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ABSTRACT

This paper is a short presentation of concepts related to a circular economy, such as those depicted by Paul Ekins, the butterfly model introduced
by Ellen Mac Arthur, the 9 R’s introduced by European Union in 2017, to denote the strategies for a circular economy, the indicators of a circular
economy proposed by Teresa Domenech such as the consumption material use, recycling, energy use, consumption, renewable energy, air quality,
water consumption; well-being — health, social cohesion, as well as the indicators of a circular economy proposed by Peterborough such as the
amount of renewable electricity available to each household, CO, emissions per capita, percentage household waste recycled, percentage circular
jobs, and so on. North America and Europe, as well as Japan are the first promoters of this kind of economy throughout the globe. Inside Europe,
the differences situate themselves between western Europe, more advanced on the implementation of the roadmap for a circular economy, while the
Eastern Europe is designing its roadmap and moving towards its implementation. A brief presentation is made on three major western European
countries - Germany, Netherlands and France, by considering them as role models into the future circular economy. Additionally, it is presented how
far they are onto this path, the programs they have implemented, and what they still need to achieve. On the other hand, is also made a short study
on eastern and central European strategy plan for a circular economy and bio- economy. Special focus is given to Romania and Poland, considering
their efforts involved in some programs such as recycling electronics, and construction materials and also highlighting a lack of initiative for other
programs, such as recycling municipal wastes, reinserting back into the economy raw materials and the production of renewable biological resources
for the conversion into food by innovative and efficient technologies. The research paper is based on EUROSTAT charts, graphs, roadmap and tables.
It uses two artificial intelligence deep learning methods, a Multi-Layer Perceptron and a Long Term Short Memory, to estimate and forecast three-
time series based on the data set collected from 2013 to 2022 for 2023-2027.
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Introduction

“In 2015, the UE commission adopted the first Circular Economy
Action Plan (CEAP) of the UE, which includes measures tightly
linked to the key priorities of the UE, such as occupying labor
force, economy growth, the agenda related to investments, the
efforts involved in climate and energy changes, social agenda
and industrial innovation, as well as tight efforts registered at the
national and international level for sustainable development [1].

Addressing actions with regards to circular economy, which were
first taking place in 2015, the UE commission adopted a new CEAP
in 2020 to achieve the goal towards a Europe cleaner and more
competitive, in cooperation with economical actors, consumers,
citizens and organizations, civil societies. The CEAP announced

initiatives throughout the life cycle of products, addressed to
consumers, and producers, which concentrate on designing
products, on the production processes, on consumption, but also
on preventing waste and pollution, making sure that the resources
that were used will stay in UE economy for as long as possible.
The main value chains associated to products, which were put
onto focus throughout the CAEP, include electronic products,
telecommunications, batteries and vehicles, plastic, packaging,
textile materials, constructions and buildings, as well as food,
water and nutrients [2].

The main objectives of Circular Economy are also included in
the action plan of the UE, i.e. “Zero Pollution”, which states
that wastes should be reduced significantly, the municipal wastes
should be lessened by 50% until 2030. These are part of a list
of objectives that contribute to “vision pollution 0 for 2050”.
CAEP announced different strategies and initiatives: an initiative
regarding circular electronic products, a strategy of UE for textile
and a Strategy UE for Plastic for 2020. In the last segment
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relating to circular economy, in 2022, CE adopted an initiative
for sustainable products including the proposition of An Act of
Regulations for eco designing sustainable products. This Initiative
would have as main objective to ensure that products, which are
introduced on the UE market are more life long resistant, are
successfully passing the test of circularity, making production
and the consumption more ecological, reducing to the minimum
waste and pollution. The European Ecological Pact is the new
European agenda for sustainable growth, hoping that the extension
of circular economy will contribute to achieving climate neutrality
till 2050, to realizing ODD and the decoupling of economic growth
from the use of resources. Until now, 17 state members of the UE
elaborated strategies, in general terms, regarding circular economy.
In this narrative, we will go through the main concepts related
to Circular Economy (such as Butterfly Model and the 9 R’s),
we will see the key indicators which quantify the progress that
is made in different countries in implementing different aspects
of circularity (section 2). The remainder of this paper consists
of the following sections. In section 3, we will compare through
values and graphs, five countries, Netherlands, France, Germany,
Poland and Romania. A rigorous analysis is performed in section
3, regarding the quantity and quality measures of circularity, by
quantifying the score associated to different indicators for each of
the studied countries, and comparing them to each other. These
key indicators will teach us about the progress that is taking
place in different countries, towards an economical framework
encompassing circularity concepts. Section 4 is dedicated to
the different policies currently implemented in those countries,
with relevant results and impact. Section 5 is dedicated to an
analysis from an engineering point of view. We will describe the
different methods taken from Artificial Intelligence algorithms,
and implemented in a software engineering platform such as
MATLAB — SIMULINK, to make an analysis of three other
indicators of circular economy for the same five countries we
have studied so far.

Concepts Related to Circular Economy

The definition of the Ellen MacArthur Foundation is “A circular
economy is an industrial system that is restorative or regenerative
by intention and design. It replaces the “end-of-life” concept with
restauration, shifts towards the use of renewable energy, eliminates
the use of toxic chemicals, which impair reuse, and aims for the
elimination of waste through the superior design of materials,
products, systems, and within this, business models” [3].

Butterfly Model

Ellen MacArthur is famous for breaking the world record time
for sailing solo non-stop round the world in 2005. She set up the
Ellen MacArthur Foundation (EMF) in 2010. Partnering with a
number of large companies and the McKinsey consultancy, EMF
produced in 2013 three publications ‘Towards Circular Economy”,
the first of which containing the celebrated “butterfly diagram”.
The four people credited in the first volume of this publication
are Baumgart, Stahel, Benyus and Roland Clift. The Foreword of
the volume is by Janez Potocnik, then European Commissioner
for the Environment [3].

This model shown in Figure 1 emphasises environment
sustainability and its focus is overwhelmingly on making circular
use of natural resources and reducing environmental impacts.
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Figure 1: The Butterfly Model proposed by Ellen MacArthur
Foundation to Describe Circular Economy, (source [3]).

The 9 R’s Concept

Recycling is a key element in circular economy. As time has gone
on the number of R’s has multiplied. The Japanese Government’s
3 R Initiative’ (reduce, reuse, recycle) started from 2004.

By 2017, nine separate R’s contributing to circular economy
have been identified, namely Refuse (0), Rethink, Reduce, Re-
use, Repair, Refurbish, Remanufacture, Repurpose, Recycle and
Recover (see Annex 1, Diagram 1).

Key Indicators

In order to quantify the progress that is taking place towards an
economical framework encompassing circularity concepts, in
different countries, there are many indicators that are in handy.
Amongst these indicators, the most important are: Domestic
Material Consumption, Resource Productivity, Eco-Labels, Number
of Industrial and Territorial Ecology Projects, Car- Sharing,
Food Waste, Expenditure on Product Repair and Maintenance,
Quantities of Waste sent to Land[fill, Use of Recycled Raw Materials
in Production Process, Employment in the Circular Economy.
Different agencies at the national and European level (such as
EIONET - the European Environment Information Observation
Network, or EEA — European Environment Agency), gather
economic data, computes the values of indicators and releases
reports on a regular basis, containing the relevant information [4-
9]. Netherlands is one of the front runners in Europe at designing
and achieving policy actions in sustainability and working towards
a complete framework of economic circularity [6]. In this sense,
the Institute of Circular Economy (ICER) in Netherlands released
areport (ICER 21) containing data about more than 30 indicators
to measure the progress in circular framework. These indicators
are more refined compared to the regular indicators and show
more precise information. As examples of these indicators can be
highlighted the Material resource footprint on the economy, Share
of recycled waste in processed waste, and Biodiversity footprint
of production, etc.

Material footprint (Raw Material Consumption)

The Material footprint presented in Figure 2, which is also called
raw material consumption (RMC), represents the global demand
for the extraction of materials (minerals, metal ores, biomass, and
fossil energy materials) induced by consumption of goods and
services within a geographical reference area.
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They are divided into following Different Categories:

*  domestic extraction of materials measured in tonnes of gross
material, for example, gross ore or gross harvest

* imports and exports measured by estimates of raw material
equivalents of the products traded while domestic and abroad
extraction require to produce the traded products. RMC
measures the amount of extraction needed to produce the
goods demanded by final users in the geographical reference
area.

Material footprint (RMC) by country, 2010 and 2022
(tonnes per capita)
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Figure 2: Material footprint (RMC), per countries (focus on the
five selected countries) reported to EU rate, source [10]

Domestic Material Consumption by Selected Category

The Domestic Material Consumption (DMC) depicted in Figure
3 measures the total amount, in tons, of material directly used in
an economy, i.e. by resident businesses, governments and other
institutions for economic production or by households. The DMC
equals the domestic extractions of materials plus imports minus
exports. At the same time, the DMC is the number of materials
that become part of the material stock within the economy or are
released back to the environment in form of e.g., emissions to air.
It also illustrates the absolute level of the use of resources, and
shows the difference between the consumption driven by domestic
demand from consumption driven by the export market [11-12].

D material co
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ption by main material category, 2022

= Non-metallic minerais

Biomass = Fossil energy materials Metal ores

Figure 3: Domestic consumption by main category per countries
(focus on the five selected countries) reported to EU, 2022, (source
[11-12]).

Resource Productivity (Gross Domestic Product / Domestic
Material Consumption)

The Resource Productivity shown in Figure 4 is defined here as
GDP divided by DMC. It is noteworthy to mention that the GDP is
expressed in different measurement units, of which the following
are used to calculate two different resource productivity ratios.
An appropriate choice depends on the context of the analysis:

*  euro per kilogram using chain-linked volume data for the
GDP, to be used for analyzing developments in real terms

over time
*  PPS per kilogram using current price data for the GDP
expressed in purchasing power standards (PPS)

Also, PPS are artificial currency units that remove differences
in purchasing power between economies by taking account
of price level differences; these can be used when comparing
across different economies at one point in time (for one particular
year). The following graph illustrates the importance of Resource
Productivity in different countries of EU (see also Table I from
the Annex I). It shows that in western countries, the resource
productivity is higher than in eastern European countries, where
Netherland is situated on the first place compared to Romania
which is on the last place amongst the countries in the focus for
the present study.
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Figure 4: Resource Productivity (euro/Kg) measured in the
countries of EU (focus on the five selected countries), in 2023,
source [13].

This indicator is a measure of the total amount of material directly
used by an economy (measured as domestic material consumption,
so the DMC is in relation to GDP). Resource productivity (GDP/
DMC) illustrated in Figure 5 is the European Union sustainable
development indicator for policy evaluation which indicates the
amount of GDP generated per unit of direct material consumed.

of resource fuity in

with GDP and DMC, EU, 2000-2022 -]

i 8 8 8 &

g 8 B 8 3 3

Figure 5: Evolution of three indicators (Resource Productivity,
Domestic Material Consumption and Gross Domestic Product)
from 2000 to 2021 through the countries of EU, source [12]

The long-term changes rates of DMC and GDP instruct on the
degree of decoupling between DMC (pressure on the environment)
and GDP (economic growth). In Figure 6 it can be seen that
different countries in EU spread above and below the diagonal
line, which represents the case when the DMC and GDP rates
meet, i.e., they have the same rate of growth. The countries which
find themselves above this diagonal line, have a higher DMC
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growth compared to GDP growth and both are not de-couple.
It is the particular situation of Romania amongst the countries
from this case study. Below the diagonal line are all countries
whose GDP increased faster than their DMC and achieve relative
decoupling, which is the case of Poland. Absolute decoupling
was achieved when the DMC registered a decrease, which the
GDP had a high rate of increase. It is the case of Netherlands,
Germany and France. EU average is at the limit between relative
and absolute decoupling.

Changes of DMC and GDP by country, 2000-2022
(expressed as annual change rates in %)

nausl change rate of DM 4]
=
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Figure 6: Different degrees of decoupling DMC and GDP amongst
countries of Europe (focus on the five selected countries), 2020-
2022, (source [12])

Circular Material Use Rate (CMU)

This indicator measures the contribution of recycled materials
towards the overall use of materials. The circularity rate is the
share of material resources used in the EU which came from
recycled waste materials, thus saving primary raw materials
from being extracted. A higher circularity rate means that more
secondary materials replace primary raw materials, thus reducing
the environmental burden that comes with extracting new materials

[91.
It is computed by using following the formula:

M
CMU = 7 (1)
where U is the circular use of Material, and M is an indicator of
the overall material use.

Also,
U=RCVy, —IMPR, + EXB, (2)

where,

*  RCV,is designated for the amount of waste recycled in
domestic recovery plants,

* IMPdenotes the amount of imported waste bound for
recovery, and

*  EXPrepresents the amount of exported waste bound for
recovery abroad.

The graph from Figure 7 illustrates the circularity rates for different
countries in EU, with a focus on the five countries included
into the present study. A high circularity rate is registered for

Netherlands and France, which proves them as front stage actors
in the programs of recycling and treatment of wastes, that return
to the production process. Germany and Poland are quite close to
the average of EU [14]. And Romania is far behind, which means it
has a long way to go before reaching the right status in circularity
terms. Romania will need to find the means to implement programs
to recycle more and use less raw material resources.
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Figure 7: Circularity use rate among countries in EU (focus on
five countries), source [13]

The graph in Annexe I, Diagram 2, shows that throughout the
period 2015-2022, the average circularity rate is stable for the main
types of materials used in production process, a bit of increase
tendency being for metal ores and biomass.

Policy Implementation

Zero waste policy, taking place in France, has set up as a “Nothing
New” campaign to challenge society to question its consumption
habits and, if possible, to purchase nothing new [5,16-20]. In
2018, 14000 participants committed to avoiding the purchase
of new products and finding alternatives to consumption. The
campaign has been extended in 2019 and is aiming to reach 100
000 participants by the end of the year.

Repairability Index of Electric and Electronic Products
Since 1% January 2021, a reparability index is compulsory in France
for five categories of electronic products and home appliances [4].
This tool is meant to provide information to the consumer about
the degree of reparability of purchases. An index is displayed,
which could vary from 1 to 10, which informs customers about
the reparability score for that product. The following categories
of items are featuring the index: washing machines, smart phones,
laptops, TV monitors, electric lawn mowers, and recently vacuum
cleaners and dishwashers.

The “Green Deal” Programme - Netherlands

It is a joint initiative of the Ministry of Economic Affairs
and Climate Policy, the Ministry of Infrastructure and Water
Management and the Ministry of Interior and Kingdom Relations
[6,15]. By means of this programme, the government enables
organizations and businesses, on their own initiative, to identify
existing barriers to green growth or the implementation of CE
activities and to submit a request for review. By providing advice
on regulation, administration or funding, and in some cases on
amending regulations, the government has managed to stimulate
the economic activity of the circular business ideas from scratch
without providing further financial incentives [6].
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Nederland Circulair and Versnellingshuis

In 2018, there were more then 100 000 circular businesses in
Netherlands. A circular business is any business that applies one
or several R-strategies in practice. The entrepreneurs involved
in activities related to circularity can make use of various
programmes, aimed at supporting and promoting entrepreneurship,
such as Nederland Circulair, the business support organisation
Versnellingshuis, and the instruments implemented by Netherlands
Entreprise Agency (RVO).

City Deal Circular and Conceptual Construction

Cities and businesses in the Netherlands share cooperation in the
construction field, on knowledge and expertise, expanding the
Circular Economy knowledge of the participants and ensuring it
is made widely available.

Re-Use Berlin Initiative -Germany

It is an initiative of the Berlin Senate’s Department for the
Environment, Transport and Climate Protection, which aims to
strengthen the market for second-hand goods, including electronic
equipment, in Berlin. The city of Berlin established three centers
for re-use: the NochMall and Re-use SuperStore, which act like
huge second-hand warehouses, and the Re-Use Centre for climate-
friendly resource use. This last one offers shopping for second hand
goods, sharing, repairing, and upcycling, together with bicycle
repairs, open workshops for repair and upcycle textiles. In addition,
it proposes a construction and creative market, where someone
could get second — hand battens, fabrics, hardware, sheet metal,
beams, felts and fleeces, paints, decorations. This project offers an
online experience, an informative website where citizens could find
easily where they can drop off or purchase second-hand goods,
through the bundling of existing second- hand shops in Berlin in
a network.

Repair Bonus - Thuringia

It is an initiative taking place in the German Federal State of
Thuringia. It is dedicated to the repair of electrical and electronic
devices. Local people who repaired a broken household electrical
appliance are reimbursed half of the repair costs — up to a maximum
of 100 euros per person and calendar year.

My Water Programme - Poland

It is an initiative taking place in Poland, by which it is meant to
preserve water resource, by collecting rain water to be later used
for domestic or farming purposes [8]. Financial support is given for
purchase, assembly and launching of installations for the collection
of rainwater from impermeable surfaces, such as roofs, pavements,
and driveways; the retention of rainwater in the ground and in the
drainage layer of green roofs.

Re-Use of Wood - Divadlo Brand

The Divadlo Brand operates in the area of environmentally friendly
technologies in the construction and interior design sectors. It is
part of the current drive for zero/less waste, upcycling and return
to craftsmanship [8]. Divadlo recovers old wooden material and
reuses it in modern architecture — in the form of fagade, wall
panelling or furniture fronts made from old wood. It minimises
the environmental footprint of construction and reducing the use
of new wood.

Re-Use of Asphalt

The Minister of Climate and Environment defined a regulation for
making asphalt recyclable. It drew the conditions by which asphalt
should be considered an essential component with documented
properties to be reused for the construction of roads and highways.

This way, it complies with the circular economy views of
minimising waste as much as possible and keeping materials in
the economy for a longer time.

Green Group - Romania

It has two branches — one is Green Fiber, the only producer of
synthetic polyester fibers in Romania and the largest producer of
fibers in Europe made from 100% recycled pets flakes [9].

The second branch is Green WEEE, which focuses on the collection,
treatment, and recycling of waste electrical and electronic equipment
(WEEE), cables, batteries, and car components.

LanaTerm
It is a thermal Insulation solution, which is based on sheep’s wool
to create thermal insulation for buildings.

ecoOHORNET

It develops multi-system burners with ecological combustion
producers to create gas, oil, and biochar through pyrolysis [9].
Pyrolysis plants treat all types of industrial biomass which cannot
be recycled and stored in ways that avoid biological degradation,
including household wastes and sewage sludge, unrecycled plastic
and rubber wastes, deteriorated soils with hydrocarbons, coal,
waste oil.

Artificial Intelligence Methods for Data Estimation and
Forecasting Time Series — Load Forecasting and Fitting using
Neural Networks in MATLAB

The circular economy indicators mentioned in the previous
sections are provided by Eurostat statistics for each country and
for European Union (EU), as average. They provide valuable
information regarding the level of circularity in different countries
and showcase the importance for countries to work harder to
implement different programmes for achieving more circularity.
In this section, we will try another type of analysis for three other
types of circular economy indicators then the ones analysed in
section 3 of this article. We are using two Artificial Intelligence
(AI) Deep Learning methods, such as a Multi Layer Perceptron
(MLP) and Long Short Time Memory (LSTM). Both methods can be
used for forecasting and estimation of three time series indicators,
namely Eco Innovation Index (EII) chosen as a reference value of
100% in EU, for the year 2013 and Circular Material Use Rate
(CMUR) measured in annual percentage — these two are taken as
two main independent factors (input variable) that have a strong
impact on the Greenhouse Gas Air Emission (GGE), selected as
a dependent output variable. The evaluation period is starting
with the year 2013 and ending by 2022. We have enough data for
“proof concept” and for the implementation of both algorithmic
methods, in an attractive MATLAB Simulink R2024a simulation
environment. Both Al methods could also be implemented in
Python; this has the advantage of being an open-source software
package and is compatible with MATLAB. In order to forecast the
values of future time steps of a sequence, we need to specify the
targets as the training sequences with values shifted by one time
step. At each time step of the input sequence, the LSTM neural
network learns to predict the value of the next time step. Since the
results obtained are encouraging, and both methods are performing
well, the same investigations could be extended for analysis in each
country in the EU community, or to countries worldwide. The three
main indicators were selected because recording greenhouse gas
emissions rates in the air is of great importance for its impact on
the environment; therefore, it needs not to be disregarded if we
want to ensure a clean environment for future generations.
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MLP Method For Estimation and Forecasting Time Series

This study is limited to building an MLP neural network that can
estimate the Greenhouse gases in air emission (GEE) described
only by two attributes (features), namely Circular material use
rate (CMUR) and Eco Innovation Index (EII) at the EU level,
considered the most representative impact factors on GGE [21].

The features of the measurement input dataset are represented
by two attributes called predictors, which are designated by
two vectors:

P1= EII, P2= CMUR.

The measurement output dataset is represented by a single feature
called target and designated by the vector:

T=GGE

We make a rigorous analysis of the combined impact of both
predictors on the target, considering the two row vectors P = [
P1; P2];

This is an example of a fitting problem, where inputs (P) are
matched up to associated target output (T), and we would like
to create a neural network which not only estimates the known
target given known inputs, but can also generalize to accurately
estimate outputs for inputs that were not used to design the
solution. Neural networks are very attractive by their two features
to fitting (estimation) and prediction of the future values of target
(output) evolution. A neural network with enough elements
(called neurons) can fit any data with arbitrary accuracy. They
are particularly well suited for addressing nonlinear problems.
Given the nonlinear nature of real- world phenomena, neural
networks are the most suitable candidate for solving the fitting
and prediction problems.

The two input attributes will act as inputs to a neural network, and
the estimated and predicted output GGE will be the target. The
network will be designed by using the two predictors independently
or in combination to train it to produce the target estimations and
predictions as time series

Step 1: Preparing the Data

Data for function fitting problems are set up for a neural network
by organizing the data in supervised mode into two matrices, the
input matrix P and the target matrix T.

Here such a dataset is loaded.

P1=[100 103.52 105.33 106.16 107.94 109.44 111.05 112.39
115.84 121.47];

P2=[11.211.111.211.4 11.511.6 11.3 11.6 11.4 11.5];

T=[7493.98 7234.8 7299.14 7269.87 7365.31 7224.86 6878.76
6197.54 6553.27 6475.77];

P=[P1;P2];

T=GGE;

Step 2: Neural Network Architecture

The next step is to create a neural network that will learn to
estimate the target value of GGE, as the impact of the input
predictors P1, P2 independently or their combination P=[P1 ; P2].

Two-layer (i.e., one-hidden-layer) feed forward neural networks
can fit any input-output relationship given enough neurons in
the hidden layer. Layers which are not output layers are called
hidden layers.

In this study are selected three hidden layers of 25, 5 and 5 neurons.
In general, more difficult problems require more neurons, and
perhaps more layers. Simpler problems require fewer neurons.
The input and output have sizes of 0 because the network has not
yet been configured to match our input and target data. This will
happen when the network is trained.

net = fitnet (25,15,5); view(net)

Step 3: Training the NN

Now the network is ready to be trained. The samples are
automatically divided into training, validation and test sets. The
training set is used to teach the network. Training continues as
long as the network continues improving on the validation set. The
test set provides a completely independent measure of network
accuracy.

The Neural Network Training Tool (see Figure 8.e) shows the
network being trained and the algorithms used to train it. It also
displays the training state during training and the criteria which
stopped training will be highlighted in green.

The buttons at the bottom open useful plots which can be opened
during and after training.

[net, tr] = train(net,P,T);

To see how the network's performance improved during training,
either click the "Performance” button in the training tool, or call
PLOTPERFORM.

Performance is measured in terms of mean squared error, and
shown in log scale. It rapidly decreased as the network was trained.

Performance is shown for each of the training, validation, and
test sets. The final network is the network that performed best on
the validation set.

figure; plotperform(tr)

Step 4: Testing the Neural Network

The mean squared error (mse) of the trained neural network can
now be measured with respect to the testing samples. This will
give us a sense of how well the network will do when applied to
data from the real world.

testP = P(:, trtestInd);testT = net(testP),perf = mse(net, testT,
testP)

Another measure of how well the neural network has fit the data is
the regression plot across all samples. The regression plot shows
the actual network outputs plotted in terms of the associated target
values. If the network has learned to fit the data well, the linear
fit to this output-target relationship should closely intersect the
bottom-left and top-right corners of the plot. If this is not the case
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then further training, or training a network with more hidden neurons, would be recommended.
Y = net(P),figure; plotregression (T,Y)

The third measure of how well the neural network has fit data is the error histogram (see Figure 8.b). This shows how the error sizes
are distributed. Typically, most errors are near zero, with very few errors far from that.

e =T-Y; figure; ploterrhist (e)

The complete MATLAB simulation results are shown in Figure 8
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Figure 8: MATLAB Simulation Results — MLP Simple Method: (a) Estimation Performance versus True Value, (b) Histogram
Performance, (c) Training Phase Progress, (d) Regression Performance, (¢) Training Results, (f) NN Architecture, (g) Simulink
Function Fitting Neural Network

The times series forecasting has the output target Y selected directly; this is a times series vector starting at time instance ¢ = 2 (year :
2014) and ending to the time instance = /0 (year : 2022) and as predictor input is same vector Y starting at time instance ¢t =/ (year:
2013) and ending to the time instance ¢ = 9 (year : 2021, i.e. t-1). The complete MATLAB simulation results in this case are shown
in Figure 9, for same set of diagrams as in Figure 8.
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We conducted the same simulation tests on the data set of the five selected countries: France, Netherlands, Germany, Poland and
Romania. The results in MATLAB can be visible in the Annexes — Figure 2 — Figure 6.

In Simulink, the results of training and prediction are stored in a Simulink Function Fitting Neural Network block that can be
useful to predict the future values for greenhouse gas emissions for EU and all other five countries, forecasting on 2023-2027 years
period. The cascade architectures of these blocs at the EU level, and for each of the five selected countries are shown in Figure 10,
and the forecasts values versus observed values are shown also in Figure 11.
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Figure 10: Simulink Function Fitting Neural Network blocks cascade architectures - forecasting times series on 2023-2027 years
period. The countries are shown from top to bottom in the following order: EU, FRA, GER, HOL, POL and RO.

An overall perspective on the greenhouse gas emissions in air is presented at the European Union level and for each of the five selected
countries members of EU in Figure 11, with detailed diagrams for each country, and for the EU, shown in Figure 6 (Annexes).
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Figure 11: Comparative diagrams of the GGE in the air at EU level and per countries (focus on the five selected countries), with
actual data through 2013-2022 years period, and with forecasted data through 2022-2028 years period.

The individual diagrams for European Union, and for the five selected countries with the actual data through 2013-2022 years period,
followed by the forecasted data through 2022-2028 are attached in the Annexes, Figure 7.(a.-f.)

LSTM Method For Estimation and Forecasting Time Series

This method of forecasting times series is using a long short-term memory (LSTM) network [22-23]. An LSTM network is a
recurrent neural network (RNN) that processes input data by looping over time steps and updating the RNN state. The RNN state
contains information remembered over all previous time steps. You can use an LSTM neural network to forecast subsequent values
of a time series or sequence using previous time steps as input. To train an LSTM neural network for time series forecasting, train a
regression LSTM neural network with sequence output, where the responses (targets) are the training sequences with values shifted
by one time step, as is shown in Figure 12 (a). In other words, at each time step of the input sequence, the LSTM neural network
learns to predict the value of the next time step.

There are two methods of forecasting: open loop and closed loop forecasting.

Open Loop Forecasting

It predicts the next time step in a sequence using only the input data. When making predictions for subsequent time steps, the true
values are collected from data source (Eurostat statistics) used as input. Thus, for example, say you want to predict the value for time
step ¢ of a sequence; in this case, you will be using data collected in time steps 1 through (¢-7). In order to make predictions for time
step (¢#+1), you will wait until the true value is recorded for time step 7 ; this value will be used as input to make the next prediction,
as is shown in Figure 12 (b). We use open loop forecasting when we have true values to provide to the recurrent neural network
(RNN) before making the next prediction. The reader interested in the details of this method is referred to [22- 23].

Closed Loop Forecasting

It predicts subsequent time steps in a sequence by using the previous predictions as input. In this case, the model does not require the
true values to make the prediction. For example, say you want to predict the values for time steps ¢ through (t+Kk), of the sequence
using data collected in time steps I through (¢-1) only. In order to make predictions for time step i, we use the predicted value for
time step (i-1) as input. We use closed loop forecasting to forecast multiple subsequent time steps or when you do not have the true
values to provide to the RNN before making the next prediction.

Figure 12 (c) shows the predictors (channels 1 and 2) and target (channel 3) sequences with forecasted values using closed loop
prediction.

We conducted a simulation test using an open loop forecasting followed by a closed loop forecasting with a LSTM network. The
three indicators EII, CMUR and GGE are involved in this simulation, with real data provided for 10 years (2013 - 2022) as average
values at the EU level. The forecasted data is over 30 years, starting with the year 2013.

The complete MATLAB simulation results are depicted in Figure 12 (a-c).
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Figure 12: MATLAB Simulation results — LSTM Deep Learning forecasting time series method, (a) The training sequences of
predictor and target vectors in all three channels, (b) open-loop forecasting, (¢) closed loop forecasting.

Performance Analysis and Comparison of MLP-NN and
LSTM Deep Learning Models for Time Series Forecasting

Time series forecasting is a critical task in various domains,
including finance, economics, and supply chain management.
Accurate forecasting allows organizations to make informed
decisions, optimize resources, and plan for future trends. The
forecasting performance depends significantly of the quality and
the amount of enough data under investigation for each time series.
A rigorous analysis of the MATLAB and Simulink simulation
test results presented in Figure 11, and detailed in Figure 6
(Annexes), at the average EU level and each of the five European
countries selected for this study, reveal a decreasing tendency
of the greenhouse gas emissions for Netherlands, Germany,
France, Romania, and Poland, while for the EU average, it is
still an increasing trend. These results showcase the importance
of implementing urgent policies in many countries in the EU,
for lowering the Green Gas Emissions. It seems that both NN
forecasting time series models as regression methods are the most
appropriate for this study. The LSTM method was used for average
values registered over the countries in EU, for three indicators
IIE, CMUR and GGE; it was conducted as an alternative method
to MLP NN forecasting method, for the purpose of comparison of
the methods. The results presented in Figure 12, are not conclusive
for this research, since this method does not perform well enough,
the data set of values being too small. We plan to use data sets
with many more data to illustrate the effectiveness of this method

in future work, in other applications in the economics and finance
areas.

Conclusions

Concluding, this short review is focused on five countries from EU
that are on their way to achieving circularity, with the mention that
Netherlands and France, throughout well-established programs of
recycling materials and informative platforms towards population,
are well set on this road. On the other side, Poland and Romania,
need to reduce consumption and find programs to treat wastes.
Poland is a huge actor in mine extraction, and therefore needs to
reduce the use of raw materials. Germany has long been pioneering
for reducing pollution related to industrial activities, through the
car manufacturing of electric vehicles, and eco-innovation; still, it
has not yet implemented a thorough circular economy framework,
involving all possible stakeholders, business, research, education,
policy makers, because it has already a very stable and outstanding
industrial, social infrastructure; pushing the economy towards
circularity, is the ultimate goal; it implies reconfiguring the existing
models, changing the mentalities. It takes a sure pace, while doing
so, which does not shake the whole structure into place and but
maintains it cohesiveness, and still drives it towards excellency.
Lastly, we have investigated different Al techniques to forecast
circular economy indicators beyond the measured set of values,
for the years to come; these techniques are Multilayer Perceptron
(MLPs) Neural Networks with predicators and using time series
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forecasting, with software tools such as MATLAB and Simulink. Both forecasting methods perform very well and are most suitable

for applications in economics and finance fields.

Annex 1

Table 1: Resource Productivity measured in different countries of EU, (source: [13])
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France 29471 2.9948 2.8931 3.1293 3.1465 |

Germany 2.7055 2.684 2.6899 2.8645 3.0421 |

Greece 1.4785 1.523 1.6194 1.6783 1.7108

Hungary 8.8274 8.9142 89867 1.0917 8.9564

Iceland 2.8368 3.0548 2.8511 2.7707 :

Ireland 2.6351 2.9775 3,434 3.6885 3.9913

aly 3.4612 3.4286 3.3724 3.4595 3.5887 |
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Table 2: Resource Productivity (in PPS) per countries of Europe (focus on five selected countries), (source: [13])

GOPesy per capita  DMC per capita  Resource productivity (GDP ey OMC)

(PPS per capita) ﬂog:::ﬂner (PPS per EST‘:;Q]

Ev 35428 14.4 24 100.0

Belgium 42239 13.0 33 1329

Bulgaria 21844 255 0.9 350

Czechia 32 000 16.0 20 817

Denmark 48718 264 18 75.2

Germany 41245 138 3.0 1219

Estonia 30283 2T 1.1 447

Ireland 82503 225 L 148.5

Greece 24281 120 20 829

Spain 20 706 8.8 34| 137.6

France 35028 1.2 a2 1313

Croatia 26074 123 21 86.7

laty 33689 9.1 a7 151.6

Cyprus 32349 18.9 1.7 701

Latvia 26033 16.5 16 64.4

Lithuania 31496 209 15 615

Luxembourg 92 176 229 40 164.4

Hungary 27373 138 20 81.2

Malta 35063 10.6 34 1387

Netheriands 46 098 10.0 46 189.1

Austna 44122 17.6 25 1021

Poland 28809 19.4 15 60.8

Portugal 26 882 15.8 17 69.5

Romania 27 066 288 0.9 384

Slovenia 32404 15.4 L1 86.2

Slovakia 24 366 15 21 86.9

Finland 38 684 437 08 36.1

42264 2 16 63.6

lceland 44923 416 14 441
Norway(*) 54 267 24 24 99.0
Switzerland(**) 47 933 10.5 45 185.7
North Macedonia(*) 12858 8.9 14 59.2
Nbanial) 10206 72 14 58.5
Serbia(*) 14 349 19.4 0.7 30.2
Turkey(*) 20 336 11.5 18 721
Bosnia and Herzegovina(***) 10 235 112 08 372
Mote: GOP in current prices, Purchasing Power Standards (FPS)
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Table 3: Circularity use rate, among countries of EU, (focus on five countries), (source: [13])

Circular economy Strategies
A Make product redundant by
ihiéa abandoning its function or by offering
Ro R the same function with a radically
different product
Smarter Make product use more intensive (e.g.
product E through sharing products, or lgepuumg
useand R1 Rethink multi-functional products on
manufacture market)

Increase efficiency in product
Rz Reduce manufacture or use by consuming
fewer natural resources and materials

Re-use by another consumer of
Ri Re-use discarded product which is still in good
condition and fulfils its original function

Repair and maintenance of defective
R4 Repair product so it can be used with its
original function

Extend
lifespan of " Restore an old product and bring it up
productand RS Refurbish 15500
its parts
R6 Remanu-  Use parts of discarded product in a new
facture product with the same function
Use discarded product or its parts in a
R7 Repurpose .o oroduct with a different function
Process materials to obtain the same
o R8 Recycle (high grade) or lower (low grade) quality
application
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Diagram 1: The nine R'’s in Circular Economy, (source: [3])
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Figure 1: Circularity rate by main type of material (source: Eurostat, [10-13])
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Figure 2: France Greenhouse Gas Emission in Air MLP - NN Model - MATLAB Simulation Results, (a) Training Progress — Best
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Figure 3: Germany Greenhouse Gas Emission in Air MLP - NN model - MATLAB Simulation Results, (a) Training Progress — Best
Validation Performance, (b) Regression Performance, (c) Estimated Values Versus Actual Values, (d) Error Histogram Performance
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Figure 4: Netherlands Greenhouse Gas Emission in Air MLP - NN Model - MATLAB Simulation Results, (a) Training progress — Best
validation Performance, (b) Regression Performance, (c) Estimated Values Versus Actual Values, (d) Error Histogram Performance
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Best Validation Performance is 89090.9967 at epoch 3
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Figure 5: Poland Greenhouse Gas Emission in Air MLP - NN Model - MATLAB Simulation results; (a) Training Progress — Best
Validation Performance, (b) Regression Performance, (c) Estimated Values Versus Actual Values, (d) Error Histogram Performance
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Figure 6: Romania Greenhouse Gas Emission in Air MLP - NN Model - MATLAB Simulation Results, (a) Training Progress — Best
Validation Performance, (b) Regression Performance, (c) Estimated Values Versus Actual Values, (d) Error Histogram Performance
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