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1 Introduction

Do we actually find ourselves in a climate urgency? Why is it that we hear about green-
house gas (GHG) emissions anytime we put our ear to the ground? What are GHGs and

why does CO2 seem to be the main focus of our century?

Over the industrial period, human activity has been a real catalyst for greenhouse gases,
especially CO2 emissions (Ledley et al., 1999). Greenhouse gases are constituents of
the atmosphere, originating from natural sources or human activities (Intergovernmental
Panel on Climate Change (IPCC), 2022), which trap the heat into the atmosphere, sim-
ilarly to a greenhouse, by blocking infrared radiation and creating the greenhouse effect
(Basics of the Carbon Cycle and the Greenhouse Effect., n.d.).

GHGs encompass water vapor, carbon dioxide, methane, surface-level ozone, nitrous ox-
ides and fluorinated gases (Mann, 2024). While they kept Earth’s temperatures suffi-
ciently high to allow life to survive, the increased concentrations of GHGs have lead us to
a radiation imbalance (Basics of the Carbon Cycle and the Greenhouse Effect., n.d.). This
imbalance leads to a more intense greenhouse effect, causing global warming (Kennedy &
Lindsey, 2015).

Long-term shifts in temperatures and weather patterns (What is climate change?, n.d.),
which characterize climate change, are influenced by global warming and have reached
unknown levels, causing disruptions to life on a global scale, as well as inducing life-

threatening temperatures (Euronews Green, 2023).

While there is no doubt about the existence of climate change (Euronews Green, 2023),
climate skeptics could argue that CO2 emissions shouldn’t be the main focus of our
century. In fact, the most abundant GHG in our climate system isn’t CO2, but water
vapor, which causes about half of the greenhouse effect (Krol & Kerry, 2023). However,
we do not have to worry about water emissions as much as CO2 emissions, given that
water molecules aren’t around long enough to alter climate (Krol & Kerry, 2023). Where
water lasts about 2 weeks on average in the atmosphere (Krol & Kerry, 2023), 40% of
CO2 will remain for a hundred years (Why does COZ2 get most of the attention when
there are so many other heat-trapping gases?, 2017). The focus remains on human-caused
emissions. Hence why, water vapor is not taken into account when talking about GHGs

in this thesis.

Extreme weather, food supply disruption, respiratory diseases, air pollution, and even
increased wildfires are urgent realities of climate change we are currently facing (Nunez,
2019). Sadly, it is no longer solely an environmental issue, but rather a social and economic

one.
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According to NASA (2023), certain effects of climate change are irreversible for the next
hundreds to thousands of years. Ranging from loss of sea ice, melting glaciers, seal level
rise, more intense heat waves, and plant geographical shift, these widespread damaging
effects have the potential to intensify and lead to more climate extremes (The Effects of
Climate Change, 2023).

In addition, the rise in temperatures, driven by climate change, can have serious nega-
tive economic implications and threaten the overall economic performance of countries
around the world (Colacito et al., 2018). Developing nations might be the first ones to
be impacted, however, well-developed countries like the United States could also face
economic damages (Colacito et al., 2018). Future increases in temperatures may impede
economic growth across diverse industries and nations (Colacito et al., 2018), as well
as alter the physical and cognitive performance of workers creating that economic value
(Chady, 2023).

Among the top 5 most at risk of climate disaster, we find countries like Somalia, Syria, the
Democratic Republic of Congo, Afghanistan, and Yemen (10 countries at risk of climate
disaster., 2023). These countries suffer from a variety of consequences of climate change,
such as drought, food insecurity, floods, and earthquakes (10 countries at risk of climate
disaster., 2023). Even though it is a borderless challenge, significant contributors to CO2
emissions have to serve as driving forces for change and set standards for environmentally

friendly behaviors.

Within the top 5 emitting territories we find China, the United States, India, EU27, and
Russia (Tiseo, 2023). These major economies have the means to shape a sustainable

future and help those who lack resources to prioritize sustainability.

During the 2022 COP27, particularly vulnerable nations were at the center of discussions.
These countries could potentially be eligible to receive loss and damage funds (Lo, 2022).
It is the European Union that pushed to restrict the distribution of these funds to so-
called vulnerable nations (Lo, 2022). Defining which country qualifies as vulnerable is a

challenging task, given that climate change impacts the whole world.

While any country could be part of that list, it is clear that some of them are more prepared
and have the capacity to be more resilient, especially developed nations (Lo, 2022). Seeing
these resilient countries defining who can benefit from this monetary assistance prompts
us to question whether they are adhering to their commitments and actively contributing

to the "mitigation" of climate change.

By counteracting the current climate trends, rather than distributing funds for damages,
the focus shifts towards preventing damages linked to climate change and assisting vul-

nerable nations in enhancing their resilience.
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In this perspective, prevention involves the effective implementation of policies to meet
targets set by international agreements such as the Paris Agreement or the European
Green Deal. The current situation suggests that European countries are not meeting the
challenges at hand (Jewkes & Landini, 2021). Europe, being the 4 largest CO2 emitter
in the world, needs to be an example for both sustainable practices and management of

its environmental impact (European Parliament, 2023).

The central theme of this thesis revolves around forecasting CO2 emissions within the
EU27 until the year 2030, using macroeconomic data. By making use of a comprehensive
forecasting method and macroeconomic indicators, this quantitative research seeks to

provide insights into the potential trajectories of CO2 emissions in the European Union.

In addition, this thesis also aims to provide suggestions for designing policies and shed
light upon the most significant measures helping reduce CO2 emissions within the EU27.
To be more specific, the European Commission has been vocal about its desire to increase

the share of energy from renewable sources to 42.5% in 2030 (Renewable energy targets,
2023).

Based on the information outlined above, we are asking ourselves : how likely is the
EU27 to meet its 2030 CO2 emission target, and are increased shares of renewable energy

sources sufficient to achieve this goal during this period ?

The first section focuses on analyzing previous work related to scenario analysis, macroe-
conomic indicators and CO2 emissions forecasting. This in-depth literature review will
establish the current context and identify the existing gaps in the literature that this
thesis seeks to fill.

Following the identification of key macroeconomic indicators for the EU27 from the liter-
ature review, the data section will define the different data sets I'll be using to forecast

CO2 emissions and explain why they are relevant to this research.

Next, I will provide a definition of the machine learning model used to forecast CO2

emissions, along with the specific parameters utilized to tune the model.

The fourth section will be dedicated to the interpretation of the results obtained according
to two different scenarios. The first scenario, known as the "business as usual" (BAU)
scenario, forecasts input variables based solely on their historical values. Under this
scenario, only a few countries reach their 2030 CO2 emissions reduction target, namely
Greece, Lithuania, Hungary, Romania, and Slovakia. The second scenario builds on the
BAU scenario but incorporates an increased share of renewable energies in the energy mix
of EU27 countries. In this second scenario, no additional country achieves its 2030 target.

In fact, some countries are emitting even more CO2 emissions : Denmark, Greece, Italy,
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Cyprus, Luxembourg and Finland.

Following the interpretation of the different forecasts, I will address the research question,

present my final conclusions, and offer policy suggestions.

The final section focuses on the different limitations linked to the making of this thesis,

as well as the potential future research that could address these limitations.

2 Literature

This thesis contributes to the current literature on CO2 emission forecasts and the analysis
of their trajectories via 2 different scenarios. Although this has been done for many
countries, such as Russia (Gurbanov et al., 2023), Bangladesh (Hossain et al., 2017),
Thailand (Kamoljitprapa & Sookkhee, 2022), Iran (Hosseini et al., 2019), India (Nyoni
& Bonga, 2019), Pakistan (Tawiah et al., 2023), China (Niu et al., 2020), it has not been
done for the EU27 until 2030 using a Multilayer Perceptron (MLP), to the best of my
knowledge.

2.1 Scenario analysis

The benefits of performing a scenario analysis are threefold : firstly, it can shed light upon
the limits of our knowledge regarding the key factors influencing CO2 emissions in the
EU27 ; secondly, it can help making different perspectives come together ; and thirdly, it
can assist policymakers in defining targets (Hannah & Gassner, 2008).

However, scenarios can tend to overstate how much the future will mirror the past, as
highlighted by Paltsev (2017), who also suggests that scenarios should be seen as quali-

tative tools, helping assess and understand the risks associated with our choices.

At the moment, the political and economic context, arising from the conflict between
Ukraine and Russia, asks for the European Union to seek alternative energy sources to gas
(Simon, 2022), and invest in renewable energies, like suggested by European Commission.
Although this conflict shouldn’t prevent the European Union from achieving its goals
(Simon, 2022), performing a scenario analysis can help us map the different CO2 emissions
trajectories resulting from potential other crises. In this regard, Hosseini et al. (2019) have
investigated the effectiveness of the policies put into place by governments in attaining
their 2030 targets in Iran. According to Hosseini et al. (2019), Iran won’t reach its 2030

commitment

Similar to the study conducted by Niu et al. (2020), this thesis aims to assess the feasi-

bility of the EU27 carbon emission reduction commitment. By adopting a scenario-based
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analysis, Niu et al. (2020) determined that under the Business As Usual (BAU) scenario,

China’s 2030 commitment would not be achieved.

As pointed out by Tang et al. (2023), scenario analysis is often used to map the different
trends of carbon emissions. Other studies have pointed out policy interventions needed
to achieve targets to reduce CO2 emissions by using scenario analysis, such as the one
from Gurbanov et al. (2023).

My scenario analysis will be based on the share of renewable energies in the countries of
the EU27. The first scenario will depict what will happen without additional measures,
while the second scenario will focus on the impact of increased shares of renewable energies
throughout the years in the EU27.

2.2 Macroeconomic indicators

Regarding the macroeconomic indicators, 1 decided to select them based on previous
work. In fact, several studies analyzing Europe have highlighted the significance of certain

features in predicting CO2 emissions.

Nguyen et al. (2021) as well as Shpak et al. (2022) pointed out the significance of trade
openness (volume of imports and exports), the GDP, the inflation rate, the unemployment
rate, and the financial development in forecasting the trajectory of future CO2 emissions

in developed nations.

Jianu et al. (2022) found a positive correlation between real GDP per capita, households’
final consumption per capita, waste generation per capita, and greenhouse gas emissions
per capita, while the impact of the share of renewable energy in gross final energy con-

sumption was small and negative.

Gonzalez-Séanchez and Martin-Ortega (2020) found that only GDP and final energy in-

tensity were the main drivers for the reduction of GHG emissions in Europe.

Marotta et al. (2023) estimated GHG emissions in Europe according to different scenarios,
using 3 independent variables : GDP, population, and renewable energy shares, and
determined that EU member states can use this model to forecast the amount of GHGs

generated and plan GHG management strategies.

In light of these results, I decided to keep 9 features : the energy intensity, the exports and
imports of goods & services as % of GDP, the financial development index, the inflation
rate, the population, the real GDP, the share of energy from renewable sources and the

total unemployment rate.
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2.3 Forecasting model

As for the forecasting model, many options were available : autoregressive (AR) model,
autoregressive integrated moving average (ARIMA) model, autoregressive conditional het-
eroskedasticity (ARCH) model, multilayer perceptron (MLP) model, support vector re-
gression (SVR) model, and so on. These models can be seperated into 2 categories :
classical methods (AR, ARIMA, ARCH), and machine learning methods (MLP, SVR)
(James et al., 2022).

Within machine learning, we can distinguish several types of algorithms : support vector
machines (SVM), naive bayes, linear logistic regression, decision trees, neural networks,
and many more (Common machine learning algorithms, 2022). Thanks to my researches,
I came to the conclusion that an Artificial Neural Network (ANN) seems to be the best

candidate for this forecasting task.

An artificial neural network is a type of deep learning algorithm, mimicking the structure
and functioning of the human brain (James et al., 2022). Its predictions or classifications
are based on large amounts of data from which the model learned the patterns and trends
(James et al., 2022). I came across several articles attesting that neural networks are

generally considered highly effective for complex time series data with non-linear patterns.

In fact, Aydin & Cavdar (2015), pointed out that the predictive ability of the ANN
approach outperforms that of the Vector Autoregressive (VAR) method, indicating that

the ANN model yields more precise estimations and accurate results.

A comparative study published by Alam & AlArjani (2021), as well as a study from Chen
et al. (2018), also determined that the ANN model stands out as the most suitable choice

in terms of forecasting.

More specifically, the Multilayer Perceptron (MLP) algorithm has shown very satisfying
results in many studies forecasting CO2 emissions like the ones from Agbulut (2022),
Safa et al. (2016), and El Haj Assad et al. (2021). I'll delve into the architecture and

functioning of this algorithm in the model section of this thesis.

2.4 Literature review summary

The below table summarizes the main characteristics of the studies mentioned in this

literature review. It’ll give you an overview of the different sources that I used.
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Reference

Country

Forecasting

model Dataset

Input
variables

Output
variable

Gurbanov et al. (2023)

Hossain et al. (2017

Kamoljitprapa &
Sookkhee (2022)

Hosseini et al. (2019)

Nyoni & Bonga (2019)

lawiah et al. (2023)

Niu et al. (20:

Shpak et al. (2022)
Gonzalez-Sanchez &
Martin-Ortega (2020)

Jianu et al. (2022)

Marotta et al. (2023)

Aydin & Cavdar (2015)
Alam & AlArjani (2021)
(2018)

Chen et al

Agbulut (2022)

Safa et al. (2016)

(2021)

El Haj Assad et al.

lang et al. (2023)

Russia

Bangladesh

Thailand

Iran

India

Pakistan

China

EU region
Europe
EU27

EU

USA & Turkey

Gulf countries

World

Turkey

New-Zealand

Middle Eastern
countries

China

Multipath search algorithm,
until 2030

ARIMA, HWNS, ANN,
until 2025

ARIMA,
until 2030

1990 - 2020

1972 - 2013

2001 - 2020

MLR, MPR,
until 2030 1971 - 2014
ARIMA,

until 2030

ARIMA, naive, TBATS,
ETS, NNAR, MLP,
until 2028

1960 - 2017

1960 - 2018

GRNN,

- 92015
until 2030 1990 - 2015

none 1970 - 2020

none

none
Multifactor algorithm,
until 2050

ANN, VAR,
until 2017

ARIMA, ANN, HWES,
until 2025

2010 - 2020

2000 - 2014

1960 - 2014

BPNN, GRNN, MNLR, MLR /

DL, SVM, ANN,

until 2050 1970 - 2003

ANN, MLR /

MLP 1990 - 2019

LASSO-SSA-LSTM,

until 2036 2007 - 2019

GDP per capita, oil,
natural gas, coal intensities
Annual CO2 emissions,
liquid fuel consumption,
solid fuel consumption

Historical CO2 em.

Total population, CO2 intensity,

per capita GDP,

electricity production from fossil fuels,
per capita energy use

Historical CO2 em.

Historical CO2 em.

Annual GDP growth rate, GDP,
GDP per capita, fixed assets investment,
trade openness, urbanization rate,
urban population, total population
at the end of year,

ratio of population aged 15 - 64
over the total population,

ratio of population aged 0 - 14
over the total population,

ratio of population aged over 65
over the total population,
contribution ratio of

primary industry to GDP,
contribution ratio of

secondary industry to GDP,
contribution ratio of

tertiary industry to GDP,

ratio of industry sector value

and service sector value,

energy consumption

per unit GDP,

per capita energy consumption,
total energy consumption,
proportion of fossil fuels

in total energy consumption,
proportion of coal in total

energy consumption,

contribution of renewables

to total primary energy supply,
total primary energy consumption,
electricity consumption,
proportion of thermal power generation,
policy stringency indicator

GDP, population,
renewable energy sources

USD/TRY exchange rates,
BIST 100 index, gold prices

Historical CO2 em.

Latitude, age,

potential net primary productivity,
mean depth, of reservoirs

GDP per capita, population,

vehicle kilometer, year

Plough passage numbers,

the proportion of wheat area on farms,
irrigation frequency, number of cows,

age of fertilizer spreader and farm inputs,

nitrogen input, insecticide input,
phosphate input, age of sprayer,
tractor power index

Consumptions of different energy sources,

GDP

Passenger turnover, GDP per capita,
total GDP, freight turnover,

proportion of natural gas and electricity,
total energy consumption,

renewable energy

CO2 em.

CO2 em.

CO2 em.

CO2 em.

CO2 em.

CO2 em.

CO2 em.

GHG em.

USD/TRY exchange rates,
BIST 100 index,
gold prices

CO2 em.
CO2 em.
from reservoirs

Energy demand &
CO2 em.

CO2 em.
from wheat farms

CO2 em.

CO2 em.
from transportation

Table 1: Literature review summary


https://doi.org/10.1080/15140326.2022.2146861
https://www.researchgate.net/publication/313314765_Forecasting_Carbon_Dioxide_Emissions_in_Bangladesh_by_Box_Jenkins_ARIMA_Models
https://doi.org/10.1088/1742-6596/2346/1/012001
https://doi.org/10.1016/j.egyr.2019.05.004
https://ssrn.com/abstract=3346378
https://doi.org/10.1155/2023/5903362
https://doi.org/10.1016/j.jclepro.2019.118558
https://doi.org/10.24818/ea/2022/61/817
https://doi.org/10.3390/su12031012
https://doi.org/10.48550/arXiv.2205.00295
https://doi.org/10.3390/app13148520
https://doi.org/10.1016/s2212-5671(15)01249-6
https://doi.org/10.1155/2021/8322590
https://doi.org/10.3390/w10010026
https://doi.org/10.1016/j.spc.2021.10.001
https://doi.org/10.14569/ijacsa.2016.070938
https://doi.org/10.32604/cmc.2021.018872
https://doi.org/10.1088/1748-9326/acd468
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3 Data

In order to select my input variables I relied on the studies I cited in my literature review,
which focused on the EU27. These studies had already performed a battery of tests,
pointing out the significance of the variables they decided to keep in their forecasting

models.

3.1 Variables and Countries

Following my literature review, I decided to make an exhaustive list of the variables
relevant to forecast my target variable. The features outlined in the table below are

pertinent to the EU27 countries :

Input variable Source Time frequency Unit of measure

Kilograms of oil equivalent
(KGOE) per thousand euro
Percentage of gross

Energy intensity Eurostat Annual

Exports of goods & services .
b g Eurostat Annual

as % of GDP domestic product (GDP)
Imports of goods & services o Percentage of gross
as % of GDP Furostat Annual domestic product (GDP)
i i International .
Financial Development nternationa Annual Unit_free
Index Monetary Fund
Inflation rate Eurostat Annual Annual average
rate of change
Population on the 1st Eurostat Annual Number of persons
of January
Real GDP Eurostat Annual Chain linked volum.es
(2010), euro per capita
Share of energy from Eurostat Annual Percentage
renewable sources
Total unemployment rate FEurostat Annual Perf: entage of population
in the labour force
Target variable Source Time frequency Unit of measure
Net greenhouse gases emissions EEA Annual carbon dioxide equivalent,

kilo tonnes

Table 2: Input and target variables summary

These variables were used as input variables, spanning from 2013 to 2022, to forecast net
GHGs emissions until 2030.

To ensure consistency in the measurement of these variables, I have limited the analysis
to include the data from 27 countries that have been members of the European Union
between 2013 and 2022. The United Kingdom left the EU in 2020, hence why it is not

taken into account in this thesis.

The beneath table summarizes several relevant key statistics about these countries.


https://ec.europa.eu/eurostat/databrowser/bookmark/705c13b5-e1c4-48cc-9840-257ee2722dd9?lang=en
https://ec.europa.eu/eurostat/databrowser/bookmark/15a914fa-7e9e-4bda-bd8e-da2d1ee5a448?lang=en
https://ec.europa.eu/eurostat/databrowser/bookmark/97f703c2-1f31-45c1-9273-7a9afd057cf9?lang=en
https://data.imf.org/?sk=6bbbd418-07f4-4a8d-b318-9d9574b22b71&hide_uv=1
https://ec.europa.eu/eurostat/databrowser/bookmark/e30d3fef-a81c-4164-887d-881953f7d651?lang=en
https://ec.europa.eu/eurostat/databrowser/bookmark/52e1b637-6730-4609-a3b6-c5f3bf000730?lang=en
https://ec.europa.eu/eurostat/databrowser/bookmark/210b59dd-f24c-42a8-9b71-785da62a2d0a?lang=en
https://ec.europa.eu/eurostat/databrowser/bookmark/5a792e50-450b-48f0-be76-1fd53b25beef?lang=en
https://ec.europa.eu/eurostat/databrowser/bookmark/0deafc1e-1a7b-4f03-8567-ee7d13b50fb0?lang=en
https://www.eea.europa.eu/data-and-maps/data/data-viewers/greenhouse-gases-viewer
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The most prominent countries in terms of GHG emissions are Germany, Italy, France,
Poland and Spain. While the ones who contribute the less to total GHG emissions are

Malta, Sweden, Cyprus, Luxembourg and Lithuania.

Comry  anGors  CHGH Mtk popuiagon OO pe e
Belgium 3.34 108 464 8 11 617 623 37 040
Bulgaria 1.53 49 543 16 6 838 937 7 680
Czechia 3.75 121 878 7 10 516 707 18 460
Denmark 1.35 43 862 17 5 873 420 51 660
Germany 24.07 781 762 1 83 237 124 36 010
Estonia 0.45 14 464 22 1 331 796 16 250
Ireland 2.08 67 633 11 5 060 004 77 430
Greece 2.37 76 852 9 10 459 782 18 710
Spain 8.06 261 869 5 47 432 893 24 910
France 12.05 391 233 3 67 871 925 33 180
Croatia 0.66 21 391 19 3 862 305 14 660
Italy 12.26 398 268 2 59 030 133 28 180
Cyprus 0.29 9 273 25 904 705 27 490
Latvia 0.48 15 513 20 1 875 757 13 280
Lithuania 0.40 12 893 23 2 805 998 15 100
Luxembourg 0.29 9 497 24 645 397 86 130
Hungary 1.65 53 529 14 9 689 010 14 350
Malta, 0.08 2 648 27 520 971 24 650
The Netherlands 5.17 168 060 6 17 590 672 43 800
Austria 2.17 70 352 10 8 978 929 38 080
Poland 10.71 347 790 4 37 654 247 14 620
Portugal 1.68 54 656 13 10 352 042 19 310
Romania 1.96 63 526 12 19 042 455 10 040
Slovenia 0.48 15 507 21 2 107 180 21 860
Slovakia 0.92 29 958 18 5434 712 16 340
Finland 1.59 51 785 15 5 548 241 37 670
Sweden 0.18 5 857 26 10 452 326 46 280

Table 3: European countries key statistics (2022)

3.2 Data preparation

Prior to applying my algorithm, I performed a couple of pre-processing steps, which
were necessary to be able to use my data. These steps were considered as the standard

procedure throughout the papers that I read during my literature review.

Firstly, I had to check the availability of my variables. Fortunately, all of my data was
available between the years 2013 and 2022 from the different sources (Eurostat, IMF,
EEA). Secondly, I had to scale my features. Since I had data sets with different scales, I
normalized them, meaning they had a unit variance and a mean of zero. Lastly, I had to
split my data into a training and test set. In order to train my model, I used the first 7
years (2013-2019) as training data and the last 3 years (2020-2022) as test data.
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10.

I did not apply other steps such as a principal component analysis, as I already had small
data sets with few data points. If my analysis focused only on a few countries, without
considering their adherence to the European Union, I would’ve had more data points, and

such dimension reduction techniques would’ve come in handy.

4 Model

This section depicts the usefulness of machine learning in time series forecasting, as well
as how and which algorithm is used in this thesis. More specifically, how a deep learning
algorithm, such as an artificial neural network, can model the relationship between a

target variable and given features (Boehmke & Greenwell, 2020).

4.1 Artificial Neural Networks

4.1.1 Description

Artificial neural networks aim to simulate the biological mechanism behind learning (Ag-
garwal, 2018). In living organisms, the learning mechanism is determined by the change
in strength of synaptic connections between two neurons (Aggarwal, 2018). In artificial
neural networks (ANNs), the strength of these connections can be modeled as compu-
tational units linked together with weights (Aggarwal, 2018). Each time these weights

connecting the neurons change, learning occurs (Aggarwal, 2018).

External stimuli required by biological organisms to trigger learning can be analogized to
the examples of input-output pairs found in the training data of ANNs (Aggarwal, 2018).
During training, the weights between neurons are adjusted in response to the accuracy of
predictions made by the inputs for forecasting outputs, so as to make the predictions more
accurate in future iterations (Aggarwal, 2018). This process is similar to an adjustment
in the synaptic strengths due to a disagreeable feedback in a living organism (Aggarwal,
2018).

The ability of the model to apply its learned knowledge from training data to unseen data
is called model generalization (Aggarwal, 2018). These neural networks allow us to model
complex nonlinear relationships, which traditional regression models might not be able to
do (Hyndman & Athanasopoulos, 2021).

Neural networks can consist of a single-layer, or multi-layers. These ANNs are feedforward

neural networks (FNNs), information is only processed forward (Jaiswal, 2024).

In single-layer models, there is one layer of neurons, which directly connects the inputs to

the output (Aggarwal, 2018). A single-layer model is the simplest form of neural network



B UCLouvain

Louvain School of Management

11.

and is a called a perceptron (Aggarwal, 2018).

+1
bias neuron

(R N NS e N O W —

Input layer Weights Input Sum Activation Function Output layer

\ J
Y

Output Node

Figure 1: Single-layer neural network architecture

We consider a vector X = [z1,Z9,...,2,] of inputs, or features, and a weight vector
W = [wy,ws, ..., w,]. The bias, b, allows for more flexibility, and better classification
ability. A perceptron contains one computational layer, at the output node (Aggarwal,

2018). No computations are done within the input layer.

At the output node, the first step consists of an input sum, which is given by the linear
function : W-X = > wiz; +b. Next, a sign function, or activation function, is applied
as a means to convert the sum value into a class label (Aggarwal, 2018). The activation
function acts as a threshold, which determines the output : if the value of the sum exceeds

the threshold, the neuron generates an output signal (Bento, 2021).

According to what needs to be predicted, certain activation functions might be more
fitting than others. For example, if § refers to a probability, a sigmoid function can be

used, since it ranges from 0 to 1 (Aggarwal, 2018).
The prediction of g is given by :
y = sign {W X+ b} = sign {Zwlxz + b}
i=1
(Aggarwal, 2018).

The goal of the perceptron is to minimize the prediction error, or missclassifications
(Aggarwal, 2018). The error of prediction is given by E(X) = y — ¢, where 7 is the
predicted value and y the observed value (Aggarwal, 2018).

The learning occurs based on the weights which minimizes the distance between the miss-

classified points and the decision boundary, using a stochastic gradient descent (Bento,
2021).
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We won’t be using a Perceptron to forecast CO2 emissions, as it can’t model non-linear
relationships (Bento, 2021). However, it is useful to understand the basic principles of a

Perceptron to understand the workings of a more complex model.

In multi-layer models, there can be multiple layers of neurons between the inputs and
the outputs, also called hidden layers (Aggarwal, 2018). Due to these additional layers,
we call this model a multilayer perceptron (MLP). It has the ability to model non-linear
relationships and is more fitting for forecasting complex patterns (Bento, 2021). The next

subsection delves into the architecture of the MLP.

4.1.2 Multilayer Perceptron architecture

Multilayer neural networks differ from perceptrons due to their multiple hidden layers

of neurons. The computations performed within these layers are not visible to the user
(Aggarwal, 2018).

v
Input layer Hidden layers Output layer

Figure 2: Multi-layer perceptron architecture

Our input layer will have as much neurons as there is input data. In our model, we
have 9 input variables, so 9 neurons connected to the input layer. No computation are
done within these neurons. Next, the number hidden layers, connecting the input layer
to output layer, will have to be determined during the coding phase. Finally, the output
layer, which its number of neurons will also have to be determined during the coding
phase. The weights connecting the layers to each other will be determined during the

training process.

The training process allows the model to adjust the weight and minimize the number of

missclassifications, as mentioned previously.

If a neuron is given by the combination of a sum function and an activation function :

y = sign {Zwﬂ:l + b} ,

i=1
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for a kth hidden layer, denoted h;k), we have :

hi" = sign {Z wfllle + bg)} = sign {W(l) X+ E(l)}
i=1
= sign {Z wrfl)hZ } = sign {W(Q) HY + E(z)}
= sign {ankl)hzk Dk } = sign {W(k) TV F(k)}

= sign {Zw k+1)h k) 4 b (k+1) } — sign {W( 1 F® n B(kJrl)}

where W(k) is the weight matrix for each layer, H* is an activation vector for each layer,

and B" is the bias vector for each layer (Grosse, 2018).

The non-linear activation function of an MLP can be a sigmoid, tanh, ReLLU (Rectified
Linear Unit), or softmax (Jaiswal, 2024). The choice of the activation function will be
made during the coding phase as well, according to the accurateness of the obtained

results.

4.2 Model parameters

The first parameter to determine was the number of hidden layers, along with the number
of neurons per layer. During my literature review, I did not find a clear methodology

describing how to determine this parameter. This question seems to divide researchers.

I decided to refer myself to Sachdev (2020), a senior data scientist, to set the number
of hidden layers and neurons. His method consists of choosing between 1 and 2 hidden
layers for less complex data, with fewer features, and a number of neurons between the

size of the input and output layer.

All 27 countries’ MLPs share the same architecture, consisting of two hidden layers, with
5 neurons in the first layer, and 3 neurons in the second. The second parameter to be
defined was the activation function. As I mentioned in the model section, there are several
activation functions available. However, the one which gave me the best results in terms

of error was the logistic function, given by :

Finally, to determine the quality of my model, I defined the error function as the sum of

squared errors. Once the model attained an error of less than 0.01, it stopped and picked
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this model as the best one. The amount of times the model had to repeat itself to reach

this threshold is given by the number of steps.

The table below summarizes the error and number of steps of each model :

Countries SSE Steps
Belgium 0.00056 Hh)
Bulgaria 0.00169 38
Czechia 0.00113 62
Denmark 0.00131 51
Germany 0.00052 73
Estonia, 0.00124 51
Ireland 0.00016 118
Greece 0.00093 55
Spain 0.00306 55
France 0.00475 5%)
Croatia 0.00134 54
Italy 0.00073 48
Cyprus 0.00209 64
Latvia 0.00059 127
Lithuania 0.00073 32
Luxembourg 0.00414 42
Hungary 0.00399 28
Malta 0.00012 53
The Netherlands 0.00782 20
Austria 0.00912 32
Poland 0.00045 50
Portugal 0.00010 69
Romania 0.00012 53
Slovenia, 0.00134 67
Slovakia 0.00228 39
Finland 0.00023 50
Sweden 0.00023 47

Table 4: MLPs sum of squared errors and steps

During the coding phase, I encountered a trade-off between selecting a computationally
inexpensive model and choosing a model with a smaller SSE. In fact, I could define
a threshold for the SSE to stop searching for another model once this threshold was
attained. This parameter allowed me to improve my prediction precision, however, it
resulted in a more computationally expensive model. After having run the models several
times, I chose to set the SSE threshold at 0.01, so that the steps would not exceed 100.

It appears that for Ireland and Latvia, I wasn’t able to respect that constraint. The model
had to go above 100 steps to achieve an SSE of less than 0.01.
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5 Results

This section aims to interpret the results I obtained under the first and second scenarios.
To reiterate, the first scenario seeks to forecast CO2 emissions based on the business as
usual evolution of the input variables. No additional constraints were applied. The second
scenario is based on the BAU, except that it alters the evolution of the share of energy

from renewable sources variable.

For the record, the European Commission has set the following national objectives :

(Cutting EU greenhouse gas emissions: National targets for 2030., 2023). These objectives

. 2005 Reduction 2030
Countries
levels target goal

Belgium 147 261.31 47% 78 048.50
Bulgaria 46 654.74 10% 41 989.27
Czechia 142 694.80 26% 105 594.15
Denmark 75 522.95 50% 37 761.48
Germany 1 019 560.97 50% 509 780.49
Estonia 16 343.31 24% 12 420.91
Ireland 79 931.34 42% 46 360.18
Greece 135 817.78 23% 104 987.14
Spain 403 376.69 38% 251 303.68
France 513 076.64 48% 269 365.24
Croatia 23 079.67 17% 19 225.36
Italy 570 461.09 44% 321 169.59
Cyprus 9 857.82 32% 6 703.32
Latvia 5 317.43 17% 4 413.46
Lithuania 18 334.30 21% 14 484.10
Luxembourg 13 741.29 50% 6 870.64
Hungary 72 080.77 19% 58 601.67
Malta 3 257.83 19% 2 638.84
The Netherlands 231 612.43 48% 120 438.47
Austria 76 484.74 48% 39 772.07
Poland 352 291.13 18% 289 935.60
Portugal 91 851.50 29% 65 490.12
Romania 119 962.47 13% 104 727.23
Slovenia 13 427.01 27% 9 801.72
Slovakia 46 558.18 23% 35 989.48
Finland 46 162.42 50% 23 081.21
Sweden 17 582.39 50% 8 791.20

Table 5: European net GHG targets, in CO2 eq. (in kt)

served as the foundation for my analysis.
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5.1 First scenario

As previously mentioned, my first scenario is based on the forecast of my input variables
in a business as usual (BAU) context. Hence, I forecasted my features based on their

historical values without applying any discount factor.

In order to forecast these input variables, I used an MLP, with only one hidden layer
including 5 neurons. The results of these 243 individual forecasts can be found in Tables
8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32, 33, 34.

Following the forecast of my target variable, net GHG emissions in CO2 equivalent, I

obtained the following results :

2030

Forecast

Countries Figure coal 2030 Clys,
Belgium 3 78 048.50 120 049.89 (119 354 ; 121 287)
Bulgaria 4 41 989.27 44 664.58 (43 816 ; 45 090)
Czechia 5 105 594.15 126 267.05 (124 134 ; 128 513)
Denmark 6 37 761.48 50 826.03 (50 430 ; 53 435)
Germany 7 509 780.49 860 464.56 (822 797 ; 823 895)
Estonia 8 12 420.91 18 248.40 (16 787 ; 17 998)
Ireland 9 46 360.18 64 966.14 (64 294 ; 66 731)
Greece 10 104 987.14 91 084.88 (92 832 ; 97 419)
Spain 11 251 303.68 273 142.09 (269 471 ; 272 931)
France 12 269 365.24 397 559.14 (393 477 ; 401 899)
Croatia 13 19 225.36 20 764.89 (20 212 ; 22 151)
Italy 14 321 169.59 407 787.48 (408 429 ; 411 118)
Cyprus 15 6 703.32 9 271.60 (8 885 ; 10 573)
Latvia 16 4 413.46 5 543.37 (8 178 ; 9 797)
Lithuania 17 14 484.10 13 954.73 (13 275 ; 16 600)
Luxembourg 18 6 870.64 11 440.25 (10 728 ; 15 136)
Hungary 19 58 601.67 58 472.67 (54 614 ; 54 703)
Malta 20 2 638.84 2 753.49 (2 255 ; 3 925)
The Netherlands 21 120 438.47 191 554.13 (185 630 ; 187 723)
Austria 22 39 772.07 79 384.13 (77 149 ; 83 303)
Poland 23 289 935.60 363 220.15 (359 618 ; 362 594)
Portugal 24 65 490.12 91 169.95 (88 800 ; 92 843)
Romania 25 104 727.23 73 094.03 (65 813 ; 66 609)
Slovenia 26 9801.72 11 597.73 (10 937 ; 13 140)
Slovakia 27 35989.48 3553140 (35265 ; 35 3306)
Finland 28 23 081.21 53 453.03 (53 981 ; 58 905)
Sweden 29 8 791.20 9 123.42 (7 828 ; 12 727)

Table 6: Forecast results until 2030
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As one can see, only 5 countries would reach their 2030 goal, namely Greece, Lithuania,
Hungary, Romania, Slovakia. However, given the inherent uncertainties in the data and
the model, T estimated a 95% confidence interval, indicating there is a 95% probability
that the actual GHG emissions will fall within this range.

These confidence intervals are based on the residuals of my models. As my data did not

follow a Normal distribution, I had to use bootstrapping.

Bootstrapping is a non-parametric method, used when the assumption of normality is
violated (Greenwood, 2021). This robust approach empirically estimates the distribution
of the forecast errors. In layman’s terms, bootstrapping works by repeatedly sampling
from the data we have, with replacement, to create many new datasets and build a
distribution of the statistic of interest (Greenwood, 2021). By doing this, we can estimate
the variability and uncertainty of our predictions more accurately, without assuming the

specific distribution of our data set (Greenwood, 2021).

The 2030 forecasted value of 11 countries out of 27 fall outside the 95% confidence interval
: Germany, Estonia, Greece, Italy, Latvia, Hungary, The Netherlands, Poland, Romania,
Slovakia and Finland. This deviation from the confidence interval indicates that these
countries either have much higher or much lower forecasted emissions compared to the
expected range. This suggests that my model did not capture trends or factors influencing

the emissions of these countries, other than the ones plugged in the model.

Lastly, the 2030 target of only 2 countries fall within the 95% confidence interval. This
suggests that, from a policy perspective, there may be a need for a more in-depth analysis

to determine what goal is feasible and realistic for the European countries.

Setting targets that are unattainable is useless, as it doesn’t reflect the true potential of
improvement of the European Union. Additionally, it doesn’t encourage policymakers to

reconsider how they define these targets until they realize they are unattainable.

5.2 Second scenario

While our first scenario doesn’t take into account additional measures, our second scenario
incorporates the European Commission’s desire to further integrate renewable energies

into its energy mix.

The European Commission has highlighted that over 75% of the EU’s greenhouse gas
emissions originate from the energy sector. In response, it has set a new objective for
2030 : to elevate the proportion of renewable energy to a minimum of 42.5% (Renewable

energy targets, 2023).
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In order to assess the viability of achieving the 2030 target solely through increasing the
utilization of renewable energy sources, I have analyzed the historical trend of renewable
energy’s contribution to the overall energy mix since 2020. By using these updated pro-
jections, Table 35, I have formulated a scenario wherein each member state of the EU27

augments its adoption of renewable energy sources.

Countries reaching their 2030 target in this new scenario are Greece, Lithuania, Hungary,
Romania, Slovakia. This time around, updating the share of renewable energies seems
to give more precise estimations. In fact, the only country whose emissions fall outside
the confidence interval is Ireland. Having linearly increasing share of renewable energies

helps my model yield better results with regards to the confidence interval.

It is interesting to point out that for Denmark, Greece, Italy, Cyprus, Luxembourg and
Finland, increasing the share of energy from renewable sources has the effect of increasing

their forecasted value of net GHG emissions in 2030.

This trend doesn’t align with the findings of Grodzicki & Jankiewicz (2022), who examined
the impact of renewable energies on CO2 emissions in Europe. In fact, their study shows

that increased share of renewable energies leads to less CO2 emissions.

However, the study of Wang et al. (2022), showed that not all renewable energy sources
have the same impact on CO2 emissions. In fact, their research highlighted that more
advanced technologies such as solar, bionenergy and wind tend to increase CO2 emissions
or have no impact, while well-established renewable energies like hydropower and geother-
mal lower CO2 emissions. Another study from Shahnazi & Dehghan Shabani (2021), also
showed that the renewable energy consumption had a negative effect on CO2 emissions

in Europe.

While it may not be the focus of my thesis, I believe it would be interesting to further
conduct research regarding the impact of renewable energies on CO2 emissions within

European countries.
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The results of the second scenario are the following :

Countries 2g?)i(l) Update;(l)g]?(‘)orecast Clgs
Belgium 78 048.50 119 887.59 (119 354 ; 121 287)
Bulgaria 41 989.27 44 153.35 (43 816 ; 45 090)
Czechia 105 594.15 125 342.27 (124 134 ; 128 513)
Denmark 37 761.48 51 258.98 (50 430 ; 53 435)
Germany 509 780.49 823 100.00 (822 797 ; 823 895)
Estonia 12 420.91 17 120.87 (16 787 ; 17 998)
Ireland 46 360.18 62 900.02 (64 294 ; 66 731)
Greece 104 987.14 94 097.59 (92 832 ; 97 419)
Spain 251 303.68 270 425.48 (269 471 ; 272 931)
France 269 365.24 395 704.81 (393 477 ; 401 899)
Croatia 19 225.36 20 747.20 (20 212 ; 22 151)
Italy 321 169.59 409 140.19 (408 429 ; 411 118)
Cyprus 6 703.32 9 350.50 (8 885 ; 10 573)
Latvia 4 413.46 8 624.79 (8 178 ; 9 797)
Lithuania 14 484.10 14 192.02 (13 275 ; 16 600)
Luxembourg 6 870.64 11 893.52 (10 728 ; 15 136)
Hungary 58 601.67 54 638.87 (54 614 ; 54 703)
Malta 2 638.84 2 696.87 (2 255 ; 3 925)
The Netherlands 120 438.47 186 183.29 (185 630 ; 187 723)
Austria 39 772.07 78 847.30 (77 149 ; 83 303)
Poland 289 935.60 360 439.17 (359 618 ; 362 594)
Portugal 65 490.12 89 915.93 (88 800 ; 92 843)
Romania 104 727.23 66 032.58 (65 813 ; 66 609)
Slovenia 9 801.72 11 545.00 (10 937 ; 13 140)
Slovakia 35 989.48 35284.24 (35 265 ; 35 336)
Finland 23 081.21 55 339.88 (53 981 ; 58 905)
Sweden 8 791.20 9 001.56 (7 828 ; 12 727)

Table 7: Updated forecast results until 2030

5.3 Conclusion & policy suggestions

After having conducted two different forecasts, I came to the conclusion that most coun-

tries won’t reach their 2030 target, even with additional shares of renewable energies.

According to the first scenario, the only countries which will most likely sufficiently reduce

their CO2 emissions are Greece, Lithuania, Hungary, Romania, Slovakia.

As for the second scenario, raising the share of renewable energy sources doesn’t seems
to help any country achieving their target. Unfortunately, European countries can’t rely

solely on the increasing share of renewable energies to hope achieving their goal. In fact,
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Denmark, Greece, Italy, Cyprus, Luxembourg and Finland seem to be disadvantaged by

this increased share.

Considering these findings, it is clear that more research needs to be made about renewable
energies and their effect on net GHG emissions in European countries. The studies of
Grodzicki & Jankiewicz (2022), Wang et al. (2022), and Shahnazi & Dehghan Shabani
(2021), could be the starting point of a thesis focusing on that issue. Alongside efforts
to increase the share of renewable energy sources, additional measures addressing other

aspects of emissions reduction seem to be necessary.

In this regard, future research could for example focus on the impact of less energy
intensive technologies, and/or stricter energy regulation. By adopting a multifaceted

approach, countries can better position themselves to meet their emissions targets.

0 Limitations

During the making of this thesis, I encountered several limitations. The first one being
the lack of data. Considering that each country had its own method to collect data prior
to joining the European Union, it was hard to determine a sufficiently long period of time

within which these 27 countries were under the same data collection methodology.

In addition, the data which could be found on Eurostat was usually only available on
annual basis, making it even more difficult to provide sufficient data to my model. Monthly
data could’ve been more precise, and would’ve allowed me to apply dimension reductions

techniques for example, making this thesis more interesting from a technical standpoint.

Finally, to ensure consistency, I had to use the same model across all countries. An
analysis focusing on one country could’ve considered only the relevant variables for this
country. However, I believe that replicating the same strategy for every country allowed
me to make valid comparisons. Also, being limited to 40 pages prevented me from doing
specific models for each country. In fact, 27 models would take more than 40 pages of

explanation.
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7 Appendix

7.1 Forecast per country

Actual and Forecasted Net GHG Emissions, Belgium (2013-2030)
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Figure 3: Forecast Net GHG emissions, Belgium

Actual and Forecasted Net GHG Emissions, Bulgaria (2013-2030)
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Figure 4: Forecast Net GHG emissions, Bulgaria

Year
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
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2014
2015
2016
2017
2018
2019
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2021
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44664.58
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Actual and Forecasted Net GHG Emissions, Czechia (2013-2030)

132500

130000

127500 Data Type
— Actual

=== Forecasted

125000

Net GHG Emissions, CO2 eq. (in kt)

122500

2015 2020 2025 2030
Year

Figure 5: Forecast Net GHG emissions, Czechia

Actual and Forecasted Net GHG Emissions, Denmark (2013-2030)
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Figure 6: Forecast Net GHG emissions, Denmark
Actual and Forecasted Net GHG Emissions, Germany (2013-2030)
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Figure 7: Forecast Net GHG emissions, Germany
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Actual and Forecasted Net GHG Emissions, Estonia (2013-2030)
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Figure 8: Forecast Net GHG emissions, Estonia

Actual and Forecasted Net GHG Emissions, Ireland (2013-2030)
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Figure 9: Forecast Net GHG emissions, Ireland

Actual and Forecasted Net GHG Emissions, Greece (2013-2030)
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Figure 10: Forecast Net GHG emissions, Greece
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79703.50
75017.05
82158.31
80149.83
91084.88
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Net GHG Emissions, CO2 eq. (in kt)

Net GHG Emissions, CO2 eq. (in kt)

Net GHG Emissions, CO2 eq. (in kt)

Actual and Forecasted Net GHG Emissions, Spain (2013-2030)
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Figure 11: Forecast Net GHG emissions, Spain

Actual and Forecasted Net GHG Emissions, France (2013-2030)
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Figure 12: Forecast Net GHG emissions, France

Actual and Forecasted Net GHG Emissions, Croatia (2013-2030)
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Figure 13: Forecast Net GHG emissions, Croatia

Year
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Year
2013
2014
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2023
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2027
2028
2029
2030

Year
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030

Net_GHG_Emissions
291665.59
291797.83
301021.36
290498.06
304203.32
298527.73
281150.76
230436.93
249310.37
261868.81
300802.05
294380.99
270425.48
266474.06
266721.02
272648.16
267955.84
273142.09

Net GHG_Emissions
45290051
426983.11
434947.06
442688.89
456415.62
433014.90
42961152
376380.31
401618.70
391232.80
417426.94
420075.98
395704.81
435440.41
400473.08
420605.78
393055.77
397559.14

Net_GHG_Emissions
20724.63
20195.85
20986.05
21207.56
22965.27
21361.03
21205.27
19782.70
20218.57
21390.94
21738.16
21092.26
20579.09
20968.39
20552.54
20499.46
20809.13
20764.89
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Actual and Forecasted Net GHG Emissions, ltaly (2013-2030)
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Figure 14: Forecast Net GHG emissions, Italy

Actual and Forecasted Net GHG Emissions, Cyprus (2013-2030)
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Figure 15: Forecast Net GHG emissions, Cyprus
Actual and Forecasted Net GHG Emissions, Latvia (2013-2030)
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Figure 16: Forecast Net GHG emissions, Latvia
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Year
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030

Net_GHG_Emissions
422978.61
400874.28
410260.00
408551.10
423162.66
398430.08
391278.79
355368.74
393337.36
398267.78
419768.65
420734.87
393487.38
418415.93
387303.55
396192.80
400250.94
407787.48

Net GHG_Emissions
8414.92
8786.16
8810.62
9473.04
9646.69
9588.78
9633.71
8554.10
9049.38
9273.39
9698.59
9768.20
9754.28
9628.97
9461.89
9308.73
9201.98
9271.60

Net_GHG_Emissions
8891.32
12673.39
11464.82
9696.12
8343.07
11373.10
9668.09
1144174
13189.39
15513.08
11706.20
6177.14
8624.79
5587.08
13035.31
11028.73
9804.90
5543.37
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Net GHG Emissions, CO2 eq. (in kt)

Actual and Forecasted Net GHG Emissions, Lithuania (2013-2030)
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Figure 17: Forecast Net GHG emissions, Lithuania

Actual and Forecasted Net GHG Emissions, Luxembourg (2013-2030)
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Figure 18: Forecast Net GHG emissions, Luxembourg

Actual and Forecasted Net GHG Emissions, Hungary (2013-2030)
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Figure 19: Forecast Net GHG emissions, Hungary
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Year
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030

Net_GHG_Emissions
10581.02
11255.55
12394.42
13301.81
1404059
14598.98
14621.46
14138.11
14900.03
12893.30
14458.97
14488.63
12486.51
13643.29
14696.26
14458.97
14192.02
1395473

Net GHG_Emissions
11895.46
11584.67
11324.88
11143.68
11613.64
1217413
12179.76
10238.25
10658.96
9497.06
11998.12
12155.03
11893.52
11910.96
12172.46
11963.26
11823.79
11440.25

Net_GHG_Emissions
54961.46
54310.80
56943.45
58636.02
60287.25
60955.33
60125.31
55888.72
56027.05
53528.89
60534.99
58261.15
59230.43
55537.83
59926.87
59371.63
55670.03
58472.67
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Net GHG Emissions, CO2 eq. (in kt)

Actual and Forecasted Net GHG Emissions, Malta (2013-2030)
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Figure 20: Forecast Net GHG emissions, Malta
Actual and Forecasted Net GHG Emissions, Netherlands (2013-2030)
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Figure 21: Forecast Net GHG emissions, The Netherlands

Actual and Forecasted Net GHG Emissions, Austria (2013-2030)
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Figure 22: Forecast Net GHG emissions, Austria

Year
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030

Net_GHG_Emissions
3159.63
3189.49
2510.06
2236.89
2448.38
2495.09
2643.38
2280.63
2348.42
2648.49
2756.82
2533.66
2283.87
2367.13
2380.46
272351
2400.44
2753.49

Net GHG_Emissions
210841.59
203942.43
211860.16
212488.45
209309.33
204156.69
197675.85
175464.95
178807.09
168059.95
204645.55
198267.68
188029.52
199106.88
198267.68
195582.26
195246.59
191554.13

Net_GHG_Emissions
76393.05
7143117
74847.46
75537.96
81528.23
86673.98
85423.58
69238.66
67521.07
70351.95
84819.57
85691.92
73747.38
84685.36
83678.80
85155.00
83276.17
79384.13
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Actual and Forecasted Net GHG Emissions, Poland (2013-2030)
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Figure 23: Forecast Net GHG emissions, Poland

Actual and Forecasted Net GHG Emissions, Portugal (2013-2030)
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Figure 24: Forecast Net GHG emissions, Portugal

Actual and Forecasted Net GHG Emissions, Romania (2013-2030)
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Figure 25: Forecast Net GHG emissions, Romania
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2013
2014
2015
2016
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2021
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2029
2030

Net_GHG_Emissions
350302.24
345218.96
351248.01
355550.87
369803.44
371047.57
367052.28
349490.27
377189.76
347789.71
370288.47
370520.21
368666.23
349547.01
36472651
351980.36
348967.64
363220.15

Net GHG_Emissions
66430.73
61392.33
67056.93
70271.81
96327.85
67978.96
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54515.74
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54656.39
92925.59
59066.93
65211.65
53298.42
55681.06
53925.43
72234.18
91169.95

Net_GHG_Emissions
79997.19
69339.82
68994.25
65063.86
69967.74
72089.64
68916.63
62407.64
67373.41
63526.27
77320.95
72298.37
71303.80
70508.14
72795.65
69911.40
68469.27
73094.03
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Actual and Forecasted Net GHG Emissions, Slovenia (2013-2030)
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Figure 26: Forecast Net GHG emissions, Slovenia

Actual and Forecasted Net GHG Emissions, Slovakia (2013-2030)
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Figure 27: Forecast Net GHG emissions, Slovakia

Actual and Forecasted Net GHG Emissions, Finland (2013-2030)
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Figure 28: Forecast Net GHG emissions, Finland
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2013
2014
2015
2016
2017
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2019
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2021
2022
2023
2024
2025
2026
2027
2028
2029
2030

Net_GHG_Emissions
13107.62
17218.85
17504.52
18523.58
18608.65
18552.61
16589.04
15559.00
15779.63
15507.29
12546.89
14603 41
12037.16
11386.81
11755.92
14023.37
1147469
11597.73

Net GHG_Emissions
35295.74
35467.45
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36121.13
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35284.24
34075.90
33718.90
35531.40

Net_GHG_Emissions
48052.72
42854.65
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50299.70
50084.60
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56687.64
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Actual and Forecasted Net GHG Emissions, Sweden (2013-2030)
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Figure 29: Forecast Net GHG emissions, Sweden

7.2 Input variables

Year
2013
2014
2015
2016
2017
2018
2019
2020
2021

2022
2023
2024
2025
2026
2027
2028
2029
2030

Net_GHG_Emissions
930.10
829.75

3193.55
4529.29
10402.16
15775.07
12364.65
3895.17
5130.53
5856.99
524710
5992.55
13148.83
8775.55
9222.81
12403.38
7582.83
912342



31.

wngpg ‘Arewrmins Jseooloj o[qerres nduy :Q o[qr],

0664¢€ 1790 TTG8EITT L8VI L0°€ 1€°98 76°98 8C'8ET 99 0€0¢
16¢9¢ 0L499°0 96¢9991T1 IT°Gr1 €8¢ 1¢°98 149768 IT°LVT 019 6¢0¢
6689¢ 6099°0 TL2099TT 9971 G0'¢ €78 LTE8 €L 8y 9¢°G 8¢0¢
6¢84¢€ 94490 L6E699TT L8VI v0'¢ 1L°6L 8VLL 647941 €c9 L20¢
IT0LE 62990 €LGRIITT Lyl 6L°€ 06°C8 00°¢8 87841 059 9¢0¢
6CS4e 6ce90 GLSTGITT 99¥1 60°C RS 68°C8 €r'L91 €69 Gc0c
1699€ ¢L99°0 TTLSYITT LTI 69T G9'18 Ly 08 197191 06°L ¥¢0¢
7609¢€ L0590 GIT86STT VL Cl 89°C 00°¢8 90°T8 54! ¢l'8 €¢0¢
0v0Le 0¢€9°0 €CILTITT L€l 0€°0T 0446 0v°L6 64'8€ET 09°¢ 6¢0¢
0429€ GL29°0 LILVEATT T0°€T 0c'€e 06°L8 0¢98 9¢€a1 0€9 1¢0¢
0907¢€ 81990 liggadan! 00°€T 0¥°0 09°8L 09°9. 0T VT 08¢ 0¢0¢
0T19€ ¢099°0 6TGSSTTT €66 0C'1 0¥'c8 0818 6741 04°¢ 610¢
01Gse L6690 68G86ETT Ly'6 0€¢ 0T°€es 07°€8 0L LST 009 8T0C
0504€ 98790 LCLTSETT V16 0¢¢ 0¢°€8 01°¢8 Ge091 0¢'L L10¢
0cIre 97890 LITTIETT VL8 08T 0¥°6L 0¢'8L L6°091 06°L 910¢
09€v¢€ 70v9°0 V.LCLECTT 90'8 09°0 08°LL 0¥'9L 09°€4T 0L'8 G10C
0L8€€ 0€99°0 O0F8O8TTT 70’8 0S¢0 08°6. 00°6. qaaat 0L'8 710¢
06¥€e 9849°0 VL6LETTT L9°L 0¢'T 0€°6.L 0984 197291 09'8 €10g
dds xopujy ‘As(Q oryemndog $90aNnos A3I1ouo el S795) JO  S79r) Jo  Ajsuojuy el reox
[eoyg  [eueulq ’ o[qemauas Jo o, uorjeguy sjprodxyy sjyrodwy ASiouy  JuowrAojduwau()

Louvain School of Management

B UCLouvain




B UCLouvain

32.

Louvain School of Management

rLIRSNY ‘ATewiuns 3se0910J o[qreLrea jnduy :g o[qe],

690L GelLe0 19¢T10L 05°0¢ 68°C 09°€9 VI'v9 v 1y 9¢'9 0€0¢
V.LvL 789¢°0 0€87669 G0'T1¢ €1'e 00°C9 ve19 7' 81¥ 874 6¢0¢
€evL 9¢LE°0 6L€1269 19761 0¥°¢ 0€°09 0T"8¢ 74¥6€ 897 8¢0¢
LTvL 169€°0 99¥ 1869 64°0¢ 69°C 6064 G¢94 ST0T¥ L9 L20¢
€09.L TTLE°0 LEVLT69 8861 16°¢ GOREY 1¢°09 ¢0°0c¥ vI'L 9¢0¢
Va1L 79L€°0 886€C0.L €6°0¢ 0S¢ ¢€'99 94°C9 1L° LSy 669 Gc0c
Vg 9TLE0 I169€69 I8°0¢ €L¢ ¢l'e9 09°T9 84Chy 86°8 ¥¢0¢
10T. 879¢€°0 99€6669 76°0¢ 1879 8¢'99 7979 LT 67V 19°8 €¢0¢
089.L L8LE0 LE68ERI 6061 00°€T 0¢°69 00°69 G676¢€ 0€¥ 6¢0¢
0469 8LLED 87499169 Gv61 08¢ 0¥ 19 0964 0T"C0¥ 0€¢ 1¢0¢
00%9 LvLE0 G8¥ 1469 GEEC 0C'1 019G 0¢ ¥4 ¢8°00¥ 019 0¢0¢
0€99 8TLED 6€0000.L Gq'1¢ 0S¢ 06°€9 0409 8F"G0¥ 0¢'¢ 610¢
0€€9 evLE 0 7€00504 84°0¢ 09°¢ 04799 0¢°€9 ey 0¢9 8T0C
0¢19 0TLED 6S8T0T.L 0L°81 0C'T 00°L9 0L°C9 8€°6ET 0¢'L L10¢
0T6S 6€9¢°0 V8LEGTL 9L°81 0€1- 06°€9 0064 GT'9€v 098 910¢
00LG 90¢€°0 861c¢0C.L 9¢'81 0T'1- 08°€9 06°C9 70°64¥ 0101 G10C
0L¥S 869¢€°0 LL9SVCL GO'8T 091~ 0979 0469 0T ¥4¥ 0¥cl 710¢
06€¢ €e9to ¢9a¥8eL 06°8T 0¥°0 0979 01°99 67 °8EY 06°€T €10g
dds xopujy ‘As(Q oryemndog $90aNnos A3I1ouo el S795) JO  S79r) Jo  Ajsuojuy el reox

[y

[eroueur g

o[qemauas Jo o, uorjeguy sjprodxyy sjyrodwy ASiouy  JuowrAojduwau()




33.

RIYDOZ)) ‘Arewruuns )seoo10j o[qerrea jnduy 0T 9[qrR],

GLIBT 6L6€°0 €6¢9740T ev'8l v.,.'C LA 06°CL LGTEC vre 0€0¢
GLIS8T LSY10 0€50090T LL8T LS°C €eq.L 6769 70°0¢¢ 91°¢ 6¢0¢
VESKT €68¢°0 96¥8¢50T 8781 V.L'C G9°¢L 799 66°L0C 871 8¢0¢
GCasl 89.7°0 6008950T 6481 0s'€ 0¥ ¥.L €q'q9 G8°€ee eLe L20¢
L9.L81 94170 07L9T140T IL°8T 99°¢ 90°GL 999 0€°0€¢ 60°€ 9¢0¢
eqrsI L09€°0 6¢¢9840T 1¢°8T L9°C 9¥°LL GETL 9€¢€c are Gc0c
8LI98T 69L€°0 84068501 Ve8I 8LV Ge8L L9 TL 96°8¥¢C VLY ¥¢0¢
€aL8I 99€¥°0 96€L850T GE'LT 0€'8 €676 €6'€L v9°¢ve 6LV €¢0¢
09¥8T 691€°0 LOLITGOT 0¢8I 08¥I 069 056G [qaqré 0¢'¢ 6¢0¢
0C08T 881€°0 9E8Y610T L9°LT 0€€e 0LCL 0869 8LT¢¢ 08°C 1¢0¢
00¥LT 09¢€0 6€6€690T 0€°LT 0€€ 0669 0¢°€9 €991¢ 09°¢ 0¢0¢
09781 G997°0 0086%90T V91 09°¢ 06°€L 06°L9 86°LIC 00°¢ 610¢
066.LT 7070 Gg00190T 4! 00°¢ 06°9.L 00°T4 9¢'8¢¢ 0¢'¢ 8T0C
06V.LT 004770 0C88.L40T 08 ¥I 0v¢ 00°6L 05T 997¢€¢ 06°¢ L10¢
04991 G9LY0 E€V8ELS0T co VI 09°0 0T°6L 05T G6'9¢¢ 00¥ 910¢
06291 6¢LYV°0 GLT8ESOT L0°GT 0€0 09°08 09°¥.L V8VVe 0r°¢ G10C
08¥4T 8GLY°0 617¢TS0T L0°GT 0¥°0 00°C8 09°6L 6L°LG9¢ 01’9 710¢
09T<T L2910 GeT9140T €6'€l 07’1 0T9. 0704 G9°CLT 00°L €10g
dds xopujy ‘As(Q oryemndog $90aNnos A3I1ouo el S795) JO  S79r) Jo  Ajsuojuy el reox
[eoyg  [eueulq ’ o[qemauas Jo o, uorjeguy sjprodxyy sjyrodwy ASiouy  JuowrAojduwau()

Louvain School of Management

B UCLouvain




34.

NIewud(] ‘Arewrmuns 4seoo1o0j o[qerrea nduy 11 o[qR],

00TTS G899°0 610684 e 0y av'e 0¥°09 0T°¢c4 L0709 €es 0€0¢
88CTS 1169°0 G8T6684 1oy are 6864 ee g G664 66°F 6¢0¢
G614 €€L90 GEVL6YS 4N 41 G0'¢ €L°9¢ A G184 €87 8¢0¢
SPyIG 6¢89°0 cEV8684 I1°0¥ Gee 8T¥4 9981 ¢1'cH 9¢¢ L20¢
G6614 96890 €L99684 G6°cr V8¢ 8€LG eL 6y €ee9 0L°¢ 9¢0¢
4¥604 Gge99'0 G6.L888G GG 6¢ 10°¢ €194 9¢04 1°€9 L9°G Gc0c
L6TTG 8969°0 G68L884 LL OV €t 0¢'q¢ 6V 8Y 1879 LE9 ¥¢0¢
€L60¢ 0069°0 6EVELRS 61°0¥ 6¢°€ 8G'8¢ G004 8L79 019 €¢0¢
09914 9%99°0 0CrELES 09Ty 0S8 00°0L 0684 8€°95 0S¥ 6¢0¢
0¥.L04 GLL9°0 Gr00¥84 10°T¥ 06T 048G 00°¢S 18°8¢ 0r°¢ 1¢0¢
089.LY €L89°0 €9.6¢84 89°T¢ 0€0 0T°SS 09°8% G9°6S 09°¢ 0¢0¢
0L68V LEL9°0 180908¢ ¢0°LE 040 098¢ 0914 L9°€9 00°¢ 610¢
05787 L€69°0 06TT8LS 91°g€ 040 09°9¢ 0704 06°99 0r°g 8T0C
OV.LLY 61990 69.L8V.LG 6ETE OT'T 0144 06°LV L8799 08¢ L10¢
0CL9V 900L°0 16¢L0LS ILTE 000 07°€4 0L97 1889 009 910¢
0€94Y G10L0 GT.L6994 Ly0€ 020 0744 09°8% 9469 0€9 G10C
06871 081.°0 GETLCIG 1€°6¢ 0¥°0 09°%4 0L Ly s L, 069 710¢
0T¥¥ ¥ €LTL 0 8692094 LT°LC 050 08°%¢ 0¢'8¥ 18°GL 0v'L €10g
dds xopujy ‘As(Q oryemndog $90aNnos A3I1ouo el S795) JO  S79r) Jo  Ajsuojuy el reox
[eoyg  [eueulq ’ o[qemauas Jo o, uorjeguy sjprodxyy sjyrodwy ASiouy  JuowrAojduwau()

Louvain School of Management

B UCLouvain




35.

Aueurior) ‘Arewruins 1seoo10j o[qerrea jnduy g1 o[qrR],

GL6GE Gy1L0 GELCTV8ER L8°0¢ G8'C G66°Ly Ly'ey €6 70T 99°€¢ 0€0¢
8T65€ 706970 £9099.L€8 Vv 1ic 09°¢ 69" LY 8L TV 23R40 e 6¢0¢
€8¢9¢ 60690 LGGGLLES €0'1¢ 08¢ L9°9v ST'T¥ LL°96 Iee 8¢0¢
8194€ 6€T1L°0 1G08GLES Ge'Te 89°C L9°GY 6€°8¢ 18°€0T Gq ¢ L20¢
04¢9€ ¢189°0 LGECYIES LC'1¢ 0L°¢ a1 9y 76°6€ 19°201 Lve 9¢0¢
6LGG€ 46690 P9169€8 78°0¢ VL€ LO°LY 06°07 €601 e Gc0c
1109¢ VLIL0 891¢eSES €8°0¢ gr'e 1¢°9v 7001 Gy €I A% ¥¢0¢
1€64¢ G889°0 107929€8 8761 61°¢ gLy LS TV 6V ¢l 0¥ €¢0¢
0T09€ 1¢0L°0 VCILETES 08°0¢ 048 0604 00°6% €0v6 0r°€ 6¢0¢
0€94€ 1¢TL0 T€094TEY 6E61 0c'€e 0€LY 06°T¥ 9¥°00T 0L°€ 1¢0¢
0ssve 86990 TTLI9TES 6061 0¥°0 0S¢y 0L°LE G966 0L€ 0¢0¢
0964€ 18690 €T1C6T0ER LG LT 0¥'1 0T'LY 0¢' Ty 19°€0T1 00°€ 610¢
099¢€ 6089°0 1G€C6.Lc8 9991 06°T 0€'Ly 0¢'T¥ IT°L0T 0c'€ 8T0C
01yse 0889°0 €491¢4e8 LyGl 0L°T 0¢'Ly 0T 0¥ 6L°0TT 09°¢€ L10¢
0T97¢€ LEVL0 789GLT¢8 88VI 0¥°0 iy 0L°8¢ 9¢CIT 06°€ 910¢
0€Tve G81L°0 LEGLGTTS 0671 040 06'9% 0€°6¢ G6VIT ov'vy G10C
0c6ee 991.°0 €97L9.L08 8EVI 080 09°Gv 00°6¢ 90°9TT 0Ly 710¢
0€eee 0LEL0 9v.LEcq08 9L°€T 091 0v'sv 0L°6€ 16°€CT 00°¢ €10g
dds xopujy ‘As(Q oryemndog $90aNnos A3I1ouo el S795) JO  S79r) Jo  Ajsuojuy el reox
[eoyg  [eueulq ’ o[qemauas Jo o, uorjeguy sjprodxyy sjyrodwy ASiouy  JuowrAojduwau()

Louvain School of Management

B UCLouvain




36.

RIUOYSH ‘Arewimuns jseooloj o[qerres nduy :¢1 o[qry,

6¢991 69.¢°0 66V TECT LILE 06'¢ 8018 7aes 68'%4¢ v€9 0€0¢
G6791 G6L30 Vaceeel €9°LE I1e 0764 G6°08 70°9¢¢ 09 6¢0¢
96691 6¢LC0 V.L6CEET 0T"8¢ 0L°¢ 90°9. GEVL Gc 0v¢ 169 8¢0¢
0LL9T €L8¢’0 196€€€CT veLe 99°¢ L9TL €89 LL°09¢ 786G L20¢
78691 €94¢0 VITVECT 80°6¢ @y 16°¢L 0869 ¥1°00€ eLs 9¢0¢
07891 ge9¢’0 [CSECET [L°G€ 8CY 9¢'9L €ceL ar9ee (4 Gc0c
8L991 6V6¢°0 60LEEET GG 9¢€ 98°.L 6L L. €19 0¢'64¢ Vel ¥¢0¢
60891 099¢°0 G1666ET LE°G€ 6€°0T1 G8'8L 09794 89°€0¢ Gc9 €¢0¢
04291 jg4sta 96LTECT Ly'8€ 0761 0848 0€°98 G6'8€¢ 09°¢ 6¢0¢
05€9T G6L.¢°0 8900€€T VyLE 0¥ 0€°08 0€°18 8L°9¢¢ 0¢9 1¢0¢
09¢ST €€9¢’0 9L68cET L0°0€ 09°0- 0269 0869 9¢'9¢¢ 069 0¢0¢
0S¥4T L18C0 0C8veet eL1e 0€'c 0¥€L 0€°69 ¢l'6v¢ 0S¥ 610¢
0c6¥ 1 GGLT 0 CEI6IET L6°6¢ 0v€ 0€¥L 09°14 11°90€ 0v'g 8T0C
OT¥VvI 918¢°0 GEIGTET 7466 0L°€ 08°GL 08T 6L°8¢€ 08¢ L10¢
0C9€T €L8¢’0 VP6STET €¢66 080 00°LL 0¥°€L 0T°1¢€ 089 910¢
0€cET 8LLC°0 OLSVICT 66°8¢ 010 0¥ LL 05°€L 8G°96¢ 0¥'9 G10C
09621 7€6¢°0 6I8GTET €1'9¢ 0S¢0 0618 0¥'8L 88°Gve 0€.L 710¢
0vact 610€°0 VL10CET 9€°4¢ 0c€ 0978 06°T8 0T°08¢ 09'8 €10g
dds xopujy ‘As(Q oryemndog $90aNnos A3I1ouo el S795) JO  S79r) Jo  Ajsuojuy el reox
[eoyg  [eueulq ’ o[qemauas Jo o, uorjeguy sjprodxyy sjyrodwy ASiouy  JuowrAojduwau()

Louvain School of Management

B UCLouvain




37.

pueaI] ‘Arewrmuns 1sesoI10j o[qerrea nduy §1 o[qe],

G016L 65990 669€904 Gyl 09°¢ 89°6¢1 8888 Vv ey 2279 0€0¢
€v66.L 66290 0¥6060¢ I7ar1 6€°C 98°6¢1 G9°L6 90°0¥ 0v'¢ 6¢0¢
€676 €c99°0 798060¢ LTET 94T 87 cel 9¢901 87 0¥ 10°G 8¢0¢
GLT6L 99490 erE8604 6¢G1 671 99°8¢1 6€°L0T G004 99 L20¢
¢v96.L 61890 ceye0rs 9¢¥1 [qaé 66°9¢1T 167601 04G9S 199 9¢0¢
18941 €9v9°0 6€49980G 89¥1 €LC 6¢€cl G8°€0T €8°LG G0°.L Gc0c
€eTI.L 664990 €6¢8804 ¢l'Gl vi'e 00° TSI Gl'L8 G819 96°6 ¥¢0¢
99¢1.L L9690 G8.L8¢04 G6°¢cl 90°¥ v0'€ct 08°€6 8L°LS 06 €¢0¢
0€V.LL 7290 7000904 IT°€T 0r's 0T LET 0¢'L6 geLe 0S¥ 6¢0¢
0TTcL €690 ¥¢€9004 8€CI 0¥¢ 0L°€ET 0L°€6 76°6¢ 0¢9 1¢0¢
0¢1€9 1099°0 0¥¥v96v 9191 0570~ 06°CET OT¥IT 6CTY 06°¢ 0¢0¢
07864 46990 0¥cv06¥ 86°TT 060 00°8¢T 0S¢l LC1G 00°¢ 610¢
0T9.LS 71690 G6€0E8Y 7601 040 04¢cl 0T'76 G8'€Y 08¢ 8T0C
06L€S 07,90 e8CT8LY ¢G0Tl 0€0 0L4°0cT 0L°86 70°8¢ 049 L10¢
0€L6Y V1L9°0 98¢9¢LY 61°6 0¢0- 06'TcT 02901 L6°€9 07’8 910¢
0cy6v 19690 LCILLIY 80°6 000 06'1¢T 0T°€6 0419 06°6 G10C
0L00% LOTL0 GS8LEIY ¢S'8 0€0 06°60T 06°T6 8G'CL 06°TT 710¢
080.L€ 762,90 6.L609¥ 64'L 050 0T 70T 0€°48 678 08°€T €10g
dds xopujy ‘As(Q oryemndog $90aNnos A3I1ouo el S795) JO  S79r) Jo  Ajsuojuy el reox
[eoyg  [eueulq ’ o[qemauas Jo o, uorjeguy sjprodxyy sjyrodwy ASiouy  JuowrAojduwau()

Louvain School of Management

B UCLouvain




38.

90001r) ‘Arewrmuns }seoo10j o[qerres nduy :GT o[qr],

G94LT ¢867°0 G064T80T 9¥'cc 66°C ¢9°6¢ 68°F1 6L°0¢T Ge91 0€0¢
L00ST L8¢40 1CTT690T ¢l'ee Ly'e 60°8¢ vLcy 06 7¢1 LL ST 6¢0¢
1GG8T GG8¥°0 GTL9990T 66°C¢ 66°¢ G6'8€ 05 7¥ ve€0cT 8771 8¢0¢
06V.LT 91140 89616901 8€€C vee 0v-<€ 60°LE 61°CET LT'8T L20¢
0L¥8T 9LE49°0 Gy.LL6S0T 8F°€c LL°€ Geqe erov G9°6€T 8406 9¢0¢
8VILT GeLyv0 GLLTLLOT Geee 0L°C vE€'8€ arov 80°8VT ¢9°0¢ Gc0c
7081 10TS°0 8EG6840T 0v"€¢ a0'¢ GeEVE G9°9¢€ oV eVl 6L°¢¢ ¥¢0¢
7Ll L0SG°0 GIvCeLOT G0°¢c 16°€ 7a6e 8L°LE 88°LET 89°¢¢ €¢0¢
OTL8T GeLY0 G8L6STOT 89°C¢ 0€°6 0T°6% 0684 8T°0cT 0sCl 6¢0¢
0091 8¢67°0 GEI8LI0T ¢0°Ce 09°0 06°0% 0L°8% 05¥el 0L 7T 1¢0¢
05191 L9670 G9G8TLOT GLT¢ 0€1- 01T°ce 08°6¢ €L Lel 09°LT 0¢0¢
08LLT a167°0 66457CL0T €961 0G0 0T°ov 081 08°9€T 06°LT 610¢
0EVLT L9240 G9TTV.L0T 00°8T 080 00°6¢ 0¢'T¥ IT°6€T 0L61 8T0C
OTTLT 81240 €6189L0T 0€°LT OT'T 00°¢€ 05°9¢ STTVT 08'T¢ L10¢
06891 ¢6¥4°0 8¥L€E8L0OT 6EGI 000 0€1E 0L°¢e I7°6€T1 06°€c 910¢
00691 7S19°0 8T08G80T 6961 0T'1- 01°ce 0¢€e Sy Ivi 00°4¢ G10C
0€89T €L859°0 L089260T 89°GT 0v'1- 0§ce 00°¥€ 0T IvT 09°9¢ 710¢
0€991 8LESO GT9€00TT €eal 06°0- 0¢°0¢ 0L°¢c€ 84 EVT 08°L¢ €10g
dds xopujy ‘As(Q oryemndog $90aNnos A3I1ouo el S795) JO  S79r) Jo  Ajsuojuy el reox
[eoyg  [eueulq ’ o[qemauas Jo o, uorjeguy sjprodxyy sjyrodwy ASiouy  JuowrAojduwau()

Louvain School of Management

B UCLouvain




39.

uredg ‘Arewruuns 3seo010j o[qerrea jnduy 97 o[qe],

998€¢ 6¢€8°0 8G99VG.LY G6°¢c 7€ 90°9¢ 88°€E €CYIT G¢l'91 0€0¢
1€LEC L2S8°0 GV0TE9LY 9€°€¢ e€re 6e'qe 09°€€ ee el eLvl 6¢0¢
L68V¢C GET80 96€GLG.LY 8L°¢CC GE'C eTye Iv'ce G9°0TT 0L°€T 8¢0¢
Gg9¢€¢ LEL8O 0ELVTILY 80°€¢ vL¢ 6€°CE 86°6¢ 66°CTT G 91 L20¢
8ETVC ¢L98°0 9GLCVILY T10°€¢ 06°€ 6Cve L8TE 90°LTT IT°LT 9¢0¢
L6EET 7180 1¢TS09.LY €4Ce 18°¢ vLve 90°¢ce 9L°61T IT°LT Gc0c
Ge6€a Gga80 G9989G.LY 84°¢¢ 88°C 16°€€ v0'1E 4xeq! ¢€°0¢ ¥¢0¢
€8¢Ye €4.L80 €C8T0ELY 70°0¢ vee 6e'qe 90°¢c¢ 09°0¢T G661 €¢0¢
0T67¢ Geoso €68cEV.LY ¢lee 0€'8 06°0% 0L°6€ ¢0'80T 06°CI 6¢0¢
069¢€¢ 99280 G6986€ELY V. °0¢ 00°¢ 0cve 0c€e 0L TTT 0871 1¢0¢
04¢cc €eIso V19¢EELY GG 1¢ 0€°0- 08°0€ 0€°6¢ €relt 06°GT 0¢0¢
0814¢ V.v8°0 090L£69¥ G8°LIT 080 06'7€ 00°¢ce L6°CIT 0TI 610¢
068¥¢C 61060 Lyv89997 0 LT 0L°T 0T°6¢ 0¥ ¢ce 00"8TT 0€¢T 8T0C
0v¥ve 70L8°0 7¢08¢a9¥ GL'LT 00°¢ 0r-<e 05°TE 6501 0C LT L10¢
08LEC GLLE0 6600719¥ G0 LT 0€°0- 06°€€ 0666 T0°6TT 0961 910¢
060€¢ 18480 G9G6Y¥Iv G6C91 09°0- 09°¢€ 09°0¢ 99°'1¢T 0T°¢c G10C
0¢cac 7780 661¢T99¥ 88°GT 0¢0- 06°€€ 0¥ 0€ greet 0S¢ 710¢
0G8T¢ ¢9¢8°0 068LcL9T 80°GT 04T 00°€€ 00°6¢ 0L°GCT 0T°9¢ €10g
dds xopujy ‘As(Q oryemndog $90aNnos A3I1ouo el S795) JO  S79r) Jo  Ajsuojuy el reox
[eoyg  [eueulq o[qemauas Jo o, uorjeguy sjprodxyy sjyrodwy ASiouy  JuowrAojduwau()

Louvain School of Management

B UCLouvain




40.

oouRI ‘Arewruuns 1ses0I10j o[qrerreA jnduy )1 9[qe],

8€4CE 76180 0LSGVP189 6¥°0¢ ¢9°C ke e oV ee LEOTT 90'8 0€0¢
¢0T1ce 9808°0 V4196189 66°0¢ a0'¢ 6L 0¢ v9°ce ee 01t 96°L 6¢0¢
98¥¢€€ 91080 90CE8T89 19°0¢ 0T°¢ G9°0¢€ 8¢'¢cE €€901 6L°L 8¢0¢
GL6TE 7180 06€VLTI89 76°0¢ Vo€ 6066 8L°6¢ GLCIT 69’8 L20¢
6TTEE 67180 GGEOLTR9 98°0¢ 8C'¢ 9L°6¢ 6ETE V0911 00°6 9¢0¢
6L81¢€ Ggeoso V1EY8089 65°0¢ S ve1e evee 0¢0cT 61°6 Gc0c
849¢E 86080 69€15089 87°0¢ 06°¢ ¢0°0¢ ve1e 6L°GCT 796 ¥¢0¢
469ce 91080 046658.9 Gc6l 617 €0'Te 84'¢CE TL°6TT ev'e €¢0¢
08T€€ 67180 GC6TL8LI 9¢°0¢ 06 0L¥E 09°8¢ 91°L6 0€L 6¢0¢
06¥ce ¢018°0 6899999 0C61 0T¢ 00°0€ 06°T¢ €9°60T 06°L 1¢0¢
0€90€ 67180 1€5G4987.L9 16T 0s0 0€Le 0466 ¥8°L0T 00'8 0¢0¢
0gcee GgIso 1.¥06¢.L9 LT'LT 0€'1 09°1€ 04¢ce SRt 07’8 610¢
008¢e 78280 72290019 8€91 0T'¢ 0L°T€ 0L°¢€ O91T 00°6 8T0C
09€ce 6008°0 91860899 G8GI 0C'T 06°0€ 00°¢e G9°8IT 076 L10¢
0LLTE 0008°0 16€8€999 S 0€0 0¢0€ 06°0¢ 0€Tcl 0T 0T 910¢
overe 799L°0 €4184¥99 08°¥1 010 09°0€ 0¢'Te I8%CT 0€0T G10C
0ceTe 9vaL0 08659199 9€¥1 09°0 0L°6¢ 08°0¢ 6T ¥Cl 0€0T 710¢
0LTTE 169L°0 04€00999 88°€T 00°T 0¥°6¢ 0v°0¢ 67 0€T 0€0T €10g
dds xopujy ‘As(Q oryemndog $90aNnos A3I1ouo el S795) JO  S79r) Jo  Ajsuojuy el reox
[eoyg  [eueulq ’ o[qemauas Jo o, uorjeguy sjprodxyy sjyrodwy ASiouy  JuowrAojduwau()

Louvain School of Management

B UCLouvain




41.

RIJROI) ‘Arewimuns )seooloj o[qerrea jnduy QT 9[qR],

LLLET 708770 70c691v I8 1€ Gq'¢ 670G 05°€S €CC91 eve 0€0¢
j234q! 468770 6EV690¥ 10°1€ 6€°€ €L 6V ge'cs 8T°€91 69°8 6¢0¢
LYY G08¥°0 8TGLGOV o 8C'C 7487 LS°67 78'84T 709 8¢0¢
eIVl T18%°0 8€CLIOV av'ie 16T GE'LY 6L°GY 1¢°0LT L9°8 L20¢
8COVT 90670 9T6T100% 96°0¢ 8¥°'¢ 9LV V104 GELLT 00°0T 9¢0¢
GGael LLLYVO L666TTY 00°¢ce vre LE6F €881 GT'9L1T 70°0T Gc0c
LOTVT er8y o 0¥0G.L6¢ 86°6¢ G8'€ €897 GG'LY Gy 181 0¥ ¢l ¥¢0¢
6T9ET L1670 0798.L0¥ €q0¢ 10°L 0487 GL'6Y GL' T8I veel €¢0¢
09971 6891°0 G0€c98¢e Ge'6¢ 0L°0T 0¢°64 0¥°499 V9 8V1 00°L 6¢0¢
0T9€T 9487°0 Ggeoeoy 6¢Te 0L°C 0L°6v 05°¢S 08191 09°L 1¢0¢
00LTT 1.8%°0 G91850Y ¢0'Te 000 0¥ 1v 0v'81 LLGLT 05", 0¢0¢
0v.Lcl av87°0 9vCcILOV LV'8¢ 080 0609 0604 PT°0LT 099 610¢
04¢cl 696770 c6va0Ty G0'8¢ 091 0€°67 0T°04 8G€LT 048 8T0C
00STT 0L67°0 ererstv 8C'LC 0€T 00°6¥ 0v'81 17°¢81 0C'TT L10¢
06CTT LG8Y°0 699061V LG'8¢ 09°0- 0L9% 09°Gv e€rest 0T"€T 910¢
0T80T G067°0 91€4ccy L6'8¢ 0€°0- 09°4v 0€SY 86°98T 0291 G10C
08¥0T ¢067°0 6089V ¢y G8'LC 020 09°cv 00°€Y 9L°€8T 0€°LT 710¢
08%0T 94670 0¥ 12c9cy 70°8¢ 0€¢ 0L°6€ 0L T¥ €0'co1 0€LT €10g
dds xopujy ‘As(Q oryemndog $90aNnos A3I1ouo el S795) JO  S79r) Jo  Ajsuojuy el reox
[eoyg  [eueulq ’ o[qemauas Jo o, uorjeguy sjprodxyy sjyrodwy ASiouy  JuowrAojduwau()

Louvain School of Management

B UCLouvain




42.

ARy ‘Arewrtuns 9seooI10j o[qerres nduy g1 o[qe],

L¥0.L¢ 87LL°0 89V .LV864 7€°0¢ 9¢Y 01T°ce Gy 0¢ 16°€6 L& 01 0€0¢
GETLT 8VLLO 1.865864 8€°0¢ I8°€ LGT€ G8°6¢ L1°56 L0°0T 6¢0¢
I818¢ LGGL°0 8G1.896¢ 90°0¢ €ce 09°1¢ G6°L¢ G876 188 8¢0¢
80L9¢ 1¢LL0 Gr6€9.L64 0€°0¢ €re G866 G0°9¢ €€'86 00T L20¢
LL6LT G8LL°0 €GV4ECos G0°0¢ 8T'¢ 05°0€ 66°LC 9€°86 Gy 0T 9¢0¢
€1v9¢ ¢69L°0 10518864 70°0¢ ¢l'e av'ie €C'8¢ VL 10T G9°01 Gc0c
61V.LC L0LL°0 799¢rv6< G861 9¢°¢ L9°0€ G9°L¢ v6°10T 69°TT ¥¢0¢
9T0.LG ¢99.L°0 600€.LL6S 9161 687 60°T€ LC'6¢ LE'86 LVl €¢0¢
0818¢ 0L9L°0 €€10€064 10°6T 048 09°9¢ 0T°8¢ 1¢°06 0T'8 6¢0¢
0¢1.Le €98L°0 €13¢9€c64 9161 06T 01°ce 08°6¢ 8G°L6 0476 1¢0¢
0T6%¢ 169L°0 88V 17964 9€°0¢ 010" 0¥°6¢ 08°G¢ 6¢°L6 0€6 0¢0¢
0€¢.Le 70LL 0 €L99T1864 8T8 09°0 09°1€ 0€°'8¢ 0¢'L6 06°6 610¢
0€0.L¢ 976.L°0 €L6€8709 08°LT 0¢'T ov'1€ 06°8¢ L9°86 09°0T 8T0C
0€L9¢ 694L°0 GPy68<09 LG81 0€T 04°0€ 06°L¢ 06°00T 0€TT L10¢
0¥29¢ 69.L°0 16699909 7.1 0T°0- 0€°6¢ 00°9¢ 1¢°66 0L°TT 910¢
0984¢ LY9L0 ¢19496.09 GG LT 010 0L°6¢ 0L°9¢ ¢¢' 10T 00°cI G10C
0¢94¢ e0rL0 899¢8L09 80°LT 020 0T°6¢ 0¢'9¢ 1¢°86 06°CI 710¢
0¢94¢ L8570 LCcS8964 VL 91 0¢'T 09°8¢ 0¢°9¢ 16°€0T 0¥ ¢l €10g
dds xopujy ‘As(Q oryemndog $90aNnos A3I1ouo el S795) JO  S79r) Jo  Ajsuojuy el reox
[eoyg  [eueulq ’ o[qemauas Jo o, uorjeguy sjprodxyy sjyrodwy ASiouy  JuowrAojduwau()

Louvain School of Management

B UCLouvain




43.

snidAD ‘Arewrmuns jseoo10j o[qerrea nduy :(0g 9[qR],

900.L¢ 780470 044906 68°0¢ gr'e Ly'c8 L6708 00°86 6€°6 0€0¢
0vELTC 66150 IVVI16 06°0¢ I1e 79°¢C8 8718 99°¢01 14°L 6¢0¢
0TLLC €687°0 €€8606 €8°0¢ 9v'¢ GL'T8 €e08 L6CIT 0€°¢ 8¢0¢
vOv.Le 66€45°0 600116 G8°0¢ v0'¢ 00°GL erel 10°G¢T 78 L20¢
6L8.L¢ 76€5°0 0¢ya16 9L°0¢ Ge'e 9€'8L 60°LL VL '8ET 9¢°01 9¢0¢
8T¢CLC GLIY0 9€1.L06 8G°0¢ 89°C 9T'9L GGSL gt L9701 Gc0c
G8V.LC G41S 0 €€0806 LG°61 61°C 16°€L 8L'CL GOP¥I 99°€T ¥¢0¢
€9€.L3 11740 478968 66°8T 08¢ Gg gL 9¢ VL 08°¢eT LLET €¢0¢
06¥.L¢ 0804°0 G0.L106 evel 0r's 0046 0L¥6 V6°€IT 089 6¢0¢
0€49¢ L4670 L00968 L0°61 0€¢ 0768 09768 SNt 05°L 1¢0¢
09¢€v¢ 94140 600888 8891 0T'1- 0408 00°¢8 €L LTT 09°.L 0¢0¢
0T44¢ G9¢€g0 6684.8 8LET 0G0 069 05°GL L0'6¢T 0T"L 610¢
004¥¢C e8y<0 9€CYI8 L8°€CT 080 00°G.L 09°€L LT9€ET 07’8 8T0C
0L¥EC 89770 08148 8701 040 08°€L 0L TT°07T OT'TT L10¢
0T¥ec 8891°0 6TERTS €86 0¢'1- 050 0589 AR 44! 00°€T 910¢
0¢T1¢ T18%°0 800.L¥8 0676 041~ 00°0L 0€°L9 L6'TVT 00°4T G10C
0T€0¢ 1€6¥°0 000848 716 0€°0- 00°99 0679 80°€VT 0191 710¢
0470¢ €eqso 8L8G98 er'8 0¥°0 0€'T19 09°64 9¥"8¢ET 06°GT €10g
dds xopujy ‘As(Q oryemndog $90aNnos A3I1ouo el S795) JO  S79r) Jo  Ajsuojuy el reox
[eoyg  [eueulq ’ o[qemauas Jo o, uorjeguy sjprodxyy sjyrodwy ASiouy  JuowrAojduwau()

Louvain School of Management

B UCLouvain




44.

RIAJRT ‘ATRWINUNS }sRD9I0J o[qrLreA jnduy :1g 9[qR],

16T G9¢c’0 68TGT6T 16°¢¥ ¢9°€ 4679 00°L9 6G°L6T I8 0€0¢
8TECT 6V4C 0 O8TTT6T L€V 9L¥ 0679 0,99 0¢°€0¢ 069 6¢0¢
96€€T 8V€C0 TLL006T 8V €Y a1'¢ 69’19 0679 Ga 681 GG'L 8¢0¢
LICET 66¥¢°0 6000T6T 08°€Y 84°C LT°8G 6¢°64 ¢1°¢0¢ 8L L20¢
GEVET S RErall G0T68ST 6L€Y 8G°€ G6°€9 L6°T9 74°80¢ Gc's 9¢0¢
0LOET LE¢C 0 698T1C61 19°€¥ 6V°¢ L6'19 ¥¥'c9 86'%0¢ €98 Gc0c
64TET 8€CC0 I8VL681T 88°€Y (4% 80°T9 04°¢9 6€°60¢ 89°0T ¥¢0¢
O€TET LyS¢0 9849161 99°¢¥ 09'8 1819 09°€9 09°80¢ 196 €¢0¢
08¢ET 1¢1S0 LGLGL8T GEEY 0C LT 00°cL 059 1¢ 081 069 6¢0¢
0L8¢T €01c’0 €Cae6sI 0T°¢v 0c'€e 0979 0L°L9 09°L6T 09°L 1¢0¢
OV6TT LL1C0 GLIL06T erey 010 08°09 0764 V¢ 108 0T'8 0¢0¢
00€cT €8¥¢°0 8966T6T €607 0L°C 00°09 0409 86°60¢ 0€9 610¢
ovIct rasraly 6LEVEOT 0 0¥ 09°¢ 0419 0¢°¢9 9490¢ 0v'L 8T0C
06STT 68¥¢'0 9TT0S6T 10°6€ 06°¢ 09°19 0€¢9 06°€1¢ 0L'8 L10¢
OTTTT 8¢ve0 LS68961 A WAS 010 0964 0€°64 8T°91¢ 0L°6 910¢
09.0T 09¥¢°0 9609861 vaLE 020 0€°09 00°¢9 06°LT¢ 06°6 G10C
0L20T 049¢°0 8971006 €9'8¢ 040 0¢'19 0T'%9 08'8¢¢ 06°0T 710¢
0866 €LLT O G¢8¢a0¢ v0°LE 000 0¥°09 0879 Gevee 06°'TT €10g
dds xopujy ‘As(Q oryemndog $90aNnos A3I1ouo el S795) JO  S79r) Jo  Ajsuojuy el reox
[eoyg  [eueulq ’ o[qemauas Jo o, uorjeguy sjprodxyy sjyrodwy ASiouy  JuowrAojduwau()

Louvain School of Management

B UCLouvain




B UCLouvain

45.

Louvain School of Management

RTURNHIT ‘ATewmuns Jseoolo0} o[qerres nduy :gg o[qe],

6TO0ST €80¢°0 LE¢S6.LC I1°6¢ €0°¢ 1T°8L vE€9.L 19°8L1 8V'L 0€0¢
80TST 6L1¢°0 G€966.L¢ I8°6¢ 61°C 1T°LL 84VL 06°T61 8¢'L 6¢0¢
99¢sT 180¢°0 08686.¢ €v'6¢ 09°¢ GL'9L 0G°€L VIE6T 00°L 8¢0¢
GLTGT G81¢°0 GGL86LC €466 91¢ vOvL 6199 SRR erl L20¢
evest 901¢°0 T0866.¢ 8666 Y1 70°GL 6569 86°G1¢ GE'L 9¢0¢
6ETST LS0¢°0 196C6.L¢ 80°8¢ €8¢ ¢9°GL 66°CL V9°L1C ar'9 Gc0c
GITSl 8TTC0 7.L0008¢ €6'8¢ 64V 86°CL 9¢' 1L 0¢°€1¢ 8L ¥¢0¢
8€0ST 61TC0 660L6.¢ 6.°9¢ LL'8 6CTL 80°€L 8¢ €61 0T'8 €¢0¢
00TST G961°0 8665086 09°6¢ 06°ST 0898 06°88 LE0L1 009 6¢0¢
0L8VT 0L0¢°0 08946.L¢ L1°8¢ 09¥ 0108 09°GL 8861 0T"L 1¢0¢
090%T ¢00¢°0 060¥6.L¢ LL°9¢ 0T'T 0T€L 08°€9 €6'86T 04'8 0¢0¢
090% 1T 8T1¢°0 V81V6.L¢C Ly'4¢ 0¢'¢ 0CLL 06°TL ¢4'€0¢ 0€9 610¢
007€T L81¢ 0 1068086 0L7¢ 04°¢ 0¢°GL 07'€L 10'v1¢ 0¢9 8T0C
09.¢1 qqray 706L¥8¢ 70'9¢ 0L°€ 09°€L 0€ 1L L6°LTG 0T"L L10¢
0L0cT kAl 8GG888C 19°6¢ 040 09°.9 0699 61°LIC 06°L 910¢
0CITT LVy1¢0 ¢9¢1¢66 GLG¢ 04°0- 08'89 0869 10°GT¢e 016 G10C
06CTT G61¢°0 GLYEV6C 65°€C 020 0€CL 05°0L G9°€1¢ 0L°0T 710¢
0T80T LGCc 0 G06T.L6C 69°¢¢ 0¢'T 0L°8L 0¢'LL 1¢°¢ce 08'TT €10g
dds xopujy ‘As(Q oryemndog $90aNnos A3I1ouo el S795) JO  S79r) Jo  Ajsuojuy el reox
[eoyg  [eueulq ’ o[qemauas Jo o, uorjeguy sjprodxyy sjyrodwy ASiouy  JuowrAojduwau()




46.

SInoquIoxn ‘Arewrmins JseooI0} o[qerres nduy :¢g o[qe],

88€48 8GT1L°0 86€999 4xq! e 68°6G0¢ 0€7.LT G0°69 69°¢ 0€0¢
1,978 G9¢L0 76,899 e8¢l Gc'c 66°6G0¢ €6°VLT 8VvL g 6¢0¢
80298 €LCL 0 6,G849 L8°CI 8G'C 79°¢0¢ TV ELT 07 €L €c9 8¢0¢
GS8Y8 [qrony €1e649 901 11T G0°50¢ €9TLT 0€°98 167G L20¢
60998 18¢L°0 64¥899 8€€CT 4ixé 64661 897,91 80°06 €9'¢ 9¢0¢
VaLY8 8G1L°0 6€64999 L8ET €EC G8'G6T 80791 L9°G6 (AR Gc0c
04TS8 G1¢L 0 Iryae9 L6°Cl 8T'T GT°€e61 60091 6¢°68 8T°9 ¥¢0¢
€6ves 9vEL O 947879 60°¢CT L9°C 88°G61 1¢°€91 80°08 €09 €¢0¢
0€T98 9L0L°0 L6€SY9 9EVI 0C'8 0€'T1¢ 0CLLT 70°89 09¥ 6¢0¢
06998 €LTIL0 0€LVE9 eL Tl 0s€ 0¢€1¢ 06°6LT 0192 0€¢ 1¢0¢
0€Tey 0€€L0 801929 0L TT 000 01°€0¢ 02691 G99.L 089 0¢0¢
08¢18 LTELO V68€T9 G0°L 091 0¥°90¢ 06°GLT 00°L8 09°¢ 610¢
0TGEY 0€€L0 400209 76'8 00°¢ 09°L6T1 06791 €L'88 09°¢ 8T0C
06078 89€L°0 L99064 619 0T¢ 04761 00° 191 €e98 04°¢ L10¢
V818 9.1.°0 6VC¢9LS Y@ 000 0T 16T 0€°LGT G998 0€9 910¢
0T8¢8 LOELO 846694 667 010 08161 0€°64T 09°88 0L9 G10C
088¢8 ¢02L0 08967 ¢ vy 040 08°C8T 09°04T 9416 06°¢ 710¢
00428 GECL0 6€0LES 6v°€ 0L°T 07"9L1 0CF¥1 64796 06" €10g
dds xopujy ‘As(Q oryemndog $90aNnos A3I1ouo el S795) JO  S79r) Jo  Ajsuojuy el reox
[eoyg  [eueulq ’ o[qemauas Jo o, uorjeguy sjprodxyy sjyrodwy ASiouy  JuowrAojduwau()

Louvain School of Management

B UCLouvain




47.

AreSuny ‘Arewruns jseool0j o[qerrea nduy :§g o[qe],

V66ET 07970 L9069.6 €qel Gc'e 7848 0v'¥8 0¥°<0¢ vy 0€0¢
09¢y1 614770 8T€S9L6 8971 68°C 80°€8 €e'es 8¢°60¢ or'e 6¢0¢
LyEVT GEVY0 €€99€L6 GVl ve €L°C8 8T°64 6970¢ G8'C 8¢0¢
981V1 19%¥°0 1967416 GeEVI 6S'€ V8L 9¢GL ¢6°01¢ 0y L20¢
LEVPT ersro TTLECLE 60°GT 0¥°'G L1°¢8 V18 8€4I¢ i 9¢0¢
910v 1T 119¥°0 GCIG8LE LVEL vy G9¥8 L9°6L ¢9'81¢ 0¥ Gc0c
eLeyl 88¥¥°0 88TYEL6 6EVI 9801 L9TV8 G1°6. V¥ ace ¢l'9 ¥¢0¢
986¢€T GEEY'0 967646 LO€T vacl 18798 v.C8 0L°T¢C L¥9 €¢0¢
0SEVT 7970 0T06896 66l 0€aT 0¢'16 04°G6 P49'G81 09°€ 6¢0¢
069€T 799770 6LLOELG eryl 0¢'G 06°6L 08°6. ¢6°40¢ % 1¢0¢
0€LcT 9¢¥v°0 9¢569.L6 G8°€ET 0y€ 0L°8L 08°9L 94°01¢ 0T'¥y 0¢0¢
OTEET ¢6¢v°0 9G.¢LL6 €9°¢l 0y€ 0618 0C'6L 9€°¢0¢ 0€€ 610¢
069¢T evey o 1L€8LL6 Gg'¢cl 06°¢ 08°€8 09°64 veqle 09°¢ 8T0C
0¢0cT 6vEr 0 196616 94°€l 0v¢ 06748 0€°6L 87°9¢¢ 00¥ L10¢
00STT 89¢1°0 G8¥0€86 8EVI 0¥°0 0798 00°8L 60°9¢¢ 00°¢ 910¢
0¢cTT ereyo 1LG9G86 6V I 010 04728 08°6. 0¢'8¢¢ 099 G10C
06L0T el 0 G9€LL86 A9¥1 000 0T'L8 0€°18 0L°€cc 05" 710¢
0€E0T GLI¥°0 8618066 0¢'91 0L°T 0768 06°84 I1vee 08°6 €10g
dds xopujy ‘As(Q oryemndog $90aNnos A3I1ouo el S795) JO  S79r) Jo  Ajsuojuy el reox
[eoyg  [eueulq ’ o[qemauas Jo o, uorjeguy sjprodxyy sjyrodwy ASiouy  JuowrAojduwau()

Louvain School of Management

B UCLouvain




B UCLouvain

48.

Louvain School of Management

R)[RIN ‘ATewituns Jseoolof o[qerres nduy :¢g o[qe],

888€EC Grego 6V.L1ES ¢Syl L6'T 6¢°¢91 8ELV1 69°¢4¢ €6'¢ 0€0¢
G9¢EY ¢ €6es0 8GLYES eLvl 86°T 10791 T Lyl 79°€4¢ ¢9'¢ 6¢0¢
1€97¢ 7€¢40 LIEVES 8471 e€r't L9991 98041 86°LET 09°¢ 8¢0¢
178¢€¢ ereso €80.L€S G9¥I pal VL V91 €CLYVT e0vve e8¢ L20¢
98LY¢ 9LE49°0 6099€¢ 89VI 91'¢ L8191 1L°GY1 61°9L¢ 9Ty 9¢0¢
GCEET 762650 8ycLES 6C Y1 GGl 70°94T 60°8€T 88°64¢ 8¢ Gc0c
eIvye G8€S°0 veeres 09°€T 70°¢C GI'8GT V6 EV1 V1°69¢ 68°F ¥¢0¢
L89¢€C 68¢S°0 ¥¥04ca 19°¢T oy 06°8¢T GEavl VL €Le 167 €¢0¢
0597¢ 9L14°0 1,60¢S OV €l 019 06°€9T 07041 A4 06°¢ 6¢0¢
0¢eee Ives0 0019T¢ L9°¢l 040 0€991 0G'8V1T 0€'9¢¢ ov€ 1¢0¢
0€80¢ L2cS0 9Gv1G [.°0T 080 08°CLT 07641 61¥.LC Vi 0¢0¢
081€C L6250 6959€6Y €C’8 061 08°€9T 09°Gv1 8€°0LC 09°€ 610¢
0T4CC 1,69°0 10LGLY 16°L 0L°T 04091 00°¢rT 69°6.L¢ 0L°€ 8T0C
00LT¢ 6514970 L6¢09Y GG L 0€T 0T'8GT 08'8€T €0'T16¢ 00¥ L10¢
0€10¢ ¢Ivao GTyosy 129 060 08°LGT syt 9€°69¢ 0Ly 910¢
0C66T €0€g0 1696€¥ ¢l's 0C'1 09741 0671 79°84¢ ov°¢ G10C
0T98T 60¥4°0 Veroey (2% 080 08°6¥1T 08°LET 6€°19¢ 0L°¢ 710¢
099.LT I7es0 604ccy 9L°¢ 00°T 00°9¢T 07 871 11°6L¢ 019 €10g
dds xopujy ‘As(Q oryemndog $90aNnos A3I1ouo el S795) JO  S79r) Jo  Ajsuojuy el reox
[eoyg  [eueulq o[qemauas Jo o, uorjeguy sjprodxyy sjyrodwy ASiouy  JuowrAojduwau()




49.

Spue[IdYION O], ‘Arewimuns jseoo10} o[qerres nduy :9g o[qr],

8caay 0€2L0 GCIBLGLT 10°LT 0T 1€°68 G8YL CSYIT V8T 0€0¢
890¢€Y vEEL0 80€GEILT 9L°LT 19°¢ GeET8 807L Gaart 9T'¥ 6¢0¢
v6cey 0L¢L0 866LCILT GL91 a0'¢ 07°€8 I8°¢L 00 ¥7IT av'e 8¢0¢
6SLeY ¢6¢L°0 VCELVILT LG LT 10°€ G6'8L €889 68°0¢T VL L20¢
1LG€EY 8LELO 90G059.LT 6691 16°¢ SRS (RN LO'TcT 9.6 9¢0¢
691cY 19T.°0 8090C9LT 6L91 Va1 947€8 8T°€EL L ecl 186G Gc0c
G91EY €8¢L0 €0CGEILT 6V 91 6T°T 9¢°¢C8 16° T 88°LCT LT°L ¥¢0¢
L69¢V 197L°0 L00GCSGLT G0'€T L6°C 76°€8 S c0vet AW €¢0¢
008¢V 680L°0 GLIOBSGLT L6V1 09°TT 08°€6 00°€8 ¢S 10T 06°€ 6¢0¢
06€cy ¢91L°0 GTPaLYLT 66°CI 08¢ 0T¥8 06°CL 8CGTT 0¢¥y 1¢0¢
0€TOV ¥8¢L0 GRGLOVLT 00T 0T'T 0€'8L 0¢'89 98°61T 06% 0¢0¢
0861% G9¢€L’0 €91¢8C.LT 68'8 0L°C 0628 0L°CL 9¥°0cT Vi 610¢
0S¥ 1v 8LV.L0 780TSTLI 6€°L 091 0L78 0T'7. 0911 06°F 8T0C
0€L0V 89¢L°0 LOGTSOLT 1679 0€T 07°€8 09°¢L GLYyel 06°¢ L10¢
0T86€ qgony 0C16L69T G8'¢ 010 066 0€°69 LE6CT 00°L 910¢
0L16€ 96¢L°0 9¢L,0069T 1L°G 020 0L°C8 0¢'SL 0LGcT 06°L G10C
08G8¢€ 16€L°0 68¢6C89T G 0€0 09°08 0469 €TS€ET 07’8 710¢
0818¢ 867.L°0 GLG6LLI9T 69°¥ 09°¢ 06°6L 0,69 LLEVT 0¢'8 €10g
dds xopujy ‘As(Q oryemndog $90aNnos A3I1ouo el S795) JO  S79r) Jo  Ajsuojuy el reox
[eoyg  [eueulq ’ o[qemauas Jo o, uorjeguy sjprodxyy sjyrodwy ASiouy  JuowrAojduwau()

Louvain School of Management

B UCLouvain




20.

RIIISNY ‘ATeUIUIns )sedal10] o[qerrea nduy :)g o[qe],

G8¢CLE 1¢€9°0 9€8€¢06 ¢l1'9e €3¢ 60°94 6€¥S LE00T 9¢°¢ 0€0¢
avcle 61790 98L2€06 L0°9¢ 06°¢ 8€°GY a0'vs €9°¢01 L8°¢G 6¢0¢
GGC8E 8¢C9°0 TGTTE06 80°G€ 90°¢ 8¥°6¢ €6'¢S €9°66 69°G 8¢0¢
LT89¢ 02290 VEIVEO6 L0°9€ 60°C GLCG 99°67 €601 G9°¢ L20¢
LelLE ITT19°0 €40Lc06 01°¢€ 89°¢ 96°€4 LGTG 1L7¢0T LT°G 9¢0¢
Gc99¢€ Ggeeg’o 79€8106 96°G¢ 61°C 0744 €614 €0°90T g Gc0c
LTyLE 86650 Gy48006 e87¢ 69°C 86°€¢ 7409 6901 66°G ¥¢0¢
8¢CLe 1609°0 167€668 v0°ce LTS 68°7¢ 9€' TG 66901 78°¢ €¢0¢
0808¢€ ¥849°0 6C68L68 9L EE 098 0129 0919 LOT6 08'¥% 6¢0¢
0v.L9€ 0L19°0 799¢€68 L9VE 08¢ 00°9¢ 0044 90701 0¢9 1¢0¢
06€4¢€ 61190 7901068 G5B 0v'1 091G 0187 €4¢01 009 0¢0¢
0L08€ 66290 GLLYGSS 9L°€€ 061 0894 0T°c4 60T 08'% 610¢
069.€ 6909°0 L9G6C88 8L°EE 0T'¢ 04°6¢ 09°¢S a1 cot 0¢'¢ 8T0C
0869¢€ €090 G98CLLY vree 0¢¢ 0T¥4 060G L0°L0T 06°¢ L10¢
06€9€ G909°0 1.¥00.L8 LEEE 00T 0¥°cS 09°8% 96,01 059 910¢
0v19€ 97090 9C61848 04°€€ 080 0T°€S 0€67 0¢80T 019 G10C
0€19€ g919°0 981,088 G 061 0¥€4 0104 69°90T 009 710¢
08T9¢€ G€C9'0 0981478 99°¢¢ 01'¢ 0v-€s 09°04 0€'TIT 0L°G €10g
dds xopujy ‘As(Q oryemndog $90aNnos A3I1ouo el S795) JO  S79r) Jo  Ajsuojuy el reox
[eoyg  [eueulq ’ o[qemauas Jo o, uorjeguy sjprodxyy sjyrodwy ASiouy  JuowrAojduwau()

Louvain School of Management

B UCLouvain




ol.

puejod ‘Arewrmuns )seoo10j o[qerres nduy :Qg o[qrR],

8GaV1 09¥7°0 LTOTEO8E 9L91 Go'1 18°GS Ly'cs ¢8'81¢ L9V 0€0¢
9481 1€S7°0 G88806.L¢€ 9T° LT 991 V¢ as 9¢' 14 V.L°66T vy e 6¢0¢
eL8Y T 91¥¥°0 8CTERBLE €891 va'l clI'vs A VL Y6T 70°¢C 8¢0¢
98LV1 91470 86€L68LE IT°LT 98¢ LT'TG 6E°97 L6°GTC 0¥ L20¢
eLoVT qésiay 0T¥008.LE €691 ¢0°€ 9¢¢4 99°87 1L7€¢C e8Y 9¢0¢
a4y 0v¥v0 049T196.L€ 6891 60°C 4 as 9004 GL¥ec R Gc0c
60971 LLSV0 G150C8.LE 9T’ LT vey GO'1G LE8Y 09°€¥¢ 10°L ¥¢0¢
Vyevt vy 0 c0T6V6.LE 791 796 €q'1s G9'8¥ G6°4CC 969 €¢0¢
iresigh 60€7°0 Lyeve9.Le L1891 0¢ €l 0429 0¢'T19 TL°681 06°¢ 6¢0¢
OLLET 8€SYV0 1000¥8.LE 19°GT 0¢'G 0L°LG 0¥ ¥4 G¢'60¢ ov€ 1¢0¢
0T8cT Ggeeyo 8ETRG6.LE 0191 0L°€ 00°€S 0€°Ly V1°01¢ 0¢€ 0¢0¢
0LOET VEYy 0 GI8CL6LE 8€GT 0T'c 0C€4 0467 G0cIc 0€€ 610¢
004cT 0TL¥°0 1899L6L€ V6 ¥1 0¢'T 0L°¢S 04704 19°6¢¢ 06°€ 8T0C
00STT 8¢a1°0 7960L6.L€ 90°TI 091 0T°cS 0¢ 67 LLCET 00°¢ L10¢
0¢cIT ¢Ssr0 60GL96.LE OV'TI1 0¢0- 0€°04 0€°Ly LL'EET 0€9 910¢
0680T ¢lsyo 7195008¢€ 88°TI 04°0- 0sLY iy V¥'6¢¢ 0L G10C
0¢r0T L2970 9G8LT08E I19°TT 010 0s'9% 0T9% LL'9€C 0¢'6 710¢
0€00T VL9170 GEGCI08E St 080 0097 08 ¥ G€"44e 09°0T €10g
dds xopujy ‘As(Q oryemndog $90aNnos A3I1ouo el S795) JO  S79r) Jo  Ajsuojuy el reox
[eoyg  [eueulq ’ o[qemauas Jo o, uorjeguy sjprodxyy sjyrodwy ASiouy  JuowrAojduwau()

Louvain School of Management

B UCLouvain




92.

[esniroJ ‘Arewrmuns jseooloj o[qerrea nduy :6g o[qe],

1EV8I 82990 69668¢0T 6T°LE 61°¢ 8Yev 80°F¥ LLCCl 0€°6 0€0¢
VLSS 6489°0 8964TE0T 8¢'LE 19°¢ Gy ey GlI'ey 60°€CT I8°L 6¢0¢
G006 T 66L90 GE6ETEOT €9°9¢€ 6’1 1ccy 9¢° €Y 88°LIT 9¢€'¢ 8¢0¢
8CV8T 7899°0 1e¥80€0T 68°9¢ 1L°¢ 98°6¢ 08°6¢ 19°G¢T G9°L L20¢
Va161 Lv0L0 90¢6¢C0T ¢9°9¢ 0v'1 78°0¥ 10°T¥ 4igs! 61°6 9¢0¢
€608T 94990 GLY6.LC0T ¢l1'9¢ 00°¢ €8°CY 80°€Y 90°LET 176 Gc0c
GG68T 7¥99°0 6V.L16E0T 8€°GE €L¢ 8807 0L T¥ 98"8¢CT 9T°¢l ¥¢0¢
70S8T 6VIL0 8CI88COT ayee LSV 89°Cr 9V ¢y 16°LET G0'¢ct €¢0¢
0TE6T 6€99°0 GV0cSe0T 897¢ 0r's 09°6v 00°¢S 80°LTT 0¢9 6¢0¢
0608T 9¢49°0 GSC86¢0T 86°€E 060 0¥ 1v 0Cc¥v GC61T 049 1¢0¢
00TLT ¢€99°0 60656¢0T 86°€E 010" 00°L€ 0¢°6¢ ey act 00" 0¢0¢
0L98T 6889°0 L199L¢0T ¢9°0¢ 0€0 0s€v 0T €y G¥'6¢1 0L9 610¢
06T8T LG0L°0 L20T6¢0T 0¢°0€ 0¢'T 0V €v 00°€¥ v8cel 0¢'L 8T0C
099.L1 GcclL0 €L560€0T 19°0€ 091 0Lcv 0L Tv 08°6€T 0¢°6 L10¢
OTOLT 41690 0€CTFE0T 98°0¢ 09°0 0c 0V 0T°6€ €¢'8el 0G'TT 910¢
02991 9¢r.L0 Ge8VLEOT 16°0€ 0<0 09°0% 06°6¢ L7071 00°€T G10C
09291 9€89°0 10€LEVO0T 19°6¢ 0¢0- 0c 0V 0T 0% 98°LET 0971 710¢
05091 LG¥9°0 68CL8V0T 0L°G¢ 0¥°0 09°6¢ 098¢ 8¢ LET 0C LT €10g
dds xopujy ‘As(Q oryemndog $90aNnos A3I1ouo el S795) JO  S79r) Jo  Ajsuojuy el reox
[eoyg  [eueulq ’ o[qemauas Jo o, uorjeguy sjprodxyy sjyrodwy ASiouy  JuowrAojduwau()

Louvain School of Management

B UCLouvain




B UCLouvain

93.

Louvain School of Management

RIURWIOY ‘ATRUWIWINS 1SRIDI0J 9[qrLIRA IndUu] ()¢ 9[qR],

¢v00T €€8c’0 0G8V.LV6T 86°€C 8Y'¢ 861V €q'ar V¥ 88T 999 0€0¢
66TO0T 179¢°0 9889¢¥61 9T'v¢ LL'T VL0V 014y TL°88T 9L°G 6¢0¢
88¢0T 999¢°0 L869¢E6T e0ve 68°C 9L°6¢ €9'ey GI'8LT €c's 8¢0¢
€910T 0¢8¢°0 Vrav.LeoT V6°€c 6€°C L1°6€ a9y 96°06T 8L°¢ L20¢
G0e0T 089¢°0 0€€4CcoT ecve [ 9L°6€ 1G°€Y 90°86T 809 9¢0¢
Ly00T €0L2¢0 GIGLIVOT L6°€C L9°C 0c'1v 9L Vv 08°€0¢ 119 Gc0c
€L10T jZ7xay €4639¢61 eeve ¢9'¢ 9T’y I8¢y 88VIC 69°L ¥¢0¢
1866 089¢°0 GTLLGEGT 9L°€¢ €L'8 iy vevy G7°60¢ 0’8 €¢0¢
0¥00T €4Lc’0 Gayero6T VIve 00°CI 0€€y 0004 V6791 09°¢ 6¢0¢
0096 61.¢°0 ¢9910¢6T L8°€C 0Ty 09°0% 0€97 G6'98T 09°¢ 1¢0¢
0006 1€9¢°0 8EVRCEOT 8V¥e 0€¢ 06'9¢ 0¢' Ty CLS8T 019 0¢0¢
00€6 86.¢°0 GTVITV6T 6C V¢ 06°€ 0c 0¥ 0€¥¥ 0T8T 06'% 610¢
0T68 0€8C0 I87ECS6T 88°€C 0T'¥ 04°T¥ 06°7¥ €ae6l 0€°¢ 8T0C
09€8 11820 6V6ET9I6T S OT'T 0ccy 08%¥ 1670¢ 01’9 L10¢
089.L 698¢°0 G8G09.L6T €09¢ 0T°1- 0vcv 05°€y V¢ 01¢ 0¢'L 910¢
0cyL 6€9¢°0 L¥90.L86T 6L¥¢ 0¥°0- 0e'1v 0¢cr 98'91¢ 07’8 G10C
091L ¢86¢°0 TTELV66T V87¥¢ 0v'1 0s'1v 06°T¥ G6°1¢¢ 09'8 710¢
0989 196¢°0 72002003 68°€¢C 0c€ 0¢0v 0¢'T¥ 88°CET 00°6 €10g
dds xopujy ‘As(Q oryemndog $90aNnos A3I1ouo el S795) JO  S79r) Jo  Ajsuojuy el reox

[y

[eroueur g

o[qemauas Jo o, uorjeguy sjprodxyy sjyrodwy ASiouy  JuowrAojduwau()




o4.

RIUOAO[G ‘ATeTITUNS JSRI9I0J o[qerres nduy :1¢ o[qe],

€LLIC 91¢€0 V¥01CIC €e'qce (GRS 0T°e8 €8°LL 70°64T 825G 0€0¢
G981¢ 0v6€°0 GGETGIC eave 80°€ €8°¢8 167G 17091 874 6¢0¢
GS1¢a GIvE0 VC8I1¢1C Ivve 09°¢ 0¢'c8 €19 LG IV 86°€ 8¢0¢
9€81¢ 809¢°0 V¢80¢1¢ G0°9¢ 9¥°¢ Ge6L ev 69 1¢ LG oy L20¢
10¢ce €86¢°0 VCaeeTIc ¢9Ve 08T 6€°C8 8T°CL 29°991 V19 9¢0¢
6991¢ 081€°0 ¢910¢1¢6 6€°49¢ 00°¢ 0€°€8 8LGL L0°€9T 6L°¢ Gc0c
0¢61¢ I8G€°0 €LESTTC [ R 6L°C G808 G9'€L 69 TLT GG'L ¥¢0¢
66816 L9070 Gc0s0T1¢ a0'v¢ 1679 L1°C8 847L V0'GLT ev'l €¢0¢
0981¢ LEcE0 08TL0T¢ V6°C¢ 0€°6 0T¥6 06°T6 VI'SET 00¥ 6¢0¢
05€T¢ L8EE0 LL680T¢ 00°4¢ 00°¢ 09°€8 0L LL 9€LV1 08'¥% 1¢0¢
0LL6T G8.€°0 198460¢ 00°G¢ 0€°0- 08°LL 0889 8C94T 00°¢ 0¢0¢
08L0¢ 08¥€°0 8060806 L6'1¢ 04T 09°€8 00°GL 9¢64T Vi 610¢
0¥¢0¢ 064€°0 088990¢ 8€'TC 06°T 0878 0€°94 87891 0r°g 8T0C
0v¥6T L09€°0 4689906 99°T¢ 091 0T°€8 OT¥L VL GLT 099 L10¢
06481 €ec9e0 8811906 86°1¢ 0¢0- 09°LL 0169 GE'8LT 00'8 910¢
0661 798€°0 7.8¢90¢ 88°CC 08°0- 0T LL 0169 08°9LT 00°6 G10C
0C9LT 68¢7°0 G80T90¢ 9¥'cc 0¥°0 0¢'9L 0769 €081 0L°6 710¢
09TLT ¢997°0 1¢8860¢ 9T°€¢ 06°T 0C¥L 09°69 G9°€61 0T 0T €10g
dds xopujy ‘As(Q oryemndog $90aNnos A3I1ouo el S795) JO  S79r) Jo  Ajsuojuy el reox
[eoyg  [eueulq ’ o[qemauas Jo o, uorjeguy sjprodxyy sjyrodwy ASiouy  JuowrAojduwau()

Louvain School of Management

B UCLouvain




95.

RIYRAO[G ‘ATemituns jsesolo} o[qerrea nduy :g¢ o[qe],

L6991 818¢°0 1€029v< 6C° LT 9¢¢ E€LT6 €6'v6 90°66T 80°8 0€0¢
GLI9T 898¢°0 880V ¥4 98°L1T L0°€ €€°C6 €8°¢C6 L8'S6T 6v°9 6¢0¢
6E89T G¢8¢0 6169474 69 L1 L0°€ 90°T6 €eco LEERT LT°¢ 8¢0¢
1991 0¥8¢°0 6¢065YS LELT 8€C €L°88 60°L8 LG 10G 0€L L20¢
06291 868¢°0 GGCIGYS 6¢°81 9.°¢ G916 LE°68 ¢8°L0¢ €e’s 9¢0¢
¢L991 €¢8¢0 67484Y 4 6T LT 0L°C G0¥6 8LC6 e6v1¢ 8C'8 Gc0c
€4991 8¥8¢°0 6S0.LYYS €e8l 66°F L0°€6 L6°06 €8°0¢¢ [4NN! ¥¢0¢
614991 906¢°0 GyII9vS LT91 LT6 L6°C6 70°¢6 ev9Ie L6°01 €¢0¢
07€9T 708¢°0 GLLVEVS 0G°LT 0TcI 0766 08 70T 70°98T 01’9 6¢0¢
00291 848¢°0 18L647¢ GV LT 08¢ 0126 01°¢6 68°10¢ 089 1¢0¢
00¥ST ¢L8¢0 €L8LGYS VELT 00°¢ 0T°e8 0v°€8 GGa6T 0L9 0¢0¢
09641 6.8¢°0 [ev0avs 6891 08¢ 0616 09°T6 09461 0L°¢ 610¢
08GST €c6c0 0c1EVPS 06°TT 04°¢ 08°G6 0076 64°90¢ 099 8T0C
000ST €v6¢0 ereaers 91l 0r°1 0146 00°€6 61°61¢ 0T'8 L10¢
06571 G68¢°0 6SCICY S e0cI 0570~ 04°€6 09°06 VavIe 096 910¢
0vevt 1,820 6VETCYS 88°CI 0€°0- 09°16 09°88 €L91¢ 0G'TT G10C
0V9€T L88C0 6V6STYS IL°TT 010" 0¥ 16 0998 0¢'81¢ OT€T 710¢
00€€T 16.¢°0 9€801¥4 er ot 04T 07°€6 06°L8 Vv eve 0TI €10g
dds xopujy ‘As(Q oryemndog $90aNnos A3I1ouo el S795) JO  S79r) Jo  Ajsuojuy el reox
[eoyg  [eueulq ’ o[qemauas Jo o, uorjeguy sjprodxyy sjyrodwy ASiouy  JuowrAojduwau()

Louvain School of Management

B UCLouvain




96.

pueur ‘Arewrmuns )seoo10j o[qerre nduy :¢¢ o[qry,

GolLE 8L¥9°0 98¥¢954 ecyy 66°C v€6€ ¢S 0r Ly 791 08°L 0€0¢
€LLLE GLG99°0 GLLY9GS 19°Ly ge'¢ 10°6€ ov6¢ 668G T 0L°L 6¢0¢
096.¢€ L2€9°0 68T€944 1,°GY Ve v16¢ 0L°6€ 9V 191 00°L 8¢0¢
0cLLE 66¢9°0 0186954 9L°91 €3¢ 0€9¢ 01°9¢ TT°0LT 09°L L20¢
696.L€ 61790 €9¥0944 OT"Ly Ll ev'Le oL LE LG°0LT 182 9¢0¢
€86LE LLV90 99,6964 V6 1Y 9¢'1 00°6€ GE6¢ LCGLT €C’8 Gc0c
918.L¢ ¥cr9°0 69¢949494 60°L¥ €0'¢ 0¥°9¢ L8LE 09°6L1 888 ¥¢0¢
706.L€ 8¢€9°0 68€6744 0C'€Y 6€°€ 06°L€ LL°8€ 96°L91 Gc'6 €¢0¢
0L9.€ L9790 1vesyas 68°LY 0¢'L 0€av 0L Ly €8'94T 089 6¢0¢
0LTLE ¢6¥9°0 €6.L€€Sq 48cr 0T¢ 05°6¢ 0v°6¢ 107991 0L, 1¢0¢
0¢c9e 8¢¥9°0 66C4CSS v6°cv 0¥°0 08°G€ 0L°GE 6191 0L°L 0¢0¢
09T1.LE L1290 6T6LTCS I8°¢¥ 0T'1 06°6€ 0L°6€ 17891 089 610¢
0v.L9¢ 66790 0€TETSS 6T T¥ 0¢'T 04°8¢ 0L°6€ 88°€LT 09°L 8T0C
08€9€ L7970 L66€04S 9801 080 0§°LE 09°LE €LCLT 0L'8 L10¢
0€€se 185990 80€L8YS 76°8€ 0¥°0 08¥¢€ 01°9¢ 88°GLT 06'8 910¢
09¥7¢€ Gey9’0 €aLTLYG €c6e 0¢0- 0¥-<€ 00°9¢ CSVLT 076 G10C
06€7€ G4999°0 0L2T1S7S €9'8¢ 0C'1 06°9€ 09°LE LEERT 0L'8 710¢
099¥¢€ 9949°0 v.2L99¢¥< €9°9¢ 0¢'¢ 00°8¢ 0T°6¢ €06L1 0€8 €10g
dds xopujy ‘As(Q oryemndog $90aNnos A3I1ouo el S795) JO  S79r) Jo  Ajsuojuy el reox
[eoyg  [eueulq ’ o[qemauas Jo o, uorjeguy sjprodxyy sjyrodwy ASiouy  JuowrAojduwau()

Louvain School of Management

B UCLouvain




o7.

Uopomg ‘ATetuuns 1ses9l10j o[qrerrea jnduy :§¢ o[qr],

1,967 09.L°0 60€8970T 9099 96°1 96'9% LIEY 06 70T €q'.L 0€0¢
G88SY LT6L°0 Gv.L0TS0T 8T°L9 18°¢ 0¢97 84°CY 67601 70'8 6¢0¢
66197 GL8L0 €94¢cS0T 6199 9v'¢ 9891 69°CY LCTIT 66°L 8¢0¢
1cSsy LL8LO 00¥¢PS0T 16799 0¢¢ L9TY erov LO'LTT 8L°L L20¢
9cEIY 048L°0 68047S0T 10°29 L9°¢ €61y es'Ty GE8IT 189 9¢0¢
G891 ¥ 6LLL°0 €€cLES0T 8€Y9 991 6€°9Y [L°¢¥ 6€1¢T 1.9 Gc0c
G0LSY G€6.L°0 889920501 v a9 6¢°C v6°€Y 16°0% G911 AW ¥¢0¢
0€6¥ 1 G16.L°0 808LLVOT SANRY) 697 6€°GY 61°CY 80°L0T Gv'L €¢0¢
08¢V €aLL0 9¢ecst0T 0099 0r's 00°€S 06°67 LL°86 05", 6¢0¢
08¢4y 008L°0 G6C6.LE0T 69°C9 0L°C 0597 0L Ty 9¥°401 088 1¢0¢
0168V 068L°0 6849.¢C0T ¢1°09 040 08¢y 0v°6¢ 74901 04'8 0¢0¢
08T¥¥ 0¥8L°0 G8T0ECOT 8L°GG 04T 08°'LY 09°€y GO¥IT 00" 610¢
09.LE7 678L°0 ¢vc0cI0T 66'€S 00°¢ 0L°Sv 0V €y €L 81T 099 8T0C
0evey 706470 €G149666 6€°€S 06T 0L°€Y 0¢' Ty 8G°0¢T 089 L10¢
0c6ey 9508°0 LTOTS86 09°¢4 OT'T 0Lcv 09°6¢ ¢0°0cT ) 910¢
08Gcy ¢908°0 GGELY.LO [qaxas 040 08¢y 00°0% €TLTT 09°L G10C
0811V 8TI80 7987196 Gr'1g 020 0e€y 0L°6€ L8LCT 0T'8 710¢
0TS07 05080 €68549496 ar°0g 0¥°0 ay 0€°8¢ Gy cel 0¢'8 €10g
dds xopujy ‘As(Q oryemndog $90aNnos A3I1ouo el S795) JO  S79r) Jo  Ajsuojuy el reox
[eoyg  [eueulq ’ o[qemauas Jo o, uorjeguy sjprodxyy sjyrodwy ASiouy  JuowrAojduwau()

Louvain School of Management

B UCLouvain




B UCLouvain

Louvain School of Management

Countries 2023 2024 2025 2026 2027 2028 2029 2030

Belgium 15.10 16.56 18.17 19.94 21.87 24.00 26.33 28.89
Bulgaria 19.46 19.84 20.22 20.61 21.00 21.40 21.82 2224
Czechia 18.87 19.57 20.29 21.04 21.82 22.63 2347 24.34

Denmark 42.62 43.66 44.72 4581 46.93 48.07 49.24 50.45
Germany 22.03 23.35 24.74 26.21 27.77 2942 31.18 33.03

Estonia 40.63 4291 45.32 4787 50.56 53.39 56.39 59.56
Ireland 13.15 13.18 13.22 13.26 13.30 13.34 13.38 13.42
Greece 23.73 24.82 2597 27.17 28.42 29.74 31.11 32.55
Spain 23.57 25.13 26.78 28.55 30.43 32.44 34.58 36.86
France 21.33 2245 23.64 2488 26.20 27.58 29.04 30.57
Croatia 29.60 29.85 30.09 30.35 30.60 30.85 31.11 31.37
Italy 19.24 1947 19.70 19.94 20.18 20.43 20.68 20.93
Cyprus 21.48 23.75 26.27 29.04 32.11 35.51 39.26 43.41
Latvia 4412 4494 4578 46.63 47.50 48.39 49.29 50.21

Lithuania 31.04 32.56 34.15 35.81 37.56 39.39 41.32 43.33
Luxembourg 17.15 20.48 24.46 29.22 3490 41.69 49.79 59.47

Hungary 16.09 17.04 18.05 19.11 20.25 21.44 2271 24.05
Malta 1492 16.62 18.50 20.60 22.94 2554 28.44 31.66
Netherlands 16.75 18.74 20.97 23.46 26.25 29.37 32.86 36.77
Austria 34.35 3494 3555 36.17 36.80 37.44 38.09 38.75
Poland 17.37 1788 1841 1895 19.51 20.08 20.68 21.28
Portugal 36.05 37.48 38.97 40.51 42.11 43.78 45.52 47.32
Romania 24.29 2444 24.60 24.75 2491 25.06 25.22 25.38
Slovenia 23.18 2342 23.66 2391 24.16 24.41 24.67 24.93
Slovakia 17.70 1791 18.12 18.33 1854 18.76 18.98 19.20
Finland 49.57 51.31 53.12 5499 56.92 5892 61.00 63.14
Sweden 68.16 70.38 72.68 75.05 77.50 80.03 82.65 85.35

Table 35: Forecast of the share of energy from renewable energy sources, in %
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Abstract :

Do we actually find ourselves in a climate urgency? Why is it that we hear about
greenhouse gas (GHG) emissions anytime we put our ear to the ground? What are
GHGs and why does CO2 seem to be the main focus of our century?

The central theme of this thesis revolves around forecasting CO2 emissions within
the EU27 until the year 2030, using macroeconomic data. By making use of a
comprehensive forecasting method and macroeconomic indicators, this
quantitative research seeks to provide insights into the potential trajectories of CO2
emissions in the European Union.

In addition, this thesis aims to assess the impact of an increased share of energy
from renewable sources on CO2 emissions using scenario analysis.

We are asking ourselves: how likely is the EU27 to meet its 2030 CO2 emission
target, and are increased shares of renewable energy sources sufficient to achieve
this goal during this period?

Under the first scenario, known as the "business as usual" (BAU) scenario, only a
few countries reach their 2030 CO2 emissions reduction target, namely Greece,
Lithuania, Hungary, Romania, and Slovakia. Under the second scenario, which
builds on the BAU scenario but incorporates an increased share of renewable
energies in the energy mix of EU27 countries, no additional country achieves its
2030 target. In fact, some countries are emitting even more CO2 emissions:
Denmark, Greece, Italy, Cyprus, Luxembourg and Finland under this scenario.

Considering these findings, European countries can't rely solely on the increasing
share of renewable energies to hope achieving their goal. More research needs to
be made about renewable energies and their effect on net GHG emissions in
European countries.
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