling 65% of munici-

pal waste by 2035;

2. A common EU target for recycling 70% of packag-
ing waste by 2030;

3. There are also recycling targets for specific packag-
ing materials:

- Paper and cardboard: 85%;
— Ferrous metals: 80%;

- Aluminium: 60%;

- Glass: 75%;

— Plastic: 55%;

- Wood: 30%.

The Circular Economy Action Plan covers all the stag-
es of product life-cycle - from its production to its con-
sumption and waste management by implementing a mar-
ket for secondary raw materials. The Circular Economy
Action Plan also covers barriers of the circular economy,
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material flow, sectors of implementation, promotion of in-
novations and investments. In 2018 the European Union
published the results and progress of circular economy
implementation in the Agenda called Measuring 2018.
According to the report, significant progress was noticed
in the recycling of industrial and organic waste. These re-
sults prove the luck of the tools methods to measure the
circular economy progress as well as its complex concept
including environmental, social and economic dimensions
as a single unit. In 2019 European Commission issued a
new directive which is focused on circular economy goals
to be reached by 2030 called “A long-term strategy for a
European circular economy - setting the course for suc-
cess” (European Commission, 2019a).

The concept of circular economy and the strategy of
its implementation leads to the climate neutrality by in-
vesting in realistic technological solutions and aligning in-
dustrial, financial and research areas (European Commis-
sion, 2018). In 2019 European Commission has provided
a report on the implementation of the Circular Economy
Action Plan (European Commission, 2019b), where it
has been stated, that circular economy is more tangible
in comparison to other approaches that are solving the
problem of sustainability in the fields of reduction of CO,
emissions, job creation, resource efficiency and productiv-
ity. At the moment European Commission is positive to
continue developing goals for circular economy and issued
a long-term strategic vision for 2050 called “Long-term
vision for a prosperous, modern, competitive and climate
neutral economy by 2050 - a clean planet for all” (Eu-
ropean Commission, 2018). The strategic vision for 2050
highlights the resource management and prioritize envi-
ronmental dimension; however, sustainable goals are be-
ing reached by eco-innovations, which require high intel-
lectual human capital, investments, new business models
and “green” consumption.

1.2. Eco-innovations in the context of circular
economy

The circular economy includes environmental, social and
economic dimensions, which interacts one with each oth-
er and can not be removed from the circular economy
concept. Yearly the consumption and demand are grow-
ing, affecting the resource availability. The list of critical
raw materials is continuously expanding what shows that
more and more resources are getting limited. Shortage of
resources would negatively impact the economy world-
wide, which would lead to an unsustainable economy. To-
day innovative decision on recourse effective management
reducing its waste is needed. The concept of the circular
economy points out that it should be a closed-loop sys-
tem, which means resource, as a central unit for economic
development, should be used in production under “zero
waste” condition. “Zero waste” approach must be imple-
mented in all the stages of product creation: resource
use, production, consumption, waste utilization and re-
cycling — which turns waste into resources. A circular
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economy would help to maintain sustainable development
and economic growth without the reducing of available
resources.

Moreover circular economy would help to change
production and consumption habits, business models, in-
dustries. One of the significant keys to circular economy
implementation is technological development and eco-in-
novations. at the moment, there are plenty of barriers to
implementing circular economy - economic, legal, way of
thinking and perception. Still, one of the most important
is technological and eco-innovative (EI) barriers. Plenty of
industries/business can not turn to circular economy due
to lack of technologies and eco-innovations to insure the
“zero waste” approach on each stage of product life.

Eco-innovations present added value to consumers
and producers with low or no impact on the environment
(Makara et al., 2016). The begging of the product life-cycle
and the closing the loop - are the most sensitive stages
where Eco-innovations are needed to ensure the “zero-
waste” approach (Figure 2).
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Figure 2. Eco-innovations integrated into the stages
of product life-cycle in the context of circular economy
(source: developed by authors)

Eco-innovations are not only making an impact on
technological part of product creation or product recycling,
as well influencing business models, consumption habits,
market and general perception of consumers and produc-
ers towards to the saving of the environment. According to
Prieto-Sandoval et al. (2018) proposed eight kinds of eco-
innovations that were being involved in circular economy:

1. Business model innovations - value creation and
capture by the companies in the context of circular
economy;

2. Network innovations — a symbiosis of the working
groups/companies;

3. Organizational structure innovations — a new strat-
egy to support environmentally friendly decisions;

4. Process innovations — innovations of the process of
each stage of product creation and consumption;

5. Product innovations - increased quality, the func-
tionality of the product which would satisfy custom-
er needs and the possibility to recycle the product
after the use;

6. Service innovations — increase the use of a product
by making it is used several times;

7. Market innovations - consumption habits and
perception of society are changing towards the cir-
cular economy approach.

Eco-innovation index measures the eco-innovation
performance based on 20 indicators divided into four
components: “Eco-innovation capacity”, “Eco-innovation
supporting snvironment”, “Eco-innovation activity” and

“Eco-innovation performance” (Table 1).

Table 1. Modification of Eco-Innovation Index for Circular
Economy Peculiarities (source: developed by authors)

Component | Group Indicator
1. Eco- Eco- Nation’s economic competitiveness
innovation | inno- Nation’s general innovation capacity
capacity vation .
index Greeq technology R&D institution
capacity
Green technology possessed/
acquired enterprises
Awareness of sustainability
management
2. Eco- Eco- Government’s R&D expenditure in
innovation | inno- the green industry
supporting | vation | yplementation of environmental

environment | index regulaﬁons

Maturity of investment setting for
green technology industry

Investment scale of green

technology SMEs
3. Eco- Eco- Commercialization level of green
innovation | inno- technology
activities vation | Enterprises’ participation in
index environmental management system
Economic influence of leading
environmentally responsive
enterprises
Green patents
Activeness of renewable energy
utilization
4. Eco- Eco- Level of environmental impact on
innovation |inno- society
perfor- vation | O, emission intensity
mances index S BCRET
Nation’s energy sustainability level
Water consumption intensity
Jobs in green technology industry
Green industry market size
5. Waste Circular | Trade-in recyclable raw materials
management ?CgﬁomY Recycling rate of municipal waste
indi- -
cators Recycling rate of e-waste
Recycling of biowaste
6. Circular | Circular | Production-based CO, emissions
economy €conomy | Renewable electricity, % total
performan- | indi- electricity generation
ces cators

Energy intensity, TPES per capita

Non-energy material productivity

Environmentally related ODA, %
total ODA

Circular material use rate
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Eco-innovation capacity indicators measure inno-
vation abilities and capacity of the country, including
personnel and social components. Eco-innovation sup-
porting environment group of indicators measures the
government’s institutional support for eco-innovation,
the willingness of the company following eco-innovation
mindset, actively participate and support a mutual rela-
tionship towards the development of eco-innovations.
Eco-innovation activity group of indicators measures the
implementation of eco-innovation in the corporations
and usage of eco-resources in the overall economy. Eco-
innovation performance group of indicators represents the
outcomes of eco-innovation activities in economic, social
and environmental areas.

Eco-innovation index shows the result based on sus-
tainable development principles based on three pillars:
economic, social and environmental. However, the eco-
innovation index does not provide information regarding
the main circular economy condition - zero waste. Eco-
innovation index shows the result based on the reduction
of negative impact to the environment, corresponding to
sustainable development. Circular economy promotes no
waste and reuse of materials. For this reason, some ad-
ditional indicators are being required to include the in-
formation regarding waste management and re-usage of
materials.

Waste management and circular economy groups of
indicators represent the generated waste, trade of recycla-
ble materials, productivity of materials and circular mate-
rial usage. These groups of indicators would help to adapt
eco-innovation index to circular economy and would help
to indicate eco-innovation development in the context of
the circular economy. It would not show only the financial
expenditure on research and development of eco-innova-
tion, its spread among the companies and industries, sup-
port from the government side and positive environmen-
tal impact. Still, as well it would include the information
on how the waste is being controlled, production-based
reduction of CO,, renewable energy usage, material pro-
ductivity and its ability to be recycled and reused.

2. MCDM methods in the assessment of eco-
innovation in the context of circular economy

The circular economy is based on economic, social and
environmental pillars and is a complex multidisciplinary
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approach supporting the sustainable development idea.
Circular economy assessment is based on multiple indi-
cators, which have different units of measurement and
special requirements. Multiple-criteria decision-making
methods (MCDM) are widely used in sustainability meas-
urement of the country or region. The MCDM techniques
solve problems including multiple objectives and based on
ranking, priority setting, fuzzy principles and weighted av-
erages (Strantzali & Aravossis, 2016).

MULTIMOORA method is a multiplicative form of
MOORA method, which was presented by Brauers and
Zavadskas (2010). Added a multi-object optimization
the updated MOORA method turned into MULTI-
MOORA (Stanujkic et al. 2019), which has maximiz-
ing and minimizing multiplicative functions that able
to use multiple, conflicting data with different units of
measurement.

MULTIMOORA is a popular method to assess many
multiple objectives problems in many fields. MULTI-
MOORA method has been used in the implementation
of EU energy policy priorities in the Baltic Sea Region
(Siksnelyte et al., 2019). Also, MULTIMOORA has been
used in the calculation of semi-human development in-
dex (Omrani et al., 2020), robot evaluation and selection
(Liu et al., 2019a), innovative ability of universities (Dong
et al., 2019) assessment of progress towards “Europe 2020”
strategy targets (Fedajev et al., 2020).

Another MCDM method TOPSIS, as well as MUL-
TIMOORA method, can solve multi-objective problems,
which include different units of measurement. TOPSIS
method finds out the shortest distance of the alternative to
the ideal solution and ranks it as the best one (Zavadskas
etal., 2016). TOPSIS method is widely used in many fields:
assessing EURO 2020 strategy (Ture et al., 2019), evalu-
ating strategies for sustainable energy planning (Solangi
et al., 2019), risk assessment for sustainable engineering
projects (Koulinas et al., 2019), product design concept
evaluation (Tiwari et al., 2019), measuring the maturity of
the carbon market in China (Liu et al., 2019b), measure-
ment of regional green economy sustainable development
ability (Wang et al., 2019).

The implementation of MULTIMOORA and TOPSIS
can be divided into six major steps. The first step (Fig-
ure 3) includes the determination of the decision matrix.

The second step includes the normalization of selected
criteria (Figure 4).

[ Step 1 ]

1
( MULTIMOORA ]

( TOPSIS )

|
Gather criteria and alternatives and
determine the group decision matrix using
RS approach

|
Gather criteria and alternatives and
determine the group decision matrix using
RS approach

Figure 3. Decision matrix creation for TOPSIS and MULTIMOORA methods
(source: developed by authors based on Brauers & Zavadskas (2010))
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In the third step, the values are optimized according to
the need for maximization or minimization (Figure 5) us-
ing MULTIMOORA method. Using the TOPSIS method,
the best and the worst possible solutions can be found out.

The fourth step finds the reference point for each cri-
terion using MULTIMOORA and TOPSIS methods (Fig-
ure 6).

The fifth step measures the deviation of normalized
values from reference point using TOPSIS and MULTI-
MOORA methods (Figure 7)

The last step includes final full-multiplicative form for
MULTIMOORA method and relative closeness coeflicient
for the TOPSIS method (Figure 8).

Once the full-multiplicative form has been applied, it
is possible to establish the rank of the alternatives. Once
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the Euclidean distance has been estimated using the TOP-
SIS method, the alternatives could be ranked as well. The
overall ranking by using MULTIMOORA and TOPSIS
methods could establish the eco-innovation development
in the context of circular economy during the different
periods.

3. The assessment of eco-innovation in the
context of circular economy

In 2017 EU Strategy for the Baltic Sea Region (EUSBSR)
Action plan was established by European Commission
(2017) as the macro-regional strategy to save Baltic Sea by
joint projects among the region. The action plan includes
maintaining clear water in the sea with rich and healthy

[ Step 2 ]

( MULTIMOORA )

( TOPSIS )

Normalize a set of criteria:

Normalize a set of criteria:

1.
Fo=— 9
IJ n

2
an

j=1

Figure 4. Normalization of the criteria by TOPSIS and MULTIMOORA methods
(source: developed by authors based on Byun & Lee (2005))

[ Step 3 ]

( MULTIMOORA ]

( TOPSIS )

Values are optimized according to the
need of maximization/minimization:

i=n

|
/ The best hypothetical solution and the
worst hypothetical solution:

PP min;; w7y
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Figure 5. Maximization and minimization of criteria using TOPSIS and MULTIMOORA methods
(source: developed by authors based on Brauers & Zavadskas (2010))

[ Step 4 ]

1
( MULTIMOORA ]

( TOPSIS )

Find out Maximal Objective Reference
Point:

min(]-){max(i) |r,- - xij|

The Euclidean distance to the best
hypothetical solution:

m 2
D;= Z((Di;ij _Vi*)

i=1

Figure 6. The reference point for each criterion using MULTIMOORA and TOPSIS methods
(source: developed by authors based on Brauers & Zavadskas (2012))
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[ Step 5 ]

( MULTIMOORA ]

( TOIE‘SIS )

Reference Point approach the place of the
significance coefficient:

|sir.

.
i~ SiXij

The Euclidean distance to the worst
hypothetical solution:

Figure 7. Deviation of normalized values using MULTIMOORA and TOPSIS methods
(source: developed by authors based on Brauers & Zavadskas (2012))

[ Step 6 ]

1
( MULTIMOORA )

( TOF:’SIS )

Full Multiplicative Form:

n
U, :thj
i=1

Cumulative Criterion:

(j=L2,..,n)

Figure 8. Full-multiplicative form for MULTIMOORA method and relative closeness coefficient for TOPSIS method
(source: developed by authors based on Brauers and Zavadskas (2012))

wildlife, clean and safe shipping, improved transport con-
ditions and single energy market creation. The creation of
the Baltic Sea Region contributes to the implementation
of the EUROPE 2020 strategy, what in the result would
improve the competitiveness of the region. Also, as being
a part of the EUROPE 2020 strategy, the Baltic Sea Re-
gion would solve ongoing issues regarding climate change.
Eight countries are being included in Baltic Sea Region:
Sweden, Denmark, Estonia, Finland, Germany, Latvia,
Lithuania and Poland.

Data for eco-innovation aspects were collected using
the following databases: European Statistical Database

— Eurostat (2020), Organization for Economic Co-Opera-
tion and Development (2020) and European Commission
(2020). Data for the assessment of eco-innovation as a pil-
lar for circular economy has been collected from 2014 to
2018 and evaluated separately by each year.

The indicators of eco-Innovations have been gathered
for the Baltic Sea Region, and the data for 2014 is repre-
sented in Table 2 and Table 3. These selected data have
been used for MULTIMOORA and TOPSIS methods.

In the further calculations of eco-innovation evalua-
tion, all indicators that have included eco-innovation in-
dex has been added as the value of eco-innovation index

Table 2. Eco-innovation indicators of Sweden, Denmark, Estonia and Finland in 2014
(source: developed by authors based on Eurostat (2020), OECD (2020), European Commission (2020))

Sweden | Denmark | Estonia Finland
Eco-innovation indicators
2014 2014 2014 2014
Eco-innovation index | Eco-innovation index 121.00 131.00 58.00 129.00
Trade in recyclable raw materials 633 341.00 | 1 16 738.00 | 4172.00 32 874.00
Recycling rate of municipal waste 49.30 43.70 31.30 32.50
Waste management -
Recycling rate of e-waste 52.70 42.30 30.40 42.40
Recycling of biowaste 72.00 130.00 17.00 70.00
Production-based CO, emissions 71.74 34.44 17.39 45.71
Renewable electricity, % total electricity generation 55.84 55.90 11.16 38.58
Circular economy Energy intensity, TPES per capita 4.97 2.88 4.39 6.25
performances Non-energy material productivity 2.04 2.53 1.59 1.43
Environmentally related ODA, % total ODA 24.71 33.43 5.24 23.17
Circular material use rate 6.50 9.10 11.00 7.30
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Table 3. Eco-innovation indicators of Germany, Latvia, Lithuania and Poland in 2014

(source: developed by authors based on Eurostat (2020), OECD (2020), European Commission (2020))

Germany Latvia | Lithuania | Poland
Eco-innovation indicators
2014 2014 2014 2014
Eco-innovation Index Eco-innovation index 135.00 65.00 66.00 53.00
Trade in recyclable raw materials 1 606 759.00 | 61 249.00 | 31 277.00 | 50 044.00
Recycling rate of municipal waste 65.60 27.00 30.50 26.50
Waste Management -
Recycling rate of e-waste 36.90 26.40 64.60 27.40
Recycling of biowaste 114.00 13.00 41.00 15.00
Production-based CO, emissions 723.18 6.72 10.46 279.71
Renewable electricity, % total electricity generation 26.13 54.52 40.75 12.52
Circular Economy Energy intensity, TPES per capita 3.76 2.15 2.35 2.47
performances Non-energy material productivity 3.68 1.93 1.86 1.78
Environmentally related ODA, % total ODA 47.69 2.47 4.56 2.41
Circular material use rate 10.70 5.30 3.80 12.50

Table 4. Reference Point approach by MULTIMOORA method for Sweden, Denmark, Estonia and Finland in 2014

(source: developed by authors)

Sweden Denmark Estonia Finland
Eco-innovation indicators Max/min

2014 2014 2014 2014
Eco-innovation Index + 0.049 0.014 0.270 0.021
Trade-in recyclable raw materials + 0.562 0.860 0.925 0.908
Recycling rate of municipal waste + 0.143 0.192 0.300 0.290
Recycling rate of e-waste + 0.100 0.187 0.286 0.186
Recycling of biowaste + 0.282 0.000 0.549 0.292
Production-based CO, emissions - 0.083 0.035 0.014 0.050
Renewable electricity, % total electricity generation + 0.001 0.000 0.388 0.150
Energy intensity, TPES per capita + 0.116 0.305 0.169 0.000
Non-energy material productivity + 0.263 0.184 0.335 0.360
Environmentally related ODA, % total ODA + 0.339 0.210 0.626 0.362
Circular material use rate + 0.242 0.137 0.061 0.210

Table 5. Reference point approach by MULTIMOORA method for Germany, Latvia, Lithuania and Poland in 2014

(source: developed by authors)

Germany Latvia Lithuania Poland
Eco-innovation indicators Max/min

2014 2014 2014 2014

Eco-innovation Index + 0.000 0.245 0.242 0.287
Trade-in recyclable raw materials + 0.000 0.892 0.909 0.898
Recycling rate of municipal waste + 0.000 0.338 0.307 0.342
Recycling rate of e-waste + 0.232 0.320 0.000 0.311
Recycling of biowaste + 0.078 0.569 0.433 0.559
Production-based CO, emissions - 0.917 0.000 0.005 0.349
Renewable electricity, % total electricity generation + 0.258 0.012 0.131 0.376
Energy intensity, TPES per capita + 0.226 0.372 0.354 0.343
Non-energy material productivity + 0.000 0.280 0.291 0.304
Environmentally related ODA, % total ODA + 0.000 0.667 0.636 0.668
Circular material use rate + 0.073 0.291 0.351 0.000
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for the country in a selected year. Waste management and
circular economy performances groups of indicators have
been added for evaluation of eco-innovation in the con-
text of circular economy.

The selected criteria have been normalized using the
formulas represented in Figure 3 for MULTIMOORA
and TOPSIS further implementation. According to Step
3 represented in Figure 5, the values are being maximized
and minimized, according to MULTIMOORA and TOP-
SIS methods. The deviation from reference point, which
includes MULTIMOORA method, described in Step 5
(Figure 7) is represented in Table 4 and Table 5.

The Euclidean distance to the worst hypothetical solu-
tion and the best hypothetical solution provided in Step 4
(Figure 5) and Step 5 (Figure 6) were represented in Ta-
ble 6 for Baltic Sea Region in 2014.

The final step 6 (Figure 7) represents a full-multiplica-
tive form for MULTIMOORA method and relative close-
ness coefficient for the TOPSIS method. After step 6, the
results received by MULTIMOORA (Table 7) and TOPSIS
methods can be evaluated and turned as ranks of each
country in the Baltic Sea Region for a selected period.
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The result of eco-innovation evaluation by MULTI-
MOORA and TOPSIS methods for 2014 is represented
in Figure 9. According to MULTIMOORA method, the
highest ranks were received by Sweden, Denmark and
Germany, while the lowest rank obtained by Estonia and
Poland. TOPSIS result shows that the best evaluation of
eco-innovation in 2014 was received by the same coun-
tries as according to MULTIMOORA method - Sweden,
Germany and Denmark. The lowest rank, according to the
TOPSIS method, was derived from Poland in 2014.

The result of eco-innovation evaluation by MULTI-
MOORA and TOPSIS methods for 2015 is represented
in Figure 10. According to MULTIMOORA method, the
highest ranks were attributed to Sweden, Denmark and
Germany and the lowest rank attributed to Estonia. TOP-
SIS result shows that the best evaluation of eco-innovation
in 2015 was ranked — Germany, Sweden and Denmark.
The lowest rank according to the TOPSIS method, re-
ceived Poland in 2015.

The result of Eco-innovation evaluation by MULTI-
MOORA and TOPSIS methods for 2016 is represented in
Figure 11. According to MULTIMOORA method Sweden,

Table 6. Euclidean distance for Baltic Sea Region in 2014 by TOPSIS method (source: developed by authors)

Euclidean distance Sweden | Denmark | Estonia | Finland | Germany | Latvia | Lithuania | Poland
The best hypothetical solution 0.076 0.091 0.131 0.106 0.092 0.133 0.126 0.139
The worst hypothetical solution 0.275 0.302 0.362 0.325 0.303 0.365 0.355 0.373

Table 7. Full-multiplicative form for Baltic Sea Region in 2014 by MULTIMOORA method (source: developed by authors)

Full-multiplicative form Sweden | Denmark | Estonia Finland | Germany | Latvia | Lithuania | Poland
Ratio system approach 3 2 6 4 1 7 5 8
Reference point approach 1 2 7 5 8 3 6 4
Full multiplication 1 3 7 4 2 6 5 8
Sum 5 7 20 13 11 16 16 20
MULTIMOORA 1 2 7-8 4 3 5-6 5-6 7-8

MULTIMOORA TOPSIS

2014 2014

Sweden Sweden
Poland Denmark Poland Denmark

Lithuania Estonia
Lithuania Estonia
Latvia Finland
Latvia Finland
Germany
Germany

Figure 9. Eco-innovation evaluation of Baltic Sea Region in 2014 (source: developed by authors)
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MULTIMOORA
2015
Sweden
Poland Denmark Poland
Lithuania Estonia Lithuania
Latvia Finland Latvia
Germany

TOPSIS
2015
Sweden
Denmark
Estonia
Finland
Germany

Figure 10. Eco-innovation evaluation of Baltic Sea Region in 2015 (source: developed by authors)

MULTIMOORA
2016
Sweden
Poland Denmark Poland
Lithuania Estonia Lithuania
Latvia Finland Latvia
Germany

TOPSIS
2016
Sweden
Denmark
Estonia
Finland
Germany

Figure 11. Eco-innovation evaluation of Baltic Sea Region in 2016 (source: made by authors)

MULTIMOORA
2017
Sweden
Poland Denmark Poland
Lithuania Estonia Lithuania
Latvia Finland Latvia
Germany

TOPSIS
2017
Sweden
Denmark
Estonia
Finland
Germany

Figure 12. Eco-innovation evaluation of Baltic Sea Region in 2017 (source: made by authors)
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MULTIMOORA
2018
Sweden
Poland Denmark
Lithuania Estonia
Latvia Finland
Germany
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TOPSIS
2018
Sweden
Poland Denmark
Lithuania Estonia
Latvia Finland
Germany

Figure 13. Eco-innovation evaluation of Baltic Sea Region in 2018 (source: made by authors)

Germany and Denmark were tagged the highest rank and
Estonia the lowest rank. In respect of this, TOPSIS result
shows, that the best evaluation of eco-innovation in 2016
received the same countries as according to MULTI-
MOORA method - Sweden, Germany and Denmark. The
lowest rank according to the TOPSIS method, received
Poland in 2016 therein.

The result of eco-innovation evaluation by MULTI-
MOORA and TOPSIS methods for 2017 is represented
in Figure 12. According to MULTIMOORA method, the
highest rank received was that of Sweden, Germany and
Denmark, and the lowest rank received belongs to Esto-
nia. TOPSIS result shows that the best evaluation of Eco-
innovation in 2017 received was that of Germany, Sweden
and Denmark. The lowest rank, according to the TOPSIS
method received was that of Poland in 2017.

The result of eco-innovation evaluation by MULTI-
MOORA and TOPSIS methods for 2018 is represented
in Figure 13. According to MULTIMOORA method, the
highest rank received was that of Sweden, Germany and
Denmark, and the lowest rank received belongs to Esto-
nia. TOPSIS result shows that the best evaluation of eco-
innovation in 2017 received was that of Sweden, Germany
and Denmark. The lowest rank, according to the TOPSIS
method received was that of Poland in 2018.

The development of eco-innovation in the Baltic Sea
Region in the context of circular economy during the pe-
riod of 2014-2018, according to MULTIMOORA is rep-
resented in Figure 13. Sweden was in the leading position
in the development of eco-innovation, moreover, at the
end of 2018, Sweden has strengthened its position to be
a leader among all the countries in the Baltic Sea Region.
According to eco-innovation index from 2014 to 2018
Sweden was remaining one of the leaders and grew up by
2018. Denmark remains in the same position according
to MULTIMOORA results in the period of 2014-2018.
However, the value of eco-innovation index has decreased
by 2018. Germany holds the second position after Sweden

according to MULTIMOORA and is one of the most in-
fluential countries in the development of eco-innovation
by the index. In addition to this, by 2018, Germany has
increased the result according to MULTIMOORA, but
the index remains the same during the period. Finland,
according to MULTIMOORA, is fourth out of eight coun-
tries. However, the index shows Finland in the leaders
during 2014-2018. Estonia, Latvia, Lithuania and Poland
according to MULTIMOORA and index, have been evalu-
ated by the lowest ranks. However, although the index is
lower than Sweden, Germany, Denmark and Finland, it
shows that Estonia, Latvia and Lithuania developed eco-
innovation index by 2018.

The development of eco-innovation in Baltic Sea Re-
gion in the context of Circular Economy during the pe-
riod of 2014-2018, according to TOPSIS is represented in
Figure 14. According to TOPSIS results Sweden, Denmark
and Germany are in the leading position as well as ac-
cording to the Eco-innovation index. According to TOP-
SIS and Eco-innovation index, Sweden has increased the
result by 2018, and Denmark has decreased the result by
2018.

Finland holds fourth position, and it corresponds to
the result of MULTIMOORA. Estonia, Latvia, Lithuania
and Poland were evaluated with the lowest rank, which
corresponds to the result of the index. Lithuania, accord-
ing to TOPSIS and eco-innovation index has increased the
result by 2018. TOPSIS as MULTIMOORA has ranked
same countries by highest rank, Finland and Lithuania
have scored by middle-rank and Estonia, Latvia Poland
has scored by the lowest rank. The development of eco-
innovation index in the Baltic Sea Region and the devel-
opment of eco-innovation in the context of circular econ-
omy is represented in Figure 15. According to the data
represented, it is possible to see the tendency of growing
or decreasing of eco-innovation index itself and eco-inno-
vation in the context of circular economy. The represent-
ed data is already ranked according to MULTIMOORA
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Figure 14. Development of eco-innovation in Baltic Sea Region in the period of 2014-2018 represented
by MULTIMOORA and eco-innovation index (source: developed by authors)
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Figure 15. Development of eco-innovation in Baltic Sea Region in the period of 2014-2018 represented
by TOPSIS and eco-innovation index (source: developed by authors)

and TOPSIS. The value of eco-innovation index has been
ranked according to the values of the index. The gradient
shows the ranked position of the selected country by the
year — the darker font means lower rank the country owes,
and opposite, the lighter font — the higher position holds
the country.

For example, Finland has been evaluated by MULTI-
MOORA and TOPSIS with the rank 4-5 from 2014 to
2018, what is the middle position, however, eco-innova-
tion index has been ranked 3", what is one of the leading
positions.

To sum up, eco-innovation index (Table 8) shows the
development of eco-innovation responding to the goal of
sustainable development, however, modified eco-innova-
tion index counts in the specification of circular economy
and based on the additional circular economy indicators
the result of eco-innovation varies in comparison to eco-
innovation index. TOPSIS and MULTIMOORA methods
identified the leading countries in the development of

eco-innovation in the context of circular economy, which
are Sweden, Denmark and Germany. Also, according to

Table 8. Development of eco-innovation index and eco-
innovation as a pillar of circular economy assessed using
MULTIMOORA and TOPSIS methods in the Baltic Sea Region
in 2014-2018 (source: developed by authors)

MULTIMORA TOPSIS Index

2014 | 2018 | 2014 | 2018 | 2014 | 2018
Sweden 1 1 1| d1 | 5412
Denmark | 2 [ 43 | 13 | 13| 2|54
Estonia T7 | 1t8 | Y7 | Y6 | 7| 7
Finland | > 4| > 5| >4 |55 +3 |13
Germany 13 ) 12|12 1 1
Latvia >5| 17| 6| T7 | Te | Ts
Lithuania | > 5| >4 | > 5| >4 | > 5| > 5
Poland T7 |1 Te6 | T8 | T8 | T8 | Ts
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TOPSIS and MULTIMOORA methods, the lowest ranks
got countries: Latvia, Estonia and Poland. Finland and
Lithuania have been ranked in the middle by MULTI-
MOORA and TOPSIS methods.

Conclusions

The circular economy is quite a new economic approach
which aims to eliminate the waste until zero from eve-
ry production or consumption step, promotes recycling
and secondary usage of the materials, in the same way,
maintain economic development. the circular economy
includes environmental, economic and social pillars
aligned with the sustainability approach. Circular econ-
omy ensures sustainable development as is aligned with
Sustainable Development Goals. However, there are many
barriers to switch from linear economy model to circular
economy: technological, legal, economic, social barriers.

Eco-innovation could help to switch from linear econ-
omy to circular economy more quickly and efficiently. To-
day the total shift to circular economy is impossible as a
zero-waste approach would not be ensured, but with the
development of technologies and eco-innovation step by
step circular economy approach can be partially imple-
mented. At the moment there is a huge need of eco-in-
novations — new business model innovation that would
be concordant with circular economy approach, network
innovations that would create a symbiosis of the working
groups supporting the idea of circular economy, process
and product innovation, service and market innovation
that would change consumption habits towards the con-
cept of circular economy.

Eco-innovation has been analyzed in the Baltic Sea Re-
gion from 2014 to 2018 using MULTIMOORAand TOP-
SIS methods. As well, based on the circular economy spec-
ification eco-innovation index, that is used to assess the
eco-innovation worldwide, has been modified to measure
eco-innovation in the context of circular economy. Moreo-
ver, the development of eco-innovation in the context of
circular economy has been analyzed from 2014 to 2018
and compared to the eco-innovation index.

The results of MULTIMOORA and TOPSIS methods
show the same evaluation of eco-innovation development
in the context of circular economy as e research shows
the best development of eco-innovation show Sweden,
Denmark and Germany. Finland and Lithuania have been
middle-ranked by MULTIMOORA and TOPSIS. Low-
est ranks got Latvia, Estonia and Poland using MULTI-
MOORA and TOPSIS methods.

Eco-innovation assessment in the context of circular
economy differs by the comparison to eco-innovation in-
dex. Additional circular economy indicators assess eco-
innovation including circular economy aspects such as
zero waste, efficient resources use, recycling and reuse of
materials.
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