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Presentation structure

1. Sustainability and Circular Economy via SDGs;
2. Composite Indicators to study CE Phenomenon;

3. CE Modelling for Ukraine, Fuzzy set theory.



Sustainable Development Goals and UN
Aaenda 2030
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19 woses Goal 12. Responsible

AND PRODUGTION consumption and

(m production

SDG 12

calls for the sustainable production and consumption of goods and
services.

Countries have demonstrated it’s possible to achieve economic
growth without depleting natural resources: on average,

countries have increased their natural capital by 26.8 percent since
the mid-1990s.

Yet, for many countries, growth continues to come at the expense of
natural resources.

The UN has defined 11 fargets and 13 indicators for SDG 12. Targets
specify the goals

and indicators represent the metrics by which the world aims to
track whether these targets are achieved.



https://unstats.un.org/sdgs/indicators/Global%20Indicator%20Framework%20after%202023%20refinement_Eng.pdf

ountries with a sustainable consumption and
yroduction national action plan, 2022

his metric measures whether countries have implemented policies as part of a sustainable consumption and
roduction plan. This does not measure the quality or ambition of these plans, only whether a country has one.
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Modelling of CE Scenarios for Ukraine, CE

Waste management

The rate of processing
of all waste, except for
basic mineral waste

Norm of municipal
waste processing

Waste processing

Bio-waste processing

Waste management

The coefficient of
recovery of
construction and
demolition waste

Norm of electronic
waste processing

Use of containers and
packaging

The rate of recycling of
general packaging

Norm of recycling of
plastic packaging

The norm of using
circular material

The rate of processing
of wooden containers




Global Indicator Framework structure

Goal Number of Number of
Targets Indicators

SDG 1 7 14

SDG 2 8 13 Regiondl
SDG 3 3 37 Organizations
SDG 4 10 11

SDG 5 9 14

SDG 6 8 11

SDG 7 5 6

SDG 8 12 17

SDG 9 8 12
SDG 10 10 11
SDG 11 10 15
SDG 12 11 8
SDG 13 5 8
SDG 14 10 10
SDG 15 12 12
SDG 16 12 23 .Ghbalsm
ST . ~ Indicator Database

(UNSD)
Total 169 237




Composed Indicators in Social
Research

Composite Indicator (Cl) is © mathematical combination of
single indicators that represent different dimensions of
a concept, the description of which is the objective of
analysis” (Saisana et al, 2002)

The methodological approaches used to build a Cl are:

- Methods of aggregation: in this case, after a
transformation to homogenize the various elementary
indicators, it is defined an appropriate system of weights
on which the compute of a Cl is based;

- Multiple linear regression analysis, Fuzzy Model based
modelling in this way as weights are used the regression
coefficients and it is possible to investigate the linkages
between a large number of indicators and a single output
indicator.




CE Indicators features

Structure complexity and communicate information
(information-structuring challenge);

Operationalization of Sustainability/ (interpretation
challenge, global overview on partial information);

Social learning (interpretation and influence
challenge);

Demonstrate accountability and benchmarking
(influence challenge therefore useful for policymakers,
scientistists);

Identification of knowledge and data gaps
(information-structuring challenge).



Fuzzy logic tools

Fuzzy Inference
System

Mamdani

Sugeno

Advantages

*Intuitive

*Well-suited to human input
*More interpretable rule base
*Have widespread acceptance

*Computationally efficient

*Work well with linear techniques, such
as PID control

*Work well with optimization and
adaptive techniques

*Guarantee output surface continuity
*Well-suited to mathematical analysis



Mamdani Fuzzy Inference

fuzzy 3. Appl
A method to create a control system by synthesizing a Pty s °8§”"f,’§£x LT&E%?;M
set of linguistic control rules obtained from experienced
human operators. 1 ]
' poor rancid cheap
In a Mamdani system, the output of each rule is a fuzzy | g W 0,’_\—30,'
set. If  servicelspoor  or  food s rancid then tip = cheap
average,
Mamdani systems have more intuitive and easier to ‘ ‘ g |
understand rule bases, they are well-suited to expert 2, . ] |
system applications where the rules are created from - o dpedony | / \ |
human expert knowledge, such as medical diagnostics. 0 10 0% 30% 0% 3%
The inference process of a Mamdani system is describec | _smeeisgms then U "avirage

in Fuzzy Inference Process and summarized in the

foIIowiﬁg figure. excellent /\
generous |
The output of each rule is a fuzzy set derived from the __/ _/de"ms _[\l

output membership function and the implication method i 30% " o0

4 Apply

f  service is excellent  or food is delicious  then tip = generous aggregation
of the FIS. These output fuzzy sets are combined into a | mefhod max)
single fuzzy set using the aggregation method nies3 oo

input 1 input 2
P P 9 (5 D?fu_ariify
) o (centroid).
ip=t6r% <% 0

output


https://www.mathworks.com/help/fuzzy/fuzzy-inference-process.html

The Cls building

The, construction of Cls usually involves the following

A

steps:

elementary indicators selection;
treatment of the missing data;
elementary indicators normalization;
defining a suitable weighting systems;

fnh |ggit'235; an aggregation function of elementary

validating a composite indicator

Composite Indicator (Cl) can be used to:
Summarise multi-dimensional issues;
to reduce the size of a set of elementary indicators;

to b|1ild_and interpret a ranking of countries on
complex issues;

I der to address blic policies and attractin
:a“ntglrprelses andeI c|rte|zen’gl‘|’nt:eregt.I ! ng

-.nni-however Cls n}a% send misleacling or non-robust
Q||_c|¥ mes?ages iIf they are poorly "constructed or
isinterpreted;



Fuzzy clustering of countries for the composite
indicator - Waste recycling, which accumulates the
impact of 5 input indicators of the circular economy,
2020
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Ranking of countries by the level of development of
the circular economy as a whole in the section,
identified by a set of composite indicators
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Simulation model for calculating the dynamics of the entire system of
composite indicators identified by the information model, according to
the circular economy section of Waste Management
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Scenarios for Waste Management for
Ukraine in the context of EU countries
2025, 2030
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Conclusions:

* The above logic is a holistic method of studying the level of development of countries’ circular economy:

a) by defining fuzzy clusters of the whole set of studied countries and ;

b) by calculating for each of them integrated estimates in terms of the whole set of composite indicators
defined by the information model structure for them and performing ranking.

Consequently, such integrated estimates for the whole set of composite indicators make it possible to
identify horizontal relationships between composite indicators, which are not clearly defined in the
information model.

Mamdani's fuzzy inference knowledge base (when calculating integrated estimates) is structural
components in the form of simulators from the simulation model, which allows predicting different scenarios
of the circular economy for a particular country.

For countries with limited financial resources, which includes Ukraine at the current stage of its
development, it is appropriate to identify the individual growth points that would stimulate the accelerated
development of the circular economy identified in the above mentioned information model.

The growth points can be given only on the basis of simulation models, the relationships between influencing
factors and indicators or composite indicators are defined in the system of indicators of the circular economy.
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